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IRSU: Incineradora de residus solids urbans
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LTSM: Laboratori de Toxicologia i Salut Mediambiental
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RESUM

En els darrers anys, la gestio adient dels residus s’ha convertit en un greu problema per
a la societat actual. Els abocadors han estat fins ara la via més utilitzada en la disposicio
final dels residus, ja que era ’opci6 més economica. Tanmateix, i sobretot a causa dels
inconvenients que suposa aquesta practica (riscos per a la salut, formaci6 de lixiviats,
emissio de gasos d’efecte hivernacle, etc.), s’han anat desenvolupant noves alternatives.
Tal 1 com marca la Directiva Europea 2008/98/CE (DOCE, 2008), coneguda com a
Directiva Marc de Residus, la incineracid, 1 més concretament la incineracid amb
recuperacid d’energia, s’ha convertit en una opcid a tenir molt en compte. Tot i aixi, la
preocupacio sobre la incineracid i la importancia de desenvolupar estratégies sostenibles
de residus ha comportat 1’aparicié de noves tecnologies prévies i complementaries com
ara el tractament mecanic-biologic (TMB), les digestions anaerdbies, i el compostatge.
En aquest context, les plantes de TMB semblen ser una alternativa adequada per reduir
la fraccido organica dels residus solids urbans (RSU) abans del seu abocament o

incineracio.

A Catalunya, I’Agéncia de Residus de Catalunya (ARC) ¢és I’encarregada de portar a
terme la gestid de residus, amb 1’objectiu de contribuir a la millora de la qualitat de vida
dels ciutadans de Catalunya i a la proteccid de 1’entorn. L’ARC aposta, entre d’altres,
per la minimitzacio6 en la quantitat de residus generats i la seva perillositat, el foment de
la recollida selectiva, la valoritzaci6 dels residus, i la disposicié del rebuig. En aquest
marc, la implantacié de nous sistemes suposa adquirir coneixement sobre els potencials

riscos que poden generar en I’entorn.

A Tarragona, actualment hi ha operatives dues incineradores amb recuperacié d’energia,
una de residus solids urbans i1 una altra de residus industrials. Altrament, ’area
metropolitana de Barcelona ha fet una clara aposta pels Ecoparcs, plantes que combinen

compostatge 1 TMB per a gestionar els residus organics i de la fracci6 “resta”.

La incineradora de residus solids urbans (IRSU) de Tarragona es troba ubicada al
poligon industrial de Riu Clar. Esta operativa des de 1991 1 tracta unes 145,000 tones de
residus a l'any, cobrint les necessitats d'una poblaci6 d’aproximadament 350,000

habitants. Al 1996, el Laboratori de Toxicologia i Salut Mediambiental (LTSM) de la

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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URYV va iniciar un programa de vigilancia i control amb 1’objectiu de proporcionar
informaci6é sobre l'impacte ambiental de la instal-lacid, especialment pel que fa als
nivells de metalls pesants, dibenzo-p-dioxines i dibenzofurans policlorats (PCDD/Fs) en
mostres de vegetacio i de sols, com a monitors a curt i llarg termini, respectivament. El
2002, es va iniciar una nova campanya de seguiment, que es va estendre durant un
periode de 4 anys. Al 2006, es va iniciar una tercera fase del programa de vigilancia,
que com a novetat incloia un nou monitor, I’aire ambiental, als dos pre-existents (sols i
vegetacid). En paral-lel, ’any 2007 es va iniciar un estudi pre-operacional per coneixer
els nivells de contaminants microbiologics (bacteris, Aspergillus fumigatus, un fong
potencialment molt toxic, i altres fongs) i de compostos organics volatils (COVs) al
voltant de la mateixa incineradora, previ a I’adaptaci6 de la planta als nous requeriments

de la Directiva Marc de Residus.

La incineradora de residus especials de Constanti, actualment Ecoparc de Residus
Industrials (ERI), es troba situada al poligon industrial de Constanti, sent I’inica
incineradora de residus industrials de tot 1’Estat Espanyol. Per tal d’avaluar la potencial
influéncia i I’impacte d’aquesta instal-lacié sobre el medi 1 la poblaci6 resident al Camp
de Tarragona, des de 1’any 1998, el LTSM de la URV ha dut a terme un pla de
vigilancia i control ambiental, i dels riscos sobre la salut publica, per exposicié a metalls
pesants 1 PCDD/Fs. Part del programa suposa també 1’analisi de mostres de vegetacio i

sols recollides als voltants de la instal-lacio.

L’Ecoparc-2 situat a Montcada i Reixac és una planta de TMB que gestiona un percentatge
important de la fraccid organica dels residus municipals que es generen a [’area
metropolitana de Barcelona i1 part de la fracci6 “resta”. L’any 2010 es va iniciar un
programa de vigilancia ambiental de la planta, recollint mostres d’aire situades a diferents
direccions i distancies de la planta i determinant-ne els nivells de COVs i bioaerosols. La
informacié obtinguda fou emprada per avaluar els riscos per a la salut de la poblacié per
exposicié a COVs. Aixi mateix, es van comparar els nivells d’aquests agents quimics i
biologics amb els obtinguts préviament en un estudi d’higiene laboral a I’interior de les

instal-lacions.

Continuant amb els programes de seguiment ambiental, i considerant les opcions
escollides per a una millor gestio dels residus segons la Directiva Marc dels Residus,

com son les incineradores amb recuperacid d’energia i les plantes de tractament
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mecanic-biologic, s’ha realitzat una monitoritzacié ambiental de contaminants quimics 1
microbiologics als voltants d’aquestes tres plantes de tractament de residus, per avaluar
si aquestes alternatives podien suposar un problema per a la salut de les persones i del

medi.

L’objectiu d’aquesta tesi ha estat determinar els nivells ambientals de contaminants
organics, microbiologics 1 metalls pesants en diferents matrius (aire, vegetacio i sols) a
les rodalies de tres plantes de tractament de residus de Catalunya (IRSU de Tarragona,
ERI de Constanti i Ecoparc-2 de Montcada i Reixac). Aquestes dades han permes
estimar 1’exposicié humana a agents quimics i biologics potencialment emesos per les
instal-lacions, i avaluar els potencials riscos per a la salut de la poblacio resident a les

rodalies de les mateixes.

Els resultats han indicat que les dues plantes incineradores de residus del Camp de
Tarragona no suposen una font rellevant de PCDD/Fs i metalls pesants per al medi
circumdant d’ambdues instal-lacions. En termes generals, els nivells actuals de PCDD/Fs
en aire, soOls 1 herbes, aixi com els nivells de metalls en sols 1 herbes als voltants de les dues
plantes, es troben a la part baixa comparant-los amb els valors d’altres plantes

d’incineracio, i els voltants d’altres zones industrials, urbanes o semi-rurals.

Les concentracions de compostos organics volatils i de bioaerosols, determinades a les
rodalies de la IRSU de Tarragona i de I’Ecoparc-2 de Montcada i Reixac, tampoc
representen una font important de contaminacid, mentre que 1’exposicid humana a
COVs ¢s poc rellevant, 1 en cap cas suposa un risc addicional notable per a la salut de
les persones. Els nivells de bioaerosols i COVs determinats tant als voltants de la IRSU de
Tarragona, com a I’Ecoparc-2 de Montcada i Reixac, també son baixos en comparacid
amb els corresponents a I’interior 1 a I’exterior d’altres plantes de compostatge i de TMB,

sent fins 1 tot inferiors als determinats en ambients de diverses zones urbanes 1 industrials.

En conclusid, des d’un punt de vista de salut publica, la valoritzacidé energetica de
residus 1 el tractament mecanic-biologic no suposen un risc addicional per a la salut
humana derivat de I’exposicio a diversos contaminants quimics i microbiologics. En
conseqiiéncia, en la linia de la Directiva Marc de Residus, aquests sistemes poden ser

alternatives adients a tenir molt en compte pel tractament dels residus, ja que I’impacte
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ambiental derivat de les emissions de PCDD/Fs, metalls, COVs i bioaerosols és forca

baix.
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Capitol 1. Introduccio general
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1. INTRODUCCIO

Des del punt de vista ambiental el millor residu és aquell que no es genera. Tanmateix,
en els darrers anys, tant a Catalunya com a la resta d’Europa, els residus municipals no
han parat de créixer. Aix0 ha provocat una major necessitat de poder gestionar-los
correctament. Per aquest motiu, la nova Directiva Europea 2008/98/CE (DOCE, 2008),
communment designada com a “Directiva Marc de Residus”, va situant
progressivament la prevencio de residus com la primera prioritat en la seva gestid. Entre

els conceptes més importants que incorpora la Directiva es troben:

- La sensibilitzaci6 vers la problematica dels residus, basada en el reciclatge, la
reutilitzacid, 1 la millora de la disposicio final.

- Fa responsable de la gestio dels residus a qui els produeix. Aixi, els ha de
gestionar de manera que assegurin un alt nivell de proteccio de ’ambient i de la
salut humana.

- Contempla el principi d’autosuficiéncia i proximitat.

- La promocié de plans de gestié dels residus, aixi com desenvolupar programes
de prevencio de residus.

- Trencar el vincle entre el creixement economic i els impactes ambientals

associats a la generacio de residus.

A Catalunya aquesta Directiva es va transposar mitjancant el Decret Legislatiu 1/2009
(DOGC, 2009), que t¢é com a principal objectiu millorar la qualitat de vida de la
ciutadania de Catalunya, obtenir un alt nivell de proteccido del medi 1 dotar els ens
publics competents amb mecanismes d’intervencio i control que garanteixin una gestio
sense perill per a la salut de les persones, i reduir I’impacte ambiental. Entre d’altres

aspectes destacats inclou:

* Prevenir els riscos per a 1’aigua, 1’aire, el sol, la flora i la fauna.

* Eliminar les molesties per sorolls i olors.

* Respectar el paisatge i1 els espais naturals i, especialment, els espais
protegits.

e Impedir 1’abandonament, 1’abocament, i en general, tota disposicid

incontrolada dels residus.
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* Fomentar, per aquest ordre la prevencio i la reduccié de la produccioé dels
residus 1 llur perillositat, llur reutilitzacio, el reciclatge i altres formes de

valoritzacié material.

Fins fa relativament pocs anys, la via més utilitzada per gestionar els residus era
I’abocador. Donat que és una de les vies més economiques es continua portant a terme,
englobant fins a un 45% del total de residus generats a Catalunya (ARC, 2009) (Figura
1.1.).

DEPOSICIO FINALDELS RESIDUS A CATALUNYA

) Triatge d'envasos
Triatge lleugers
Transvassament 1% 3%

Tractament digestié 1%
aerobica \
10%

Deixalleria
9%

Diposit controlat
45%

Incineradora

18% \

Compostatge
13%

Figura 1.1. Deposicio final dels residus a Catalunya (any 2009).
Font: Agéncia de residus de Catalunya. Dades de I’any 2009.

La falta de recuperacié d’energia 1 materials, juntament amb els riscos potencials per a
la salut relacionats amb 1’eliminaci6 de residus, i I’emissio de gasos d’efecte hivernacle
i els lixiviats, han portat a considerar noves alternatives (El-Fadel i colls., 1997; Staub i
col'ls., 2011). La incineracid i més concretament la incineracié6 amb recuperacid
d’energia s’ha convertit en una opci6 a bona part d’Europa. Tot 1 aixi la preocupacio
publica sobre la incineracio 1 la importancia de desenvolupar estratégies sostenibles de
residus ha comportat I’aparicié de noves tecnologies com ara el tractament mecanic-
biologic (TMB), les digestions anaerdobies i el compostatge. Les plantes de TMB
semblen ser una alternativa adequada per reduir la fraccidé organica dels residus solids

urbans (RSU) abans del seu abocament o incineracio (de Aratjo Morais i col-ls., 2008).
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Per altra banda, el compostatge de residus organics ha demostrat ser un mitja eficag per
reduir els materials dipositats o incinerats, a més de la seva posterior utilitzacié en

diverses aplicacions agricoles.

Tot 1 el seu interes, existeix encara una gran incertesa al voltant de I’impacte que les
plantes de compostatge i de TMB poden tenir en I’entorn i en la salut de la poblaci6. De
fet, alguns estudis han detectat efectes adversos per a la salut de les persones que
treballen en plantes de compostatge 1 de TMB (Giusti, 2009; Chen 1 col'ls., 2010). A
més de l’exposicié laboral, les persones que viuen a les proximitats d’aquestes
instal-lacions també poden estar exposades a compostos organics volatils i a
microorganismes degut a la dispersié atmosferica de particules (Sykes i colls., 2007).
Un altre important inconvenient son les molésties ocasionades per la generacié d’olors

durant el tractament dels residus (Sironi i col-ls., 2006).

1.1. Gestio de residus a Catalunya

L’Agencia de Residus de Catalunya (ARC), és una entitat de dret public, regulada per
I’article 1.b del Decret legislatiu 2/2002 (DOGC, 2002), pel qual s’aprova el Text
Refos de la Llei 4/1985 de I’Estatut de I’empresa publica catalana.

L’ARC té competéncia sobre els residus que es generen a Catalunya i els que es
gestionen al seu ambit territorial. Queden exclosos de la seva competéncia els residus
radioactius, els residus resultants de la prospeccio, l’extraccid, el tractament i
I’emmagatzematge de recursos minerals 1 de 1’explotacié de pedreres, els residus
d’explotacions agricoles 1 ramaderes que no siguin perillosos i s’utilitzin exclusivament
en el marc de I’explotaci6 agraria, els explosius desclassificats, les aiglies residuals 1 els

efluents gasosos emesos a I’atmosfera.

El seu primer objectiu és millorar la qualitat de vida de la poblaci6 de Catalunya i
protegir ’ambient. L’ ARC gestiona els residus mitjangant diferents programes com ara
el Programa de Gestio de Residus Municipals de Catalunya (PROGREMIC), el qual és
juntament amb el Pla Territorial Sectorial d’Infrastructures de Gesti6 de Residus
Municipals, un instrument normatiu essencial de planificaci6 del Govern de la
Generalitat en aquest ambit. El PROGREMIC desenvolupa els criteris del Pla d’acci6
per a la gestié de residus municipals a Catalunya 2005-2012 basats en el foment de la

prevencio, I’augment 1 extensié territorial de la recollida selectiva i en el tractament de
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tots els residus. Per als residus perillosos, es desenvolupa el programa de gestidé de
residus industrials de Catalunya (PROGRIC) per al periode 2007-2012. L’estructura del
PROGRIC 2007-2012 ¢és amplia, i inclou la descripcio6 de la situacid actual pel que fa a
la gestié dels residus industrials a Catalunya, I’evolucié durant els darrers anys, els
principis rectors, les hipotesis de treball, els objectius de gestio, els eixos d’actuacio, i
els instruments que s’utilitzaran per realitzar totes les actuacions contemplades per a

garantir els objectius establerts.

Com s’ha pogut observar a la Figura 1.1 es presenten les diferents destinacions finals
dels residus a Catalunya. Tot i que la destinacid en diposit controlat és 1’opcid
predominant, els diferents tractaments ja superen amb més de la meitat la gestido dels

residus a Catalunya, amb una tendéncia creixent.

A la Figura 1.2 es presenta 1’evoluci6 des de 1’any 2001, fins a I’objectiu marcat per a
I’any 2012, en la generacid de residus a Catalunya, aixi com tamb¢ la poblacio i el ratio
entre la poblacio i la quantitat de residus generats. Es pot observar un pic maxim a I’any

2004, estabilitzant-se durant els segiients 3 anys i posteriorment disminuint.

\
J
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Figura 1.2. Evolucio de la Generacio de Residus Municipals Totals a Catalunya.
Font: Portal Progremic.
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1.2. La Incineracio

La incineracid dels residus municipals t€ els seus inicis a finals del s. XIX, ¢época en que
es cremaven uns residus domiciliaris que contenien quantitats importants de restes de
carbd. Fins a la decada dels 50, les incineradores i el fum que alliberaven al medi eren
acceptades sense cap preocupacié per part de la poblacid. A partir dels anys 60 van
comengar a sorgir normatives sobre la contaminacié de I’aire que van comportar una
millora drastica en els sistemes d’incineracid, entre els quals 1’aplicaci6 de sistemes de

depuraci6 de gasos de la combustio i la recuperacio d’energia.

Inicialment, les directives 89/369/CE 1 89/429/CE van establir les normes per a la
prevencid i reduccid de la contaminacid atmosférica procedent de la incineraci6 de
residus municipals, mentre que la incineracié de residus perillosos es va regular
mitjangant la Directiva 94/67/CE. Una evolucié drastica de la regulacié europea es
materialitza amb la Directiva 2000/76/CE, de 4 de desembre, relativa a la incineracié de
residus, amb la qual es van fixar en ’ambit de la Unié Europea els requeriments
aplicables a aquesta activitat de gestio de residus (DOCE, 2000a). Aquesta Directiva es
va transposar al marc legal espanyol a través del Reial Decret 653/2003, tot i que ja
estava parcialment introduida a Catalunya a través del Decret 80/2003. Aquesta
directiva va entrar en vigor per a les noves instal-lacions al desembre de ’any 2002, i
per a les instal-lacions preexistents al desembre del 2005. La directiva estableix els
limits d’emissio a I’atmosfera més exigents que hi ha avui dia a escala mundial per a
qualsevol tipus d’instal-lacié. Els valors limit relatius a metalls pesants 1 PCDD/Fs es

mostren a la Taula 1.1.

Taula 1.1. Concentracions limit d’emissié a I’atmosfera per a incineradores de residus.
Mesurats en rng/rn3 a una temperatura de 273 K, 101.3 kPa, 11% O,, gas sec i periode de
mesura de 24 hores.

Contaminants . 2009/76 CE
Incineracio de Residus
Particules totals 10
Cd+Tl <0.05
Hg <0.05
Sb+As+Pb+Cr+Cu+Mn+Ni+V+Sn <0.05
Dioxines + Furans (ng TEQ/m’) 0.1
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1.2.1. La planta incineradora de residus solids urbans de Tarragona

La incineradora de residus solids urbans (IRSU) de Tarragona es troba ubicada al
poligon industrial de Riu Clar a Tarragona. Esta operativa des de 1991, i tracta unes
145.000 tones de residus a l'any, cobrint les necessitats d'una poblacio
d’aproximadament 350.000 habitants. T¢ dues linies independents d’aproximadament
9.6 t/h de residus urbans. El sistema de depuracidé de gasos és de tecnologia danesa,
utilitzant un reactiu d’oxid de calci amb recirculacid per optimitzar les reaccions
estequiometriques. També s’addiciona carbod actiu per tal de depurar contaminants com
el mercuri i les dioxines i furans. La planta realitza també un aprofitament d’escories,
produint materials utilitzables en obres publiques i1 recuperaci6 de metalls com
I’alumini, el coure o ferro. A la instal-lacié també es disposa d’un sistema d’embalatge
per a ’emmagatzemament temporal de residus. A la Figura 1.3 es mostra un esquema

de la planta.

XEMENEIA !

DEPURACIO
DE GASOS

“L“H‘J‘J
R T AT T Fr

_/§I

>

Figura 1.3. Esquema de la incineradora de residus urbans de Tarragona.
Font: Servei d’incineraci6 de residus urbans SA (Sirusa).

El 1996, es va iniciar un programa de vigilancia amb 1’objectiu de proporcionar
informaci6 sobre l'impacte ambiental de la instal-laci6, especialment pel que fa als
nivells de dioxines i furans (PCDD/Fs) i metalls pesants en mostres de vegetacid i de
sols, com a monitors a curt i llarg termini, respectivament. El 2002 es va iniciar una

nova campanya de seguiment, per un periode de 4 anys, obtenint-ne noves mostres de
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vegetacio 1 sol per a I’analisi de metalls i PCDD/Fs. A 1’any 2006, es va comengar una
tercera campanya que incloia a més dels dos monitors anteriors, un nou monitor, 1’aire.
Amb la introducci6 de 1’aire es pot realitzar un analisi integral coniderant diversos
compartiments ambientals (sol, vegetaci6 i aire), aquest nou monitor ens dona unes

dades de 1’estat actual de la contaminacio.

1.2.2. La incineradora de residus industrials de Constanti

La unica incineradora de residus industrials de tot I’Estat Espanyol opera al Camp de
Tarragona, al poligon industrial de Constanti. La instal-lacié aglutina tot un seguit de
processos de combustio, filtrat 1 rentat de gasos que permeten minimitzar 1’emissio de
contaminants al medi (Figura 1.4). La planta disposa d’un control integrat amb la
presencia d’analitzadors en contini connectats a temps real amb el Departament de
Medi Ambient i amb I’Ajuntament de Constanti, garantint el compliment de la
legislacié sobre emissions catalana, estatal i europea. També cal destacar que 1’energia
produida per la combustio dels residus s’aprofita mitjangant la caldera que produeix
vapor per alimentar una turbina que tranforma en energia eléctrica. A I’any 1’energia
produida supera els 18.000 MWh. La planta gestiona els residus incinerables generats
per tots els sectors industrials. La incineradora pot rebre els residus liquids 1 pastosos en
camions cisterna 1, si fos necessari injectar-los directament de la cisterna al forn. A més
pot rebre residus en bidons, sigui quin sigui el seu estat fisic, contant amb dues linies

d’introducci6 al forn, una directa i una altra mitjangant una trituradora.

Per tal d’avaluar la potencial influéncia i I’'impacte d’aquesta instal-lacié sobre el medi 1
la poblacié resident al Camp de Tarragona, des de I’any 1999, s’ha dut a terme un pla de
vigilancia i control ambiental, dels riscos sobre la salut ptblica per exposicié a metalls
pesants 1 PCDD/Fs. Aquest programa de monitoritzacid inclou 1’analisi de mostres de

vegetacio 1 sols recollides als voltants de la instal-lacio.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Figura 1.4. Esquema de la incineradora de residus industrials de Constanti.
Font: Gestio de residus especials de Catalunya S.A. (Grecat).

1.3. El tractament mecanic-biologic

El tractament mecanic-biologic (TMB) és el tractament que s’aplica a la matéria
organica recollida selectivament 1 a la fraccid resta abans de la disposicio final.
Consisteix a separar i classificar mecanicament els materials reciclables que poden
haver quedat en aquestes dues fraccions, i a tractar la matéria organica restant
mitjangant processos biologics. Aquest tipus de tractament t€ una importancia creixent,
perque el 37% en pes del total de residus que es generen als municipis metropolitans €s
materia organica i cal prioritzar-ne 1’aprofitament. A més, en la fraccid resta encara hi

pot haver un elevat percentatge de materia organica que es pot seleccionar i tractar.
Tractament mecanic

La part mecanica del tractament consisteix a separar els elements que puguin ser
reciclats (plastics, metalls, vidre, etc.) continguts en la matéria organica o la fraccio
resta. Per fer-ho, s’empren processos tant de selecci6 manual com automatica amb
cintes, elements magnetics 1 garbells, entre d'altres, de manera semblant a la de
qualsevol planta de triatge. En aquesta part del tractament s’aconsegueix que els
materials recuperables quedin separats per fraccions i, a més, una materia organica de la

qual s’han extret la majoria d’impropis.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Tractament biologic

La part biologica del tractament pot englobar dos tipus de processos: el compostatge i la
metanitzacid o digestié anaerobia. Aquests dos processos es poden combinar sotmetent
primer la matéria organica a una digestid6 anaerobia i efectuant un procés de
compostatge secundari. Amb aquests dos processos o a la seva combinacid, a banda dels
productes ja esmentats, es redueix la carrega contaminant dels residus, la produccié de

lixiviats i ’emissio de gasos d’efecte hivernacle.

1.3.1. L’Ecoparc-2 de Montcada i Reixac

Les plantes de tractament mecanic-biologic (TMB) son conegudes a Catalunya com a
ecoparcs. Aquests s’estableixen per tal d’aconseguir una valoritzacié energetica i dels
materials mitjangant dues linies d’operaci6 per al tractament de la fraccio organica dels
residus solids urbans (RSU) i la fracci6 resta. Un altre dels objectius d’aquestes
instal-lacions ¢és el de reduir la quantitat de residus i millorar les seves caracteristiques
amb la finalitat de complir amb la legislacio de la UE. A Catalunya es troben en
funcionament quatre ecoparcs. Tots ells a [’area metropolitana de Barcelona.
L’Ecoparc-2, situat a Montcada i Reixac, va entrar en funcionament I’any 2004. T¢ una
capacitat de gestio total de 240,000 tones/any de residus, basicament fraccions de RSU 1
residus organics verds de diferents municipis de 1’area metropolitana de Barcelona.
Recentment, una nova linia d’envasos s’ha posat en funcionament per al tractament
d’envasos lleugers de plastic, permetent un processament addicional anual de 27,500
tones, arribant a una capacitat total de 267,500 tones/any. A la Figura 1.5 es presenta

I’esquema general del procés.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Figura 1.5. Esquema de I’Ecoparc-2 de Montcada i Reixac.
Font: Area Metropolitana de Barcelona.

1.4. Contaminants d’interes

Els contaminants avaluats en el present estudi inclouen una serie d’agents quimics que,
pel seu interés toxicologic, poden suposar un risc per a la salut de les persones i per al

medi.
Aquests toxics son els seglients:

¢ Metalls: arsénic (As), beril-li (Be), cadmi (Cd), cobalt (Co), crom (Cr), coure
(Cu), mercuri (Hg), manganés (Mn), niquel (Ni), plom (Pb), antimoni (Sb), tal-li
(TT) 1 vanadi (V).

¢ Dibenzo-p-dioxines i dibenzofurans policlorats (PCDD/Fs).

+ Compostos organics volatils: benze, tolug, etilbenze, m,p-xile, o-xile, estire,
naftalé, clorur de metilé, 1,2-dicloroeta, cloroform, 1,3,5-trimetilbenze, 1,2,4-
trimetilbenze, tricloroetile, p-isopropiltolue, n-propilbenze, isopropilbenze, 1,3-
butadie, p-tert-butiltolue i formaldehid.

¢ Bioaerosols: bacteris totals, bacteris gram negatius i fongs.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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L’Agencia Internacional de Recerca del Cancer (IARC) i I’Ageéncia de Proteccio
Ambiental nord-americana (US EPA), classifiquen diversos contaminants en funci6 de
la seva carcinogenicitat. A les taules 1.2 i 1.3 es pot observar els diferents grups

establerts 1 les seves descripcions segons dites ageéncies.

Taula 1.2. Grups establerts segons la IARC i la seva descripcio.

Grups TARC

Grup 1 Cancerigen en humans amb evidéncia suficient obtinguda d’estudis epidemiologics
Grup 2A  Probable cancerigen en humans

Grup 2B Possible cancerigen en humans

Grup 3 No classificable com a cancerigen en humans

Grup 4 Probablement no cancerigen en humans

Taula 1.3. Grups establerts per la US EPA i la seva descripcio.

Grups EPA

Grup A Cancerigen huma

Grup B Probable cancerigen huma

Grup C Possible cancerigen huma

Grup D No classificada la carcinogenesi humana
Grup E Evidéncia de no cancerigen per humans

Descripcio dels contaminants analitzats

En aquest apartat es detalla la relacié de contaminants que s’han analitzat en el conjunt
de D’estudi. Cadascun d’ells ve acompanyat d’una descripcido sobre les seves
caracteristiques generals, les vies d’exposicio que els generen i els possibles efectes que

poden tenir sobre la salut humana.
1.4.1. Metalls pesants

Els metalls pesants son un grup d’elements quimics que presenten una densitat
relativament alta 1 una determinada toxicitat per a la salut humana. Tots es troben
presents de forma natural al medi. Tot 1 aixo, el seu ampli Gs antropogénic, fa que la
proporcid en queé son alliberats a I’ambient i la seva posterior dispersié siguin molt
superiors a les que es produirien a través dels seus cicles geologics i biologics naturals.
Entre els diversos metalls, n’hi ha que son elements essencials per als humans, com ara

el cobalt (Co), el coure (Cu), el crom en el seu estat d’oxidacié +3 (Cr™) i el manganés

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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(Mn), tot 1 que poden també ser toxics en funcid de la concentracid en que es trobin.
Dr’altra banda, altres metalls poden ser a molt petites quantitats toxics com ara 1’arsénic
(As), el cadmi (Cd), el mercuri (Hg), el plom (Pb), i el tal'li (TI). Tots ells mostren
formes de toxicitat especifiques depenent en gran mesura de la seva concentracio i, en
alguns casos, de la seva forma quimica. No es coneix cap mecanisme homeostatic que
els reguli, 1 és ben conegut que I’exposicid cronica a aquests elements (fins 1 tot a dosis
baixes) pot tenir efectes adversos per a la salut de les persones. S6n molt persistents i
bioacumulables, i1 es troben ampliament distribuits per tot el planeta. Un cop incorporats
als teixits de plantes 1 animals, entren a la xarxa trofica 1, per tant, als aliments, que

constitueixen una de les principals vies a través de la qual arriben a I’ésser huma

(ACSA, 2010).

La US EPA tamb¢ estableix valors de referéncia per a substancies no cancerigenes (dosi
de referéncia oral o concentracid de referéncia per inhalacio) i factors de poténcia
cancerigena per poder realitzar 1’avaluacio del risc sobre la salut humana. La Taula 1.4

detalla els valors toxicologics dels elements estudiats aqui.

Taula 1.4. Distribucio per als metalls pesants analitzats segons la seva carcinogenicitat, dosi de
referéncia, factors de poténcia cancerigena i concentracions de referéncia.

Metalls pesants TARC* US EPA* (mgI/{lfg- Odia) (mg /Eg_" dia)” (p?nl;)'l ( rrligf/(rjr;3)
As Grup 1 Grup A 3.0E-04 1.5E+00 1.5E-05  4.3E-03
Be Grup1  Grup Bl 2.0E-03 - 2.0E-05  2.4E-03
Cd Grup1  Grup Bl 5.0E-04 - 1.0E-05  1.8E-03
Cr' Grup 1 Grup A 3.0E-03 5.0E-01 1.0E-04  8.4E-02
Cu Grup 3 - 4.0E-02 - - -
Hg elemental Grup 3 Grup C 1.6E-04 - 3.0E-04 -
Mn - Grup D 2.4E-02 - 5.0E-05 -
Ni Grup 1 Grup A 2.0E-02 - 9.0E-05 2.6E-04
Pb Grup 2B Grup B2 - - - -
Tl - - 6.6E-05 - - -
A% - - 5.0E-03 - - -

RfD,: Dosi de referéncia oral; SF,. Factor de poténcia cancerigena oral; IUR: Risc unitari per inhalacio;
RfC;: Concentracio de referéncia per inhalacié; *:Veure a les Taules 1.2 i 1.3 els grups establerts per la
IARC i per I’US EPA i les seves respectives descripcions.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.



UNIVERSITAT ROVIRA I VIRGILI
MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUIMICS I MICROBIOLOGICS A LES RODALIES DE PLANTES DE TRACTAMENT

DE RESIDUS.

T-1526-2011

RISCOS PER A LA SALUT HUMANA
Lolita Vil t Cast s
Dgl a Vilaver fﬁpﬁ,&ﬁa

31

Arseénic

Caracteristiques generals

L’As es classifica com a metal-loide ja que presenta propietats de metall i de no-metall.
L’arsénic es pot trobar tant en forma inorganica com organica. D’una banda, les formes
inorganiques As;Os, As;Os 0 AsHjs, son les més toxiques. De 1’altra, 1’As organic, molt
menys toxic, s’origina com a forma de detoxificacid per la biotransformacié mitjangant

diversos organismes (Qin i col-ls., 2009).
Fonts i vies d’exposicio

L’alliberament natural d’As inorganic es produeix a causa de I’alteracio i 1’erosio de les
roques i del sol, on es troba en diferents formes (arsina, arsenits, arsenats i 0xids). Pel
que fa a les fonts antropogeniques, les més importants, una part s’allibera a causa de la
seva utilitzacid en la fabricaci6 de plaguicides, esmalts o aliatges, com també en la
industria del vidre. També pot tenir el seu origen en I’abocament de residus domeéstics i
industrials, la combustié del carbo i fusta, la mineria, la foneria de metalls i la

incineracio de residus.

L’exposicié no ocupacional a 1’As es produeix principalment mitjancant la ingesta
d’aliments (>95%), especialment peix 1 marisc (Domingo 1 colls., 2007a,b).
Sortosament, el percentatge d’As inorganic €s notablement més elevat respecte a 1’As
inorganic (Fattorini i col'ls., 2004). D’altra banda, les vies inhalatoria i topica son

contributivament menys importants (Martorell i colls., 2010).
Efectes adversos sobre la salut

Diversos estudis epidemiologics han revelat una relacid entre concentracions elevades
d’As en aigua i elevades incideéncies de cancer de pell (Rossman i col‘ls., 2004). Aixi
mateix, també s’ha establert una correlacid positiva entre la inhalaciéo d’As i el cancer
de pulmo6, a més d’associar-se aquest element amb un increment en el risc de
desenvolupar cancer de bufeta urinaria, de fetge de rony6 o de prostata (Jomova i colls.,
2011; Singh 1 col'ls., 2011; Smeester 1 col-ls., 2011). L’arseénic produeix diferents
efectes toxics depenent si es tracta d’una exposicid aguda, normalment de tipus

accidental, o bé cronica, a partir de la dieta. Els simptomes d’intoxicacié per una

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
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exposicid cronica per via oral comprenen, entre d’altres, alteracions a nivell del sistema
gastrointestinal, hepatiques, deteriorament del sistema nervids central, renals, asténia,
aneémia, lesions vasculars i aritmies 1 debilitat muscular. També pot produir diverses
alteracions dermatologiques, com hiperqueratinitzacié i pigmentacié de la pell amb

I’aparicié de petits corns als palmells, les plantes dels peus i el tors.

Cadmi

Caracteristiques generals

El cadmi (Cd) és un element no essencial, que es troba en escassa proporcio a 1’escorca
terrestre, generalment en forma de clorur, sulfit, sulfat, 1 de forma més habitual formant
compostos complexos amb altres metalls. També¢ s’utilitza per preparar pigments per a
la fabricacié de pintures i plastics i com estabilitzant d’aquests darrers. Les propietats
mecaniques de determinants aliatges de coure milloren amb 1’addicié de Cd, 1 també

s’utilitza per a la fabricacio de bateries alcalines (Balwin i Marxhall, 1999).

Fonts i vies d’exposicio

La dieta és la principal via d’exposicid per als humans (Perell6 i col'ls., 2008), de
manera que aliments rics amb cadmi poden incrementar la incorporacié d’aquest en els
humans, tot i que una part important del total assimilat pot procedir de 1’aigua de
beguda. Donat que el fum del tabac conté Cd, una exposicio a nivells significatius es
troba amb la gent fumadora (Dhaware 1 col-ls., 2009; Afridi i col‘ls., 2009). Una altra
via podria ser respirant aire contaminat al treball o vivint a prop d’industries que

alliberin cadmi a 1’ambient.

Efectes adversos sobre la salut

L’absorcid de cadmi per la pell és minima, 1 la intestinal pot ser d’entre el 5% i el 10%
del cadmi ingerit absorbit al tracte digestiu, i la major part és eliminat per la femta. La
part absorbida s’acumula al fetge i als ronyons. El cadmi abandona el cos lentament, la
qual cosa comporta que tendeixi a romandre-hi durant anys. L’organisme és capag de
transformar la major part d’aquest metall en una forma no nociva, i si se n’absorbeix en
exces, el fetge 1 els ronyons son capacos de transformar-lo completament a la forma

innocua. Un dels desastres ambientals més greus per intoxicacié de cadmi va ser el que

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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es coneix com la malaltia Itai-Itai al Japd, produit a finals de la Segona Guerra Mundial,

pel consum d’arros i aigua contaminats amb Cd (Kobayashi i col'ls., 2009a,b).
Crom
Caracteristiques generals

El crom (Cr) és un metall de transicié dur, fragil, gris i brillant. Es molt resistent a la
corrosio. En el seu estat d’oxidacio +3 es considera el crom un element essencial, pero
realment es desconeix amb exactitud les seves funcions. Sembla que participa amb el
metabolisme dels lipids 1 dels hidrats de carboni, aixi com en altres funcions. Alguns
complexos semblen participar en la potenciacio de I’accio de la insulina de manera que

la manca de crom pot causar una intolerancia a la glucosa (Sharma i colls., 2011).
Fonts i vies d’exposicio

El crom es troba a la superficie de les roques, als sols i al mar. En general, els afluents
industrials que contenen crom s’incorporen a les aigiies, 1 puntualment, arriben als
oceans. El crom també arriba a I’ambient a partir de tots els processos de combustio,
incloent els incendis forestals. Avui en dia 1I’s del crom esta extensament difos a la
industria, en aliatges amb resisténcia a la corrosio, acers inoxidables i s’utilitzen les

seves sals com a colorants de vidre 1 ceramica.
Efectes adversos sobre la salut

El crom com a metall no és especialment toxic, perd els seus productes d’oxidacio
(cromats, bicromats, acid cromic) son molt toxics per la seva accio caustica. Els efectes
toxics més rellevants estan relacionats amb la presencia de crom trivalent, i
especialment hexavalent, la forma més toxica (Dalcin i col‘ls., 2011). Aquests son
agents desnaturalitzants de les proteines 1 precipitants dels acids nucleics 1 s’eliminen
molt lentament a través de I’orina (Zhang i col'ls., 2011). L’efecte de la toxicitat cutania
del crom consisteix en dermatosis, presentant-se en forma d’ulcera cutania o dermatitis
al-lergica. Una altra via d’intoxicaci6 és la inhalatoria, produint inflamacié de les vies

respiratories (Corbella, 2000; ATSDR, 2009a).
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Mercuri
Caracteristiques generals

El mercuri (Hg) es troba naturalment al medi i existeix en diferents formes. Aquestes es
poden classificar en tres tipus: i) mercuri metal-lic o mercuri elemental, ii) mercuri
inorganic, 1 ii1) mercuri organic. La seva combinacié amb altres elements com el softre,
I’oxigen o el clor poden originar formes de mercuri inorganiques. A més, el mercuri
també pot combinar-se amb el carboni formant compostos organics. El més comu ¢és el
metilmercuri, produit pels microorganismes en el sol i ’aigua, perd que es veu
incrementat en els teixits dels peixos. Degut a la seva lipofilia i la gran capacitat de
fixaci6 en les proteines, presenta un elevat grau de bioacumulacio, que com a resultat
produeix una biomagnificacié considerable cap als nivells superiors de la xarxa
alimentaria (Falco i colls., 2006; Marti-Cid i col‘ls., 2008; Perell6 i colls., 2008). Es
per aixo que els peixos predadors de vida llarga, com les tonyines, el peix espasa o els

taurons, poden acumular grans quantitats d’aquest metall (DOCE, 2006).
Fonts i vies d’exposicio

Aproximadament una tercera part del mercuri alliberat al medi té el seu origen en
fenomens naturals, com les erupcions volcaniques, la volatilitzacié des de 1’escorca
terrestre o la mateixa erosi6 de les roques que el contenen. Les altres dues terceres parts
son d’origen antropogénic i s’alliberen principalment durant els processos d’obtencio
d’energia electrica a partir del carbd 1 com a conseqiiencia de la utilitzaci6 generalitzada
de combustibles fossils. L’emissié procedent d’incineradores de residus urbans i
hospitalaris, 1’explotacié de mines de mercuri, or i plata, la produccié de clor i sosa
caustica 1 I’activitat de les propies industries que I’utilitzen per a obtenir productes
finals sén importants fonts de concentracions de vapor de mercuri a I’atmosfera (Chang
i colls., 2000). L’exposicié al mercuri es produeix basicament a través de 1’aigua de
beguda i de la dieta, principalment per ingesta de peix, on es troba majoritariament com
a metilmercuri. Les vies respiratoria 1 cutania normalment estan associades a situacions

concretes d’exposicid laboral a Hg, basicament inorganic.
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Efectes adversos sobre la salut

La intoxicaci®6 més rellevant per metilmercuri es va produir per la ingesta de peix
contaminat durant més de 20 anys a la badia de Minamata al Jap6. Els efectes
neurologics ocasionats van rebre el nom de malaltia de Minamata (Ekino i colls., 2007;
(Ceccatelli i col'ls., 2011). En alguns paisos, la utilitzacié de mercuri com a fungicida
ha estat problematica. D’altra banda, el seu s extens en amalgames dentals ha provocat
sobreexposicions, principalment als treballadors que les manipulen. Els efectes del
mercuri depenen fortament de les seves diferents formes quimiques. Tot 1 que el sistema
nervios és molt susceptible a totes les formes (Huang i colls., 2011). En intoxicacions

agudes pot produir tremolors, convulsions, incapacitat per caminar i fins i tot la mort.

Quan s’inhalen vapors de mercuri metal-lic, aquests rapidament passen al corrent
sanguini i es distribueixen a través del cos, arribant al cervell. Respirar o empassar grans
quantitats de metilmercuri també pot afectar al sistema nervids central (Li i col'ls.,
2008). En canvi, les sals inorganiques, com el clorur de mercuri no entren tan facilment
al cervell. Totes les formes de mercuri poden afectar els ronyons (Saito, 2010). El
mercuri inorganic també pot afectar I’estobmac i els intestins, provocant nausees,

diarrees o fins i tot tlceres greus, si se’n empassen quantitats elevades.

Plom

Caracteristiques generals

El Plom (Pb) és un metall gris blavds que es troba de forma natural en petites quantitats
a ’escorca terrestre. Es troba ampliament distribuit per ’ambient. La major part prové
d’activitats com la mineria, de la crema de combustibles fossils 1 de la manufactura
industrial. Té molts usos diferents, com per exemple en la fabricaci6 de bateries,
lamines de proteccidé contra els rajos X, productes de metall com ara soldadures i
canonades. L’0s del plom com additiu per a les gasolines es va prohibir I’any 1996 als
Estats Units. El Pb no es degrada, pero els compostos de plom es transformen per la
llum natural, I’aire 1 I’aigua. Quan s’allibera a I’aire, pot arribar a mobilitzar-se a
llargues distancies abans de dipositar-se al sol, on queda adherit a les particules.
Finalment, la mobilitzaci6 del plom cap a les aiglies subterranies dependra del tipus de

compost, 1 de les caracteristiques del propi sol.
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Fonts i vies d’exposicio

La major part del Pb present al medi prové d’activitats com la mineria, de la crema de
combustibles fossils 1 de la manufactura industrial. La principal via d’exposici6 al plom
¢s la digestiva, a través del consum d’aliments o d’aigua que continguin aquest metall
(Ferré-Huguet i col‘ls., 2008; Marti-Cid i colls., 2008). La taxa d’absorci6 digestiva és
de ’ordre del 10%, 1 pot arribar fins al 50% en nadons, un grup especialment vulnerable

perque, tenen una barrera hematoencefalica més permeable.

Efectes adversos sobre la salut

Els efectes del plom sén els mateixos independentment de la via d’exposicio. El Pb pot
afectar gairebé tots els organs i sistemes del cos, tot i que el més sensible és el sistema
nervids. L exposici6 a llarg termini en adults pot produir un deteriorament en el resultat
d’algunes proves que mesuren funcions del sistema nervids. A més, tamb¢ pot provocar
debilitat als turmells, als canells i als dits, 1 un petit augment de la pressi6 sanguinia,
especialment en persones de mitjana o avangada edat. A més de provocar aneémia, si
I’exposicio es dona a nivells elevats pot provocar lesions al cervell, als ronyons i fins i
tot causar la mort. En dones embarassades, pot provocar la pérdua del fetus, mentre que
en homes es pot alterar la produccié d’espermatozoides. Tot 1 que hi ha prou evidéncies
per considerar el plom un component carcinogen en animals, manca informaci6 sobre el

seu potencial carcinogénic en humans (ATSDR, 2007a).

1.4.2. Dioxines i furans (PCDD/Fs)

Caracteristiques generals

El nom dibenzo-p-dioxines policlorades (PCDDs) agrupa a un conjunt de 75
congeneres, entre els quals hi figura el composot més toxic i representatiu la 2,3,7,8-
tetraclordibenzo-p-dioxina o TCDD (Figura 1.6). D’altra banda, els dibenzofurans
policlorats (PCDFs) agrupen un total de 135 congeneres, amb diferent nombre i/o
posici6 d’atoms de clor als anells aromatics (DOCE, 2006). Les dioxines i furans
(PCDD/Fs) son dos dels dotze compostos organics persistents (COPs) (“dirty dozen™)
inclosos originalment a la Convenci6é d’Estocolm. Son xenobiotics d’important interes
ambiental degut al seu gran potencial toxic, la seva gran resisténcia a la degradacio i la

seva facilitat per bioacumular-se (Fielder, 1998). Son un grup de compostos altament

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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lipofilics 1 molt persistents al medi (Gramatica 1 Papa, 2007). El fet de ser molt
persistents 1 semivolatils, comporta que puguin ser transportades a grans distancies
experimentant el que en anglés es coneix com a “Long Range Atmospheric Transport”

(LRAT).
Cl 0 cl

Cl O Cl

Figura 1.6. Estructura quimica de la TCDD.

Al medi, les dioxines i furans es troben com a mescles de diferents congéneres i la seva
toxicitat individual pot variar de I’ordre de 1000 vegades d’unes a les altres. Per aquesta
rad, a I’hora d’avaluar els riscos deguts a 1’exposicid a aquestes substancies, es van
definir, als anys 80, els conceptes d’equivalent toxic (TEQ) i factor d’equivaléncia
toxica (TEF) (Kutz 1 col'ls., 1990). Aquest criteri proporciona un sistema relativament
senzill d’avaluar la toxicitat global de les dioxines. Els congéneres de major toxicitat
son els 17 que presenten els atoms de clor en les posicions 2\3\7 i 8 de la molecula, dels
quals 7 pertanyen a les dioxines (PCDDs) i 10 als furans (PCDFs). Als 17 congeneres
més toxics se’ls assigna un factor d’equivaléncia toxica (TEF) relatiu a la TCDD, que té
un TEF igual a la unitat (TEF=1). Els 193 congéneres restants presenten una toxicitat
molt més baixa, 1 es considera que la seva contribucio a la toxicitat global de la barreja

¢s practicament nul-la. Per aixo, els seus respectius TEFs tenen assignat un valor igual a

0 (TEF=0) (Hutzinger, 1989).
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Figura 1.7. Estructura general de les dioxines i furans.

Aixi, per calcular la toxicitat de la barreja, els resultats de concentracid6 de cada
congenere es multipliquen pel valor corresponent de TEF de cada congenere. Quan

aquests resultats es sumen, s’obté un total d’equivaléncia toxica o TEQ de la barreja.

TEQ = X(TEF X concentracid)
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Els dos sistemes més comuns per determinar els TEQs son els de 1’Organitzacio
Mundial de la Salut (OMS-TEQ) i els de 1’Organitzacio del Tractat de I'Atlantic Nord
(OTAN), coneguts com els TEQ Internacionals (I-TEQ). En general tenen els mateixos
valors, amb I’excepcié de 1'1,2,3,7,8-PeCDD, al qué I’OMS assigna en factor d’1,
mentre que I’[-TEF ¢és 0.5, 1 ’OCDD/F, als qu¢e I’OMS assigna un factor de 0.0003,
mentre que el factor toxic internacional és 0.001. Finalment, 2,3,7,8-TCDF i 1,2,3,7,8-
PeCDF, també presenten diferents TEFs en ambdues escales. Els factors toxics
internacionals séon més comuns a Nord América, mentre que a Asia i Europa es tendeix
més a utilitzar els OMS-TEQs. A la Taula 1.5 es mostren els diferents valors dels

factors toxics.

Taula 1.5. Valors dels OMS-TEF (Van den Berg i col'ls., 2006) i dels I-TEF (OTAN, 1998).

Congenere OMS-TEF I-TEF
2,3,7,8- TCDD 1 1
1,2,3,7,8-PeCDD 1 0.5
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 0.0003 0.001
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PeCDF 0.03 0.05
2,3,4,7,8-PeCDF 0.3 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 0.0003 0.001
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Fonts i vies d’exposicio

Les dioxines mai han estat produides o fabricades de forma voluntaria, sind que es
formen com a subproductes en certes sintesis quimiques en les que hi intervé el clor,
com la fabricacio del PVC, la fabricaci6 de paper o la fabricacié d’herbicides. D’altra
banda, els processos de combustié industrials, com la incineracié de residus urbans i
hospitalaris, la produccié de metalls a alta temperatura o la industria cimentera, també
son fonts d’emissio potencials. L’exposicié humana a les dioxines pot ser per multiples
rutes. Diferents estudis mostren que més del 95% d’exposicio es produeix a través de la
ingesta d’aliments (Nadal i colls., 2008). Altres vies d’exposicié menys importants son
I’aire, I’aigua o el contacte dérmic a través d’alguns pesticides o herbicides. A més, 1’us
de cartrons de llet, filtres de cafeteres 1 tampons poden resultar una altra via d’exposicio,

tot 1 que a nivells més baixos.
Efectes adversos sobre la salut

Les dioxines produeixen un ampli ventall d’efectes toxics i bioquimics en animals.
Sembla ser que els diferents congéneres acaben provocant les mateixes alteracions tot i
que amb un grau de potencia diferent. Per a la majoria, el mecanisme d’accid no €s ben
conegut perdo sembla que el denominador comu que media I’efecte biologic de les
PCDD/Fs sobre les cel-lules és la uni6 dels compostos al receptor de ’aril hidrocarboni
(AhR) (Safe i col'ls., 1998). Es necessaria la uni6 amb aquest receptor perqué es
desencadenin els segiients efectes toxics: induccid enzimatica, efectes sobre la
reproduccié 1 sobre el sistema endocri, immunotoxicitat, toxicitat embriofetal,
carcinogénesi, cloracné, etc. Observant els mecanismes d’accié coneguts, es troben
moltes similituds amb els mecanismes propis d’accions hormonals, per la qual cosa, les
dioxines es poden considerar “disruptors endocrins” (van Leeuwen i col-ls., 2000;

Amaral, 2002; Lin i col-1s., 2007).

En animals, la TCDD és capac de causar efectes teratogeénics, aixi com alteracions
capil-lars, renals 1 cutanies, i avortaments espontanis. També s’ha demostrat que la
TCDD administrada a nivells elevats 1 a llarg termini en rates i ratolins actua com a

agent carcinogenic.
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Pel que fa als efectes no carcinogénics, el més destacat provocat per la intoxicaciod
aguda a dioxines ¢s el cloracné. A dia d’avui, la toxicitat de la TCDD en humans només
es coneix parcialment a curt termini; els simptomes aguts i subaguts i signes més

caracteristics son:

¢ Cutanis: cloracné, hiperpigmentacio i hiperqueratosi

*» Neurologics i fisics: problemes visuals, cefalea, fatiga, pérdua de memoria, tacte
1 olfacte, trastorns del son, disfuncié sexual, irritabilitat i depressio.

«» Sistemics: perdua de pes i1 anorexia, problemes digestius, dolors musculars,

lleugera fibrosi hepatica, cistitis hemorragica i immunodepressio.

¢ Altres: conjuntivitis i irritacio ocular.

Al 1997 la IARC va catalogar a la TCDD, el congenere més toxic de les dioxines, com a

conegut cancerigen per als humans (Grup 1) (McGregor i col‘ls., 1998).
Normativa

A dia d’avui no s’ha establert cap normativa a nivell catala que estableixi un valor limit
de concentraci6 de dioxines al medi. L’nica legislacid existent és el Reial Decret
653/2003, sobre la incineracio de residus, que estableix un nivell maxim d’emissié de

0,1 ng/Nm’.
1.4.3. Compostos organics volatils (COVs)

Els COVs sén compostos organics caracteritzats per tenir una pressido de vapor a 20°C
de menys de 101,3 kPa i més de 0,13 kPa. Les principals fonts antropogeniques de
COVs a I’ambient sén d’origen industrial, com ara els processos de combustio de
fossils, el transport, la generacié d’electricitat i calefacci6 doméstica, 1us de
dissolvents, la distribuci6 de combustibles, els abocadors 1 les plantes de tractament de
residus (Delgado-Saborit i col-ls., 2011). Es pot dir que els COVs sén un dels principals
contaminants de 1’aire a causa de les seves propietats perilloses i per les males olors que
produeixen (Durmusoglu i col'ls., 2010). Facilment poden entrar al cos per via
inhalatoria, i1 fins 1 tot a baixes concentracions poden suposar un considerable risc

enfront exposicions perllongades (Kliucininkas i col‘ls., 2011).
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En els ultims anys, la determinaci6 de COVs a ’aire ha estat un ambit de creixent
interes, per I’impacte que té sobre [’ambient i la salut de les persones. Alguns dels seus
efectes, com ara la seva contribucid a I’estratosfera, I’esgotament de 1’0z6 1 1’efecte
hivernacle, son ben coneguts (Arh 1 col-ls., 2011). També son precursors de 1’0z6
troposferic 1 altres oxidants fotoquimics, en presencia d’oxids de nitrogen i llum solar,
per la qual cosa s’associen amb I’origen de la boira fotoquimica (Tsai i col'ls., 2008). La
boira fotoquimica t¢€ el seu origen amb la reaccid fotoquimica de NOx (NO + NO») i els
COVs en preséncia de la [lum solar. Quimicament es caracteritza per un alt nivell de
compostos antioxidants, principalment Os. A les zones urbanes, on les emissions de
NOx 1 hidrocarburs son elevades, té un efecte considerable en la capacitat oxidant de la
troposfera, que afecta a la salut humana, provocant diversos simptomes com ara cefalea,
irritacio als ulls, mal de pit, tos 1 fins 1 tot, en casos extrems inflamacié pulmonar. L’O3
també €s toxic per a les plantes 1 també s’associa amb la corrosio en estructures urbanes.
També poden ser transportats a llargues distancies pel vent i trobar-se concentracions

elevades a llocs llunyans de les fonts emissores (Ras i col‘ls., 2009).

Els COVs poden suposar un important efecte sobre la salut humana per a poblacions
exposades. Aixi, el benz¢ ha estat reconegut com a agent cancerigen per ’OMS. D’altra
banda, la Unié Europea ha desenvolupat un marc de legislacié propia mitjancant la
Directiva 2000/69/EC (DOCE, 2000b) per tal de restringir els nivells ambientals de

benze.

El grup format pel benze, tolue, etilbenze, m,p-xile i I’o-xile coneguts com a BTEX, ¢és
el majoritari a 1’ambient. Altres COVs d’interés son ’estire 1 el formaldehid,

caracteritzats pel seu potencial cancerigen.

A la Taula 1.6 es presenten els diferents COVs analitzats i les classificacions segons la

IARC ila US EPA quant a la seva carcinogenicitat.
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Taula 1.6. Classificacidé de COVs segons la seva carcinogenicitat. Parametres d’avaluacid
cancerigena i no-cancerigena.

RfD, SF, IUR RfG;

COVs TARC®  US EPA* (mg/kg-dia) (mg/kg-dia)’ (ng/m’)’ (mg/m’)
benze Grup 1 Grup A 4.0E-03 5.5E-02 7.8E-06  3.0E-02
tolue Grup 3 Grup D - - - 5.0E+00
etilbenze Grup 2B Grup D 1.0E-01 1.1E-02 2.5E-06  1.0E+00
m,p-xilé Grup 3 Grup D - - - 7.0E-01
o-xileé Grup 3 Grup D - - - 7.0E-01
estire Grup 2B - - - - 1.0E+00
naftalé Grup 2B Grup C 2.0E-02 34E-05  3.0E-03
clorur de metile Grup 2B Grup B2 6.0E-02 7.5E-03 4.7E-07  1.1E+00
1,2-dicloroeta - Grup B 2.0E-02 9.1E-02 2.6E-05  2.4E+00
cloroform Grup 2B Grup B2 1.0E-02 3.1E-02 2.3E-05  9.8E-02
tricloroetilé Grup 2A  GrupB2/C - 5.9E-03 2.0E-06 -
tetracloroetilé Grup 2A  GrupB2/C 1.0E-02 5.4E-01 5.9E-06  2.7E-01
1,3-butadié Grup 1 Grup B2 - 3.4E+00 3.0E-05  2.0E-03
1,3,5-trimetilbenze - - - - - 6.0E-03
1,2,4-trimetilbenze - - - - - 7.0E-03
isopropiltolue - - - - - -
propiltolue - - - - - -
isopropilbenze - - - - - -
formaldehid Grup 1 Grup B 2.0E-01 1.3E-05  9.8E-03

RfD,: Dosi de referéncia oral; SF,. Factor de poténcia cancerigena oral; [UR: Risc unitari per inhalacio;
RfC;: Concentracio de referéncia per inhalacio; *:Veure a les Taules 1.2 i 1.3 els grups establerts per la
IARC i per I’US EPA i les seves respectives descripcions.

D’entre els 19 COVs determinats en aquest estudi, ens centrarem a explicar els

considerats més importants per la seva toxicitat o preséncia al medi.
Benzg¢, tolue, etilbenzé i xilens (BTEX)

Benze

Caracteristiques generals

El benze (Figura 1.8) és un hidrocarbur aromatic poliinsaturat amb forma d’anell, que
s’anomena anell benzénic o aromatic (a causa de I’olor caracteristica que posseeix). Es
un liquid incolor d’olor dolca. S’evapora a 1’aire rapidament i és només lleugerament

soluble en aigua. Es fortament inflamable. El benzé es troba a I’aire, I’aigua i al sol.
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Figura 1.8. Estructura quimica del benz¢.
Fonts i vies d’exposicio

Entre les diverses fonts naturals de benze, s’inclouen les emissions volcaniques, els
incendis forestals, trobant-se també en el petroli 1 la gasolina, aixi com en el fum del
tabac. Diverses industries utilitzen el benzé per a la fabricacido d’altres productes
quimics, com per exemple I’estire, o el ciclohexa. També s’utilitza en la manufactura de
certs tipus de cautxu, lubricants, detergents, tints, plaguicides i medicaments. Les
principals fonts de benze son, de fet, els processos industrials. Els nivells a 1’aire poden
augmentar per emissions generades per la combustio del petroli 1 del carbo, operacions
que involucrin residus o emmagatzematge de benze, el tub d’escapament dels vehicles i
I’evaporaci6 de gasolina de les estacions de servei. Les fugues de benze des dels tancs
subterranis alliberen benze¢ a 1’aigua i al sol. També pot passar a 1’aire des de la
superficie de 1’aigua 1 del sol, on reacciona amb altres substancies i es degrada en pocs

dies. Pot ser arrossegat al sol per la pluja o la neu, tot i que no s’acumula en plantes ni

en animals (ATSDR, 2007b).

L’exposicid de la poblacié general al benzeé es dona principalment mitjancant la
inhalacio. A diferéncia dels COPs i metalls, I’exposici6 a través dels aliments, begudes
o aigua ¢és menor. El benz¢ pot entra al cos a través dels pulmons, el tub digestiu i la

pell. El coeficient d’absorci6 via respiratoria és d’un 50%.

Efectes adversos sobre la salut

L’exposicid breu (5-10 minuts) a nivells molt elevats de benze en aire (10,000 a 20,000
ppm) pot provocar la mort. Nivells inferiors (700 a 3,000 ppm) poden originar letargia,
mareig, cefalea, tremolors, acceleraci6 del batec del cor, peérdua del coneixement i

confusio. Per via dérmica pot patir enrogiment 1 ulceracid. En contacte amb els ulls pot
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causar irritacio 1 dany a la cornia. El benzeé també provoca alteracions a la sang. La gent
que respira benz¢ a llarg termini pot patir danys als teixits que produeixen les cél-lules
de la sang. Aquests efectes poden interrompre la produccio d’elements de la sang i
produir-ne una reduccié important. L’exposicio excessiva al benze pot ser perjudicial
per al sistema immunitari, augmentant la probabilitat de patir infeccions 1 possiblement
una disminucio6 de les defenses del cos contra el cancer. L’exposici6 a llarg termini pot
també provocar cancer dels organs que produeixen els elements de la sang. (Whitworth i
col-ls., 2011). S’ha associat 1’exposicid a benze¢ amb un tipus especial de leucémia
anomenada mieloide aguda (Angelini 1 col'ls., 2011). L’exposici6 al benz¢ pot ser
perjudicial per als organs sexuals. Es desconeix els efectes que podria provocar el benze
al fetus o sobre la fertilitat en homes. Estudis amb animals embarassats han demostrat
que la inhalaci6 de benze¢ afecta negativament el fetus, amb efectes variats com baix
pes, retras en la formaci6 dels ossos i dany a la medul-la 0ssia (Badham 1 Winn, 2010).
Estudis en animals han determinat que 1’exposicié a través d’aliments o aigua
contaminada pot alterar elements de la sang i el sistema immunitari, a més de provocar

cancer (ATSDR, 2007b).
Normativa

LA US EPA estableix que un limit de 0.4 ppb (400 pg/m’) en aire podria causar 1 cas
addicional de cancer per cada 100,000 persones exposades. Segons 1’Agencia per a la
Seguretat i Salut Ocupacional (OSHA) dels EE.UU. el nivell maxim de benze a 1’aire
del lloc de treball no pot excedir d’1 ppm (1.0E+06 pg/m’) durant una jornada de 8
hores diaries (40 hores setmanals). Aixi mateix, 1’Institut Nacional per a la Seguretat i
Salut Ocupacional (EUA) (NIOSH) recomana als treballadors utilitzar equips de
respiracid especial si existeix la possibilitat d’exposicio a nivells de benz¢ que superin
el limit de 0.1 ppm (100,000 pg/m’) recomanat durant una jornada de 8 hores.
Finalment, I’Institut Nacional de Seguretat i Higiene del Treball (Espanya) (INSHT,

2011) ha establert un valor limit ambiental d’exposicié diaria de 3.25 mg/m”.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Tolué
Caracteristiques generals

El tolu¢ (Figura 1.9) és un liquid incolor amb una olor caracteristica. Es troba de forma
natural al petroli cru i a I’arbre Tolu (Myroxylon balsamum). També es produeix durant
la manufactura de la gasolina 1 d’altres combustibles a partir del petroli cru. S’utilitza
per a la fabricacio de pintures, dissolvents de pintures, laques, en determinats processos

d’impremta, adhesius, gomes i adobament de cuir (ATSDR, 1994).

CHs

Figura 1.9. Estructura quimica del tolue.
Fonts i vies d’exposicio

El tolue entra al medi quan s’utilitzen materials que el contenen. També pot arribar a
I’aigua superficial 1 a la subterrania per vessaments de dissolvents 1 productes de petroli,
com també d’escapaments en tancs subterranis. Una altra possible font de tolu¢ al medi
¢s mitjancant la deposicié de productes amb un cert contingut de tolu¢ en abocadors,
des d’on pot arribar al sol o 1’aigua. Normalment, no roman molt de temps a ’ambient,
ni tampoc es concentra ni s’acumula en quantitats significatives en animals. La principal

via d’exposicio al tolu¢ també ¢és la inhalatoria.
Efectes adversos sobre la salut

El tolu¢ pot afectar al sistema nervids, com ha estat demostrat en estudis experimentals
emprant rates de laboratori (Batis i1 col'ls., 2010). Nivells baixos o moderats poden
provocar confusid, cansament, pérdua de memoria, perdua de la gana, debilitat, perdua
de I’audicio 1 de la vista 1 nausees. Normalment aquests afectes desapareixen quan
s’acaba 1’exposicid. La inhalacio d’alts nivells de tolu¢ durant un periode curt de temps
pot provocar mareig o somnoléncia, a més de causar la perdua del coneixement i fins i

tot la mort.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Normativa

L’OSHA ha establert un limit de 200 ppm (2.0E+08 pg/m?) de tolu¢ a I’aire de I’area de
treball. La Conferéncia Governamental Americana d'Higienistes Industrials (ACGIH)
va recomanar un valor limit mitja de 50 ppm (5.0E+07 pg/m®) per una exposicié de 8
hores diaries al lloc de treball (ATSDR, 2000). A TI’Estat Espanyol, 'INSHT ha

establert un limit d’exposicié ambiental diari de 192 mg/m’ de tolug.
Etilbenze
Caracteristiques generals

L’etilbenze (Figura 1.10) és un hidrocarbur aromatic important en la industria
petroquimica com a producte intermedi en la produccié d’estiré, que al seu torn
s’utilitza per a la fabricacio de poliestir¢, un material plastic comu. Sovint present en
petites quantitats en el petroli cru, I’etilbenze es produeix en grans quantitats mitjangant
la combinaci6 de benze i etilé en una reaccid6 quimica. També s’ha utilitzat com a
solvent per al bromur d’alumini en ’electrodeposici6 d’alumini anhidre. L’etilbenze

també €s un ingredient en algunes pintures 1 solvents.

CHj

Figura 1.10. Estructura quimica de I’etilbenze.

Fonts i vies d’exposicio

L’etilbenze es mobilitza facilment des de ’aigua 1 el sol cap a I’aire. Es degrada en
altres substancies aproximadament en tres dies. També pot mobilitzar-se de 1’aigua
subterrania cap al sol, i un cop en aquest compartiment és degradat per bacteris. La
principal via d’exposicié a I’etilbenze és a través de I’aire. Normalment no es troba a

I’aigua potable, a excepcid de llocs proxims a abocadors o plantes de tractament de

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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residus, que potencialment poden contaminar el subsol. Una altra via d’exposicio €s 1’us
directe de productes que contenen etilbenzé com gasolines, substancies per enganxar
catifes, vernissos 1 pintures. Finalment, la crema de petroli, gasolina i carb6 (ATSDR,

2010).
Efectes adversos sobre la salut

L’exposicid breu a nivells elevats d’etilbenze a ’aire pot causar irritacié a la gola i als
ulls, mentre que una exposicio a nivells majors pot provocar mareigs. En animals s’ha
observat que 1’exposicié a concentracions relativament baixes durant un periode de
varis dies o setmanes, pot produir danys irreversibles a 1’oida interna sent especilment
perjudicial per via oral i respiratoria (Huff 1 col-ls., 2010). Aixi mateix, una exposicié a
nivells relativament baixos durant un periode de mesos o anys pot provocar danys als

ronyons (ATSDR, 2010).
Normativa

L’OSHA ha establert un limit promig d’exposicio6 a ’etilbenze a I’aire del treball de 100
ppm (1.0E+08 pg/m’) durant una jornada diaria de 8 hores, 40 hores setmanals. A
Espanya 'INSHT ha establert un valor limit ambiental d’exposici6 diaria de 441 mg/m’

(ATSDR, 2010).
Xilens
Caracteristiques generals

Hi ha tres formes de xil¢ en les que la posicio dels grups metils a I’anell de benze varia,
el meta-xile, 'orto-xile i el para-xilé (m-, o-, 1 p-xil¢). Aquestes tres formes (Figura
1.11) es coneixen com a isomers (Clark i Luthy, 1955). El xilé és un liquid incolor

d’olor dolga i facilment inflamable.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Figura 1.11. Estructura quimica dels tres isomers de xile.

Fonts i vies d’exposicio

El xile es troba de forma natural al petroli 1 al quitra. Les industries quimiques
produeixen xil¢ a partir del petroli. També s’empra com a diluent a I’impremta, i a les
industries de cuir i cautxu, aixi com agent de neteja, i dissolvent de pintures i vernissos,

1 en petites quantitats es pot trobar al combustible d’avions 1 a la benzina.

El xil¢ s’evapora rapidament des del sol o les aigiies a 1’aire on es degrada en pocs dies
per efecte de la llum solar. Quan es troba al sol o a 1’aigua, és facilment degradat per
microorganismes. Les plantes, marisc, peixos i en altres animals que visquin a 1’aigua
poden acumular-ne petites quantitats. La principal via d’exposicid és la inhalatoria. El
xile també es pot absorbir a través de la pell, o ingerint aliments o aigua contaminada,

tot 1 que, aquestes rutes sOn minoritaries.

Efectes adversos sobre la salut

Una exposicio a nivells elevats de xilé a curt o llarg termini pot provocar falta de
coordinacié muscular, mareigs, mals de cap, confusio i alteracions de 1’equilibri. Una
exposicio breu també pot causar irritacid als ulls, a la pell, al nas i a la gola, dificultats
per respirar, problemes pulmonars, alteracions de la memoria, mals d’estomac i la mort

(Saito i col'ls., 2011).

Tant la IARC com I’US EPA han determinat que la informacid disponible és insuficient

per a declarar si el xil¢ es carcinogénic (ATSDR, 2007¢).

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.



UNIVERSITAT ROVIRA I VIRGILI
MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUIMICS I MICROBIOLOGICS A LES RODALIES DE PLANTES DE TRACTAMENT

DE RESIDUS.

T-1526-2011

RISCOS PER A LA SALUT HUMANA
Lolita Vil t Cast s
Dgl a Vilaver fﬁpﬁ,&ﬁa

49

Normativa

L’ACGIH (1997) recomana un valor limit laboral de xilé en 1’aire de 434 mg/m>. Per la
seva banda, PINSHT ha establert un limit d’exposici6 diaria per als xilens de 221

mg/m’ (INSHT, 2011).
Estire
Caracteristiques generals

L’estiré (Figura 1.12) és un liquid incolor que s’evapora facilment. En forma pura, té
una olor dolca. Les plantes, els bacteris 1 els fongs produeixen una quantitat petita
d’estire de forma natural. També es troba present en productes de combustiod, com el
fum del tabac i els gasos del tub d’escapament dels cotxes. L’estir¢ s’utilitza en la

manufactura de plastics i1 cautxu.

SCH,

Figura 1.12. Estructura quimica de 1’estire.
Fonts i vies d’exposicio

Es pot trobar estire a 1’aire, al sol i a 1’aigua, després d’alliberar-se durant la seva
manufactura, la disposicio de productes que en contenen o el seu Gs. L’estire es degrada
rapidament a 1’aire, normalment en 1 o 2 dies, mentre que ¢€s biodegradat per
microorganismes quan ¢s present en el sol o 1’aigua. Com la resta de COVs, la principal
via d’exposicio a estir¢ és la inhalatoria. Rarament es detecta estir¢ en mostres d’aigua
subterrania, potable o al sol. Beure aigua potable que contingui estiré també pot ser una
via d’exposicid, tot 1 que minoritaria. Alguns aliments també poden contenir
concentracions baixes d’estiré, com a conseqiiencia de la transferéncia des dels
materials per empaquetar els aliments, si han estat fabricats amb estir¢. Finalment, el

contacte dérmic també pot ser una via d’exposicié alternativa.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Efectes adversos sobre la salut

Els efectes més habituals en treballadors exposats a estir¢ estan relacionats amb el
sistema nervios. Aquests inclouen cansament, alteracions de la visi6 del color, sensacio
d’embriaguesa, problemes de concentracid i equilibri, aixi com reaccions retardades. Els
nivells d’estiré que provoquen aquests efectes son més de 1,000 vegades majors que les
que es troben normalment a ’ambient. Diversos estudis realitzats en animals exposats a
la inhalaci6 de concentracions molt elevades han observat danys a I’ADN
(Wongvijitsuk, 2010), perdua de I’audicio, alteracions en el revestiment del nas i dany
al fetge. Mitjancant 1’exposicié per ingesta d’estir¢ a nivells elevats, s’han detectat

alteracions en I’aprenentatges i dany als espermatozoides (ATSDR, 2007d).
Normativa

L’OSHA ha establert un limit legal de 100 ppm (1.0E+08 pg/m’) d’estiré a 1’aire com a
mitjana durant una jornada diaria de 8 hores. Mentre que I’'INSHT ha establert un limit

ambiental d’exposici6 diaria per a I’estiré de 86 mg/m® (INSHT, 2011).
1,2-dicloroeta
Caracteristiques generals

El 1,2-dicloroeta (Figura 1.13), anomenat també diclorur d’etilé, és una substancia
quimica manufacturada que no es forma de manera natural a I’ambient. Es un liquid

transparent i t€ una olor agradable.

H Cl

Figura 1.13. Estructura quimica del 1,2-diclororeta.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Fonts i vies d’exposicio

La utilitzacié comuna del 1,2-dicloroeta €s en la produccio de clorur de vinil, substancia
que s’empra per a la manufactura d’una varietat de productes de vinil i plastics, incloent
canonades de clorur de polivinil (PVC), automobils, tapisseries de mobles. També

s’utilitza com a solvent en diversos processos industrials.

La major part del 1,2-dicloroeta s’allibera al medi per via atmosférica, on es
fotodegrada al reaccionar amb altres compostos. Pot romandre a 1’aire uns 5 mesos
abans de degradar-se. També es pot alliberar en rius o llacs, on es degrada molt
lentament a ’aigua i s’evapora a 1’aire. La poblacidé general pot estar exposada al
respirar aire o prendre aigua contaminada. La gent que treballa prop de industries on
I’utilitzen, o prop de residus perillosos, pot estar també exposada a nivells més elevats

de I’habitual.
Efectes adversos sobre la salut

En persones que han ingerit o respirat grans quantitats del compost s’han descrit
malalties del fetge 1 ronyd, desordres del sistema nervids i efectes als pulmons. Animals
de laboratori sotmesos a respirar o inhalar grans quantitats de diclorur d’etilé¢ també han
patit efectes al fetge, ronyd i pulmo, aixi com desordres del sistema nervids (Hotchkiss,
2009). Els estudis en animals suggereixen que pot danyar el sistema immunitari. A més,
s’ha associat problemes renals amb la ingesta cronica a dosis baixes de 1,2-dicloroeta.
Els estudis indiquen que no afecta a la reproduccid. Estudis en animals exposats per
inhalacio, ingesti6 i1 contacte deérmic al 1,2-dicloroeta han confirmat que es produeixen
augments de cancers d’estomac, de fetge, de pulmd, a la glandula mamaria, i a

I’endometri (ATSDR, 2001).
Normativa

L’OSHA ha establert un limit de 50 ppm (5.0E+07 pg/m’) de 1,2-dicloroeta a Iaire del
treball durant jornades de 8 hores diaries. L’INSHT, ha establert un valor limit maxim

d’exposicio diaria de 20 mg/m” al lloc de treball.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Cloroform
Caracteristiques generals

El cloroform (Figura 1.14) és un liquid incolor d’aroma agradable, no irritant i amb un
sabor lleugerament dol¢. Crema espontaniament quan arriba a temperatures molt
elevades. Anteriorment s’utilitzava com anestésic o en cirugia. Avui s’utilitza per a la
manufactura d’altres productes quimics. Petites quantitats es formen quan s’afegeix clor

a l’aigua. També rep el nom de triclorometa o triclorur de metil.

|

C"l
“N\ 'Cl
Cl o

Figura 1.14. Estructura quimica del cloroform.
Fonts i vies d’exposicio

El cloroform s’evapora facilment a 1’aire, on eventualment es degrada lentament. Els
productes de degradacio son toxics. No s’adhereix molt bé al sol, amb la qual cosa pot
filtrar-se 1 arribar a les aiglies subterranies. D’altra banda, es dissol amb facilitat a
’aigua i1 pot romandre llargs periodes de temps a les aigiies subterranies. Sembla que no
s’acumula en grans quantitats en plantes o animals. Les vies d’exposicio poden ser per
ingesta d’aigua o aliments contaminats, via inhalatoria 1 per contacte dérmic (INSHT,

2007).
Efectes adversos sobre la salut

Respirar prop de 900 ppm de cloroform per un periode curt de temps pot provocar
mareigs, cefalea i cansament. Respirar, ingerir aliments o aigua amb una quantitat
elevada de cloroform durant un llarg periode pot danyar els ronyons i el fetge, mentre
que el contacte dérmic pot provocar ulceracio. Estudis en animals han demostrat
avortaments en rates i ratolins que van ser exposats a respirar aire amb cloroform amb
unes concentracions de 30 a 300 ppm durant I’embaras. Les cries de les rates i ratolins
que van respirar aire contaminat van presentar defectes congenits. Es van detectar

espermatozoides anormals en ratolins que van respirar aire amb 400 ppm de cloroform

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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per pocs dies. També s’han demostrat danys pulmonars en ratolins (Selgrade 1 col‘ls.,
2010). Altres estudis han demostrat que el cloroform tant per via inhalatoria com per via

oral indueix a la formacio de tumors renals en rates i ratolins (Take i col‘ls., 2010).

El Departament de Salut i Serveis Humans dels E.E. U.U. (DHHS) ha determinat que és
raonable predir que el cloroform és carcinogen. Rates i ratolins que van menjar aliments

1 beure aigua contaminats durant un llarg termini van patir cancer de ronyons 1 de fetge.
Normativa

L’OSHA ha estipulat una concentracié maxima permesa de 50 ppm (5.0E+07 pg/m’) a
I’aire de treball durant una jornada de 8 hores diaries (ATSDR 1997a), 1 PINSHT, ha
establert un valor limit ambiental d’exposicié diaria de 10 mg/m’. No existeixen nivells

en aire ambiental.
Tricloroetile
Caracteristiques generals

A temperatura ambient el tricloroetile (Figura 1.15) és un liquid incolor, no inflamable,
amb sabor dol¢ i ardent i amb olor dolgca. S’utilitza principalment com a solvent per
netejar greix dels metalls, també com a solvent 1 per produir altres substancies. Alguns
dels productes utilitzats a les cases contenen tricloroetile, com ara els llevataques o

adhesius. Es pot comencar a percebre 1’olor a I’aire quan es troba a unes concentracions

de 100 ppm (ATSDR, 1997b).
\ :CI
Cl

Figura 1.15. Estructura quimica del tricloroetilé.

Cl

Fonts i vies d’exposicio

La principal font de tricloroetile a 1’ambient prové de 1’evaporacid que es dona a les
fabriques que 1’utilitzen per remoure greix dels metalls. Una altra via pot ser pels
rebutjos quimics. Pot evaporar-se facilment, perd també pot romandre al sol i a I’aigua

subterrania. Amb una setmana es descompon la meitat de la substancia. A més, es pot

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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trobar en alguns aliments, presumptament provenint de la contaminaci6 de 1’aigua
utilitzada per processar els aliments o de I’equip per produir-los, si s’ha emprat la
substancia per netejar-lo. El tricloroetilé no s’acumula als peixos, pero s’hi ha detectat a
nivells baixos. Pot arribar a ’aire o a I’aigua per moltes vies, com ara les instal-lacions
de tractament de residus o per evaporacio de pintures. Les vies d’exposicid principals

son la inhalacid, en primer lloc, i la ingesta 1 absorcié dérmica després.
Efectes adversos sobre la salut

Les persones exposades a nivells elevats de tricloroetilé poden sentir-se marejades, amb
somnoléncia o poden patir peérdua del coneixement, si els nivells son molt elevats. La
inhalacié de grans quantitats pot desencadenar la mort. Es poden originar erupcions
cutanies per exposicié dérmica. Si s’inhalen nivells moderats, es poden patir mareigs i
mals de cap, 1 alguns casos danys als nervis de la cara. Efectes descrits a nivells alts de
concentracio inclouen dany als ronyons i al fetge, canvis en el ritme cardiac i danys al
sistema reproductor masculi (Lamb i col‘ls., 2006). En animals exposats a nivells
moderats van presentar un engrandiment del fetge i I’exposicio a nivells alts va produir
dany hepatic i renal (Jollow i colls., 2009). Hi ha estudis que semblen indicar que
poden registrar-se més defectes congenits en nadons, les mares dels quals, han begut
aigua contaminada amb tricloroetileé. En proves realitzades en rates 1 ratolins exposats a

nivells alts del contaminant es van detectar tumors al fetge i pulmons.
Normativa

Els nivells de tricloroetile al lloc de treball establerts per ’OSHA sén de 100 ppm
(1E+08 pg/m®) per una jornada de 8 hores diaries, i la mitjana d’exposicié durant 15
minuts a I’aire no pot excedir durant la jornada laboral de 300 ppm (3.0E+08 pg/m’).
L’INSHT ha establert un valor limit d’exposicio diaria de 273 mg/m’ (INSHT, 2011).

Tetracloroetilé
Caracteristiques generals

El tetracloroetile (Figura 1.16) €s una substancia d’ampli us en el rentat de teles en sec i
com a desgreixatge de metalls, i en la manufactura d’alguns articles de consum o

d’altres productes quimics. També se’l coneix amb el nom de percloroetile, PCE i

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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tetracloroeté. Es un liquid no inflamable a temperatura ambient. S’evapora amb facilitat
a l’aire 1 t€ un aroma dolg 1 penetrant. Les persones el poden olorar quan es troba a una

concentraci6 d’1 ppm, o fins i tot menors.

Cl Cl

Cl Cl

Figura 1.16. Estructura quimica del tetracloroetile.
Fonts i vies d’exposicio

La major part del tetracloroetile que arriba a 1’aigua o al sol s’evapora a 1’aire. Els
microorganismes poden degradar una part de la substancia al sol o a I’aigua subterrania.
Un cop a l'aire es degrada en altres substancies per la llum solar. Sembla que no

s’acumula en peixos o altres animals aquatics (ATSDR, 1997c¢).
Efectes adversos sobre la salut

Alts nivells de tetracloroetilé poden provocar cefalea, mareigs, confusid, somnoléncia,
dificultat per parlar i caminar, nausees, perdua del coneixement i la mort. Una exposiciod
repetida a una area extensa de la pell pot causar irritacid. Diversos estudis suggereixen
que dones que treballen en industries de rentat en sec tenen més problemes menstruals i
més avortaments espontanis (Figa-Talamanca, 2006). Altres estudis en animals exposats
a concentracions elevades del contaminant van demostrar que pot provocar afectaci6 als
ronyons 1 al fetge. Si I’exposicio és a nivells molt elevats pot ser toxic per al fetus de
rates 1 ratolins. També es van observar alteracions en el comportament de cries de rates

que van respirar alts nivells durant I’embaras.

El DHHS ha determinat raonable predir que el tetracloroetileé és carcinogénic. S’ha
provat que provoca tumors en el fetge de ratolins i1 en rates mascles tumors als ronyons

(ATSDR, 1997a).

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Normativa

L’OSHA limita la quantitat del compost a ’aire de treball a 100 ppm (1.0E+08 pg/m?)
durant una jornada de 8 hores diaries, i 'INSHT ha establert un valor limit ambiental

d’exposicio diaria de 172 mg/m’.
1,3-butadié
Caracteristiques generals

El 1,3-butadi¢ (Figura 1.17) ¢és una substancia quimica manufacturada per al
processament del petroli. Es un gas incolor amb una lleu olor semblant a la gasolina.
M¢és de la meitat del 1,3-butadie¢ que es manufactura s’utilitza per fabricar cautxu

sintétic. S’empra també per fabricar plastics.

H H

I I
/C\\ /C\ /H
C ~C

H H

Figura 1.17. Estructura quimica del 1,3-butadie.

H

Fonts i vies d’exposicio

S’evapora rapidament a 1’aire en forma de gas quan s’escapa durant la seva produccio,
us, emmagatzematge, transport o residu. La meitat de la substancia a I’aire es degrada
en 6 hores. Des de I’aigua i el sol s’evapora molt rapidament a l’aire, com a
conseqiiéncia €s improbable trobar-lo en aquestes compartiments (ATSDR, 2009b). Les
vies d’exposicié son similars a la resta de COVs: inhalacid, com a majoritaria, i dieta i

contacte dérmic, com a vies menys contributives.
Efectes adversos sobre la salut

Respirar breument concentracions elevades de 1,3-butadi¢ pot provocar sequedat a la
boca i al nas, nausees, disminuci6 de la pressié sanguinia i del pols i cefalea. En animals
de laboratori s’ha observat que produeix inflamacié dels teixits nasals, alteracions dels

pulmons, cor, sistema reproductiu, efectes neurologics i alteracions a la sang (Kirman i

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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col-ls., 2010). Hi ha estudis que han demostrat que treballadors exposats al toxic poden
tenir un risc més elevat de patir cancer a la sang, sistema limfatic i d’estomac. D’altres
estudis amb animals han detectat augments en una varietat de tumors a conseqiiéncia de

I’exposici6 a 1,3-butadie (ATSRD, 2009b).
Normativa

L’OSHA ha establert un limit ocupacional de 1 ppm (1.0E+06 pg/m’) a laire, i I’

INSHT ha establert un valor limit ambiental d’exposicio6 diaria de 4.5 mg/m3.
Formaldehid
Caracteristiques generals

El formaldehid (Figura 1.18) és un gas incolor i inflamable a temperatura ambient. T¢é
una olor penetrant caracteristica i en nivells alts pot provocar una sensacié d’ardor als
ulls, nas i pulmons. Pot reaccionar amb moltes substancies quimiques, i a temperatures

molt altes es degrada a metanol 1 monoxid de carboni.

O
|

PN

H™ T H

Figura 1.18. Estructura quimica del formaldehid.
Fonts i vies d’exposicio

Les persones produeixen quantitats petites de formaldehid de manera natural com a part
del metabolisme diari normal. També se’n pot trobar a 1’aire “indoor” d’ambients
domestics o laborals, als aliments i en alguns productes que utilitzem per la pell. Una
altra font important es troba al smog en la capa inferior de I’atmosfera. Els tubs
d’escapament dels cotxes amb convertidors catalitics que utilitzen gasolina oxigenada
també contenen formaldehid. El tabac, les estufes de gas aixi com les xemeneies obertes
a Dlaire, també n’alliberen al medi. Entre altres usos, s’utilitza en alguns aliments,
antiseptics, cosmetics i1 suavitzats entre altres. La major part del formaldehid present a

I’aire es degrada en un dia. Sembla que el contaminant no s’acumula en plantes o

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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animals, pero s’ha detectat en alguns aliments en quantitats petites. Generalment la

principal via d’exposicio és la inhalatoria, i en menor mesura, la dérmica.
Efectes adversos sobre la salut

El formaldehid produeix irritaci6 dels teixits quan entra en contacte directe amb aquests.
Els simptomes més comuns son irritacio dels ulls, llagrimeig 1 nas. El1 NIOSH indica
que una concentracié de 20 ppm constitueix un perill immediat per a la salut 1 la vida.
Beure quantitats elevades del compost pot produir vomits, dolor agut, coma i
possiblement la mort. En contacte amb la pell, pot provocar irritacio. Diversos estudis
en rates de laboratori exposades cronicament a quantitats altes de formaldehid a I’aire,
van associar I’exposicié a formaldehid amb el desenvolupament de cancer al nas. Altres
estudis en humans exposats a quantitats més baixes de 1’aire del treball van trobar més
casos de cancer de nas i de gola que I’esperat, aixi com danys a les ce¢l-lules pulmonars

(Rager i col‘ls., 2011).
Normativa

L’OSHA ha establert un limit mitja d’exposicio permissible (PEL) durant un periode de
8 hores de 0.75 ppm (7.5E+05 pg/m?), mentre que el limit per a exposicions de 15
minuts és de 2 ppm (2.0E+06 pg/m’). L’'US EPA estableix normes per declarar la
quantitat de formaldehid que s’utilitza i la quantitat que pot alliberar-se als tubs
d’escapament dels cotxes, i I’Administracié d’Aliments i Drogues Americana (US
FDA) també té normes sobre 1'is del formaldehid en els aliments. Per altra banda,
’ACGIH ha determinat un limit ocupacional de 0.4 ppm (4.0E+05 pg/m?) (TLV), i el
NIOSH recomana un limit ocupacional de 0.016 ppm (1.6E+04 pg/m’) com a mitjana
durant 8 hores, i un limit de 0.1 ppm (1.0E+05 pg/m’) durant periodes de 15 minuts
(ATSDR,1999). Finalment, I’'INSHT ha establert un valor limit ambiental d’exposicio
diaria de 0.37 mg/m’

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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1.4.4. Contaminants microbiologics

La determinacié de contaminants microbiologics en I’ambient €s important donada la
seva capacitat per actuar com a agents infecciosos, al-lergenics, toxics 1 carcinogens en
humans, aixi com també en altres éssers vius (Fisher 1 colls., 2000; Domingo i Nadal,
2009). Hi ha una gran varietat de potencials aerosols que poden afectar la salut de les
persones, com ara alguns fongs, bacteris gram negatius, i més especificament el fong
Aspergillus fumigatus, com agent que causa un risc més notable per a la poblacié. Tot i
aixo, cal remarcar que, fins a dia d’avui, no hi ha cap tipus de legislacié que faci
referéncia sobre els limits de concentracions de contaminants microbiologics permesos
a I’hora d’avaluar la qualitat general de I’aire, malgrat haver-hi certes recomanacions en

ambients “indoor”.

Bacteris Totals

Caracteristiques generals

Els bacteris (del grec faxtypia, bastd) o procariotes (del grec pros = abans i karion =
nucli) s6n microorganismes unicel-lulars caracteritzats per no disposar de nucli cel-lular
diferenciat, és a dir, el seu ADN no esta confinat a I’interior d’una membrana, sind que
es troba al citoplasma. Tenen una mida d’alguns micrometres de llarg (1 1 100pm) i es
presenten en diverses formes (cocs, bacils, espirils 1 vibrions). Les seves principals parts
son la membrana plasmatica, els ribosomes, el cromosoma, la paret cel-lular i el
mesosona. En la classificacio actual, es divideixen en dos dels tres grans dominis de la
vida Eubacteria 1 Archaea (Whoese 1 col‘ls., 1990). Les principals caracteristiques que
els diferencien dels eucariotes es poden remarcar en: ADN amb freqiiencia circular,
manca d’histones veritables, manca d’organuls membranosos i de nucleol, 1 divisio
cel-lular per fisi6 binaria. S6n aquestes ce¢l-lules les que poden arribar a tolerar limits
més extrems a nivell de temperatura, pH 1 salinitat. Els bacteris son imprescindibles per
al reciclatge dels elements, com ara en la fixaci6 del nitrogen atmosferic (Zehr i col'ls.,

2003).

En la industria, els bacteris son importants en processos com ara el tractament d'aigiies

residuals, en la produccio de certs aliments (iogurts, formatges, mantegues, vinagre,

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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etc.) 1 en la fabricaci6 de medicaments i d'altres productes quimics (Hagedorn i

Kaphammer, 1994; Johnson i Lucey, 2006).
Fonts i vies d’exposicio

Els bacteris son els organismes més abundants de tot el planeta. Es troben en tots els
habitats terrestres, i poden créixer fins als més extrems com ara a les fonts d’aigua
calenta 1 acida, en residus radioactius, o en les profunditats marines 1 terrestres. Alguns

bacteris fins i tot poden sobreviure a 1’espai exterior.
Les principals vies d’exposicio son:

¢ Respiratoria: inhalaci6 dels bacteris presents a I’aire en forma de bioaerosols.

¢ Dérmica: per contacte amb la pell o les mucoses, poden causar erupcions,
vermellors o dermatitis.

+» Digestiva: generalment provocada per la ingestio d’aliments i begudes
contaminats.

¢ Parenteral: entrada del bioaerosol a les capes profundes de la pell. Per contacte

amb ferides no protegides degudament, mossegades, punxades, esgarrapades,

etc. Pot passar a la sang que difon I’agent patogen arreu del cos.

% Ocular: a través de la conjuntiva de 1’'ull (AGORA, 2009).
Efectes adversos sobre la salut

Al cos huma hi ha aproximadament deu vegades més cel-lules bacterianes que cél-lules
humanes, amb una gran quantitat de bacteris a la pell 1 al tracte digestiu. Encara que
l'efecte protector del sistema immune fa que la gran majoria d'aquests bacteris siguin
inofensius o beneficiosos, alguns bacteris patdgens poden produir malalties infeccioses,
incloent sifilis, lepra, colera, tifus, escarlatina, diftéria, etc. Les malalties mortals
provocades per bacteris més comuns son les infeccions respiratories, amb una mortalitat
a nivell mundial només per al cas de la tuberculosi de prop de dos milions de persones a
l'any. L’exposicié pot provocar diverses patologies com ara reaccions irritants,
inflamatories, respostes immuno al-lérgiques com ara rinitis, sinusitis, asma al-lérgica,
pneumonitis per hipersensibilitat i sindrome toxica de la pols organica (Perssons i

colls., 2010). A tot el mon s'utilitzen antibiotics per a tractar les infeccions bacterianes.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
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Els antibiotics son efectius contra els bacteris ja que inhibeixen la formaci6 de la paret

cel-lular o detenen altres processos del seu cicle vital.
Normativa

No s'han formulat recomanacions per als nivells ambientals de bacteris. Només hi ha
algunes recomanacions dels nivells de bioaerosols de caracter preventiu al lloc de
treball. Determinades directrius van fixar entre 10>-10° el limit tant per als bacteris

totals com per als bacteris gram negatius (UK HSE, 2003).
Bacteris gram negatius
Caracteristiques generals

En microbiologia s’anomenen bacteris gram negatius aquells que no es tenyeixen de
blau fort o violeta per la tinci6 de Gram, i en canvi ho fan d’un color rosat pal-lid.
Aquesta caracteristica esta clarament relacionada amb [D’estructura de I’embolcall
cel-lular, per la qual cosa reflexa un tipus natural d’organitzaci6 bacteriana. Sén un dels
principals grups de bacteris. Els restants son els bacteris gram positius. Els bacteris
gram negatius presenten dues membranes lipidiques entre les quals es troba una fina
paret cel-lular de peptidoglica, mentre que els gram positius només presenten una
membrana lipidica i la paret de peptidoglica és molt més gruixuda, per aquest motiu al
tenir la paret fina no es reté el colorant durant la tincié de Gram (Madigan i col'ls.,

1997).
Fonts i vies d’exposicio

Els bacteris gram negatius es troben en tots els habitats terrestres, i poden créixer fins
als més extrems com ara a les fonts d’aigua calenta i acida, en les profunditats marines i
terrestres. Les principals vies d’exposicié son la inhalatoria dels bacteris gram negatius
presents a I’aire en forma de bioaerosols, la dérmica mitjancant el contacte amb la pell o
les mucoses, la digestiva normalment produida per la ingestié d’aliments i begudes
contaminats, i la parenteral a través de 1’entrada del bioaerosol a les capes profundes de

la pell.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
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Efectes adversos sobre la salut

Els bacteris gram negatius han estat reconeguts com importants agents causants de
danys a la salut de les persones tant a curt com a llarg termini (Goéra i col‘ls., 2009).
Moltes espécies de bacteris gram negatius provoquen malalties. Els cocs gram negatius
causen gonorrea (Neisseria gonorrhoeae), meningitis (Neisseria meningitidis) 1
simptomes respiratoris (Moraxella catarrhalis), entre altres. Alguns bacils gram
negatius provoquen principalment malalties respiratories (Legionella pneumophila,
Haemophilus influenzae, Pseudomonas aeruginosa, Klebsiella pneumoniae), malalties
gastrointestinals (Salmonella enteritidis, Salmonella typh, Helicobacter pylori,),
malalties urinaries (Escherichia coli, Enterobacter cloacae, Proteus mirabilis, Serratia
marcescens) 1 altres estan relacionats amb infeccions nosocomials (Acinetobacter

baumanii).
Normativa

No s'han formulat recomanacions per als nivells ambientals de bacteris gram negatius.
Només determinades directrius van fixar entre 10>-10° el limit tant per als bacteris totals

com per als bacteris gram negatius (UK HSE, 2003).
Fongs
Caracteristiques principals

En biologia, el terme Fungi (llati, literament “fongs”) designa un grup d’organismes
eucariotes entre els quals es troben les floridures, els llevats i els bolets. Es classifiquen
en un regne diferent al dels animals, plantes 1 bacteris, a causa de qué posseeixen parets
cel-lulars composades per quitina, alguns creixen i/0 actuen com a parasits d’altres
especies (Bruns, 2006). En I’actualitat es consideren com un grup heterogeni, polifilétic,
constituit per organismes que pertanyen com a minim a tres linies evolutives

independents.

Els fongs son els descomponedors primaris de la matéria morta tant de plantes com
d’animals en molts ecosistemes, 1 com a tal tenen un paper ecoldogic molt important en
els cicles biogeoquimics (Gadd, 2007). Els fongs tenen una gran importancia

economica, ja que les llevadures son les responsables de la fermentacié del pa i de la
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cervesa, 1 de la recol-leccio i el cultiu de bolets, com les trufes. També s’han utilitzat per
produir antibiotics, aixi com també enzims (Joseph i col'ls., 2008). Algunes especies
son agents de biocontrol de plagues, altres produeixen micotoxines, compostos
bioactius que son toxics per als humans 1 altres animals (Van Egmond i col‘ls., 2007).
Les malalties fungiques afecten a humans, plantes, on acaben afectant a la seguretat

alimentaria i1 al rendiment dels cultius.

Fonts i vies d’exposicio

Els fongs es troben en habitats molt diversos. En la majoria dels casos, els seus
representants son poc conspicus a causa de la seva mida reduida, solen viure al sol, a
prop de materials en descomposicid, també com a patogens o simbions de plantes,
animals o altres fongs. La principal via d’exposicié a fongs és la inhalatoria, ja que
alguns fongs es reprodueixen mitjancant diminutes espores a I’aire. Aquestes espores
poden inhalar-se o poden caure a damunt de les persones, com a conseqiiéncia, les

infeccions micotiques solen comengar als pulmons o a la pell.

Efectes adversos sobre la salut

Diversos estudis han indicat que els fongs podrien ser patdogens oportunistes. Una
exposicié continuada a grans concentracions pot provocar una sensibilitzacid i el
desenvolupament de malalties professionals, com alveolitis al-lérgica o asma. La
presencia de fongs a 1’aire també s’associa com a possible causa de problemes
respiratoris (Grisoli 1 col'ls., 2009). Els fongs poden provocar diferents tipus
d’infeccions a la pell i a les ungles. Els fongs parasits tamb¢ infecten als humans. Per
exemple, un deuteromicet pot infectar 1’area d’entre els dits dels peus i provocar una
infeccié que es denomina peu d’atleta. Els fongs formen un miceli directament a les
capes exteriors de la pell, provocant una nafra inflamada des d’on les espores facilment
passen a altres persones. Quan els fongs infecten altres arees, com el cuir cabellut,
produeixen una nafra escatosa vermella anomenada tinya. El microorganisme Candida
albicans, un llevat, pot trastornar l'equilibri intern del cos huma i1 produir malaltia
micotica. Creix en regions humides del cos, pero, el sistema immunologic 1 altres

bacteris competidors normalment el controlen (Van De Veerdonk i col-ls., 2010).
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Normativa

No s'han formulat recomanacions per als nivells ambientals dels fongs. Només hi ha
algunes recomanacions dels nivells de bioaerosols de caracter preventiu al lloc de

treball. L’ ACGIH estableix una pauta de 10%-10° ufc/m’ per als fongs totals.
Aspergillus fumigatus
Caracteristiques generals

Aspergillus fumigatus és l'espécie més freqiient del génere Aspergillus que causa
malaltia en pacients fonamentalment immunodeprimits. L’A. fumigatus és un fong
saprofit estés a la natura, que té un paper essencial en el carboni i el reciclatge del
nitrogen. Durant molts anys, es pensava que A. fumigatus que només es reproduia
asexualment, ja que ni l'aparellament ni la meiosi s'havia observat mai. Recentment es

va descobrir el cicle complet d’A. fumigatus (Alvarez-Perez i col'ls., 2010).
Fonts i vies d’exposicio

L’A. fumigatus es troba present al sol, 1’aire, ’aigua, aliments, plantes i1 materia
organica en descomposicid. El seu desenvolupament es veu afavorit per la humitat i les

temperatures elevades. La principal via d’exposicio a A. fumigatus és la inhalatoria.
Efectes adversos sobre la salut

Les seves espores son ubiqlies a l'ambient, 1 s'estima que tothom inspira diversos
centenars d'espores cada dia. Per regla general, aquests son rapidament eliminats pel
sistema immune en individus sans. Causa perd problemes respiratoris en casos d’asma
molt pronunciada (Menzies i col'ls., 2011) o d’al-lérgia a aquest fong (Latgé, 1999). En
les persones immunocompromeses, com els receptors de trasplantament d'organs i
persones amb SIDA o leucémia, el fong és més probable que es converteixi en patogen,
debilitant les defenses de l'hoste i provocant una série de malalties generalment
s’anomenen aspergillosi (Douwes i col'ls., 2003). L’A. fumigatus tamb¢ pot créixer en
certs materials de construccid produint micotoxines genotoxiques i citotoxiques, com

ara gliotoxina.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Normativa

A dia d’avui no s'han formulat recomanacions per als nivells ambientals d’A.

Fumigatus.
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1.5. Avaluacio dels riscos

S’entén per avaluacié de riscos el procés o procediment utilitzat per estimar la
probabilitat que es produeixin efectes adversos sobre la salut humana o sobre sistemes
ecologics per D’efecte d’agents quimics o fisics sota una série de condicions
(Paustenbach, 2002). Aquest procediment va comengar cap als anys 30, quan als Estats
Units 1 Europa va sorgir la necessitat de protegir als humans dels efectes adversos
provocats per productes quimics al lloc de treball o mitjancant els aliments o el medi
(Friess, 1987), 1 fou a partir dels anys 70 quan 1’avaluacié de riscos va comencar a rebre
una importancia major entre la comunitat cientifica, I’administracio 1 la poblacioé general
(Starr 1969). La qualitat d’aquestes avaluacions ha anat augmentant a causa de la
millora en les dades d’exposicid, a caracteritzacions del risc més equilibrades, etc. El

procediment d’avaluaci6 del risc es pot dividir en quatre etapes principals (NRC, 1983):

1. Identificacid del perill. Es defineix com el procés per determinar si 1’exposiciod

humana a un agent pot produir un increment en la incidéncia de la condicid de
salut (defectes de naixement, cancer, etc.), o si 1’exposicid d’un receptor no
huma pot ser afectada de forma adversa. Per tant, és necessaria la caracteritzacid
de la natura 1 la intensitat de les evidéncies de la causa. Sovint, la qliestiéo que es
planteja en termes d’efectes sobre animals de laboratori o altres tipus de test és si
I’agent indueix cancer en animals; respostes afirmatives a aquesta pregunta
sovint s’entenen com a evidéncies que 1’agent pot causar cancer als humans
exposats.

2. Avaluacié dosi-resposta. Es el procés de caracteritzar la relacid entre la dosi

d’un agent administrat o rebut, i la incidéncia d’un efecte advers en poblacions
exposades. Aquest procés considera factors importants com la intensitat de
I’exposicid, la possibilitat que altres variables puguin afectar a la resposta per
exemple el sexe, I’estil de vida, el patrd d’edat. Habitualment es requereix
I’extrapolaci6 d’altes i baixes dosis i1 1’extrapolacié d’animals a humans, o també
d’una especie de laboratori a una especie salvatge. L’avaluacid dosi resposta
hauria de justificar 1 descriure els metodes d’extrapolacié utilitzats per predir la
incidéncia i1 hauria de caracteritzar la incertesa estadistica i biologica en aquests

meétodes.
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3. Avaluacid de I’exposicid. Es el procés de mesura o estimacié de la intensitat,

freqiiéncia 1 duracid de I’exposicié animal o humana a un agent present al medi.
Ha de descriure la magnitud, duracio i1 via d’exposicid, natura, mida, tipus de
poblacions exposades i la incertesa de totes les estimacions, en la seva forma

més extensa.

4. Caracteritzacid del risc. Es el procés d’estimaci6 de la incidéncia d’efecte sobre
la salut sota diverses condicions d’exposicié descrites en 1’avaluacié de
I’exposicid. Es porta a terme combinant I’exposici6 amb la dosi-resposta. El
resum dels efectes de la incertesa en les etapes preévies s’han de descriure en

aquesta etapa.

La vigilancia del medi és fonamental per portar a terme una correcta avaluacio de
I’exposicid. Aquesta té com a objectiu determinar quantitativament la concentracié de
contaminants en diferents matrius. Hi ha dos enfocaments que es poden diferenciar: la
monitoritzacid bioldgica i la monitoritzacidé ambiental. Quant a la monitoritzacio
ambiental, 1’analisi quimica de les concentracions de contaminants ambientals en
diferents matrius (sol, vegetacio, aire...), pot ser una bona metodologia indirecta per
avaluar el risc per a la salut humana. Es pot considerar que hi ha dues vies d’exposicid
principals: la directa i la indirecta. L’exposicié directa és la suma de I’exposicio a
contaminants per via directa, com ara la inhalacié d’aire, I’absorci6é dérmica o la ingesta
de sols (US EPA, 1989). Per altra banda, els contaminants poden arribar als éssers
humans després de passar diferents processos, com per exemple, des de 1’aire a la
vegetacio, 1 seguint la xarxa alimentaria fins als humans a través de la ingesta

d’aliments contaminats.

L’avaluacid del risc és justament una vessant del risc que comprén per una banda la
comunicaci6 del risc i de 1’altra la gestio del risc. La comunicaci6 del risc per a la salut
ambiental és cada vegada més una responsabilitat dels funcionaris locals 1 estatals, aixi
com dels grups privats que participen en la vigilancia de I’ambient. El public en general
cada vegada té més accés a la informacid respecte ’aire local o la qualitat de I’aigua.
Les eines de visualitzaci6 grafica, aixi com el desenvolupament de diferents indexs, son
sistemes relativament senzills per ajudar a la poblacid general a entendre els riscos
potencials per a la salut associats. D’altra banda, la gestio del risc és el procés que

avalua la manera de protegir la salut publica. Exemples de mesures de gestio del risc

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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inclouen decidir quina quantitat d’una determinada substancia d’una empresa pot
abocar-se a un riu, decidir quines substancies poden ser emmagatzemades en una
instal-laci6 d’eliminacié de residus perillosos, establir els estandards nacionals de
qualitat de I’aire, determinar els nivells permissibles a 1’aigua potable, etc. En la gestio
del risc participen diferents agents cientifics, economics, judicials, socials, tecnologics,
politics 1 publics (US EPA, 2011a,b). Tant és aixi, que la gesti6 del risc pot haver passat

ja a ser I’etapa critica en tot el procés d’analisi del risc.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
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2.1. Hipotesi

En els darrers anys, tant a Catalunya com a la resta d’Europa, el volum de residus no ha
deixat d’augmentar, suposant un greu problema pel qual cal buscar una millor gestio.
Avui dia, bona part dels residus segueixen destinant-se als abocadors, tot i que en els
darrers anys ha crescut la fraccid reciclada (paper, vidre, envasos...). Per a la gesti6
d’aquests residus, la Directiva Marc de Residus ha elaborat un ranquing de prioritzacio
de diversos sistemes, els quals suposen la recuperacié de materials 1 energia. En aquest
context actual, ’ARC s’encarrega de la gestid dels residus a Catalunya mitjancant
I’aplicacid de diversos programes, on es contemplen el tractament mecanic-biologic, el
compostatge 1 la valoritzacié energéetica (incineracié amb recuperacid d’energia) com a
possibles opcions per gestionar més adequadament els residus. Tot 1 que existeix un fort
control legislatiu en els limits d’emissio de contaminants a I’atmosfera sobre les plantes
incineradores, aquestes segueixen generant encara una gran controversia en la societat.
Per altra banda, les plantes de TMB, com totes les noves tecnologies que sorgeixen,
també provoquen incerteses 1 desconeixement dels potencials riscos que poden provocar

a la salut de les persones i del medi.

Davant de tot aix0, es planteja la hipotesi de que les potencials emissions de PCDD/Fs i
metalls pesants, per part de les incineradores, i de COVs 1 bioaerosols, per les plantes de
TMB i de compostatge, podrien produir un important impacte ambiental a les rodalies
d’aquestes plantes de tractament de residus, i suposar un notable risc per a la salut de la
poblacid6 resident a les proximitats. S’hipotetitza també que els programes de vigilancia
mediambiental podrien suposar una eina de gran valua per a controlar I’estat del medi

ambient.

2.2.  Objectius

Objectiu general

Determinar els nivells ambientals de contaminants organics, microbiologics 1 metalls
pesants en diferents matrius (aire, vegetacid i sols) a les rodalies de diferents plantes de
tractament de residus i avaluar-ne els riscos per a la salut de la poblacid resident a les

rodalies.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Objectius especifics

v Determinar els nivells de dioxines i furans policlorats (PCDD/Fs), aixi com
de metalls pesants, en mostres de vegetacid, sols 1 aire a les rodalies de la
incineradora de residus urbans de Tarragona. Establir-ne les tendéncies

temporals comparant els valors amb els obtinguts en estudis previs.

v' Analitzar les concentracions de compostos organics volatils (COVs) i
bioaerosols (bacteris 1 fongs) en mostres d’aire recollides a les proximitats de la
IRSU de Tarragona, aixi com precisar les seves tendéncies temporals i
estacionals. Avaluar els riscos per a la salut derivats de 1'exposicido a COVs per a

la poblaci6 que viu als voltants.

v' Determinar els nivells de PCDD/Fs, aixi com de metalls, en mostres de
vegetacio 1 soOls a les rodalies de I’Ecoparc de residus industrials de Constanti.
Establir 1’evolucié temporal 1 avaluar els riscos per a la salut dels individus que

viuen en les proximitats del mateix.

v Analitzar els nivells en aire de COVs 1 bioaerosols a les rodalies de
I’Ecoparc-2 de Montcada i Reixac, i determinar les tendeéncies temporals i
estacionals. Avaluar els riscos per a la salut de la poblacié que viu proxima a la

instal-lacio.

v Comparar les concentracions dels contaminants mediambientals avaluats
amb les corresponents a altres estudis recents realitzats a nivell nacional i

internacional en zones industrials 1 urbans de similars caracteristiques.

v" Avaluar D’estat del medi ambient a les rodalies de varies instal-lacions de
tractament de residus, com a vies alternatives per a la seva gestid, segons

estableix la Directiva Marc de Residus.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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3. MATERIALS I METODES

La qualitat de I’aire €s un dels problemes ambientals que més preocupa a la poblacio
general. Tot 1 que el medi atmosferic és el primer receptor de la contaminacié emesa a
I’aire, els contaminats també poden arribar per deposicid en ultima instancia al sol, la
vegetacié 1 a l’aigua. El terme monitoritzaci6 ambiental, fa referéncia a la mesura
continua emprada com a sistema de control, mitjancant 1’analisi quimica de les
concentracions de contaminants presents en diferents matrius. A través d’aquesta
monitoritzacid es pretén establir els nivells base que representen 1’estat actual, 1 detectar
si es produeixen canvis al llarg del temps. Els sols s’utilitzen principalment per a
descriure 1’exposici6 a llarg termini, mentre que la vegetaci6é aporta informacio sobre
I’exposici6 a curt termini (Shuhmacher i col-ls., 1998). Per altra banda, I’aire és un bon
indicador de les concentracions de contaminants actuals al medi (Mari i colls., 2008a).
La combinacio d’aquests tres monitors ambientals permet realitzar una millor avaluacio

de la contaminaci¢ real present a les zones d’estudi.
3.1. Punts de mostreig

Els diferents punts de mostreig de 1’estudi es van escollir tenint en compte diferents
variables. En primer lloc, es van seleccionar punts de mostreig en les diferents
direccions del vent, considerant-ne la direccid predominant. Es van recollir mostres a
diferents distancies en funcié de la ubicacié on s’esperava obtenir un valor maxim,
segons els resultats d’un estudi previ de dispersid. També es van tenir presents altres
focus potencials de contaminacié proxims a les plantes de tractament, especialment el
transit, altres industries, nuclis de poblacid i incendis propers que poden contribuir
significativament als nivells de contaminaci6. A les figures 3.1, 3.2 i 3.3 es poden
observar els diferents punts de mostreig escollits per a cada planta de tractament

estudiada.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Figura 3.2. Punts de mostreig al voltant de la incineradora de residus especials de Constanti. A)
Mostres de vegetacio; B) Mostres de sols.
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Figura 3.3. Punts de mostreig al voltant de I’Ecoparc-2 de Montcada i Reixac. Mostres d’aire.
3.2. Monitors ambientals
3.2.1. Vegetacio

Es van agafar aproximadament uns 500 g de plantes herbacies
(Piptatherum L.) Les mostres es van obtenir tallant les herbes a
uns 5 cm del terra i es van condicionar amb lamines d’alumini en

bosses de polietile. Un cop al laboratori es van assecar a

temperatura ambient.

Figura 3.4. Assecat de la
3.2.2. Sols vegetacio a temperatura ambient.

Es van prendre uns 500 g de sols en submostres corresponents a
\ . 2 .
una area d’aproximadament 5 m°. Un cop al laboratori les
mostres es van assecar a temperatura ambient. Seguidament, es

van passar per un sedas de 2 mm de diametre per tal

d’homogeneitzar la mida de les particules.

Figura 3.5. Assecat dels sols a
3.2.3. Aire temperatura ambient.

La presa de mostra es va realitzar a ’altura de la zona de respiracid, és a dir,
aproximadament a 1.5 metres del terra. Aixi mateix, els punts estaven separats un

minim de 25 metres dels punts de trafic abundant, seguint la Directiva sobre Qualitat de

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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1I’Aire 1999/30/EC (DOCE, 1999).

3.2.3.1. Dioxines i furans

Per a la presa de mostres de PCDD/Fs es va emprar un captador d’alt volum TE-1000
(Tisch Environmental, Cleves, NY, EUA) (Figura 3.6), d’acord amb el metode US EPA
TO-9. La fase lligada a particules de les dioxines i furans es va recollir sobre filtres de
microfibra de quars (100 mm), mentre que la fase gasosa es va recollir en espumes de
poliureta (PUF), que préviament havien estat netejades amb diclorometa amb un
Soxhlet durant 24 hores. L’aparell es va calibrar a 0.225 m*/min abans d’iniciar la presa
de mostra. Aquest flux es va comprovar al punt de mostreig mitjancant lectures de la
pressi6 a I’inici i final de cada periode de mostreig. El volum d’aire obtingut va oscil-lar
entre 540 i 968 m’, i la presa de mostra va durar aproximadament unes 48 hores. Els
PUFs i el filtre de microfibra de quars es van guardar junts en un recipient hermetic de
vidre amb tap de tefld i de color ambre per evitar la fotodegradacié dels compostos. Un

cop al laboratori, les mostres es van mantenir a -20°C fins al moment de 1’analisi.

Figura 3.6. Capcal del captador TE-1000, on s’observa el filtre sobre el que queden les particules.

Per a les PCDD/Fs, també¢ és van utilitzar captadors passius. Aquests consisteixen en un
filtre de poliureta (on queden retinguts els contaminants organics semivolatils com les
dioxines) envoltat per un dispositiu metal-lic que el protegeix del sol, la pluja i la
deposicio directa. Al mateix temps, aquest captador permet el moviment d’aire al
voltant del filtre. Aquests captadors es van deixar instal-lats durant tres mesos, de juny a
setembre de 2008 (veure 1’estructura d’aquests captadors a la Figura 3.7). Els captadors
passius son metodes semi-quantitatius de mesura (Harner 1 colls., 2004)

complementaris als sistemes actius. En els darrers anys, s’ha estudiat la viabilitat

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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d’utilitzar captadors passius, com a substituts dels sistemes convencionals. En base a la
teoria dels captadors passius, s’han determinat les velocitats de mostreig per a diferents
compostos organics. Respecte a les PCDD/Fs, en un estudi precedent es va establir una
velocitat de mostreig d’aproximadament 2 m’/dia (Mari i col'ls., 2008). Les
concentracions es van obtenir a partir de les quantitats determinades als captadors
passius, i tenint en compte que els captadors van estar instal-lats un total de 87 dies. El

volum total es va estimar en 182 m”>.

Figura 3.7. Detall dels captadors passius.

3.2.3.2. Metalls

Per a la presa de mostres de metalls pesants adsorbits a les PM;, es va utilitzar un
captador d’alt volum model TE-6070-DV (Tisch Environmental, Cleves, NY, EUA).
(Figura 3.8), d’acord amb el métode US EPA 10-2.1. Aquest aparell té un control de
flux volumétric 1 un inlet selectiu de particules menors a 10 micres quan treballa a un
flux de 1.13 m’/min. Aquest flux es va comprovar al lloc de presa de mostra mitjancant
lectures de la pressio tant a I’inici com al final de cada periode de mostreig, de 24 hores
aproximadament. El volum d’aire total per mostra va estar compres entre 1716 1 1803
m’. Es van utilitzar filtres de fibra de quars Whatman (20.3 x 25.4 cm). Un cop acabada
la presa de mostra, els filtres es van guardar protegits per un full de paper de seda. Un
cop al laboratori, les mostres es van mantenir en un lloc sec i fresc fins al moment de

I’analisi.

Figura 3.8. Captador de particules amb 1’inlet pujat de manera que queda a la vista el filtre on
queden retingudes les particules ambientals PMj,.
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3.2.3.3. COVs

Els COVs que es van determinar foren: benze, tolue, m,p-xile, o-xile, estiré, naftale,
clorur de metil¢, 1,2-dicloroeta, cloroform, 1,3,5-trimetilbenze, 1,2,4-trimetilbenze,
etilbenze, tricloroetile, tetracloroetile, p-isopropiltolue, n-propilbenze, isopropilbenze,

1,3-butadie, p-tert-butiltolue i formaldehid.

Per a les analisis de COVs al voltant de la IRSU de Tarragona, es va utilitzar un
captador de compostos organics volatils AMBCPV (Ambiental d’Enginyeria i
Assessorament, Esparreguera, Barcelona) (Figura 3.9). Les mostres es van recollir fent
passar aire per un cartutx adsorbent de carbo actiu ORBO-32 (Supelco, Bellefonte, PA,
USA) per a tots els COVs, amb I’excepcio6 del formaldehid, per al qual es va utilitzar un
cartutx adsorbent de silica-gel amb 2,4-dinitrofenilhidrazina (ORBO-DNPH, Supelco,
Bellefonte, PA, USA). El cabal del captador es va establir en 1 L/min. El temps de
mostreig va ser de 150 min per a tots els COVs, a excepcid del formaldehid, per al qual
el temps de mostreig va ser de 40 min. Posteriorment, les mostres es van guardar

refrigerades a -20°C fins a la determinacio analitica.

Figura 3.9. Captador de compostos organics volatils AMBCPV.

D’altra banda, per a les analisis de COVs a I’Ecoparc-2 de Montcada 1 Reixac es va
utilitzar la mateixa metodologia que a I’estudi previ “indoor”, unes bombes de mostreig
Airchek 2000 (SKC Inc. Eighty Four, PA, USA) (Figura 3.10). Les mostres es van
prendre fent passar aire a través de dos tubs adsorbents, un de carbé sintétic (Anasorb
747, SKC Inc.) per a la majoria de COVs, 1 un altre de 2,4-dinitrofenilhidracina (2,4-
DNPH) recobertes de silica gel per al formaldehid. El volum total d’aire va ser
aproximadament de 360 L per la majoria de compostos, excepte per al formaldehid per
al qual es van recollir 180 L d’aire. Les mostres es van transportar rapidament al

laboratori 1 es van mantenir a -20°C fins als seus analisis.
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Figura 3.10. Bomba de moéfreig Airchek 2000.

3.2.3.4. Contaminants microbiologics

Es van analitzar les concentracions ambientals d’una série de contaminants
microbiologics: bacteris totals 1 fongs totals, com a indicadors generals, bacteris gram
negatius com a indicadors de patdogens oportunistes, 1 finalment Aspergillus fumigatus,

com a fong que pot suposar un risc més notable per a la poblacio.

Donada la previsiblement alta variabilitat de les concentracions microbianes, en cada
punt es van recollir 5 mostres d’aire. Es va utilitzar un mostrejador microbiologic
Sampl’Air Lite (AES Laboratoire, Bruz, Franca) (Figura 3.11). El cabal fixat va ser de
100 L/min per a bacteris i fongs. En totes les arees el temps de mostreig va ser d’un
minut, excepte per als bacteris gram negatius, per als quals la presa de mostra va durar 3

minuts.

Com a medis de cultiu, es van utilitzar TSA (Triptyc Soy Agar) 1 McConkey per a la
determinacio de bacteris totals 1 bacteris gram negatius, respectivament. Pel que fa als

fongs, es féu servir un medi PDA (Papa Dextrosa Agar) general.

Figura 3.11. Mostrejador microbiologic Sampl’Air Lite.
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3.3. Determinacions analitiques
3.3.1. PCDD/Fs

Les analisis i determinacions de dioxines i furans en sols, herbes i aire es van realitzar
seguint el metode 1613 de la US EPA. La metodologia utilitzada consta dels seglients

passos:
Extraccio

A la mostra se 1i va afegir una quantitat coneguda de patrons de recuperacido, PCDD/Fs
marcats amb 13C12. Es va utilitzar un sistema d’extraccié accelerada DIONEX ASE 300.
Com a solvent, es va emprar tolu¢ i es va escalfar durant 5 minuts a una pressi6 de 100
bars. L’operacio, que es va repetir tres vegades, es caracteritza per una purga controlada

cada 120 segons.

Purificacio o “Clean-up”

En aquesta etapa, 1’objectiu va ser 1’eliminaci6 dels diferents compostos interferents que
s’extrauen conjuntament amb les dioxines i furans. Aquest procés de purificacid es
realitza mitjancant cromatografia d’absorcid solid-liquid en columnes obertes eluides
per gravetat. L’extracte obtingut es va sotmetre a I’acci6 de dos tipus de columnes:

- Columna Neutra Merck 60: mescla de silica gel activada basica, neutra i acida.

- Columna Alumina B Super 1 ICN per a I’analisi de dioxines i furans
Finalment, es va evaporar la fraccié a sequedat amb nitrogen, 1 es va redissoldre amb
una solucié que contenia un patr6 intern marcat isotopicament fins un volum final de 25

mL amb agitacid ultrasonica.

Analisi

Les concentracions de PCDD/Fs es van determinar per cromatografia de gasos d’alta
resolucid acoblada a espectrometria de masses d’alta resoluci6 (HRGC/HRMS),
mitjangant un equip Fisons CE 8000 GC acoblat a un sistema VG Autospec Ultima.
S’utilitza una columna de silica fosa, (30 m x 0.25 mm ID d’espessor: 0.15 um). La
deteccid es va efectuar per espectrometria de masses d’impacte electronic (EI) en mode
positiu (35-45 eV), i amb monitoritzacid de 1’16 seleccionat (SIM) amb una resolucio de

10,000 amu. Els compostos es van identificar especialment per la senyal dels ions
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moleculars marcats amb C, per la relaci6 isotopica correcta i pels temps de retencid
cromatografics. La quantificacio de les PCDD/Fs es va realitzar mitjangant estandards

interns.

Qualitat de les mesures

Per cada 10 mostres es va analitzar un blanc. La recuperacié dels estandards interns, la
desviacio estandard relativa del meétode, 1 el limit de deteccio dels diferents congéneres,
van ser iguals o molt similars als valors de 1'any anterior. Per als calculs dels toxics
equivalents, es van utilitzar els factors toxics Internacionals (I-TEF) (OTAN, 1998) i els
factors toxics de 1I’Organitzaci6 Mundial de la Salut (OMS-TEF) (Van den Berg i
col-ls., 2006).

3.3.2. Metalls pesants

3.3.2.1. Digestio dels sols

Per a I’extracci6 dels metalls, es van digerir 0.5 g de mostra amb 5 mL de HNO3 (65%
Suprapur, E. Merck, Darmstadt, Alemanya) i 3 mL d’aigua MiliQ. La digestio es va
realitzar en bombes hermetiques de teflo en un equip microones Milestone Start D
Microware Digestion System, durant 10 minuts, fins a arribar a 165°C, i es van mantenir
durant 20 minuts més a aquesta temperatura. Un cop refredades, les mostres es van
filtrar 1 es van portar fins a un volum de 25 mL amb aigua MiliQ. Finalment, es van

guardar congelades a -20°C fins al moment de les analisis (Mari i col‘ls., 2007).

3.3.2.2. Digestio de les herbes

Analogament als sols, es van pesar 0.5 g de mostra i es tractaren amb 5 mL de HNO;3
(65% Suprapur, E. Merck, Darmstadt, RFA) a l'interior de bombes de Tefl6. Es van
predigerir durant 8 h a temperatura ambient, i es van escalfar a 80°C a l'estufa durant 8 h
més. Un cop fredes, es van filtrar i es van portar fins a 25 mL amb aigua desionitzada
(Schuhmacher 1 colls., 2002; Ferré-Huguet i1 colls., 2007). Després de varies
validacions al laboratori i no observar-se variacions amb les dues metodologies, també
es va utilitzar per a la digestio de les herbes, bombes hermetiques de teflo en un equip
microones Milestone Start D Microware Digestion System, el qual permet un millor %
de recuperacio, durant 10 minuts, fins a arribar a 165°C, i es van mantenir durant 20

minuts més a aquesta temperatura. El volum resultant d’ambdues digestions es va portar
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fins a 25 mL amb aigua desionitzada i es va separar en dues aliquotes, que es van

conservar congelades a -20°C fins el moment de les analisis.

3.3.2.3. Digestio dels filtres

Una vuitena part del filtre es tracta amb 2 mL d’HNO; (65% Suprapur, E. Merck,
Darmstadt, RFA) 1 3 mL d’HF a l'interior d’un vas de tefl6. Cada recipient es predigeri
durant 8 h a temperatura ambient, i després, es va escalfar a 80°C a l'estufa durant 8 h
més. Posteriorment la digestio acida es va dur a sequedat en un bany de sorra a 250°C.
El residu es redissolgué en 2.5 mL d’HNOs. Es va filtrar 1 es va portar fins a 25 mL amb
aigua desionitzada, essent separats en dues aliquotes, que foren congelades a -20°C fins

al moment de les analisis.

3.3.2.4. Determinacions analitiques

En les mostres de vegetacio, sols 1 aire, les concentracions d’As, Be, Cd, Co, Cr, Cu,
Hg, Mn, Ni, Pb, Sb, T11 V es determinaren per induccid de plasma acoblat amb detector
de masses (ICP-MS, Perkin Elmer Elan 6000), amb I’excepcié de Cr, Ni i1 V en herbes,
els quals es van analitzar per espectrometria d’absorci6 atomica acoblada amb
atomitzacié en forn de grafit (AAS-GF, Varian spectrophotometer, Spectra A-30).

S'utilitza Rh com estandard intern.

Com a control de qualitat, es van utilitzar dos patrons de referéncia Loamy Clay Soil
LCS-4, National Institute of Standards and Technology, Canada, per a les mostres de sol
1 filtres d’aire, 1 Trace Elements in Spinach Leaves, National Institute of Standards &
Technology, Canada, per les mostres d’herbes, aixi com diversos duplicats, per tal de
comprovar la precisi6 i fiabilitat del metode utilitzat. Analogament, i per tal d’eliminar
possibles interferéncies amb els resultats, es van intercalar blancs cada 4-5 mostres amb

el mateix tractament que les mostres 1 patrons.

3.3.3. COVs

Es va realitzar una extraccido dels contaminants adsorbits als cartutxos mitjangant
desorci6 liquida amb 1-3 mL de sulfat de carboni durant un minim de 60 minuts. La
determinacié analitica de COVs es va realitzar mitjangant cromatografia de
gasos/espectrometria de masses (GC-MS), utilitzant una columna de silice fosa Rtx1

(30 m x 0.32 mm ID d’espessor: 0.15 um). La temperatura del forn s’inicia a 40°C i es
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va mantenir durant un minut; a continuacio, es va establir un gradient de temperatura de
14.9°C/min fins arribar a 220°C; i a partir d’aqui es va restablir un gradient de 40°C/min
fins arribar a la temperatura final de 320°C. Es va utilitzar heli com a gas portador.
D’altra banda, el formaldehid es va extraure mitjangant 2 mL d’acetonitril en un bany
d’ultrasons durant 30 min, i I’analisi es va dur a terme mitjancant cromatografia liquida
d’alta pressié amb deteccié UV (HPLC-UV), utilitzant una columna C-18 (5 micres,
200 cm x 4.6 mm). La fase mobil inicial va ser acetonitril:aigua (50:50). El gradient per
a I’acetonitril, donat com a percentatge de temps-concentracio, va ser: de 0.1 a 5 min.,
del 50 %; de 5 a 20 min., del 80 %; de 20 a 25 min., del 100 %; de 25 a 48 min., del 50
%; 1 als 52 min. finalitzava el programa. El control i assegurament de qualitat (QC/QA)

es va verificar mitjangant I’analisi de patrons de referencia, blancs i replicats.

3.3.4. Contaminants microbiologics

Després del mostreig, es van incubar les mostres de bacteris a 37°C, i els fongs a dues
temperatures (25°C 1 37°C). El cultiu a dues temperatures permet diferenciar els fongs
presents en el medi ambient (25°C) i els que poden viure a la temperatura corporal
(37°C), i per tant que podrien afectar la salut humana. Es va realitzar un seguiment del
creixement de microorganismes fins a les 24 h per als bacteris gram negatius, de 48 h
per als bacteris totals, 1 un control diari del creixement dels fongs fins a 5-7 dies.
Posteriorment, es va fer el recompte de les unitats formadores de colonies (ufc).
Finalment, en 2 de les 5 mostres de fongs, es va realitzar un estudi especific i detallat
del nombre de colonies d’Aspergillus fumigatus, també cultivat a dues temperatures
(25°C 1 37°C). D’acord amb la norma ISO 8199:2005, si el nombre total d’unitats
formadores de colonies supera les 200 en una capsula de Petri no poden ser

comptabilitzades, i per tant no s’incloien a 1’analisi estadistica.

3.4. Avaluacio de riscos

Les concentracions de metalls i PCDD/Fs en mostres de sols i aire i les concentracions
de COVs en aire, recollides als voltants de les diferents plantes de tractament de residus
es van utilitzar per determinar 1’exposicié humana i la caracteritzacid del risc a les
proximitats de les instal-lacions. L’exposici6 de la poblacié local es va estimar
considerant tres vies diferents: ingesta de sol, contacte dérmic i inhalacié d’aire. Les

expressions numeriques per a realitzar els calculs es van agafar del document técnic
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Reial Decret 9/2005 sobre 1’establiment de la llista d’activitats potencialment
contaminants dels sols i els criteris estandards per a la declaracié de sols contaminants,
els quals es basen en la metodologia establerta per la US EPA (1989). Les expressions

utilitzades per avaluar 1I’exposici6 son les segiients:

C_, x0.000001x EF x [FP

Exp. =
Ping BV X365
- _C.,, x0.00001% AF x ABS x EF x S4
xpderm - BW x 365
£ C,o XIRXEF
Xp., =
Pini BW %365
On:

Exping= Exposicio per ingesta
Expgerm= Exposicié dérmica

Exp inn= Exposici6 per inhalacio

Els valors i la descripcid dels diferents parametres es presenten a la Taula 3.1.
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Taula 3.1. Descripci6 i valors dels diferents parametres utilitzats per a 1’avaluacié del risc.

Parametre Descipcid Valor Unitats Referéncia
EF Freqiiéncia d’exposicid 350 dies*any™ MMA, 2007
IFP Tasa de ingesta de sols 114 mg*dia” MMA, 2007
BW Pes corporal 70 kg US EPA, 1989
AF Factor d’adheréncia del sol a la pell 1 mg*cm” MMA, 2007

ABS Absorcid dérmica del sol Esp zgﬁzrﬁi;lfada sense unitats US EPA, 2009a
SA Superficie 4050 cm’*dia™ MMA, 2007
ET Temps d’exposicio 24 hores * dia™! MMA, 2007
AT Temps mitja 70*/25%* anys MMA, 2007
ED Durada de ’exposicid 30 anys MMA, 2007
IR Tasa d’inhalacio 20 m**dia”’ US EPA, 1989

RfD, Dosi de referéncia oral Especific pera cada mg”‘kg'l’"dia'1 US EPA, 2010

contaminant

RfC Concentraci6 de referéncia Especific pera cada mg*m” US EPA, 2010

contaminant
SF, Factor de potencia cancerigena oral Esp i(;ﬁz;irlailfada mg ' *kg*dia US EPA, 2010
IUR Risc unitari per inhalacio Especific pera cada pg ' *m’ US EPA, 2010
contaminant
Unitat factor de conversio 365 dies*any™
Unitat factor de conversio 24 hores * dia™
Unitat factor de conversio 0.000001 kg*mg
Ceol Concentracio en sol Especific per a cgda mg*kg'1
punt de mostreig
Ciire Concentraci6 en aire Especific per a cada mg”‘m'3

punt de mostreig

* Per a substancies cancerigenes

** Per a substancies no cancerigenes

Després d’avaluar 1’exposicid, es va caracteritzar el risc no cancerigen mitjangant
I’estimacié del quocient de risc o Hazard Quotient (HQ) definit com la relaci6 entre la
la prediccio de I’exposicio 1 la dosi de referéncia oral (RfD,). Tenint en compte que
encara no s’ha establert la dosi de referéncia dérmica dels contaminants estudiats, es
suposa que era igual a la RfD,. El risc cancerigen es va calcular multiplicant 1’exposicid
a través de la ingestid 1 el contacte dérmic 1 pel factor de poténcia cancerigen. Per altra
banda, els riscos per inhalaci6 es van determinar seguint la nova metodologia de la US
EPA (2009b), basada en la concentracié d’exposicié (EC). Aquesta metodologia
suggereix que la quantitat de compost que arriba al lloc de desti mitjancant la taxa
d’inhalacio, esta directament relacionada amb la concentracié d’exposicié (EC), no sent
només una simple funcidé de la velocitat d’inhalacié i el pes corporal. Les expressions

utilitzades per a la caracteritzaci6 del risc es presenten a continuacio:
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_ Expm / derm X ED
Hang/derm - R; XAT

E Cinh
RfC

On ECinh és:
_C

aire

H Qinh =

EC x ET X ED
AT x365%24

_ Expmg/derm X ED X SFO
ing | derm AT

x [UR

Risc Cancerigen

Risc Cancerigen,, = EC,

inh

3.5. Analisi de resultats

Analisi estadistica

El tractament de resultats es va realitzar mitjangant el software estadistic SPSS 17.0. Es
va executar el test estadistic de Levene per estudiar si les mostres presentaven una
distribuci6 parametrica o no-parameétrica. Posteriorment, en funcié de I’homogeneitat de
les variances, es va aplicar ANOVA o el test de la U de Mann-Whitney, respectivament.

Es va considerar com a significativa una probabilitat menor a 0.05 (p<0.05).
Analisi de Components Principals

Pel que fa a les mostres de sols, addicionalment es va portar a terme un analisi
multivariant dels resultats. La matriu dels resultats va ser avaluada mitjancant I’ Analisi
de Components Principals (ACP). L'objectiu de I'ACP és reconvertir les variables
inicials en uns pocs components que son una combinacidé lineal de les variables
originals (Components Principals), les quals donen una descripcié molt amplia amb una
perdua molt petita d'informacio. A cada mostra se li dona una puntuacio6 per a cadascun
dels components, amb la finalitat de poder ser analitzada. Aquest metode dona
informaci6 del comportament de la totalitat de les mostres, i ajuda a determinar la
possible existéncia d'altres focus de contaminacid diferents a 1'objectiu basic de I’estudi.

(Nadal i col‘ls., 2009; Candeias i col-ls., 2011).
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Mapes autoorganitzatius (SOM) de Kohonen

Es va aplicar la técnica del Kohonen (SOM), un tipus especial de xarxa neuronal
artificial per als resultats de COVs i contaminants microbiologics. L'us d’aquesta
técnica ha augmentat continuament per a l'analisi de dades ambientals, ja que presenta
una alta capacitat per manejar grans quantitats de dades i permet obtenir un sistema de
visualitzaci6 més amigable (Nadal i col-ls., 2004; Mari i col‘ls., 2010). Es va utilitzar el
SOM principalment per establir si s’observaven tendéncies temporals, estacionals i/0
espacials. La xarxa neuronal de Kohonen consta de dues etapes: la capa d’entrada,
connectada a un vector del conjunt de dades d’entrada, i la capa de sortida (mapa), que
¢s un conjunt de neurones. El pes associat a cada neurona en aquesta xarxa
bidimensional s’ajusta al grup de la informacié original. EI mapa també pot ser dividit
en tants components com variables de dades, per tant representa la contribucid variable
de cada una de les neurones en el mapa. Generalment, 1’estructura de la xarxa ¢és
rectangular o hexagonal (Ferré-Huguet i col'ls., 2006). La correlacio entre els resultats,
es pot representar també mitjangant els algoritmes SOM, 1 pot ser utilitzada també com
a tecnica de classificacio 1 agrupacié de mostres per similituds en les concentracions de

COVs.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Capitol IV. Incineradora de residus solids urbans de
Tarragona (Sirusa)
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Resum Article 1

Des de mitjans dels anys 90, s’esta desenvolupant un programa de vigilancia ambiental
per proporcionar informaci6 sobre els nivells de PCDD/Fs i diversos metalls en mostres
de sols 1 de vegetacio, recollides a les proximitats de la incineradora de residus solids
urbans (IRSU) de Tarragona. No obstant aixo, la preséncia d'altres possibles fonts de
contaminacid a la zona, com ara el transit, els incendis forestals, industries locals, etc.,
fa dificil determinar 1'impacte real de la IRSU. Al 2007, es va produir un canvi en el
programa de monitoritzacid mitjancant la captacido de mostres d’aire amb dispositius
actius 1 passius. La mitjana de PCDD/Fs en les mostres de vegetacio i de sol va ser de
0.10 ng I-TEQ/kg pes sec (rang: 0.05-0.17 ng I-TEQ/kg ps) i 0.64 ng I-TEQ/kg ps
(rang: 0.13-2.41 ng I-TEQ/kg ps), respectivament. Es va observar una reduccid
significativa de la concentraci6 de PCDD/Fs en ambdos monitors respecte als nostres
estudis previs. La mitjana de PCDD/Fs en mostres d’aire va ser 12.04 1 15.21 fg WHO-
TEQ/m’ al 2007 i 2008, respectivament, suposant un augment no significatiu del 26%.
Addicionalment, no es va observar un augment generalitzat dels nivells de metalls en
mostres d’aire respecte a l’estudi basal. Les concentracions actuals de PCDD/Fs i
metalls als voltants de la IRSU de Tarragona son relativament baixes en comparacio
amb altres zones sota la influéncia de les emissions de incineradores de residus urbans.
Aix0 indica que I’impacte ambiental de la IRSU de Tarragona no és significatiu. D'altra

banda, la modificacio6 del programa de vigilancia ha demostrat ser adequat.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Article 1: “Modification of an environmental surveillance program to
monitor PCDD/Fs and metals around a municipal solid waste
incinerator.” Publicat a: Journal of Environmental Science and
Health, Part A, 44:13,1343 — 1352 (2009)

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
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Modification of an environmental surveillance program to
monitor PCDD/Fs and metals around a municipal solid

waste incinerator

LOLITA VILAVERT', MARTI NADAL', MONTSE MARI"2, MARTA SCHUHMACHER -2

and JOSE L. DOMINGO?

' Laboratory of Toxicology and Environmental Health, School of Medicine, IISPV, “Rovira i Virgili” University, Reus,

Catalonia, Spain

2 Environmental Engineering Laboratory, ETSEQ, “Rovira i Virgili” University, Tarragona, Catalonia, Spain

Since the mid-90s, an environmental surveillance program has been on-going to provide information on the levels of PCDD/Fs and
various metals in soil and vegetation samples collected in the vicinity of a municipal solid waste incinerator (MSWI) in Tarragona
(Catalonia, Spain). However, the presence of other potential sources of pollution in the zone, such as traffic, forest fires, local
industries, etc., makes hard to determine the impact concerning the MSWI. Therefore, in 2007 a change in the monitoring program
was implemented by collecting additional ambient air samples through active and passive sampling devices. Mean PCDD/F levels in
herbage and soil were 0.10 ng I-TEQ/kg dry weight (range: 0.05-0.17 ng I-TEQ/kg dw) and 0.64 ng I-TEQ/kg dw (range: 0.13-2.41
ng I-TEQ/kg dw), respectively. A significant reduction of the PCDD/F concentration in both monitors was observed with respect to
our previous surveys. Air mean concentrations of PCDD/Fs were 12.04 and 15.21 fg WHO-TEQ/m? in 2007 and 2008, respectively,
meaning a non-significant increase of 26%. In addition, a generalized increase of environmental metal levels with respect to our
baseline study was not observed. The current concentrations of PCDD/Fs and metals in the vicinity of the MSWI of Tarragona
are relatively low in comparison with other areas under the influence of emissions from waste incinerators. This indicates that the
environmental impact of the MSWI of Tarragona is not significant. Moreover, the modification of the surveillance program has

proven to be successful.

Keywords: PCDD/Fs, metals, municipal solid waste incinerator, soil, vegetation, ambient air.

Introduction

Polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCCD/Fs) are unintentional by-products of combustion
processes of high toxicity and persistence.l'l They are re-
leased by different natural and anthropogenic sources, in-
cluding forest fires and traffic.’)’ Among them, waste in-
cineration has been traditionally considered as one of the
most significant sources of PCDD/F emissions.** In or-
der to reduce the environmental impact of municipal solid
waste incinerators (MSWIs) regarding PCDD/Fs, a leg-
islative effort has been made in recent years by restricting
the emission levels to 0.1 ng I-TEQ/m3.%! It has resulted
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IISPV, “Rovira i Virgili” University, Sant Lloreng 21, 43201
Reus, Catalonia, Spain; E-mail: joseluis.domingo@urv.cat or
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Received April 21, 2009.

in a dramatic decrease of the PCDD/F concentrations in
the vicinity of incineration plants.! Despite MSWIs have
fallen out of the first position as releasers of PCDD/Fs,!]
incinerators are still a cause of considerable concern for the
public opinion. Moreover, MSWIs may potentially emit im-
portant amounts of metals contained in solid wastes, such
as mercury (Hg), lead (Pb), copper (Cu), or chromium (Cr)
among others. Exposure to some of these elements has been
associated to a number of adverse health effects.[®]

The MSWI of Tarragona (Catalonia, Spain) is oper-
ating since 1991. It has a capacity of 145,000 tones of
waste per year, covering the needs of a population of
approximately 350,000 inhabitants.”) This zone is char-
acterized by a strong industrial presence, with a big oil
refinery, a chlor-alkali plant, and a hazardous waste in-
cinerator, among other chemical companies.'” In 1996,
a wide surveillance program was initiated to provide in-
formation on the environmental impact of the facility, es-
pecially concerning to PCDD/Fs and metals.['!l Soil and
vegetation samples, as long- and short-term environmental
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monitors, respectively,!>!3 were collected before (1996
1997) and after (1999) the implementation of new cleaning
measurements.'* 131 1n 2002, a second wide survey was initi-
ated. During a period of 4 years, soil and vegetation samples
were periodically collected and analysis of the levels of met-
als and PCDD/Fs was performed. According to the results
obtained, it was concluded that no significant health risks
might be expected for the population living in the neigh-
borhood of the facility due to stack emissions.'®) However,
an important increase of the PCDD/F levels in soils was
detected. A detailed study of the results, especially those of
the PCDD/F congener profiles, associated that rise of pol-
lution with a forest fire occurred in the zone immediately
before sampling [unpublished data], evidence of the inci-
dence of other potential sources in the area. This reasserted
the necessity to make a drift in the environmental surveil-
lance program to discriminate the influence of the MSWI
under evaluation with respect to these other sources in the
same zone (i.e., traffic, forest fires and local industries).

In order to carry out a more accurate assessment of the
environmental impact of the MSWI and the health risks
for the population, a change in the monitoring program
was implemented by collecting also ambient air samples.
On one hand, the comparison of immission and emission
levels should lead to an easier identification of the impact
of the MSWI. On the other hand, a better estimation of
the inhalation of PCDD/Fs and metals, which has been
proved to be the most significant route of environmental
exposure,l'”! could be done. Notwithstanding, collection of
soil and vegetation samples was maintained in order to get
a large database of temporal trends of pollution. In the
present study, the first results of the improved environmen-
tal surveillance program are presented. The first objective
was to determine the levels of PCDD/Fs and metals in
vegetation, soil, and ambient air collected in 2007-2008 in
the vicinity of the MSWI of Tarragona. A second objective
was to establish the temporal trends in the concentrations
of these micropollutants in soil and vegetation by compar-
ing with the results of our previous surveys.

Materials and methods

Sampling

In June of 2007, vegetation and ambient air samples were
collected in the vicinity of the MSWI of Tarragona. A wide
description of the facility and the surrounding was previ-
ously reported.l'l-18191 Eight sampling points were chosen
from the 24 original sites on which data on PCDD/Fs and
metals in soil and vegetation were available from the previ-
ous surveys. These 8 samples, considered as representative
of the immediate zone, were collected at different distances
(250, 500, 750, 1000, 1250, and 1500 m) and wind directions
(NE, NW, SE and SW) from the facility (Fig. 1). Five hun-
dred grams of vegetation (Piptatherum paradoxum L.) were

Vilavert et al.

obtained by cutting the plants (height: 25 cm) at 4 cm above
the ground. In turn, high-volume active sampling devices
were used to collect ambient air samples. PCDD/Fs in gas
and particle phases were separately trapped by passing air
through a TE-1000-PUF sampler (Tisch Environmental,
Cleves, OH, USA) equipped with quartz fiber filter (QFF)
and polyurethane foam (PUF). On the other hand, PM -
adsorbed metals in air were sampled with a TE-6070-DV
device (Tisch Environmental, Cleves, OH, USA). The sam-
pling volumes ranged between 540 and 968 m?, and between
1716-1803 m? for PCDD/Fs and metals, respectively.

In June of 2008, surface soil and ambient air samples
were again collected at the same 8 sampling points. Soil
samples were taken from the upper 3 cm and stored in
polyethylene bags. Once in the lab, soils were dried at room
temperature and sieved through a 2 mm-mesh screen to
get a homogenization of the particles size. Regarding to
air, an alternative methodology based on passive sampling
was carried out. PUF passive air samplers (PacWill En-
vironmental, Stoney Creek, ON, Canada) were deployed
for approximately 3 months. Applying a sampling rate of 2
m?/day,% the total volume of air was estimated in 182 m?.

Analytical procedure

Pre-treatment of vegetation samples and QFFs was pre-
viously detailed.l'>?!] An amount of 0.5 g of herbage was
digested with 5 mL of HNO; (65% Suprapur, E. Merck,
Darmstadt, RFA) in Teflon bombs, while air filters were
treated with a mixture of 2 mL of HNO3 (65% Suprapur,
E. Merck) and 3 mL of HF (37.5%, Panreac SA, Castel-
lar del Valles, Barcelona, Spain). Samples were left for 8 h
at room temperature, and heated at 80°C for 8 additional
hours. After cooling, the extracts were filtered and made up
to 25 mL with ultrapure water. In turn, soils were treated
in a Milestone Start D Microwave Digestion System for
10 min until reaching 165°C, and kept at this temperature
for 20 min. The concentrations of As, Be, Cd, Co, Cr, Cu,
Hg, Ni, Mn, Pb, Sb, Tl and V in air, herbage, and soil
samples were determined by inductively coupled plasma
spectrometry (ICP-MS, Perkin Elmer Elan 6000), with the
exception of Cr, Ni and V in herbage, which were analyzed
by atomic absorption spectrometry with graphite furnace
atomization (AAS-GF, Varian spectrophotometer, Spectra
A-30). For quality control/quality assurance (QA/QC),
reference standards (Soil, Loamy clay, Resource Technol-
ogy Corporation US, CRM 052), as well as duplicate sam-
ples, were analyzed to verify a good repeatability and pre-
cision of the method. Similarly, blanks were inserted ev-
ery batch of 4 samples to avoid potential interferences. The
ranges of the recovery percentages were 73—121%, 86—-106%
and 70-97% in vegetation, soil, and air, respectively.
Determination of PCDD/Fs was performed by high
resolution gas chromatography coupled to high resolu-
tion mass spectrometry (HRGC/HRMS) according to the
US EPA 1613 method. 3C,-PCDD/Fs labeled extraction
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* Sampling points in previous surveys (1996—2005)

. Sampling points in the current study (2007—-2008)

Fig. 1. Area of sampling.

standards were added to check the preparation process
and evaluate potential losses. Target compounds were ex-
tracted by means of Accelerated Solvent Extraction (ASE)
with toluene. Subsequently, a clean-up with adsorption
chromatography on a mixed silica column and adsorp-
tion/fractionation on alumina was executed. Finally, the
extracts were concentrated and injected onto an Agilent
6890 Capillary Gas Chromatograph equipped with a DBS5-
MS capillary column and coupled to a Waters Autospec
Ultima High Resolution Mass Spectrometer, with selected
ion recording at resolution of >10,000. Mean recovery per-
centages of 13C1,-PCDD/Fs standards were 75%, 77% and
85% in vegetation, soil, and air, respectively.

Statistics

Data analyses were performed by using the SPSS 15.0 statis-
tical software package. The Levene test was applied to ana-
lyze the equality of variances. ANOVA or Mann—Whitney

u-tests were subsequently executed depending on data fol-
lowed a normal or non-normal distribution, respectively. A
probability lower than 0.05 (P < 0.05) was considered as
significant.

Results and discussion

The concentrations of PCDD/Fs in each individual sam-
ple of vegetation, soil and air collected in 2007 and 2008
in the surroundings of the MSWI of Tarragona are sum-
marized in Table 1. The temporal variation with respect
to our previous surveys is also shown. Mean and median
concentrations, as well as standard deviation and ranges of
PCDD/Fs in the 3 environmental monitors are presented
in Table 2. In 2007, the mean PCDD/F level in herbage
was 0.10 ng I-TEQ/kg dw (0.09 ng WHO-TEQ/kg dw),
ranging from 0.05 to 0.17 ng I-TEQ/kg dw. A reduction
of PCDD/F concentrations in herbage was observed with
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Table 1. Concentrations of PCDD/Fs in herbage, soil and air
samples collected in the surroundings of the MSWI of Tarragona
(Catalonia, Spain) in 2007-2008, and temporal variation.

. Year % Temporal variation
Samples  Distance
Herbage® (m) 1999 2004 2007 1999-2007 2004-2007
SE-1 250 0.21 0.15 0.16 —24 7
SW-2 500 0.06 0.13 0.09 50 -31
NE-3 750 0.10 0.25 0.10 0 —60
Nw-4 1000 0.07 0.10 0.08 14 -20
SE-4 1000 0.08 0.11 0.06 -25 —45
SwW-4 1000 0.05 0.23 0.05 0 —78
SW-5 1250  0.04 0.15 0.07 75 —53
NW-6 1500  0.07 0.09 0.12 71 33
Total TEQ 0.11¢ 0.15¢ 0.10 -9 —33%
Soil” 1999 2005 2008 1999-2008 2005-2008
SE-1 250 0.65 0.49 0.63 -3 29
SW-2 500 1.05 0.77 0.13 —88 —83
NE-3 750 489 1.86 0.28 —94 -85
Nw-4 1000 095 0.75 0.31 —67 —59
SE-4 1000  1.62 15.61 0.13 -92 -99
Sw-4 1000 145 0.74 0.34 =77 —54
SW-5 1250  2.09 0.50 241 15 382
NW-6 1500  0.90 0.72 0.86 —4 19
Total TEQ 1.20° 6.01° 0.64  —50%* —89%*
Air® 2007 2008 2007-2008
SE-1 250 32.53 10.96 —66
SW-2 500 5.49 31.42 472
NE-3 750 8.49 7.13 —16
Nw-4 1000 12.31 17.90 45
SE-4 1000 19.92 20.62 4
Sw-4 1000 5.15 12.26 138
SW-5 1250 8.48 7.61 —10
NW-6 1500 3.93 13.76 250
Total TEQ 12.04 15.21 26

“Results are expressed in ng I-TEQ/kg (dry weight).
bResults are given in fg-WHO-TEQ/m?>.

“Mean value of 24 samples.

Asterisks indicate significant differences at P < 0.05.

Table 2. Statistical data on PCDD/Fs in various environmental
compartments in the vicinity of the MSWI of Tarragona (Cat-
alonia, Spain).

Stand.
Sample  Year Mean Dev. Median Minimum Maximum
Herbage 1999 0.11¢ 0.05 0.14 0.11 0.29
2004 0.15> 0.06 0.14 0.09 0.25
2007 0.10¢ 0.04 0.09 0.05 0.17
Soil 1999 1.20¢ 1.01 1.00 0.15 4.89
2005  6.01” 9.89 1.86 0.33 46.37
2008 0.64° 0.76 0.32 0.13 2.41
Air 2007 12.04 9.74 8.48 3.93 32.53

2008 15.21 8.03  13.01 7.13 31.42

Values showing different superscripts (a,b,c) are significantly different at
P < 0.05.

Concentrations in herbage and soil are expressed in ng I-TEQ/kg (dry
weight). Air levels are given in fg WHO-TEQ/m?.

Vilavert et al.

respect to the previous surveys, being significant between
2004 and 2007 (33%; P < 0.05). In the last evaluated period
(2004-2007), the concentrations of PCDD/Fs decreased in
6 points, while they increased in only 2 locations. In con-
trast, between 1999 and 2007, an increase and a reduction
of PCDD/F levels in vegetation was observed in 4 and
2 sampling points, respectively, while no differences were
detected in the remaining 2 points.

In 2008, the mean concentration of PCDD/Fs in soil
was 0.64 ng [-TEQ/kg dw, ranging from 0.13 to 2.41 ng
I-TEQ/kg dw. It contrasts with the results obtained in the
previous surveys. Significant reductions were noted when
comparing the current PCDD/F levels in soil with those
found in 1999 and 2005, which presented mean concen-
trations of 1.20 ng I-TEQ/kg dw (P < 0.05) and 6.01 ng
I-TEQ/kg dw (P < 0.05), respectively. In fact, the concen-
trations decreased in 7 sampling points between 1999 and
2008, and in 5 locations between 2005 and 2008. With re-
spect to air, mean concentrations of PCDD/Fs were 12.04
and 15.21 fg WHO-TEQ/m? in 2007 and 2008, respectively,
meaning a non-significant increase of 26%.

The PCDD/F congener profiles in soil, vegetation and
ambient air samples collected in the surroundings of the
MSWI of Tarragona are depicted in Fig. 2. The pat-
tern of PCDD/F congeners in soil and vegetation, given
in percentage, was very similar, independently on the
sampling campaign. However, if PCDD/F congeners are
shown as total concentrations, a notable and significant
increase of OCDD and light furans can be noted in soils
of the 2005 survey, when the concentrations of 2,3,7,8-
TCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF and 1,2,3,4,7,8-
HxCDF increased more than 10-fold with respect to the
baseline study. This increase would be more related to other
potential sources of PCDD/F emission rather than to the
influence of the MSWI here evaluated. In fact, a few weeks
before soil sampling, there was an important natural fire
in the eastern section of the area under study. As a con-
sequence of the fire, probably an important amount of
PCDD/Fs was deposited in the zone.

It has been reported that the concentration of 2,3,7,8-
TCDF and the contribution of this congener on to-
tal PCDD/Fs in environmental compartments signifi-
cantly increase after a fire, when compared to unburned
materials.?>=24 The presence of the most volatile furans has
been also positively associated with wood combustion.*’]
In order to get an easy visualization of the most impacted
locations of pollution, a Principal Component Analysis
(PCA) was applied to PCDD/F levels in soils around the
MSWI of Tarragona obtained in 1999, 2005 and 2008 (Fig.
3). PCA is a frequently used methodology to reduce large
amounts of data to a small number of Principal Compo-
nents (PCs).1?) PCA gave a 3-dimensional model, explain-
ing 87.9% of the variance. PC1 (66.5% of the variance)
was positively correlated with 2,3,7,8-TCDD, penta- and
hexa-dioxins, as well as with 2,3,4,7,8-PeCDF, hexa- and
hepta furans. PC2 (11.9% of the variance) was negatively
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Fig. 2. PCDD/F congener profiles in (a) vegetation, (b) soil, and (c) emission and immission air samples collected in the surroundings

of the MSWI of Tarragona (Catalonia, Spain).

correlated with 2,3,7,8-TCDF and 1,2,3,7,8-PeCDF. Fi-
nally, PC3 (9.5% of the variance) was correlated with
the most chlorinated congeners (OCDD and 1,2,3,4,6,7,8-
HpCDD). Samples from the baseline (1999) and current
(2008) surveys, as well as most of the previous (2005) study,
formed a single cluster. However, some soils collected in
2005 presented high PC values, mainly from the eastern

part of the area of study, where a natural fire occurred a
few weeks before sampling.

The immission profile in 2007 and 2008 was compared
with that of PCDD/Fs emitted by the facility (see Fig.
2¢). The PCDD/F concentrations in the stack gas were
reported to range 0.0013-0.0096 and 0.0033-0.0038 ng I-
TEQ/Nm?® in 2007 and 2008, respectively. These values
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Table 3. A summary of recent data concerning air concentrations of PCDD/Fs at different locations under the influence of emissions

from waste incinerators.

Mean
Location Assessed zone (Min-Max) Units Reference
Central Taiwan MWI (3.25-75.4) fg I-TEQ/m? Chao et al.’”!
Hsinchu, Taiwan Vicinity of a MSWI (0.058-0.127) pg TEQ/Nm? Cheng et al.13®
Turkey Hazardous waste incinerator (0.050-0.075) pg TEQ/m? Bakoglu et al.l*’]
Northern Taiwan MWI (56-348) fg I-TEQ/m? Chang et al.*¥]
Central Taiwan Around a MSWI (140.9-209.9) fg I-TEQ/m? Chao et al.ll]
Taiwan MWIs (0.08-3.01) pg I-TEQ/m? Hu et al.*
Angers, France Near a MSWI 65 fg I-TEQ/m? Glorennec et al.[*3]
Korea Around an industrial waste (0.195-0.301) pg I-TEQ/m? Kim et al.*4!
. incinerator
= Taiwan Around a MWI 0.24 pg I-TEQ/m? Lee et al.[4]
3 Hong Kong Several sources of dioxins 0.069 (0.035-0.180)  pg I-TEQ/m> Tung et al.*o]
» Bucheon, Korea Around a MSWI 0.22-1.16 pg I-TEQ/m? Oh et al.’2
; Porto Suburban 149 fg I-TEQ/m? Coutinho et al.#7
& Lisbon Suburban 34
3 Madeira Rural/Forest 15
= Korea Industrial incinerators (0.347-0.606) pg WHO-TEQ/Nm?®  Kim et al.*¥
g St. Adria del Besos Around a MSWI 0.018 (0.010-0.024)  pg WHO-TEQ/m? Mari et al.l?”]
2 (Catalonia, Spain)
b Background 0.012 (0.008-0.019)
® Taiwan Around a MSWI 0.237 pg I-TEQ/Nm? Wang et al.[#]
g Southern Taiwan MSWI-1 0.090 pg I-TEQ/Nm? Wu et al.;¥]
5 MSWI-2 0.097
= Eastern China Around a MSWI (0.059-3.03) pg I-TEQ/m? Xu et al.Bll
g Tarragona, Spain Around a MSWI 0.015 (0.007-0.031) pg WHO-TEQ/m? Current study
:
2 12,0 year SE4
5 a \ES ;(g: 1999 b
3 2005 6,0
8 A 2008 )
- 9,0
@ NET
: 4,0~
E 6,01 o
8 ) 13) NE2 W3
e o SEs _NE6
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Fig. 3. Principal Component Analysis of PCDD/Fs in soil: (a) PC1 vs. PC2; (b) PC2 vs. PC3.



UNIVERSITAT ROVIRA I VIRGILI
MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUiMICS I MICROBIOLOGICS A LES RODALIES DE PLANTES DE TRACTAMENT
DE RESIDUS. RISCOS PER A LA SALUT HUMANA
Lolita Vilavert Castella

DL:

07:11 31 May 2011

Downl oaded By: [ Consorci de Biblioteques Universitaries de Catalunya] At:

T-1526-2011

Monitoring PCDD/ Fs and metals near municipal incinerator 1349

are far below the EU limit set at 0.1 ng I-TEQ/Nm?.
The PCDD/F congener emission profile remained constant
between 2007 and 2008, being OCDD and 1,2,3,4,6,7,8-
HpCDD the most important contributors to the total emis-
sion of PCDD/Fs (23% and 21%, respectively). Similar
findings were recently observed in another Catalan MSWI
located in Barcelona.’’l On the other hand, a great dif-
ference of the immission profile in ambient air was found,
probably as a consequence of using different air sampling
devices.

Active sampling (2007) seemed to increase the capture
of high-chlorinated dioxins, while a higher percentage of
weighted furans were adsorbed by means of passive meth-
ods. Anyhow, no remarkable differences in total TEQ val-
ues were observed when using active (2007) or passive sam-
pling devices (2008). As a result of the need to monitor the
environmental levels of the pollutants listed in the Stock-
holm Convention on POPs, in recent years the study of al-
ternative passive methods has notably increased. Different
approaches of the passive sampling theory have been devel-
oped. Nowadays, there are various commercially available
methodologies such as semi-permeable membrane devices,
XAD resin samplers and polymer-coated glass samplers.!*®]
Among them, polyurethane foam (PUF) disks have become
one of the most attractive techniques for POP monitor-
ing, considering their low cost and simple manipulation.?%
However, PUF calibration requires a previous calibration
based on parallel active and passive samplings to calcu-
late the uptake rates.’>3% Although PUF standardization
methods have been mainly aimed at semi-volatile organic
compounds (i.e., polychlorinated biphenyls, polycyclic aro-
matic hydrocarbons, etc.), these methods have also been
optimized for PCDD/Fs in previous studies, where a value
of 2 m?/day was estimated as a passive sampling rate of
PCDD/Fs.?%

In recent years, a number of investigations have been
carried out all over the world to state the environmental
impact of waste management facilities. Table 3 summarizes
the PCDD/F concentrations in ambient air around various
waste incinerators from different regions and countries. In
general terms, our current levels of airborne PCDD/Fs are
at the lowest part of the range in comparison with other
incineration plants. With respect to soil and vegetation, the
levels of PCDD/Fs obtained in samples collected in the
vicinity of Tarragona MSWI would also be low compared
with those reported for other areas impacted by waste incin-
erators. For instance, Xu et al.’! recently found an average
concentration of PCDD/Fs of 1.50 ng I-TEQ/kg (median:
1.17 ng I-TEQ/kg) in 33 agricultural soil samples in the
vicinity of a MSWI in Eastern China, meaning a signif-
icant increase of 39% after one year. In contrast, higher
PCDD/F levels were found in soil samples collected near
a MSWI in Bucheon (Korea), with an average of 19.06
ng I-TEQ/kg.1*?l Regarding to vegetation, to compare the
results of different studies may be sometimes rather com-

Table 4. Metal concentrations in vegetation and soil (ug/g), as
well as in air samples (ng/m?) collected in the surroundings of
the MSWI of Tarragona (Catalonia, Spain) in 2007-2008.

Stand.
Mean Dev. Median Minimum Maximum LOD
Vegetation
As 0.17 0.05 0.18 0.10 0.23 0.10
Be nd — — — — 0.05
Cd 0.03 0.00 0.03 0.03 0.03 0.03
Co 4.70 1.80 4.58 2.33 8.76 0.05
Cr 0.08 0.01 0.08 0.06 0.09 0.25
Cu 1.24 0.30 1.23 0.86 1.88 0.10
Hg nd — — — — 0.05
Mn 25.10 11.72 24.75 8.69 51.45 5.00
Ni 1.10 0.77 093 0.27 2.31 0.10
Pb 0.79 0.57 0.58 0.20 1.91 0.03
Sb nd — — — — 0.10
Tl nd — — — — 0.03
\'% 0.86 0.40 0.79 0.38 1.44 0.10
Soil
As 5.88 2.67 6.06 1.59 9.79 0.10
Be 0.55 0.21  0.60 0.22 0.82 0.05
Cd 0.22 0.11  0.21 0.11 0.46 0.03
Co 4.20 1.61 4.61 1.21 6.18 0.05
Cr 1495 6.76 16.97 4.27 24.37 0.25
Cu 21.26  9.89 22.69 7.42 35.75 0.10
Hg nd — — — — 0.10
Mn 229.10 93.50 259.50 54.50 336.70 0.05
Ni 8.07 444  8.35 2.45 14.93 0.10
Pb 17.20 7.95 18.81 493 26.31 0.03
Sb 0.14 0.02 0.13 0.13 0.16 0.10
Tl 0.17 0.06 0.17 0.08 0.24 0.03
\% 27.03 13.10 29.13 3.20 45.64 1.00
Air
As 0.49 0.22 0.54 0.20 0.78 0.02
Be 0.07 0.04 0.08 0.04 0.11 0.02
Cd 0.11 0.07 0.10 0.01 0.20 0.01
Co 0.26 0.12 0.28 0.08 0.46 0.02
Cr 5.62 435 3.52 0.78 11.26 0.08
Cu 69.55 2529 71.46 35.88 111.47 0.02
Hg nd — — — — 0.03
Mn 4.18 — 4.18 3.40 495 0.02
Ni 6.63 2.67 7.06 3.14 10.46 0.08
Pb 2.30 2.53  1.09 0.46 6.60 0.01
Sb nd — — — — 0.02
Tl 0.02 — 0.02 0.01 0.02 0.01
\% 12.17 4.19 13.69 5.40 16.61 0.16

nd: non-detected. LOD: Limit of detection.

plicated, since the kind of used vegetal monitor can be very
variable. Therefore, the accumulation/deposition capacity
may result in very different PCDD/F levels. Pine needles
have been one of the most frequently utilized biomoni-
tors for assessing contamination. As for basic comparison,
PCDD/F concentrations in Scotch pine (Pinus sylvestris
L.) needles in Poland ranged between 0.01 and 3.18 ng
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Table 5. Temporal variations of a number of elements in vegetation and soil samples in the vicinity of the MSWI of Tarragona

(Catalonia, Spain).

% Temporal variation

Vegetation 1999 2004 2007 1999-2007 2004-2007
As 0.13 £0.01 0.09 £+ 0.04 0.17 £0.07 31 89**
Be nd nd nd — —
Cd 0.03 £0.02 0.02 £ 0.02 nd — —
Co na na 470 £1.93 — —
Cr 0.27 +£0.15 nd 0.08 +0.01 —TO*** —
Cu na na 1.24 +0.32 — —
Hg nd nd nd — —
Mn 36.20 £+ 1.32 28.12 + 13.57 25.10 +12.53 -31 —11
Ni 1.02 £0.65 0.40 £ 0.59 1.10 £0.82 8 175%
Pb 1.22 +0.92 0.48 £0.37 0.79 £0.61 -35 65
Sb na na nd — —
Tl nd nd nd — —
\" 0.60 +0.34 0.39 +0.19 0.86 £ 0.42 43 121%*%*
Soil 1999 2006 2008 1999-2008 2006—2008
As 5.56 + 3.45 454 +1.33 5.88 +2.67 6 30
Be 0.33+£0.12 0.48 £0.17 0.55+0.21 67 15
Cd 0.15+0.06 0.14 £ 0.06 0.22 £0.11 47 57*
Co na 3.99 + 1.48 420 4+ 1.61 — 5
Cr 11.30 +4.25 11.40 4 2.64 1490 &+ 6.76 32 31
Cu na 14.70 £+ 7.02 21.30 +9.89 — 45
Hg 0.06 + 0.02 nd — —

Mn 223.90 + 72.10 187.90 & 77.40 229.10 £ 93.50 2 22
Ni 8.75+£2.87 8.63+1.79 8.07 +4.44 -8 -7
Pb 25.70 4+ 21.40 20.30 + 10.70 17.20 4+ 7.95 -33 —15
Sb na nd 0.14 £ 0.02 — —
Tl 0.06 +0.02 0.07 £0.03 0.17 £0.06 183* 143*
\" 16.00 4 4.20 13.40 4+ 5.51 27.00 4+ 13.10 69 101*

Concentrations in ug/g (mean =+ standard deviation).
nd: non-detected. na: not analyzed.

Superscripts indicate significant differences at: * P < 0.05; ** P < 0.01; *** P < 0.001.

I-TEQ/kg dw.33l In Catalonia, substantially higher con-
centrations of PCDD/Fs were reported in the vicinity of
a former MSWI located in Montcada i Reixac (Barcelona
Province), where mean concentrations in 120 samples of
soil and 120 of vegetation were found to be 3.49 and 1.81
ng I-TEQ/kg dw, respectively.’4

Metal concentrations in herbage and air samples col-
lected in 2007, and soil samples obtained in 2008, near
the MSWI of Tarragona are summarized in Table 4. Man-
ganese showed the highest mean levels in herbage and soil
(25.10 and 229.10 ug/g, respectively), while Cu presented
the maximum concentration in ambient air (69.55 ng/m?).
In contrast, Hg was the only element with undetectable
amounts in the 3 environmental monitors. Mercury has
been detected at low concentrations in surface soil, even
near MSWIs.3l Moreover, Be, Sb and Tl in vegetation, as
well as Sb in air, presented a concentration below their re-
spective detection limits. The elemental concentrations in
vegetation and soils in the current (2007-2008) and previ-
ous surveys (1999 and 2004-2006), as well as the temporal

trends, are shown in Table 5. Between 2004 and 2007, a
significant increase of As, Ni and V levels in vegetation
was observed. However, in comparison with the baseline
study (1999), none of the metals increased significantly,
while mean Cr levels significantly diminished from 0.27
to 0.08 ug/g (P < 0.001). With regard to soils, signifi-
cant 1.5-, 2- and 3-fold increases were found for Cd, Tl
and V, respectively (P < 0.05), when comparing with the
concentrations of previous survey (2006). In fact, only Ni
and Pb showed a decreased concentration. Anyhow, T1 was
the only metal whose level significantly increased with re-
spect to the background survey (1999). With respect to
soil and vegetation, the current levels are comparatively
low in comparison with other zones impacted by waste
management facilities, from Spain or worldwide. Concern-
ing air, Querol et al.B% recently published a comprehen-
sive study on the levels of PMj;, and metals in various
stations air quality stations across Spain. Metal concentra-
tions near the MSWI of Tarragona fell at the low part of the
range.
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In summary, the environmental concentrations found in
the present survey in the vicinity of the MSWI of Tar-
ragona are relatively low in comparison with those ob-
served in areas impacted by urban and industrial sources,
including waste incinerators. The study of the temporal
trends of PCDD/Fs and metals in soil and vegetation did
not show significant changes. In addition, airborne levels
of PCDD/Fs did not significantly change between 2007
and 2008, with only a slight increase from 12.04 to 15.21
fg WHO-TEQ/m?. The modification of the surveillance
program has proven to be successful since the amount of
available information has been extended. The above results
indicate that the environmental impact of the MSWI of
Tarragona is not significant in terms of PCDD/Fs and
metals.
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Discussio Article 1

El manganes va ser el metall que va presentar les concentracions més elevades, tant en
mostres de vegetacié com de sols (25.10 i 229.10 ug/g, respectivament), mentre que per
a les mostres d'aire, va ser el Cu, I'element que va presentar la concentracié major amb
un valor de 69.55 ngfinPer altra banda, el Hg ha estat I'Gnic element que ha presentat

valors no detectats per als tres monitors ambientals.

Entre els anys 2004 i 2007, es va observar un augment significatiu dels nivells d’As, Ni
i V en herbes. No obstant aix0, comparant amb l'estudi de referencia (1999), no es va
notar cap augment estadisticament significatiu, mentre que el Cr va presentar una

disminucié estadisticament significativa (p<0.001).

Les concentracions de metalls en sols es van trobar entre valors no detectats, pel Hg, i
336.7 ug/g, pel Mn. En general, els diferents metalls daeiests presentaren nivells
similars als de les campanyes de monitoritzacié anteriors, tot i que s’observaren algunes
fluctuacions. Respecte I'estudi blanc, es va produir una disminuacié en els nivells de
Mn, Ni i Pb i un augment dels nivells d’As, Be, Cd, Cr, Tl i V, sent només significatiu
'augment del Tl (p<0.05). Entre els anys 2006 i 2008 s’observa una disminucio dels
nivells de Mn, Ni i Pb, i un augment per a la resta de metalls, sent estadisticament

significatiu només en el Cd.

Els nivells de metalls en les particules BMs van trobar entre el no detectat per Hg i
Sb i 111.47 ng/th pel Cu. No es van observar diferéncies remarcables entre les
diferents direccions i distancies encara que les concentracions d’alguns metalls (Co, Ni i

V) van ser lleument inferiors en els punts més allunyats.

Les concentracions de PCDD/Fs en vegetacid, van ser relativament baixes, amb una
mitjana de 0.09 ng OMS-TEQ/kg (p.s). S’observa una reduccié estadisticament
significativa del 33% comparat amb I'estudi previ (2004). | una reduccié del 9%

respecte I'estudi basal (1999).

Respecte a les dioxines i furans en sols, les concentracions es van trobar entre un rang
de 0.13 a 2.41 ng I-TEQ/kg, amb una mitjana de 0.64 ng I-TEQ/kg (p.s.). S'observa un

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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descens significatiu de les concentracions de PCDD/Fs, tant respecte a I'estudi anterior

(2005), del 50 %, com també respecte I'estudi del 1999, del 89%.

Els nivells de dioxines en aire van estar compresos entre 5.1 i 32.5 fg OMS-TEQ/m
7.13 i 31.42 fg OMS-TEQ/ fper les mostres recollides en captadors actius i passius,
respectivament. Aquests resultats indiquen que els nivells de PCDD/Fs en aire no varen

variar gaire sent similars entre els dos estudis.

D’acord amb els resultats obtinguts de metalls i dioxines en herbes, sols i aire, es
continua percebent que la planta incineradora no té un impacte significatiu sobre la zona
sota influéncia directa de les seves emissions de metalls i dioxines. Les concentracions
se segueixen trobant per sota dels valors obtinguts en altres estudis realitzats en zones

properes a incineradores, tant de residus urbans com industrials.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Resum Article 2

Els actuals programes de gestio de residus estan destinats a desenvolupar noves
tecnologies alternatives de tractament com ara el tractament mecanic-biologic (TMB) i
les plantes de compostatge. No obstant aix0, hi ha un alta incertesa sobre els riscos
quimics i microbiologics per a la salut humana que poden produir aquests compostos,
tant als treballadors d'aquestes instal-lacions, com a la poblacié que viu als voltants.
S’esta estudiant la possibilitat que es construeixi una nova planta de tractament
mecanic-biologic (TMB) adjacent a la planta incineradora de residus solids urbans
(IRSU) de Tarragona. Per tal d'avaluar el seu impacte potencial i per diferenciar els
efectes de la IRSU dels de la planta de TMB quan aquesta estigui operativa, es va
iniciar un estudi preoperacional per a la determinaciéo de les concentracions de 19
compostos organics volatils (COVs) i diversos bioaerosols (bacteris totals, bacteris
gram negatius, fongs Aspergillus fumigatus) en mostres d'aire de les rodalies de la
IRSU. Els resultats van indicar que les concentracions actuals de bioaerosols (rangs:
382-3882, 18-790, 44-926, i <1-7 ufdmer a fongs a 25°C, fongs a 37°C, bacteris
totals i bacteris gram negatius, respectivament) i compostos organics volatils (0.9-121.2
ng/nt) sén molt baixes en comparacié amb els nivells reportats en ambients interiors i a
l'aire lliure en plantes de compostatge i de TMB, aixi com en zones urbanes i
industrials. Amb I'excepcio dels bacteris totals, no es van observar correlacions entre les
concentracions ambientals dels agents biologics i la direccié/distancia a la planta. No
obstant aixo0, els bacteris totals van presentar nivells significativament meés elevats en la
direcci6 preferent del vent. D'altra banda, es va detectar un augment no significatiu de
COVs en els llocs més propers de la incineradora, la qual cosa significa que la IRSU

podria tenir un impacte molt petit en 'ambient.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Article _2: “Baseline levels of bioaerosols and volatile organic
compounds around a municipal waste incinerator prior to the
construction of a mechanical-biological treatment plant.” Publicat a:
Waste Management 29: 2454-2461 (2009)

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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ABSTRACT

New waste management programs are currently aimed at developing alternative treatment technologies
such as mechanical-biological treatment (MBT) and composting plants. However, there is still a high
uncertainty concerning the chemical and microbiological risks for human health, not only for workers
of these facilities, but also for the population living in the neighborhood. A new MBT plant is planned
to be constructed adjacently to a municipal solid waste incinerator (MSWI) in Tarragona (Catalonia,
Spain). In order to evaluate its potential impact and to differentiate the impacts of MSWI from those
of the MBT when the latter is operative, a pre-operational survey was initiated by determining the con-
centrations of 20 volatile organic compounds (VOCs) and bioaerosols (total bacteria, Gram-negative bac-
teria, fungi and Aspergillus fumigatus) in airborne samples around the MSWI. The results indicated that
the current concentrations of bioaerosols (ranges: 382-3882, 18-790, 44-926, and <1-7 CFU/m? for fungi
at 25 °C, fungi at 37 °C, total bacteria, and Gram-negative bacteria, respectively) and VOCs (ranging from
0.9 to 121.2 pg/m?) are very low in comparison to reported levels in indoor and outdoor air in composting
and MBT plants, as well in urban and industrial zones. With the exception of total bacteria, no correla-
tions were observed between the environmental concentrations of biological agents and the direction/
distance from the facility. However, total bacteria presented significantly higher levels downwind. More-
over, a non-significant increase of VOCs was detected in sites closer to the incinerator, which means that

the MSWI could have a very minor impact on the surrounding environment.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Because of its increasing production tendency, the disposal of
waste has become one of the most crucial problems in modern
societies. Until recent years, landfilling was used as the prominent
technique for waste management. Because it is probably the most
economic route of solid waste disposal (El-Fadel and Massoud,
2000), landfilling is still the predominant treatment option for
the EU’s municipal waste (Mazzanti and Zoboli, 2008). However,
the lack of recovery of materials and/or energy in waste landfills,
together with the potential health risks associated to waste dis-
posal, emission of greenhouse gases and leachate (El-Fadel et al.,
1997), has led to consider other options. Among these, waste incin-
eration, and specially waste-to-energy, has become a serious op-
tion in developed countries. It presents numerous advantages,
such as energy recovery and volume minimization. However, pub-

* Corresponding author. Tel.: +34 977 759 380; fax: +34 977 759 322.
E-mail address: joseluis.domingo@urv.cat (J.L. Domingo).

0956-053X/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.wasman.2009.03.012

lic controversy is frequent at those locations where municipal solid
waste incinerators (MSWI) are operating or planned. These facili-
ties have been associated to emissions of toxic chemicals, such as
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs)
and heavy metals (Domingo, 2002; Schuhmacher and Domingo,
2006), among others.

The public concern on waste incineration, as well as the impor-
tance of developing sustainable waste strategies, including the re-
use and recycle of materials, has given place to a shift in waste
management programs. As a consequence, some experts have
pointed out that other waste treatment technologies, such as
mechanical-biological treatment (MBT), anaerobic digestions,
and composting might be paramount for achieving sustainable
development (Sykes et al., 2007).

MBT seems to be a suitable alternative to reduce the organic
fraction of municipal solid waste (MSW), prior to landfilling or
incineration (de Aradjo Morais et al., 2008). In addition, the emis-
sion of greenhouse gases during MBT processes is minor (Amlinger
et al., 2008; van Praagh et al., 2009). In fact, the bio-mechanical
treatment of MSW is an increasing option in the European Union,
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as well as in some developing countries of South America (Rada
et al.,, 2005; Bezama et al., 2007; Pan and Voulvoulis, 2007). On
the other hand, the composting of organic waste has been
demonstrated to be an efficient way to reduce the material to be
disposed/incinerated. In turn, compost may be potentially used
in various agricultural applications (Hargreaves et al., 2008).
Unfortunately, adverse health effects have been detected in indi-
viduals working in composting and MBT plants (Domingo and Na-
dal, 2009), making evident the potential human health risks. Apart
from the evident occupational exposure, people living in the vicin-
ity of such facilities may be potentially exposed to relatively high
concentrations of airborne volatile organic compounds (VOCs)
and microorganisms, due to the atmospheric dispersion of particu-
lates (Déportes et al., 1995). In addition, both composting and MBT
plants can result in significant odor releases, which may be of nui-
sance to the population surrounding the facilities (Canovai et al.,
2004; Sironi et al., 2006).

The MSWI of Tarragona (Catalonia, Spain) has an annual capac-
ity of 145,000 tones of waste, serving a total population of 350,000
inhabitants. Since 1995, a wide surveillance program has been car-
ried out in order to get overall information on the environmental
impact of the facility. This program was aimed at determining
the PCDD/F and metal levels in soil and vegetation samples, as well
as to assess the human health risks associated to exposure to those
pollutants (Domingo et al., 2001; Mari et al., 2007). Recently, active
and passive sampling devices were additionally used to measure
PCDD/Fs and metals in air (Mari et al., 2008). The current waste
management planning program of the Catalan government is en-
forced in implementing new pre-treatment processes to reduce
the amount of waste to be incinerated, and to optimize the incin-
eration process. Specifically, a modern MBT plant, with a treatment
capacity of 185,000 tones/year, has been planned to be constructed
adjacent to the MSWI of Tarragona. Due to the concern of the local
population, as well as governmental regulators, a pre-operational
survey focused on measuring the chemical and microbiological
pollution was conducted in order to get baseline data for the eval-
uation of the planned facility.

The purpose of the present study was to analyze the environ-
mental concentrations of VOCs and bioaerosols (bacteria and fungi)
in the vicinity of the MSWI of Tarragona. It is expected that the cur-
rent levels can be used as reference values to assess the impact of
the MBT after it begins to operate.

2. Materials and methods
2.1. Sampling and analysis

In November-December 2007, air samples were collected in the
surroundings of the MSWI in Tarragona (Catalonia, NE Spain). Six-
teen sampling points, situated at 4 different distances (300, 600,
900 and 1200 m) in 4 different directions from the facility (NW,
NE, SW, and SE) were selected. Additionally, 4 samples were col-
lected as reference (background) samples around the cities of Tar-
ragona and Reus, as well as the villages of Constanti and Vilaplana
(at a distance of 2.8, 9.6, 1.7 and 19.1 km from the MSWI, respec-
tively). The locations of the sampling points are depicted in
Fig. 1. To minimize the impacts of meteorological conditions (tem-
perature, solar radiation, etc.) on the sampling, samples were col-
lected as quickly as possible from all the locations. Thus, weather
conditions could be assumed to be “stable” during the sampling
window (typically hours).

Given the expected high variability of microbial concentrations,
5 replicate air samples were collected at each point in order to
determine the average levels of microorganisms. The following
bioaerosols were determined: total bacteria and fungi as general

indicators, Gram-negative bacteria as indicators of opportunistic
pathogens, and Aspergillus fumigatus (A. fumigatus) as fungus which
may mean a potentially remarkable human heath risk. Sampling
was carried out by means of a Sampl’Air Lite device (AES Labora-
toires, Bruz, France), with an air-flow rate set at 100 L/min. Sam-
pling time was 3 min for Gram-negative bacteria, and 1 min for
the remaining agents. Triptyc Soy Agar (TSA) and MacConkey cul-
ture media were used to determine the levels of total and Gram-
negative bacteria, respectively. In turn, the fungal growth was
assessed on a PDA (Potato Dextrose Agar) culture medium. After
collection, samples were incubated for 48 h at 37 °C for the analy-
ses of total bacteria, and 24 h for the determination of Gram-neg-
ative bacteria. PDA was incubated at 25 °C and 37 °C for 5-7 days
for the determination of fungi at environmental and body
temperatures, respectively (Pieckova and Kunova, 2002; Falvey
and Streifel, 2007). This procedure differentiates the total number
of fungi present in the environment (25 °C) and the amount of fun-
gal agents which could potentially affect the human health (37 °C).
Microbiological results were expressed as the total number of Col-
ony-Forming Units (CFU) per m> of air. In 2 of each of the 5 fungi
samples, a detailed study on the number of colonies of A. fumigatus
was performed. If the total number of colonies exceeded 200 in a
Petri dish, results were expressed, according to the ISO
8199:2005 standard, as too numerous to count, and were not in-
cluded in the statistical analysis. However, none of the samples
showed a value above that threshold.

On the other hand, the levels of the following VOCs were
determined: benzene, toluene, m,p-xylene, o-xylene, styrene,
naphthalene, methylene chloride, 1,2-dichlorethane, chloroform,
trichloroethylene, tetrachlorethylene, 1,3-butadiene, 1,3,5-trim-
ethylbenzene, 1,2,4-trimethylbenzene, ethylbenzene, p-isopropyl-
toluene, n-propylbenzene, isopropylbenzene, and formaldehyde.
An AMBCPV device (Ambiental d’Enginyeria i Assessorament,
Esparreguera, Spain) was used to sample air for the subsequent
analysis of VOCs. Samples were collected by passing air through
ORBO-32 activated carbon tubes (Supelco, Bellefonte, PA, USA), in
which all compounds, with the exception of formaldehyde, were
trapped. In turn, formaldehyde retention was done by using a
2,4-dinitrophenylhydrazine (2,4-DNPH) coated silica gel tube
(ORBO-DNPH, Supelco, Bellefonte, PA, USA). Total volumes of
air were approximately 150L for most VOCs, and 40L for
formaldehyde.

Samples were rapidly transferred to the lab, where they were
kept at 4 °C until analysis. The target compounds, excepting form-
aldehyde, were extracted by liquid desorption with 1-3 mL of car-
bon disulphide for at least 60 min. Analysis was carried out by
using a gas chromatograph coupled to a mass spectrometer (GC-
MS) equipped with a Rtx-1 fused-silica capillary column
(30m x 0.32 mm x 1.5 um). The oven temperature started at
40 °C, and kept for 1 min. Then, it was raised at 14.9 °C/min up
to 220 °C, where a new ramp of 40 °C/min was initiated until
320 °C. Helium was used as carrier gas. Formaldehyde was des-
orbed from tubes with 2 mL of acetonitrile in an ultrasonic bath
for 30 min. The analysis was done by high pressure liquid chroma-
tography with UV detection (HPLC-UV), using a C-18 column
(5 pm, 200 cm x 4.6 mm). The initial mobile phase was acetoni-
trile:-water (50:50). The gradient program for acetonitrile, given
as time-concentration percentage, was the following: min. 0.1-
50%, min. 5-50%, min. 20-80%, min. 25-100%, min. 48-50%, min.
52-stop. The calibration was done by using reference standard
solutions of VOCs in CS,; and DNPH derivatives of aliphatic alde-
hydes in acetonitrile for the determination of VOCs and formalde-
hyde, respectively. Conventional procedures of quality assurance/
quality control (QA/QC) were applied. Blank, replicate, and refer-
ence samples were analyzed in every batch of samples, showing
a good repeatability for the method. Detection limits differed
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Fig. 1. Distribution of 16 sampling points around the MSWI of Tarragona (a) and 4 background sites, as well as wind rose (b).

according to each specific VOC, ranging from 0.1 and 10 pg/m>. 2.2. Statistics

These were determined as three times the signal to noise ratio.

As an additional measure of QA/QC, the analytical laboratory regu- Data analyses were performed by using the SPSS 15.0 statistical
larly participates in intercomparison exercises. software package. The Levene test was applied to analyze the
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equality of variances. Because data followed a normal distribution,
an ANOVA test was subsequently carried out. A probability of 0.05
or lower (p < 0.05) was considered as statistically significant.

3. Results and discussion
3.1. Microbiological concentrations

The mean concentration of airborne microorganisms in each
sampling site is summarized in Table 1. Fungi, cultivated at 25 °C
and 37 °C, were the microbial agents presenting the highest levels,
with ranges between 382 and 3882 CFU/m?>, and between 18 and
790 CFU/m?, respectively. Similar median concentrations of fungal
communities incubated at 25 °C were observed near the MSWI in
comparison to the background area at both temperatures (1673
vs. 1438 CFU/m?). In contrast, an important difference in the levels
of fungi at 37 °C was noted (236 vs. 119 CFU/m>). Moreover, for
those samples cultivated at 37 °C (median: 8 CFU/m?; maximum:
25 CFU/m3), higher levels of A. fumigatus were clearly (although
non-significantly) observed in the background area with respect
to the sampling sites surrounding the plant. Total bacteria concen-
trations ranged between 44 and 926 CFU/m?, while those of Gram-
negative bacteria were found to range from undetected to 7 CFU/
m?>. Both, total and Gram-negative bacteria, showed similar levels
independently on the sampling area (112 vs. 107 CFU/m> and 3
vs. 2 CFU/m?3, respectively).

In order to study any spatial pollution pattern, a study of the
microbial concentrations in ambient air according to the wind
directions and distances to the MSWI was carried out (Table 2).
In general terms, no significant correlations between the levels of
fungi and bacteria in ambient air and the distance from the facility
were observed. In addition, no wind prevalence was noted when
analyzing the concentrations of bioaerosols in relation to the wind
direction. However, significantly higher concentrations of total
bacteria were found at SW direction, in comparison to NW and
background values. The highest levels of total bacteria were ob-
served in SW (downwind) samples closest to the MSWI (926 and
380 CFU/m> at SW1 and SW2, respectively). That means that the
collection and transport of waste in the incinerator might have a
very minor impact on the surrounding environment in terms of
microbiological contamination.

Waste management plants are considered as facilities with
potentially very high concentrations of microbiological agents such
as bacteria, fungi, protozoa and/or endotoxins produced by them
(Tolvanen et al., 2005; Tolvanen and Hdnninen, 2005, 2006). Some
of these agents may lead to occupational exposure, especially for
workers of composting plants of the MSW organic fraction (Domin-
go and Nadal, 2009). Concentrations of up to 10° CFU/m? have been
observed on sampling sites within composting facilities (Fischer
et al., 2008). Hryhorczuk et al. (2001) found important levels of
bioaerosols (including total, Gram-positive and Gram-negative
bacteria, as well as total and Aspergillus spores) in indoor air of a
suburban yard-waste composting facility in northern Illinois,
USA. Moreover, with the exception of fungi, outdoor levels were
lower than on-site concentrations, while a clear reduction of the
environmental values of microbial agents was registered during
non-activity periods. The median off-site concentrations of fungi,
total bacteria and Gram-negative bacteria were 3200, 2080 and
840 CFU/m>, respectively. Those values mean higher levels, espe-
cially for bacterial agents, than those observed in 16 sites near
the MSWI of Tarragona (1673, 112 and 3 CFU/m?, respectively).
These levels would be even lower than those found in ambient
air during periods without activity at the compost pile (ranges of
960-1960 and 520-5920 CFU/m> for viable bacteria and fungi,
respectively). The levels of A. fumigatus were also investigated in
and near another yard-waste composting facility located in the
USA (Long Island, NY) (Recer et al., 2001). The median concentra-
tions of this biological agent in two different neighborhoods, used
as reference sites, were 3-5 CFU/m?, being the same concentration
than that obtained in the vicinity of the MSWI. Recently, Lavoie
(2006) reported a median concentration of 5900 CFU/m> of both,
bacteria and fungi, in a mixed urban waste background scenario.

The presence of airborne microorganisms has been studied in
residential areas around the world. In two neighborhoods near Ber-
lin (Germany), the levels of Gram-negative bacteria were also de-
tected at low concentrations, with a maximum of 7.9 CFU/m?
(Zucker and Miiller, 2004). Because samples were collected repeat-
edly, some seasonal differences were appreciated. However, the
concentration of total viable bacteria in November (the same time
of our study) was very similar to that found in Tarragona, with val-
ues of 159 and 178 CFU/m? in the meadow and the road, respec-
tively. Recently, Guinea et al. (2006) studied the environmental

Table 1
Individual concentration (in CFU/m?) of microbiological pollutants in air of the 20 sampling sites around the MSWI of Tarragona.
Sample Gram-negative bacteria Total bacteria Fungi A. fumigatus Fungi A. fumigatus
37°C 25 °C 25 °C 37°C 37°C
NW1 3 76 1662 15 790 <2
NwW2 2 68 1638 5 256 10
NW3 3 44 1488 <2 228 15
NwW4 <1 78 1684 5 18 <2
SW1 1 926 1872 5 92 <2
Sw2 7 380 2022 <2 90 <2
Sw3 4 272 784 5 116 <2
Sw4 2 116 1444 <2 122 15
SE1 5 54 1364 5 86 5
SE2 1 108 2522 <2 224 <2
SE3 3 142 1616 10 244 <2
SE4 3 310 3882 5 314 5
NE1 2 100 756 <2 306 <2
NE2 7 92 2126 <2 256 <2
NE3 7 208 2896 <2 334 5
NE4 4 336 2246 <2 442 5
BL1 2 102 948 10 114 25
BL2 5 92 3854 <2 332 10
BL3 2 112 1928 5 124 5
BL4 1 112 382 <2 39 <2

BL, background location; BL1, Constanti; BL2, Tarragona; BL3, Reus; BL4, Vilaplana.

NW, SW, SE and NE indicate wind directions. Numbers 1-4 refer to distances (300, 600, 900 and 1200 m) from the MSWI.
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Table 2
Air median levels of bioaerosols (in CFU/m*) and VOCs (in pg/m?) according to the direction and distance from the MSWI of Tarragona.

Direction Distance

NE NW SE SW BL 300 m 600 m 900 m 1200 m BL
Gram-negative bacteria 5 2 3 3 2 3 4 3 2 2
Total bacteria 154%¢ 72° 125%¢ 326° 107° 88 100 175 213 107
Fungi (25 °C) 2186 1650 2069 1658 1438 1513 2074 1552 1965 1438
A. fumigatus (25 °C) <2 5 5 3 3 5 <2 3 3 3
Fungi (37 °C) 320 242 234 104 119 199 240 236 218 119
A. fumigatus (37 °C) 3 5 3 <2 8 <2 <2 3 5 8
2VOCs 18.1 535 17.45 14.35 5.45 21.15 28.55 6.75 7.1 5.45
2BTEX 16.7 5.05 15.2 11.95 5.25 18.6 26.85 6.3 6.6 5.25

For each parameter, different superscripts (a,b,c) indicate significant differences at p < 0.05.

levels of some Aspergillus species in urban and rural samples of air
and water collected in the Madrid region, Spain. A range of 0-
30 CFU/m? of A. fumigatus air was found, with higher levels in ur-
ban than rural sites (0-30 vs. 0-5 CFU/m>).

Currently, there are no standards set by the National Institute of
Occupational Safety and Health (NIOSH) and the American Confer-
ence of Governmental Industrial Hygienists (ACGIH) regarding to
the allowable amount of microbiological agents at the workplace.
According to the ACGIH Bioaerosols Committee, an exposure
threshold level for cultivable microorganisms has no scientific jus-
tification because bioaerosols are complex mixtures of particles
whose health effects may vary according to the specific agent
and the susceptibility inherent to each individual (ACGIH, 1989).
However, some recommendations have been published for con-
trolling indoor microbiological contamination (Tsai and Liu,
2009). For instance, the ACGIH established a guideline of 100-
1000 CFU/m> for total fungi, while the NIOSH set a limit of
1000 CFU/m? for the total number of bioaerosols particles. With re-
spect to the health risks derived from exposure to bioaerosols, limit
values of 10000 and 1000 CFU/m> for total and Gram-negative
bacteria, respectively, have been suggested (Heida et al., 1995;
Marchand et al., 1995; Kiviranta et al., 1999). However, these rec-
ommendations are basically focused on workers of MSW manage-
ment plants potentially more exposed to bioaerosols. No
recommendations have been made for environmental levels of fun-
gi and bacteria.

3.2. VOC concentrations

The results corresponding to the VOC sampling are shown in Ta-
ble 3. For calculations, a concentration of zero was considered for
non-detected pollutants (ND =0). Only BTEX (benzene, toluene,
ethylbenzene, m,p-xylene and o-xylene) were detected in almost
all samples. In contrast, naphthalene, methylene chloride, 1,2-
dichlorethane, trichloroethylene, 1,3-butadiene, and formaldehyde
showed concentrations under their respective limits of detection in
all samples. Chloroform was detected only in one sample (SE1),
while styrene, p-isopropyltoluene and isopropylbenzene were
found to be above the detection limit in two samples (SE1 and
NE1 for styrene, SE1 and SW3 for p-isopropyltoluene, and SW3
and NET1 for isopropylbenzene). Total VOC levels ranged from 0.9
to 121.2 pg/m>, whereas those of BTEX presented minimum and
maximum values of 0.9 and 117.9 pug/m?>, respectively. The concen-
tration of benzene, a known carcinogenic chemical, ranged be-
tween 0.1 and 3.2 ug/m>. The highest levels were observed in
SE1 and SE2 sites (3.2 and 2.4 pg/m?>, respectively), which corre-
spond to the two closest sampling points (300 and 600 m, respec-
tively) downwind from the plant. In the EU, the benzene
concentration is regulated by the Directive 2000/69/EC (EC,
2000). According to that, by the year 2010, the annual average lev-
els of benzene in ambient air should not exceed 5 pg/m>. Anyhow,

none of the samples exceeded the EC threshold value of 5 ug/m? of
benzene in ambient air, being similar to those previously reported
in various European cities (Gonzalez-Flesca et al., 2007). The levels
of toluene and styrene in Tarragona were notably lower than the
WHO recommended guideline of 260 pg/m® as a weekly average
for the protection of human health WHO,2000. To the best of our
knowledge, the MSW incinerator is not currently being a cause of
nuisance for bad odors for workers and local residents. In fact, dur-
ing the sampling an increase of the presence of odors, linked to
VOCs, was not observed. This suggests that the current levels of
VOCs are not sufficient to impact human health in the vicinity of
the plant.

As for microbial pollution, the potential correlation of the levels
of VOCs and BTEX in relation to the wind directions and distances
from the facility was also investigated (Table 2). Higher concentra-
tions of VOCs were found at the downwind directions (SW and SE)
in comparison to the NW and the background sites. That correlates
with the predominant wind direction in the area, NW at a mean
wind speed of 1.8 m/s (Fig. 1). NE presented also higher levels,
which was very probably due to the important concentration noted
in NE1, located in a roundabout 300 m from the plant. On the other
hand, although not statistically significant (p > 0.05), the concen-
trations of VOCs near the MSWI (300-600 m) were higher than
those of further sites (900-1200 m, and backgrounds). It must be
taken into account that an important amount of MSW, with a var-
ied percentage of organic content, is daily introduced in the plant
for its incineration. The waste accumulation, together with the
traffic of transporting trucks, could result in increased levels of
VOCs in the immediate area.

To assess the degree of VOCs pollution near the MSWI of Tarrag-
ona, as well as to establish background levels of these pollutants,
the current concentrations of VOCs were compared with reported
data for urban and industrial areas. Currently, there is an important
lack of information concerning the number of compounds which
must be evaluated when carrying out environmental monitoring
studies of VOCs in air (Jia et al., 2008; Ozden et al., 2008). In fact,
benzene is the only compound for which a maximum concentra-
tion in outdoor air has been established (EC, 2000). Because of
the number of chemicals considered greatly depends on the crite-
rion of each investigator, the comparison between different areas is
rather difficult. However, BTEX are the most analyzed compounds
in most studies, being also the most abundant VOCs in urban air
(Baroja et al., 2005; Ras-Mallorqui et al., 2007)

In Spain, Baldasano et al. (1998) reported a mean airborne con-
centration of BTEX of 36.2 pg/m® in the city of Martorell (Barcelona
Province, Spain). The authors stated that VOCs air quality in Marto-
rell did not stand out for being neither among the worst nor among
the best. More recently, similar concentrations of BTEX were re-
ported in Vitoria-Gasteiz and A Coruia (Spain) (Fernandez-Marti-
nez et al., 2001; Baroja et al., 2005). Very recently, Ras-Mallorqui
et al. (2007) carried out a comprehensive study by analyzing 54



UNIVERSITAT ROVIRA I VIRGILI

MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUiMICS I MICROBIOLOGICS A LES RODALIES DE PLANTES DE TRACTAMENT
DE RESIDUS. RISCOS PER A LA SALUT HUMANA

Lolita Vilavert Castella

DL: T-1526-2011

L. Vilavert et al. / Waste Management 29 (2009) 2454-2461 2459
<lcoanocnoconcnnn - <oocoo ©n VOCs in air of urban and industrial areas of Tarragona, very close to
M ~MOCCZZZZZZZZZ S OCSZZZZ 0N our zone of sampling. BTEX were found to be the most abundant
VOCs in urban air, with levels ranging from 12 to 270 pg/m>.
MnaoaoamaoanaoaoaoooQoa » oQQAQ MmO Because of the potential release of a broad range of organic pol-
Medeczzzzzzzzz o czzz2z ww lutants of chemical and microbiological characteristics, waste
management facilities may have an important influence on the
g NEf9a2022808 @ DE2YE8E E E environment (Miiller et al., 2004; Fischer et al., 2008). Leach
et al. (1999) found a VOC concentration of 100-1300 pg/m? in
_ sampling sites adjacent to a MSWI, a waste collection and process-
2|c332222828888 £ S222%2 33 ing centre, and a sewage treatment plant. Moreover, important
reductions of VOC levels in air were noted after the closure of
g G emAmAmAcAe A ~nccoca oo Fhe ?ncinerator. The mean concentration of aromatic compounds
Z|lwm-SczzzzzzzZzZZ Z OZZZZ ®m in airborne samples ranged 66-285 and 27-127 pg/m> pre- and
post-incinerator shutdown, respectively. However, especially high
0 contents of a wide variety of VOCs in indoor air of composting
E 3nt3222222285 3 38522 G facilities can be found in the literature. Eitzer (1995) performed
the very first important study on the levels of VOCs in composting
N plants. It was stated that VOCs could be released during compost-
; QREE2882282L883 2 2222 32 ing, especially at early stages of processing. In the meantime, Kiv-
iranta et al. (1999) found VOC levels of up to 2850 pg/m?> in a waste
= © o processing room in a Finnish plant.
Slaovaononoooaa N NAQQA = O
ZlooNoZZZZZZZZo (=) cCZZZZ — —
3.3. Overall pollution of bioaerosols and VOCs
<
218838222222228 I 33522 =5 To assess the environmental impact of the MSWI as a result of
the joint concentrations of VOCs and microbiological pollutants, a
Blameneernasrane 6 weEAA @< Kohonen'’s Self-Organizing Map (SOM) was executed. SOM is a kind
Z|o¥—-oZZZzZZ2ZZZS © SZzzzZz ©o of unsupervised artificial neural network (Kohonen, 1982), with a
great capability to handle great amounts of data and allowing to
% np2"229922222Y - ©29292 3 g obFain a fr.iendly visuglization system (Nadal et al,, ZOOfl). It is
m_ being applied to a varied number of environmental studies con-
§D o cerning different topics, such as chemical pollution or ecological
E Elo-on322222285 % «g49ng S5 modeling (Brosse et al., 2007; Alvarez-Guerra et al., 2008; Nadgl
= - - - - - et al., 2008). In the current study, the map was a rectangular grid
= of 6 x 5 hexagons, getting a 30 virtual units grid. The learning
cz Slreangogoogogogn g noo0Q Qg phase was broken down with 10,000 steps, while the tuning phase
P consisted on 10,000 additional steps. The Kohonen’s map and the
tlmlonmcacmacanaa a4 mecca —o component planes (c-planes) of the concentrations of bioaerosols
§ h|o-SczzZzzzzzzZZ S OSZZZZ M and VOCs in the vicinity of the MSWI of Tarragona are depicted
f in Fig. 2. It can be clearly observed that NE1 shows the highest con-
g Y| tmmnNooOO00Qn - NoMOQ S centrations of BTEX, and especially of xylene and ethylbenzene.
BloNmmaeEzz2222c -~ wEo=z=z 00 Other samples (SE1 and SE2) collected near the facility also showed
'Ti relatively higher levels of VOCs. Therefore, it seems quite evident
E Bloaanog00gonoggg % 93000 § g that, although very mi.nor, the MSWI of Tarragona has a certain im-
s pact on the surrounding regarding to the release of VOCs. On the
%' < o - other hand, the pattern of the microbiological and chemical pollu-
= [EliaizereiaigiaiaiaiciaiSiaE S Sl S I SIa = tion was substantially different. No correlation was observed be-
g tween the levels of VOCs and bioaerosols, as well as among the
'E @ @ different studied microbiological agents.
Fl3|co5022822288 § 22332 ¢d Since 1996, the MSWI of Tarragona is carrying out a scheduled
— surveillance program to estimate the environmental impact of the
%O S e e A e e Al A e e facility concerning to the potential emission of PCDD/Fs and heavy
Z|f8|~stnZzZz22zZz2z2z2S < Yzzzz 8d metals, as well as to assess the health risks for the population living
= < nearby (Domingo et al., 2001). In 2007 and 2008, the PCDD/F con-
§ S|la-moooccccoon ~ woooa o= |3 centrations in air in different points around the incinerator were
| EF-eE222222222 ¢ 2222 J« determined by using active and passive air sampling devices,
E g respectively (Mari et al., 2008). Mean PCDD/F levels in air were
é gl ogaNOa s = ———c—q ;. 12.0 and 15.2 fg WHO-TEQ/m® in 2007 and 2008, respectively,
il ne © eeceex = which mean a non-significant increase of 26% (p > 0.05). However,
) o o g these levels are in the lowest part of the range, in comparison to
L;u %é v g 8§ § ¢ o @ g those reported worldwide in industrial, urban and even unpolluted
g = 2 % :'; ° E _§ o % § § o 3 sites. As for VOCs, no preferential tendency of the PCDD/F concen-
S v ELEe2S é Z ZS £5 g3 S tration was observed according to the distance and direction of sam-
o 3 ol z E;Eg g % g g E5 gg—g% v | E pling to the facility. These low concentrations indicate that the
2 é S i:_;» 255 Q35 E E8wESE EXR- § =i MSWI of Tarragona is not currently a significant source of PCDD/
g = EECESHESSDGERIT X BELL28 AwiS Fs for the surrounding environment and the people living nearby.
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Fig. 2. Kohonen’s map (a) and c-planes (b) of the levels of VOCs and bioaerosols in the vicinity of the MSWI of Tarragona.

4. Conclusions

The current concentrations of bioaerosols and VOCs in ambient
air of the vicinity of the MSWI of Tarragona are very low in com-
parison to reported levels in indoor and outdoor air of composting
and MBT plants. In addition, these values are in the lower part of
the ranges found in ambient air of several urban and industrial
zones. No correlations were observed between environmental con-
centrations of biological agents and the distance from the facility.
However, total bacteria showed significantly higher levels down-
wind. Moreover, a slight non-significant increase of VOCs was de-
tected in sites closer to the incinerator. As above commented, it
means that the MSWI could have a very minor impact on the
immediate environment. This increase is probably a consequence
of the accumulation of waste together with the heavy traffic in
the zone. In the future, the seasonal and temporal trends of the air-
borne pollutants here evaluated will be assessed. In addition, the
analysis of odorous VOCs, such as short-chain carboxylic acids
and terpenes, as well as skatole, a selective odorous indicator of
human feces, will be taken into consideration. Therefore, a com-
plete set of data on baseline levels of VOCs and bioaerosols will
be obtained before the MBT plant adjacent to the MSWI starts its
regular operations. The compilation of these data, together with
those concerning to PCDD/Fs and heavy metals, should allow to
carry out a complete human health risk assessment.
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Discussio Article 2

Les concentracions actuals de bioaerosols va estar compreses dintre els rangs: 382-
3882, 18-790, 44-926, i <1-7 ufclmper a fongs a 25°C, fongs a 37°C, bacteris totals i
bacteris gram negatius, respectivament). Als voltants d'una planta de compostatge al
nord d'lllinois (USA) van trobar nivells de 3200, 2080 i 840 uft/mer a fongs,
bacteris totals i bacteris gram negatius, respectivament (Hryhorczuk i col-Is., 2001).
Aquests valors son superiors als trobats als 16 punts de mostreigs propers a la planta
(1673, 112 i 3 ufc/M respectivament).

Per altra banda, els nivells de COVs van trobar-se entre 0.9 i 121.2 pwgnire que
els nivells de BTEX van variar entre 0.9 i 117.9 py/Aquests resultats son inferiors
als trobats per Ras-Mallorqui i col-ls. (2007) on en zones urbanes i industrials de

Tarragaona van detectar uns valors de BTEX d’entre 12 i 270°pug/m

No es van observar correlacions entre les concentracions ambientals d'agents biologics i
la distancia de la planta. No obstant aix0, els bacteris totals van mostrar nivells
significativament més alts en la direcci6 preferent del vent. D'altra banda, es va detectar
un lleuger augment no significatiu de COVs en els llocs més a prop de la incineradora,
la qual cosa pot significar que I''RSU podria tenir un impacte molt lleu a I'entorn
immediat. Aquest augment és probablement una consequencia de l'acumulacié de

residus, juntament amb l'intens transit de la zona.

Mitjancant el mapa autoorganitzatiu (SOM) s’ha pogut observar com la mostra NE1
mostrava les majors concentracions de BTEX, especialment de xile i etilbenze. Altres
mostres com la SE1 i la SE2, properes a la instal-lacid, van mostrar valors relativament

elevats dels COVSs.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Resum Article 3

L’any 2007, es va iniciar un programa per monitoritzar els nivells de compostos
organics volatils (COVs) i de bioaerosols (bacteris i fongs) en aire al voltant de la
incineradora de residus solids urbans IRSU de Tarragona. Per investigar tant les
tendéncies temporals com estacionals de contaminants quimics i microbiologics, es van
realitzar quatre campanyes de mostreig cada 6 mesos. Les mostres d'aire van ser
recollides a diferents distancies i direccions de la planta, aixi com en llocs de referencia.

Els nivells de contaminants microbiologics no varen presentar cap perfil definit en
funcio de la distancia o la direccio a la incineradora, sin6 que variaren en funcié dels
diferents contaminants analitzats. Altrament, es van trobar concentracions lleugerament
meés elevades de COVs en punts propers a la planta i en la direccio SO. Tanmateix,
'impacte seria molt reduit pel fet que les diferéncies amb la zona control no sén

significatives.

L'avaluacié estacional dels resultats va mostrar nivells més alts de bacteris gramnegatius
a I'nivern, contrastant amb l'augment de la quantitat de bacteris totals en aire a l'estiu.
D'altra banda, les concentracions de compostos organics volatils (rang mitja: 7.6-18.2

ng/nt) eren tipiques de les zones suburbanes.

Les actuals concentracions tant de contaminants microbiologics com de COVs al voltant
de la planta incineradora es troben en la part baixa del rang quan es comparen amb les
obtingudes per altres investigadors en zones proximes a plantes de compostatge o
tractament mecanic-biologic, aixi com en arees industrials i urbanes de diferents indrets
nacionals i internacionals. Addicionalment, els riscos cancerigens i no cancerigens
derivats de l'actual exposicid a COVs son assumibles segons els estandards reguladors

internacionals.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Article 3. “Levels of chemical and microbiological pollutants in the
vicinity of a waste incineration plant and human health risks:
Temporal trends.” En premsa a: Chemosphere

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Tarragona (Catalonia, Spain)

In 2007, a program was initiated to monitor air levels of volatile organic compounds (VOCs) and bioaero-
sols in the vicinity of a municipal solid waste incinerator (MSWI) (Tarragona, Catalonia, Spain). To inves-
tigate the temporal trends of chemical and microbiological pollutants, four 6-monthly campaigns were
performed. Air samples were collected at different distances and directions from the facility, as well as
in reference sites. In general terms, the concentrations of microbiological agents were very similar to
those found in urban zones worldwide. The seasonal evaluation of the results showed higher levels of
gram-negative bacteria in winter, contrasting with the increase of the airborne amount of total bacteria
in summer. On the other hand, the concentrations of VOCs (mean range: 7.6-18.2 ngm—>) were typical of
suburban zones. The current exposure to those compounds should not mean additional health risks for
the population living nearby.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Waste generation is something inherent to the society. Produc-
tion of a continuous increasing volume of wastes has given place to
the necessity to find more complex solutions as suitable treatment
methodologies. In economical terms, landfilling is the main meth-
od of municipal solid waste (MSW) disposal in the world. However,
the simplicity in the management of landfill facilities may derive in
secondary pollution of ambient air, subsoil and groundwater,
linked to leachate, gas leakage and bad odors (Durmusoglu et al.,
2010). Therefore, it is the least sustainable of the alternatives of
waste treatment. The recently approved EU Waste Framework
Directive (2008/98/EC) seeks reducing the percentage of MSW
which is deposited in landfills. This means to emphasize other
management methods. Among these, waste incineration and spe-
cially waste-to-energy, has become a serious option in developed
countries. It presents numerous advantages such as energy recov-
ery and volume minimization. However, public controversy is also
frequent at those locations where municipal solid waste incinera-
tors (MSWIs) are operating or planned. Governments and health
authorities are under increasing pressure from the public to pro-
vide the absence of potential adverse health effects produced by
these activities, as well as other waste management practices (Giu-

* Corresponding author. Tel.: +34 977 759 380; fax: +34 977 759 322.
E-mail address: joseluis.domingo@urv.cat (J.L. Domingo).

0045-6535/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chemosphere.2011.04.041

sti, 2009). Incinerators have been historically associated to emis-
sions of toxic chemicals, such as polychlorinated dibenzo-p-
dioxins and dibenzofurans (PCDD/Fs) and heavy metals (Schuhm-
acher et al., 2006; Cheng and Hu, 2010), among other pollutants.
However, the rigorous legislative controls and restrictions have
helped to dramatically reduce their contribution as releasers of
chemical pollutants, in general, and PCDD/Fs, in particular.

It has been largely stated that accumulation of wastes may de-
rive in the emission of a varied series of chemical and biological
agents (Pierucci et al., 2005; Domingo and Nadal, 2009). Release
of volatile organic compounds (VOCs) and bioaerosols has been de-
tected in waste management facilities (Déportes et al., 1995; Eit-
zer, 1995) as a consequence of accumulation and/or operational
processes for treating the organic fraction of MSW. Although emis-
sions of VOCs and bioaerosols may be a concern for non-combus-
tion waste treatment technologies, particularly at composting,
mechanical-biological treatment (MBT) and anaerobic digestion
sites, and possibly at some materials recycling facilities (UK HSE,
2003; Tsai et al., 2009), incinerators may accumulate considerable
amounts of residues at entrance halls. In contrast to the high
amount of available information regarding emission/immission
PCDD/F levels by incinerators, data on the potential environmental
impact of VOCs and bioaerosols, as well as the associated human
health risks are currently particularly scarce. This lack of data is
especially relevant when analyzing the levels of bacteria and fungi
in the surroundings of those facilities, while only a few studies on
VOCs have been reported (Domingo and Nadal, 2009).
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Since 1995, we are carrying out a wide surveillance program to
get overall information on the environmental impact of the MSWI
of Tarragona (Catalonia, Spain). This program is basically aimed at
determining the PCDD/F and metal levels in soil and vegetation
samples, as well as to assess the human health risks associated
to the exposure to those pollutants (Mari et al., 2007). In recent
years, that list of contaminants was enlarged by including also
VOCs and bioaerosols (Vilavert et al., 2009a). They were basically
chosen because the construction of a modern MBT plant (adjacent
to the MSWI) was being planned. Therefore, the availability of pre-
operational environmental data was required. In a first survey, per-
formed in December 2007, it was concluded that the MSWI would
have a very minor impact on the surrounding environment. As
these pollutants may fluctuate through time, investigations to as-
sess temporal trends are absolutely necessary to acquire reliable
values of air concentrations. The aim of the present study was to
analyze the environmental concentrations of VOCs and bioaerosols
(bacteria and fungi) in the vicinity of the MSWI of Tarragona, as
well as to determine their temporal and seasonal trends. Health
risks derived from exposure to VOCs were also assessed for the
population living in the neighborhood.

2. Materials and methods
2.1. Sampling

The MSWI here studied is located in Tarragona (Catalonia, NE
Spain). It has been continuously operating since 1991 and has a
capacity of 145000 tones of waste per year (Vilavert et al.,
2009b). The zone is characterized by a strong industrial presence,
with a big oil refinery, a chlor-alkali plant, and a hazardous waste
incinerator, among other chemical industries (Nadal et al., 2004).
In December 2007, a surveillance program was initiated to moni-
tor the airborne levels of VOCs and bioaerosols (Vilavert et al.,
2009a). In order to study any temporal/seasonal trends, four 6-
monthly campaigns were performed until June 2009. A total of
20 air samples were collected in each survey (Fig. 1). Sixteen sam-
ples were taken at four distances (300, 600, 900 and 1200 m) and
wind directions (NW, NE, SW, and SE) from the facility. Four addi-
tional samples were collected at reference (control) sites: urban
(Tarragona and Reus cities), semi-urban (Constanti), or rural
(Vilaplana).

For determining bioaerosols, five replicates of air samples were
collected in each point. A number of different microorganisms
were studied: total bacteria and fungi as general indicators,
gram-negative bacteria as indicators of opportunistic pathogens,
and Aspergillus fumigatus as fungus which may present a poten-
tially remarkable risk for the population and one of the most fre-
quent species in the air of compost plants (Fischer et al., 1999).
Sampling was performed by using a Sampl’Air Lite device (AES Lab-
oratoires, Bruz, France), with an air-flow rate set at 100 L/min.
Sampling time was established at 3 min for gram-negative bacteria
and 1 min for the remaining target agents. Air was forced to pass
Petri dishes with a specific culture media: Triptyc Soy Agar (TSA),
McConkey and Potato Dextrose Agar (PDA) for total bacteria,
gram-negative bacteria and fungi, respectively. Immediately after
sampling, Petri dishes were transported to the lab and kept in
the oven.

For VOC analysis, air sampling was carried out by means of an
AMBCPV device (Ambiental d’Eginyeria i Assessorament, Esparre-
guera, Catalonia, Spain). Two different adsorbent tubes were used:
ORBO-32 activated carbon (Supelco, Bellefonte, PA, USA), for most
VOCs, and 2,4-dinitrophenylhydrazine (2,4-DNPH) coated silica
gel, for formaldehyde. Total air volumes were approximately
150 L for most VOCs, and 40 L for formaldehyde.

2.2. Analytical procedure

Once in the lab, Petri dishes were incubated during 5 days at
37 °C for bacteria analyses, and at 25 °C and 37 °C for fungi deter-
mination. The count of colony-forming units (cfu) per air volume
was done by using microscopy. The number of cfu of A. fumigatus
was counted in two of the five fungi dishes.

On the other hand, concentrations of 19 VOCs (benzene, tolu-
ene, m,p-xylene, o-xylene, styrene, naphthalene, methylene chlo-
ride, 1,2-dichlorethane, chloroform, trichloroethylene,
tetrachlorethylene, 1,3-butadiene, 1,3,5-trimethylbenzene, 1,2,4-
trimethylbenzene, ethylbenzene, p-isopropyltoluene, n-propylben-
zene, isopropylbenzene and formaldehyde) were determined in
each sample. After sampling, cartridges were kept at 4 °C until
the chemical analysis. The target compounds were extracted by li-
quid desorption with carbon sulfide. Analysis of most VOCs
(excepting formaldehyde) was carried out by gas chromatography
coupled to mass spectrometry (HP 6890; HP 5,
50 m x 0.32 mm x 1.05 pm). Temperatures were as follows: oven
100 °C injector 230 °C, and detector 250 °C. Helium was used as
carrier gas, at a flow rate of 30 mL min~!; for hydrogen and air,
flow rates were 40 and 300 mL min~!, respectively. Formaldehyde
analysis was performed by high pressure liquid chromatography
(HPLC), using a Supelco LC-18, 25 cm x 4.6 mm column, a 20 pL
injection and a flow rate of 1 mL min~'. The initial mobile phase
of water:acetonitrile:tetrahydrofuran (60:30:10) was held for
1 min and linearly ramped over 25 min to water:acetonitrile
(40:60), which was held for 2 min. The quality control/quality
assurance was checked by analyzing blank and replicate samples.
The detection limits differed according to each specific VOC, rang-
ing between 0.2 and 20 pg m—3.

2.3. Human health risks

Assessment of exposure to VOCs was done by applying the stan-
dard methodology developed by the US EPA (2009). Since all the
studied contaminants are volatile, inhalation was considered to
be the main exposure route. As non-occupationally exposed indi-
viduals were considered, a continuous exposure to the target
chemicals was considered for calculations. Therefore, exposure
concentration (EC) was assumed to be equivalent to air concentra-
tion. Human health risks, both non-carcinogenic and carcinogenic,
were also characterized. The non-cancer risk (Hazard Quotient,
HQ) for exposure to each individual compound, was estimated by
comparing the exposure concentration and the inhalation refer-
ence concentration (RfCi). On the other hand, the carcinogenic risk
was calculated by multiplying the exposure by the US EPA Inhala-
tion Unit Risk (IUR). For cancer risks calculations, the values of
exposure duration (ED) and average time (AT) were considered
to be 30 and 70 years, respectively. Because of the lack of reliable
information to assess human health risks derived from microbio-
logical exposure, risks were only evaluated for chemical pollutants.

2.4. Statistics

Data analyses were performed by using the SPSS 17.0 statistical
software package. The Levene test was applied to analyze the
equality of variances. Subsequently, the ANOVA or U-Mann Whit-
ney tests were executed in those cases that data followed or not,
respectively, a normal distribution. A probability lower than 0.05
(p<0.05) was considered as significant. For calculations, unde-
tected pollutants were assumed to have a concentration of zero
(ND = 0). Moreover, a Kohonen'’s Self-Organizing Map (SOM), a spe-
cial kind of artificial neural network (ANN), was applied to the
whole dataset. SOM is a “data mining” multivariate technique,
whose use has been continuously increasing for environmental
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Fig. 1. Distribution of 16 sampling points around the MSWI of Tarragona (a) and four blank (reference) sites (b).

data analysis because of its high capabilities to manage large
amounts of data (Mari et al., 2010).

3. Results and discussion

The results concerning concentrations of bioaerosols and VOCs
in air samples collected in the vicinity of the MSWI are summa-
rized in Table 1. The levels of total bacteria ranged from 186 to
388 cfu m~3, with a significant increase in the last survey (June
2009) compared to the initial (December 2007). In fact, the highest
concentrations were detected in the summer campaigns, in agree-
ment with previous findings. Persoons et al. (2010) also found sig-
nificantly higher concentrations of total viable bacteria in summer
when analyzing the levels of bioaerosols and VOCs in the green
waste unit of a French composting plant. In contrast, significantly
higher mean levels of gram-negative bacteria (p <0.05) near the

MSWI of Tarragona were observed in winter (3-10 cfu m~3) than
in summer (1 cfu m~3). With respect to fungi at both cultivation
temperatures, a wide range of levels was found (1039-1856 and
89-226 cfum™ at 25°C and 37 °C, respectively). However, no
temporal/seasonal pattern was noted. The only significant differ-
ences concerning fungal growth were found between December
2007 and December 2009, reaffirming a lack of seasonal profile. Fi-
nally, both groups of A. fumigatus (at 25 °C and 37 °C) showed a
continuous downward tendency, with significant higher concen-
trations in the initial collections with respect to the two final
samplings.

To evaluate the influence of the MSWI on the surrounding envi-
ronment, the levels found in the 16 most immediate sampling sites
were compared with those corresponding to “background” (refer-
ence) areas (Table 2). No significant differences were found for any
of the microbial agents under study. In a few cases, the concentra-
tions of specific bioaerosols were even higher in the reference sites.
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Table 1
Microbiological pollutants (cfu m~3), VOCs and BTEX (ug m~>) during four sampling campaigns in 20 points of Tarragona (Catalonia, Spain).
Campaign Mean Standard Deviation Median Minimum Maximum
Total bacteria December’'07 186 200 110 44 926
June’08 2823 307 218 26 1306
December’08 260 224 168 42 898
June’09 388° 443 242 62 2005
Gram-negative bacteria December’07 3? 2 3 ND 7
June'08 1° 2 ND ND 6
December’08 10° 14 3 ND 53
June’09 1° 1 1 ND 3
Fungi (25 °C) December’07 1856 916 1673 382 3882
June’08 1183 86 114 46 420
December'08 1039 725 772 266 2774
June’09 1427 1079 1064 74 3600
A. fumigatus (25 °C) December’07 42 4 3 ND 15
June’'08 2° 4 ND ND 15
December'08 1° 2 ND ND 10
June’09 NDP ND ND ND ND
Fungi (37 °C) December’07 226 175 226 18 790
June’08 143% 86 114 46 420
December’08 92> 60 76 18 220
June’09 89 69 67 16 300
A. fumigatus (37 °C) December’07 52 7 3 ND 25
June’08 1° 3 ND ND 15
December’08 NDP ND ND ND 1
June’09 ND¢ ND ND ND ND
3" VOCs December'07 18.2 26.7 8.4 0.9 121.2
June'08 8.4 7.1 6.1 7.1 24.6
December’08 7.6 8.9 5.9 0.7 41.5
June’09 8.9 55 6.8 2.0 25.0
> BTEX December'07 17.0 259 7.7 0.9 117.9
June’08 7.1 5.6 5.4 ND 19.5
December’08 6.3 5.7 5.2 0.5 24.8
June’09 7.7 4.3 5.9 2.0 19.0

For each parameter, different superscripts (a,b,c) indicate significant differences at p < 0.05.

ND: Non-detected.

The initial campaign showed higher values for all the tested pollu-
tants in the area located close to the plant, except for A. fumigatus.
In the remaining three consecutive surveys, no considerable differ-
ences were found between points located near and far from the
plant. However, a certain increase of fungi (at 25 °C) levels was ob-
served in summer collections (1311 vs. 570 cfu m~> and 1548 vs.
945 cfu m—3 in 2008 and 2009, respectively), which was not so evi-
dent in winter. In addition to the comparison with reference val-
ues, the pattern of environmental concentrations of bioaerosols
according to the distance to the MSWI was also studied in detail.
No significant correlations were found between pollutant levels
and distance to the plant for any of the agents. On the other hand,
none of the wind directions presented significant higher concen-
trations of microbiological pollutants, indicating the lack of wind
prevalence. Only in the first survey, a certain increase of an indica-
tor agent (total bacteria) was detected at downwind sites closest to
the plant (Vilavert et al., 2009a). In general terms, these results
indicate that the MSWI does not have influence on the levels of
microbiological pollutants found in the surrounding.

The influence of waste management plants as important releas-
ers of a wide range of different microbiological agents has been lar-
gely established. The proximity of these facilities to population
centers, together with the aerosolization of microbial pathogens,
endotoxins, odors, and dust particles derived from the generation
and handling of waste material (Pillai and Ricke, 2002), means a
notable concern for residents living nearby. Generally, investiga-
tions have focused on assessing the occupational exposure to bio-
aerosols and characterizing the biorisks inside waste treatment
facilities. Indoor information around the levels of bacteria and fun-
gi in these plants is notable in the scientific literature. A special
emphasis has been put on composting and/or MBT plants, which
openly manage large amounts of organic wastes. In some of these

studies, outdoor concentrations have been typically used for com-
parative purposes (Jo and Kang, 2006; Schlosser et al., 2009; del
Cimmuto et al., 2010). A few studies have focused on analyzing
bioaerosol levels in populated neighborhoods. The current results
are typical from residential areas. Similar concentrations to those
obtained near the MSWI of Tarragona were reported in urban sam-
ples from Berlin (Germany), Madrid (Spain) and California (USA),
regarding total/gram-negative bacteria or A. fumigatus (Zucker
and Miiller, 2004; Guinea et al., 2006; Chen and Hildemann,
2009). In a 2000-samples study across the whole the USA (Shelton
et al., 2002), median concentrations of outdoor airborne A. fumiga-
tus ranged from 12 to 18 cfu m3, largely higher than the current
levels found near the MSWI of Tarragona. Bioaerosols have been
investigated in only a few incineration plants. All these investiga-
tions have focused on indoor levels. In the Taichung (Taiwan) re-
fuse facility, total bacteria concentrations were found to be
2.2 x 10 and 2.5 x 10° cfu m~ in daytime and night-time, respec-
tively, during the summer season (Wang et al., 2007). Recently,
Heo et al. (2010) found levels of around 500 cfu m~3 in the waste
incinerator of Gwangju (Korea). By contrast, and to the best of
our knowledge, this is one of the first attempts to report temporal
trends of bioaerosols in the vicinity of a MSWI.

Unlike many chemical pollutants, legislation to limit the air
content of bioaerosols is very scarce. In fact, no thresholds have
been established for environmental concentrations of bacteria
and/or fungi. In fact, there are only a few recommendations of in-
door levels for preventive purposes in the workplace. Thus, the
American Conference of Governmental Industrial Hygienists (AC-
GIH) established a guideline of 10>-10% cfum™—3 for total fungi.
Other guidelines were set at 10>-10° and 10?-10° cfu m 3 for total
and gram-negative bacteria, respectively (UK HSE, 2003). Our cur-
rent concentrations are far below these ranges.
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Table 2
Mean concentrations of microbiological (in cfu m~3) and chemical (pg m~3) pollu-
tants in two different areas: vicinity of the MSWI and backgrounds sites.

Campaign Pollutants Vicinity of the Background
MSWI sites
December ‘07 Total bacteria 207 105
Gram-negative bacteria 3 2
Fungi 25 °C 1875 1778
Fungi 37 °C 245 152
A. fumigatus 25 °C 3 4
A. fumigatus 37 °C 4 10
3" VOCs 20.6 8.9
3" BTEX 19.2 8.3
June ‘08 Total bacteria 234 474
Gram-negative bacteria ND 3
Fungi 25 °C 1311 570
Fungi 37 °C 149 119
A. fumigatus 25 °C 2 1
A. fumigatus 37 °C 1 ND
3" VOCs 8.4 8.5
S BTEX 6.9 8.1
December ‘08 Total bacteria 251 297
Gram-negative bacteria 9 15
Fungi 25 °C 949 1397
Fungi 37 °C 87 112
A. fumigatus 25 °C 1 ND
A. fumigatus 37 °C 0 ND
3~ VOCs 8.4 4.5
> BTEX 6.9 4.1
June ‘09 Total bacteria 395 360
Gram-negative bacteria 1 2
Fungi 25 °C 1548 945
Fungi 37 °C 92 77
A. fumigatus 25 °C ND ND
A. fumigatus 37 °C ND ND
3 VOCs 8.9 8.7
>° BTEX 7.6 8.1

ND: Non-detected.

The sum of 19 VOCs found in four sampling campaigns around
the MSWI of Tarragona is summarized in Table 1. The highest mean
concentration of VOCs was found in the first camping
(18.2 pg m—3), with values ranging from 0.9 to 121.2 ug m—>. After-
wards, the mean VOC levels showed a non-significant 2-fold de-
crease, remaining rather similar between the second and fourth
surveys. However, using median concentrations, no notable differ-
ences were noted when comparing the results of different cam-
paigns (median range: 5.9-8.4 ug m—3). The detailed profile of
the mean concentrations of the 19 VOCs under study is depicted
in Fig. 2. Toluene was the predominant compound, while BTEX
(benzene, toluene, ethylbenzene, m,p-xylene, and o-xylene) meant
between 83% and 93% of the total concentration of VOCs.

Similarly to bioaerosols, VOC concentrations at sampling points
near the MSWI were compared with those corresponding to back-
ground areas (Table 2). Although with differences non-statistically
significant, the levels of VOCs were higher near the MSWI in winter
(20.6 vs. 8.9 ug m~> in 2007, and 8.4 vs. 4.5 ug m—> in 2008). In
contrast, summer campaigns presented slightly lower levels of
chemical pollutants in the vicinity of the MSWI than at farthest
points. A negative correlation between temperature and ambient
levels of VOCs was previously reported (Gallego et al., 2008). These
higher concentrations of volatile chemicals in winter times could
be linked to a decrease of the solar radiation and the photochemi-
cal reactivity, as well as a raise of heat and fuel consumption (Ras
et al., 2010). These processes could have a notable influence
because of not only the large number of facilities located in the
same industrial park as the MSWI, but also the heavy traffic in
the same zone. In addition to the comparison of BTEX concentra-
tions between near and far sites, a close study of the levels of
pollution according to wind direction and the distance to the plant
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Fig. 2. Profile of VOCs in air samples collected around the MSWI of Tarragona.

was performed (Fig. 3). No significant differences were observed
for any of the parameters. In conclusion, no seasonal and/or tem-
poral trend in the levels of VOCs was seen. These results are similar
to those previously reported for PCDD/Fs and metals potentially
emitted by the stack of the same incinerator (Vilavert et al.,
2009b), indicating that, as for those chemicals, the environmental
impact of the MSWI of Tarragona is not significant in terms of VOCs
and bioaerosols.

As the number of studied VOCs may be highly variable, depend-
ing on a number of factors such as analytical performance or sam-
pling cartridges, the comparison with other studies can be
somehow difficult. However, taking into account that BTEX are
not only the most frequently analyzed compounds, but they make
the greatest contribution to the total (Baroja et al., 2005; Ras et al.,
2009), the comparison among studies may be done by considering
BTEX concentrations only. In the current investigation, mean levels
of these compounds ranged from 6.3 to 17.0 pg m—>. These levels
are similar to those found in rural areas of Barcelona (Spain), when
analyzing outdoor BTEX concentrations (Gallego et al., 2008). Re-
cently, Pérez-Rial et al. (2009) analyzed the levels of BTEX in
1200 air samples of a suburban area in the outskirts of the city
of A Corufia (NW of Spain). These investigators reported concentra-
tions only slightly lower than those found in the present study.
However, top values were registered when the wind blew from
an industrial area where a MSWI is located. More closely, Ras-Mal-
lorqui et al. (2007) carried out a very comprehensive study to mon-
itor the environmental levels of VOCs in urban zones of Tarragona,
close to the facility here under evaluation, obtaining concentra-
tions between 12 and 270 ug m—>. Nowadays, benzene is the single
compound for which a threshold value (5 g m~3) has been legis-
lated. When analyzing the 80 air samples collected near the MSWI,
none of them exceeded that guideline, as the maximum concentra-
tion was 4.3 pg m~—.

To assess jointly the chemical and microbiological pollution
near the MSWI, a Self-Organizing Map (SOM) was executed with
data corresponding to 19 individual VOCs and six indicator bio-
aerosols. A rectangular grid with 96 units (12 vertical x 8 horizon-
tal) was built. In order to create a robust map, the learning phase
was broken down with 10 000 steps, and the tuning phase, with
10 000 steps more. The SOM results, including the map and the
component planes (c-planes), are shown in Fig. 4. To interpret
the results, SOM visualization process starts with the map itself.
SOM is composed by several nodes (whose total number depends
on data amount), and each of those has a specific weight. SOM
can be divided into so many c-planes as data variables (20 in the
present study, as undetected compounds - naphthalene,

Please cite this article in press as: Vilavert, L., et al. Levels of chemical and microbiological pollutants in the vicinity of a waste incineration plant and hu-
man health risks: Temporal trends. Chemosphere (2011), doi:10.1016/j.chemosphere.2011.04.041



http://dx.doi.org/10.1016/j.chemosphere.2011.04.041

UNIVERSITAT ROVIRA I VIRGILI

MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUiMICS I MICROBIOLOGICS A LES RODALIES DE PLANTES DE TRACTAMENT
DE RESIDUS. RISCOS PER A LA SALUT HUMANA

Lolita Vilavert Castella

DL: T- %52 6-2011 L. Vilavert et al./ Chemosphere xxx (2011) xXx-XXX

() =, O —
15 ] 25
QE 10 1
2
5 ]
0 4

‘ @ December 07 @ June 08 @ December 08 g June 09 |

300 m

600 m 900 m 1200 m Blank
‘D December 07 @ June 08 @ December 08 E June 09 |

Fig. 3. Air median BTEX concentrations (in ug m~>) according to the direction (a) and distance (b) from the MSWI of Tarragona.

methylene chloride, tetrachloroethylene, 1,3-butadiene and form-
aldehyde - were not considered), representing the variable contri-
bution to each node in the map (Mari et al., 2010). Apart from the
c-planes, the U-matrix, which is a representation of the average
distance between the node and its closest neighbors, is also com-
monly given. Colors indicate the value of the component in that
unit, while numbers in the c-planes y-axis show the range of con-
centrations (in pg m~> or cfu m~2 for VOCs and bioaerosols, respec-
tively). Hexagons at the same place on different component planes
correspond to the same map unit, showing the levels of the compo-
nents in the weight vector of that unit. The Kohonen’s map did not
indicate any seasonal, temporal and/or spatial trends, as no clus-
ters were formed according to the collection season, campaign
and/or location. Moreover, the behavior of microbiological and
chemical parameters presented important differences. None of
the variables was assigned as an indicator of the global pollution.
Therefore, a reduction in the number of pollutants analyzed would
not be desirable.

Based on the concentrations of VOCs, the non-carcinogenic and
carcinogenic risks associated to exposure to these compounds
were evaluated for different scenarios by considering: (a) all sam-
ples (20) per campaign, (b) the 16 sites nearest to the MSWI, (c)
blank (reference) values, (d) summer campaigns, and (e) winter
campaigns. Risks were calculated for each compound, the total risk
being calculated as the sum of the individual risks. It is largely
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known that the combined presence of toxicants may result in addi-
tion, potentiation, synergism, or antagonism of effects. In this
framework, recent investigations have been performed to promote
the development of weighing methodologies when assessing mix-
tures of pollutants. For instance, van Caneghem et al. (2010) re-
cently applied a weighing system based on minimal risk doses or
cancer potency factors when calculating the mass balance of per-
sistent organic pollutants (POPs) in waste incinerators. Unfortu-
nately, the evaluation of risks derived from a multichemical
exposure is still source of a great uncertainty. Therefore, a simple
preliminary approach to assess the joint risks was used here by
summing individual risks (Linares et al., 2010) to provide an esti-
mative value. Table 3 summarizes the non-cancer and cancer risks
for the above five scenarios. None of the HQs exceeded the thresh-
old value of 1. Individually, trimethylbenzenes and benzene
showed the highest non-carcinogenic risk values. However, all of
them were at least 10-times lower than the unity. Moreover, the
Hazard Index (HI=XHQs) was either above the unity for all of
the case-studies. This is a first indication that the MSWI of Tarrag-
ona does not mean additional non-carcinogenic risks of signifi-
cance for the population living in the neighborhood. Regarding
cancer risks, benzene exposure leaded to the highest values. Over-
all, the total cancer risk presented relatively low values, being most
of them below the regulatory value of maximum risk, which is set
at 107> by the Spanish legislation. An exception occurred when
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Fig. 4. SOM of chemical and microbiological pollutants in 80 air samples. Kohonen’s map (a) and component planes (b). Abbreviations: Benz: benzene; Tolu: toluene; m,p-
xyle: m,p-xylene; o-xyle: o-xylene; styr: styrene; EB: ethylbenzene; P-isoPT: p-Isopropyltoluene; c12-dich: 1,2-dichlorethane; chlor: chloroforme; triChlor: trichlorethylene;
n-PT: n-Propylbenzene; IsoPB: isopropylbenzene; 135TriMB: 1,3,5-trimethylbenzene; 124TriMB: 1,2,4-trimethylbenzene; Fungi37: Fungi at 37 °C; AFungi37: A. fumigatus at
37 °C; T_Bac: total bacteria; G-Bac: gram-negative bacteria; Fungi25: Fungi at 25 °C; AFungi25: A. fumigatus at 25 °C.
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Table 3
Human health risks (unitless) derived from the exposure to VOCs for different scenarios.

Non-carcinogenic risk

Carcinogenic risks

A B C D E A B C D E
Benzene 4.70E-02 3.80E-02 2.70E-02 3.70E-02 3.50E-02 4.70E-06 3.80E-06 2.70E-06 3.70E-06 3.50E-06
Toluene 6.10E-04 8.00E-04 7.10E-04 8.60E-04 7.00E-04 - - - - -
Ethylbenzene 1.00E-03 1.30E-03 8.10E-04 1.40E-03 8.30E-04 1.10E-06 1.40E-06 8.60E-07 1.40E-06 8.90E-07
m,p-Xylene 2.50E-03 4.30E-03 2.10E-03 4.80E-03 2.30E-03 - - - - -
o-Xylene 6.90E-04 1.00E-03 6.60E-04 2.10E-03 6.50E-04 - - - - -
Styrene 2.30E-04 7.70E-05 1.30E-05 2.10E-04 1.10E-04 - - - - -
Naphthalene ND ND ND ND ND ND ND ND ND ND
Methylene chloride ND ND ND ND ND ND ND ND ND ND
1,2-Dichlorethane 8.30E-05 9.10E-05 ND ND 1.40E-04 2.20E-06 2.40E-06 ND ND 3.60E-06
Chloroforme ND 3.20E-03 ND 6.90E-04 7.90E-04 ND 3.00E-06 ND 6.70E-07 7.60E-07
Trichlorethylene - - - - - ND 4.00E-09 ND 3.20E-07 ND
Tetrachlorethylene ND ND ND 2.80E-05 ND ND ND ND 1.90E-08 ND
1,3-Butadiene ND ND ND ND ND - - - - -
1,3,5-Trimethylbenzene 1.90E-02 2.80E-02 1.70E-02 2.20E-02 2.10E-02 - - - - -
1,2,4-Trimethylbenzene 8.10E-02 7.50E-02 4.80E-02 5.50E-02 6.90E-02 - - - - -
p-Isopropyltoluene - - - - - - - - - -
n-Propylbenzene - - - - - - - - - -
Isopropylbenzene - - - - - - - - - -
Formaldehyde ND ND ND ND ND ND ND ND ND ND
Total risk” 0.15 0.15 0.096 0.12 0.13 8.00E-06 1.10E-05 3.60E-06 6.20E-06 8.80E-06

A: 20 sampling points per campaign (n = 80); B: 16 sampling points near the facility (n = 64); C: reference sites (n = 16); D: summer values (n = 40); E: winter values (n = 40).

ND: Non-detected.
" Total risk of the whole individual compounds.

only the 16 nearest points to the MSWI were considered
(1.1 x 107°). Notwithstanding, it would not be of concern as risk
levels between 10~ and 10~® have been reported as assumable,
taking into account that cancer risk is highly dependent on per-
sonal characteristics (US EPA, 1996). In summary, the current
exposure to carcinogenic VOCs does not mean additional risks for
the people living near the MSWI.

4. Conclusions

The results of the present study indicate that the environmental
impact of the MSWI of Tarragona, in terms of concentrations of
VOCs and bioaerosols, is rather low. The comparison with reference
values, together with the application of ANN techniques, clearly
shows that the MSWI should not mean any influence on the chem-
ical and microbiological pollution in the surrounding environment.
The seasonal study of the results showed significantly higher levels
of gram-negative bacteria in winter, contrasting with the increase
of the airborne amount of total bacteria in summer. In turn, a con-
tinuous temporal reduction of the concentrations of A. fumigatus
was noted. The levels of VOCs showed a notable decrease since
the first survey (December 2007), remaining similar in the last
three campaigns. The concentrations found near the waste inciner-
ator were actually typical of suburban areas, when compared with
values from the scientific literature. Furthermore, human exposure
to these contaminants would not pose non-carcinogenic or carcin-
ogenic health risks. In 1995, a wide environmental surveillance
program was initiated in the MSWI aimed at monitoring the con-
centrations of PCDD/Fs and metals in the vicinity of the facility.
That program, which is still ongoing, has allowed the acquisition
of a large set of temporal data concerning the levels of micro-pol-
lutants in environmental matrices (soil, vegetation and ambient
air). Therefore, the amount of information concerning the state-
of-pollution in the vicinity of this MSWI is impressive, including
PCDD/Fs, heavy metals, VOCs, and microbial agents. Further stud-
ies will also include the analysis of other POPs, such as polychlori-
nated biphenyls (PCBs) or polychlorinated naphthalenes (PCNs).
This considerable amount of data, together with those from the
Department of Environment of the Autonomous Government of

Catalonia (Generalitat de Catalunya), which is the responsible of
monitoring the air quality through the analysis of inorganic gasses
in ambient air, will provide important information regarding the
multipollutant integral exposure of the local population. Further
investigations will be also aimed at assessing the human health
risks derived from exposure to the mixture of the pollutants eval-
uated in the environmental programs performed near the MSWI of
Tarragona, either considering cumulative exposure or synergistic/
antagonistic effects.
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Discussio Article 3

Les concentracions de bioaerosols en mostres d’aire recollides al voltant de Sirusa han
variat entre <2 i 1427 ufcfm(Aspergillus fumigatus i fongs a 25°C, respectivament).

Les concentracions dels diferents contaminants microbiologics no han mostrat cap
tendencia definida depenent de les diferents direccions estudiades. Tot i que la direccié
predominant del vent en la zona d’estudi és la NO, i com a consequéncia els valors més
elevats caldria esperar trobar-los en la direccié oposada SE, les concentracions més
elevades d’agents microbiologics no s’han observat en aquesta direccio, excepte en el
cas dels fongs a 25°C. Els nivells de contaminants microbiologics tampoc han presentat
cap perfil definit sobre les diferents distancies en qué predominen.

D'altra banda, la concentracié mitjana de COVs ha estat dag8®. S’han trobat
concentracions més elevades de COVs en els punts més propers a la planta (300 i 600
m) i en la direccié SO. Tanmateix, I'impacte seria molt reduit pel fet que les diferéncies
amb la zona control no son significatives. Aixi doncs, es pot concloure que I'estat actual
de contaminacio per bioaerosols i COVs a les rodalies de la incineradora de residus

urbans de Tarragona, és baix.

En general, no s’han observat tendéncies temporals o estacionals en els diferents
contaminants microbiologics i quimics analitzats, amb I'excepcié dels bacteris gram
negatius, per als quals s’han establert nivells més elevats en les recollides hivernals.
L’estudi particular d’avaluacié de riscos ha indicat que les actuals concentracions de
COVs a les rodalies de la planta incineradora no suposen un risc cancerigen i no-
cancerigen addicional per a la poblacio resident, essent els riscos assumibles segons els

estandards reguladors internacionals.

De fet, les actuals concentracions tant de contaminants microbiologics com de COVs al
voltant de la planta incineradora es troben en la part baixa del rang quan es comparen
amb les obtingudes per altres investigadors en zones proximes a plantes de compostatge
o tractament mecanic-biologic, aixi com en arees industrials i urbanes de diferents

indrets nacionals i internacionals.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Amb aquesta campanya finalitza I'estudi blanc, previ a l'adaptacié de la planta

incineradora als requeriments de la Directiva Marc de Residus. Amb posterioritat, es
realitzara la 22 fase, la qual permetra determinar qualssevol incidencies que el nou
procés pugui tenir sobre I'entorn i la salut humana relacionat amb la potencial variacio

de les emissions dels contaminants quimics (COVS) i microbiologics en estudi.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Capitol V. Incineradora de residus industrials de
Constanti

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Resum Article 4

Des de 1999, Constanti acull I'inic Ecoparc de residus industrials (ERI) de I'Estat
Espanyol. Abans de la seva construccié, es va iniciar un programa de vigilancia per
controlar les concentracions de dibemedioxines i dibenzofurans (PCDD/Fs) als
voltants de la instal-lacio. El 2008, es van recollir 40 mostres de sol i 40 mostres de
vegetacio i se’'n va determinar el contingut de PCDD/Fs. La concentracié mitjana de
PCDD/Fs en mostres de sol va ser de 0.49 ng I-TEQ /kg. Tot i que es va produir una
disminucié no significativa del 44% pel que fa a I'estudi pre-operacional, en alguns llocs
especifics es van trobar fluctuacions importants dels nivells de PCDD/Fs al llarg del
temps. Consequentment, un any després (2009) es va realitzar un nou estudi eliminant
certs punts de mostreig amb valors inconstants, que majoritariament van coincidir amb
zones urbanes. El 2009, el nivell mitja de PCDD/Fs en sols va ser de 0.42 ng I-TEQ/kg.
En contrast, els nivells mitjans de PCDD/Fs en mostres de vegetacio va ser de 1.11 ng I-
TEQ/kg, la qual cosa va comportar un augment significatiu comparant amb estudis
anteriors (rang mediana: 0.21-0.25 ng I-TEQ/kg). No obstant aix0, aquest augment es
va observar de manera uniforme en tota la zona de mostreig, confirmant aixi que la
manca de precipitacions fou un parametre clau per a la disminucié de diluci6é de la
planta i del rentat dels contaminants en la vegetacid. Aixo indica que, a ser possible en
els programes de vigilancia, la informacié ha de ser obtinguda de fonts diferents perque
I'ts d'un sol compartiment pot produir interpretacions erronies importants a I'hora
d’avaluar les tendéncies temporals dels contaminants ambientals. Els resultats de
I'avaluacié de riscos sobre la salut van indicar que les concentracions actuals d'aquests
contaminants no suposen cap risc carcinogenic 0 no carcinogenic addicional per a

aquelles persones que viuen prop de I'Ecoparc de residus Industrials de Constanti.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Article 4. “Monitoring temporal trends in environmental levels of
polychlorinated dibenzo{p-dioxins and dibenzofurans: Results from a
10-year surveillance program of a hazardous waste incinerator”

Publicat a: Archives of Environmental Contamination and Toxicology
59 (4): 521-531 (2010)

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Abstract The only hazardous waste incinerator (HWI) in
Spain has been operating in Constanti (Tarragona County,
Catalonia) since 1999. Before its construction, a surveil-
lance program was initiated to monitor the concentrations
of polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs) in the neighborhood of the facility. In 2008, 40
soil and 40 vegetation samples were collected and PCDD/F
levels determined. The median PCDD/F concentration in
soil was 0.49 ng international toxic equivalents (I-TEQ)/
kg. Although it meant a nonsignificant decrease of 44%
with respect to the preoperational survey, important fluc-
tuations of the levels of PCDD/Fs through time were found
in some specific sites. Therefore, a new survey was per-
formed 1 year later (2009) by deleting those sampling sites
with inconstant values, which mostly coincided with urban
zones. In 2009, the median level of PCDD/Fs in soils was
found to be 0.42 ng I-TEQ/kg. In contrast, median PCDD/
F levels in vegetation were 1.11 ng I-TEQ/kg, a significant
increase compared with previous surveys (range of the
median 0.21-0.25 ng I-TEQ/kg). However, this increase
was uniformly observed in the entire sampling area, sug-
gesting that lack of rainfall was a key parameter for
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decreasing plant dilution and wash-up of pollutants on
vegetation. This indicates that in surveillance programs,
information must be obtained from different sources
because the use of a single compartment may yield sig-
nificant misinterpretation when evaluating temporal trends
of environmental pollutants. Human health risks derived
from exposure to PCDD/Fs were also assessed for the local
population. The results indicated that current concentra-
tions of these contaminants do not pose any additional
carcinogenic or noncarcinogenic risk for those people
living near the HWL.

The European Union (EU) generates 1.3 billion tons of waste
annually, of which approximately 40 million tons are haz-
ardous waste (European Commission 2010). In recent years,
incineration has become one of the most widely used alter-
natives for the management of hazardous materials. How-
ever, combustion industrial processes have been determined
to generate a number of pollutants, including inorganic and
organic chemicals. Among these, polychlorinated dibenzo-
p-dioxins and polychlorinated dibenzofurans (PCDD/Fs),
which are characterized by their toxicity to humans and
animals, their ability to bioaccumulate, and their persistence
in the environment (Loganathan et al. 2008), have raised
considerable concern among the population (Kulkarni et al.
2008; Mari and Domingo 2010). Once emitted to the atmo-
sphere, PCDD/Fs are dispersed through the environment and
accumulate in soils and vegetation, thereby easily reaching
the food chain (Domingo et al. 1999a, b; Esposito et al.
2009). Atmospheric deposition is an important pathway for
the loading of PCDD/Fs to environmental sinks, such as soils
(Ren et al. 2007), in which they accumulate by remaining
strongly adsorbed to the organic matter. Therefore, soil is a
typical long-term accumulative matrix for PCDD/Fs

@ Springer
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(Schuhmacher et al. 1997). In contrast, vegetation, which
receives inputs of airborne PCDD/Fs by way of gas
phase, particulate dry matter, and wet deposition (Meneses
et al. 2004), seems to be a better monitor by which to
register changes occurring during shorter periods of time
(Schuhmacher et al. 2006).

Because of the social concern about municipal solid and
hazardous waste incinerators (MSWIs and HWIs), legis-
lative restrictions concerning the release of PCDD/Fs by
these facilities have been implemented since the mid-
1990s. In fact, incineration is currently the only industrial
sector whose PCDD/F stack emissions are regulated by the
EU (2000/76/CE Directive): maximum levels have been set
at 0.1 ng toxic equivalents (TEQ)/Nm®>. As a consequence
of adaptation to these growing policies, the importance of
MSWIs and HWIs as environmental sources of PCDD/Fs
has decreased significantly (Vilavert et al. 2009). In con-
trast, the incidence of other potential PCDD/F sources,
such as forest fires and especially traffic (Kuykendall et al.
2009; Sidlova et al. 2009), is still quite important (United
States Environmental Protection Agency [USEPA] 2005;
Wang et al. 2009).

In 1999, the first (and only to date) HWI in Spain started
operating in Constanti (Tarragona County, Catalonia).
Previous to starting regular operations, a wide environ-
mental and biologic surveillance program was initiated to
control pollution in the surroundings as well as to assess
the human health risks potentially derived from exposure to
PCDD/Fs and heavy metals emitted by the HWI. The levels
of PCDD/Fs in biologic monitors (plasma, breast milk, and
adipose tissue) from nonoccupationally exposed individu-
als living nearby were analyzed (Schuhmacher et al. 1999a,
b, ¢). Subsequently, in 2003 and 2008, second and third
surveys, respectively, were carried out to assess the tem-
poral trends in those levels (Nadal et al. 2008, 2009a;
Schuhmacher et al. 2009a).

In contrast, an ongoing environmental monitoring pro-
gram, including a periodic analysis of PCDD/Fs and metals
in soil and vegetation collected in the vicinity of the HWI
(Ferré-Huguet et al. 2006; Nadal et al. 2005), has been
conducted since 1996. When the first survey was finished
(1996-2003), it was decided to continue the surveillance
program by alternately analyzing concentrations of target
pollutants in the same environmental monitors. The first
results of the second survey (2004 and 2005) were recently
reported (Ferré-Huguet et al. 2007; Mari et al. 2007). The
present study was aimed at measuring PCDD/F environ-
mental concentrations during the last period of the survey
(2007 and 2008). Data on a subsequent study (2009) per-
formed after partial modification of the sampling approach
are also reported. The temporal evolution of the human
health risks derived from exposure to PCDD/Fs by the
local population is also presented.

@ Springer

Materials and Methods
Sampling

In April 2008, 40 herbage (Piptatherum paradoxum L.) and
soil samples were collected from the surroundings of the HWI
of Constanti (Catalonia, Spain). Sampling sites were the same
as those corresponding to the baseline and subsequent studies
(Domingo et al. 2002; Mari et al. 2007, 2009; Schuhmacher
etal. 1997, 1998a, b, 2000). These sites were situated, within a
7-km radius, at different distances (500, 1000, 1500, 2000,
2500, 3000, 3500, 4000, and >4000 m) and directions (east,
north, northwest, and south) from the HWI (Fig. 1). Approxi-
mately 150 g herbage samples were collected at each sam-
pling site by cutting at a height of approximately 4 cm from
the ground. Samples were immediately packed in aluminum
foil, and on arrival at the laboratory they were dried at room
temperature and packed until analysis. Surface (upper 3 cm)
soils were collected as bulk samples of 500 g, representing an
area of approximately 10 m? and stored in polyethylene bags.
They were also dried at room temperature and homogenized
by sieving through a 2-mm mesh screen. In April 2009, a soil-
monitoring survey was carried out. A detailed study of the 40
previously considered sampling points showed that 10 of them
had fluctuant values, suggesting a potential significant impact
of local sources. Consequently, the environmental monitoring
program was changed by decreasing the number of soil
samples to 30. The modification of surveillance programs has
proven to be successful in those cases in which it is necessary
to extend the amount of data and/or there is redundant infor-
mation (Vilavert et al. 2009). Among the 30 total samples, 26
corresponded to rural areas, whereas the remaining 4 samples
were collected in zones considered to be urban. As com-
mented previously, it must be noted that traffic is a significant
source of environmental PCDD/Fs (Sidlovi et al. 2009; Wang
et al. 2009).

Analytic Procedure

The 2,3,7,8-substituted congeners of PCDD/Fs in soil
and herbage samples were quantified by high-resolution
gas chromatography/high-resolution mass spectrometry
(HRGC/HRMS) according to USEPA method 1613.
Approximately 40 g (dry weight) soil or vegetation were
used. A mixture of l3Clz-labeled standards was added before
Soxhlet extraction with toluene for a minimum of 20 h. The
extract was subsequently subjected to an acid/base cleanup
procedure followed by microcolumns of silica gel and alu-
mina. HRGC/HRMS analysis was carried out using a Fisons
CE 8000 GC coupled with a VG Autospec Ultima system
(electron ionization and multiple ion detection mode, with
resolution at 10,000). An RTX-5MS column was used. For
detection, at least two masses (M" and M2"; M2 and
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M4*, respectively) were used for each native and labeled
dioxin and furan homologue group. Quantitative determi-
nations of PCDD/Fs were performed using internal stan-
dards. Recovery percentages for the different labeled
congeners ranged between 60 and 108%.

Data Analysis

To compare current results with those of previous surveys,
international toxic equivalents (I-TEQ) were calculated
using the toxicity equivalency factors (TEFs) established
by the North American Treaty Organisation (1988). In the
case that a PCDD/F congener level was lower than the
respective detection limit, the concentration of that con-
gener was assumed to be one half of the detection limit
(ND = 2 LOD). Data analyses were carried out using the
SPSS 17.0 statistical software package. Levene test was
applied to analyze the equality of variances. Because data
followed a normal distribution, one-way analysis of vari-
ance was subsequently performed. A probability of
p < 0.05 was considered statistically significant.

Results and Discussion

The individual concentrations of PCDD/Fs (I-TEQ) in soil
and vegetation samples collected from 2008 to 2009 around

the HWI of Constanti, as well as those obtained for the
baseline (1998) and previous (2003 and 2007) surveys, are
listed in Tables 1 and 2. Temporal trends are also shown as
percentages. In 1998, PCDD/F soil concentrations ranged
from 0.12 to 17.2 ng I-TEQ/kg, with median and mean
values of 0.75 and 1.59 ng I-TEQ/kg, respectively. In 2003,
after 4 years of regular operation, median PCDD/F con-
centrations in soils decreased to 0.56 ng I-TEQ/kg (mean
0.77). In 2008, PCDD/F concentrations ranged from 0.07 to
50.6 ng I-TEQ/kg, with mean and median values of 2.89 and
0.49 ng I-TEQ/kg, respectively. Especially high levels were
observed in 4 specific samples (E4, E6, S5, and SV10), with a
maximum concentration of 50.6 ng I-TEQ/kg. This probably
indicates the close proximity of other pollution sources of
unknown origin. Important fluctuations in the levels of
PCDD/Fs throughout time were found in some specific sites.
Considering data not only from the baseline (1998) and most
recent (2008) surveys but also from intermediate studies
(2001, 2004, and 2006), it was decided to decrease the total
number of locations from 40 to 30. The 10 deleted sampling
sites were N3, N5, S5, S8, SV4, SV6, SV7, SV, SV9, and
SV11. Among these, 6 corresponded to urban sampling sites
(SV) adjacent to roads and streets, making evident the
influence of traffic as an important source of PCDD/Fs
(Sidlovd et al. 2009; Wang et al. 2009).

In 2009, PCDD/F levels ranged from 0.09 to 2.99 ng
I-TEQ/kg, with mean and median values of 0.75 and
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Table 1 Temporal trends in PCDD/F concentrations in soil samples collected near the HWI of Constanti, Catalonia, Spain

PCDD/Fs (ng I-TEQ/kg)

Sample Distance to Area 1998 2003 2008 2009 Variation (%)

HWI (m)

1998-2009 2008-2009

El 500 R 1.22 0.89 0.47 0.26 -79 —45
E2 1000 R 0.52 0.78 1.53 0.45 —13 =70
E3 1500 R 0.41 0.53 0.27 0.22 —47 -20
E4 2000 R 0.65 0.60 11.5 0.16 —76 -99
E5 2500 R 5.11 0.10 0.75 1.10 -79 46
E6 3000 R 0.40 0.10 50.6 2.99 648 —94
E7 3500 R 0.12 0.16 1.45 0.43 263 =70
E8 4000 U 1.99 0.72 1.59 0.55 =72 —65
E9 >4000 R 0.16 0.15 0.72 0.21 34 =70
N1 500 R 0.34 0.28 0.37 0.22 -35 —41
N2 1000 R 0.23 0.47 0.52 0.21 -10 —60
N3 1500 R 0.26 0.28 0.16 - - -
N4 2000 R 0.75 0.22 0.17 0.32 —58 89
N5 2500 R 0.13 2.39 0.07 - - -
N6 3000 R 0.51 0.82 0.28 0.46 —10 66
N7 3500 R 0.60 0.59 0.29 1.46 144 412
NW1 500 R 0.64 0.26 0.27 0.34 —46 27
NW2 1000 R 0.22 0.53 0.45 1.85 740 312
NW3 1500 R 0.43 0.73 0.49 0.94 119 93
Nw4 2000 R 3.68 0.24 0.38 1.18 —68 212
NW5 2500 R 0.66 0.26 0.34 0.10 —84 —69
NW6 3000 R 1.07 0.43 1.65 0.87 —19 —47
NW7 3500 R 2.34 0.59 0.49 0.32 —86 -35
S1 500 R 1.10 0.91 0.44 1.82 66 312
S2 1000 R 1.02 0.23 0.89 0.24 —76 -73
S3 1500 R 0.75 0.53 0.49 0.41 —46 —18
S4 2000 R 0.45 1.14 0.25 0.09 —80 —65
S5 2500 R 1.01 1.24 25.0 - - -
S6 3000 R 1.00 0.61 0.27 0.19 —81 -30
S7 3500 R 0.35 0.42 0.16 0.27 —-22 72
S8 4000 R 1.94 1.00 043 - - -
SV1 >4000 U 0.15 0.36 1.08 2.84 1794 163
Sv2 >4000 U 2.00 0.43 1.03 0.58 =71 —44
Sv4 >4000 U 343 0.74 1.35 - - -
SVé6 >4000 U 3.61 2.70 0.62 - - -
SV7 >4000 U 2.42 3.66 1.19 - - -
SV8 >4000 U 17.2 2.30 0.32 - - -
SV9 >4000 U 3.06 0.35 0.14 - - -
SVi10 >4000 U 0.84 0.93 5.88 1.28 53 —78
Svi1 >4000 U 0.75 1.20 1.04 - - -
Mean 1.59 0.77 2.39 0.75 —53 —74
SD 2.79 0.75 8.84 0.77 - -
Median 0.75 0.56 0.49 0.42 —44 —14
Minimum 0.12 0.10 0.07 0.09 -25 29
Maximum 17.2 3.66 50.6 2.99 —83 —94

R rural, U urban, E east, N north, NW northwest, S south, SV urban sites at different directions
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Table 2 Temporal trends in PCDD/F concentrations in herbage samples collected near the HWI of Constanti, Catalonia, Spain
PCDD/Fs (ng I-TEQ/kg)
Sample Distance to Area 1998 2003 2007 2008 Variation (%)
HWI (m)
1998-2008 2007-2008
El 500 R 0.21 0.23 0.22 0.29 40 34
E2 1000 R 0.32 0.22 0.31 0.47 46 51
E3 1500 R 0.19 0.16 0.56 0.23 20 -59
E4 2000 R 0.22 0.21 0.15 0.23 4 52
E5 2500 R 0.18 0.32 1.27 0.33 85 —74
E6 3000 R 0.17 0.29 0.14 0.95 459 578
E7 3500 R 0.14 0.93 0.19 0.27 91 40
E8 4000 U 0.51 0.20 0.14 0.34 -33 146
E9 >4000 R 0.43 0.23 0.43 0.83 92 92
N1 500 R 0.25 0.14 0.23 0.36 43 55
N2 1000 R 0.19 0.11 0.15 0.94 397 529
N3 1500 R 0.24 0.19 0.15 1.12 367 647
N4 2000 R 0.28 0.17 0.13 1.53 447 1078
N5 2500 R 0.30 0.21 0.19 0.84 180 342
N6 3000 R 0.27 0.14 0.51 1.22 350 138
N7 3500 R 0.19 0.21 0.17 1.74 816 924
NW1 500 R 0.52 0.32 0.23 0.24 —53 6
NW2 1000 R 0.20 0.24 0.17 0.23 13 33
NW3 1500 R 0.21 0.23 0.14 1.20 471 757
Nw4 2000 R 0.32 0.23 0.26 1.13 253 334
NW5 2500 R 0.32 0.21 0.22 0.30 -7 35
NW6 3000 R 0.21 0.19 0.28 0.36 73 30
NW7 3500 R 0.48 0.22 0.43 0.60 25 39
S1 500 R 0.18 0.24 0.41 1.39 671 239
S2 1000 R 0.34 0.07 0.14 0.71 108 405
S3 1500 R 0.23 0.05 0.26 1.78 672 583
S4 2000 R 0.17 0.20 0.38 2.84 1573 648
S5 2500 R 0.19 0.14 1.19 3.60 1794 202
S6 3000 R 0.19 0.10 0.33 3.28 1628 895
S7 3500 R 0.21 0.44 0.24 2.13 913 786
S8 4000 R 0.32 0.28 0.25 2.35 636 842
SV1 >4000 U 0.18 0.33 0.27 1.25 597 365
Sv2 >4000 U 2.01 0.44 0.40 0.92 —54 131
Sv4 >4000 U 0.17 0.20 0.15 2.46 1347 1540
SVé >4000 U 0.24 0.16 1.44 1.41 487 -2
Sv17 >4000 U 0.21 0.11 1.10 2.36 1025 115
% >4000 U 0.45 0.15 0.96 1.98 341 107
SV9 >4000 U 0.32 0.21 1.54 3.07 858 99
SV10 >4000 U 0.36 0.16 1.36 1.11 207 —19
SV11 >4000 6] 0.25 0.13 0.16 2.33 832 1356
Mean 0.31 0.22 0.43 1.27 309 195
SD 0.29 0.14 0.41 0.94 — —
Median 0.23 0.21 0.25 1.11 384 345
Minimum 0.14 0.05 0.13 0.23 64 77
Maximum 2.01 0.93 1.54 3.60 79 134

R rural, U urban, E east, N north, NW northwest, S south, SV urban sites at different directions
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0.42 ng I-TEQ/kg, respectively. This indicates a nonsig-
nificant 44% decrease (p > 0.05) in PCDD/F median
concentrations in soils with respect to the baseline survey
(1998). Between 2008 and 2009, median PCDD/F levels
decreased by 14%: They decreased in 19 of the 30 samples
and increased in the remaining 11 samples. In 1998,
2,3,7,8-TCDD, the most toxic congener, was detected in
50% of the 40 samples (detection limit 0.05 ng/kg), with
0.5 ng/kg being the highest concentration found. In con-
trast, in the 2008 and 2009 studies, 2,3,7,8-TCDD was only
detected in 9 and 7 samples, respectively (detection limit
0.03 ng/kg). OCDD was the most abundant congener in all
surveys, with percentages ranging between 64 and 78%.
Figure 2 depicts the PCDD/F congener profiles in soil
samples collected during the period from 1998 to 2009.
After OCDD, a notable contribution of 1,2,3,4,6,7,8-
HpCDD, OCDF, and 1,2,3,4,6,7,8-HpCDDF was noted.
Similar PCDD/F profiles were observed during the 4 years,
which is in agreement with recently reported results
(Schuhmacher et al. 2009b; Vives et al. 2008). A particular
study of the PCDD/F concentrations in environmental
compartments, according to distance from the HWI, was
also performed (Table 3). The highest levels of PCDD/Fs
were found at the farthest distances from the plant
(>4000 m), being 1.9- (2009) to 4.0-fold (1998) greater
than those collected in closest proximity (500 m).

Most air-pollutant sources release traces of contaminants
that are characteristic to their specific source types. To
identify the relevance of other potentially important pollu-
tion sources, principal component analysis (PCA) was
applied to the entire set of PCDD/F soil concentrations. PCA
is widely used in environmental studies, allowing one to
handle large amounts of data by reducing them into a
few variables to extract as much information as possible
(Nadal et al. 2004). Multivariate data analysis, such as
PCA, helps identify, among different potential emission
sources, the one actually responsible for contamination
(Colombo et al. 2009). In the present study, PCA provided a

Fig. 2 PCDD/F congener
profiles of soil samples

Table 3 Summary of PCDD/F concentrations (ng I-TEQ/kg) in soil
and herbage samples according to distance from the HWI of Con-
stanti, Catalonia, Spain

Sample Year 500 m 3000 m >4000 m
type (n=4) n=4) (n = 10)
Soil 1998 0.83 £ 041 0.75 £ 0.29 3.36 £ 5.03
2003 0.59 £ 0.36  0.40 £ 0.30 1.28 £ 1.20
2008 0.39 £ 0.09 132 £25.0 1.41 + 1.73
2009 0.66 £ 0.78 1.13 + 1.27 1.23 £ 1.16*
Herbage 1998 0.29 £ 0.16 0.21 £ 0.04 0.49 + 0.58
2003 0.20 £ 0.06 0.18 £+ 0.08 0.22 £+ 0.10
2007 0.27 £0.09 032 +0.15 0.78 £ 0.56
2008 0.57 £0.55 1454+ 1.27 1.77 + 0.77

4 In 2009, only four samples were collected at a distance >4000 m
from the HWI

fourth-dimensional model that explained 93% of the vari-
ance in the data. The scatter plot of component scores on both
principal components (PCs) showed that most soil samples
were located in a main cluster, and there are only a few
outliers (Fig. 3). The first PC, which explains 58% of the
variance, was correlated with 1,2,3,4,7,8-HxCDF and hepta-
CDFs. The second PC (18% of the variance) was mainly
correlated with 1,2,3,7,8,9-HxCDD, 1,2,3,4,6,7,8-HpCDD,
and OCDD. The third PC (10% of the variance) was asso-
ciated with OCDD, and the fourth PC (7% of the variance)
was correlated with 2,3,7,8-TCDF and 2,3,4,6,7,8-HxCDF.
The main cluster shows a lack of differences in the cur-
rent emission sources with respect to those reported in the
baseline study. In contrast, some samples from the 2007
survey showed increased values of some components, such
as E6, S5, and E4 (PC2, PC3, and PC4, respectively). The
different sample profiles reflect that they could have been
affected by punctual pollution sources, mainly traffic, but
also possibly by agricultural burnings.

With regard to vegetation, in the baseline survey
(1998), PCDD/F concentrations ranged from 0.14 to 2.01 ng

’I 1998 02003 @2008 m 2009
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70
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Fig. 3 PCA for soil samples collected in the vicinity of the HWI

I-TEQ/kg, with median and mean values of 0.23 and
0.31 ng I-TEQ/kg, respectively. In 2003, PCDD/F con-
centrations ranged from 0.05 to 0.93 ng I-TEQ/kg, with
median and mean values of 0.21 and 0.22 ng I-TEQ/kg,
respectively. In the 2007 study, PCDD/F concentrations
ranged from 0.13 to 1.54 ng I-TEQ/kg, with median and
mean values of 0.25 and 0.43 ng I-TEQ/kg, respectively. In
the last survey (2008), PCDD/F levels ranged from 0.23 to
3.60 ng I-TEQ/kg, with median and mean vales of 1.11 and
1.27 ng I-TEQ/kg, respectively. Compared with the pre-
vious surveys, a significant increase (p < 0.05) in PCDD/F
concentrations in vegetation was observed in 2008, with
median values being at least 4-fold greater. In both periods
(1998-2008 and 2007-2008), PCDD/F levels decreased in
only 4 sampling points, whereas increases of different
relevance were noted in the remaining 36. However, this
increase was uniformly observed in the entire sampling
area independent of distance from the HWI (Table 3),
indicating that the plant was not the source of the increase.

To obtain a scientifically consistent explanation, a close
study of meteorological conditions occurring before the
sampling period was performed. Rainfall was found to be
the most critical parameter. Spring 2008 was extremely dry
compared with mean precipitation values observed during
the collection of samples in previous surveys. In 2007,
accumulated rainfall during the previous fortnight before
sampling had been 47.9 I/m?, while it had been 12.0 I/m?
during the previous week. In contrast, data analysis indi-
cated accumulated precipitations of 12.0 and 0 1/m? in the
previous fortnight and the week of the 2008 survey,
respectively. This notable difference in rain would have
lead to a decrease in pollutant wash-up, both on vegetation
and in the air, as well as a lower herbage growth rate and,
subsequently, decreased dilution of PCDD/Fs in the vegetal
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burden. Although vegetation has traditionally been con-
sidered a suitable short-term environmental monitor of
pollution (Schuhmacher et al. 2006), the results of the
current investigation indicates that this matrix must be
jointly used with data of other parameters, e.g., meteoro-
logical conditions. Otherwise, the assessment of pollutant
concentrations in a single compartment (vegetation but also
soil or air) might yield significant misinterpretation when
evaluating temporal trends of environmental pollutants.
The PCDD/F congener profiles of herbage samples
collected between 1998 and 2008 in the surroundings of the
HWI is depicted in Figure 4. Before 2008, the profile was
similar to that of soils, with OCDD being the predominant
congener. By contrast, in 2008, 2,3,7,8-TCDF, the most
volatile dibenzofuran (I-TEF = 0.1), showed the highest
contribution to total concentration as a consequence of a
generalized increase of levels in a number of samplings
sites situated >1500 m from the HWI (S3-S8) as well as in
some urban locations. With the exception of OCDD, the
concentration of all PCDD/F congeners increased signifi-
cantly (p < 0.05) with respect to the previous survey
(2007). Moreover, significantly greater levels were also
found compared with the baseline study (1998) for all
congeners except OCDF. A common aspect among all
surveys is that urban samples always presented signifi-
cantly greater concentrations of PCDD/Fs in vegetation
(p < 0.05) than rural samples did. In 1998, median levels
of 0.29 and 0.22 ng I-TEQ/kg were found in urban and
rural areas, respectively, whereas in 2007, the median
concentrations were 0.68 and 0.23 ng I-TEQ/kg, respec-
tively. In the 2008 study, although PCDD/F levels in
vegetation increased in both zones (<1.70 and 0.89 ng/kg
in urban and rural herbage samples, respectively), the dif-
ference maintained statistical significance. These results
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Fig. 4 PCDD/F congener
profiles of herbage samples
collected around the HWI 60

]D 1998 W 2003 E 2007 @ 2008

during the period from 1998 to
2008

reflect that the increase was widespread, independent of the
characteristics of the sampling area (urban or rural),
because of the special weather conditions mentioned
previously.

PCA was also applied to vegetation samples. A single
three-dimensional model accounting for 83% of the vari-
ance was obtained (Fig. 5). The first PC (66% of the var-
iance) was correlated with penta- and hexa-CDFs, whereas
the second PC (11% of the variance) was positively cor-
related with 1,2,3,4,6,7,8-HpCDD and OCDD. Finally, the
third PC (6% of the variance) was associated with 2,3,7,8-
TCDD and 2,3,4,6,7,8-HxCDF. Most samples collected in
2008 presented a high PCI1 value, indicating a change in
the usual profile, which was more clearly visualized in
samples collected in the south (S) and urban (SV) quad-
rants. Moreover, very specific samples from previous col-
lections were correlated with high PC2 (E6 and SV8) and
PC3 (SV2) values.

According to the previous information, it is evident that
environmental monitoring must continue to corroborate
that increased PCDD/F concentrations in herbage samples
were actually caused by the special meteorological condi-
tions registered in 2008. In this sense, the next monitoring
survey (scheduled for 2010) will help elucidate the influ-
ence of rainfall on the assessment of temporal trends of
environmental PCDD/Fs in the area. Furthermore, a slight
change of the surveillance program structure seems nec-
essary. From the results reported here, it seems clear that
this kind of investigation should not be based only on
information from single compartments but should have
parameters that are as diversified as possible. Compared
with vegetation, soils, which are characterized as cumula-
tive matrices and therefore more suitable for long-term
studies, are not so dependent on meteorological conditions.
However, trends occurring during short periods of time
cannot be studied in such detail. Although some investi-
gators have actually suggested that soil is a good matrix for
the evaluation of the spatial distribution of persistent
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organic pollutants, they have also noted the difficulties in
establishing temporal trends (Kukucka et al. 2009). Again,
this is proof that environmental monitoring programs
should diversify typology and number of parameters that
supply data to achieve suitable interpretation of that data.

In addition to the environmental monitoring program,
human health risks of exposure to PCDD/Fs for the local
population were evaluated. PCDD/F exposure was divided
into two pathways: environmental and dietary (Dourson
et al. 2004). To calculate environmental exposure, three
routes were considered: inhalation, dermal absorption, and
soil ingestion, according to the Spanish and USEPA
methodologies (Rovira et al. 2010). Airborne PCDD/F
levels were obtained from recent investigations of our
research group (Nadal et al. 2009b; Vilavert et al. 2009), as
well as data from the Department of Environment of the
Generalitat (Autonomous Government) de Catalunya in the
same study area. In contrast, dietary exposure to PCDD/Fs
was estimated from data concerning PCDD/F concentra-
tions and consumption of various groups of foodstuffs in
Catalonia (Domingo et al. 1999a; Mari et al. 2007; Marti-
Cid et al. 2008).

The results of the human health risk assessment in adults
are listed in Table 4. Regarding direct exposure to PCDD/
Fs, air inhalation was the main pathway reported by most
surveys, accounting for 40-91% of total exposure.
Exceptionally, soil ingestion was the most contributory
route in 2008 (44% of total exposure) as a consequence of
the notably greater concentrations of PCDD/Fs in soil. A
general decreasing tendency of PCDD/F environmental
exposure was observed between baseline values (3.72 x
107> ng I-TEQ/kg/d) and those of the most recent study
(4.18 x 107° ng I-TEQ/kg/d), which correlates well with
decreased air PCDD/F concentrations (from 123 to 9.45 pg
I-TEQ/m?). Although food consumption continues to be
the most important pathway of human exposure to PCDD/
Fs (Baeyens et al. 2007; Furuya et al. 2010), an important
decrease in dietary intake of these pollutants has been
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Fig. 5 PCA for herbage samples collected in the vicinity of the HWI
Table 4 Environmental and dietary exposure to PCDD/Fs for adults living near the HWI of Constanti, Catalonia, Spain
1998 2003 2008 2009
Environmental exposure
PCDD/F C,;, (ng I-TEQ/m®) 1.23E—-04 4.21E-05 1.51E-05 9.45E—-06
PCDD/F C,,; (ng I-TEQ/kg) 1.59 0.77 2.89 0.75
PCDD/F Inh (ng I-TEQ/kg/d) 3.38E—-05 1.15E—-05 4.12E-06 2.59E—-06
PCDD/F Der total (ng I-TEQ/kg/d) 8.82E—-07 4.27E-07 1.60E—06 4.16E—07
PCDDVF Ing total (ng I-TEQ/kg/d) 2.48E—06 1.20E—06 4.51E—-06 1.17E—06
Total (ng I-TEQ/kg/d) 3.72E—-05 1.31E—-05 1.02E—-05 4.18E—06
Dietary exposure
Intake of PCDD/F (ng TEQ/kg/d) 3.00E—-03 8.52E—04 3.70E—04 3.70E—04
Total exposure (ng I-TEQ/kg/d) 3.04E-03 8.65E—04 3.80E—04 3.74E-04

reported in a number of the world’s countries (Llobet
et al. 2008). In the present study, dietary intake of PCDD/
Fs was estimated to be >97% of the total intake of these
pollutants. The noncarcinogenic risk, expressed as hazard
quotient (HQ), was calculated by comparing environ-
mental exposure and total dietary intake recommended by
the World Health Organization: 1 to 4 pg TEQ/kg body
weight/d (Karademir 2004; Van Leeuwen et al. 2000). In
all cases, the HQ for PCDD/Fs was <1, ranging between
0.01 and 0.12. In turn, carcinogenic risk was calculated by
multiplying total exposure and the oral slope factor for
PCDD/Fs (USEPA 2009). Mean carcinogenic risk was
estimated to be 1.68 x 1077, 1.46 x 1077, 472 x 1077,
and 1.21 x 1077 in 1998, 2003, 2008 and 2009, respec-
tively. In all cases, these values were lower then the
maximum level of assumable risk (10_5) based on
Spanish legislation. They also agree with the results
obtained in the framework of other recent investigations
performed in various industrial locations of Catalonia
(Schuhmacher et al. 2009b).

In conclusion, according to the results of the current
ongoing surveillance program, the environmental impact of
the HWI is not significant with respect to PCDD/F emis-
sions. After 10 years of continuous measurements, it can be
asserted that concentrations of these pollutants in envi-
ronmental matrices of different characteristics (soil and
vegetation) are comparatively low in relation to levels
found in the literature. The specific studies of temporal
trends and PCDD/F levels according to distance from the
HWTI have demonstrated that this facility has a low pollu-
tion impact. In turn, the current concentrations of PCDD/Fs
in the environment surrounding the HWI do not pose
additional carcinogenic or noncarcinogenic risks for the
local population. Moreover, the dietary intake of these
contaminants continues to be the most important pathway
of human exposure by far.

A general increasing tendency of PCDD/F concentra-
tions in soils and herbage samples has not been observed.
However, some fluctuations have been noted throughout
time for a variety of reasons, such as the meteorological
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conditions occurring before sampling or the influence of
local point/diffuse emission PCDD/F sources of unknown
origin. This is a clear indicator that investigations of tem-
poral trends require data collection from as many different
sources as possible. Otherwise, the assessment of limited
information (e.g., the use of a single compartment rather
than multiple compartments) might lead to significant
misinterpretation of the actual situation. Further studies of
the surveillance program will help elucidate the signifi-
cance of rainfall as well as the necessity to include new
monitors, such as air, which has proven to be a good
complementary tool for evaluating the impact of HWIs
(Vilavert et al. 2009).
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Discussio Article 4

Els resultats de PCDD/Fs en herbes obtinguts I'any 2008 van ser superiors als trobats a
I'estudi anterior (2007). La majoria de les mostres varen presentar concentracions més
elevades, comportant un augment estadisticament significatiu global (p<0.05) del 345%.
Comparant el present estudi amb el de referéncia (1998), es va produir un augment
global significatiu (p<0.05) del 384%. Aquest increment generalitzat podria ser causa de
I'escassa pluviositat que es va donar I'any 2008 en els dies previs a la recollida, en

comparacio amb els estudis anteriors.

Respecte als diferents congéneres analitzats, la majoria van presentar diferencies
estadisticament significatives comparant les dues arees de I'estudi (urbanes i rurals)
entre 1998 i 2008, aixi com entre 2007 i 2008.

L’analisi de components principals va indicar que la majoria de mostres recollides al

2008 presentaven un elevat component 1, mentre que altres mostres concretes
presentaven un elevat component 2, la qual cosa demostrava un canvi en el perfil
habitual. Aquest fet segurament podria ser consequéncia de les condicions

meteorologiques especials que es van donar en aquella campanya (primavera de 2008).

No es va trobar cap correlacié entre la proximitat a la planta i la concentracié de
PCDD/Fs. Aixi mateix, cap de les direccions avaluades va estar relacionada amb un
augment de PCDD/Fs.

Els resultats de PCDD/Fs en sols obtinguts I'any 2009 van ser inferiors als trobats al
2008. La majoria de les mostres varen presentar uns nivells més baixos, comportant una
disminucié global de la mediana del 14% (estadisticament no significativa). Comparant
I'estudi actual amb I'estudi de referencia (1998), es va observar també una reduccio
global no significativa, essent en aquest cas del 44%. Quant als diferents congeneres de
PCDD/Fs analitzats, la majoria no va presentar diferéncies estadisticament
significatives en funcié de l'area de recollida (rural o urbana). Aixi mateix, no es va
trobar cap relacié directa entre les concentracions de PCDD/Fs en sols i la proximitat a
la planta. L’analisi de components principals demostra que el perfil, i per tant les fonts
de contaminacio de PCDD/Fs, no han canviat durant els darrers anys.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Les concentracions actuals de PCDD/Fs als voltants de I'ERI no suposen un risc
addicional no carcinogen ni carcinogen per a la poblacié local derivat de I'exposicié a
dioxines i furans. Finalment, comparant amb altres estudis que s’han realitzat en altres
indrets, s’observa que les actuals concentracions de PCDD/Fs en herbes i sols del Camp
de Tarragona son del mateix ordre de magnitud, o fins i tot inferiors, a les publicades a
la bibliografia cientifica per a zones de caracteristiques similars.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Resum Article 5

Al 1998, es va iniciar el programa de vigilancia ambiental de I'inic Ecoparc de residus
industrial (ERI) de I'Estat Espanyol. Es van analitzar les concentracions d’'una serie de
metalls pesants (As, Be, Cd, Cr, Hg, Mn, Ni, Pb, Sn, Tl i V) en mostres de sols i
vegetacio recollides als voltants de la instal-lacio. Des de llavors, s’han portat a terme
mesures periodiques d’'aquests elements en ambdues matrius alternativament. Al 2009 i

2010, es van recollir i analitzar noves mostres de sol i vegetacio.

Respecte a l'estudi blanc (1996-1998), els valors de metalls en herbes varen presentar
un augment dels nivells en només tres metalls (Cr, Mn i Ni), essent estadisticament
significatiu en els tres casos. D’altra banda, la resta de metalls van presentar
disminucions de diferent consideraciod, sent significatives en el cas del Cd, el Pb, I'Sn i
el V. En comparaci6 amb [l'estudi previ (2008), es detectaren disminucions
significatives de Cr i V, i augments significatius de Mn, Ni i Sn. En consequencia, els
diferents elements presentaren importants fluctuacions de les concentracions en
vegetacio al llarg del temps, no directament imputables a I'activitat constant de la

planta.

Respecte a l'estudi blanc (1998), les concentracions de metalls en sols van augmentar
considerablement, amb un increment especialment significatiu en el cas de I'As, el Be,
el Cr, I'Sn, el Tl i el V (p<0.001). Aixi mateix, es va observar una disminucié
estadisticament significativa per al Cd (p<0.05) i el Hg (p<0.001). Tot i aixi, representa
una disminucié de les concentracions respecte a I'estudi anterior (2008) en la majoria de

metalls analitzats.

En termes generals, les tendéncies temporals en les concentracions de metalls no van ser
homogenies, i mostraren canvis significatius respecte I'estudi de referencia i els estudis
anteriors. Tot i aix0, els nivells actuals de metalls tant en sols com en vegetacio
segueixen sent similars als corresponents a altres arees urbanes i industrials, i molt per
sota dels valors de referéncia establerts pels organismes nacionals. Per altra banda,
I'exposicio als elements estudiats no suposa, ni ara ni en els 10 anys previs, cap risc
cancerigen i no cancerigen per a la salut de la poblacié que viu a prop, després de que

I'ERI hagi estat operant durant aquest periode.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Article 5. “Monitoring environmental levels of trace elements near a
hazardous waste incinerator: Human health risks after a decade of

continuous operation.” En premsa a: Biological Trace Element
Research
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Abstract In 1998, we initiated an environmental surveillance program of the only
hazardous waste incinerator (HWI) in Spain. The concentrations of a number of metals
(As, Be, Cd, Cr, Hg, Mn, Ni, Pb, Sn, Tl, and V) were analyzed in soil and vegetation
samples collected around the facility. Since then, periodical measurements of these same
elements have been performed in both matrices. In 2009 and 2010, soil and vegetation
samples were again collected, and the levels of the above elements were determined. In
general terms, the temporal trends in metal concentrations were not homogeneous,
showing significant changes between the baseline and the latest surveys. Metal levels in
soil and herbage samples analyzed in the current survey were similar to recent data
reported for other urban and industrial areas, being notably lower than the reference
values set by national regulatory organisms. Moreover, more than 10 years after regular
operations of the HWI, exposure to metals would not mean, either now or in past
surveys, any carcinogenic or non-carcinogenic health risks for the population living in
the neighborhood.
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Introduction

Nowadays, the management of hazardous waste (HW) generated in EU countries partly
relies on incineration processes. Waste combustion offers numerous environmental
advantages compared to other waste management strategies (i.e., volume reduction and
energy recovery) [1], being environmentally preferable to landfill disposal [2]. Unfortu-
nately, the construction and/or operation of municipal solid waste incinerators (MSWIs) and
hazardous waste incinerators (HWIs) are still a topic of considerable public concern [3]. It
is because industrial combustion processes may mean an important source of various
environmental pollutants, including heavy metals and organic chemicals. On the other hand,
although the number of HWIs is notably lower than that of MSWIs, and the volume of
waste to be treated is remarkably different, special attention is paid on those facilities, since
input waste may be particularly dangerous for the environment.

Metals are naturally present in the earth’s crust and distributed in soil, water, and air [4, 5],
with occurrence in biotic and abiotic medias, being considerably affected by anthropogenic
activities [6]. In modern HWIs, metals contained in the HW are mainly collected in bottom
and fly ash, with only limited amounts being released from the stack as particulate matter or
vapour [7]. Atmospheric emissions of metals are a matter of concern taking into account that
the presence of heavy metals in soils and the general environment have a direct incidence on
public health. Previous studies have shown that exposure to metals including arsenic (As),
lead (Pb), mercury (Hg), and cadmium (Cd) leads to accumulations in human fatty tissues,
which may have subsequent effects on the central nervous system and/or other physiological
functions [8].

Environmental monitoring programs are common tools to control the state of pollution
in specific areas, as well as to address possible remediation strategies [9, 10]. Such
monitoring programs are employed to assess the contribution of a potential contaminant
source on the global environment. Given their feasibility to be easily collected and stored,
soil and vegetation samples are two of the most standardized environmental monitors [11—
13]. They are good indicators of long- and short-term exposure to environmental pollutants,
respectively [14].

Between 1996 and 1998, a new HWI was built in Constanti (Tarragona County,
Catalonia, NE Spain). An extensive description of the HWI activities and surroundings as
well as the prevailing winds in the area were previously reported [15, 16]. A pre-operational
(before the HWI began its regular activities) and subsequent follow-up biological and
environmental monitoring programs have been carried out since 1998 by measuring the
content of metals in some tissues of the local population and the environment, respectively
[17-19]. Accordingly, and after 10 years of regular surveys in the area, the present study
was aimed at determining the current levels, as well as the temporal trend in metal
concentrations in rural and urban areas surrounding the HWI. The potential health risks due
to metal exposure and their temporal evolution for the population living near the facility
were also assessed.

Materials and Methods
Sampling

In April 2009 and April 2010, 30 samples of soil and 30 samples of herbage (Piptatherum
paradoxum L.) were respectively collected in the surroundings of the HWI. Sampling sites

@ Springer
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were at different distances (500, 1,000, 1,500, 2,000, 2,500, 3,000, 3,500, 4,000 and >4000 m)
and directions (E, N, NW, and S) from the HWI, comprised within a radius of 7 km around the
facility. A detailed study of the initial 40 sampling points selected in the baseline and some
subsequent surveys showed that ten of them had very fluctuant values, suggesting a potential
significant impact of local sources rather than the HWI [20]. Consequently, the environmental
monitoring program was modified by reducing the number of sampling sites to 30 for each
environmental matrix (Fig. 1). The modification of surveillance programs has proven to be
successful in cases where there is a need to extend the amount of data and/or there is
redundant information [21]. Approximately 150 g of herbage was collected at each sampling
site by cutting the plants at a height of approximately 4 cm from the ground. Samples were
immediately packed in aluminum foils. Once they arrived in the laboratory, samples were
dried at room temperature and packed until further analysis. Surface (upper 5 cm) soils were
collected as bulk samples of 500 g representing an area of 10 m>, and stored in polyethylene
bags. Soil samples were also dried at room temperature and sieved through a 2-mm mesh
screen to obtain homogenous samples. Finally, soils were properly stored until the analytical
determination.

Analytical Procedure

Total concentrations of arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), lead
(Pb), manganese (Mn), mercury (Hg), nickel (Ni), thallium (TI), tin (Sn), vanadium (V),
and zinc (Zn) were determined in soil and herbage samples. Approximately 0.5 g of dried
soil or herbage was digested with 5 ml of nitric acid (65% Suprapur; E. Merck, Darmstadt,
Germany) in hermetic Teflon bombs using a Milestone Start-D microwave digestion
system, with a temperature gradient of 165°C for 10 min, then holding at that temperature
for 20 min. After cooling, solutions were filtered and made up to 25 ml with deionized
water and kept frozen at —20°C until further analysis [22].

Fig. 1 Distribution of 30 sampling points surrounding the HWI for herbage (a) and soil (b) samples
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The concentrations of all elements in soils, as well as As, Cd, Hg, Mn, and Pb in
vegetation, were measured by inductively coupled plasma spectrometry (ICP-MS, Perkin
Elmer Elan 6000). Those concerning Cr, Ni and V in herbage were analyzed by atomic
absorption spectrophotometry with graphite furnace atomization (AAS-GF, Varian spectro-
photometer, Spectra A-30). The accuracy of the results was controlled by digesting
duplicate samples and using blanks and control samples. Reference materials (for soils:
Soil, Loamy clay, RTC US, CRM 052; for herbage: Spinach leaves, Trace elements, NIST
1570a), which were run after every ten samples, were also used to check any drift in the
sensitivity of the instruments. For each element, quantification was based on the most
abundant isotope of that element free of analytical interferences. The percentages of
recovery ranged from 94% to 148% (Cd and As, respectively) in herbage samples, and
from 93% to 118% (Mn and Hg, respectively) in soils. The limits of detection (LODs) in
soils were the following: 0.10 pg/g for As, Hg, and Ni; 0.05 pg/g for Sn and Be; 0.03 ug/g
for Mn, Cd, Pb, and TI; and 0.25 pg/g for Cr and V. In herbage, LOD values were:
0.025 pg/g for Cd, Mn, Pb, and TI; 0.05 pg/g for Be, Sn, Hg, and Cr, and 0.1 pg/g for As,
V, and Ni.

Health Risk Characterization

Risk assessment was based on comparing the current metal concentrations in soils with the US
EPA Preliminary Remediation Goals (PRGs), considered as safe values for people living in
residential areas [23]. Metal intakes through ingestion and inhalation were calculated for adults
and children living in the area under potential influence of the HWI, distinguishing between
rural and urban areas. The criteria used for calculations were previously reported [22].

Data Analysis

If the level of an element was under its respective LOD, that concentration was assumed to
be one-half of that limit of detection (ND = 1/2 LOD). To evaluate the differences in metal
concentrations, data for soils and herbage were analyzed by one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test, respectively, depending on whether data followed a
normal distribution or not. A probability lower than 0.05 was considered statistically
significant (P<0.05). All statistical analyses were carried out using the SPSS-17.0
Statistical Software Package for Windows.

Results and Discussion
Metal Concentrations in Soil and Herbage

The current concentrations of heavy metals in soil and herbage samples collected near the
HWI, as well as the results of the baseline (1998) and those of our recent surveys (2007 and
2008) are summarized in Table 1. Similarly to previous studies, Mn was the most abundant
metal in vegetation, with mean values of 44.0 and 50.4 pg/g in the 2008 and 2010 surveys,
respectively. In contrast, Be and Tl in all surveys, and Hg in the most recent studies, were
below their respective LOD, which is in agreement with earlier monitoring programs
performed in the same area [21]. There was a significant increase in herbage concentrations
of Cr and Ni between the baseline (1998) and the last (2010) studies (P<0.001), being also
noted between 1998 (baseline) and 2008. In contrast, a significant reduction of Cd, Pb, Sn,
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Table 1 Concentrations and temporal trend of metal concentrations (pg/g) in herbage samples collected
(1998, 2007, 2008, and 2010) in the vicinity of an HWI (Constanti, Catalonia, NE Spain)

1998 2007 2008 2010 1998-2008 2007-2008 1998-2010 2008-2010
(n=40)  (n=40)  (n=40)  (n=40) (%) (%) (%) (%)
As  0.11£0.04 0.07£0.07 0.11£0.04 0.11+0.03 -4 64%* -4 -8
Be ND ND ND ND - - - -
Cd  0.05£0.01 0.01£0.01 0.04+0.07 0.03%0.01 -16 3Igxx —47EEE -37
Cr 0.23£0.17 0.75£0.15 141+0.55 048027  512%%* gk 110%+%  —g6***
Hg 0.23+0.09 ND ND ND - - - -
Mn 37.7£154 29.8+9.14 44.0+11.8 50.4=14.0 17+ 4gHx 34% 15%
Ni 059025 1.11£0.76 1.97+0.95 145+0.65  233%*x 77 145 -27*
Pb  1.03+£1.21 035+0.17 1.15+2.58 0.14+0.15 11 228 ~86%* -95
Sn 0.12+0.03 0.06+0.13 0.070.03 0.09+0.05  —43%** 14 24 33%
TI ND ND ND ND - - - -
Vo 0.19£0.13 0.17+0.18 038+026 0.12+0.03  102%**  [26%** —35EE pres

ND not detected
Values are given as mean + standard deviation
*P<0.05; **P<0.01; ***P<0.001

and V was noted when the whole period of time was assessed. Furthermore, the reduction
in the levels of Cr and V was especially notable between 2008 and 2010 (P<0.001). Awide
range of metal concentrations was found in the different surveys, with levels showing
important fluctuations. However, in general terms all values are in accordance with other
environmental monitoring surveys performed in Catalonia [24, 25]. Rather than a potential
increase in metal emissions by the HWI, the greater amounts detected in the latest survey
(2010) are most probably due to differences in pollutant sources together with changes in
the annual meteorological conditions. Notwithstanding, it is noteworthy that until 2007, the
analytical pre-treatment method was based on a stove digestion, whereas slight
methodological modifications were introduced in our last two surveys (2008 and 2010).
As stated above, digestion was carried out in this particular case by a microwave program
enabling a total degradation of organic matter and, therefore, resulting in a possible very
slight increase in metal concentrations observed in the samples from the last years. It might
be then feasible to hypothesize that the slightly increased levels of metals in vegetation,
when compared to previous surveys, could be partially due not only to temporal variations
or direct anthropogenic activities, but also to the differences in the analytical procedures
employed. Anyhow, extraction recoveries of the same magnitude were found independently
on the utilized digestion method.

Table 2 shows the metal levels in soils collected in the vicinity of the HWI in different
campaigns, as well as their temporal trends. Manganese was also the element detected at the
highest mean concentration (301.0 ug/g), followed by Pb and V (35.8 and 29.0 ug/g,
respectively). On the other hand, Hg, Cd, and Tl showed the lowest values (mean: 0.04,
0.20, and 0.20 pg/g, respectively). When comparing the values from the current (2010) and
the preceding (2008) studies, a certain decrease in soil concentration was observed for most
metals. However, the differences did not reach the level of statistical significance (P>0.05).
The spring of 2008 was characterized by a highly charged period of drought, with very little
generalized rain. Data from the Catalan Meteorological Service indicated a lack of rainfall
(cumulative precipitation: 0 mm) in Constanti, 7 days before the sampling. Rain is

@ Springer



UNIVERSITAT ROVIRA I VIRGILI

MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUiMICS I MICROBIOLOGICS A LES RODALIES DE PLANTES
DE RESIDUS. RISCOS PER A LA SALUT HUMANA

Lolita Vilavert Castella Giné Bordonaba et al.

DL: T-1526=20TT

Table 2 Concentrations and temporal trend of metal concentrations (pg/g) in soil samples collected (1998,
2008, and 2009) in the vicinity of an HWI (Constanti, Catalonia, NE Spain)

Soils 1998 2006 2008 2009 (n=30) 1998-2008 2006-2008 1998-2009 2008-2009
(n=40) (n=40) (n=40) (%) (%) (%) (%)
As 6.71£2.18 527+1.84 8.37+2.31  8.79+2.35 25%* 59k 31** 5
Be 0.40+0.23  0.36+0.10 0.68+0.22  0.60+0.19 TOHH* 89k 50%* —-12
Cd 0.26+0.17  0.15+0.06 0.22+£0.07  0.20£0.06 —-16 4% —23* -9
Cr 16.01+£5.01 13.00+4.94 22.3+£5.85  20.8+4.8 39 T1HEE 30%* =7
Hg 0.16+0.11 ND ND 0.04+0.04 - - —T77** -
Mn  280.0£84.5 202.7+53.5 307.1+86.4 301.0+65.8 10 52k 7 -2
Ni 15.2+4.66 8.68+2.56 14.9£5.65 15.1+3.8 -2 T 0 2
Pb 41.5+32.6 30.55+15.87 35.0+£17.9  358+11.2 —-16 15 —14 2
Sn 0.22+0.18  0.12+0.20 0.51+£0.76  0.41+0.31 130* 309* 85%* -20
Tl 0.12£0.03  0.10+0.05 0.19£0.06  0.20+0.06 S7H** 85HA* 63%%* 4
\Y 18.9+£5.34 18.42+10.09 32.1£7.07  29.0+6.1 69+ T4HEE 53%** —-10

ND not detected
Values are given as mean + standard deviation
*P<0.05; **P<0.01; ***P<0.001

considered a cleaner element for various reasons. For example, it results in a runoff, helping
to remove pollutants and particles present on superficial soil. Precipitation also favors the
vegetative growth of the plant and water accumulation, facilitating a dilution effect in
comparison to vegetation samples collected in years of drought [20]. At any rate, metal
concentrations in both soils and herbage from the current survey were generally similar to
data recently reported for other urban areas [26, 27], and far below the reference value set
by the Catalan Agency of Waste for the most restrictive scenario [28].

The concentrations of metals in herbage and soils samples collected in 2010, according
to the specific zones of sampling (urban or rural), are summarized in Table 3. Metal levels
were very similar independently on the area of collection. Only Mn in vegetation showed
significant higher concentrations in rural zones. Similarly, no significant differences in
metal levels (P>0.05) were observed when classifying the different sample locations
according to the distance or direction to the HWI. Pollutant emissions from the HWI are
periodically measured by sampling stack air. In 2010, metal levels in emission air ranged
from <0.2 to 7.1 pg/Nm® (data corrected to 11% O,) for Hg and Pb, respectively. The
profile of the emission concentrations was compared with those corresponding to soil and
vegetation samples collected in 2009 and 2010, respectively (Fig. 2). Although Mn was the
most abundant element in the three matrices (42%, 73%, and 95% in air, soil, and
vegetation, respectively), the relative contribution of the remaining chemicals was notably
higher in emission samples. The differences were especially notorious between air and
vegetation, a short-term environmental monitor, for some carcinogenic elements (As, Cd,
and Cr). This lack of similarities in the metal profiles would be a clear indication that the
plant is not a particular source of metal pollution for the surrounding environment.

Human Health Risk Assessment

Metal concentrations from soil samples in the vicinity of the HWI were used to estimate the
carcinogenic and non-carcinogenic risks for the population living in the area under potential
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Table 3 Metal concentration (pg/g) in herbage (2010) and soil (2009) samples collected in rural and urban
areas near an HWI (Constanti, Catalonia, NE Spain)

Herbage Soil

Urban Rural P Urban Rural P
As 0.12+0.06 ND NS 8.54+2.71 8.79+2.33 NS
Be ND ND - 0.57+0.06 0.59+0.20 NS
Cd 0.03+0.01 0.03+0.01 NS 0.22+0.01 0.21+0.07 NS
Cr 0.53+0.46 0.47+0.21 NS 17.79+4.04 21.09+4.77 NS
Hg ND ND - 0.03+0.01 0.04+0.04 NS
Mn 37.9+8.0 542+13.2 <0.01 295.1+29.4 301.7+£67.8 NS
Ni 1.40+0.95 1.42+0.55 NS 13.42+3.78 15.33+3.80 NS
Pb 0.13+0.11 0.15+0.16 NS 36.65+£10.87 36.05+11.47 NS
Sn 0.11£0.09 0.08+0.04 NS 0.68+0.60 0.39+0.27 NS
Tl ND ND - 0.16+0.07 0.20+0.06 NS
A\ 0.14+0.05 0.12+0.01 NS 28.25+6.48 32.46+7.04 NS

ND not detected, NS not significant

influence of the facility. When compared with PRGs, all the analyzed elements showed
values within the safe interval for non-carcinogenic risks, with percentages below 100% in
all cases (Fig. 3). Unlike our preceding survey [13], in which V showed the highest
percentage of soil screening levels (around 32%), values from the current survey revealed
that soil concentrations of V were 20-fold lower than the safety values. Based on data from
2009, Mn, especially in rural areas, and Tl were the metals currently leading to higher soil
screening levels. In contrast to previous campaigns, among the carcinogenic metals, none of

Fig. 2 Metal profile in HWI
stack emission air, as well as in
soil and vegetation samples col-
lected in the surroundings of the
facility

B Air 8 Soil O Vegetation
100 7

%
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Fig. 3 Non-carcinogenic and Non-carcinogenic Risks
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these elements (As, Cd, or Cr) surpassed the screening level of 100% (Fig. 3). Regarding
As, the important reduction from 1000 to 30%, respect to the threshold values established
as PRGs, could be related to the lower current concentrations of this element in soils from
rural areas. In spite of these encouraging results, efforts should continue to minimize the
release of carcinogenic and non-carcinogenic elements to the environment.

The predicted oral and inhalation daily exposures, together with the hazard quotients for
adults and children living nearby the HWI, are presented in Tables 4 and 5, respectively. As
observed in earlier studies [13], the hazard quotient (HQ) for any of the elements did not
exceed the safe value of 1. Calculations were only performed for children since they are one
of the most sensitive groups of population. Accompanying a reduction in the predicted oral
and inhalation daily exposures, there was a notable reduction in the cancer risk due to
inhalation and ingestion of these compounds for the population living in the vicinity of the
facility (Fig. 4). Cancer risks due to exposure to those elements were below the range 10~°
to 10~*, which is considered acceptable in terms of human carcinogenic risks.

Table 4 Predicted heavy metal oral exposure (mg kg ' day ') and HQ for adults and children living in rural
and urban areas near an HWI

RiD, Adults Children
(mg kg ' day )
Urban Rural Urban Rural
Exposure HQ Exposure  HQ Exposure HQ Exposure HQ
As  3.00E-04 8.57E-08 2.86E-04 3.57E-08 1.19E-04 1.60E-06 5.33E-03 6.67E-07 2.22E-03
Be 2.00E-03 8.93E-08 4.46E-05 8.93E-08 4.46E-05 1.67E-06 8.33E-04 1.67E-06 8.33E-04
Cd  5.00E-04 2.14E-08 4.29E-05 2.14E-08 4.29E-05 4.00E-07 8.00E-04 4.00E-07 8.00E-04
Cr* 3.00E-03 3.79E-07 1.26E-04 3.36E-07 1.12E-04 7.07E-06 2.36E-03 6.27E-06 2.09E-03
Hg 3.00E-04 1.79E-08 5.95E-05 1.79E-08 5.95E-06 3.33E-07 1.11E-04 3.33E-07 1.11E-04
Mn 2.40E-02 2.71E-05 1.13E-03 3.87E-05 1.61E-03 5.05E-04 2.11E-02 7.23E-04 3.01E-02
Ni  2.00E-02 1.00E-06 5.00E-05 1.01E-06 5.07E-05 1.87E-05 9.33E-04 1.89E-05 9.47E-04
Pb  3.50E-03 9.29E-08 2.65E-05 1.07E-07 3.06E-05 1.73E-06 4.95E-04 2.00E-06 5.71E-04
Sn  6.00E-01 7.86E-08 1.31E-07 5.71E-08 9.52E-08 1.47E-06 2.44E-06 1.07E-06 1.78E-06
Tl  6.60E-05 1.07E-07 1.62E-03 1.07E-07 1.62E-03 2.00E-06 3.03E-02 2.00E-06 3.03E-02
VvV 1.00E-03 1.00E-07 1.00E-04 8.57E-08 0.57E-05 1.87E-06 1.87E-03 1.60E-06 1.60E-03

2 Given as Cr®
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Table 5 Predicted inhalation exposure (mg kg ' day ') and HQ for heavy metals in adults and children
living in rural and urban areas near aN HWI

Adults Children

Urban Rural Urban Rural

Exposure  HQ Exposure  HQ Exposure  HQ Exposure  HQ
As  89IE-10  0.11 3.71E-10  0.04 2.08E-09 0.11 8.67E-10  0.04

Be 9.29E-10  2.81E-04 9.29E-10  2.81E-04 2.17E-09  2.81E-04 2.17E-09  2.81E-04
Cd  223E-10  2.81E-04 223E-10 2.81E-04 520E-10 281E-04 5.20E-10 2.81E-04
Cr"  3.94E-09 8.72E-04 349E-09 7.73E-04 9.19E-09 8.72E-04 8.15E-09  7.73E-04
Hg 1.86E-10  3.69E-04  1.86E-10  3.69E-04 4.33E-10 3.69E-04 4.33E-10  3.69E-04
Mn 2.82E-07 6.75E-04 4.03E-07 9.66E-04 6.57E-07 6.75E-04 9.39E-07  9.66E-04
Ni 1.04E-08  3.10E-04 1.05E-08  3.15E-04 2.43E-08 3.10E-04 2.46E-08  3.15E-04
Pb 9.66E-10  1.13E-04  1.11E-09 1.30E-04  2.25E-09  1.13E-04 2.60E-09  1.30E-04
Sn 8.17E-10  8.13E-07  5.94E-10  591E-07 191E-09 8.13E-07 1.39E-09  5.91E-07
Tl 1.11E-09 1.01E-02  1.11E-09 1.01E-02  2.60E-09 1.01E-02 2.60E-09 1.01E-02
\Y% 1.04E-09  6.21E-04 891E-10 5.32E-04 243E-09 6.21E-04 2.08E-09  5.32E-04

2 Given as Cr®

As part of the surveillance program to measure the environmental and biological levels of
pollutants around the HWI of Constanti, the dietary exposure of the same chemicals is also
periodically controlled since 1998 [29]. It must be highlighted that, as largely stated, more
than 90-95% of the total daily exposure to metals comes from the diet [30, 31]. In our most
recent investigation in the area [32], the dietary intake of metals for the adult population
living in Tarragona County was estimated in a range between 4.6 and 2,229 pg/day (Cd and
Mn, respectively). These values indicate that environmental exposure to metals means less
than 1% of the total exposure for the residents near the HWI.

In agreement with our previous surveys, data from this study shows that the HWI of
Constanti does not mean, now or at any time since its beginning in 1998, an important
source of heavy metal pollution in the area under its potential influence. Metal levels
present in this area are similar to those found in the surroundings of other potential
industrial emission sources, such as an MSWI and a chemical/petrochemical complex,
situated in the same region [1, 11, 33]. Moreover, similar levels have been reported in the
scientific literature for urban and industrial areas [34]. The considerable variability in metal
concentrations found in soil and herbage samples is in agreement with the results of

Fig. 4 Cancer risk due to inha-
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previous studies. It clearly demonstrates that other sources rather than the HWI may partly
account for the state-of-pollution in the area under evaluation. In addition, the
meteorological conditions seem to play a key role in the burden of environmental
pollutants.

On the other hand, the conclusions of the present study, together with those regarding to
PCDD/Fs [35], demonstrate the usefulness of performing multiyear monitoring programs
instead of investigations based on only single campaigns. Point samplings only allow the
extraction of very limited information of the environmental status within the zones under
study. In contrast, pluriannual studies mean an important advantage to get a reliable
“movie” on the rate of pollutant levels. The latter is certainly a more refined approach to
understand the initial situation and, if necessary, to adopt corrective measures. Likewise,
using diverse matrices as environmental monitors is an additional tool of interest to get as
much information as possible from monitoring programs.
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Discussio Article 5

El Mn va ser el metall que va presentar major concentracio en herbes amb una mitjana
de 44.0 i 50.4 pg/g al 2008 i al 2010, respectivament. Per contra Be, Hg i Tl es van
trobar per sota del seu respectiu limit de deteccio en totes les mostres. Es va observar un
augment estadisticament significatiu en les concentracions de Cr i Ni entre el primer
(1998) i l'tltim estudi (2010) (p<0.001). D’altra banda, es va donar una reducci6
significativa per al Cd, Pb, Sn iV, en el mateix periode. Comparant amb I'estudi previ

(2008), es va observar una disminucié significativa dels nivells de Cri V.

En sols, el Mn també va ser I'element que va presentar les concentracions majors amb
una mitjana de 301.0 pg/g. Per contra el Hg, el Cd i el Tl van presentar els valors més
baixos. Respecte a I'estudi blanc (1998), les concentracions de metalls en sols van
augmentar considerablement, amb un increment especialment significatiu en el cas de
I'As, el Be, el Cr, I'Sn, el Tl i el V (p<0.001). Aixi mateix, es va observar una
disminucié estadisticament significativa per al Cd (p<0.05) i el Hg (p<0.001). Tot i aixi,
representa una disminucio de les concentracions respecte a I'estudi anterior (2008) en la
majoria de metalls analitzats, tot i que no de manera estadisticament significativa. La
causa principal podria ser deguda a les especials condicions meteorologiques de I'época
primaveral de 2008, caracteritzada per una pluviometria escassa, a diferencia dels anys
anteriors. La disminucié pluviometrica hauria pogut comportar un menor escolament
superficial i, per tant, una major acumulacié de particules i contaminants en sols. En
canvi, la primavera del 2009 va presentar un increment de pluviometria respecte al
2008, la qual cosa podria explicar les diferencies en les concentracions entre ambdos
estudis. Tanmateix, les concentracions de metalls en herbes i sols del Camp de
Tarragona continuen sent similars i/o inferiors en comparacié amb les observades a
altres punts de Catalunya o en estudis cientifics internacionals. A més, la caracteritzacio
dels nivells en funcié de 'area de recollida, la distancia i/o direccio respecte a la planta
mostra que la planta no suposa una font significativa de contaminaciéo per metalls

pesants.

L’estudi particular d’avaluaciéo de riscos indica que les actuals concentracions de

metalls a les rodalies de la instal-laci6 no suposen un notable risc cancerigen i no

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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cancerigen addicional per a la poblacié resident, essent els riscos assumibles segons els
estandards reguladors internacionals. La gran variabilitat de les concentracions de
metalls tant en mostres de vegetacio com de sols, demostra que altres fonts de
contaminacio a part de la planta poden explicar I'estat de la contaminacié de la zona
d’estudi. A més, les condicions meteorologiques sembla que tenen un paper clau en la
carrega ambiental dels contaminants. Aquest estudi demostra la utilitat de porta a terme
programes plurianuals de vigilancia enfront les investigacions basades en una sola
campanya de mostreig. La complementarietat en la utilitzacié de matrius diverses com a
monitors ambientals és una eina addicional d’interes per obtenir informacié util en els

programes de vigilancia.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Capitol VI. Ecoparc-2 de Montcada i Reixac
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Resum Article 6

L’'objectiu d’aquest estudi va ser analitzar les concentracions en aire de contaminants
quimics i microbiologics a les proximitats de 'Ecoparc-2, situat a Montcada i Reixac,
aixi com poder determinar les tendéncies estacionals. També es van avaluar I'exposicio

humana als agents i es van caracteritzar els riscos per a la salut de la poblacié local.

Les mostres d’'aire van ser recollides a diferents distancies i direccions del vent des de
I'Ecoparc-2, en dues campanyes diferents (hivern i estiu 2010). Els nivells de 19
compostos organics volatils (COVs) es van analitzar per CG-MS i HPLC-UV, mentre
que també es va determinar la quantitat de bacteris totals, bacteris gram negatius i fongs

(incloent Aspergillus fumigatus)

La concentracié mitjana de COVs va ser de 32.4 i 1f/m* a I'hivern i a l'estiu,
respectivament. Aquests resultats estan d’acord amb dades obtingudes de la literatura
cientifica, on s’ha establert una correlacio inversa entre els nivells en aire de COVs i la
temperatura. Per contra, es va trobar un augment de les concentracions de la majoria
dels contaminants microbiologics a I'estiu. Tot i aix0, aquestes diferencies no van ser
significatives entre les dues campanyes. A més, no hi va haver diferencies significatives
en funcié de les direccions del vent i les distancies estudiades. Per altra banda, els
nivells de COVs van trobar-se varis ordres de magnitud per sota als observats

recentment en un estudi “indoor” a les mateixes instal-lacions de I'Ecoparc-2.

Els nivells determinats de COVs a les immediacions de I'Ecoparc-2 no han de significar
un risc cancerigen i no cancerigen addicional per als subjectes que viuen a la zona. A
més, les concentracions actuals al medi dels agents quimics i microbiologics es troben

per sota dels llindars recomanats pels organismes reguladors.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Article 6: “Volatile organic compounds and bioaerosols in the vicinity
of a municipal waste organic fraction treatment plant. Human health
risks.” En premsa a: Environmental Science and Pollution Research
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Abstract

Purpose The aim of this study was to analyze air concen-
trations of chemical and microbiological pollutants in the
vicinity of an organic waste treatment plant, Ecoparc-2,
located in Montcada i Reixac (Catalonia, Spain), as well as
to determine the seasonal trends. The human health risks
due to the presence of those agents were also assessed.
Methods Air samples were collected at different distances
and wind directions from the Ecoparc-2 in two campaigns
(winter and summer of 2010). The levels of 19 volatile
organic compounds (VOCs) were analyzed by GC-MS or
HPLC-UV. In turn, the airborne amount of total bacteria,
gram-negative bacteria, and fungi (including Aspergillus
fumigatus) was also determined.

Results Mean VOC concentrations were found to be 32.4 and
15.7 ug/m’ in winter and summer, respectively. Fungi at 25°C
presented the highest geometric mean (1,126 and 863 cfu/m’
in winter and summer, respectively), while the concentrations
of fungi at 37°C and total bacteria were also important in the
hot season (332 and 250 cfu/m’, respectively). These results
are in agreement with data obtained from the scientific
literature. Anyhow, no significant differences were observed
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between both campaigns including those related to distances
and wind directions. The current pollutant levels in the
surrounding environment were also various orders of
magnitude lower than those recently observed inside the
facility.

Conclusions The human exposure to VOCs near the
Ecoparc-2 was estimated to be low. Furthermore, the
current environmental concentrations of those chemical
and microbiological agents were clearly below threshold
values recommended by regulatory organizations.

Keywords Vlatile organic compounds (VOCs) -
Bioaerosols - Mechanical-biological treatment (MBT)
plant - Municipal solid waste - Air- Human health risks

1 Introduction

The social and industrial development of modern societies has
meant an increase in the generation and accumulation of waste,
which is an environmental problem of great importance in
industrialized countries. Because of legislative, environmental,
economic, and social constraints, the identification of
sustainable disposal routes for the management of municipal
solid waste (MSW) is a very important issue (de Aragjo et al.
2010). Among the current possibilities to handle organic
waste, sorting—composting is one of the most promising
viable alternatives, mainly before landfilling or incineration
(Donovan et al. 2010). As a recovery of materials (compost)
and energy is achieved, the mechanical-biological treatment
(MBT) approach presents many advantages in comparison to
other waste management options (Hargreaves et al. 2008).
However, an important amount of hazardous agents may be
released in air during the waste sorting, composting, and
compost refining (Giusti 2009; Miiller et al. 2004b), which
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can ultimately affect the health of workers (Domingo and
Nadal 2009; Sanchez-Monedero et al. 2005). This concern
arises because of their potential to cause also adverse
health effects in the population living near such facilities
(Miiller et al. 2004a; Sykes et al. 2007). A varied typology
of bioaerosols (bacteria, fungi, spores, etc.) is generated
during waste composting (Déportes et al. 1995) and
similar processes. Some of these airborne bioagents can
be the cause of a variety of infectious diseases, as well as
allergies and toxic effects (Chen et al. 2010). On the other
hand, volatile organic compounds (VOCs), one of the
major family of air pollutants due to their malodorous and
hazardous properties (Durmusoglu et al. 2010), are also
emitted to air (Eitzer 1995). Within this group, benzene,
1,3-butadiene and formaldehyde have been marked as
carcinogens by the International Agency for Cancer
Research. In turn, benzene, ethylbenzene, toluene, and
0-, m-, and p-xylenes (BTEX) are also included in the
Clean Air Act (USA) of 1990, according to the Agency for
Toxic Substances and Disease Registry. Moreover, VOCs
also play a significant role in the formation of tropospheric
O; and urban aerosols precursors (Krol et al. 2010).

Ecoparks, the commercial name of MBT plants in
Catalonia (Spain), are set up to get a valorisation of energy
and materials through two operation lines aimed at treating
the MSW organic fraction and the remaining fraction. In
addition, Ecoparks are designed to reduce the amount of
refuse and to improve its characteristics in order to
accomplish with the EU legislation. Four facilities are
already operating in Catalonia. One of them, Ecoparc-2
(Montcada i Reixac), is currently managing an important
percentage of the municipal waste organic fraction
generated within the metropolitan area of Barcelona. Recently,
we determined the levels of microbiological and chemical
pollutants in various sampling sites within the facility in order
to assess the potential occupational hazards (Nadal et al.
2009). Some areas were detected as highly impacted by
bioaerosols and VOCs, which led to a recommendation to
the workers to extend the use of preventive measures (filter
masks, gloves, etc.) and the execution of additional
operations such as waste humectation and biofilters. As a
consequence of the great indoor levels of those pollutants,
the implementation of a surveillance program to evaluate the
impact of Ecoparc-2 in the surrounding environment was
planned and executed. Here, we present the results of the
first year after this monitoring study was initiated. Airborne
concentrations of VOCs and bioaerosols (bacteria and fungi)
were determined in the vicinity of the organic waste
treatment facility (Ecoparc-2). Seasonal trends were assessed
by comparing the results from two campaigns, which were
performed in winter and summer. Finally, the health risks
derived from exposure to those agents were assessed for the
local population.

@ Springer

2 Materials and methods
2.1 Study area

The Ecoparc-2 is located in Montcada i Reixac (Barcelona,
Catalonia, Spain). In 2004, when the plant started to operate, it
had a total management capacity of 240,000 t/year of waste,
basically composed of MSW organic fractions and green
residues from various municipalities of the metropolitan area
of Barcelona. Recently, a new packaging line was launched to
treat plastic light containers, allowing an additional annual
processing of 27,500 t, reaching up to a total capacity of
267,500 t/year. In February and July of 2010, two surveys were
performed in the framework of a large environmental
monitoring study, which was aimed at analyzing the levels of
chemical and microbiological pollutants around the Ecoparc-2.
Air samples were collected at 12 points, situated at three
different distances (300, 600, and 900 m) and four wind
directions (N, W—upwind, SW—downwind, and SE) from
the facility. The selection of the sampling points (Fig. 1) was
done according to the presence of sensitive population and
other potentially pollutant sources, as well as to the results of
a previously executed odor study. Special attention was paid
on N1 and SW3, where a pig farm and a school are,
respectively, located.

2.2 Sampling and analysis

Air samples for the determination of VOCs and bioaerosols
were collected at each sampling point. Regarding microbial
levels, quintuplicate samples were taken. A number of
indicator agents was included: total bacteria and fungi as
general indicators, gram-negative bacteria as indicators of
opportunistic pathogens, and Aspergillus fumigatus as
hazardous fungus. Details on the methodological procedure
were recently reported (Vilavert et al. 2009). Briefly, sampling
was carried out by means of a Sampl’Air Lite device (AES
Laboratoires, Bruz, France) with an air-flow rate set at
100 L/min. The air collection was 1 min long, except for
gram-negative bacteria, for which the sampling duration was
extended to 3 min. Therefore, air volumes were 100 L for all
bioaerosols except for gram-negative bacteria (300 L). Petri
dishes with triptyc soy agar and MacConkey culture media
were incubated at 37°C to determine the levels of total and
gram-negative bacteria, respectively. In turn, the fungal
(including A. fumigatus) growth was assessed on a potato
dextrose agar culture medium at two temperatures (25°C and
37°C). Microbiological results were expressed as the total
number of colony-forming units per cubic meter of air
Following the ISO 8199:2005 standard, Petri dishes showing
colony-forming units >200 were expressed as too numerous
to count, and therefore they were excluded from the
statistical treatment.
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Fig. 1 Location of the 12 sampling points in the vicinity of the Ecoparc-2 (Montcada i Reixac, Catalonia, Spain). Wind rose indicates where the

wind comes from

On the other hand, the levels of 19 individual VOCs were
determined: benzene; toluene; ethylbenzene; m,p-xylene; o-
xylene; styrene; naphthalene; methylene chloride; 1,2-
dichloroethane; chloroform; trichloroethylene; tetrachloro-
ethylene; 1,3-butadiene; 1,3,5-trimethylbenzene; 1,2,4-trime-
thylbenzene; p-isopropyltoluene; n-propylbenzene;
isopropylbenzene, and formaldehyde. An Airchek 2000
sampling pump (SKC Inc., Eighty Four, PA, USA) was used
for air collection. Samples were taken by passing air through
two sorbent tubes containing: (a) synthetic carbon (Anasorb
747, SKC Inc.) for trapping most VOCs and (b) 2,4-
dinitrophenylhydrazine-coated silica gel for formaldehyde
sampling. Flow rates were set at 1 L/min for most VOCs and
0.5 L/min for formaldehyde. As the sampling took place for
6 h, total air volumes were approximately 360 L for most
VOCs, being 180 L for formaldehyde.

The samples were rapidly transferred to the lab,
where they were kept at —20°C until analysis. The

target compounds, exempting formaldehyde, were
extracted by liquid desorption with 1-3 mL of carbon
sulfide for at least 60 min. Analysis was carried out by
using a gas chromatograph coupled to a mass spec-
trometer (GC-MS) equipped with a Rtx-1 fused-silica
capillary column (30 mx0.32 mmx1.5 um). Formalde-
hyde was desorbed from tubes with 2 mL of acetoni-
trile in an ultrasonic bath for 30 min. The analysis was
done by high pressure liquid chromatography with UV
detection using a C-18 column (5 wm, 200 cmx
4.6 mm). The quality control/quality assurance was
checked by analyzing reference standards, blanks, and
replicate samples. The limit of quantification (LOQ) for
most chemicals was 0.05 pg/m’. The only exceptions
were formaldehyde (0.5 pg/m®); trichloroethylene
(0.1 pg/m®); 1,2-dichlorethane and chloroform (0.5 pg/m®);
1,3-butadiene (1 ug/m3); tetrachloroethylene (3 ug/m3); and
methylene chloride (5 ug/m?).
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2.3 Human health risks

The airborne concentrations of VOCs were used to evaluate
the non-occupational exposure to those chemicals through
air inhalation. This has been identified as an important
pathway of exposure, especially for some VOCs such as
ethylbenzene or xylenes (Lopez et al. 2008). For that
purpose, the Risk Assessment Guidance for Superfund,
developed by the United States Environmental Protection
Agency (US EPA 2009), was followed. Exposure concen-
tration (EC) was firstly calculated by applying the
following equation:

C.xir x ET x EF x ED
EC,, = 1
h AT x 365 x 24 (1)

where EC;,, is the exposure concentration (in micro-
grams per cubic meter), Cy; is the air concentration of
each VOC (in micrograms per cubic meter), ET is the
exposure time (24 h day '), EF is the exposure frequency
(350 days year '), ED is the exposure duration (30 years),
and AT is the averaging time (25 years for non-carcinogenic
substances and 70 years for carcinogenic chemicals).
Furthermore, the non-cancer risk [hazard quotient (HQ)]
due to exposure to each individual compound was
estimated by comparing EC and the inhalation reference
concentration (RfC;, in milligrams per cubic meter):

_ ECinn

HQ RfC;

x 1,000ug/mg (2)

On the other hand, the carcinogenic risk (CR) was
calculated by multiplying EC by the US EPA inhalation unit
risk (IUR):

CR = ECjy x IUR (3)

Because of the lack of threshold values to assess human
health risks derived from microbiological exposure, these
were only evaluated for chemical pollutants.

2.4 Statistics

Data were analyzed by using the SPSS 17.0 statistical
software package. The Levene test was applied to analyze
the equality of variances. The statistical significance of
differences was assessed by applying the Mann—Whitney U
test. A probability lower than 0.05 (»p<0.05) was considered
as statistically significant. Chemical and biological agents
showing values below the LOQ were assumed to have a
concentration of zero (NQ=0).

@ Springer

3 Results and discussion
3.1 Bioaerosols and VOC concentrations

As meteorology may play a key role in the airborne presence of
chemical and microbial agents, meteorological conditions
were controlled during the sampling. Mean temperatures were
7.6°C and 25.2°C in February and July, respectively, while the
relative humidity was 71% in wintertime and 63% in
summertime. Finally, the accumulated rainfall was 89 and
24 mm in February and July, respectively. The levels of
microbiological pollutants in air samples collected around the
Ecoparc-2 during two campaigns are summarized in Table 1.
No significant differences between seasons were observed for
any of the biological agents. Fungi at 25°C presented the
highest levels in both campaigns (geometric mean, 1,126 and
863 cfu/m® in winter and summer, respectively). Secondly,
fungi at 37°C and total bacteria were also important in the hot
season (332 and 250 cfu/m’, respectively). The concentration
of the remaining bioaerosols (gram-negative bacteria and A.
fumigatus) was rather low. Although generally airborne
values have been reported to be higher in summer than in
winter in previous studies (Grisoli et al. 2009; Persoons et al.
2010), as a consequence of the raise in the temperature
(Aydogdu et al. 2010), no seasonal changes could be noted in
the current investigation. This lack of differences would be
more related to environmental fluctuations, rather than
methodological limitations, as 60 subsamples of each
biological agent were collected in each survey. In addition,
it must be highlighted that the subgroups under study did not
show a homogeneous seasonal pattern.

In recent years, the increasing construction of new
composting plants and other facilities for the treatment of
MSW organic fraction has led to perform investigations aimed
at assuring that the levels of bioaerosols inside composting
plants are not of concern. In the framework of these studies,
the concentrations of microbial agents are usually controlled
in outdoor samples collected in the vicinity of those waste
management plants. Recently, Persoons et al. (2010) reported
airborne bacterial concentrations in/around 2 U of a large
composting facility. Total bacteria (geometric) mean
concentrations of 212 cfu/m’, in a peripheral site next to
the green waste composting unit, and 701 cfu/m?, outside
the biowaste composting unit, were observed. Moreover,
gram-negative bacteria were undetected in the former, and
a mean level of 7 cfu/m® was found in the latter. Ranges of
total bacteria in air found in the Ecoparc-2 vicinity are
very close to those values. They are also similar to the
concentrations found in the surroundings of an MSW
incinerator in Tarragona (Catalonia, Spain), where ranges
of 44-926 and <1-7 cfu/m’® were detected for total
bacteria and gram-negative bacteria, respectively (Vilavert
et al. 2009). The concentrations of fungal agents in the
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Table 1 Airborne concentrations of microbiological pollutants (in colony-forming units per cubic meter) and VOCs and BTEX (in micrograms
per cubic meter) during winter and summer in samples collected around the Ecoparc-2 (Montcada i Reixac, Catalonia, Spain)

Campaign (2010) Geometric mean® SD Median Minimum Maximum
Total bacteria (n=60) February 83 212 77 18 608
July 250 1,380 136 44 4,452
Gram-negative bacteria (n=60) February 2 4 ND ND 15
July 3 7 4 ND 27
Fungi (25°C) (n=60) February 1,126 3,109 792 340 11,118
July 863 1,781 760 216 6,756
A. fumigatus (25°C) (n=60) February 1 ND ND ND ND
July 1 1 1 ND 1
Fungi (37°C) (n=60) February 41 63 45 8 244
July 332 1,440 266 114 5,256
A. fumigatus (37°C) (n=60) February 3 54 ND ND 185
July 2 5 ND ND 15
> BTEX (n=12) February 9.88 11.1 9.81 3.08 43.0
July 8.49 3.49 8.81 3.30 16.3
> VOCs (n=12) February 18.3 52.1 14.4 7.08 193
July 15.2 4.03 15.5 8.12 21.3

#For the calculation of the geometric mean, zero values were converted to the unity (0=1)

BTEX benzene, ethylbenzene, toluene, and o-, m-, and p-xylenes, VOCs volatile organic compounds, n number of samples collected in each

campaign, ND not detected (<LOQ)

surroundings of the Ecopark evaluated here were also in a
similar range to reported values in the outdoors of the
composting plant and the MSW incinerator mentioned above
(Persoons et al. 2010; Vilavert et al. 2009). The specific study
of A. fumigatus revealed levels within the same order of
magnitude compared to those typical of urban areas (Guinea
et al. 2006). However, the concentrations of this species in air
samples of residential parks are commonly undetectable
(Pankhurst et al. 2011). It must be highlighted that there is a
notorious lack of guidelines concerning the maximum
amount of fungi and bacteria in ambient air (Vilavert et al.
2009). Only a few organizations, such as the National
Institute of Occupational Safety and Health and the American
Conference of Governmental Industrial Hygienists, have
derived some recommendations regarding the allowable
amount of microbiological agents at the workplace, although
those levels cannot be extrapolated to open environments.
The airborne levels of XVOCs and BTEX in both
campaigns are summarized in Table 1. The (geometric)
mean of VOCs in winter and summer was 18.3 and
15.2 pg/m?, respectively. However, this difference was not
significant (p>0.05). Some authors have pointed out that
ambient levels of VOCs may be reduced in summer
(Gallego et al. 2008), partially because their photochemical
reactivity is prompted to be increased by higher solar
radiation (Ras et al. 2010). Figure 2 shows the profile of the
19 VOCs analyzed here. BTEX followed a similar pattern
to VOCs, as those were the most abundant compounds.

Individually, toluene was the compound showing the
highest concentration in winter, while formaldehyde was
predominant in summer. In fact, formaldehyde and 1,2-
dicloroethane were the only chemicals showing higher
concentrations in summer.

It can be somehow difficult to compare VOC values from
other studies, as in each survey the composition/set of
chemicals may be different. Therefore, BTEX are sometimes
used for comparability purposes, as they are the most analyzed
chemicals among VOCs, apart from being also the most

Benzene = | |
Toluene | ‘ |

Ethylbenzene === = FEBRUARY 2010

m,p-Xylene |
0-Xylene fmm— JULY 2010
Styrene |
Naphthalene |
Methylene Chloride |
1,2-Dichlorethane |
Chloroform |
Trichloroethylene =
Tetrachloroethylene |
1,3-Butadiene
1,3,5-Trimethylbenzene =
1,2,4-Trimethylbenzene =
p-Isopropyltoluene _
n-Propylbenzene F
Isopropylbenzene
Formaldehyde |

0.00 1.00 200 3.00 4.00 5.00 6.00 7.00

pg/m3

Fig. 2 Profile of VOCs in air samples collected around the Ecoparc-2
of Montcada i Reixac (Catalonia, Spain)

@ Springer



UNIVERSITAT ROVIRA I VIRGILI

MONITORITZACIO AMBIENTAL DE CONTAMINANTS QUiMICS I MICROBIOLOGICS A'LES-RODALIES DE PLANTES DE TRACTAMENT
DE RESIDUS. RISCOS PER A LA SALUT HUMANA
Lolita Vilavert Castella

DL: T-1526=20TT

Environ Sci Pollut Res

abundant (Ras-Mallorqui et al. 2007). Recently, a BTEX
range of 3.7-335 pg/m® was reported in the Kocaeli
(Turkey) industrial zone (Pekey and Yilmaz 2011), while a
high variability of results has been reported in urban areas
worldwide (Esplugues et al. 2010; Giakoumi et al. 2009;
Parra et al. 2009). With respect to benzene, Ras et al.
(2010) recently observed levels from non-detected to
16.6 pg/m’ in urban and industrial areas of Tarragona,
exceeding the current concentrations around Ecoparc-2.
Those investigators noted also that toluene was the most
abundant compound. Besides, benzene is the single VOC
whose levels are currently legislatively restricted in urban
air. A threshold value of 5 pg/m? is set by the EU through
the Air Quality Framework Directive (2000/69/EC). When
analyzing the 24 air samples collected, it can be seen that
none of them exceeded that guideline, being the maximum
concentration 2.0 pg/m’. Formaldehyde, an economically
important chemical, is another compound of concern, as it
can have adverse health effects for exposed populations
(Tang et al. 2009). The levels of formaldehyde ranged
from 2.0 to 7.9 pg/m’, which are slightly higher than
those found in background sites in Italy (Bono et al.
2010). Ambient air concentrations between 1.3 and
17.2 ug/m® have been detected in various European
countries (Kotzias et al. 2005). In addition to the
comparison with reference values, the pattern of the
environmental concentrations of bioaerosols according to

the direction and distance to the Ecoparc-2 was also
closely studied (Table 2). No significant differences were
found when comparing different wind directions and
distances to the plant. When assessing the concentrations
of each campaign, fungi at 37°C resulted to be the only
single agent presenting significantly higher levels in
summertime in the three evaluated distances (p<0.05).
None of the remaining microbiological pollutants showed
significant differences between campaigns for any of the
directions/distances.

We recently performed an industrial hygiene study to
analyze the same chemicals in different areas inside the
Ecoparc-2 (Nadal et al. 2009). Median concentrations of
benzene, toluene, ethylbenzene, m,p-xylene, o-xylene, and
styrene in the composting tunnels were 13.5, 467, 106, 430,
and 61.0 ug/m’ respectively, being very high compared to
those currently found in the outdoors of the Ecoparc-2 (0.47,
5.50, 0.86, 2.25, and 0.55 pug/m>, respectively). Interestingly,
styrene concentrations were also remarkably different
between indoor and outdoor sites (9.3 pg/m® vs. <LOQ). The
indoor/outdoor (I/O) ratio of total mean VOCs was >400.
Considering that an I/O ratio higher than 1 implies the
presence of indoor sources (Massolo et al. 2010; Yoon et al.
2011), the existence of important levels of occupational
exposure inside the facility is evident. Moreover, the VOC
profile was sensitively different, as tetrachloroethylene was
the predominant chemical inside, being toluene the most

Table 2 Median concentrations of microbiological pollutants (in colony-forming units per cubic meter) and VOCs and BTEX (in micrograms per
cubic meter) depending on the directions and distances to the Ecoparc-2 for two campaigns (winter and summer)

Campaign (2010) Directions Distances
N SE SW W 300 m 600 m 900 m
Total bacteria February 62 28 592 88 124 68 84
July 1,400 114 56 68 1,377 339 136
Gram-negative bacteria February 1 ND 1 2 ND 1 1
July 7 3 ND 5 5 2 3
Fungi (25°C) February 4,686 1,196 626 466 566 1,869 803
July 1,076 1,112 740 758 1,509 893 622
A. fumigatus (25°C) February ND ND ND ND ND ND ND
July ND ND ND ND ND ND ND
Fungi (37°C) February 80 52 36 16 71 47 20
July 444 188 288 216 548* 252% 176*
A. fumigatus (37°C) February ND ND ND 5 3 ND ND
July 5 ND ND ND ND ND ND
> BTEX February 7.96 14.0 7.50 13.2 12.3 7.39 11.0
July 7.44 11.0 7.45 10.6 8.76 9.51 8.61
> VOCs February 11.2 18.2 12.3 17.6 243 11.0 14.7
July 11.9 20.5 139 17.9 15.6 17.6 14.2

*Significant differences between February and July campaigns (p<0.05)
BTEX benzene, ethylbenzene, toluene, and o-, m-, and p-xylenes, VOCs volatile organic compounds, ND not detected (<LOQ)
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Fig. 3 Correlation between indoor and outdoor concentrations of VOCs (a) and BTEX (b) analyzed in/around the Ecoparc-2 of Montcada i

Reixac (Catalonia, Spain)

abundant outside. The correlation between indoor and
outdoor concentration values for both VOCs and BTEX
is depicted in Fig. 3. A positive correlation was not found
for the global amount of VOCs (Fig. 3a). In contrast,
BTEX showed some relationships between indoor—out-
door concentrations (Fig. 3b). However, it must be noted
that BTEX are generalist VOCs, which can be released by
a varied range of emission sources. The benzene/toluene
ratios, which are sometimes used as a tracer for emission
sources (Jung et al. 2011), were 0.005 and 0.1 in indoor
and outdoor sampling sites, respectively. This would
corroborate the perception that retaining measures in the
facility, such as biofilters, work properly as VOCs found
outdoors are not likely to come from the MBT plant.

3.2 Human health risks

From the obtained concentrations of VOCs, the non-
carcinogenic and carcinogenic risks associated with the
exposure to those pollutants were evaluated for various
scenarios: (a) all samples, (b) winter campaign, and (c)
summer campaign. The risks were individually calculated
for each chemical contaminant, being the total risk
determined as the sum of the individual risks (Table 3).
The hazard quotients ranged from 2.4 107° to 0.64. None of
them exceeded the threshold value, set at the unity.
Moreover, the hazard index (HI = Y HQs) did not exceed
that value for any scenario. Formaldehyde showed the
highest contribution to the total non-carcinogenic risks (70—

Table 3 Non-carcinogenic
and carcinogenic risks of

Non-carcinogenic risk

Carcinogenic risk

exposure to VOCs at different

sampling areas near the A B c A B c

Ecoparc 2 (Montcada i

Reixac, Catalonia, Spain) Benzene 2.1E-02 3.0E-02 1.3E-02 1.8E-06 2.5E-06 1.1E-06
Toluene 1.4E-03 1.5E-03 1.2E-03 - - -
Ethylbenzene 1.1E-03 1.3E-03 9.3E-04 9.8E-07 1.1E-06 8.3E-07
m,p-Xylene 4.6E-03 5.7E-03 3.5E-03 - - -
o-Xylene 1.2E-03 1.5E-03 9.4E-04 - - -
Styrene 2.4E-06 4.8E-06 nc - - -
Naphthalene 3.8E-03 6.1E-03 1.6E-03 1.4E-07 2.2E-07 5.8E-08
Methylene Chloride nc ne nc nc nc nc
1,2-Dichloroethane 6.3E-05 3.1E-05 9.2E-05 1.4E-06 6.8E-07 2.1E-06
Chloroform nc ne nc nc nc nc
Trichloroethylene - - - 3.1E-07 4.8E-07 1.5E-07
Tetrachloroethylene nc nc nc nc nc nc
1,3-Butadiene nc nc nc nc nc ne
1,3,5-Trimethylbenzene 2.8E-02 3.1E-02 2.5E-02 - - -
1,2,4-Trimethylbenzene 7.9E-02 9.3E-02 6.5E-02 - - -

*Total risk (sum of individual p-lsopropyltoluene - B B - B B

compounds) n-Propylbenzene - - - - - -

A total sampling points of the two Isopropylbenzene - - - - - -

campaigns, B winter values, C Formaldehyde 5.2E-01 3.9E-01 6.4E-01 2.4E-05 1.8E-05 2.9E-05

summer values, nc not calculated  Tota] risk® 0.66 0.56 0.76 28E-05  23E-05  3.3E-05

as the concentration was <LOQ
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85%), while trimethylbenzenes and benzene were also
relatively important. The highest levels of VOCs were
reported in winter. However, the highest risk corresponded
to summer. This was due to the notable importance of
formaldehyde, whose air concentrations in July were
slightly higher than in February (3.33 vs. 5.48 upg/m’,
respectively). The total cancer risk was estimated in 2.8, 2.3,
and 3.3 10 for the three evaluated scenarios (A, B and C,
respectively), assuming that the carcinogenic risk of different
pollutants is cumulative. Although it is well known that there
may be synergistic/antagonistic effects among chemicals,
cumulative risk can be used as a preliminary approach to
assess the joint risks by summing individual risks
(Linares et al. 2010). Similarly, formaldehyde made the
highest contribution to the total cancer risk, with percentages
ranging from 78% to 87%. However, the sum of risk values
was only very slightly higher than 107>, which has been
defined as the maximum recommended excess of cancer risk
(1/100,000 for lifetime-exposed individuals) by the Spanish
legislation (MMA 2007). However, they are fully within the
ranges (107 to 10*) considered as acceptable by the US
EPA (Linares et al. 2010). A detailed evaluation of the health
risks was performed in N1, where a pig farm is located very
close to the plant, and SW3, where there is a recently built
school. Non-cancer and cancer risks were the same in both
sites (0.56 and 2.4 107>, respectively). If we consider that
children only attend the educational center for a limited
period of time (ET=6 h day ', EF=180 days year ', and
ED=10 years), health risks derived from the exposure to
VOCs would fall down to 0.02 and 1.0 10°® for non-
carcinogenic and carcinogenic risks, respectively).
According to the results of the present study, the MSW
organic fraction treatment plant of Ecoparc-2 has a low
environmental impact on its surroundings concerning the
airborne concentrations of VOCs and bioaerosols (bacteria
and fungi). No significant differences were appreciated
according to the season of collection. Anyhow, current
values would not be of concern, as they seem to be typical
of residential areas, according to the scientific literature.
Furthermore, a notable decrease with respect to indoor
concentrations was observed. The current outdoor exposure
to VOCs through air inhalation for adults living in the
vicinity was found to be low. However, the relatively higher
concentration of formaldehyde (a known carcinogenic
substance) in air samples collected near the plant entails
the recommendation to continue with the monitoring
program, as this chemical presented the highest contribution
on both cancer and non-carcinogenic risks. Anyhow, this
study must be considered as a preliminary investigation to
establish the state-of-pollution in the area surrounding the
Ecoparc-2. Unlike bioaerosols, the number of airborne
samples for VOC analysis was rather limited, being restricted
to 12 in each one of the sampling campaigns. The study was

@ Springer

focused on determining the levels of pollution around the
facility, and it should be treated as a first indication that
this waste treatment plant does not have, within a public
health framework, an important influence in its vicinity.
Notwithstanding, this limited number of air samples does
not allow to ascertain whether the facility could have a
medium- or long-term impact on the environment and the
local population, as high uncertainties exist in relation to
the wide range of concentrations observed for most
chemical and biological agents. Consequently, more
research is needed to guarantee that the organic waste
fraction treatment plant evaluated here will not pose a
risk for the health of the residents living nearby.
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Discussio Article 6

Les concentracions de bacteris totals i bacteris gram negatius van ser majors a I'estiu
que a I'hivern (843 vs 160 ufcAn 5 vs. 2 ufc/m), tot i que aquestes diferéncies no va

ser estadisticament significatives. Els fongs a 37°C també van presentar fins a 10
vegades valors superiors a l'estiu que a I'hivern amb un diferéncia significativa
estadisticament. En canvi, els fongs cultivats a 28Cfumigatuscultivats a 37°C van

presentar nivells més elevats a I'hivern.

Les concentracions de COVs a I'hivern van ser notablement superiors que les detectades
a l'estiu (32.4 i 15.7 pg/My, tot i qué les diferéncies no van ser estadisticament
significatives. Els BTEX van ser els compostos més abundants. Analitzant els agents
quimics de manera individual, el tolué va ser el compost que va mostrar una major
concentracié a I'hivern, mentre que el formaldehid va presentar nivells més elevats a

I'estiu.

No es van trobar diferéncies significatives dels nivells de contaminants quimics o
biologics en cap de les direccions estudiades. Quant a I'estudi en funcio de la distancia a
I'Ecoparc-2, es va observar una lleuger increment dels contaminants quimics i biologics
als llocs més propers a la instal-laci6, especialment a I'hivern, indicant una certa
influéncia de I'Ecoparc-2. Malgrat tot, la concentracio mes elevada de COVs a l'estiu es

va situar a una distancia mitjana (600 m) de la planta.

El formaldehid va ser el compost que va presentar una major contribucié al valor total

de riscos no cancerigens, mentre que els trimetilbenzens i el benzé també van ser
relativament importants. Tot i que els nivells més elevats de COVs es van registrar a
I’hivern, a l'estiu es va estimar un major risc cancerigen i no cancerigen, a causa de la

contribuci6 del formaldehid.

Les concentracions actuals a I'ambient tant d’agents quimics com bioaerosols van ser

clarament menors dels llindars recomanats pels organismes reguladors.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Els resultats del present estudi indiquen que la planta de tractament mecanic-biologic té
un impacte ambiental baix sobre I'entorn proper en quant a les concentracions a l'aire

de compostos organics volatils i bioaerosols (bacteris i fongs).

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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Capitol VII. Conclusions i bibliografia
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CONCLUSIONS

1. La complementarietat de diferents matrius (sols, herbes i aire) en estudis de
monitoritzacié ambiental ha demostrat ser una eina util per poder fer una bona
interpretacid dels resultats obtinguts, respecte els nivells ambientals de PCDD/Fs i
metalls pesants. Aixi mateix, el disseny de programes de vigilancia plurianuals

ajuda a confirmar les variacions temporals i espacials als voltants de plantes de
tractament de residus. La combinacio d’aquests tres monitors permet fer una lectura
amb més profunditat del veritable estat del medi en zones potencialment impactades

per aguests contaminants.

2. Els actuals nivells de PCDD/Fs i metalls en mostres d’herbes, sols i aire,
recollides al voltant de la IRSU de Tarragona indiquen que la planta no té un
impacte significatiu sobre I'entorn. Les concentracions es troben a la part baixa del
rang al comparar-les amb les corresponents a altres estudis realitzats a les rodalies

d’altres incineradores de RSU i en zones urbanes.

3. La realitzacié d’estudis pre-operacionals suposa una garantia per coneixer el
veritable impacte d’'una font potencial de contaminacio industrial. En aquest cas, la
mesura dels nivells de COVs i bioaerosols al voltant de la IRSU de Tarragona ha
permes disposar d’'unes dades de referéncia de notable importancia que permetran
determinar la veritable incidencia mediambiental de la planta, un cop s’'implantin
noves adaptacions técniques segons els requeriments de la Directiva Marc de

Residus.

4. No s’han observat tendéncies temporals o estacionals als voltants de la IRSU de
Tarragona en els nivells de COVs i contaminants microbiologics analitzats, amb
I'excepcid dels bacteris gram negatius, per als quals s’han trobat nivells superiors en

les recollides hivernals.

5. L'estudi particular d’avaluacio de riscos ha indicat que les actuals
concentracions de COVs a les rodalies de la planta incineradora de Tarragona no
suposen un risc cancerigen i no cancerigen addicional per a la poblacié resident. En

tot cas, els riscos s6n assumibles segons els estandards internacionals

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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6. L'estudi de COVs i bioaerosols als voltants de la IRSU de Tarragona no mostra
cap tendencia estacional, temporal ni espacial. Per altra banda, el comportament dels
COVs i dels bioaerosols ha estat ben diferenciat, i cap variable ha estat identificada

com a indicadora global de la contaminacio.

7. Els nivells de PCDD/Fs i metalls pesants en herbes van augmentar I'any 2008 a
les proximitats de I'Ecoparc de residus industrials del Camp de Tarragona respecte
els estudis previs. Es va corroborar que els factors meteorologics son determinants,
ja que el periode de recollida es va caracteritzar per una escassa pluviometria, la

gual cosa va comportar una major carrega ambiental dels contaminants en herbes.

8. Les concentracions de PCDD/Fs en mostres de sols recollides als voltants de
I'Ecoparc de residus industrials del Camp de Tarragona I'any 2009 van ser inferiors
als de I'estudi previ (2008). Comparant amb I'estudi de referencia (1998) també van
ser inferiors, tot i que les diferéncies en cap cas varen resultar estadisticament

significatives.

9. Les concentracions de metalls pesants en sols de les rodalies de I'Ecoparc de
residus industrials del Camp de Tarragona varen fluctuar notoriament en el periode
1998-2009, amb augments i disminucions significatius, segons cada metall. Durant
el periode 2008-2009, s’observa una disminucio en la concentracié de la majoria de

metalls, tot i que no estadisticament significativa.

10. S’han avaluat els riscos per exposicid a metalls pesants a les rodalies de
I'Ecoparc de residus industrials del Camp de Tarragona per adults i nens. La relacio
entre les concentracions de metalls en sols i els “Preliminary Remediation Goals” ha
estat menor a 100% en tots els casos. Aixi mateix, per tots els metalls el quocient de
risc (HQ) ha estat inferior a 1, i per tant els actuals nivells no suposen risc no
cancerigen. A diferéncia d’estudis anteriors, cap dels metalls carcinogenics va

superar els valors llindar, indicant que els nivells sén segurs per la poblacio.

11. S’han avaluat els riscos per exposicié a PCDD/fes addalies de I'Ecoparc de

residus industrials del Camp de Tarragona per adults. En comparacié amb la ingesta

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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dietética de PCDDI/Fs, I'exposici6 ambiental ha representat menys del 0.3% de
I'exposicio total (ambiental més dieta). Pel que fa als riscos no cancerigens, en cap
dels casos el HQ va superar la unitat. Pels riscos cancerigens, tampoc s’han superat

els valors maxims assumibles.

12. L’Ecoparc-2 de Montcada i Reixac va presentar certes tendencies estacionals en
els nivells dalguns contaminats microbiologics en aire, essent majors les

concentracions a l'estiu, tot i que les variacions no van ser estadisticament
significatives, excepte pels fongs cultivats a 37°C. Per contra, els nivells de COVs

van ser superiors a I'hivern que a I'estiu.

13. Es va observar un lleuger increment dels contaminants quimics i biologics als
llocs més propers a I'Ecoparc-2, especialment a I'hivern, indicant una certa
influéncia de la planta en els punts més immediatament propers. Malgrat aixo, la
concentracié més elevada de COVs a I'estiu es va situar a una distancia mitjana (600

m) de la planta.

14. L'Ecoparc-2 de Montcada i Reixac té un impacte ambiental baix sobre I'entorn
proper en quant a les concentracions a l'aire de COVs i bioaerosols (bacteris i
fongs). Els nivells son similars als determinats als voltants d’altres plantes de

compostatge, o de la IRSU de Tarragona.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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CONCLUSIO GLOBAL

Els resultats obtinguts indiquen que les plantes de tractament de residus estudiades
(IRSU de Tarragona, ERI de Constanti i Ecoparc-2 de Montcada i Reixac) no son una
font rellevant d’emissions de dioxines i furans, metalls pesants, COVs i bioaerosols.
L’actual exposici6 humana als contaminants quimics i microbiologics avaluats no
suposa un notable risc addicional per a la gent que viu a les rodalies de les mateixes.
Des d'un punt de vista de salut publica, la valoritzacié energetica de residus i el
tractament mecanic-biologic no suposen un risc per a la salut de la poblacié resident a
les rodalies, derivat de I'exposicié a diversos contaminants quimics i microbiologics. En
consequencia, en la linia de la Directiva Marc de Residus, aquests sistemes poden ser
alternatives a tenir molt en compte pel tractament dels residus, ja que limpacte
ambiental derivat de les emissions de PCDD/Fs, metalls, COVs i bioaerosols és forca
baix.

Monitoritzacié ambiental de contaminants quimics i microbiologics a les rodalies de plantes de tractament de residus. Riscos per a
la salut humana.
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