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nitrogen cycle 

biodiversity loss 

Rockstrom J, et al (2009) A safe operating space for humanity. Nature 461:472-475. 

climate change 

chemical pollution 

Background Planetary Boundaries: Exploring the safe operating space 

for humanity in the Anthropocene  



Mediterranean: biodiversity hotspot 

To  d e ve l o p  a  f r a m e w o r k  

f o r  t h e  u s e  o f  l i c h e n s  a s  

e c o l o g i c a l - i n d i c a t o r  o f  

e n v i r o n m e n t a l  c h a n g e s  

i n  M e d i t e r r a n e a n  t y p e  

e c o s y s t e m s .   

Background 
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Background Using environmental biomonitors to fulfil conventional monitoring methods 



Why are Lichens excellent  ecological-indicators of 
atmospheric conditions ? 
 
• symbiosis fungus and a photobiont: a green algae and/or a 
cyanobacteria ; 

 

• water content equilibrate constantly with the surrounding 
atmosphere; 
 

• no roots or cuticle: they absorb both nutrients and pollutants 
directly from the atmosphere; 
 

•damage to any of the partners results in losses to the entire 
individual; 
 

• ubiquitous on land ecosystems and dominant as epiphytes on 
Mediterranean ones; 
 

• can be collected and identified throughout the year;  
 
• lichens are long-living organisms and integrate the effects of 
multiple environmental factors;  

Background 



Cislaghi and Nimis, 1997 

Nature Vol. 387:463-464 

Lichen biodiversity and public health 



Standard lichens 
sampling: “European 

method” 
species richness and 

LDV (lichen diversity 
value) 

Asta, J., et al, 2002. Mapping lichen diversity as an 

indicator of environmental quality, in: Nimis, P., 

Scheidegger, C., Wolseley, P. (Eds.), Monitoring with 

Lichens- Monitoring Lichens. Kluwer Academic 

Publisher, The Netherlands, pp. 273-279. 

The field collection 

Methodologies, Tools and Facilities 



The laboratory 

GC-MS 

Espectophotometry UV VIS Crio-Destilation LC-MS 

IRMS - CO2 

HPLC 

Elemental analysis 
IRMS 

Methodologies, Tools and Facilities 
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A spatial explicit analysis is needed for relating lichens to 

environmental factors 

Methodologies, Tools and Facilities 
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Nitrogen Pollution 

What is the impact of nitrogen pollution in 

biodiversity in Mediterranean areas? 

A perspective of the most sensitive components 

of the ecosystem: lichen communities. 

Current Research 
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Single atmospheric NH3 source 



oligotrophic nitrophytic 

Pinho P, Theobald MR, Dias T, Tang YS, Cruz C, Martins-Loução MA, Máguas C, Sutton M, Branquinho c (2012) Critical loads of nitrogen deposition 

and critical levels of atmospheric ammonia for semi-natural Mediterranean evergreen woodlands. Biogeosciences 9: 1205-1215.  

 

Critical loads for N deposition 



variogram for LDV-nitrophytic

0

80

160

0 5000 10000
distance (m)

s
e
m

i-
v
a
ri
a
n
c
e

atm. NH3

distance (m)

g

LDVnitro - main direction (-60º)

0.00

0.20

0.40

0.60

0 5000 10000 15000 20000 25000

distance (m)

v
a

ri
a

n
c

e

nitrogen pollution: from regional to local scale 
LDVoligo - main direction (0º)

0

70

140

0 5000 10000 15000 20000 25000

distance (m)

v
a

ri
a

n
c

e

LDVnitro - main direction (-60º)

0.00

0.20

0.40

0.60

0 5000 10000 15000 20000 25000

distance (m)

v
a

ri
a

n
c

e

A

L
D

V
o
lig

o

Annual Cultures at 600m (m
2
) Barren at 1800m (m

2
)Artificial areas at 1000m (m

2
)

0

10

20

30

40

50

0 500000 1000000

R
2
 = 0.53

0

10

20

30

40

50

0 20000

0

40000

0

60000

0

80000

0

10000

00

R
2
 = 0.68

0

10

20

30

40

50

0 750000 1500000

R
2
 = 0.51

0

10

20

30

40

50

0 3000000 6000000

annual cultures 
(600m) (m2)

L
D

V
o

li
g

o

R2 = 0.53

P < 0.0001

l i chens :  sens i t ive  l i chens :  to leran t  

loca l  s ca le  ana lys is  atmospher ic  NH3  d 15N-  source  f ingerpr i t  



15 

Heavy metals, dust and 

industrial particles 

Can we disentangle the impact of a complex 

mixture of pollutants from different origins 

within a complex landscape? 

 

  

Current Research 
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The impact of a Cu-mine on 
lichen diversity and its 
potential use as biomonitor of 
air quality 



Castro Verde 
Neves Corvo 

Study-site Underground Cu-mine 



2005 

Comparing spatial models along time – evaluate environmental quality 

2000 

Wagons were covered 

Works in a dam started 
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The studies concerning 

persistent organic pollutants                        

(PCDD/Fs and PAHs) 

Current Research 



Lichens 

Soil 

Air (filters) 

Pine needles 

Oeiras  

Setúbal 

peninsula 

Sines 

region 

Aquatic mosses 

17 toxic PCDD/Fs 

(GC-MS) 

16 EPA-PAHs 

 (HPLC) 

Case studies 



Dez 2007 a Dez 2011 

 

5 municípios 

Saúde: ARSLVT 

Ambiente: CCDR-A 

FCUL; IST; ISCTE 

Ricardo Jorge 

12 empresas 

Urban Air Quality 
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Current Research 

GISA General Objectives 

Develop an integrated technology based on 

biomonitors to assess environmental pollution and to 

estimate human exposure to persistent organic 

pollutants (PCDD/Fs and PAHs) 

 

 



Which factors affect POP accumulation by lichens? 

Substrate 

 No difference was found for 

POPs in lichens collected 

from different substrates.  

Growth form 

X. parietina R. canariensis 

Foliose Fruticose 

 It’s possible to translate PCDD/F 

concentrations of one lichen species into 

the equivalent ones of other lichen species, 

enabling to use both in the same study.  
Augusto et al., Submitted. Guidelines for biomonitoring 

persistent organic pollutants (POPs), using lichens and 

aquatic mosses - a review 

Climatic factors 

PCDD/F concentrations 

Wet/Dry 

Temperature 

 Dry deposition was associated with higher 

particles in PCDD/Fs. 

 Temperature decreases the concentration of 

more volatile PAHs both in lichens and air. 



Lichens and reference methods (soil and air) 

Lichens 

Air (filters) 

Augusto et al., Submitted. A step 

towards the use of biomonitors as 

estimators of atmospheric  PAHs 

for regulatory purposes. 

PAH ring profile 

 Lichens and air show similar PAH profiles, with highest contribution of 4-ring PAHs. 

 Particulate-phase of air: higher contribution of HMW-PAHs (5- and 6-ring PAHs). 

 Lichens integrate both the particulate- and gas-phase of air. 



Lichens and reference methods (soil and air) 

Lichens 

Air (filters) 

Augusto et al., Submitted. A step towards the use of biomonitors as estimators of atmospheric  PAHs for regulatory purposes. 
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 It’s possible to translate PAH concentrations in lichens into the equivalent ones for air. 



Using lichens to track pollution sources in the industrial region of Sines; 

Fingerprinting pollution sources using biomonitoring tools 

 

Highly industrialized region of Sines, located on the SW 

coast of continental Portugal. 

Augusto et al., 2009. Spatial modeling of PAHs in lichens for fingerprinting of multisource atmospheric pollution. 

Environmental Science & Technoloyy 43(20):7762-7769. 

Relative cover of each land-use class in circular 

buffers (1 Km radius) centered at each sampling site. 



Using lichens to track pollution sources in the industrial region 

of Sines 

Augusto et al., 2009. Spatial modeling of PAHs in lichens for fingerprinting of multisource atmospheric pollution. 

Environmental Science & Technoloyy 43(20):7762-7769. 

 Lichens allow fingerprinting different pollution sources in multisource areas. 

4-Ring 

Urban  5-6-Ring 

Industrial 

3-Ring 

Forest 



Augusto et al., 2007. The contribution of environmental biomonitoring with lichens to assess human exposure to dioxins. 

International Journal of Hygiene and Environmental Health 210:433-438 

PCDD/F toxic concentration in lichens averaged by parish 

 Biomonitors allow obtaining high spatial resolution maps for POP deposition, enabling to 

identify which populations are exposed to environmental pollutants and which ones can 

be considered as control. 

PCDD/F toxic concentration in lichens 

ng I-TEQ Kg-1

How can we integrate biomonitor information into human health risk studies? 



How to integrate lichens into health studies? 
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Value

High : 870.471

Low : 90.4932

PAHs Lichens (ngTEQs/g)

Value

High : 40.9848

Low : 0.891546

PAHs Air Eq. (ngTEQ/m3)

Value

High : 0.143245

Low : 2.63267e-006

Using PAH concentrations in 

lichens to create high spatial 

resolution maps 

Using the equivalent PAH  

concentrations for air to 

estimate the levels inhalated 

by humans 
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In this work it was shown how environmental biomonitors can be used to 

complement conventional monitoring methods.  

 

A spatial explicit analysis allowed us to disentangle the effects of multiple 

factors and map them with the confidence with high spatial resolution.  

 

Lichens functional groups can be used as early-warning and universal ecological 

indicators for factors associated to global changes: excess nitrogen atmospheric 

deposition and climate changes  

 

Lichens and aquatic mosses have shown to be useful biomonitors, accumulating 

POPs over detection limits and allowing to track different pollution sources. 

 

The high spatial resolution maps obtained using biomonitors allow getting a real 

picture of dispersion and deposition of atmospheric POPs, enabling to identify 

control and exposed populations for further human health studies. 

 

Translating POP concentrations in lichens into the equivalent ones for air, allows 

integrating biomonitors into human exposure and human health risk assessments. 

Conclusions 



34 

Future 

• To continue the development of a framework 

that will provide a better knowledge of pollutants 

origin and source- Fingerprint analysis 

• To contribute to the development of new 

technologies based on our knowledge on 

ecological indicators, in particularly lichens- 

Efficient new sensors 

• To interact and exchange experiences and 

knowhow- Networking  



 Serra da Arrábida, Portugal  

 (38º 28’ 40’’ N, 8º 59´34’’ W) 

Thank you for your attention 


