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FOREWORD

The BIOMAP 7 National Organizing Committee from tAENG Centro de
Ciéncias e Tecnologias Nucleares (Instituto Superior Técnico, Universidade de Lisboa)
will hold, with the high patronage diis Excellency, the President of the Republic of
Portugal, the ¥ International Workshop on Biomonitoring of Atmosptc Pollution
(BIOMAP 7). The event will take place in the Pavilion of Knowledjéncia Viva
(Lisbon) between 1%and 19" of June 2015.

This is the third time that BIOMAP is organized in Portugal and it is a pleasure
and an honor folC’TN- Centro & Ciéncias e Tecnologias Nucleares (Instituto Superior
Técnico, Universidade de Lisbo&) organize such an important meeting of
researchers, policy makers and practitioners in environmental sciences from all over
the world.

There is a growing need for and biological monitoring within the preventive
context of identifying health hazards at the environment and of keeping them under
control. Biomonitoring is a sensitive, selective and tfsendly method for air quality
management. The objective of BIOMA is to promote knowledge on methods and
strategies for workplace, indoor and ambient air monitoring. In addition to the specific
issues related to biomonitoring as a technique, this workshop specifically addresses
the potential use of biomonitoring datéin assessing the human exposure to toxic
substances.

BIOMAP 7 aims to provide an opportunity for an interchange of ideas among
researchers, policy markers and practitioners in environmental sciences.

Therefore, the Organizing Committee is pleased to annmece an exciting
innovative congress, with scientific presentations covering a wide range of topics.

The Organizing Committeleoks forward to your presence and participation to
continue theExcellencyf the previous BIOMASEries

Lisbon 14" June 2015

TheNationalOrganizing Committee

7" INTERNATIONXWORKSHOBPNBIOMONITORINGFATMOSPHERPFOLLUTION i



BIOMAPNATIONAIORGANIZINGOMMITTEE

Marta Almeida]ST, Portugal

Marina AlmeidaSilva ST, Portugal
Joana LagdST, Portugal

Carla RamosST, Portugal

Catarina GalinhdST, Portugal

Nuno CanhasST, Portugal

Tiago FaridST, Portugal

Alexandra SilvdST, Portugal

Maria do Carmo FreitatST, Portugal
Isabel DionisidST, Portugal

BIOMAPNTERNATIONAROARD

Bert Wolterbeek, TUDelft, The Netherlands

Maria doCarmo Freitas, IST, Portugal

Elisabete de Nadai Fernandes, CENA, Brazil

Susanta Lahiri, Saha Institute of Nuclear Physics, India
Stefano Loppi, University of Siena, Italy

Bernd Markert, EIShstitute, Germany

Simone Winschmann, EIShistitute, Germany

Marta Almeida, IST, Portugal

7" INTERNATIONXWORKSHOBPNBIOMONITORINGFATMOSPHERPFOLLUTION v



TECHNICARECORD. .....iitttteitteeaesittteteee e e s s ssbbeeee e e e s s s bbbt e e e e e e s asbbb et e e e e e s ansbbaeeaeeessansbeneeeeenans L
FOREWORD. ... ettt ettt ettt ettt e e e e e e bbbttt e e e e e bbbttt e e e e e e b be e e e e e e e annbbbneeeeeeaannes I
1N = PSPPSR \Y
PROGRAM ...ttt ettt ettt e e ettt e e e e ettt e e e e e e a bbb et e e e e e e s bbb be e e e e e e e n bbb e e e e e e e e nnnbreees 1
AB ST RACT S .ttt e e e e e et e e e e e e r e e e e e e e e e e e e e nnees 1
S 1S [ 1 USSR 3
Biomonitoring: Purpose, Pitfalls and ProSpecLS..........uuuiiveeieieieeiiiiiiiiiieeieeeeeeee e, 5
The MOSSclone Project: Creating and Testing a Novel Biotechnological Tool to
Monitor Air Quality Based on a Devitalized M0SS ClQNE............uuvvveeeiiiieiiieiiiiiiianinees 6
Are Feathers of Birds Useful as Indicators of Metal Pollutian?..............cccvvveveeeiinnnee. 7
Radiocaesium and Fungi: Evolution of Contamination;t&&ilingus Transfer and
EXPression Of RESUILS. ......cooiiiiiiii et e e e e e 8
S 1S [@] 2O PR PUPPPRPRN 9
The Contribution of Environmental Biomonitors to Human Health Studies................ 11
Biomonitoring andRisk Assessment: thaseof Cement Poduction..............ccccvvveeeeennne 12
Determination of Estrogenic Activity in R§MAir Samples from Flanders (Belgium)
with the BG1 Ovarian Cancer Cell LiNe...........ccooeeieiiiiiii e 13
Mutagenicity assessment of aerosols in emissions from domestic combustion
[T 0 To TS PPN 14
Emerging Concern on SiloxanedJsing Air, Soil and Vegetation to Assess their
Environmental BENAVIOUL.............ooviiiiiiiiiiiiiieee e 15
Associations Between Birth Outcomes and Outdoor Air Quality Measured with High
Spatial Resolution LIChEN Dat@............ccuuiiiiiiiiiiieieceeeeee e 16
S 1[0 PSP POPPRPR 17
Biomonitoring Persistent OrganiolRitants: One Decade at a Glance...............ccc...... 19
Modelling the AirVegetation Levels of Benzo[a]pyrene for Different Land Uses....... 20
Biomonitoring Research of Heavy Metals and PAHs in the Air of Agricultural
[ FYRaOILIS 2F LGLL.EQA. LLYLEY.AL...wS3A2Y.21
Uptake and Toxicity of Glyphosate in the Lickkamthoria parietingL.) Th.Fr................ 22
Monitoring PAHSs in the Petrochemical Area of Tarragona County, Spain, Using Air
Passive Samplers and LIChENS....... ... 23
Elemental Concentrations Under Different Heights and Weather Conditions on
Marine Island; Lichen Response to Different Aerosols Deposition Levels................ 24
S 17 [ SR UPSERR 25
New GeostatisticaMethodologies to Deal with Different Space/time Support and
Uncertainty Of the Data............cooiiiiiiiiiiiiiee e e e 27
Integrity of Forest Ecosystems in Germafyxposed to Climate Change and
Atmospheric Nitrogen DePOSItIQN...........uuiiiiiiiiiiiireee et 28
Assessment of a Steelwork Impact Based on Three Different Agpsa
Biomonitoring Technique, PiMMonitoring and Soil Contamination.................cccccee.... 29

7" INTERNATIONXWORKSHOBPNBIOMONITORINGFATMOSPHERPFOLLUTION \%



Effects of Canopy Drip on Nitrogen Concentration in Mosses: Comparative Statistical

Analyses of Biomonitoring Sampling Data from Seven European Countries............. 30
Airborne Heavy Metal Deposition and Accumulation in Mosses in EstoBjzatial
aNd TeMPOTAl TIENAS .....ceiiiiiiiei e e e e s e e e s 31

Validating and Mapping Atmospheric Deposition of Heavy Metals Using LOTOS
EUROP Model Calculations and Data from Biomonitoring Programmes in Germany?2

S 1S [0SR UPPREPR 33
Monitoring Longterm and Largescale Deposition of Pollutants Based on Moss
ANAIY S ..o e a e e e e e e e e e e e e e e e e e e e e e e e a e ———— 35
Spatial Patterns and Temporal Trends of Trace Element Deposition in Norway Studied
by Analysis of Moss, Humic Surface Soils, and Peat Cores........cccvvveeeveeereeieeeeennenn.. 36
A Quarter Century of Biomonitoring the Atmospheric Pollution Loads at the Scale of
the Czech Republic. What Have Analyses of Moss, Bark and Humus Bioindicators

1] 1011 o 1 PO PRRRT 37

Twelve Years of Ecotoxicologic Monitoring in the Disposal Area of an Oil Terminal in

Northern Coast of S80 Paulo, Brazil.............cccuviiiiiiiiiiiie e 38
OYGPANRYYSYllf LRtfdziA2y F YR LA ylegiridgh yR O2y RA
OF thE 2LSE CEBNIUNY... ..ot e e e e e e e e e e e e e e e e e e e e e e e e s e e e s s e e se e e nanannes 39

Quality Means Decenay On the Quality of Teaching on B&B Technologies through

Accreditation Of the COUISE2........uiiii e 40

S 1] (0] PP TPPPPRRPRTPPPRPPPRR 41

The Potential of Biomonitoring forrban Air Quality Management............ccccvvvveeeennnnne 43

European Standard for Assessing Epiphytic Lichen Diversity: a Common Useful .T.abt
Particle Exposure and Dose While Cycling: Biomonitoring and Active Sampling

APPIOACIES. ... e e 45
Assessing Air Quality in Small Mediterranean Cities by Using Lichen Diversity........ 46
Lichen Biomonitoring and Waste Management..............ccooviiimirireeeniiniiieeeee e 47
Is Moss Bag Technique a Suitabfpach for Monitoring of Air Pollution in Urban

ENVIFONMENTZ. ...ttt e srrnre e e e e s s nnnnneee e e e s nnnnreeeeee e A8
S 1[0 PO PPRPRPPPPRPPRRR 49
Human Biomonitoring in Europe and Portugal: What is going.on2............cccccvveeeeenn. 51
Exhaled Breath Condensate: A Tool for Morasive Evaluation of Air Pollution

(010 1] | (= PP RPPPPPPPPPPP 52
Biomonitoring of Occupational Exposure to Styrentnduced Genetic Lesions and

Individual Genetic PolymorphiSmS..........oooiiiiiieeeee e 53

Airborne Particulee Pollution and Urinary Biomarkers of Exposure to Polycyclic
Aromatic Hydrocarbons (PAHs) among Kindergarten Children in Chiang Mai Province,

TRAIMAN. ... 54
l dzYly . A2Y2yAG2NAY3a LyYyAGAFGA@Sa | yRSNI GKS D3
MaNAGEMENT PIAN...... ..t e e e e 55
Blood LeadLevels and Birth Weight: Results from Thirteen Years of Human
(2] o] g pTe] o 11 (0] ¢ oo PO PPPP T PPPPPPPPT. 56
Lead in up to 6 years Children living in Lisbogidteor Madeira Island......................... 57

Vi



S 1S [0 SRR PPUREPR 59
Biomonitoring of Airborne Particulate Matter Pollution with Magnetic Measurements

on Leaves and Lichens: Principles, Methods and Experimental Results................... 6l
Magnetic Properties, Bioaccumulation, Physiological status and Ultrastructure of
Lichens Exposed around a Cement Plant............c.ccevvvviieveiiiiiiiiiiieeeeeeceen 4 62
Biomagnetic Monitoring of Urban Air Pollution Using Moss Bagshdgnum

(o [0 T=T 01T ] o] o ) PO PP PPPPPPRPPPR 63
A Comparative Study Between Biomagnetic Analysis and Scanning Electron
Microscopy of Particulate Matter Deposition on Urban Green...........ccvvvvvveeeeeeeeennns) 64
POSTEREESSION ..t iuttttieeeeeeeetiteeeeeeeeessteeraeeeeesssssaaeeaaeeaaasssaaeeeeeaasssssenaaaaessnnsssnnneeeeaans 65
Active Moss Biomonitoring: An Approach Extensive Screening of Air Pollution over
Urban Area Belgrade Case StUY..........uuuriiiiiiiiiiiiieriieeieeeeeeeeeeeeeeeeeeeeeeee e ese s 67
Chemical Element Accumulation in Tree Bark growvidltanic Soils of Fogo Island
[(O= 1o TSI =T o /= H S PPPPPPPRPRY 68
Evaluation of Contamination by Selected Elements in Moss and Soil in Moscow and
LA IR A OO W K 0 - U 69

The Moss Technique and Neutron Activation Analysis for Trace Element Atmospheric
Deposition Study in Tikhvin Distii€ [ Sy A y 3 NJ.RA.].L.2.L....h.a.f.1L.&70 Q
X-ray Fluorescence Analysis in Leavedlefium oleander Lused as Environmental

[ 0] 0 7] 011 o] PP EPPP PP 71
Zn at Ecosystem Level as Heavy Metal angeRiment.........................oooee e, 72
Soil Pollution Analysis in the Rio de Janeiro SIALe............c.uuveiveiieeeiiieieeiieieieeeeeeeeeeenn 73
Determination of Metals in Air Samples using the APDC Technique Preconcentration
and Analysis With-Xay FIUOTE@SCENCE...........coiiiiiiiiiiiiieee e 74
Holm Oak Leaves Effectively Point Out Spatial and Temporal Trends in Pollutant
[T oT0 1S 1 1T0] o YUY 451
Air Pollution Biomonitoring with the LicheRarmotrema tinctorumDespr. ex Nyl.)
Hale in Industrial Areas from Southern Brazil.............ccccccoiiiiiiiiiii e 76
Accumulation of Organic and Inorganic Pollutants in Moss and Lichen bags:
Preliminary results of an exposure in London and Naples..........cccccuvveeeieeeiiiieeeeeeeennn. 77
Genetic Diversity oPinus sylvestrid() andPinus nigralArn.) Growing in the Area
Polluted by Heavy MetalS..........ceeeeiiiiiiiiiiiiieeeeee e 78
Tillandsia usneoidesa Successful Alternative for Biomonitoring Changes in Air
Quality due to a New Highway in S0 PaBitazil...............ccccooviiiiiieiiiiiiiee 79
Development of a methodology to characterize emissions sources in an urban area
surrounded by industrial activitiesSetubal, Portugal.............ccccceeiiiiiiiiiiie e, 80
Effects of Pb on Essential Oil Contents in Sweet Basih(m basilicurh.)..................... 81
Urinary Benzophenone Concentrations and Their Association with Demographic
Factors in South Korean POPUIationN...............eeiiiiiiiiiiiiiee e 82
Biomonitoring of technogenic pollution in industrialized urban ecosystems using
biogeochemical activity of woody PlIants..............eueeeiiiiiiiiiiiiiiie 83
Trace Element Determinations in Tree Bark Samples for Biomonitoring Atmospheric
Pollution in the City 0f SA0 PaULlO............ccoiiiiiiiiiie e 84

Vil



Odour Monitoring: How to Measure Odour and Gas Emissions at Source with an

Assessment of Metal Atmospheric Pollution in Forest Remnants of the Campinas
Metropolitan Region, S&o Paulo State, SE Brazil, Using Tree Speaesastais.......... 86
Biomonitoring of Selected Regions of the S&o Paulo State SeashoréEisiagperna
Mussels: a Comparison BetweeretRassive and Active Experiments........................ 87
¢ KS 9ELJR &dzNB -Podd Lizadd¥tamtodadlyNd gosk@npugo Heavy
Metals in Relabn to Habitat and Diet in a Polluted Coastal Area in Southern Tunisi&8
Scenario Based Analysis of Traffic Relategds®@Mncentration: Lisbon Case Study.......89
Impact of Urban Pollution on the Vascular CambiunCefba SpeciosgA. St:Hil.)

REAVEINA . ...ttt ettt e e e e e e e e e e e e e e aaaaeans 90
Using Lichen Diversity to Evaluate the Alleviation of Urban Heat Island Effect
Provided DY Gre@N SPACES. ......cciiiiiiiiiiiiiiee ettt e e e e e e 91
The Pollutant Spreading Model AUSTAL 2000 is Not Validated..............cccccoccnnnnnnd 92
Sources Influencing Elderly Exposure to,RBOMpPOoNENts.........c.oooeeeeiiieeiiieiceeeccinnns 93
Air pollution by PMyin Portugal between 2001 and 2011..........ccoooviiiiiiieeeeiiiiiiieeeeen. 94
Biomonitoring of Air Pollution Using Bark and Lichen in an Urban Aigabon,

0T (8 [0 - | P PPPPPPPRPRRS 95
Indoor andOutdoor Biomonitoring Using Lichens at Urban and Rural Primary Scha®6
AUTHORBNDEX ... tttettee e e e sttt e e e s s sttt e e e e e sttt e e e e e s s asbbee e e e e e e s annatbeeeeeeaaansnbbeeeaeeeennnnees 97

viii



PROGRAM

7™ International Workshop on Biomonitoring of Atmospheric Pollution
14"-19" June 2015 Lisbon, Portugal

GENERAL
15" June 16" June 17 June 18" June 19** June
Session O: Session 8:
Session 3 Maonitoring long- Sesslun_E: Rir BIDI‘I‘iDI‘iItDlII‘i_g of
Organic term and large— quality atmospheric
! i Opening cerimany scale deposition| management pollution using
10:00 - 11:00 [10:00-10:30] e [DTETTEs of pollutants magnetic
properties
Session 1:
Biomonitoring -
11:00-11:20 Principles & Caffee break
prespectives
11:20-11:50 (10:30-11:30) S53-LO S5-LO SE-LO S8-L0O
1. Coffes break _ _ . _
11:50-12:05 (H:30-1150) S53-01 S55-01 SE-01 S5-01
— 51-LO _ -~ u ~
12:05-12:20 [1150-12:20) S3-02 55-02 S6-0z2 S5-02
. 20-12- - _ _ _ Round Table
12:20-12:35 51-01 S3-03 55-03 S6-03 1i22042.50]
12:35-12:50 51-02 53-04 55-04 56-04 Closing oerimony
13:00-14:15
Lunch
14:15-15:00 Paster Session Paster Session
Session 2: Session 4:
Exposure, human | Geostatistical Session 1
health & on Human
15:00-16:00 epidemiclogy biomonitoring biomonitoring
science
16:00-16:20 Cioffes break Coffes break
16:20-16:50 S2-L0 S4-L0 Social Programme S7-LO1
[Towr and dinmer] =T
16:50-17-05 S52-01 Sd-01 (150 17:20]
P ~ _ 57-01
1F:05-17:20 S2-02 S4-02 (1720-17:35)
- —17- _ ~ Sv-0z2
17 20-17-35 S52-03 S54-03 (73517501
P _ _ S7-03
17:35-17:50 S2-04 Sd4-04 (1750-13:05)
P 57-04
18:00-13:00 [18:05-15:20)







ABSTRACTS

7" INTERNATIONWORKSHOPNBIOMONITORINGFATMOSPHERROLLUTION 1






SESSION
Biomonitoring: Principles and
Perspectives
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S1 PLENARY SESSION

Biomonitoring: Purpose, Pitfalls and Prospects

H.T. WOLTERBEEK

'Delft University of Technology, Reactor Institute Delft, Mekelweg 15, 2629 JB Delft, The Netherlands.
*Corresponding authoh.t.wolterbeek@tudelft.nl

Biomonitoring may be defined as the usebid-organisms ogmaterials to obtain information on
(selected) properties of the biosphere. The information is deduced from either changes in the behaviour
of the biomonitor, or from the concentrations of specific substances in the monitor tissues. Genera
advantage of the use of biomonitors is argued as related to their common and permanent occurrence, the
ease of sampling, and the absence of the need of expensive technical equipment.

Mosses and lichens are assumed to be among the most suited biomooftatsiospheric metal
pollution, for which mostly an approach is chosen that implies the assessment of metals in
OA2Y2yAl2NRa GAaadsSao

It should be realized, however, that mosses and lichens (or any other living organisms) are
dynamic systems that acowlate and release substances such as metals, at rates depending on the
2NBI yAaYQa QGAGEFEAGeS AGa LKeaAaAz2fz3ae FyR Y2NLK2f 2383
LINEOollofex GKS YSOltQa LINPLISNIA Si#Hon. £t S@Staz FyR aLISOAL

The above prompts thoughts on the status quo and future (purpose, pitfalls and prospects) of
biomonitoring. After four decades of development, biomonitoring is still far from its trustworthy and
routine use as a (quantitative) tool in metal aiollution studies, and alternatives are emerging such as
small solaspowered air filter setups or iorexchange collector materials. Furthermore, the specific goals
AY 0A2Y2YyAG2N) dAddzZRASa | NB &aKATGAY Irel@adafidiliy ind YSNBE |
metal concentrations towards a more extended use of informative data in mostly hedéted research.

Set in this context, the present paper addresses the possible future purpose of biomonitors, the
purposerelated pitfalls, and tries to arrivat considerations towards the prospects in biomonitoring.

Session 1

Keywords:biomonitoring, metal air pollution, bigystems, dynamics
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The MOSSclone Project: Creating and Testing a
Novel Biotechnological Tool to Monitor Air
Quality Based on a Devitalized Moss Clone

S. GIORDANQ J. ABOALP. ADAM& R. BARGAGLA.K. BEIRBM. BOWKET,TF. CAPOZ7I
CB. CARBALLERA. CEOLME. CONCHBRANA D. CRESPO PARDE).. DECKERA. DI
PALMA JA. FERNANDEX. FERNANDEAG. GONZALEB. IGLESIAAMITIERP. LOPEZ

MAHIA®, S. MUNIATEGYD S. POKROVSKR. RESKA.l. REVASENSIOV. SPAGNUOL M.

TRETIACH

2Dept. Agricultural Sciences, University of Naples Federico Il; via Universita 100, 80055 Portici (NA), Italy

'AMRA Via Nuova Agnano k180125 Napoli, Italy’USC15782 Santiago de Compostela, Sp#i.UFR
Schaenzlestrl, 79104 Freiburg, GermandyieLabs, Tullow, Irelan@®RIONYia A. Volta 25/B, 35030

Veggiano (PD), ItaIf/l;JDCDept. An.Chemistry- Campus da Zapateira s/n, 15071 A Corufia, Spain;
"BIOVIA Consultor Ambientdl5782 Santiago de ComposieBpain?UMR 5563 CNR# Av.Edouard
Belin 31400 Toulouse, Frané&€orresponding authogiordano@unina.it

CKS GSOKYyAIljdzS 2F avY2aa ol 3a¢ FT2N) Y2YAG2NRY3
shows somdimitations: among others, a certain environmental impact of the collection sites and the lack
of standardization of the exposure protocol, making data sets derived not directly comparable. To
overcome these limits, the "MOSSclone" project fRY; www.mesclone.eu) has developed a new
biotechnological tool based on the use of a devitalised moss clone to detect inorganic (metals and
metalloids) and organic (PAHSs) pollutants in the air. The research consortium, led by the University of
Santiago de Composte(USC, Spain), involves academic institutions and SMEs from Italy, Spain, Germany,
France, Ireland. Aims of the project are: 1) selection and culture of a particularly performing peat moss
clone (Sphagnum palustre); 2) morphological, molecular, physidamical and mulielemental
characterizationof the selected clone; 3) laregrale production of the clone; 4) design and production of
new concept mos$ags for transplants; 5) methodological standardization to develop a protocol for using
mossbags; 6)tool validation by comparison between data collected using mxegs and traditional
techniques (i.e. bulk deposition collectors, airborne particles and gaseous pollutants samplers); 7) test of
the tool for identification of pollution sources. The exposwtandardization assay has taken into account
aspects concerning bag preparation (net mesh, shape, size and moss weight) and exposure (height above
ground and duration time). In order to evaluate the influence of land use and climate on moss uptake, the
test exposures were performed in natural background, urban, industrial, and agricultural sites selected
among three European countries characterised by continental (Austria), mediterranean (Italy), and
oceanic (Spain) climate. The main outcome of the MBS project was that, having standardised the
moss material and the exposure protocol, the uptake measured by the S. palustre clone in different
environmental conditions can be directly compared giving indications on the levels of airborne pollutants.
Fuure perspectives raised by the conclusions of the present project concern the test of the moss matrix
with other pollutants (i.e. dioxins, PCB, radionuclides), the possible ascertainment of a correlation
function between concentration in the air and maggtake, at least for some pollutants, and the test of
the moss matrix in a water environment.

Keywords:moss bags, standardization, devitalised moss cl@piagnum palustre
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S101

Are Feathers of Birds Useful &sdicators of
Metal Pollution?

M. LODENIUS T. SOLONEN

'Department of Environmental Sciences, University of Helsinki; POB 6B0®1M Univ. Helsinki, Finland;
’Luontotutkimus Solonen Ltd; Neitsytsaarentiie B 147, FIF00960 Helsinki, Finland.
*Corresponding authomartin.lodenius@helsinki.fi

Feathers of birds have often been used as indicators of environmental pollution. They are easy to
collect and sampling does not harm living birds. Atmospheric pollution can be traced in both terrestrial
and aquatic food chains. In most cases feathers séemeflect the environmental metal burden in Session 1
different food chains well. Mercury is especially bioaccumulated in aquatic food chains which is seemim————
e.g. fisheaters like the osprey and sea eagle. For other heavy metals the bioaccumulation is less
pronourced. It may be difficult to separate between internal (food) and external pollution (air, dust).
Chick feathers reflect more reliably local conditions compared to feathers of adult birds. Interpretation of
the results requires good knowledge on food habitplting and migration patterns. In some cases
museum samples can be used for monitoring temporal changes. Special attention must be paid to clean
sampling and preparation of samples. We conclude that feathers of birds can be successfully used as
biologicd indicators when the before mentioned requirements are met.

Keywords:bird feather, indicabr, metal pollution, monitoring
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S102

Radiocaesium and Fungi: Evolution of
Contamination, Sotto-Fungus Transfer and
Expression of Results

0. DAILLANT, M. JOSSETA. BERNOLI2N. ROUGIERD. BOILLEY

! Observatoire MycologiquéNéronde, F. 71250 Mazille, Frangdssociation pour le Contr6leeda
wtRAZ2I OGADGAWMBYRI WHzSt QB dzE 20 At A 4Gk, F@we mnHnn | SNEP dz¢
*Corresponding authowolivier.daillant@wanadoo.fr

Session 1 Nearly one hakife of caesium 137 has now passed since the major accident at Chernobyl power
~ plant. Although analyses of radioactive caesium in fungi have been quite numerous it appears now
appropriate to draw a wider picture of the question. Differenyenlogical societies have agreed to collect
samples in different areas in France; to be complete some species from different origins were also bought
on markets. Priority was given to mycorrhizal species, espe@alltus eduli@nd Hydnum repandum
Analses were performed using a hypsure Germanium detector and results were compared first
according to the origin; then authors compared the evolution of radiocaesium concentration in species
having been monitored in the past on the same spot, some of tiyeite regularly since 1986. Results
from recent years showed that activity in saprotrophic species is now very low compared with what was
measured in the eighties; as regards mycorrhizal species, decrease in activity results mostly of the physical
decay d the radionuclides: the effective hdife appears to be very similar to the physical one. This puts
the question of the role of fungal mycelia to keep some elements in the same soil layer. The evolution
between the early sixties and 1986 (when reseaoththat subject started on a wider scale) could be
investigated if compared with the evolution in the last 29 years so as to have an idea of the contamination
of fungi some 60 years ago. Another question is thetseilingus transfer: it is related to thexpression
of results. This has often been done on the basis of dry soil mass (sometimes under a certain grain size) vs
dry fungal mass. It may however be more appropriate to estimate the concentration factor by comparing
the activity of pore water and #hactivity of water in the fungus. Differences in temperature and humidity
could interact with soil texture and chemistry to explain differences in contamination.

Keywords:fungi, mushrooms, pore wateradiocaesium, evolution of contamination.
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The Contribution of Environmental
Biomonitors to Human Health Studies

C. BRANQUINHKO

! CE3G Centre for Ecology, Evolution and Environmental Changes, Faculdade de Ciéncias da Universidade
de Lisboa; Bloco C2, 5° Piftampo Grande, 1740817 Lisboa, Portugal.
*Corresponding authocmbranquinho@fc.ul.pt

During the last decades, awareness regarding the effect of atmospheric pollutants on human
health has become a cuttirgdge topic due to their toxicity effects (e.g. carcinogenicity, mutagenicity and
endocrine disruption character). Once emitted, atmospberpollutants disperse, deposit on
environmental compartments (air, soil, water), liecumulate and contaminate the foezhain, causing
severe human health problems. Human exposure to atmospheric pollutants deposition, which occurs
through inhalation of & and soil particles, ingestion of food, water and soil, and dermal contact, is Session 2
assessed using estimated values for each environmental compartment. Usually, these data are based on
low spatial resolution information, as: a) the number of air monitoriragiens is insufficient; b) only few
industries measure these compounds in their emissions; ¢) models do not account with diffuse and
unknown sources (such as traffic). Thus, data of human exposure to pollutants has a large proportion of
uncertainty which des not allow taking adequate measures to protect the population. To assess which
L2 Lddzt F GA2ya FNB dzyRSNJ I KAIK |yR f2¢ SELR&dINBE f S@St
what is actually being deposited on each environmental compartmdfdafeover, as pollutants may exist
Fid GSNB 26 O02yOSyiaN) Az2yas YvYzald 2F (GAYSa (KSe@QNB y:
but still, humans are exposed to low concentrations of these compounds. One of the main challenges of
modern environmaetal sciences is to relate lostgrm environmental exposure to low levels of pollutants
to human health effects. Most epidemiological studies have focused on occupational and accidental
exposures to pollutants, among workers and residents of affected atdawever, individuals potentially
more susceptible, such as infants and children, are not normally occupationally exposed. In line with the
European Environment and Health Strategy it is important to provide new insights into human exposure
to environmenal pollutants in noroccupationally environments, making use of pioneering research
methods at the forefront of environmental monitoring and health science. In this talk, a review of the
contribution that environmental biomonitors such as lichens, mosses, leafs, etc can make to human
health studies will be performed. An historical perspective will be addressed reporting the first studies in
which biomonitors were used in an indirect way as signals for human health problems. The advantageous
and limitaions of the use of biomonitors in relation to traditional measures of atmospheric pollutants. A
presentation of the most important case studies addressing biomonitors and human health studies will be
described. Finally a critical analysis concerning thfficdities in using routinely environmental
biomonitors to estimate human health impacts due to atmospheric pollution will be performed future
lines of research will be suggested.

Keywords:lichens, biomonitors, bioindicatoreuman exposure, air pollutants
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Catalans, Tarragona Spafiﬁpcil, S.A., Fabricac®-Outaq Apartado 71, 290864 Setubal.
*Corresponding authofpalmaoliveira@fp.ul.pt

Risk assessments of combustion emission sources typically focus on heavy metals such as arsenic,
cadmium, lead, and mercury (Hg) and products of incomplete combustion such as polychlorinated
dibenzo(p)dioxins/furans (PCDD/Fs) and polycyclic aromatic heidros (PAHS). As these compounds
persist and bioaccumulate, mujtiathway risk assessments typically use a series of sequential,
interconnected models to predict pollutant dispersion in air, deposition to soil/water, and foodweb
transfer. The distributiorof pollutant concentrations among environmental media is then uasdhe
basis of estimating exposure among all potentially relevant pathways. For contaminants such as Hg and
PCDD/Fs, topf-food chain pathways are predicted to be most important. Envinental monitoring
studies (EMSs) are sometimes used in an attempt to confirm the predictions edridt&ransport models
and seek evidence of the impacts of specific emission sources. Our talk will focus on the challenges
associated with environmental mdoring studies, with specific application to the cement kiln industry in
Portugal. As there are many sources of combustiglated pollutants, a facility based EMS must account
for both natural and anthropogenic background (i.e., signal to noise issues).

Emissions from modern, wedbntrolled cement kilns have been greatly reduced such that-fate
and transport models predict loweahan-background impacts, leading to the expectation that facility
specific impacts cannot easily (if at all) be distinguishéatisBcal sampling considerations thus become
important, as well the design of sampling studies based on patterns of projected impacts. Use of
biomonitoring (e.g., lichens) has been investigated in an attempt to focus on bioaccumulation endpoints.
Our tak will explore potential relationships between bioaccumulation modeling and biomonitoring using
recent data collected around operating cement kilns. It will be discussed the integration between the
lichens data and the output of the QRA in the same site.

Keywords:biomonitoring, rsk assessment, QRA, integration
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BG1 Ovarian Cancer Cell Line
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Exogenous substances that act like hormones and disrupt the physiologic funcéindagjenous
hormones in the endocrine system are called endocrine disrupting compounds (EDCs). Due to their
possible health effects, there is growing attention for EDC pollution in our environment. In this study, a
novel methodology to measure the overaltsponse of estrogenic disruptors in RMir samples was
developed and the effect of different extraction solvents was investigated. To obtain more information
about the EDCs present in our environment and their effects on the human hormone system, sapioas
technique using a BG1Luc4E2 ovarian carcinoma cell line was employed to quantify the potency of the
mixture of estrogenic compounds in Rivhir samples. Between April 2013 and January 2014, samples
were taken in a rural, industrial and urban area ianflers (Belgium). Estrogen disruptive potencies were
NELR2NISR a o0A2t23A0 Sl dzh g1 t-&ifaididl ped culliovmetEr ofie NS 8 A SR A Y
parametric tests (Kruskalallis and Wilcoxon rank tests) were used to determine possible diffexen
0SG6SSy alYLXfAy3a IINBFra FyR GAYS LISNA2Rad® {LISIN¥YIyQa
relationships with meteorological data and environmental pollutants. No statistical significant differences
in estrogenic activity were found between thechtions, but large daky-day variations were seen in all
locations. The estrogenic activity was positively related with f&¥els p=0.035), black carbomp£0.024)
and the sum of pyrene and fluoranthen@=0.044), while a significant negative corredatiwith air
temperature was foundp=0.04). Furthermore, the estrogenic potency was generally higher when a polar
extraction solvent was used (ethanol or acetonitrile) instead of a mixture of a polar angaiansolvent
(hexane/acetone, 50/50). This studshows that this in vitro bioassay is a suitable tool to monitor
estrogenic disruption in air samples. Since relatively largebgajay fluctuations were observed, it seems
that on all locations a certain background estrogenic activity is present witbetiain occasions high
peak levels originating from a mixture of estrogactive compounds. More long term studies on g\br
even PMsand PM, are thus needed to investigate these fluctuations in estrogenic potency in relation to
meteorological and evironmental data and to define possible human health effects. However, it seems
that changes in sample pteeatment methods can significantly influence the observed potencies and
that a harmonized approach for sampling, extraction and in vitro measureméhtis necessary.

Keywords:PM,o, CALUX, EDC, estrogen, bioassay
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Mutagenicity assessment of aerosols In
emissions from domestic combustion
processes
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!Centro de Ciéncias e Tecnologias Nucleares, Instituto Superior Técnico, Universidade de Lisboa, Estrada
Nacional 10, Km 139.7, 26966 Bobadela LRS, Portuﬁé]ESAl\A Centre for Environmental and Marine
Studies, Department of Environment and Planningyehsity of Aveiro, 381093 Aveiro, Portugal;
3Departamento de Biologia da Universidade de Aveiro, Campus de Santiagd,S8A0eiro, Portugal;
“Institute of Geography, University of Bern, Hallerstrasse 12, 3012 Bern, Switzerland.
*Corresponding authonunocanha@ctn.ist.utl.pt

Domestic biofuel combustion is one of the major sources of regional and local air pollution,
mainly regarding particulate matter and organic compounds, during winter periatdslies have already
shown that PAHs and their derivates generated from domestic cooking and domestic heating are
mutagenic agents, whose mutagenic potential varies regarding the combustion appliances, the type of
used fuels and extraction methods. Thiady proposes to evaluate the toxic effect of the fraction of PAHs
of emitted coarse particles (Pfy) from domestic combustion. The mutagenicity assemst was done by
the Ames assayTwo bacterial strains oSalmonella typhimuriumTA98 and TA1QOwere used to
determine frameshift mutations and bagmir substitution mutations, respectively. To evaluate the
mutagenicity of metabolic products of the studied chemicals, an in vitro metabolic activation is studied by
adding the S9 mix (rat liver microsomeddtion) to the strains. Seven fuels, including four types of pellets
(one commercially certificated and the other 3 with different percentages of residues from furniture
industry ¢ 25, 35 and 50%) and three agiuels (olive pit, almond shell and shell phe nuts), were
tested in an automatic pellet stove and two types of wood (maritime pine and eucalypt) were tested in a
woodstove (studying two phases of the combustion: devolatilisation and flaming/smouldering). PAHs
extracts of PMy collected from combstion of the different types of solid biofuels were then tested by the
Ames assay described above.

The eucalypt samples of both phases of combustion along with the devolatilisation phase of the
pine combustion imposed direct mutagenicity towards TA98cdigh almond shell did not complied
with both requirements to confirm its direct mutagenicity towards TA98, it presented a ratio of 1.7+0.3,
which may suggest a mutagenicity effect. The Pellet Type IV (with 50% of residues from furniture industry)
presened cytotoxic effects towards TA100, with a decrease of 30% of the revertant colonies
comparatively to the negative control, along with the sample of pine devolatilisation, which presented a
decrease of 25%Regarding the indireeacting mutagenic effect {gins with S9 mix), the combustion
phase of devolatilisation for both samples of pine and eucalypt presented similar high ratios in both
strains (between 1.3 and 1.4), however the existence of mutagenic activity of these samples towards both
strains coulchot be confirmedThis study allows to identify which fuel poses the least mutagenic risk and,
therefore, to be recommended for domestic use.

Keywords:mutagenicity, polycyclic aromatig/tirocarbon, P\, biomasshurning,amesassay

7" INTERNATIONWORKSHORBIOMONITORINGFATMOSPHERROLLUTION 14


mailto:nunocanha@ctn.ist.utl.pt

S2 3

EmergingConcern on SiloxanesUsing Air, Soll
and Vegetation to Assess their Environmental
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'LEPABBPEQ, Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, Porto, Portugal;
2Department of Chemistry, University of Florence, Sesto Fiorentino, Florence, Italy.

*Corresponding authonrneto@fe.up.pt

Persistent organic pollutants (POPSs) are, by definition, compounds highly resistant to biological,
photolytic or chemical degradation. In 2001, the Stockholm Convention has defined the first list of 12
POPs, and since then several compounds have been included or under consideration for inclusion. Onesoéssion 5
these groups of sealled "emerging pollutants” are siloxanes, profusely used in personal care products
and in numerous industrial applications. Althoulgtle is known about the effects of these compounds,
they are recognized great potential risk to the environment, including carcinogenic and endocrine
disruption, as well as direct or indirect toxic effects in several biological processes. Theitywotatiles
the atmosphere especially prone to host (and transport) the bulk of emissions, whether localized or
dispersed.Therefore, this study aimed to contribute to enhance the knowledge of levels, trends, and
behaviour of eight siloxanes (four linear afwur cyclic) in the environment. Adding to the prioritary
scrutiny of the incidence in the atmosphere through passive samplers (sem@négnated polyurethane
foam disk;SIPg in this case), the sampling of pine needles and soil was also performed;ltsisg the
circle of atmospheric exposure in the areas of study and enhancing the knowledge of cycles and levels of
pollution in different matrices. Two sampling campaigns (one in summer and one in winter) were done in a
total of 8 sampling points in thBortuguese territory, which covered a wide range of human presence and
an extensive characterization as to the uses of the soil (urban, industrial, rural, remote and beach areas).

Ly GSN¥a 2F tylftedAaolort YSGK2RAaZIX IcingiteNE&y ¢ | LILINE |
steps for the passive air samples and using the QUEChERS technology for soils and pine needles. Mean
recoveries of 74%, 70% and 72% were obtained for the three matrices, respedRegyrding the total
concentration of siloxanes founch ithe samples, for soils values ranged between 5 and 80 ng/g (dry
weight) whereas for the pine needles varied from 10 to 160 ng/g (dw). In none of these matrices was
possible to draw a clear seasonal trend. For the passive air samples, it could be geeriithawo beach
areas the values in summer were higher than in winter, probably due to the considerable increase in the
population of these areas during the summer campaign. Overall, the levels varied from 10 to 130
ng/sample. In all matrices, the cyckiloxanes were found in much higher concentrations, with D5 and D6
being the most predominant in a great majority of cases. Also, the urban and industrial areas had the
highest incidence, as could be expected from their main uéesinitial modelling aproach for the
atmospheric distribution of D5 on the west of the Iberian Peninsula showed difficulties due to the lack of
emission data for the domain of study and portrayed differences using the parameters available from
other parts of the world. In consgience, the knowledge on the behaviour of siloxanes still has
considerable gaps and more integrated studies have to be conducted both at local and at wider domains.

Keywords:siloxanesair, soil, vegetation,emerging pollutants
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Outdoor Air Quality Measured with High
Spatial Resolution Lichen Data
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Many environmental epidemiology studies suggest that birth outcomes like low birth weight
06SAIKGrupnn 3IND 2N LINBGSNY oO0ANIKAE o03SaldldAizyror
outcomes, like increased infant morbidity and mortality. At sameetithere is extended scientific
literature suggesting significant associations between outdoor air pollution levels and these birth
outcomes. Majority of studies trying to measure these associations are hampered by the lack of spatial
resolution in air qualy data, because they commonly use traditional air quality monitoring stations,
which are expensive to operate and exist only in few locations selected for regulation purposes. However,
cities are very heterogeneous regarding air quality, thus increasiagspatial resolution of air quality
data is a critical issue to improve efficiency of spatial methods in environmental epidemiology. In the
scope of the GISA project (Gestdo Integrada Saude Ambiente) we conducted an environmental
epidemiology study in sall Mediterranean cities located in Coastal Alentejo Region (Portugal), to
measure associations between air quality during pregnancy and birth outcomes. To overcome the lack of
spatial resolution in air quality data, we measured air quality levels usihgnidata available in those
cities, as they acted as a surrogate of maternal exposure to air pollution during pregnancy. Historical
individual data on birth weight, duration of gestation, night and -tiaye addresses of mothers during
pregnancy, demograpb, social and clinical covariates were collected by questionnaire (n=860) from
mothers enrolled on GISA project (860 out of 1393 enrolled mothers). We gathered health and lichen data
in a Geographic Information System and applied geostatistical methastanéion and sequential
simulation methods) to lichen diversity data to derive a continuous metric of integrated outdoor air
quality exposure. We applied multivariate regression methods (generalized linear models framework) to
estimate the odds of birth wtcomes at different air quality levels controlling for the effect of other
covariates, such as maternal lifestyle factors (smoking habits, weight gain during gestation), maternal age
or maternal body mass index before pregnancy. Results suggest different®th air quality and birth
outcomes between cities. Rationale and results obtained emphasize the ability of high spatial resolution
lichen data to be included in design of an epidemiological study on health and air quality.

Keywords:lichens, pollutio, health exposure, birth weight

7" INTERNATIONWORKSHOPNBIOMONITORINGFATMOSPHERROLLUTION 16

[}


mailto:manuel.ribeiro@tecnico.ulisboa.pt

SESsSION
Organic Pollutants

7" INTERNATIONWORKSHOPNBIOMONITORINGFATMOSPHERROLLUTION 17



18



S3 PLENARY SESSION

Biomonitoring Persistent Organic Pollutants:
One Decade at a Glance
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Persistentorganic pollutants (POPs) are organic chemical substances, carbon based, whose
awareness has become a cuttiedge topic during last decades. Features such as toxicity,
bioaccumulation and persistence of these compounds in the environment contributeishtBmational
agreements aiming to eliminate and/or restrict the production and use of selected POPs, in order to
protect human health and the environment. Most of POPs have been intentionally produced for
commercial purposes, such as pesticides (DDTatiedetc.) but some have never been intentionally
produced. Examples are PCDD/Fs (dioxins and furans) and PAHs (polycyclic aromatic hydrocarbons), which
are considered unintentionally produced substances whose emissions should be reduced and whosgession 3
monitoring in the environment is essential. Though it is simple to measure POPs in industrial emissions,
emissions from diffusive sources, such as traffic and other urban activities, are difficult to quantify.
Moreover, once emitted, POPs will disperse in atmosph&avel for long distances (depending on their
size and weight) and suffer chemical modifications (influenced by temperature, sunlight, and other
factors) before their deposition. In this sense, monitoring what is actually being deposited is impartant t
assess risk to ecosystems and human health. Monitoring of POPs in air has proven to be an unsatisfactory
method to capture the real picture of the dispersion and deposition of these compounds. Because air is
sampled for short periods, concentrations dPs are many times not detectable. However, since POPs
are lipophilic compounds with tendency to bioaccumulate, even if not detectable in air, they can be found
in high concentrations in biota and soil as a result of a long term atmospheric depositignorStie
other hand, is considered a natural sink for persistent organic pollutants; POPs absorb to soil organic
carbon, and once absorbed, remain relatively immobile. For this reason, concentrations of POPs in soil are
a reflex of a longerm depositionduring decades and consequently are not helpful to assess the impact of
the measures to reduce emissions that have been taking place. The use of biomonitors (living organisms)
arises as a useful tool to fulfil the conventional air and soil monitoring nuth®@ver time, different
biomonitors have been used to monitor POPs. In terrestrial environments, the most frequent has been
the use of pine needles and other vegetation, and more recently moss and lichens (symbioses of fungi and
algae). The main aim of ihhpresentation is to provide an overview of the use of biomonitors to assess
POP atmospheric deposition onto the environment, focusing on the last decade, and stretching aspects
such as their advantages and limitations, factors that influence interceimh accumulation of POPs,
and how have they been used to track different pollution sources.

Keywords:POPs, PCDD/F profile, PAH peofiir pollution, bioindicator
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Benzo[a]pyrene for Different Land Uses
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Benzo(a)pyrene (BaP), with Saromatic ring molecular structure (and thus present in the
atmosphere mainly as particulate matter) was defined by the European Commission (Directive
2004/107/EC, amended by Regulation 219/2009) as a reference for air quality standards regarding
polycycic aromatic hydrocarbons (PAHSs), setting an average limit of 1 48gomBaP over one year.
Although legal limits for atmospheric PAHs are scarce, some guidelines have been presented by studies in
literature that can help in the assessment of their harngfatential. Biomonitoring using plant species has

Session 3  been used to evaluate the levels of PAHs in the environment since the late 80s. Pine trees have a
worldwide presence, and the Iberian Peninsula is no exception. Consequently, there is a great potential to
set up small to largescale spatial studies, enhanced by the life span of the needles (up to several years,
depending on the species), which continuously accumulate organic pollutants [25]. However, studies
reporting a wide geographic distribution of acculation patterns of PAHs using coniferous needles are
scarce and use different approaches. Even fewer are those dealing with the estimatiorvefetation
partitioning phenomena. Thus, combining field data from biomonitoring campaigns (or atmospheric
sanpling networks such as the European Monitoring and Evaluation Programme, EMEP) and chemistry
transport models (CTMs) can be a way to obtain reliable estimates of thvegétation loads of PAHSs, as
well as a more comprehensive insight on their geographécad temporal distribution. An innovative
concept using the WRF+CHIMERE modelling system, coupled to emission data from EMEP and compared
to data from 70 pine needles sampling sites is then reported in this study. Apart from evaluating the
presence and heardous potential of atmospheric BaP in the Iberian Peninsula, the main objective is also
to evaluate if different land uses (urban, industrial, rural and remote) can be accurately portrayed by field
and modelling approaches. The climatology of the cantgwels of BaP was evaluated against the
concentrations in pine needles, showing a good accuracy (biases lower than 30%). The ability of pine
needles to act as biomonitoring markers for the atmospheric concentrations of BaP was estimated by
converting the évels obtained in pine needles to air concentrations, taking into account the different land
uses of the sampling sites and also those included in the modelling approach.

Keywords:polycyclic aromatic hydrocarbons, land use, biomonitoring, air sampling.
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In recent years the Campania region, one of the most fertile Italian agricultural landscapes has
been under the attention of media because for decades its soils were illegally used to dump potentially
lethal toxic wastes, as result of waste crisis. Moreopvéth time people began setting fire to the dumps,  ggagsion 3
making matters worse. Public opinion claims that this situation is the cause of increase of some caneefs————
rates and shorter lifespan of people living in this area. Authoritative researchers have rengydlgsted
that Campania region could be a perfect field study for a biomonitoring research programme, as their
L2A&2ySR FTAStR&a O2dAZ R &aSNWS & |+ 3AAlLyd SELSNAYSYyG A
G AG2NF €S NR2 Y AD SANZ tognzéd byothetlt§lian Stdfd as a National Interest Priority Site
in Campania, the Life ENVY ECOREMED project is working to implementoecopatible protocols for
agricultural soil remediation. In this framework we present the data from a first bioraong survey to
detect inorganic (metals and metalloids) and organic (PAHSs) pollutants in the air using moss transplants.
The methodology applied follows a harmonised protocol of exposure in which devitalised moss Hypnum
cupressiforme was used to preparetsspherical moss bags that were exposed in the sites of interest for
six weeks starting on March 2014. The exposure design was set taking into account the inventory of
known emissions to the atmosphere, and the diffuse urbanization of the area in whiatulagral and
urban/residential sites are strictly intermingled and was applied to five municipalities, Acerra, Casal Di
Principe, Giugliano, Maddaloni, Teverola. Results for metals and metalloids indicate that all the
investigated area is highly homogemes, and for most of analysed elements the uptake rates were higher
in agricultural sites compared to urban/residential ones. The highest uptakes were measured for Pb, Zn,
Cu, major pollutants in the soils of the area, the last one with large applicatiagricultural practices.
Limited PAH uptakes were evidenced with the most represented components, pyrene and
benzo(b)fluoranthene following a similar trend in soils. Comparison with previous monitoring surveys
indicates moss uptake rates largely lowerrnthose measured in the urban area of Naples city.

Keywords:moss bagsiHypnum cupressiformérace metals, PAHs, Campania region
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LichenXanthoria parietina(L.) Th.Fr.
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Glyphosate (Nphosphonomethyl)glycineis the most important herbicide worldwide. It is a
postemergent, systemic, and neselective herbicide applied directly to plant foliage. Glyphosate is a
glycine derivate that target a key enzymegolpyruvyishikimate3-phosphate synthase, EPSPS)tlfar
production of the aromatic aminoacids essential for the growth of most plants. This pathway is also
present in nortarget organism, like some microorganism, but is absent in mammals. Lichens are also non
target organism but glyphosate treatments haskowed to affect the abundance of some species. For
this reason, physiological responses of lichens treated with this herbicide should be investigated. The
objective of this study was to test the uptake and toxicity of a common commercial glypHuosseel
herbicide (GlifenesL) in the lichen Xanthoria parietina (L.) Th. Fr. To this purpose, three concentrations
were used for the treatments (0, 10 and 100 mL/L of the commercial herbicide, corresponding to 0, 20
and 200 mM/L of glyphosate) and the effects wehecked under three different times of incubation (24,

48 and 96h). Glyphosate accumulation was constant over the 2 treatment concentrations, with
accumulation differences of an order of magnitude (4.07 and 60.5 ug/mg dw respectively), reflecting the
concentration of the treatment; control samples were below the detection limit. Also physiological
parameters (chlorophyll integrity, photosynthetic efficiency, viability, concentration of ergosterol and
chlorophyll a and b) showed both a desad timedepend effect, with decreasing values of physiological
parameters with increasing glyphosate concentrai@nd increasing exposure time.

Keywords:glyphosate, lichensjptake, chlorophyll, ergosterol
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Monitoring PAHs in the Petrochemicalea of
Tarragona County, Spainsiung Air Passive
Samplers and Lichens

N. DOMINGUEMIORUECHE", S. AUGUSTOM. SCHUHMACHERBL. DOMING® M. NADAL

! TECNATOX Group, Chemical Engineering Department, Universitat Rovira i Virgili, C/ Paisos Catalans, n°
26, 43007 Tarragona, Spaiﬁt_aboratory of Toxicology and Environmental Health, School of Medicine,
IISPVUniversitat Rovira i Virgili, C/ Sant Lloren¢ 21, 43201 Reus, Catalonia, Spain.
*Corresponding authornoelia.dominguez@iispv.cat

The most important chemical/petrochemical industrial complex in Soutfgmope is located in
Tarragona County, Spain. Since 2002, the concentrations of polycyclic aromatic hydrocarbons (PAHS) are
periodically assessed in a number of environmental monitors. The main aim of this study was to
determine the levels of 16 PAHSs iir at different areas of Tarragona County, by means of 2 different ;
passive sampling techniques: polyurethane foam (FidBed passive air samplers (PAS) and lichens. PASSeSSIon 3
were deployed at 8 sampling points for a period of 2 months, from November 2014 darya2015). Two
samples were collected in each one of the areas under study (petrochemical, chemical, urban/residential,
and unpolluted). In parallel, fruticose lichens were collected from a backgroundpoltuted area, and
transplanted to the same sanipf points during the same time span. After two months, the samples
(PUFs and lichen transplants) were collected and analysed for the 16 priority PAHs. Based on data of air

and lichens, a PAH profile was achieved for each area under study reflectingrdiffetlution sources.

Keywords:passive air sampler®amalinasp., biomonitoring pollution, petrochemical area
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ElementalConcentrations nder Different

Heightsand Weather Condition®n Marine
Island¢ LichenResponsédo Different Aerosols
Deposition Levels

B.J. VIEIRA M.C. FREITA$.Th. WOLTERBEEK

!Centro de Ciéncias e Tecnologias Nucleares, Instituto Superior Técnico, Unileedsidasboa, Estrada
Nacional 10, Km 139.7, 26966 Bobadela LRS, Portugjﬁlaculty of Applied Sciences, Technical
University of Delft, Department of Radiation, Radionuclides & Reactors, Section RIH (Radiation and
Isotopes in Health), Mekelweg 15, 2628 Delft, The Netherlands.

*Corresponding authorbvieira@itn.pt

To investigate the altitude influence in the detection of local and remote sources of pollution,
lichen transplants ofParmotrema bangiiwere exposed and collected at Pico Mountain, Azores,
approximately every 250 m starting from 50m to 2250 m during one year period. This was done also
horizontally around the mountain in order to detect the possible pollutant trajectory passing the Pico
Mountain. Conductivity of the lichens samples were measured and compared with weather factors. The
chemical elemental concentrations were determined by INAA. This transplant study demonstrates that
comparing elemental concentration in tire spatial seriesn lichens surveys along altitude transects
requires a comparison with lichen vitality as the different stages could affect variability in metal uptake.
Significant differences in lichen elemental concentrations between different layers and different
diredions confirms different deposition levels, correspondent to the aerosol data collected which
suggests the ability of using lichens in atmosphere deposition studies along different altitudes.

Keywords:biomonitors,atmosphere depositiontrace elementsyitality, Azores
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New Geostatistical Methodologies to Deal with

Different Space/time Support and Uncertainty
of the Data

A. SOARES

'CERENA, Centre for Natural Resources and the Environment, Instituto Superior Técnico, Universidade de
Lisboa, Lisbon, Portugal.
*Corresponding authorasoares@tecnico.ulisboa.pt

One of the main challenges to create spatial numerical models of a given air pollutant, is the
integration of different information in one unique and coherent model. Available data of air quality
biomonitoring, diffusive tubes, monitoring stationbave dfferent spatial and temporal support and
different uncertainty about the measurements. In this presentation we introduce some new geostatistical
methods to integrate such diversity of data properties: block sequential simulation and simulation with
point distributions. Some examples of air quality characterization will illustrate the methods.

Keywords:geostatistics, spacéime modelling, uncertainty
Session 4
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Integrity of Forest Ecosystems in Germany
Exposed to Climate Change and Atmospheric
Nitrogen Deposition

W. SCHRODERS. NICKEIM. JENSSEN. RIEDIGER

'Chair ofLandscape Ecology, P.0O.B. 183849364 Vechta’ Waldkundelnstitut Eberswalde GmbH,
Hohensaatener DorfstraRe 276259 Bad Freienwalde.
*Corresponding authornwinfried.schroeder@unvechta.de

In Germany, an integrative approach to cope with the integrity of ecosystems exposed to climate
change and atmospheric nitrogen deposition using monitoring data is still lacking. Therefore, based on a
definition of ecosystem integrity, a comprehensive asphtial explicit methodology for evaluating the
integrity of natural and neanatural forest ecosystems was developed. The approach integrates data on
vegetation, chemical and physical soil conditions as well as on climate change and atmospheric deposition
of nitrogen collected from respective monitoring programmes in Germany. The key component for
evaluation ecosystem integrity is a classification system for potential natural and currenhatsal
ecosystem types. The classification system containsrnmdton on ecological functions (habitat, net
primary production, carbon sequestration, nutrient and water flow, resilience) covering the years 1961
1990, which are regarded as reference. The assessment of ecological integrity relies on comparing a
respectve current or future ecosystem state with the reference status of the given ecosystem type.
Whilst the current ecosystem status was quantified by use of data collected within monitoring
programmes, potential future developments were projected using a-gemical soil modelling
technique and data from a regional climate change model. The ecosystem types were referred to the
potential natural vegetation of Germany and mapped additionally usingdg¢a on current tree species
coverage and land use. The camt ecosystem types were related to gdata on elevation above sea
level (a), soil texture (b), climate in terms of air temperature and humidity, evapotranspiration, and
precipitation across the years 194P90 (c) and were determined / identified by ugi€lassification and
Regression Trees. The relations determined by this and represented by if thenulelsevere used to
map the spatial pattern of ecosystem type clusters for 2690 and, in terms of if then elgeles,
applied to the above mentionedeodata (a), (b) and (c) and then used to map the spatial pattern of
ecosystem type clusters for 194D90 and. Thereby, the climate data were replaced in the following
three analyses by results from a regional climate model for two climate change sz®naviering initially
1991-2010, then 20122040, and finally 2042070. Accordingly, for each of the four time periods each
one map of ecosystem type clusters were produced and evaluated with regard to the development of
areal coverage of ecosystem clustesicross time due to climate change. This evaluation of structural
aspects of ecological integrity in terms of {gjeographical coverage and distribution of ecosystem types
on the national level was added by projecting potential future values of indic&towscological functions
at sitelevel. This was achieved by using the Very Simple Dynamics soil modelling technique using the
above mentioned climate data and two scenarios of atmospheric nitrogen deposition as input. The results
were compared to the refrence (19611990) and enabled to evaluate sispecifically ecosystem integrity
across time.
Keywords:biological and chemical aspects, biological monitoring, exposja&tial and temporal patterns
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Assessmenbf a Steelwork Impact Based on

Three Different Approaches: Biomonitoring
Technique, PNy Monitoring and Soil
Contamination

J. LAGE*, S.M. ALMEIDAH.Th. WOLTERBEEK

! Centro de Ciéncias Tecnologias Nucleares, Instituto Superior Técnico, Universidade de Lisboa, Estrada
Nacional 10, 139.7 k2695066 Bobadela LRS, Portugf:ﬂaculty of Applied Sciences, Department of
Radiation Science & Technology, Technical University of Delft, Therldads
*Corresponding authorjoanalage@ctn.ist.utl.pt

Steel production is a key sector for Europe's economy and competitiveness and its use is critical
in enabling man to move towards a sustainahlaire. However, production of steel is associated with a
number of significant environmental challenges, one of which is the emission of airborne particles (PM) to
0KS FTGY2aLIKSNBE® ¢KS LINBaSyid 62N)] o6l a RSOS§iordISR g A lK,
FYR AYLI OG 2F adasSSt LINROSaasSas¢d GKIG FAYSR (G2 LINRDARS
emissions and their impacts on ambient air quality. The specific objectives of this work were: 1) to identify>€SSion 4
the steelworks emission profiles, sxiating emissions to specific production units in the steelwork
complex and 2) to assess heavy metal deposition in the vicinity of a steelwork. Biomonitoring with lichens
and soil monitoring were performed according to a specific grid, of 2.5 km x 2v@itkin a rectangle of
18 km x 20 km, composed by 68 sampling points;,Rsimpling was carried out in one single sampling
point located adjacent to an integrated steelwork. Element contents in lichens, soils and filters were
determined by Nuclear Analytt Techniques. Results showed that the emissions from integrated
steelmaking facilities are complex. Firstly, there is a mixture of stationary and diffuse emissions that
produce important amounts of particles with very particular characteristics. Secotioy, major
steelworks processes are located in very close proximity to each other making it difficult to distinguish
between the processes. The situation is further complicated by the fact that some processes operate
continuously while others are batch presses, and the influence of other external sources like traffic and
other industries.

Keywords:steelworks,industrial pollution, biomonitoring, soil contamination, R
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Effects of Canopy Drip on Nitroggboncentration in
Mosses: Comparative Statistical Analyses of Biomonitoring
Sampling Data from Seven European Countries

M. MEYER, W. SCHRODER

'Chair of Landscape Ecology, University of Vechta; DriverstraB8%27 Vechta.
*Corresponding authormichaela.meyer@uniechta.de

Reactive nitrogen can have multiple negative effects on the environment. High inputs of nitrogen
from the air (deposition) are a sigrifint risk for biodiversity and functionality of (sejnnatural
ecosystems, especially for nitrogen limited habitats and habitats with low soil pH buffering capacity.
Forests are particularly affected due to filter effects of their canopy. Our study wsepling data
compiled in seven European countries according to the guidelines of the European moss survey, adds new
data and presents a synoptic evaluation. It is assessed what is the impact of canopy drip on the
accumulation of nitrogen (N) in moss speeimused as biomonitors for atmospheric deposition.
Therefore, the moss samples were collected and analysed using a standard protocol. Possible canopy drip
effects were additionally analysed for ammonium, nitrate and total N deposition measured with tathnic
deposition samplers used as comparators. For the statistical evaluation, descriptive statistical analyses
were conducted taking possible canopy drip effects into account. Furthermore, the ratio between the
total N concentrations in moss specimen sampd¢dites located in open land (e.g. grassland, heathland,
and wetland) and at sites influenced by canopy drip was calculated. The results were used to execute
spatial extrapolation to sites that were not sampled. In addition, multivariate analyses wefeccaut to
uncover relationships between the total N concentration in moss as well as total N deposition, ammonium
and nitrate measured in deposition samplers and potentially influencing environmental predictors such as
population density, elevation abevsea level, distance to sea, precipitation, modelled atmospheric N
deposition and land use indices derived by Corine Land Cover maps. The findings for the different
European countries are quantitatively described. Therefore, the sampling locations wetpegr
according to the influence of canopy drip. An increasing amount of N deposition could be substantiated
for areas influenced by higher vegetation in the course of canopy drip that leds to higher amounts of
nitrogen accumulated in bioindicators and lected in deposition samplerd’he multivariate analyses
confirmed that the sampling site category (site with/without canopy drip) was the factor most associated
with the N concentration in moss. To date, there are only few peer reviewed studies anagsmyy drip
effects on the accumulation of N in moss. This study aimed at investigating such effects because it allows
a better data interpretation concerning the regional variation. Functional implications for the regional
nutrient budgets may take intoc@ount the role of vegetation cover and its local heterogeneity. The
results support the assumption that forest ecosystems show higher N concentrations in moss and N
deposition in technical deposition samplers due to filtering of dry deposition withirc#m®py leading to
an increased absorption and accumulation of N in the biomass by contrast withlapémeposition that
mainly covers wet and humid deposition. These spatial variances also uncovered by the multivariate
analyses and should be consideraduture monitoring networks.

Keywords:biomonitoring, mos survey, nitrogen, canopy drip
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Airborne Heavy Metal Deposition and
Accumulation in Mosses in Eston@Spatial
and Temporal Trends

H. KOSTA S. LIV

'Tallinn Botanic Gardetloostrimetsa Rd 52, 11913 Tallinn, Estonia.
*Corresponding authorhelen.kosta@botaanikaaed.ee

In Estonia, the main sources of airborne heavy metal pollution are oil shale fired power stations,
the chemical and the building materials industry and road traffic. The two principal power stations and
most of the heavy industry are concentrated in thertieeastern part of the country. The relative
deposition of Cd, Cr, Cu, Fe, Ni, Pb, V and Zn in Estonia has been monitored since 1989 by the method of
bioindication, using the mossédeurozium schrebeor Hylocomium splenderas indicator species. Both
of the species are well suited for monitoring atmospheric heavy metal pollution as heavy metals
accumulate in them in proportion with their concentration in air. The relative deposition of N has been
monitored since 2005 and the relative deposition of A, Ag and Ti has been monitored since 2011 using
the same method. The general biomonitoring network of heavy metal accumulation in mosses in Estonia
consists of 99 permanent sampling sites. The denser network of sampling sites for monitoring thesession 4
depositionof heavy metals and accumulation in mosses in N&d#st Estonia consists of 33 permanent
sampling sites, among with the transects in the vicinity of Estonian Power Plant and Kunda Cement
Factory analysed separately. There is also denser network of sepgites on an area of up to 35 km
from the city centre of Tallinn, the capital of Estonia (37 sampling sites) and also in surroundings of 4
larger cities: Kohtldarve, Parnu, Viljandi and Tartu (30 sampling sites). In 1989, the concentration of
heavy meals in mosses was the highest in the moss samples collected from-BasthEstonia. By 1995,
the surroundings of Tallinn had become the second most polluted area in Estonia, probably due to
increased traffic density. During 1988906, the concentration ofieavy metals in mosses in Estonia had
decreased significantly in correlation with the decrease of power production as well as the decrease of
emission of pollutants due to the implementation of environmentally friendlier technologies. According to
the latest monitoring conducted in 2013 the mean concentrations of Cd, Cr, Fe, Ni, Pb, Zn, V and Hg in the
mosses of the sampling sites in the Tallinn region were at the same level as the mean values for the whole
Estonia in 2010/2011. The mean concentration€af N, Al and Ti in the mosses of the Tallinn region in
2013 were higher than the mean contents of those elements in the moss samples collected from entire
Estonia in 2010/2011. The minimum and median levels of Cd, Cr, Fe, Ni, Pb, Zn and V in the riwsses of
Tallinn region had not changed over the period 2@03 3. The median level of the Cu concentration
increased 1.3 times from 2003 to 2013, but was unchanged compared to 2008. The maximum levels of Cd,
Fe, Ni, Pb and V had decreased from 2003 to 20i8.sleepest decrease 5.3 timesg was observed in
the moss concentration of V.

Keywords:atmospheric pollution, heavy metals, emission sources, bioitooing, mosses as biomonitors
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Validating and MappincgAtmospheric
Deposition of Heavy Metals Using LOTOS
EUROP Model Calculations and Data from

Biomonitoring Programmes in Germany

S NICKEY, W. SCHRODERMW. SCHAAP

'University of Vechtg Chair of Landscape Ecology, P.O.B. 15 539864 Vechta, Germany;
TNO- Dept. of Climate, Air and Sustainability, P.O.B80ILL5, 3508 TA Utrecht, The Netherlands.
*Corresponding authorstefan.nickel@unvechta.de

Impacts of heavy metal (HM) emissions on air quality and ecosystems can be assessed by
numeric modelling, by measuring HM deposition sampled by technical devices or by measuring HM
concentrations in biomonitors. AslF NIi 2 F GKS NBaSINOK FyR RS@St2LIVSyid L
Emission on Air Quality and Ecosystems across Germ&oyrces, Transport, Deposition and potential
T FNRaé¢s FdzyRSR 6@ (GKS CSRSNIt 9y JANPBEIRGSmvelef ! ISy O
used to calculate data on HM deposition at a spatial resolution of 25 km by 25 km throughout Europe. The
European Monitoring and Evaluation Programme (EMEP) provides model calculations with grid size of 50
km by 50 km. With respect to monitorirdata, the International Cooperative Programme on Effects of Air
Pollution on Natural Vegetation and Crops (ICP Vegetation Moss Survey) and the German Environmental
Specimen Bank (ESB) provide corresponding data on HM concentration in mosses, leavesdi®d nee
LOTO&EUROS and EMEP modelling were evaluated by comparing them with data from ESB / ICP
Vegetation Moss Survey. The modelled atmospheric HM deposition and respective concentrations in
moss, leaves and needles were investigated for their statistieddtionships. Correlations were
investigated, whether they are statistically different. The strongest relationships between modelled and
observed data were quantified by regression analysis. Regression equations were applied on geostatistical
surface estnations of HM concentration in mosses and then the residuals were interpolated by use of
Kriging interpolation. Finally, both maps were summed up to a map of atmospheric Pb and Cd deposition
across Germany. Data from biomonitoring programmes are higheeleted to LOTOSEUROS than to
EMEP. For HM concentrations in mosss, the highest correlations were found for the association between
geostatistical surface estimations of HM concentration in moss and LEUBSS model calculations.

This could be utilizedf data integration by use of RegressikrigingTechnique, which leads to Cd and
Pb deposition maps at a high spatial resolution (3 km x 3 km).

Keywords biomonitoring, deposition modelling, EMERnvironmental specimen bank, Ewopean moss survey,
LOTOEUROS
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Monitoring Longterm and Largescale
Deposition of Pollutants Based on Moss
Analyses

M.V. FRONTASYEVA

lDepartment of Neutron Activation Analysis and Applied Research, Division of Nuclear Physics,
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, strCilolmt6,
141980 Dubna, Moscow Region, Russian Federation.
*Correspondingauthor: marina@nf.jinr.ru

A brief historical review is given on the development and milestones of the moss biomonitoring
technique used to study atmospheric deposition of trace elements, nitrogen, organic persistent pollutants
(PAHs, PCBs, PBDEs, dioxins, RE€Q3nd radionuclies of technogenic origin in Europe. The relevance
of these studies to the UN Convention on lenagnge transboundary air pollution (LRTAP) is enlightened.
Examples of the lonrterm activity of the UNECE International cooperative programme Vegetation
establshed in 1987 are given to illustrate the tendencies in behavior on a large scale of such air pollutants
as Pb, Cd, and other significant ones. In agreement with thetlermg strategy of the LRTAP Convention
to enhance patrticipation and improve air quglin Eastern Europe, the Caucasus, Central Asia and South
Eastern Europe, efforts to extend the moss survey for former republics of the USSR such as Armenia,
Azerbaijan, Georgia, Moldova, Kazakhstan, and Uzbekistan were successfully undertaken. Around géssion B
teams are formed in Russia to cover with moss sampling Northern and Central Russia, Western Sibefa———
and Far East of Russia (Kamchatka and SakhHNR. will continue support for the moss survey program
in its member states: Bulgaria, Slovakia, Polanandna, Mongolia, Vietham, as well as in roember
states: Albania, Croatia, Hungary, Thailand, South Korea, and Chite-deifge 36 countries expressed
their desire to participate in the coming moss survey. In spite of the growing interest in assessdrtrent
deposition of persistent organic pollutants (PAHs, PCBs, PBDEs, dioxinsetef@Sing moss, only a
limited number of the Western European countries intend to determine POPs. Radioecological
laboratories in JINR (Dubna, Russia), Institute alédu Physics (Alma Ata, Kazakhstan), University of Novi
Sad (Serbia), Bratislava University (Slovakia) and Opole University (Poland) will be used to measure natural
and manmade radionuclides '{'Cs, **%b, etc.) under individual agreements with the intsted
countries. Some details are given on the newly established databastofaige of information about the
European and Asian moss survey, conducting and storing analytical results on heavy metals, nitrogen,
persistent organic compounds and radionuebdased on moss analysis.

Keywords:moss biomonitoringtrace elementsnitrogen, POPs, radionuclides
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Spatial Patterns and Temporal Trends of Trace
Element Deposition in Norway Studied by
Analysis of Moss, Humic Surface Soils, and Peat
Cores

E. STEINNES

'Department of Chemistry, Norwegian University of Science and Technologgd®drondheim
*Corresponding authorgiliv.steinnes@ntnu.no

Atmospheric deposition of trace elements on the national scale has been monitored in Norway at
regular intervals using the mossylocomium splendenand a network of around 470 sites distributed
over the country. Simultaneous sampling of th& @m layer of natural surface soils was carried out in
1977, 1985, 1995, and 2005. In the southern part of the country, where-tsanadary pollution from
other parts of Europe is the main source of elements such as V, Zn, As, Cd, Sb, and Pb, the humic surface
soil exhibits a similar geographic distribution as that observed in the moss, confirming that these
ecosystems have been, and still are, significantlycédfe by transboundary pollution. The humic surface
soil ¢ as well as the mossis also useful monitor of the geographic distribution of elements derived from
the marine environment and supplied to land areas by atmospheric transport, such as | andtfgal Ve

Session 5 distribution of anthropogenic elements in peat cores from ombrotrophic bogs serves for monitoring of
temporal trends after dating of peat layers. Results from 40 years of studies combining these techniques
will be presented.

Keywords:atmospheric dgosition, trace elementsnoss, humic surface soil, peat
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A Quarter Century of Biomonitoring th&tmospheric Pollution
Loads at the Scale of the Czech Republic. What Have Analyses of
Moss, Bark and Humus Bioindicators Shown?

|. SUCHARAJ. SUCHAROVAM. HOLA

'Silva Tarouca Researitstitute for Landscape and Ornamental Gardening, Kvetnove namesti 391, CZ
252 43 Pruhonice, Czech Republic.
*Corresponding authorsucharova@vukoz.cz

The registered major emission amounts in the Czech Reppédiked in the mid 1980s. In the
first half of the 1990s, industry in the country was restructured, leading to a reduction in the amounts of
pollutants that were emitted. Since 1990, changes in the chemical and physical properties of moss, spruce
bark and érest floor humus related to air pollution levels, have been repeatedly monitored at more than
200 permanent forest plots situated across the Czech Republic. The content49 &Rments in moss
and humus, and the pH, electric conductivity and sulphatgt@at in bark have been determined, usually
at 5year intervals. The moss analyses have shown a significant reduction in the content of all investigated
elements in the 199€2000;2010 time series (e.g., median of As: G2%0.26, median of V: 5.40
1.521.18 mg.kd), caused mainly by reduced amounts of combusted brown coal and by introducing
desulphurization of coal power plants in the mid 1990s. Moss showed a significant decrease in the Pb
content in the 199200052010 time series (16.68.66¢2.85 mg.kd), reflecting the distribution of petrol
with a limited Pb content, and later a total ban on leaded petrol distribution in 2000-d&iale mapping
of the element content in mosses near selected pollution sources documented, for example, reduce®&ession 5
levels n the zone with very high deposition of Pb around a secondary lead smelter after the introductiom————————
of environmental engineering measures, and revealed the position and the shape of a previously
unknown hot spot of U, Th and other lithogenic elements causethe use of a mill to grind stones from
former uranium pits. Spruce bark analysis indicated a significant decrease in acidity, electric conductivity
and sulphate content between 1990 and 2010. For example, the territorial pH medians increased in time
as follows: 2.50 in 1987, 2.66 in 1995, 3.12 in 2005 and 3.33 in 2010. The figures clearly indicate
diminishing effects of acid rains in Central Europe in recent decades. The median of electric conductivity
and sulphate content in bark decreased threefoldd& Sy mMdpdpp YR HaAMAand#@ n YR HW
and 213 mgS§. g'), while territorial annual SGemissions decreased sixfold (2,250.1éhs in 1995 and
300.10 tons in 2010). The hot spots of these bark parameters, located mainly near coal power plants,
have been fading. The spruce bark investigation revealed increased activity of Chetecdbgt
radionuclides, mainl3}37Cs, persisting in areas of raised fatl@aused by local rains in spring 1986. In
these areas, increasetf'Cs activity has persisted for a long time, and ti€s activity distributions
showed the same patterns in bark and in humus even 9 and 24 years after the fallout. Forest floor humus
has accumulated atmospheric element deposition rates for decades, and can reveal hidden contamination
in areas where former air pollution sources have been removed or limited. Mapping the element content
in forest humus indicated, for example, Pb accumulaiio a 35km radius around a former lead smelter,
areas of increased Hg accumulation around a chlkali plant, and the position of hot spots of
Chernoby-lderived137Cs throughout the Czech Republic.

Keywords bioindicators, heavy metals, radionid#s,acid rain, Czech Republic
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Twelve Years of Ecotoxicologic Monitoring in
the Disposal Area of an Oil Terminal in
Northern Coast of S&o Paulo, Brazil

E.C.P.M. de SOUSAM.R. GASPARRDP. ZARONIC.D.S. PEREfRM.G.M. CATHARIRO
M.B.A.VASCONCELE,@G. MOREIRA

nstituto Oceanogréfico da Universidade de Sao Pai»¢ USRPraca do Oceanogréfico, 191, Cidade
Universitaria, CEP 055020, S&o Paulo/SBBRAZILZUniversidadeederal de Sdo Paulo, Campus
Baixada Santista, Avenida Almirante Saldanha da Gama, 89, Ponta da Praia, CBBQ, 128ttos/SP
BRAZIInstituto de Pesquisas Energéticas e Nucleares, (RENEN/SP; Avenida Professor Lineu
Prestes, 2242, CEP 055080, S&0 Paulo/SPBRAZIL.

*Corresponding authoredvinett@usp.br

Petrobras is one of the largest oil companies in the word. The largest marine terminal of
Petrobras is in So Sebasti&o Channel, North coast of SGoJatdoThis terminal moves 130.000 m3 of
oil per day and since 1998 disposes its effluent in the channel through marine outfall. Since that time a
monitoring program, requested by the environmental agency is being carried out. The present study aims
to report results of ecotoxicological assays conducted in the period between 1998 and 2010 as part of the
evaluated parameters in S8o0 Sebastido Channel monitoring program after the installation of the
submarine outfall of Petrobras Waterway Terminal. This nwirig program began in 1998 and is still in
progress. The toxicity tests were applied to the evaluation of the water toxicity (surface and bottom) and
of the sediment (whole sediment and pore water). The chronic toxicity assay based on the embriolarval
dewelopment of the sea urchihytechinus variegatuswas applied to the liquid samples. Whole sediment
samples were tested by the acute assay using the amphipbdronella viscanan the period between
1998 and 2006, the sampling points were distributed gldhe entire channel length. In the period
between 2007 and 2010 the sampling schedule was redefined, by the environmental agency solicitation.
The sampling stations were distributed in a radius of 1 km around the outfall opening. Results point out
the inaease in the sediment and water toxicity both in surface and bottom water, but mainly in the pore
water. The conclusion obtained through the data is that the effluent has been affecting the environment,
but due to the large hidrodynamism the pollutant prdly has been carried out to other places. We
suggest a monitoring program in a more comprehensive sampling area.

Keywords oil terminal, effluent,monitoring program, toxicity tests
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Environmental pollution and pine stand
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1Department of Botany and Ecology, Faculty of Biology, University of Latvia, Kronvalda Bout586,LV
Riga (Latvia)Z,Department of Environmental Sciend&gculty of Geography and Earth Sciences, University
of Latvia, Albertéstr. 10., LM010, Riga (Latvia).
*Corresponding authorguntis@lanet.lv

Pine stands in Mezaparks have been developing undertiermg pollution. Yet, it is unknown
whether the regeneration process is long term. The aim of the study is to determine the progress of
regeneration following reduction of anthropogenic stress. Atnasjc pollution in the entire territory is
indicated by limited distribution of lichens and acidification of tree bark and soil. Heavy metal distribution
in mosses and bark confirms that the highest pollution level is near a road. Historical pollution has
remained in the northern part in soil O horizon and in the southern part in B horizon and does not show
the influence of Riga superphosphate factory. Spatial distribution of macrountrients in the soil is similar to
the heavy metal distribution that mightebboth industrial pollution and fertilization effects. A trend of
positive mean relative additional annual increment is mainly determined by shutdown of phosphate

factory. Sessiorb

Keywords urban woodlands, air paltion, recovery, bioindication
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Quality Means Decencyg On the Quality of
Teaching on B&B Technologies through
Accreditation of the Course?

B. MARKERT B. DELAKOWFT3B. FRANZL, 5. WUNSCHMARNN

'Environmental Institute of Scientific Networks4B733 Haren, Germanf/l;:aculty of Mathematics and
Natural Scienced)niversity of Applied SciencéheodorKérnerAllee 16, 02763 Zittau, Germany;
¥nternational Institute Zittau, Department of Biological and Environmental ScieResgarch Group of
Theoretical and Environmental Chemistry, Technical University of Dresden, MarkD226B Zittau,
Germany.

*Corresponding authommarkert@eisnrinstitute.de

¢ KS GSNY ad& appiesStiR fatfemptsh @ yarious fields of scientific work and
administration. It refers to acknowledgement of some particular positive (wanted) property being present
in or brought about by either a procedure or technical system, an acknowledgement which ghen i
formally issued by some authority generally accepted to be able to prove and file such statements. To give
an example, analytical measurement results from IMAP 20 International Measurement Program and the
O2yaidNHzOGA2Y 2F GKS dzbis@ifaNB Mandgemdrs: dNit$, Ervitoghiedtal NI G A @
I SFfGKZ {FFSde IyR wial alylF3SYSyid ov!!w0é FNB NBGAS
multi-participant IMAP study that neither quality control measures nor accreditation actually ensure
improved quality of measurement results, i.e. data produced by analytical laboratories. Accordingly, even
though accreditation of study curricula is often done with utmost diligence and precision, and while it is
fairly important for making study curriculéhroughout Europe (and the world at all) fitting and
comparable to each other to get study results produced and tested at university X also be accepted when
changing to university Y, we cannot assume or take for granted that the mere protocol of adavadita
gAff R2 IyedKAYy3a LRaAAGAGS (G2 AYLNROGS (KS OKIyOS G2
of lab staff or professor changing to some other position might seriously compromise the turnout of some
analytical lab or university course atk in the short term regardless whether accreditation was done or
not.

Session 5

Keywords B&B technologies, bioindication/biomonitoring, accreditation, quality control, lecturingggmative
sustainable management
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The Potential of Biomonitoring for Urban Air
Quality Management

R. SAMSON, J. HOFMANG. SGRIGRAN. MAGHAKYAN.. SAHAKYANC. BALDACCHING.
CALFAPIETRA. CASTANBRG, S. VAN WITTENBERGEEWUY TS

'Laboratory of Environmental and Urban Ecology, Department of Bioscience Engineering, University of
Antwerp, Groenenborgerlaan 171, 2020 Antwerpen, Belgﬁllmxitute of AgreEnvironmental & Forest
Biology (IBAF), National Research Council (CNR), ViariViay@5010 Porano (TR), Itaﬂﬁnvironmental

Geochemistry Department, Center for Ecologidabsphere Studies, National Academy of Sciences of

Republicof Armenia, Yerevan, Armenia.
*Corresponding authoroeland.samson@uantwerpen.be

Urban air pollution, and especially particulate matter (PM) pollution causes serious health
problems, especially in densely populated areas, like cities. The composition and level of this air pollution
largely depends on # (spatial distribution of the) various emissions sources, while its spatial distribution
depends on e.g. the location of the major traffic axes, the urban planning and characteristics of e.g. urban
street canyons. Although the weéthown adverse effects foair pollution the number of air quality
monitoring stations is mostly very limited in urban environments, do not give a good idea about the
spatial PM distribution at the urban and neighbourhood level, and do certainly not provide any inside into
the didribution of PM inside street canyons. However, knowledge of the spatial distribution of air
pollution in general, and PM pollution in particular, at these different spatial scales is important as it gives
information about the PM exposure for those whedj work and pass at these places. Moreover, also in
an international context knowledge on these factors is important to support international legislation
issues. In this presentation we will discuss PM distribution at street level, urban scale andeairdipean
level, thereby considering major urban PM sources and factors influencing PM distribution, the ro
urban vegetation to mitigate air pollution and how biomonitoring can contribute to air quality
management in urban areas. Moreover, the potehtii a citizen science driven biomonitoring approach
will be discussed.

Keywords Particulate matter, urban air pollution, European biomonitoring network, citizen science, biomagnetic
monitoring
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European Stadard for Assessing Epiphytic
Lichen Diversity: a Common Useful Tool

F. CRISTOFOLNG. BRUNIALLTD. NASCIMBENE. FRATIM. FERRETTP.GIORDANP

'Fondazione E. Mach, Research and Innovation Cefittel 9 ® al OK HEX oynmn,{® ailOK§
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Department ofAgronomy, Food, Natural Resources, Animals and the Environment, University of Padova,
viale dell'Universitd 1635020, Legnaro (Padova), ItalpiFARUniversity of Genova/ia Brigata Salerno
13, 16147 Genovataly;, ®Societa Lichenologica ItalianapBionitoring Working Group.
*Corresponding authorfabiana.cristofolini@fmach.it

Lichen biomonitoring can help assessing the impact of anthropogenic activity, particularly the
effect of atmospheric pollution. A new CEN (European Committee for Standardization) European Standard
has been recently developed aiming at providing a reliaiglpeatable and objective method for assessing
epiphytic lichen diversity (CEN/TC 264, EN 16413:2014).

Here we show the results of ring tests which were carried out applying the proposed CEN
standard operating procedures to evaluate data consisteamyng teams from different European
countries. Several exercises were performed for estimating the effects of different sources of errors
(location of plot, selection of trees, position of the sampling grid, identification of taxa) on the data
quality. We also review and discuss open points, which should be addressed for further improving the
reliability of the method. Moreover, we explore the applicability of the new CEN standard in the
framework of national and European legislations, and we propose oemmon tools for periodic
standard quality assurance of biomonitoring surveys throughout Europe

Keywords Biomonitoring lichen diversity, standard procedures
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Particle Exposure and Dose While Cycling:
Biomonitoring and Active Sampling
Approaches

C.A. RAMJS J.R. SILVA T. FARIAHT.WOLTERBEEK.M. ALMEIDA

'Centro de Ciéncias e Tecnologias Nucleares, Instituto Superior Técnico, Universidade de Lisboa, Estrada
Nacional 10, Km 139.7, 26956 Bobadela LRS, Portuﬁ&laculdade de Ciérce Tecnologia,
Universidade Nea de Lisboa, Monte da Capari%léaculty of Applied Sciences, Department of Radiation,
Radionuclides and Reactors, Technical University of Delft, Delft, The Netherlands.
*Corresponding authorcarla.ramos@ctn.ist.utl.pt

Benefits that come from the physical activity to health and human-eithg are recognized all
over the world (prevention of chronic disease, premature death cardiovascular prierad secondary
diseases, etc.). For adults aged betweeg@8 the WHO recommend at least 150 minutes of moderate
intensity aerobic physical activity throughout the week or at least 75 minutes of vigamterssity aerobic
physical activity throughout theweek. The use of cycling paths promotes not only the active
transportation but also the practice of physical activity outdoors. However, in urban areas people are
more exposed to air pollutants, especially to traffic related air pollutants once cyclithg pae usually
placed along roads. This study aims to describe the personal exposure in different cycling paths in Lisbon
combining instrumental sampling and biomonitors. Three cycling paths from Lisbon cycling network,
representing different backgroundsyere selected to assess RMand PMs. PMg and PM s were
sampled using an AM510 SidePak from TSI. For each path sampling was performed in five differe
during weekdays and in five different days on weekends at 8am and 11am, from May to August, resh
in a total of 30 days of sampling. The epipbyichenFlavoparmelia caperatavas transplanted from
Ponte de Sor (Portugal) to the same cycling paths. Lichens were placed along the paths and exposed from
April 7" to July 2f'. Electric conductivity was measured before and after exposure. Elemental
concentrations (As, Br, Ca, Co, Fe, K, La, Na, Sb, &uj 3B) were obtained using thg-kistrumental
Neutron Activation Analysis (INAA) technique. Results showed that cyclists are exposed to very high levels
of PM, which vary considering the locatimi the cycle lane. The conductivity levels indicated city
hotspots with intense traffic or in under construction sites. This study supplied information to improve
urban planning policies, not only providing the best places to build new cycling lanesbutentifying
alternatives for the requalification of the existent infrastructures.

Keywords:Physical activity, exposure,ating, biomonitoring, particles
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Assessing Air Quality in Small Mediterranean
Cities by Using Lichen Diversity
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Pais 104901 LisboaPortugal®Centro de Biologia Ambiental, Faculdade de Ciéncias, Universidade de
Lisboa; Campo Grande Bloco C2 5° Piso -DadPLisboaPortugal.

*Corresponding authorellop@ub.edu

Small cities, considered as those with less than 15000 inhabitants, present different patterns of
atmospheric pollution compared to big cities, due to the absence of intensive pollution sources.
Monitoring the air quality in those cities is often neglectbéécause it would be necessary implementing a
network of measuring devices, which can result too costly. We propose to use lichen biodiversity in order
to reduce costs and provide a survey of air quality with high spatial resolution. Among current applied
quality indicators, lichens have shown up as a useful tool to evaluate atmospheric conditions in
agricultural, forest and urban areas. The application of a standard protocol based on a European guideline
for mapping epiphytic lichen diversity as awlicator of environmental stress provides an easy and quite
fast way to assess air quality. The protocol calculates an index called Lichen Diversity Value (LDV), that
takes into account species richness but also abundance. In addition to measures ofivetsltyl we
analysed LDV of functional traits related to different ecological factors. This results in a more precise
indication of which ecological factors are affecting lichen communities; therefore, we can produce a
better evaluation of the atmospheriguality. The protocol has been implemented in 6 small cities located
in Coastal Alentejo Region (Portugal) as part of the of the GISA project (Gestdo Integrada Saude
Ambiente). The location of the trees was classified into three different classes: realdgmneen and
traffic, depending on the main occupation of the nearby area. Two more factors were taken into
consideration, the species of tree and the aspect of the bark (smooth vs rugose). Despite the high
heterogeneity of trees, this factor did notfatt the lichen diversity; neither did the aspect of tree bark.

The main factor driving significant differences on LDV was location. Those trees located in areas with
higher traffic presented lower values of LDV, as well as on species richness, indlvateftect of the

stress generated by the vehicles emission. Moreover, the stress caused by traffic resulted in a marked
increase on the abundance of species adapted to high levels of eutrophication and lower requirements of
humidity. At the same time th@sspecies adapted to low levels of eutrophication decrease significantly,
almost disappearing from traffic areas.

Keywords:Bioindicators, functional traits, pollution
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Lichen Biomonitoring and Waste Management

L. PAOLIS. LOPPI

'Department of Life Sciences, University of Sjafia Mattioli, 4 453100, Sienataly.
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There is a high public concern for the environmental and health impact related to waste
management. Source reduction, reuse, recycling, composting, energy recovery and dispasdfill are
part of the integrated system for waste management. Waste incineration, landfilling and industrial
composting are practices associated to a certain degree of air pollution. Biomonitoring with lichens is a
valuable tool for the implementatio of environmental policy on air quality and atmospheric pollution
control. Evidences from case studies carried out in Italy using lichens as bioindicators around incinerators,
landfills and compost plants are reportethree different lichen based methodgere used to assess the
biological effects of air pollution around a municipal solid waste incinerator: lichen diversity,
bioaccumulation of trace elements and physiological status, overall reflecting the environmental quality of
the area and detecting @yoing processes and the origin of element depositidfishen samples={ernia
prunastr) exposed around the incinerator showed increased cell membrane damage and reduced vitality
and accumulated several trace elements (As, Cu, Fe, Hg, Mn and V), bugettefamrichment factors
(lichen/soil) allowed detecting the atmospheric origin chiefly for Highough at low environmental
concentrations. The abundanc&f non-nitrophilous lichen species corresponded to sites with higher
environmental quality, while lgh frequencies of nitrophilous species corresponded to sites with higher
eutrophication In a study carried out around a composting plant we found out th&blsrant (Xanthoria
parietind) and Nsensitive E. prunastii lichens reacted differently to shetérm exposures (up to 3
months) to atmospheric ammonia. Thetdlerant lichenwas not affected by the proximity to the facility,
while the N-sensitive species showed higher performances with increasing distance frensaurce. -
These data suggested a local influence of air pollutants from the facility, which is leading to a sh
lichen communities from mesacidophilous to nitrophilous at the sites facing the facilitp.a longterm
study carried outaround a satl waste landfill, the diversity of epiphytic lichens and the accumulation of
trace elements irFlavoparmelia caperatavere used as indicators along 18 years of waste management.
Lichens revealed a local increase of depositions for some heavy metalsdmutdease in the diversity at
sites directly facing the landfill. In a recent experiment, physiological and morphological alterations in
native samples of-. caperatawere recorded. We simulated the closure of the landfill and hence the
removal of the polltion source. To this purpose, we selected and remokedaperatathalli from the
surroundings of the landfill ral exposed them in a clean site for one year. We investigated the
physiological performance of the lichen as indicator of the effectiveneskeo§imulated environmental
recovery. The study focused on heavy metal contents, photosynthetic performance, chlorophyll integrity,
cell membrane integrity, dehydrogenase activity, production of secondary metabolities. results
showed that lichens couldebprofitably used as indicator of the effectiveness of environmental recovery
policies.An integrated use of lichen based methockn provide useful biological outputs for decision
makers to establish correct scierbased environmentally sustainable wastanagement policies.

Keywords:Bioaccumulation, biodiversity, composting, landfill, waste incinerator
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IsMoss Bag Technique a Suitable Approach for
Monitoring of Air Pollution in Urban Environment?
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Neutron Physics, JINR, Joliot Curie 6, 141980 Dubna, Ruissi&aculty of Chemistry, University of
Belgrade, Stdentski trg 1216, 11000 Belgrade, Serbia.
*Corresponding authomira.anicic@ipb.ac.rs

Nowadays air pollution is substantial environmental concern in most cities across the world.
Instrumental monitoring of air quality with high spati@mporal resolution is difficult to implement
because it requires expensive equipment and ongoing maimtegaf the monitoring stations. On the
other hand, biomonitoring has been investigated as a complementary tool to phgks@mical measuring
of air quality. Bryophytes have proved to be suitable for trace element and PAH air pollution
biomonitoring. In urlan areas, where mosses are often scarce or even absent, active biomonitoring, i.e.
Gyz2aa ot3 GSOKyAljdzS¢éxr KFra 0SSy RS@St2LISRe {AyOS
moss bag application for air quality assessment has been taking pl@be special reference to
development and adjustment of the methodology. Series of experiments were carried out with the aim to
test the possibility of trace elements capture 8phagnum girgensohmiioss bags depending on different
exposure periods and ver supply, as well as its relation to atmospheric bulk deposition. According to
the results, for about 30 elements determined by instrumental neutron activation analysis (INAA), the
significant increase of concentration was obtained in exposed moss begpecially those irrigated.
Significant correlation were found for certain elements (Cu, Zn, V) in moss sample and bulk deposits. In
regard to different exposure time, both dry and irrigated moss bags showed a linear trend of
accumulation during @5 months of exposure for a majority of the 50 elements measured by high
resolution inductively coupled plasma mass spectrometry-IEPMS). Further, several experiments were
performed in specific urban microenvironmentstreet canyons, city tunnel and parkingrgges in order
to explore the answer of moss bag to the element ambient concentration under disturbed conditions of
natural ventilation. About 15 elements, determined by inductively coupled plasma optical emission
spectrometry (ICRDES), showed statistibasignificant decrease with height in the moss exposed in street
canyons while the highest element content were found in moss exposed inside the city tunnel. These
studies were followed by an extensive survey conducted over the whole urban area ofdeeiigr2013,
where two moss speciesSphagnum girgensohniand Hypnum cupressiformewnere exposed to
atmospheric deposition. The results showed distinctive spatial resolution of trace element concentrations
throughout different densely populated, traffic bued and green zones of the city. Additionally, new
hotspots of pollution, omitted by current instrumental monitoring network, were discovered by this moss
bag survey. The results of all performed studies contribute to validation of active moss biomondbring
trace elements and PAH air quality. This discipline responds to growing societal demand and should be
constantly adapted to scientific and regulatory development in the domain of air quality: emergence of
new pollutants, indoor air quality, changesragulations, standardization, etc.

Keywords Trace elements, PAHs, moss biomonitorBghagnum girgensohnllypnum cupressiforme
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Human Biomonitoring ireurope and Portugal:
What is going on?

M.F. REFS
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Medicineg University of Lisbon; ARrof. Egas Moniz, Edificio Egas Moniz, ®igda C, 164928 Lisbon
Portugal.

*Corresponding authomnfreis@medicina.ulisboa.pt

Human biomonitoring (HBM) has been defined as a methodology in human beings, using biological
indicators (biomarkersg that focus on environmental exposures, diseases and/or disorders and genetic susceptibility
¢ and analysing the existing links between biomarkers and exposures or pathologies. It allows a more accurate and
direct assessment of exposure than environmémenitoring and enhances the knowledge of health risks related to
environmental exposures. As a result, HBM can be used to inform the public wishing to know their exposure, estimate
the exposure to pollutants and evaluate the impact of policy measurebetier public health decisiomaking, and
assess total exposure to emerging substances that might need regulation. The relevance of HBM has been recognised
(2004) by the European Commission in its EU Environment and Health Action Plari2@20R4in 20052009 and
2010, respectively, three EU funded projects on HBM were staye8BIO (Expert team to Support BIOmonitoring in
Europe), COPHES (Consortium to Perform Human Biomonitoring on a European Scale) and the EU pilot study
DEMOCOPHES (DEMOnstratioa sfudy to COordinate and Perform Human biomonitoring on a European §cale)
with the aim of developing a framework for gathering HBM data throughout Europe, according to a harmonized
approach to obtain comparable results as far as possible. Buildingisrexperience and taking advantage of the
| 2NAT 2y Hnawn FdzyRAYy3I LR E&AAOATAGASEAST (KS /2YYAAaaAz2yQad 5D w
F2NJ I 9dzNRLISIY 1 dzYly . A2Y2yAil2Nhestablish  dustaindeHBM §/steindar . aL 0 A G
Europe which is of direct use for the EU policy to protect man and the environment against chemicals impact on
health, control EU legislations success and further develop knowledge, state of science and a health oriented chemicals
policyé. Specifically the EHBMI will bring together relevant national antef#) research and policy stakeholders, in
order to create a European Joint Programme to strengthen the coordination and collaboration between nationaISeSSion 7
initiatives, stimulate research onovel approaches and innovative biomarkers for new/emerging chemicals and
mixtures, and generate and use high quality HBM data and information on exposure to chemicals in the European
population, including the analysis of spatial and temporal differenggkin Europe. At Member State level, the
EHBMI will rely on the National Hubs established to build the national HBM capacity, to optimize the link between
national research and collaborative research carried out across Europe, to represent the diffetionah
stakeholders in a coordinated way, and to facilitate the interaction between the national and European stakeholders,
providing a single contact point for discussions at EU level. Since the very beginning (2003), Portugal has contributed
for the esiablishment of a European joint initiative on HBM through the active participation of the Faculty of
Medicine, University of Lisbon (FMUL) in all concurrent efforts. FMUL integrated the ESBIO project, leading one of its
Work Packages (WP) and participatind G A @St & Ay 20GKSNJ F2dz2NT GKS aGLYLX SYSy il GA
technical support by ESBIO; and the COPHES and the DEMOCOPHES Projects, as Member State representative for the
scientific side and National Management Unit, respectively. A natiepaésentative for the EHBMI has already been
officially nominated among the FMUL researchers, thereby ensuring that research will be involved in the National Hub
to be structured. How to structure the National Hub, ensuring the involvement of all relexdotsc from research
to policy stakeholders is currently under discussion and will be presented in this communication.

Keywords: Human Biomonitoring (HBM), European HBM Initiative (EHBMI), European harmonization and
comparable data, Evidendmsed poliy making
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Exhaled Breath Condensate: A Tool for Non
Invasive Evaluation of Air Pollution Exposure
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Oceanografia Faculdade de Ciéncias da Universidadeltm] Sampo Grande 17486 LisboaPortugal;
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Instituto Superior Técnico, Universidade de Lisboa; E.N26B%066 Bobadela LRS, Portugal.
*Correspondingauthor: murmur@ctn.ist.utl.pt

Extensive epidemiological evidence supports the association of air pollution with adverse health
effects. Aerosol particles or their chemical compounds may interact with theafedisposed organs and
tissues causing a range of various deteriorations. In industrial scenarios, particles are a major concern.
Human exposure in the workplace is insidious as dust concentrations are higher compared to outdoors,
and workers are closer anstay longer near the emission sources. Assessing the retention of aerosol
particles in the human lung, one of the most important pathways of absorption, is a demanding issue.
Standard methods are often indirect or invasive, which limits their applicatditmonitoring exposed
populations. At present, there is no direct biomarker of exposure for the respiratory system. The
collection of exhaled breath condensate (EBC) constitutes a newnwasive method for sampling from
group. The relationship betweethe elemental concentrations measured in the EBC matrix and those
measured in blood and in the fine and coarse fractions of airborne particulate matter in the workplace
were established. The changes of Pb concentrations in EBC, and other elements ttedézaet for the
specific work environment, during the working day and throughout the working week period evidenced
the sensitivity of EBC to assess the temporal evolution of the exposure levels. The persistence of Pb in
EBC supports the use of EBC ireasig target organ levels of inhaled particulate matter. The results of
this study highlight the potential of EBC as a medium for assessing lung dose after exposure to inhaled
deleterious substances, such as Pb. The integrated use of EBC and clagsitabiolatrices such as urine
and blood, which reflect systemic exposure, may therefore allow the completion of the biological
monitoring of pneumotoxic compounds.

Keywords: Exhaled Breath Condensate, occupational exposure, lead processing industrieatianhblomarker,
particulate matter
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Biomonitoring of Occupational Exposure to
Styrene- Induced Genetid_esions and
Individual Genetic Polymorphisms
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Styrene is a commercially important chemical widely used in the manufacture of synthetic
rubber, resins, polyesters, and plastics. Occupational exposure to styrene occurs in the-biytaiene
rubber, styrene monomer and polymerisation, and reinforced plastics industries. Although the genotoxic
potential of styrene is known, very limited and inconclusive information is available regarding its dose
dependent genotoxic effects in humans. The objecti¥/¢his work was to study occupational exposure to
styrene in a multistage approach, in order to integrate the following-paits studied: styrene in
workplace air, mandelic and phenylglyoxylic acids (MA+PGA) in urine, haemoglobin (Hb) adducts, sister
chromatid exchanges (SCE), micronuclei (MN), DNA damage (comet assay) and genotypes of polymorphic
genes of some metabolising enzymes. Sewinty workers from a fibreglas®inforced plastics factory
and seventyseven unexposed controls took part in theidy. The mean air concentration of styrene in
the breathing zone of workers (30.4ppm) was higher than the threshold limit value of 20ppm
recommended by the ACGIH, and the biological exposure index adopted by the ACGIH for exposure to
styrene prior to thenext shift (MA+PGA=400mg/g cr) was exceeded, indicating that styrene exposure for
this group of workers was higher than recommended. The level of Hb adducts and SCE in exposed workers
were significantly increased as compared with controls. The DNA damagehigher among styrene
exposed workers than in controls. No significant differences were observed in the MN. Concerning the
effect of the genetic polymorphisms on the different exposure and effect biomarkers studied, we
observed the effect of microsomapexide hydrolase activity on Hb adducts of highly exposed individuals
and on the levels of SCE of exposed workers. The present results suggest the importance of individléaelSsion 7
susceptibility factors in modulating genotoxicity, although cautious interpretatamesrequired since the
size of the study population limits the power of many of the analyses. Because the effects of these
polymorphisms are relatively subtle, and some important alleles are relatively rare, a much larger study
population will be necessgrto evaluate their effects on biomarkers, especially when egpere
interactions are considered.

Keywords:Biomonitoring,styrene, DNA Damagegenetic polymorphisms
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Airborne Particulate Pollution and
Urinary Biomarkers of Exposure to Polycyclic Aromatic
Hydrocarbons (PAHs) among Kindergarten Children in
Chiang Mai Province, Thailand

T. PRAPAMONTOLT. KERDNDHE. HONGSIBSONG. NAKSENW. POLYIEMS. KAWICHAI
S. KIATWATTANACHAREON

'Envionment and Health Research Unit, Research Institute for Health Sciences, Chiang Mai University,
Chiang Mai 50200, Thailanzleepartment of Radiotherapy, Faculty of Associated Medical Technology,
Chiang Mai University, Chiang Mai 50200, Thailand.
*Corresponding authortprapamontol@gmail.com

We investigated the exposure to ambient airborne particulate matter with aerodynamic
diameter less than 1@um (PM) and PMgbound polycyclic aromatic hydrocarber{PAHs) among 555
kindergarten children. The study sites were 4 rural areas of Chiang Mai province including Mae Chaem,
Om koi, Chiang Dao and Phrao districts where frequent open burning in agricultural and forest areas in
dry season occurred. An urbamdéergarten in Chiang Mai city was chosen as the reference sitg, &d
urine samples were collected in 2 periods; dry season during January to March 2012 and wet season
during August to September 2012. RMamples were collected 24 hour on quartz filtgith 5 mL/min
flow rate using a portable sampler (MiniVol TAS Air Sampler, USA). Sixteen PAHs boung wereM
analyzed using gas chromatographass spectrometer (GRS, Agilent 6890, USA). Parents and children
were signed informed consent and assdatms, respectively, for study participation. Children mostly
aged 67 years old and boys were 52.6%. Urines, total volume, from the children were collected at school
from 8 to 16 hrs of 2 school days (the first school day of the week andvesdt day). Té total collected
urines were pooled and 10 mL aliquots were kept-20 °C prior analysis. Urinary biomarkers; 1
hydroxypyrene (IOHP) and diydroxybenzo (a) pyrene {@HBaP), was analyzed using high performance
liquid chromatograpHluorescence detecto(HPL&LD, HP1100, USA). Concentrations-0HP and 3
OHBaP were normalized with urinary creatinine. Structured questionnaires were employed to collect
demographic, environmental and behavioral factors from their parents. In dry season, 24 hour mean
PMy levels were elevated in all rural sites and the highest levels in February and March were 416.8 and
458.2ug/m3, respectively. While the reference site in Chiang Mai city also had the highegsteé¥hls in
February and March but at 249.3 and 28&@m3, respectively. Please note that Thailand 24 hour mean
PMy, standard level is 1ng/m3. In wet season, the P)Misamples were collected only in Mae Chaem site
and the reference site. The RMlevels at Mae Chaem and the reference site were not significant
difference: the highest levels in August and September were 42.7 andp@&ﬂ3 and 42.7 and 43.4
ng/m®, respectively. Levels of total Rivbound PAHSs in February and March were highest in rural site at
64.1 and 54.6 ng/thand significantly higher tharhe reference site (p<0.05). Only in dry season that
levels of total PAHs very significantly correlated with 2dur mean PNy levels. The increment lifetime
cancer risk (ILCR) from exposure to peak air pollution (February and March) was f.87xké site and
0.95x10 in reference site which was about 2 fold greater. Levels of urina®HP were significantly
correlated with ILCR (r=0.793) but not the levels-@3BaP. Therefore, the present study results support
urinary 2OHP as the biomarker okposure to PAHs from airborne particulate pollution.

Keywords:PM,o, PAHS, urinary biomarketgndergarten, Thailand
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Human Biomonitoring Initiatives Under the
D2JSNYYSYyd 2F /|yl F
Management Plan

J. YOME, T. ARBUCKL. 5. DONALDSHW. OOi, D.HAINES

lHealthy Environments and @sumer Safety Branchlealth Canad&@69 Laurier Ave. W, Ottawa, ON K1A
0K9;°First Nations and Inuit Health Branch, Health Canada Eglantine Driveway, Tunney's Pasture,
Ottawa, Ontario, K1A 0K9.
*Corresponding authojulie.yome@hesc.gc.ca

¢tKS / KSYAOlItfa alyl3SySyd ttly o6/atovo Aa LINIG 2F
environmental agenda to ensure the safe management of chemicals. Under the CMP, Health Canada
performs healthbased monitoring activities (including biomonitoring) tdarm policy tohelp Canadians
maintain and improve their healthThe objective is to establish nationally representative concentrations
of chemicals in Canadians, including vulnerable populations, to inform exposure assessments and
chemicals management.KTA & LINBaSydl GAz2y gAftf LINBaSyd |y 2@SNIIAS
KdzYl'y O0A2Y2YAG2NRAY3I AYyAGAlIGA@®SAa FYR KAIKEAIKG az2vys$s
biomonitoring program is the Canadian Health Measures Survey. This natimmaigentative ongoing
health survey, carried out in collaboration with Statistics Canada and the Public Health Agency of Canada,
includes a biomonitoring component measuring a number of chemicals in the blood and urine of
Canadians. Results from the third cyofehe CHMS will be available in Spring 2015. Biomonitoring is also
performed in certain targeted vulnerable populations, including pregnant women, children, and northern
populations. One of the largest, the Materdafant Research on Environmental Cheagc Study,
measures a range of factors, including environmental chemicals, in pregnant woman and their babies.
Health Canada also contributes to the Northern Contaminants Program which conducts health researc8ession 7
and biomonitoring in Canada's northern popudats. Smaller targeted studies include monitoring and
surveillance in populations living in geographic areas of concern, research and targeted environmental
monitoring to support biomonitoring. Data from selected chemical groups from some of the major
national biomonitoring initiatives will be presented. These data will serve as a baseline for comparison
with future surveys, will help to determine trends over time, and help assess the effectiveness of risk
management actions. Data will also contribute toettevaluation of chemical exposure and the
development of policies tbelp Canadians maintain and improve their health

Keywords Biomonitoring, exposure
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Blood Lead Levels and Birth Weight: Results
from Thirteen Years of Human Biomonitoring

M.F. REfSJ.M. MELI¥ P. AGUIARR. CARROLA. CARDOS®E. NAMORADOC.J. SOUSA.
PEREIRMIGUEL

!Institute of Preventive Medicine & Public Health, Lisbon Faculty of Medicin@rafv.Egas Moniz,
Edificio Egas Moniz, Piso 0, Ala C, 1&®Lisboa, Portugaﬁl?ublic Health Regional Department, Funchal,
Madeira, PortugaI?EscoIa Nacional de Saude Publica; Avenida Padre Cruz58®Q@sboa, Lisboa,
Portugal.

*Corresponding authomfreis@fm.ul.pt

Human exposure to lead can result in a wide range of biological adverse effects, mainly in
children. Sub toxic lead levels during pregnancy can also be responsible for delays in foetal development,
reflected in lower birth weight, a factor that predicts infant growth, development, and even survival. In
the ambit of two Environmental Health Survey Programs related to solid waste incineration developed in
the Lisbon Region and Madeira Island, a studs lbeen developed with the main objective of
AYy@SaidaalriAayd GKS NBfIFIGA2YaKALl 0SG6SSy YFGSNyLt ofz22
healthy pregnant women living or working in the study areas were recruited during pregnancy or at the
delivery time, along the thirteen years of the Programs development. Besides the blood collection, a
guestionnaire was applied by interview at the recruitment time or during a proximal posterior contact, for
gathering relevant information on study participani{age, residence, parity, smoking habits, use of
medicines, dietary information, and occupational exposure). Complementary information on the
newborns was obtained from the mothers and the maternity records. The global sample along the
thirteen years of he study included 1414 women (29% from Madeira Island) with a mean age of 29 years,
the majority (86,4%) being Caucasian. In absolute terms, the blood lead levels are significantly lower than
the established action level and show a tendency to reductioer diie monitoring period, either in Session 7
Madeira Island or Lisbon Region. For the global study groups no statistical associations have been toung
08SG6SSy YFGiSNyrt fSIFR tS@Sta yR OKAftRNBYQa O0ANILK ¢
factors that ca also influence the birth weight (mainly smoking and duration of pregnancy), differences
were found between groups, which are discussed in the present work.

Keywords:Lead humanbiomonitoring maternal blood leagdbirth weight, Portugal
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Lead in up to 6 years Children living in Lisbon
Region or Madeira Island

M.F. REfSJ.M. MELI¥ P. AGUIARR. CARROLA. CARDOSG. NAMORAD(L.J. SOUSA.
PEREIRMIGUEL

!Institute of Preventive Medicine & Publitealth, Lisbon Faculty of Medicine; &vof. Egas Moniz,
Edificio Egas Moniz, Piso 0, Ala C, i&®LisboaPortugaj *Public Health Regional Department, Funchal,
Madeira,Portugal *Escola Nacional de Satde Publica; Avenida Padre Cruz586Qisboa, Lisboa,
Portugal

*Corresponding authomnfreis@fm.ul.pt

Human exposure to lead can result in a wide range of biological effects depending tvehe
and duration of exposure. Children are most at risk than adults because their body is still developing, their
nervous system is more vulnerable and sensitive, and they have a higher intestinal absorption and lower
renal excretion. Moreover, childreare exposed to higher dose of toxicant relative to their body weight,
having more years of future life where the adverse effects can manifest. Previous studies showed that
children with high lead levels may have problems like difficulty in learning anayete growth,
LISNXYI ySyd oNIXAY RIYF3IS YR S@Sy RSIGK® . ImgdBR 2y (GKS
were defined as action levels. However, accumulated evidence shows adverse health effects (for example,
hyperactive or being irritable) even whexposed to small amounts of lead, leading to the establishment
of a lower limit (5ng/dl). Lead poisoning is one of the most preventable childhood illness, making it
AYLISNI GAGS Y2yAG2NAYy3 OKAf RNBYyQa SELR ngadlcesimd f SR )
the present work, two projects on exposure to lead of children under six, developed in the ambit of
OYPBANRBYYSyGlrt 1 SIHfGK {dz2N¥Se tNRINIYA Ay [A&d02Y YR a
lead has been assessed by determirtahgpd lead levels. Based on these values, either stratified by age or
living area, temporal trends of lead exposure were evaluated. Altogether, 836 apparently healthySession7
children, aged 1 to 6 years, 459 from Lisbon and 377 from Madeira Island, participdtedstudy, after
written informed consent from their legal responsibles. Results show that only a small percentage of
children from the whole group have blood lead levels above the limits, higher mean levels in Lisbon
Region than in Madeira Island, andesmdency to reduction of lead levels over the monitoring period in
both regions. From a public health perspective and mainly in relation to children, periodic and systematic
DA2Y2YAG2NAYy3a 2F OKAfRNBYyaQa SELRAdNGSsuppdt pdli§gl R & K 2 dzf
measures to reduce and/or control human exposure to lead.

Keywords:Human Biomonitoringchildren, blood lead levelsinfant exposure to leadPortugal
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Biomonitoring of
Atmospheric Pollution Using
Magnetic Properties
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Biomonitoring of Airborne Particulate Matter
Pollution with MagneticMeasurements on
Leaves and.ichens:Principles,Methods and
Experimental Results

A. WINKLER

!istituto Nazionale di Geofisica & Vulcanologia; Via di Vigna Murata, 605, 00143 Rome, Italy.
*Corresponding authoraldo.winkler@ingv.it

In recent years, the magnetic properties of soilspwpacks, street dusts, air filters and tree
leaves have been widely analyzed for characterizing the pollution arising from different vehicular and
industrial sources. Magnetic particles may originate from both combustion processes, related to
industrial, comestic and vehicle emissions, and from abrasion, as for vehicle brakes. They are usually
spherules or irregularly shaped grains, containing variable amount and-gizanof iron oxides. In
anthropic/polluted aerosols, magnetite is usually the main magnearrier and is often associated to
heavy metals like zinc, cadmium and chrome and even to dangerous mutagenic organic compounds.
Usually, the air quality is monitored by means of specific stations; however, biomonitoring on tree leaves,
needles, tree ng cores, mosses is recently establishing as a complementary and effective way for
investigating the airborne pollution and its biological effediree leavesre efficient particulate matter
(PM) receptors and they act as widespread natural biomonitors of airborne PM; their magnetic properties
can be studied to provide higtesolution pollution data, since environmental magnetism techniques are
sensitive, reprducible, rapid, and relatively cheap. Moreover, magnetic analyses are particularly effective
for discriminating different anthropic and natural sources of PM. The aim of this talk is to introduce, after
a brief foreword on the basic principles of magnetisfrmatter, the main laboratory methods involved in
environmental magnetism. It will be presented a brief overview of the main case studies concerning
magnetic biomonitoring, and a review of the results achieved at INGV on the study and the comparison of
the magnetic properties of leaves, air quality filters and vehicle related powders (fuel, brakes)deie Session 8
magnetic analyses on lichens from cement plants and industrial contexts will be introduced to encourage
the discussion on this promising directiohbiomonitoring research.

Keywords: Biomonitoring, particulate matter, magnetic properties, leaves, lichens
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Magnetic Properties, Bioaccumulation,
Physiological status and Ultrastructure of
Lichens Exposed around@ement Plant

L. PAOLI, A. GUTTOVAA. WINKLERA. GRASSI | @ [ ! /> \DhSENKDh. SAGNOTTI
A. BASILES. SORB(S. LOPPI
lDepartment of Life Sciences, University of Siena; Via Mattiob3400, Siendtaly; ?|nstitute of Botany,
Slovak Academy of Sciences, Dubravska cesta 9, 84523 BraS#tanekia’lstituto Nazionaledi Geofisica
e Vulcanologia, Via di Vigna Murata 60680143 Romaltaly;4Department of Biology, University of Naples,
Via Foria 223;80139 Napoliltaly.
*Corresponding authomaoli4d@unisi.it

A cement industrys a source of dust pollution, from quarrying and grinding of the raw material,
kiln operations, transportation, and packing and dispatch of the cement. Airborne pollutants related to
combustion processes are also emitted, especially during kiln operadiotigoower generation. The use
of biomonitors can provide valuable information about the impact of airborne pollutants released during
cement production. In this frameworkichens are suitable bioindicators of the effects of air pollution,
providing relidle information on the quality and characteristics of the environment. We investigated the
biological effects of airborne pollutants released during cement production by means of epiphytic lichens
at selected sites (a cement mill, two quarries, agricultuaeeas, villagesih SW Slovakia. dihgin situ
samples Xanthoria parieting we found out that Ca, Ti, Fe, V, Al and Ni were significantly higher around
the cement mill and the quarries than in the surrounding environment. Calcium was the best tracer for
dust contamination around the quarries and the cement plant and a clear decrease in its content with
increasing distance from the source emerged, with background values reached at ca. 1,700 m from the
cement mill. In a second stephd content of selecteglements was measured in samples of the lichen
Evernia prunastrexposed up to 180 days at the same sites. Eassiociated elements, i.e. Ca, Fe, Ti,
rapidly (30 days) accumulated in the thalli, while airborne pollutants (S) progressively increased.
Concerning the physiological response of the samples, dust pollutibreted the efficiency of the
primary photochemistry of PSIl and the vitality of the mycobiont. TEM sections were made to observe
ultrastructural effects. In parallel, we investigated the magnetic properties of both transplantednand
situ lichens, barksoil and rock samples from the same sites, as well agramsplant samplesEvernia
prunastritransplanted in the study areshowedexcellentcorrelationsbetweenthe values ofmagnetic
saturation and Fe concentrationBvernia prunastrsamplesare mageticallyhomogeneouswith marked
differencesonly for the samplefrom the basaltquarry. Xanthoria parietinasampleshave a similar
magnetic mineralogy but magnetization saturations aréwo orders of magnitude higherimplying
increasedconcentration of magnetic particles according to the differentichen species and to the
prolonged exposure. Thanalyses ofmagnetic mineralogyointed outthe influenceof soil and bedrock
when they are highly magnetias in the casef the basalt. In biomonitoringtudies, magnetic methods
can be valuable for discriminating different natural and anthropogenic sources; for this reason, it is
essential toverify the nature of the substrate artd selectsuitable pre/posttransplant sites

Keywords:Calcium, dust=vernia prunastrimagnetizationXanthoria parietina

7" INTERNATIONWNORKSHOPNBIOMONITORINGFATMOSPHERPROLLUTION 62


mailto:paoli4@unisi.it

S8 01

Biomagnetic Monitoring of Urban Air Pollution
Using Moss Bagsphagnum girgensohnii
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YInstitute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade; ‘Sap#atment of Bio
science Engineering, University of Antwerp, Groenenborgerlaan2D2D, Antwerpen, Belgiun;?';l'he
Faculty of Chemistry, University of Belgrade, Studentski tr§6121000 Belgrade, Serbia.
*Corresponding authorgordana.vukovic@ipb.ac.rs

Plant magnetic properties such agsseptibility as well as remanence has been estimated as a
good proxy for particulate matter (PM) air pollution. Although mosses are widely used in biomonitoring
studies, magnetic analysis on these biondicators were only reported in few cases and fdriatigus
polluted areas predominantly. This study explored the suitability of the ripdsagnum girgensohriior
biomagnetic monitoring in cities. To this e&phagnum girgensohninoss bags were exposed at three
different urban microenvironments charactedd by heavy traffic in the city of Belgrade. The moss bags
were mounted in the street canyons at heights of 4, 8 and 16 m with the aim to study vertical pollutant
distribution. On the other side, horizontal pollutant distribution was tested in semi eadlgpaces such
as a city tunnel and parking garages. In the city tunnel, moss bags were hung at 4 m it¥lda from
the entrance; in front of the entrance; and outside of the tunnel. In the parking garages, at 2.5 m above
ground, moss bags were suspedat two places: near the entrance/tollbooth and in the garage interior.
During the experiment; summer and autumn of 2011, traffic flows in the studied microenvironments
were counted. After 10 weeks of exposure, the concentrations of Al, Ba, Ca, @i, Ca, Fe, K, Mg, Mn,

Na, Ni, Pb, Sr, V and Zn were determined in the moss samples by inductively coupled plasma optical
emission spectrometry. The ferro(i)magnetic PM fraction in the moss samples was quantified by Saturated
Isothermal Remanent Magnetidzah (SIRM) using a Molspin Minispin magnetometer. The measured SIRM
were compared with the trace element concentration in the moss samples. According to the results, moss
SIRM values were significantly different across the considered urban microenvircnn®RM values
varied between 5.1, 9.9 A nf kg”, 10.5¢ 19.1 A rfikg" and 30.9¢ 93.6 A M kg" in the parking garages,

street canyons and city tunnel, respectively. The vertical and horizontal trends of pollutant concentratlonsSeSS|on 8
GSNE 20aSNBSRP +SNE KAIK O2NNBflGA2Yy O2STTFAOA

Cu, Fe and Ni werdemonstrated. Moss SIRM values exhibited a relatively high linear correlation (R =
0.72) with the average traffic intensity counted in the studied urban microenvironments, as well. The
results emphasized that for biomagnetic monitoring of air polluti®ing moss bags it is crucial that the
exposition of the moss bag is representative for the particulate load at the sites of interest which depends
on the structure of the site and its specific air ventilation. Finally, in urban microenvironm8nts,
girgersohniiis capable to reflect moss SIRM enrichment depending on traffic intensity, as well as its
relation to the ambient element concentrations.

Keywords:biomagnetism, SIRM, air pollution, trace elements, m&gksagnum girgensohnii
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A ComparativeStudy etween Biomagnetic
Analysis and Scanning Electron Microscopy of
Particulate Matter Deposition on Urban Green
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lLaboratory of Environmental and Urban Ecology, Department e§@ence Engineering; University of
Antwerp, Groenenborgerlaan 171, 2020 Antwerpen, Belgiﬁm(ES Research Group, Department of
Chemistry; University of Antwerp, Groenenborgarial 71, 202@ntwerpen, Belgium.
*Corresponding authorana.castanheiro@uantwerpen.be

In an urban environment, particulate matter (PM) is mainly due to anthropogenic activities such

as transportation, constructioand industrial emissions. The particulates are formed by a panoply of small
particles (including magnetic irdmased particles) that can be immobilized on the existing vegetation
through leaf deposition or Hwax encapsulation. Biomagnetic monitoring oéer leaves, through the
measurement of saturation isothermal remanent magnetization (SIRM), already proved to be a good bio
indicator for ambient PM, providing a rapid and ceffiective method to investigate both temporal and
spatial PM loadings. On thehwr hand, PM source attribution requires a deeper understanding on the
composition and particle size distribution. This study demonstrates the analytical potential of combining
biomagnetic analysis with scanning electron microscopy (SEM) on the assessniiis o deposition
for different pollution sources on leaves collected in the city of Antwerp, Belgium. While SIRM is an
estimator of the ferro(i)magnetic content, SEM allows the chemical characterization of particles deposited
at the surface level. Inrder to analyze different urban activities, common ivy leaves were collected from
a forested area, a rural area, next to a high traffic crossroad, an industrial complex and a train line. Their
bulk SIRM values for normalized leaf area were obtained, Wit | y @ £ dz§& NI y3Ay 3 FNR
6F2NBAGSR FENBLUO (2 oddpdp >! O0GNIAY fAYSO® G2NJ St OK
ray Spectroscopy was applied to approximately 40,000 leaf deposited particles, so that chemical
composition was estimad according to the different sites. Within each sampling site, both adaxial and

Session 8  abaxial leaf sides were analyzed with SEM, revealing similarities in terms of particle distribution and
~ composition. In a subsequent experiment, ivy leaves were hand wash#dthsthe PM deposited on the
leaf surface was retained in a washing solution and then submitted to filtration using two different pore
aAl S FAEtGSNEBR omn YR o >YO0d ¢KS NB&adzZ GFyd FAEAGSNAR |
leaf surface dposited particles and leaf encapsulated particles from the total SIRM signal. Their relative
contribution appeared to vary with the source of pollution. Size distribution analysis on the deposited PM
suggested the importance of fine PM (P The relaton between the SIRM signal and the iron content
registered by SEM was not completely clear, suggesting that thebmead particles (which should be
sourcedependent) result in different SIRM signals according to their chemical structure. Further research
must be pursued on this topic to disclose the remaining unanswered questions.

Keywords: Urban air pollution, PM depositiorpollution sources,saturation isothermal remanent magnetization
(SIRM)scanning electron microscopy (SEM)
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Active Moss Biomonitoring: An Approach for
Extensive Screening of Air Pollution over Urban
Area- Belgrade Case Study

a® ! bL2L0YY vDhb~ ¥ZE LYSh® LWOh'aZ. GOR¥AINOVA { & 2 ¥wL+! bW
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YInstitute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade, “Geabik Laboratory of
Neutron Physics, JINR, Joliot Curie 6, 141980 Dubna, Ruissi&aculty of Chemistry, University of
Belgrade, Studentski trg 106, 11000 Belgrade, Serb‘faepartment of Biescience Engineering,
University of Antwerp, Groenenborgeda 171, 2020 Antwerpen, Belgium.
*Corresponding authonnira.anicic@ipb.ac.rs

Nowadays air pollution is a substantial environmental concern in most cities across the world.
Instrumental techniques conventionally applied for air quality measurements gives instantaneous value of
pollutants at a sampling time and with limited spatiabolution due to practical constraints. On the other
hand, biomonitors act as loAgrm integrators of air pollution and could be used as transplants enabling
high density of sampling sites over the wide area of interest. In this study, over the wholepolgin
area of Belgrade, active magnetic biomonitoring of particle air pollution, as well as trace elements and
PAHs content assessment, were performed. Two moss species were used, one from the most
recommended biomonitor moss gener&phagnurrand anotler common for the studied areaHypnum
The moss bags were exposed at 153 sampling sites during a summer seasoq Aligust 2013)The
magnetic particles captured by the exposed mosses were quantifieshtuyation isothermal remanent
magnetization (SIRM)n the moss samples, concentration of Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na,
Ni, Pb, Sr, V and Zn were measured by inductively coupled plasma optical emission spectrometry (ICP
OES) while 16 USPA priority PAHs were determined by gas chromatography mass spectrometS)GC

Significantly higher levels of all measured pollutants were recordedShygirgensohniin
comparison withH. cupressiformeThere was a visible distinction in moss SIRNh@isation of magnetic
particle distribution over the Belgrade urban area depending of a prevailing public transportation type
buses, trams and trolley3he highest moss SIRM for both species were observed in streets occupied with
tram traffic. In geneal, the highest moss element concentrations (Cu, Cr, Fe) were observed at the sites
influenced by local industry and very busy roadst 3y A FAOF yif e KAIK O2NNBE Ll GA2Y
obtained between the measured SIRM and Cu and Cr in the naossles. The most abundant PAHs in " OSter Session
the moss samples were those of low and medium molecular weights. Nevertheless, according to the
relative contamination factors obtained by both moss species, similar city zones related to high,
intermediate and low level fothe measured pollutants as well as green zones were distinguished.
Moreover, new hotspots of pollution, omitted by current instrumental monitoring network, were
discovered by the performed active moss biomonitoring.

The results of this study confirmedhat the use of moss bag technique could be a simple,
sensitive and inexpensive way of obtaining extensive information on deposition levels of certain airborne
pollutants in urban area and could be recommended for screening of air quality within cities.

Keywords: Sphagnum girgensohnllypnum cupressiformé&IRM, trace elements, PAHs
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Chemical Element Accumulation in Tree Bark grown
In Volcanic Soils of Fogo Island (Cape Verde)

R. MARQUES', M.C. FREITAS/.l. PRUDENC®OM.I. DIAE?, F. ROCHA
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Saavém, PortugafGeoBioTec, Universidade de Aveiro, Aveiro, PortdDelpartamento de Geociéncias,
Universidade de Aveiro, Aveiro, Portugal.
*Corresponding authormarques@ctn.ist.utl.pt

Fogo islandelongs to the Cape Verde archipelago (Atlantic Ocean), circa 800 km westwards of
the Senegal coast on the Cape Verde Rise. This island corresponds to an active volcano with the maximum
altitude of 2829 m. The climate is searid, with a rain period maiglbetween July and October. Soils are
developed in three major geological units: 1) a carbonatite; 2) acplgera formation; and 3) a post
caldera sequence including several historic eruptions.

Bark from several types of trees includiAgacia albida Del(acacia), Jatropha curcas Linnaeus
(purgueira), Eucalyptus Tereticornis (eucalyptus), Acacia Dealbata Mimosa (mimosa) and Malus Pumila P.
Mill (apple tree) were collected in eighteen sites corresponding to different geological formations.
Elemental corgnts in biological samples and soils were assessed througistiafjardised instrumental
neutron activation analysis (INAA) and comparative method. The main goals are: (i) the bark response of
the same tree to differences in soil composition and climateditions; and (ii) the evaluation of eventual
differences on the chemical elements uptake of different biomarkers within the same site. This work is a
first contribution to the biomonitoring of the Fogo island.

Among the chemical elements studied, iron svaelected to normalize chemical contents and
calculate the enrichment factors (EF), due to its precise and accurate determination by INAA and
conservative behaviour in this type of soils/climate.

The results obtained showed significant accumulations {B)-of most of the chemical elements
studied: maximum EF valu& (EF= 6469); and minimum EF va&/&m (EF=2.65).

In general iMcaciabark: (a) Lu, K and Br uptake is similar in all geological formations; (b) sodium
is more enriched in soils developadcarbonatites and nephelinites; (c) the lower EF values were found in
pyroclasts soils; and (d) Zn is more enriched in historic lavas. Concéumiggeirabark, a similar high
accumulation of Lu, K and Br occurs in all soils. EF>10 are found for [8a §particularly in nephelinite
soils), and Cr and Zn in nephelinites and historic lavas. The higher EFs were also found for Lu, K, and Br in
eucalyptushark. Zn, Yb and Cr are also enriched in pyroclasts.

Inapple treeggrown in pyroclasts soils, K, Mbh and also Cr are enrichédchengollected in the
less arid area of the island showed significant enrichments only for K and Br.

Among the rare earth elements (REE), EFs of the heavy REEp(E#-4439) are much higher than the
light ones in bark, which agree with their preferential release after the breakdown of primary minerals like
pyroxenes.

The results obtained indicate that the chemical elements may be significantly accumulated by
plants grown in volcanic soils of Fogo island, which can be explained by theaséngslimate and a
consequent bioavailability of chemical elements when rain drops fall in thigopbatant environment.
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The results of trace element atmospheric deposition study in two regions of Central Russia based
2y Y2aa FyR az2at FylrteasSa INB LINBASYGSRe @GKS al YLI ¢
Epithermal neutron activation has enabled determination of up to 40 elements including heavy metals
and rare earth elements in 170 moss and soil sampddiectedin the summer of 2014.
The goal of this study was to evaluate the local pollution souaoelsto reveal possible pollution
hot-spots in the study area, as well as to conduct a comparative analysis of the present results and those
from the previous moss survey in 2009. Multivariate statistical analysis has been applied to the obtained
datasets.Contamination factordor selected elements andcological risk indexesere calculated. The
comparison of elemental concentrations in atmospheric deposition in different parts of Russia was carried
out.

Keywords:moss biomonitoring, soil, heavy metaésjvironmental pollution, contamination factor
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For the first time the moss biomonitoring technique was used stady trace element
atmospheric depositionin the area affected by a ferroalloy &) plantin the town of Tikhvin,
Leningradskayh 6 f a0 QX (2 | LIRNIA2Yy AdGa RSLIRaAAGAZ2Y LI GGSNya
sources located in and within the sampled territoloss samples were collected in the summer of 2011
from 36 sites evenly distributed over the Tikimbistrict in accordance with the guidelines of the UNECE
ICP Vegetation. A total of 35 elements were determined by means of epitherendton activation
analysis at the reactor IBR FLNP, JINR, Dubna. Multivariate statistical analysis was applied to
chaacterize the sources of determined elements over the examined territBontamination factor¢CF)
for selected elements anecological risk indexvere calculated using their concentrations for the
¢BSNRERlFel hofl adQ O2yaAiRSNSDRhelresults-obtadidBd areicanp&ddado dzy LI2 f f «
the data of the atmospheric deposition of trace elements in Central Russia and in some countries of
Eastern Europe. Distribution maps of most hazardous elerpettitants over the surveyed territory
created using GIS technologies are demonstrated. These maps show that the main source of
contamination in the investigated area is Tikhvin ferroalloy plantthe close vicinity of Tikhvin the
highest content of Al, As, Co, Fe, CraNd V in moss samples was observed. Factor analysis revealed that
high content of these elements had one and the same source. In the 10 km zone around the town of
Tikhvin the € is 2 times higher than for the rest of the investigated territory. Maximum value of CF for Cr
was determined in the close vicinity of the Tikhvin ferroalloy plant. The main source of contamination in

Poster Session the sampledareais the metallurgic plant in the towof Tikhvin. Another source is located close to the
military aerodrome and metallurgic waste dump in the north of the investigated tirritory. In general, the
investigated area is quite pristine in comparison with the other Russian territories.

Keywords:moss biomonitoring, heavy metals, atmospheric deposition, risk index
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X-ray Fluorescence Analysis in Leaves of
Nerium oleander Lused as Environmental
Biomonitor
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! Physics Institute, State University of Rio de Janeiro, 524 S&o Francisco Xavier st, Maracana, Zip Code:
20550013¢ Rio de Janeiro, RJ, Brazil.
*Corresponding authoramonziosp@yahoo.com.br

Since the earl320th century, the air pollution in the major centers worsened in consequence of
the industrialization and urbanization process, along with the fast population growth and the motorized
transport. Some plants are used in the detection of the air pollutangs t leaves ability to absorb the
pollutants through their stomata and the cuticle, thus, the plants leaves work as a natural sampler of the
air emissions that are deposited in their self. Therefore, the foliar analysis of these vegetal species can be
usal to environmental monitoring. Th&lerium oleander Lis a specie of plant commonly used as an
environmental biomonitor.

In this studyNerium oleander Leaves were used to measure the environmental pollution levels
in a subregion in the Rio de Janeiro Metropolitan Regiddrazil using Xay Fluorescence (EDXRF). The
EDXRF system was developed in the own laboratory and consist of a portable XRF @ystmbf/ a
minixNJ & (dzo0S 2F 26 LI26SNI oly2RS 2F '3 FyR 2LISNIGSR
detector. The samples derium oleander Lwere collected from adult plants drawn randomly so as not
favouring one side of the plant. The samplesre collected during the year seasons (summer, fall, winter
and spring). It was possible to determinate the elemental concentration of 13 elements: S, Cl, K, Ca, Mn,
Fe, Cu, Zn, Br, Rb, Sr, Ba and Pb.

From the concentrations of each element, the elena@nmaps of the studied areas in each
season were obtained. The Pearson's correlation analysis shows a significant correlation between the
elements Fe, Zn, Ba and Pb; Ca and Sr and between the elements Cl, K and Rb. The Principal Components
Analysis showshat there are two mainly factors of the environmental pollution emissions: emission
through the resuspension of the soil (Cl, K, Ca, Mn, Rb and Sr) and vehicular/industrial emission (Fe, Zn, Ba
and Pb). So, th&lerium oleander Ueaves analysis by XRF wisoto be efficient in the environmental
evaluation of several elements.

Therefore,Nerium oleander Lcan be indicated as a low cost option to the ornamentation of
inside and outside areas in the industry with a polluter potential with the intension esgwation and
alert in case of an incident with the release of potentially polluting materials such as heavy metals.

Poster Session

Keywords: Xray FluorescenceNerium oleander L.heavy metals environmental pollution, environmental
biomonitoring
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Zn atEcosystem Level as Heavy Metal and-Bio
element
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*Estonian Environmental Research Centre, Marja 4d, 10617 Tallinn, Estonia.
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Znis a bieelement, highly necessary for plants functioning, but on the other hand, a heavy metal
prone for accumulation in ecosystems at higher air pollution levels. In order to characfarised its
connectedness to different parts of coniferous ecosystedata from different UN ECHternational
CooperativeProgrammes were comparedmoss carpet (ICP Vegetation moss survey data), litter layer,
and organic layer (mor humus) of coniferous forest (ICP Forest soil survey data). In abtditicn
sylvestrisand Picea abiedine roots and litterfall data from 3 ICP Integrated Monitoring programme plots
and deposition data of 18 local precipitation stations was used. Objectives of this study are 1) to assess
differences in Zn accumulation in various aged medit2estimate the variation of concentration and
storages of Zn in different media and parts of ecosystems.

The comparison of studied media revealed that Zn has a different retention pattern compared to
highly accumulative Pb or Ni. The retention charast& to Zn could be described in the increasing order
of mor layer<moss layer<soil litter layer, where the concentrations in moss layer are a half and in mor
layer three times lower than Zn concentrations determined in soil litter layer. The mor/moss riatyo
was calculated for detecting the level of retention in the organic layer of soil. Unexpectedly, the ratio for
Zn is extremely low (0,6) in comparison to other heavy metals (for Pb 10; for Cr 34). The highest
concentrations of Zn were measured hetsecond year’s fine roots (16 mg/kg). In comparison to litterfall,
the average concentrations in fine roots were 30% higher for Zn (5 times higher for Cd and Pb). The
largest stocks of heavy metals were found embedded in the organic layer of soil.

Compaed to the annual input of HMs in litterfall and uptake by fine roots, the stock of the
metals in fine roots was about 50% higher than in litterfall. The age of fine roots is estimated to be only 2
years and after the decomposition process starts. Conalaleruptake of heavy metals by roots promotes
retention of metals in soil, as the decomposition rate of root litter is low in older coniferous forests. The
retention of Zn in mosses is relatively low in comparison to other metatcording to Steinnes $85)
approximately 41% of Zn, 84% of Cr and 100% of Pb is retained in mosses. Low retention of Zn in mosses
explains the outstandingly low mor/moss ratio, which may lead to underestimation of air pollution related
Zn. Our data shows that considerable ygamptake of heavy metals by roots promotes retention of
metals and delays purification processes of forest soils from previously accumulated heavy metals. Zn is a
heavy metal very prone to loagnge transboundary transport and simultaneously Zn is onehaf most
reused heavy metal at ecosystem level. That makes it hard to estimate the actual amount of air pollution
originated from Zn cycling in ecosystems.

Keywords:Zn, moss carpet, soil organics, fine roots, litterfall
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Soil Pollution Analysis ithe Rio de Janeiro
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de Biologia Vegetal. Rua S&o Francisco Xavier 524, Pavilhdo Haroldo Lisboa da Cunha, sala 224. Maracan4,
Rio de Janeiro, RJ, 205603, Brasil° Universidade do Estado do Rio de Janeiro, Instituto de Fisica
Armando Dias Tavares, Departamento de Fisica Aplicada e Termodinamica. Rua S&o Francisco Xavier 524,
Pavilhdo Joao Lyra Filho, sala 3005F. Maracand, Rio de Jan&iéb5R0,13,Brasil.
*Cormresponding authorthaisjiv@yahoo.com.br

Increased pollution from vehicle emissions, industrial waste, atmospheric deposition of dust and
aerosols and other activities has caused severe disturbances in the natural geochemical cycle of
ecosystems and present risks to environment and the humanttne@he metal contamination is one of
the most severe forms of pollution of the land ecosystems. Due to the severity of the problem, the
assessment of pollution requires efficient and sensitive analytical techniques to obtain results quickly and
accurately Recently, Xay fluorescence technique has proven to be very versatile and can be applied in
different complex samples, such as leaves, wood and animal waste. This technique offers the great
advantage of evaluation samples, qualitatively and quantitéfivallowing simultaneous and quick muilti
elemental analysis. The aim of this study is to evaluate, through trey Xluorescence technique, the
degree of soil contamination of a site under intense urban pollution, order to provide data for the
developmen of biomonitoring in one of the most important cities in Brazil.

Soil samples were obtained from: @@mpusof the Oswaldo Cruz Foundation (FIOCRUZ), located
on Brasil Avenue, one of the main urban thoroughfares of the city of Rio de Janeiro, andg{# Ti
Biological Reserve, a preserved remnant of Atlantic Forest of Rio de Janeiro State (control site). The
samples were collected in five areas of each studied site. In each area, five samples were obtained,
totaling 25 samples from each site. Each sanwes homogenized and dried in oven at 60 °C for 24h.
After drying, the samples were triturated, sieved through a nylon mesh in order to obtain a granulometry
2F oup YS&AK 6nn>Y0 YR LINB&aaSR o0& y (2ya Aimg O02YLI O 2
Each tablet was analyzed in a portable EDXRF system, formed by arayiriulie of low power (anode of
Ag and operated in 15 kV/106A and 35 kV/10@-A) and a SiPIN detector. It was possible to determinate :
the concentration of the 15 elements: K, @a, Cr, Mn, Fe, Ni, Cu, Zn, Ga, Rb, Sr, Zr, Nb e Pb. The me%?]Ster Session
comparison tests, Test t and MaiWhitney, showed significant differences between the studied sites for
all elements, except for Ca, Ti, Fe and Ga. The soil sampled in the polluted area dbesed
concentration of essential elements for plant nutrition, as K and Mn, and higher levels of heavy metals: Cr,
Ni, Cu, Zn, Zr and Pb, when compared to the preserved area. The concentrations of the elements
chromium, zinc and lead, observed in both dad sites, are above the reference normal values for
Brazilian soils. However, in the polluted site, we observed that zinc and lead concentrations are above the
tolerance limits established for Brazilian soils. This study produced inexistent data fouthedssites
and confirmed the potential of the technique for evaluation of soil samples.

Keywords:urban pollution,heavy metalsenvironmental healthJead contamination
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Determination of Metals in Air Samples using
the APDCTechnique Preconcentration and
Analysis with Xray Fluorescence
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ANJOS

1Physics Institute, State University of Rio de Janeiro, 524 Sao Francisco Xavier st, Maracana, Zip Code:
20550013¢ Rio de Janeiro, RJ, Brazil.
*Corresponding authormc.nardes@gmail.com

Air pollution has become one of the leading quality degradation factors of life for people in large
urban centers. Studies indicate that the suspended particulate matter in the atmosphere is directly
associated with risks to public health, in additiongah cause damage to fauna, flora and public / cultural
patrimonies. The inhalable particulate materials, especially the ultrafine fractions that are below 2.5
microns in diameter, can cause the emergence and / or worsening of chronic diseases related to
respiratory system and other diseases, such as reduced physical strength. Thus, knowledge of the levels of
atmospheric pollutants is critical to the health and welfare of the population.

The present study proposes the development of a low cost method to soreathe
concentration of metals in the air by Total Reflecticra}{ Fluorescence (TXRF) technique using a bubbler
as sample collection instrument. The metallic elements are normally present in air in trace levels thereby
it is necessary to use the preammtration technique to increase the detection limit of these elements.
The complexing agent APDC (ammonium pyrrolidine dithiocarbamate) was used to preconcentration of
samples. The collection of air was performed for 24 h with a volumetric flow rateBdf/tin. Samples
were collected from five random points in the State of Rio de Janeiro/Brazil. Analyses of TXRF were
performed at theBrazilian Synchrotron Light Laboratg¢bNLS).

It was possible to determine the wohe concentration of the metallic elements Cr, Fe, Ni, Cu and
Zn. The concentrations of these elements range2D@ ng/m3. These elements are closely linked to urban
traffic and emissions from industries. Although the collection points are in residengias aits proximity
to roads with heavy flow of cars and also the urban restructuring works of the city, with the construction
of some important roads, may have influenced the presence of these elements in the sampling points.

It can be concluded that thmetals analysis technique in air samples using a bubbler as sample
collection instrument associated with a complexing agent (APDC) was viable and it was possible the
detection of five important metal elements in environmental studies associated with iridliemissions
and urban traffic. Moreover, this technique has the advantage of beinectust.

Keywords:TXRF, particulate matter, imping&PDC preconcentration, environmental pollution
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Holm Oak Leaves Effectively Point Out Spatial
and TemporalTrends in Pollutant Depositions
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*Dept. Biology, University of Naples Federico H;®hthia, 80126 Napoli, Italy.
*Corresponding authorfdenicol@unisannio.it

In the last two decades, holm oa®(ercus ilex..) leaves for their morphological characteristics,
such as hairs and waxes, haveen proved to be feasible biomonitors to assess air contamination by
heavy metals (HMs) and polycyclic aromatic hydrocarbons (PAHS). The wide distribution of this species in
the Mediterranean, area where it represents the potential climax community imnahtareas and it is
used as ornamental plant in urban areas, makes this evergreen oak widely employing in the monitoring of
both inorganic and organic pollutants. Despite the many advantages, the International and National
legislations do not include thigiomonitoring among the methods to assess air pollution.

In this framework, this work aims to present a historical data set of selected HM and PAH
concentrations inQ. ilexleaves collected at different sites (remote, periurban, urban, industrial) of
Campaia region (southern Italy) during several monitoring campaigns from 1986 to 2009.

During all the monitoring campaigns, the same sampling protocol was applied making possible a
comparison: fully developed and healthy epear old leaves were collected around the canopies-6f 4
trees for each site at about 3 m of height, and analysedhaout washing. In particular, ovedried leaves
were mineralised with a mix of nitric:hydrofluoric acids to determine Cd and Pb concentrations by Atomic
Absorption Spectrometry otnductively Coupled Plasma Atomic Emission SpectroscGpptextually,
fresh leaves were sonicated in a mix of dichloromethane:acetone and the extracts analysed for
acenaphthylene, phenanthrene, fluoranthene, pyrene, chrysene, benzo(a)pyrene, indeno(1,2,3 cd)pyrene
concentrations by gas chromatography coupled with a mass detector.

The results showed a clear trend among differently affected sites, as well as a spatial gradient
among urban sites regarding both HM and PAH leaf concentrations. The findings also showed a
continuous decrease of Pb concentrations over the time, overaibatable to the use of unleaded fuel
from 1986 until now.

These findings, highlighting both spatial and temporal trends in pollutant depositions, can
contribute to promote the use of biomonitoring in the assessment of air pollution, suggesting it§°Ster Session
introduction in the legislation guidelines to monitor air quality.

Keywords:pollution maps, heavy metals, PAHs, biomonitoring, evergreen oak
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Lichens are widely used as biomonitors and bioindicators, since they are among the most
sensitive group of organisms in the world. One of their important usages is to monitor the effects of
environmental changes, especially the ones that are caused bysatmeoic pollution. Among the possible
ways to monitor air pollution with lichens is the transplant method, which has the advantage to be easily
standardized along sampling sites. Considering this, the present work has as main objectives: a) to
evaluate theair quality in different industrial areas, and b) to relate the changes caused in the lichen
thallus with the pollutants absorbed by the lichen. The biomonitoring was carried out with the transplant
of some thalli ofParmotrema tinctorumfrom areas with © industrial atmospheric pollution to other
areas with two conditions of atmospheric pollution: one with a greater number of industries and expected
as more polluted (cities of Esteio, Triunfo and Charqueadas); and other with less industries and expected
as less polluted (cities of Montenegro, Santo Antdnio da Patrulha and Carad) all located in the state of Rio
Grande do Sul, southern Brazil. The lichens were exposed in proper and standardized structures from
March to October 2013 and from March to May 20Irhe following pollutants were analyzed in the
lichen thalli: Sulfur, Copper, Zinc, Iron, Manganese, Chromium, Nickel, Lead, Vanadium and Aluminium.
We also analyzed the percentage of live, dead and plasmolysed algae cells, as well the content of organic
carbon and the content of Chlorophyll a and b, in order to test the physiological response of lichens to the
atmospheric pollution of each studied site. A Canor@airelation Analysis (CCA) was made to test the
relation between the pollutants (environmésd matrix) and the physiological effects (biological matrix) to
observe how each pollutant measured were related to the sampled sites. This analysis was made including
all variables and the significance of all canonical axes were tested through a Moladesg all made in
the software CANOCO. The correlation found between the two matrices was of 0.90 for the first axis and
0.65 for the second, being the cumulative percentage variance equal to 80% considering the two of them.
The test of significance etwved that both axes were also significantly different (F = 1.96; P = 0.03).
Considering the pattern observed in the canonical ordination diagram it is possible to note that there is a
real difference between most of the more polluted sites and the lestufal ones, according to the
pollutants and the physiological damages on the lichens. It also shows that even the sites where we
expected to have very low concentrations of pollutants are somehow contaminated with important
components, such as Chromium.s A previous conclusion, we can affirm that the liciRarmotrema
tinctorum showed a good response to atmospheric pollution and that the pollutants tested in the studied
region are spread all over it, affecting even less industrial cities. The partioul@es of pollution of each
site are under investigation yet.

Keywords industrial pollution, lichenized fungi, monitoring
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Accumulation of Organic and Inorganic

Pollutants in Moss and Lichen bags:

Preliminary results of an exposure in London
and Naples
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Naples Federico Il, Campus Monte S. Angelo; Via Cinthia 4, 80126 Naples, Italy.
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Mosses and lichens have been largely used so far to detect environmental alterations and to
monitor deposition of airborne pollutants as heavy metals and more recently, organic pollutants as
polycyclic aromatic hydrocarbons (PAHs) and dioxins. The depeadefi moss and lichens on
atmospheric inputs makes them able to accumulate not only nutrients but also xenobiotics via air
depositions. There are a lot of studies that demonstrate the possibility to use transplanted mosses and /or
lichens to monitor deposibn of pollutants at different scales.

Here the results of a biomonitoring study carried out in two cities, London (UK) and Naples
(Italy), by four biomonitors (two lichens and two mosses) are presented.

Lichens,Pseudevernia furfuraceél.) Zopf var. fiuracea and Parmelia sulcata Taylor, and
mosses Sphagnum capillifoliuniEhrh.) Hedw. and Hypnum cupressiforme Hedw., were exposed in bags
for 10 weeks at urban streets of Naples and London cities,-seml sites and, rural areas chosen as
controls. Pe and post exposure mosses and lichens were powdered and analysed for heavy metals (Cd,
Cu, Cr, Fe, Ni, Pb, V and Zn) by Atomic Absorption Spectrometry after acid digestion, and for PAHs (16 EPA
PAHS) by gas chromatography coupled to mass spectrometnyraétFix solidphase dispersion.

Regarding the heavy metals, the comparison between the selected mosses highlights that, in all
the exposure sites of the two cities, S. capillifolium had a better accumulation performance than [HOSter Session
cupressiforme, whereas fathe lichens it is P. furfuracea to accumulate a greater number of metals
respect to P. sulcata. Also for total PAHs, Sphagnum showed a good accumulation capability compared to
the other investigated biomonitors, overall if compared to the other moss. Tiadyaes of metal and PAH
concentrations in moss and lichen bags indicate an overall higher pollutant accumulation in biomonitors
exposed in Naples compared to London sites. Moreover, the findings highlight a spatial trend of heavy
metal and PAH concentratis in the exposed biomonitors from rural to urban sites, both in London and
Naples cities.

Keywords:mosses, lichens, heavy metals, PAHSs, pollutant accumulation capability
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Genetic Diversity oPinus sylvestrisl(.) and
Pinus nigra(Arn.) Growing in the Area Polluted
by Heavy Metals
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Damage caused to pine forests by industrial pollution is observed even several decades after
emissions have stopped dowRinus nigra ArnandP. sylvestris Limportant European coniferous trees,
differ in their adaptability to environmental pollution. The sources of this difference are still not
sufficiently known. The aim of the study was the comparison of the albosmtioned species, which
needles are useds biomonitors of heavy metals pollution, in terms of their genetic diversity reflected in
the ability to survive in the same area under extremely harmful conditions. Studies were conducted within
the protective zone at a zinc smelter and a copper smdBePoland). Both selected areas manifested a
high extent of anthropogenic pollutiemduced environmental degradation until the end of the 90s.
Control group were natural populations of Scots and Black pine from the region of National Park of
Wielkopolska.A simple morphological feature the leaf fluctuating asymmetry was used as an
assessment of the bioindication of pine stands growing in a heavily degraded area condition. A study was
performed on the developmental instability of needles. Among bothngrad species sensitive and
tolerant trees were observed, each one being different in terms of health status. To assess a genetic
structure of populations a common set of chloroplast microsatellite (cpSSR) markers was used.
Polymorphism of cpSSR markersswasted and basic genetic parameters i.e. mean number of alleles,
number of haplotypes, Nei's gene diversity and Shannon index were determined. The highest genetic
diversity was observed in Pinus sylvestris (sensitive group) and the lowest in Pinusengitive group).
The AMOVA recognize a strong and significant separation among observed species less pronounced into
sensitive and tolerant groups. These results in combination with the overall health condition of examined
trees may indicate the actionf selection pressure directed against genotypes specific for Scots and Black
pine and connected with different mechanism of reaction on stress. It demonstrates that cpSSR analyses
are a useful tool explaining the pattern of genetic differentiation in heaeyal resistance of pine species.
The results confirm also the usefulness of fluctuating asymmetry as a highly sensitive indicator of non
specific stress.

Keywords Pinus nigra, Pinus sylvestfisictuating asymmetry, genetic differentiationgivy metds
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Tillandsia usneoidesa Successful Alternative for
Biomonitoring Changes in Air Quality due to a New
Highway in S&o PaulBrazil

F.F. FERNANDE®.P.VICTORIDE.SALVES P.CARDOSGUSTAVSONB.B. MOURAA.MG.
FIGUEIREBO C.R. ALBUQUERG®UEP. RIBEIRCC.C. NIEVOLM. DOMINGO'S

YInstituto de Botanica (IBBMA/SP), Av. Miguel Stefano, 3687, 04802, Sio Paulo, SP, Bratistituto
de Pesquisas Energéticas e Nucleares,BREN/SP, ARrof. Lineu Prestes 2242, 055080, Sdo Paulo,
Brazil.

*Corresponding authoranamaria@ipen.br

Tillandsia usneoide&. (Bromeliaceae) is an aerial epiphytic bromeliad that absorbs water and
nutrients directly from the atmosphere by scales that cover its surface. Although this species has been widely
used for monitoring metal atmospheric pollution, its broader use asnoinitor based on chemical, structural
and physiological markers to detect changes in air quality is scarce. The usefulness of such comprehensive
approach was tested around a new peripheral highway in Sdo Paulo state, Brazil. Previous results showed that
increasing concentrations of Cr, Mo, Ni, Pb, Sb and Zn were observed in T. usneoides after the highway
inauguration, indicating that these elements originated from vehicular emissions. The objective of this study
was to verify if this metal accumulation wédlowed by structural and physiological changes in the plant. T.
usneoides samples were collected in a forest fragment near the highway southern side, where the species occur
on trees inside and at the forest fragments edge. The remaining plants ifotleist were taken as control. T.
usneoides samples were transferred to tree branches located about 5m from the highway, and a sample was
taken for further comparisons, representing the time zero (T0). The biomonitoring study was performed from
2009 to 2012 thus comprising the period during the construction and after the highway inauguration. In both
control and highway sites, subsamples were collected after 5 (T1), 13 (T2), 25(T3) and 37 (T4) months after TO.
TO and T1 represented the periods before thghway inauguration and T2 to T4 those after the inauguration.

The material was fixed in FAA70 for structural purposes or grinded for chemical analysis. To verify the
percentage of anomalous scales, leaves fragments were submitted to maceration techniguesantified

dzy RSNJ f A3KiG YAONR&AO2LIR D 9YAdaAzYy LI GGSNya 2F aSO2yRI NEe
were obtained by deconvolution analysis of leaf cells images by confocal microscopy. In situ localization of

heavy metals was perforfiR 6& Fyltfeaira 2F fSIF@SaQ FNIIAYSyda dzyRSNJI ac
dispersive Xay spectroscopy detector. The mean percentage of anomalous scales did not change significantly

in the control plants during the exposure time (T0=13%, T1 ¥2%3%, T3 = 2% and T4 = 5%). The :signiﬁcan{Doster Session
increases in the percentage of anomalous scales (T2 = 45%, T3 = 14%, T4= 33%) were observed in

exposed near the new highway after its inauguration. An induction of the constitutive defences was observed

by emission peak variations, referring to phenolic compounds that exhibit antioxidant properties, when

comparing the control and the highway exposure sites, showing that this species reacted to the impact of air

pollutants. In addition, heavy metals wembserved in regions of the tissue that are coherent with the

absorption through scales. These results point to increasing oxidative stress to the plants, which may be

attributed not only to the metal accumulation previously observed, but also to gaseolstgds. In

conclusion, the results showed that T. usneoides presented morphological and biochemical alterations that

indicated the highway building impacts.

Keywords:biomonitors, trafficrelated atmospheric pollution
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Development of a methodology to characterize
emissions sources in an urban area surrounded
by industrial activities¢ Setubal, Portugal

A.V. SILVA®, S.MALMEIDA C.OLIVEIRAA.I.MIRANDA

'Centro de Ciéncias e Tecnologias Nucleares, Instituto Superior Técnico, Universidade de Lisboa, Estrada
Nacional 10, Km 139.7, 26956 Bobadela LRS, Portuﬁa]:,entro de Quimica Estruural (COEO, Faculdade
de Ciénciasla Universidade de Lisboa, Campo Grande, 7L isboa, Portugal:CESAM & Department
of Environment and Planning, University of Aveiro, 3823 Aveiro, Portugal.
*Corresponding authoralexandra.silva@ctn.ist.utl.pt

The fast urbanization of the cities and the concentration of industrial and principally road traffic
activities resulted in increased levels of air pollution and consequently have relevant impacts in the
environment, climateand human health. The health effects of Particulate Matter (PM) have been subject
of intense study in recent years. In particular, epidemiological and toxicological research have sought to
establish the chemical components primarily responsible for partioxicity and have frequently
implicated the metal content as a possible harmful component of PM. The objective of this work was to
develop a methodology to characterize PM emission sourceleircity of SetubalPortugal Setubal is
surrounded by sevat industries, traffic and ports that have an important environmental impact, since
they are major hubs of economic activity. The methodology Wwased: 1) in the national emission
inventory reported by the Portuguese Environmental Agency (APA) for thedpef 20032009; 2) in the
characterization of the emissions from all industrial activities located in the area; 3) in the accounting of
the number of vehicles per category and in the determination of their emissions by using the model
TREM; 4) in the idtification of the principal fugitive sources, that largely contribute for the uncontrolled
PM emissions in port activities, and in the determination of their emissions by usiatp Aission
factors; 5) in the PM sampling performed both in an urban tzadind in an industrial station during the
winter and summer of 2011; and 6) in source apportionment techniques. Results showed that the
integration of different approaches in the developed methodology is essential due to the complexity of
the emissions irthis region. Firstly, there is a mixture of stationary and fugitive emissions that produce
important amounts of particles with very particular characteristics. Secondly, the major industrial
processes are located in very close proximity to each othermgakidifficult to distinguish between the
processes. The situation is further complicated by the fact that some processes operate continuously
(principally in industries) while others are batch processes (principally in ports). The traffic was identified
as the principal source of PMwhereas in coarse fraction the soil and the sea were the main identified
emission sources.

Keywords:PM, emissions, urban, industry, monitoring, models
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Effectsof Pbon Essential Oil Contenis Sweet
Basil OcimumbasilicumL.)

N.A.YOUSSEF

'Botany department, Faculty of Science, Sohag University; Sohag, 82524, Egypt.
*Corresponding authomaglaaysf@yahoo.com

Sweet basil@cimum basilicunk., Lamiaceae) is a common herb, used for culinary and medicinal
purposes. The essential oils of different sweet basil chemotypes contain various proportions of the allyl
phenol derivatives estragole, eugenol, and methyl eugenol, as well as the monogegberhol linalool.

The hypothesis tested in this study was that some essential oil crops could be to grown as alternatives to
edible crops in heavy metal enriched soils. Experiment was conducted to evaluate the effect of Pb on yield
and essential oils dfasil. Metal treatments of basil consisted of (in rﬁd‘:Lpb at 50, 100, and 150, 200

and an unamended control. In this study, secretory activity on the adaxial surface of the leaves of the
Ocimum basilicunwas investigated, using light, scanning and smission electron microscopy. The
results indicate basil yields were not affected by the treatments. The tested treatments slightly altered
chemical composition of the essential oils of basil. The chemical composition of hexane and methanol
extracts of theleaves, analyzed by gas chromatography coupled with mass spectrometgM8}C
revealed the presence of diterpenes, phenolic compounds and fatty acids. Compounds in the hexane
FNI OGA2y AyODUzREINSPKSYLIKANS vy Rfachoulrie (jgcindol, LS deshénjol2 £ = |
linolenic acid, stearic acid, tricyclo[5.2.1.0(1,5)]decane and an unknown substances. Compounds in the
methanol fraction included furfural, 4byran4-one,2,3dihydro-3,5-dihydroxy6-methyl, trans geraniol,

i -Linalool, 9,12,1%®ci RSOl (4 NA Sy 2 A O -dle@én® biySafiBK & hem-8re,d, &INEthyk
6-[4-methyl-3-pentenyl} and an unknown substances. Our results support the use of aromatic plants as
alternative crops for Pb enriched soils.

Keywords:essentialoil, sweetbasil methyl eugeno) lead,aromaticplants
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Urinary Benzophenone Concentrations and
Their Association with Demographic Factors in
South Korean Population

H.S.KAN&?", J. EKWON, G.I.MOON, M.SHWANG, S.JSUH I.G.HWANG

'Food Safety Risk Assessment Division, National Institute of Food and Drug Safety Evaluation, Osong,
Chungcheongbuklo 361:709,Korea 2Department of Food Science and Technology, CiAng
University, 721 Naeri, Ansung, Gyunggi, 4866, Korea.
*Corresponding authorhskangl235@korea.kr

Benzophenone and its derivatives (BPs) have bestely used in sunscreen, a variety of
cosmetics and personal care products. The aim of this study was to evaluate urinary BPs in a
NBLINSBaSydl G§AGS {2dziK Y2NBlIy LRLzZFiA2y 3SR xc &SI NA
national wide scaleluring 2010 to 2011. Six kinds of urinary BPs1BBR2, BR3, BRP4, BR8 and 40H
BP were analyzed using liquid chromatograjpingss spectrometry. The detection rates fo-rBABPR3 and
4-OHBP were 56%, 25% and 88%, respectively, whereas the deteatmifior BF2, BRP4 and BFB were
below 14%. The geometric means of the urinarylBBR3 and 4OHBP concentrations were 1.24 ng/ml
(95% confidence interval [CI]: 1:1435), 6.23 ng/ml (95% CI: 5:88/1), 0.31 ng/ml (95% CI: 0-2%84),
respectively. T multiple linear regression analysis revealed a significant relationship between the
concentration of BA, BR3 and 40HBP and some demographic factors (gender and age group). The
regression coefficients in BPand BF3 levels, female were significapthigher than male BB, BR3 and
4-OHBP levels significantly correlated in children, adolescents and adults group. Differences by gender
and age reflect differences in use of cosmetics and personal care products containing BPs. This is the first
study toevaluate occurrence of BPs in urine for South Korean population. The above results may be used
to study and assess human health risk from benzophenone exposure.

Keywords benzophenoneurine, biomonitoring, demographic characteristi€srean population
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Biomonitoring of technogenic pollution in
Industrialized urban ecosystems using
biogeochemical activity of woody plants

S.V. GORELOVAO.l. OKINAM.V. FRONTASYEVA

1Department of Biology and Technologies of Living Systems, Faculty of Natural Sciences, L.N. Tolstoy Tula
State Pedagogical University, Lenin Avenue, 125, 300026 Tula, Igmesilagical Institute of Russian
Academy of Sciences, Pyzhevsky per., 7, 119t dilv, RussiﬁDepartment of Neutron Activation
Analysis and Applied Research, Division of Nuclear Physics, Frank Laboratory of Neutron Physics, Joint
Institute for Nuclear Research, str. Jol@trie, 6, 141980 Dubna, Moscow Region, Russia.
*Correspondirg author:gsvphysiologyO8@rambler.ru

Biomonitoring by means of different kinds of woody plants growing under industrialized urban
ecosystems in the Russian nblack soil zone and nuclear and related atied} techniques were used to
assess the level of technogenic pollution in case of a city of Tula located 180 km south of Moscow.
Ecosystem, which includes the city area of 154 sq. km and a population of 500 thousand, represents an
area with developed methurgical, chemical, engineering and defense industries with the city's
infrastructure and network of roads with heavy traffic. The risk of impact on the environment determines
the relevance of research carried out with the use as biomonitors of more Htaspecies of woody
plants growing both in areas with high technogenic impact and in the conditionally pristine area (Central
Park of Culture and Rest located in the city center). Neutron activation analysis (NAA) and atomic
absorption spectrometry (AAS)ane used as analytical methods for studying plant samples. A total of 35
elements were determined. The results of correlation and factor analyses of the data showed that woody
plants are good biomonitors of technogenic pollution of the urban environmem. ifivestigations have
shown that the analysis of the biogeochemical activity of woody plants leaves and shoots and the
subsequent statistical processing of data allow to reveal the basic regularities of the air transport of toxic
elements and soil contamants caused by aerosol emissions and to assess the state of urban ecosystems
of the Russian noblack soil zone. The developed method can be used to characterize the environmental
situation in other similar urban ecosystems with high levels of technogetiiction.

¢CKS FdzikK2NAR FOly26ftSR3IS (GKS wC.w 3INIYyG Ay &dzLlL
(ihéracteristics, aAnd buffer role of \fvvody 'e>fotic species in the migration of toxic elements in the urbz?anoster E—
SO2aeaiusSya¢ -0bBIpBSY U SNl wmo

Keywords:woody plants, biomonitoringoxic elements, urban ecosystem
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Trace Element Determinations in Tree Bark
Samples for Biomonitoring Atmospheric
Pollution in the City of S&o Paulo

E.C. SANTOSM. SAIKT, V.A. MAIHARA

Yinstituto de Pesquisas Energéticas e Nucleares,-EMEN/SP, Av. Prof. Lineu Prestes, 2242, Cidade
Universitaria, CEP 055080, S&o Paulo, SP; BraZihstituto de Quimica da Universidade de Sao Paulo,
Av. Prof. Lineu Prestes, 748, Cidade Universitaria, CEP-08608&0 Paulo, SP; Brazil.

*Corresponding authomitiko@ipen.br

Concern about air pollution and iffects on public health has become important programs to
reduce the levels of pollutants in many countries and, Brazil is no exception. Within this context, the
objective of this study was to investigate on use of tree barks as biomonitor to evaluatievbls of
element pollutants. Tree bark are considered to be a promising indicators of air pollution monitoring,
because of its accumulation of aerosol particles, simplicity of species identification and wide geographical
distribution. However, there aremestablished protocols for its sampling as well as about its capabilities
to be used as an alternative or complementary indicator of aerial pollution. Besides, there are
contradictory opinions about the accumulation capability of bark as and its ade@saaybioindicator of
atmospheric pollution. In this study barks from very common and dominant arboreal species in urban
areas of S&o Paulo city were analyzed in order to define adequate experimental conditions for their use as
biomonitor of air pollution.Tree bark samples collected from Sibipiruna (Caesalpina peltophoroides) and
Tipuana (Tipuana tipu) species at a height of 1.5 m from the soil were cleaned using a nylon brush. A
surface layer of 2 mm was removed using a Ti grater and ground in an agai&r ffleorthe analysis.
Instrumental neutron activation analysis (INAA) was applied for the determination of As, Br, Ca, Co, Cr, Fe,
K, Na, Sb, Sc, Zn and graphite furnace atomic absorption spectrometry (GF AAS) for Cd and Pb
determinations. For analyticabatrol of results certified reference materials were analyzed. Findings of
this study demonstrated that the techniques of NAA and AAS provide reliable data for element
concentrations with standardized differences, |Zscore | < 2. Results obtained in banilesa indicated
that sample characteristics such as tree species or bark porosity, bark surface layer taken for analysis as
well as tree trunk diameter or age of tree should be considered in its sampling and treatment for use in air
pollution monitoring.

Keywords:tree bark, trace element, pollution biomonitoring, biomonitors
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Odour Monitoring: How to Measure Odour and
Gas Emissions at Source with an Electronic
Nose and See Its Dispersion in the
Environment?

M. HUEY

'Alpha Mos; 2(Avenue Didier Daurat, 31400 Toulouse, France.
*Corresponding authorhuet@alphamos.com

Industrial odours can significantly impair the quality of life of residents. Odour appears as the
second ground for complairdfter noise. To reduce odour pollution and meet regulatory requirements,
industrial operators seek to implement effective corrective and preventive actions. In this context, odour
measurement is essential to identify, target and characterise the emissonces, to understand the
phenomena of emission and dispersion involved, to obtain-tiea¢ indicators of odour pollution and to
take action in case of threshold exceedance. One of the solutions to monitor the olfactive pollution from
the source to the mvironment where odours are detected by residents is the electronic nose with a
dispersion modelling. Questions are often raised by the industrial about the return in routine use of this
kind of equipment. What reliability for the data measured? What clatien with the perception of local
residents? What can we do with the results? How can we use the electronic nose diagnostics to optimize
our odour treatment solution? How electronic nose solutions can reduce complaints from local residents?
We will see the technical possibilities of an electronic nose in terms of results, and especially what can be
the benefits for an industrial during the daily use.

Keywords:air, odour, electronic nose, olfactometry, dispersion
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Assessment oMetal Atmospheric Pollution In
Forest Remnants of the Campinas
Metropolitan Region, Sao Paulo State, SE
Brazil, Using Tree Species as Biomonitors
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Forest remnants in urban areas are highly impacted by emissions of particulate matter originated from

many human activities. The presence of potentially toxic elements iretagmospheric pollutants may affect
the vegetation of these ecosystems. The scenario is not different in Brazil, especially in the Campinas
Metropolitan Region, Sdo Paulo State (SE Brazil). This region comprises 19 cities with a total population of 2.9
million inhabitants in an area of 3,645.16 ¥mwith a modern and diversified industrial complex, which includes
one of the biggest petroleum refinery of the country, besides a significant agricultural aneinggisirial
structure surrounding the remainingoffests. The objectives of this study were: a) to evaluate foliar
concentrations of Ba, Ca, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb and Zn in the three most abundant species (Piptadenia
gonoacantha, Croton floribundus and Astronium graveolens) in two remnantedbémideciduous Atlantic
Forest located in the cities of Campinas and Paulinia, in the Campinas Metropolitan Region; b) to verify which
species was more adequate to biomonitoring metal atmospheric pollution; c) to evaluate seasonal and spatial
variationsusing this species. Leaves were collected in both forest remnants during the dry (Aug / Sep 2011) and
wet (Jan /Feb 2012) seasons. Leaf concentrations of Cu, Mn, Ni and Pb were determined by Inductively Coupled
Plasma Mass Spectrometry after acqua regigesiion and the other elements by Instrumental Neutron
Activation Analysis. Analysis of variance followed by Hsiak method identified differences in the leaf
02y OSY (NI GA2ya FY2y3a t20FdA2ya | yRk2N) aSledtBay 80 {GF GA &I
floribundus presented, for most elements, higher leaf concentrations than the other species. These results
indicated that C. floribundus was the most efficient accumulator species, probably due to the high contents of
epicuticular wax and a deaslayer of stellate trichomes on leaf surfaces, as already observed in previous
studies. Therefore, the leaf concentrations measured in this tree species were used for biomonitoring temporal

Poster Session and spatial variations of the studied elements in the remnanighét levels of Co, Fe, Pb and Sb were observed
~ during the dry season and Cu was the only element that occurred in higher proportion during the wet season.
Significantly higher concentrations of Ca, Co, Cu, Fe, Sb and Pb were observed in the forest|oeateahin
Campinas. In the case of Pb, this result was only verified during the dry season. Enrichment factor, calculated
for both seasons and remnants, using local background values of the three species, demonstrated that leaves of
C. floribundus weremriched with Mn and the same was observed with Co, except in the wet season in Paulinia.
Both elements are usually associated to coal burning. In Campinas, during the dry season, leaves of C.
floribundus were enriched also with the traffielated element<Cr, Fe, Pb and Sb. These results indicated that
most elements showed higher levels in the Campinas remnant, mainly in the dry season, indicating that this
forest is more affected by the industrial and vehicular sources than Paulinia.

Keywords:metal atmospheric pollution, biomonitors, forest remnants

7" INTERNATIONWNORKSHOPNBIOMONITORINGFATMOSPHERPROLLUTION 86


mailto:anamaria@ipen.br

P21

Biomonitoring of Selected Regions of the Sao
Paulo State Seashore Usigrna perna

Mussels: a Comparison Between the Passive
and Active Experiments

M.G.M. CATHARINOA.B.A.VASCONCELLI!Q%.G. MOREIRA.C.P.M. SOUSM.R.
GASPARR@@.D.S. PEREFRA

!nstituto de Pesquisas Energéticas e Nucleares, ¢(FEMEN/SP; Avenida Professor Lineu Prestes, 2242,
CEP 0550800, S3o0 Paulo/SMBrazil % Instituto Oceanografico da Universidade de Sao Pal@®- USP ;
Praca do Oceanografico, 191, Cidade Univeisit&EP 05560820, Sao Paulo/SPBrazil;? Universidade
Federal de Sdo Paulo, Campus Baixada Santista, Avenida Almirante Saldanha da Gama, 89, Ponta da Praia,
CEP 1103@00, Santos/SBrazil.
*Corresponding authomariliasemmler@uol.com.br

Bivalve mussels such &erna pernahave been many times used as biomonitors of water
contamination, for many trace elements, due to their filtering capabilities. In the present work, Perna
perna was used for passive and active biomonitoring experiments, in two regions of the S&o Paulo stat
seashore: Caraguatatuba (Cocanha Beach mussel farm), which was the reference region and Santos bay
(llha das Palmas and Ponta de Itaipu), where contamination from domestic and industrial effluents occur.

In the period from the fall of 2005 to the summef 2006, the active biomonitoring experiments were

carried out and from the spring of 2008 to the winter of 2009 the passive biomonitoring was performed.

In the active biomonitoring experiments, mussels were transplanted from Cocanha beach to the
contaminaed sites, in ropes, and left in each site for three months, corresponding to the four seasons of

the year. In the case of the passive biomonitoring, mussels were collected from the rocks with titanium

knives. After the sample treatment, the following teaelements were determined: As, Co, Cr, Fe, Se and

Zn by instrumental neutron activation analysis (INAA) and Cd, Hg and Pb by atomic absorption
spectroscopy (AAS). It was observed, in the passive biomonitoring, that most of the higher values were

found inmussels collected in the Cocanha mussel farm. In the active biomonitoring with Perna perna, in

the same areas and seasons of the year a similar situation was observed for Cd (spring), As (spring,
summer and winter), Se (summer and winter) and Fe (sumniémg high values obtained in the pggster Session
Caraguatatuba region could be related to the fact that the region presents an economy based on services——
related to tourism, and occupation of illegal housing occurs, including in a permanent protection area.

According to rports of the Sdo Paulo environmental agency, Cocanha beach has been impacted over time
AAYyOS Ada Ofl aaATFTAOI-wmay ONIHIPISREBAENZE ¥ NETDHRONTOMPDD

It can be concluded that both experimental approaches of biomonitoring, can iyrgdrtant
results concerning the environmental quality. The active biomonitoring is viable, although more complex
from the experimental point of view. Since the passive biomonitoring was carried out in a period after the
active biomonitoring and the valuesbtained for Cocanha beach were higher for most of the elements, in
the first case, these results seem to accompany the worsening of the beach quality.

Keywords:biomonitoring,Perna pernaSao Paulo, active biomonitoring, passive Biomonitoring
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Coastal Area in Southern Tunisia
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Gabes, Tunisiét_aboratory of Biotechnology Applied to Crop Improvement, Faculty of Sciences of Gabes,
University of Gabes, @iErriadh, Zrig, 6072 Gabes, Tunisia.
*Corresponding authorintissar.nasri@yahoo.com

Since the early 1970s, huge quantities of phosphogypsum, charged with heavy metals, have been
released in the sea by Gab&hannouche factory complex of phosphate treatment, in southern Tunisia.
The possible transfer of these pollutants from the marinesgstem to the terrestrial one, through littoral
organisms, has never been investigated. In this work we investigated the possible role of the Bosk's
Fringetoed lizardAcanthodactylus boskianua common lacertid in the coastal area of the gulf of Gabeés,
in exporting heavy metals from the marine to the terrestrial food webs. We sampled lizards living close to
the factory complex but in two different habitats (coastal dunes vs backshore), and we investigated the
concentrations of Cd, Pb and Zn in their stamaontents (preys) and various tissues (liver, kidney and
tail). We found that the diet of lizards living on the coastal dunes included amphipods (85%), while lizards
living on the backshore feed exclusively on terrestrial invertebrates. The concensatficdd, Pb and Zn
in the stomach contents and tissues were higher in lizards living on coastal dunes than in those living in
the backshore. Overall, our results suggest that by preying on contaminated amphipods, lizards living on
coastal dunes close to ¢hGabésGhannouche factory complex are more exposed to heavy metals than
those living in the backshore and preying on terrestrial preys. The former lizards may thus accumulate
heavy metals in their tissues and transfer these pollutants to their terregtriedlators, such as snakes
and birds.

Keywords:Acanthodactylus boskianpenvironmental pollution, heavy metals, Tunisia
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Scenario Based Analysis of Traffic Related
PM, 5 Concentration: Lisbon Case Study

M.V. FARIA, G.DUARTEP. BAPTISTA . FARIAS

Y AETA, IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovised G481 Lisboa
Portugal.
*Corresponding authorana.marta.faria@tecnico.ulisboa.pt

Road transportation has become a major contributor to air pollution and, since more than 50% of
world population lives in cities, this is the cause of approximately two million desthgear. Therefore,
several strategies are being introduced to reduce the impact of vehicle emissions, such as low emission
zone (LEZ), parking fees and congestion pricing (tolls). Consequently, modelling methodologies to quantify
traffic related Particidte Matter (PM) concentration are essential, as they offer a prompt tool to assess
human exposure over different temporal scales or hypothetical conditions. The objective of this research
work is to evaluate the impacts of changing traffic related paramgetsn PM concentration for several
hierarchical street levels (from arterial to local roads) usingweald data for the city of Lisbon, Portugal.

For that purpose, 2014 data regarding meteorological conditions (temperature, wind speed and humidity
in a 30 minutes basis), traffic volumes (in a 15 minute basis), typical vehicle speed (fronrsdalge
vehicle monitoring) and vehicle fleet (based on the average Lisbon fleet composition) was used. The
available data allows building a baseline case for séwraets that are representative of the traffic
circulation conditions in Lisbon. The baseline case is compared with different scenarios that consist on:
introduction of a cordon toll (drivers are charged when crossing the boundary of a predefined &o#ing

with consequences in terms of traffic volumes); and the implementation of a low emission zone by
restricting the access of older (and more polluting) vehicles to the city centre. Copert4 (a European
reference vehicle emission model) is used to eatenthe PM emission (in grams per kilometre) for the
existing Lisbon average vehicle fleet and for the LEZ scenarios. Copert4 outputs are used as input in air
quality dispersion models (e.g. AERMOD, CALINE4 and CAL3QHCR, etc.) as well as meteoralogical dat
traffic volumes and road characteristics. This methodology allows performing a seasonal comparison of
PM exposure for different hierarchical street levels, as well as a monthly comparison basis to test the
impacts of two scenarios: Scenario- Iraffic reductions between 5 to 20% (justified by the possible
implementation of cordon tolls); and Scenario Enplementation of a low emission zone. LEZ take into
consideration both the exclusion of vehicles within older EURO standards and the correspondent
adjustment in traffic volumes and vehicle fleet arising from the exclusion of these vehicles. LEZ have b8@Rte" Session
introduced in Lisbon in 2011 and since then the geographical coverage of the measure has been
increasing. The third stage of LEZ will take effect fdlamuary 2015 and vehicles registered before 1
January 2000 will not be allowed to circulate in the city centre, affecting4080 of the Lisbon fleet.
Preliminary results indicate that a 5% traffic volume reduction can result in a 7% reduction,in PM
concentration, while a 20% traffic reduction can result in2lI®% reductions in PM exposure. Overall, this
study demonstrates that modelling tools based on realld data can provide a reliable approach to
study urban policies regarding traffic related PMpesure.

Keywords:PM, sconcentration, policy scenarios, modelling, LEZ
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Impact of Urban Pollution on the Vascular
Cambium ofCeiba Specios@A. St:-Hil.)
Ravenna

T.J. VASCONCELY'O®. DA CUNHAC.H. CALLABO

' Universidade do Estado do Rio de Janeiro, Instituto de Biologia Roberto Alcantara Gomes, Departamento
de Biologia Vegetal. Rua Sao Francisco Xavier 524, Pavilhdo Haroldo Lisboa da CunalMsaiacana,
Rio de Janeiro, RJ, 205603 Brasil’Universidade Estadual do Norte Fluminense Darcy Ribeiro, Centro de
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Califérnia. Campos dos GoytacazRJ, 2801802, Brasil.
*Corresponding authorthaisiv@yahoo.com.br

Air pollution is considered one of the main causes of forest decline and the vascular cambium of
trees has been highlighted for being the tissue responsible for the increase in thickness of plant species
and being sensitive to environmental variations. Heer, no significant reduction in the number of cells
in cambial zone (radial layers of fusiform and ray initials, including phloem and xylem mother cells) was
observed in literature. In general, the studies have been carried out only in the dormancy pedoonly
in polluted areas, thus without simultaneous observations in unpolluted sites. This study compares the
cambium histology o€Ceiba specios@. St:Hil.) Ravenna (Malvaceae) in polluted (Rio de JaneirocCity
one of the most developed city of Baif) and unpolluted (natural biological reserve) sites of the Atlantic
Rain Forest domain. Samples were obtained in two periods (cambial activity and dormancy) in each area
and they were processed and examined according to usual techniques of light mmyo3tie seasonality
of the cambial activity and the structure of the cambial zone were similar in two sites, but despite of the
differences regarding the formation of cells in the period most favourable to growth or less favourable,
the fusiform initialswere shorter and thickewalled in trees of the polluted site. The groups of ray initials
were the structural components of the cambium that had the most significant difference between the
studied sites. This parameter was also the one with the higheshqtypic plasticity index in both sites,
reinforcing its importance in cambial activity studies. These results show that this species is flexible in
survive and adapt to different environmental conditions and therefore is an important biomarker in
environmental monitoring studies. This is the first report about the pollution effects on cambial activity
for South American species and evidenced the pollutants and the climate dynamics related to the high
urbanization of Rio de Janeiro city caused alterationshencambium of C. speciosa. The studies of these
impacts widen and gather knowledge about plant biodiversity and contribute to defining global strategies
of conservation and preparation of modern man to changes that will be necessary, regarding the
limitation of natural resources and of plant growth.

Keywords:environmental change, phenotypic plasticity, xylogenesis, tropical forest, wood production
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Using Lichen Diversity to Evaluate the
Alleviation of Urban Heat Island Effect
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'Centre for Ecology, Evolution and Environmental Changes, Faculdade de Ciéncias, Universidade de
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Superior Técnico, Universidade de Lisboa; Av. Rovisco®&8a1 Lisboa Portugal.
*Corresponding authorfc40204 @alunos.fc.ul.pt

Urban areas are associated with higher temperatures than their surroundings, which is known as
Urban Heat Island (UHI) effect. The grigetrease in buildings, streets and other structures, as well as the
heat and pollution released by human activities, leads to this change on local climate in urban areas. The
UHI effect enhances the impact of heat waves, which is particularly relevasidesimg that most of
world population lives in urban areas. It is known that increasing the amount of green spaces in a city,
decreases the magnitude of the UHI effect. However, the importance of the size and/or of the type of
vegetation in green spaces still poorly known. Using ecological indicators that evaluate the impact of
microclimate changes is a way of unavailing the real importance of green spaces to microclimate changes
in urban areas. Lichens communities are sensitive to environmental chkdhgeoccur in the ecosystems
since they are poikilohydric. In particular lichen response functional groups, i.e. groups of species with a
common response to an environmental factor, have been shown to give an integrated response to the
microclimatic vaations occurring in urban areas. Our aim was to use epiphytic lichens diversity to
understand the effect that different types of green spaces (e.g. with different sizes, tree densities, density
of the surrounding urban areas) have on alleviating the UfétefWe expect that small green spaces are
dominated by xerophytic and nitrophytic lichen functional groups whereas larger green spaces are
dominated by hydrophytic and oligotrophytic lichen functional groups. All forested areas within the city of
Lisbon,Portugal, were mapped and a number of areas (N=40) was selected in a random way. The areas
were stratified to: 1) the location within the city of the green space; 2) the size of the green space; and 3)
the density of artificial areas surrounding the gresace. In the 40 selected areas epiphytic lichens were
sampled using a European standard protocol in the four trees closest to the centroid. Total species
richness, lichen diversity value (LDV) and lichen functional groups regarding humidity requirements :

L . . Poster Session
eutrophication tolerance were calculated. We found that lichen functional groups based on water and
nutrient availability significantly responded to the quality of green spaces. Using these results we were
able to support the decision makers of Lishgban area about what type of urban green spaces are able
to alleviate the UHI effect, thus optimizing the urban green infrastructure.

Keywords:ecological indicators, urban heat island, cities, urban parks
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The Pollutant Spreading Model AUSTAL 2090
Not Validated

R.SCHENK, B.MARKERTS.FRANZLE
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Germany,BTechnicaI University of Dresden, Graduate School Zittau, Department of Biological and
Environment Sciences, Research Group of Environmental Chemistryt, 2afk 02763 Zittau, Germany.
*Corresponding authoribswettin@web.de

AUSTAL 2000 is recommended in Germany, the European Union and other countries for
purposes of calculation of spreading of air pollutants. Aushand distributors (and therefore applicants)
of AUSTAL 2000 thereby claim to have provided a reference solution for all other spreading models. It
must, however, be noticed that this ambitious claim is not met; both actual results and theoretical
foundations are incapable of meeting such an end. Analytical solutions and numerical calculations of
deposition and sedimentation both are flawed. The fldewel concentrations are calculated with an
average deviation of 50% to 100% and even more. Homogeneity pgsve to be meaningless trivial
cases with exactly the same solutions. Even these are described providing absurd compensation times
(since) they were obtained by faulted calculation assumptions and methods. E.g.-th#ebturbulence
approaches usegrove to be inconsequential. AUSTAL uses to be validated assuming some three
dimensional wind field and on the other hand it uses the flat speed distribution of a rotating solid. Given
iterations do not converge, this suggests unstable behaviour of egumincluded in the code. STABILITY,
CONVERGENCE and CONSISTENCY are not proved for Austal. Wind speeds being supposed to be less than
1 m/s are excluded although one really should know that these are substantially responsible for limiting
value transgredens. Such strange concepts are prone to produce erroneous results or predictions.
Homogenizing rather describes a work process of the food or process engineering than a technical term in
the field of the airpollution control, for example. Stationary caitidns only shall adapt when no outer
forces act or forces/flows obtained from the responsible differential equations are assumed/set to
balance mutually. BERLJAND solutions describe tireensional concentration distributions. Although
people claim to Ave validated AUSTAL with BERLJAND solutions, the model rather uses an inferior two
dimensional solution instead. Applicants charge to obtain approx. 70% the concentration distribution at a
height of 5 m with a fault in the local position of pollutant acaudation of less than 500 m. Using
maximum concentration close to surface the point of source emission is determined with an error of
approx. 32%. One charges to calculate density distributions and mean concentration regimes even though
neither mass balare criteria nor the second law of thermodynamics are respected in the model
framework. Turbulence approaches are deliberately used for resting liquids although turbulent
movements neither exist then nor can appear. In addition, one denies that the approadeel for it are
anyway insignificant. In short, AUSTAL 2000 is not validated from neither theoretical nor empirical points
of view.

Keywords:air-pollution contrd, spreading of air pollutantgarticle model, 3D wind country, AUSTAL 2000
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Section,RIH (Radiation and Isotopes in Health), Technical UniyersiDelft, Delft, The Netherlands.
*Correspondent authormarina@ctn.ist.utl.pt

Several researches have been gty the particles composition in different micro
environments, such as offices, schools, fitness centers, outdoor, etc. Some of those studies had also tried
to identify the main emission sources associated to each n@ordronment. However, such kind of styd
is still scarce regarding elderly population. This evidence is quite relevant since the elderly population is
consider susceptible and, consequently, more vulnerable to possible exposure to air pollutants. The
present study aimed to investigate the eltieexposure to Pl components and emission sources that
may influenced those exposure. To achieve the presented goal it was selected one Elderly Care Center
(ECC), hosting 69 elders, due to its singular localization: near two important highways andtiobein
Airport of Lisbon. Here, physical and chemical characterization of air pollutants were done in bedroom,
livingroom and outdoor, and the daily exposure and inhaled dose of elders tg Bhhponents were
also calculated. Thus, twoeeks samplingampaigns were conducted one during early fall (warm
phase) and another throughout the winter (cold phase) in order to perfom the apportionment of thg PM
components. Chemical analysis of the particles was performed by Thermal Optical technique fac Organ
Carbon (OC) and Elemental Carbon (EC) analysis; lon Chromatography for the determination of inorganic
water soluble ions and Instrumental Neutron Activation Analysis (INAA) for the elemental characterisation
of particles. Finally, the contribution ofdoor and outdoor sources was assessed by Principal Component
Analysis (PCA). Results showed that theiMloor concentrations in ECC did not exceed the national
and the international limit values and that RjMconcentration in livingoom were significatly higher
than in bedrooms. Zn and Cr presented higher concentrations in the indoor environments indicating the
existence of indoor sources for these elements. PCA showed the importance of the highways and the
International Airport of Lisbon located letisan 500 m of the Elderly Care Center for both indoor and
outdoor air quality. This approach allows the identification of the miemeironments with highest
impacts on elderly exposure and proved to be an essential tool to identify health risks, setvée air

quality standards and evaluate effective policy interventions. Poster Session

Keywords:sources, aipollution, elderly, PM,.
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Air pollution by PMgin Portugal between 2001
and 2011

T. FARIA, S.MALMEIDA
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Sacavém, Portugal.
*Correspondent authortiagofaria@ctn.ist.utl.pt

The good quality of thair we breathe is considered a basic need for human health and well
being. During last three decades special efforts have been made in Europe aiming to reduce air pollution
and more importantly, to reduce the adverse impacts of atmospheric pollutantsoégn these efforts
led to a reduction of risks and effects, air pollution in Europe is still a matter of concern. The aim of this
study was to study the air pollution by RiMn Portugal between 2001 and 2011. Data were collected
from 60 stations of air qality monitoring throughout mainland Portugal, divided by 5 regiqri§ North,

2) Centre, 3) Lisbon and Tejo Valley, 4) Alentejo and 5) Algarve. Each station was divided into 5 different
types, namely: a) Traffic, b) Industrial, c) Backgroundrban, d)Background- SubUrban and e)
Background Rural. These data were provided by the Portuguese Environment Agency, with contribution
from the Committee for Coordination and Regional Development (CCDR). The results showed that the
average PN} concentrationsin Portugal declined from 57 pgfrin 2001 to 27 ug/rﬁin 2011 and that

GKS yydzZ t F@SNI3ISa aryOS unnn ¢°SNBdata &¢ iRagredimgr® O dzZNNB y
with the European Environment Agency who showed, in 2012, that Portugal waotiméry with main
reported reduction between 2000 and 2010 (29%). This decrease may be related with the implementation
of the Best Available Technologies in the industry, with the development of low emission vehicles and
with the crisis experienced in reot years that is associated with the decrease of consumption and
production. It is possible to observe that monitoring stations located along the high traffic areas had
higher concentrations of P\ The stations near the industries and sutban areas wee the second type

of station that presented higher particles concentration. The largest and most important cities of Portugal
were the ones with the largest pollution outbreaks and where levels were still below the European
targets. Between 2001 and 201he annual levels of PM decreased in Portugal. However, both the
annual and the daily limit values, defined by the Portuguese Legislation, were still exceeded principally in
urban and industrial areas. Moreover, the levels were also far from the narrbmérvalue of 20pug/m3
defined by the WHO. It is fundamental to continue with efforts reducing emissions of these pollutants, in
order to protect public health, since it is well known that particles may promote serious diseases upon
human health.

Keywords PMy, air pollution, Portugal.
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Biomonitoring of air pollution has been used extensively in the pagrder to assess air pollution
levels. This study focused on two types of biomonitors: lichens and tree bark. Lichens are known to have the
ability to accumulate elements in excess of physiological requirements in close correlation with atmospheric
element levels and tree bark accumulates atmospheric particulate matter (PM) in its outermost structure,
which are accumulated over time. The biomonitoring methodology used in this study was transplanting of both
biomonitors from a clean area to the study arevhich was the urban area of Lisbon. Therefore, the main goal
of this work was to assess the main pollution sources of Lisbon area using transplanted biomonitors. The
biomonitors used were the epiphytic lichétarmotrema bangi{(Vain.) Hale and bark froits phorophyte, the
Japanese ceda€ryptomeria japonicgL. fil.) D. Don, which were collected in Sdo Miguel Island (Azores,

Portugal), which is known to have a clean atmosphere. Few days after collection, the biomonitors were
prepared in the laboratory rad exposed in the courtyard trees of 22 primary schools of the urban of Lisbon.
Two exposure campaigns of the biomonitors were conducted, winter and summer, with a total period of
exposure of 5 months each, in 2008. After exposure, the biomonitors werk boalysed regarding the
chemical elements using Instrumental Neutron Activation AnatyBi&AA, which allowed to assess a total of 15
chemical elements (Br, Ce, Co, Cr, Eu, Fe, Hf, La, Na, Rb, Sb, Sc, Sm, Sr and Zn).

Since electrical conductivity of kcSy Qa £ S OKIFGS Aa | 1S@ LI NIFYSGISN (2
GAGIEAGRBE 6KAOK A& AybdzSyOSR o6& aidNBaa dGdKFG tfAOKSyYya | NJ
conditions and due to local environmental pollution impact, this parametes alao assessed for the lichens.

Higher values of electrical conductivity were found in the summer season at specific locations, such as
international Lisbon airport and downtown. Both biomonitors showed similar behaviour regarding the
accumulation of, foexample, Sb and Zn, which are chemical elements related to traffic emissions. Significant
correlations between chemical elements in both biomonitors were found for elements associated with sdiioSter Session
sources only in the winter season (namely, Ce, Eu, Fe, LapdN&m). This fact may be explained by a higher

damage of lichens in summer, due the lower atmospheric humidity and higher temperatures, as confirmed by

the higher values of electrical conductivity in summer. Factor analysis (MCTTFA) was applied tatthsedaf

our study, which compromised chemical elements of both biomonitors and both seasons. This source
apportionment technique allowed to identify several sources, such as, arsenic emission sources, soil with
anthropogenic contamination, a Se sourdgJt FUOX Ay RdzAGNE | yR | &8I O2y (i NRIOdziA 2

This study showed the importance of biomonitors to assess atmospheric pollution in order to identify
their main sources. Moreover, the use of transplanted bark as a biomonitor, with a total of 5 months of
exposure peod, was possible and supplied results similar to the obtained by the lichens.

Keywords:biomonitors, bark, lichen, INAA, chemical elements, emission sources
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Indoor and Outdoor Biomonitoring Using
Lichens at Urban and RurBrimary Schools
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Monitoring particulate matter (PM) and its chemical constituents in classrooms is a subject of
special concern within the cgentific community in order to control and minimize child exposure.
Regulatory sampling methods have presented several limitations in their application to larger number of
classrooms due to operational and financial constraints. Consequently, passivéingampthodologies
using filters were developed for indoor sampling. However, such methodologies could not provide parallel
information for outdoors, which is important to identify pollution sources and assess outdoor contribution
to the indoors. Therefore biomonitoring with transplanted lichens, a technique usually applied for
outdoor studies, was used both indoor and outdoor of classrooms. Three main objectives were proposed,
to (i) characterize simultaneously indoor and outdoor of classrooms reganiingainic air pollutants, (ii)
investigate spatial patterns of lichen conductivity, and (iii) assess pollution sources that contribute to a
poor indoor air quality in schools.

LichensFlavoparmelia caperatavere transplanted to indoor and outdoor of classrooms for 59
days in both urban and rural environments of Portugal (Lisbon and Ponte de Sor, respecéfedy).
exposure, electric conductivity of lichens leachate was measured to evaluate lichen \ataditeell
damage. Outdoors lichen conductivity was higher near the main highways, and indoors there was great
variability in levels, which indicates different emissions sources and different ventilation patterns.
Chemical content of lichens was assessedhBirumental neutron activation analysis (INAA), and As, Br,
Ca, Ce, Co, Cr, Cs, Eu, Fe, Hf, K, La, Na, Rb, Sh, Sc, Sm, Sr, Ta, Th, Yb, and Zn were determined. Elemental
gain and losses were found in exposed lichens in both outdoor and indoor environnTénssfinding
illustrates that the use of lichens is possible in indoor environments, despite the higher physiological
stress that lichens are under in these types of environments, as evidenced by higher values of electric
conductivity. Element accumulati, crustal enrichment factors, and spatial variability of elements were
analyzed and contaminants from anthropogenic sources, such as traffic (As, Sb, and Zn) and indoor chalk
(Ca) found. Classrooms with potential indoor air quality problems were idehtifiy presenting higher
accumulations of inorganic pollutants in exposed biomonitors.

Keywords:biomonitors, lichen, classrooms, indoor, outdoor

7" INTERNATIONWNORKSHOPNBIOMONITORINGFATMOSPHERPROLLUTION 96


mailto:nunocanha@ctn.ist.utl.pt

Authors Index

ABOAL, J6

ADAMO, P 6, 21, 77
AGUIAR, P., 56, 57
ALBUQUERQUE, CTR.
ALFANI, A75

ALMEIDA, S.M., 14, 29, 45, 52, 80, 93, 94, 96

ALMEIDASILVA, M., 93
ALVES, A., 15

ALVES, C., 14

ALVES, E,S9

I'bL2LO | wh~961L02
ANJOS, M.J., 71, 73, 74
ARBUCKLE, T., 55
AUGUSTO, 9.2, 19, 23
.'2YhwX a®X HH
BALDACCHINI, @3
BALDANTONI, 05
BANDOWE, B.A.M., 14
BAPTISTA, P., 89
BARGAGLI, R

BASILE, A., 62

BEIKE, A.K6

BERNOLLIN,,.

BILOVA, I., 22

BOILLEY, 38

BOTELHO, M12

BOWKETT, M6
BRANQUINHO, C., 11, 12, 16, 46, 91
BRUNIALTI, G., 44
CALFAPIETRA, €3

CALLADO, C.H., 73, 90
CANHA, N., 14, 95, 96
CAPOZZI, R, 21
CARBALLEIRA, CaB.
CARDOSO, L., 56, 57
CARDOSGUSTAVSON, P9
CARROLA, R., 56, 57
CASTANHEIRO,, A3, 64
CATHARINO, M.G.M., 38, 87
/9 Lc{7%LZ YO
CEOLIN, A6

/1] 5%Lc,{{8%! 2~ 90
CINCINELLI, A., 15

CONCHARANA, E6, 77
COSTA, C., 53

COSTA, S., 53

CRESPO PARDQ,®D.
CRISTOFOLINI, F., 44
CROES, K3

CRUZ, AM.J., 95

CUNHA, M. DA0
DAFREBMARTINELLI, M., 86
DAILLANT, 8

a®2 MDECKER, B.E

DELAKOWITZ,, B0

DEN HOND, EL3
DENISON, M.S13

DIAS, M.1., 68

DIATTA, J.Br8
DOMINGO, J.L., 23
DOMINGOS, M79, 86
DOMINGUEKIORUECO, N., 23
DONALDSON, S., 55
DUARTE, G., 89
DUOCASTELLA, 91
ELSKENS, M.3

FARIA, M.V., 89

FARIA, T., 45,94
FARIAS, T., 89

FELIX, P., 52
FERNANDES, FR
FERNANDEZ, J&.
FERNANDEZ, @.
FERRETTI, M., 44
FIGUEIREDO, A.M.®, 86
FRAGA, S., 53
FRANZLE,,20, 92

FRATI, L., 44

FREITAS, M.C., 38, 95, 96
FREY, J., 72
FRONTASYEVA, M.V., 35, 48, 70, 83
GAMA FILHO, H.S., 74
GASPARRO, M.R., 38, 87
GIORDANI, P., 44
GIORDANO, %, 21, 77
GONZALEZ, A,G.

7" INTERNATIONWNORKSHARBIOMONITORINGFATMOSPHERPROLLUTION

97



GORELOVA, S.V., 83 MOURA, B.B79

GORYAINOVA, Z., 67 MUNIATEGUI, $
GORYAINOVA, 789, 70 MUNIATEGLLORENZO,,S7
GRASSI, A, 62 NADAL, M., 23
GUARNIERI, M., 22 NAKSEN, W54
GUTTOVA, A., 62 NAMORADO, S., 56, 57
HAINES, D., 55 NAPA, U., 72

HEUVEL, R. VAN DER NARDES, R.C., 74
HOFMAN, J43 NASCIMBENE, J., 44
HOLA, M., 37 NASRI, |88

HOMEM, V., 15 NEVES, A.O.P., 71
HONGSIBSONG, ! NICKEL, S., 28, 32
HUET, M.85 NICOLA, F. DF1, 75, 77
HWANG, 1.G82 NIEVOLA, C,39
HWANG, M.S82 NIKODEMUS),, 39
IGLESIASAMITIER, & OKINA, O.1., 83
IODICE, P21 OLIVEIRA, C., 80
JENSSEN, M., 28 OLIVEIRA, L.F., 71
JIMENELGUERRERO, P., 20 OO0l, M., 55

JOSSET, M8 OSTONEN, 1., 72
KABRAL, N., 72 OSTROVNAYA, T,N0
KANG, H.S82 PALMA, A. DB, 21
KAWICHAI, 4 PALMAOLIVEIRA, 12
KERDNOI, 54 PAOLI, L., 47, 62
KIATWATTANACHAREONS . PAWLACZYK, E,M8
KOCH, N.M76 PEREIRA, C.C., 53
KOSTA, H31 PEREIRA, C.D.S.,88,
KWON, J.E82 PEREIRA, D.O., 71, 74
[/ Yh+L2h+#3X | &3 cH PEREIRA, M.J., 16, 46
LAGE, J29 PEREIRMIGUEL, J., 56, 57
LANGENHOVEN, K. VABI PERGAL, M., 67

LIV, S.31 PINHEIRO, T., 52
LLOP, E., 16, 46 PINHO, P., 16, 46, 91
LODENIUS, M., 7 t Rw' DB 5 ¢
LOPES, I, 14 PLUSQUIN, M13
LOPERAHIA, P.6, 77 POKROVSKY, O6S.
LOPPI, S., 22, 47, 62 POLYIEM, W54
LUCHETA,,F6 thth+L0X ! ®X nyX coX cCT
MAGHAKYAN, N43 PRADARODRIGUEZ, D7
MAIHARA, V.A., 84 PRAPAMONTOL, 54
MAISTO, G75 PRUDENCIO, M.l., 68
MARKERT, B10, 92 PURVIS, W.O77
MARQUES, R., 68 RAMOS, C.A., 45
MARTINS, S.M A6 RATOLA, N., 15, 20
MELIM, J.M., 56, 57 REIS, M.F51, 56, 57
MEYER, M., 30 RESKI, R6

MIRANDA, A.l., 80 REYASENSIO, A.6
MOON, G.).82 RIBEIRO, A,F9
MOREIRA, E.G., 38, 87 RIBEIRO, M., 46
MOREIRA, N.S., 73 RIBEIRO, M.C., 16

7" INTERNATIONWNORKSHARBIOMONITORINGFATMOSPHERPROLLUTION 98



RIEDIGER, J., 28

ROCHA, F., 68

ROUGIER, &

SAGNOTTI, L., 62
SAHAKYAN,, 143

SAIKI, M., 84

SAMSON, R43, 63, 64, 67
SANCHES, F.A.C.R.A., 71,73,74
SANTOS, E.C,, 84

SANTOS, L., 15

SANTOS, R.S., 71,73, 74
SANTOREIS, M., 91

SCHAAP, M32

SCHENIR, 92

SCHRODER, W., 28, 30, 32
SCHUHMACHER, M., 23
SELMI, $88
SENATORE, &1
SENKO, D., 62
SGRIGNA, G13
SILVA, AV, 80
SILVA, J.A,, 15
SILVA, J.R., 45
~YwL*x! bWX
SOARES, A., 27
SOLONEN, T., 7
SORBO, S, 62
SOUSA, C.J., 56
SOUSA, E.C.P.M,, 38, 87
SPAGNUOLO,, %, 21
STAELENS, 113
STEINNES, E., 36
SUCHRA, I., 37

{®z cT

SUCHAROVA, J., 37
SUH, S.J82

TABORS, (39
TEIXEIRA, J.P., 53
¢ha! ~9+xL0=ZX
TRETIACH, M6
VANDERMARKEN, T3
VANNINI, A., 22
VARGAS, V.M,H6
VASCONCELLOS, M.B.A., 38, 87
VASCONCELLOS, T.J., 73, 90
VERGEL, K,N9, 70
VICENTE, A.M,, 14
VICENTE, E.D., 14
VICTORIO, M,Fi.9
VIEIRA, B.J., 24

VIEIRA, J., 91
VIKHROVA, |.V/0
VINGIANI, S77

t, Yh*xLO0OX Do®Z
WAEL, K. DE, 64
WINKLER, A., 61, 62
WITTENBERGHE, S. V&N
WOJNICKA | _ ¢ h AI78 2

ad

ny

ny z

cozZ

WOLTERBEEK, H5T24, 29, 45, 93, 95, 96

WUNSCHMANN,, 20
WUYTS, K43
YOME, J., 55
YOUSSEF, N.&1
ZARONI, L.P., 38
ZEMBA, $12
ZINKOVSKAYA, 169
ZRIG, A88

7" INTERNATIONWNORKSHARBIOMONITORINGFATMOSPHERPROLLUTION

99

coZ

CT

CT



ORGANIZATION

Estrada Naciondl0, Km 139.7
2695066 Bobadela LRS, Portugal
Tel. (351R1 994 6117
www.biomap.ctn.ist.utl.pt
biomap7@ctn.ist.utl.pt

UNDER THEIGHPATRONAGE

INSTITUTIONABPONSORS

[urismo &
de
PAVILHAO 00
Lisboa CONHECIHENTO
CIENCIA VIVA

SPONSORS

FUNDACAQ
ORIENTE



http://www.presidencia.pt/
http://c2tn.tecnico.ulisboa.pt/
http://tecnico.ulisboa.pt/
http://www.visitlisboa.com/
http://www.pavconhecimento.pt/
http://www.cgd.pt
http://www.industriaeambiente.pt/
http://www.biomap.ctn.ist.utl.pt/
http://www.foriente.pt/
http://www.delta-cafes.com/
http://www.lousatextil.pt/

