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Lichen Diversity Sampling along time

The sampling method was not the same;
but we could look to total number of lichen
species present
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Difference in the N2 of Lichen
Species 1980-2003

NrSp macro (JONES) 1980 mwnicipadty changes (%) in NrSpmacro (1980 to 2003) municipality meankipality
- High : 26 ehvil-parish - more than 20% decrease |:| civil-parish eMi-parish
] nochange Pinho et al., 2004

- Low: 0 Jon - more than 20% increase
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METHODS

Lichen diversity

v R e A A - N
N A et v PR

Lichen diversity accordingly to
Asta et al. (2002) and
Scheidegger et al. (2002)

Calculated LDV (species number
and frequency)



LDV differences 2003-2009

N

A Tz
7 Kilometers

N
A Tonam
Kiometers

£ |
LDVmacro (SINESBIOAR) 2003 + samingstes changes (%) in LDVmacro (from 2003 to 2009) ¢  sampling sites (2009)
- 492 municipality - more than 20% decrease municipality
dvi-parish |:| no change l:| civil-parish
B 0.0 [T more than 20% increase

Pinho et al., J. Atmospheric Ch



% of Change of N2 species

(1980-2003)
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Does the changes in population explains the changes in LDV?
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% of population change (1991-2001)
Energy consumption in Industry
Geographic Location 2004

kWh/ consumer

Alcéacer do Sal 40227,50
Grandola 18032,70
Odemira 9557,60
Santiago do Cacém 28343,90

Sines 3029830,60
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Data from the model of Factor 1 e 2 da ACP Data from the model of all
lichen diversity in the region pollutants in the region

§ 7 Fe
S o °Cr LDV
L ]

Map of the “C

hronic Pollution”

Factor 1 (36.8%) .Gd
Melides Melides
St Andreé StAndré Py
Santiago Cacém Santiago Cacém
Ab
-~ S .
- > 5 v .
i oo iy
@
.. Sonega Son!
Pérto Covd' Porto Covd® .
Cercal Alentejo | Cercal Alentejo
Brunheiras Brunheiras
Legenda Legenda
®  Porcipen Citades » Viles Factor 1 fbiodiversidade & polosntes) A . vpan Culsdes » dlas Factor 3 (hiodiversidade & podusmies) A
Lstrac taria =3 . ' )

L e aciy —
FAcmeter

arranhis de fert arnhe e Fo 3
" o ITT———.
Estracas Fr A Estratas F D Mt degraaaon
o >



Qualidade do ar Urbana %

Dez 2007 a Dez 2011

5 municipios
Saude: ARSLVT
Ambiente: CCDR-A
FCUL; IST; ISCTE
Ricardo Jorge

12 empresas

Organizacao: Parceiros:
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Liguenes e como indicadores da qualidade do ar:

o caso de estudo do Alentejo Litoral
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Figure 1. Values of LDV and species richness (TSR) for the sampled towns. AS: Alcacer do
Sal, GR: Grandola, OD: Odemira, SC: Santiago do Cacéem, SA: Santo André, Sl: Sines.



Liguenes e como indicadores da qualidade do ar:

o caso de estudo das zonas urbanas do Alentejo Litoral
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Fig. 2. Range plots for pH (A), separated by bark of trees (B) and LDV (C) for the
considered land uses. The bars represent the 95% confidence interval. The number
on top of bar indicates the amount of trees included in each plot.

Llop E, Pinho P, Matos P, Pereira MJ, Branquinho C. 2012. The use of lichen functional groups as
indicators of air quality in a Mediterranean urban environment. Ecological Indicators
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4 Stresses which human activities
© place drectly on the envircament,
(for example, paliuting emissions)

Emissoes das principais empresas

& » P :
& De acordo com o cendrio adoptado na Estratégia Tematica, prevé-
se que a redugao de emissoes (entre 2000 e 2020) provenientes
de fontes fixas, para Portugal, seja de:

48% para as PM2,5
52% para o NOX,
79% para o0 SO2,
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Emvirosenescdl Pollkticn 158 [2010) 483-4849

e o Optimising and inter-calibrating
FOLLUTION

biomonitors, soil and air

Environmental Pollution

y IFR |ournal homepage: www.elsevier.com/locate/envpol

Lichens as an integrating tool for monitoring PAH atmospheric deposition:
A comparison with soil, air and pine needles

Sofia Augusto®, Cristina Maguas *, Jodo Matos ®, Maria Jodo Pereira %, Cristina Branquinho™”
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Environ. Sci. Techinol. 2009, 43, TI62-T768

Spatial Modeling of PAHs in Lichens
for Fingerprinting of Multisource
Atmospheric Pollution

SOFIA AUGUSTO,* CRISTINA MAGUAS,!
JOAO MATOS,' MARIA JOAO PEREIRA,*
AMILCAR SOARES,* AND

CRISTINA BRANQUINHO*'

ecosystem level and in the human food-chain; for that, not
only must the sources be identified but also the sites where
PAHs are being deposited.

Chemical analyses of air, soil, and plant and animal
bioindicators have been used to monitor atmospheric
deposition from different sources (5- 7). While measurements
in air (in the vapor- and particulate-phases) reflect a short-
term indicator that varies considerably in space and time,
soils are sinks for organic compounds and therefore reflect
a typical profile of long-term atmospheric pollution deposi-

Fingerprinting pollution sources

using biomonitoring tools
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(1 Km radius) centered at each sampling site.



Environ. Sci. Techinol. 2009, 43, TI62-T763

Spatial Modeling of PAHs in Lichens
for Fingerprinting of Multisource
Atmospheric Pollution

SOFIA AUGUSTO,* CRISTINA MAGUAS,!
JOAO MATOS,' MARIA JOAO PEREIRA,*
AMILCAR SOARES,* AND

CRISTINA BRANQUINHO*'

ecosystem level and in the human food-chain; for that, not
only must the sources be identified but also the sites where

PAHs are being deposited.

Chemical analyses of air, soil, and plant and animal
bioindicators have been used to monitor atmospheric
deposition from different sources (5- 7). While measurements
in air (in the vapor- and particulate-phases) reflect a short-
term indicator that varies considerably in space and time,
soils are sinks for organic compounds and therefore reflect
a typical profile of long-term atmospheric pollution deposi-
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Chemosphere 92 (2013 R26-632

Optimising and inter-calibrating
biomonitors, soil and air

Contents lists svailable st SciVerse ScienceDirect

Chemosphere

journal homepage: www.elsevier.com/locate/chemosphere

A step towards the use of biomonitors as estimators of atmospheric
PAHs for regulatory purposes

Sofia Augusto®, Maria |. Pereira®, Cristina Maguas®, Cristina Branquinho™*
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mwental Heakth, Bar A, 75:819-X10, 201
Taylor & Francis

Assessing human health risk based on different

monitoring approaches
ASSESSING HUMAN EXPOSURE TO POLYCYCLIC AROMATIC HYDROCARBONS

(PAH) IN A PETROCHEMICAL REGION UTILIZING DATA FROM ENVIRONMENTAL
BIOMONITORS

Sofia Au;uﬂu', Maria Joao Pereira’, Cristina \hgu.h’, Amilcar Soares?, Cristina anqumhol

Environment Human exposure

Inhalation
| Humans |

4 Air Ingestion

Pollution Soil and Animals

sources I sediments

I Vegetation

Dermal contact
Inhalation
Ingestion

Streames, rivers,
oceans
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monitoring approaches

ASSESSING HUMAN EXPOSURE TO POLYCYCLIC AROMATIC HYDROCARBONS
(PAH) IN A PETROCHEMICAL REGION UTILIZING DATA FROM ENVIRONMENTAL
BIOMONITORS

Sofia Au;uslu'. Maria Jodo Pereira?, Cristina \hgu.h', Amilcar Soares?, Cristina anquinho'

Environment Human exposure

Inhalation

HUMANS

Pollution Soil and
sources sediments

Dermal contact
Inhalation
Ingestion



Assessing human health risk based on different

monitoring approaches

PAH toxic concentrations

Air (estimated using lichens)

Jonermad of Tomscodogy el Ermnmmusental Health, Par A, TS819-X10, 2012 1
. aylor & Francl
Copyright © Taybr & Francis Geomp, LLC @ -‘-y\r-.h—o *
ISSN: IS2ZL7304 print / 166872620 onbee

DOL HLI0SVIS2ET 304, X002 400688

ASSESSING HUMAN EXPOSURE TO POLYCYCLIC AROMATIC HYDROCARBONS
(PAH) IN A PETROCHEMICAL REGION UTILIZING DATA FROM ENVIRONMENTAL
BIOMONITORS

Sofia Augusto', Maria Joao Pereira’, Cristina Magueas', Amilcar Soares?, Cristina Branquinho’

Exposure (adult)

Inhalation Air 76 100 88 166

Ingestion Soil 99 198 99 168

£16 EPA-PAHS (BaPeq)

y =0,0036x - 0,0043

R2=0,636 ¢

*

.
0,020 * e

0 10 20 30 40
Lichens (ngBaP./g)

Inhalation Soil 4200 8426 4208 7134
Dermal 0,06 0,12 0,06 0,10

Individual exposure

(ngBaPeq/day) 4375 8723 4395 7468

Human Exposure

Dermal
Contact




Assessing human health risk based on different

monitoring approaches

PAH toxic concentrations

Air (estimated using lichens)

Jonermad of Tomscodogy el Ermnmmusental Health, Par A, TS819-X10, 2012
Copyright © Taybr & Francis Geomp, LLC
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ASSESSING HUMAN EXPOSURE TO POLYCYCLIC AROMATIC HYDROCARBONS
(PAH) IN A PETROCHEMICAL REGION UTILIZING DATA FROM ENVIRONMENTAL
BIOMONITORS

Sofia Augusto', Maria Joao Pereira’, Cristina Magueas', Amilcar Soares?, Cristina Branquinho’

Exposure (adult)

76
99

100 88
198 99

Inhalation Air

166
168

Ingestion Soil

£16 EPA-PAHs (BaP.;) * =, Inhalation Soil 4200 8426 4208 7134

f 0140 1 _ x- 0/ ! "

oazo |00 -.‘.g‘ ; Dermal 0,06 0,12 0,06 0,10
. A Individual exposure

*

* e

10 20 30 40
Lichens (ngBaP./g)

0

(ngBaPeq/day)

4375 8723 4395 7468

Human Exposure

Dermal
Contact

Carcinegenic risk

Incremental lifetime

cancer risk (ILCR)

ILCR
Subjects developing

2,7x104  55x104 2,7x104 4,7x104

cancer in their lifetime

0,1 3,2 23 4,5
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Guidelines for biomonitoring persistent organic pollutants (POPs),
using lichens and aquatic mosses — A review

Future research

Indicators of human chronic
exposure to low levels of pollutants



E o que nos falta saber?

Qualidade Solos (IST);
Agua doce subterrinea (IST);
Agua doce superficial (FCUL);

Massa de agua marinha (FCUL);
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BioKid — “Diz-me o que comes...”

Escolas primarias nos
varios concelhos;

Recolher amostras |
humanas nao invasivas
(unhas, cabelo, urina); pas =

Analisar os alimentos;
Analisar o ar;
Analisar a agua;
Analisar os solos

Calcular a exposicao
de compostos
organicos toxicos em
cada uma das vias de

contaminacao.
Sofia Augusto FCUL — Manuel Ribeiro IST, Susana Fonseca ISCTE, Fernanda Santos USP
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BioAr — “Insustentavel leveza do Ar”

e Utilizar diferentes tipos
de abordagens para
avaliar os odores;

* Desenvolver sensores
gue sejam capazes de
captar e reter os COVs
gue tém odor;

* Envolver a populacao
num sistema de
monitorizacao sensorial

i m

do odor;

Cristina Branquinho FCUL - Maria Joao Pereir
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* Fazer um core de i - o ST
sedimentos; NV -
el 8

e Avaliar as diatomaceas; e
* Avaliar os poluentesnos = . eeT
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Fazer um core de
sedimentos em lagoas;

Avaliar os poléns;

Avaliar os poluentes nos
ultimos 2000 anos;

|dentificar as
perturbacoes e as
consequentes
alteracoes nos padroes
de vegetacao ;

Mississippian
Pennsylvanian

Cambri
Ordovician
Siluria
Devonian

Leena Luis e Concei¢ao Freitas - FCUL
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*Augusto S, Gonzalez C, Vieira R, Maguas C, Branquinho C. Evaluating the
sources of PAHs in urban streams based on land-use and biomonitors.
Environmental Science and Technology 45: 3731 3738
k ‘Zn..a...-. ) )"’.b_w"y

Fontinalis antipyretica, musgo aquatico seleccionado como
biomonitor

Sofia Augusto (FCUL) — Pedro Pinho (IST)

Transplante colocado numa Ribeira em Oeiras



BioMar - “Message in a bottle”
JNBAE W e
* Desenvolver bio-sensores i P N
de PAHs no mar baseados ILISPORYisBoa i X
em consorcios
cianobactérias/microalgas;

e Desenvolvimento dos
suportes;

e Teste preliminar do tipo de
cianobactérias/microalgas
mais adequadas;

e Teste do tempo ideal de
exposicao;

 Analises de PAHs e
estimativa das fontes;
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Ricardo Melo (CO), Ana Amorim (CO) e Sofia Augusto FCUL ENe ~©:2013'Google
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Comunicacao e divulgacao

~ um projecto GISA

Sofia Augusto (FEUL)

Maria Jodin Pereira (51)
Cristina Branguinho (o)
Manuel Castro Ribeiro 081
Ana Rita Durdn 081
Susana Fonseea (15018

= Pedro Pinha 081/77000)
d Eu % Fernanda Santos u'\l.

AT

Aipoin da Gamars Municipal ST

todos...
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