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Background

BEC values: Background Element Content values

Key issue of bioaccumulation studies:
interpretation of pollutant contents in terms of deviation from a pre-
existing, “unaltered” condition.

Among possible approaches to quantitatively assess such deviation:

→ Comparison with “background values”:
i.e., baseline element concentration values measured in samples 
collected in remote areas, far distant from known emission 
sources (Bargagli, 1998).

“The knowledge of background content of persistent chemicals is a fundamental 
pre-requisite for the correct evaluation of pollution phenomena” (Reimann and 
Garrett, 2005).



Background

Previous BEC values for lichens…

Bibliographic survey

Si
n

gl
e 

sp
ec

ie
s

Sp
e

ci
es

 p
o

o
ls

Field sampling

BEC values: Background Element Content values

Essential pre-requisite for the correct assessment of pollution levels

Bargagli, 1998 Bergamaschi et al., 2004 (various mountain areas)

Bennet, 2000 (Hypogymnia physodes) Bargagli et al., 1999 (Umbilicaria decussata, Antarctica)
Monaci et al. 2012 (Nephroma sp., Usnea sp., Patagonia)
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BEC values: Background Element Content values

Essential pre-requisite for the correct assessment of pollution levels

Bargagli, 1998 Bergamaschi et al., 2004 (various mountain areas)

Bennet, 2000 (Hypogymnia physodes) Bargagli et al., 1999 (Umbilicaria decussata, Antarctica)
Monaci et al. 2012 (Nephroma sp., Usnea sp., Patagonia)

Different species can have
different bioaccumulation performance

Methodological different 
studies 

• Species not used in common  
biomonitoring application

• Fairly low number of sites
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BEC: Background Element Content values

Essential pre-requisite for the correct assessment of pollution levels

✓ Targeting a single lichen species;

Pseudevernia furfuracea (L.) Zopf

• Widely used in biomonitoring 
application, especially in transplants.

• Widely distributed (in Italy: mountain 
environments).

• Targeted in studies  addressing 
methodological aspects in 
biomonitoring.

• Lichen standard reference material 
for multi-element determination 
(CRM 482; Quevauviller et al., 1996).

Overcoming issues… A combined approach:



Background

BEC: Background Element Content values

Essential pre-requisite for the correct assessment of pollution levels

✓ Targeting a single lichen species;

Overcoming issues… A combined approach:

✓ Literature review + methodological «filter»:
- Single species;
- Sample pre-processing/processing.

✓ Lichen material collection from ad hoc sampling 
campaign:

Shared protocols, from the collection

to the analytical determination.



Objectives

To assess methodological differences among biomonitoring studies targeting Pseudevernia 
furfuracea (literature survey).

1a

To explore BEC pattern at national level, in relation to environmental variables, assessed by a GIS-
based environmental characterization of the sampling sites.

2a

To test the predictivity of target environmental descriptors on BEC, using multiple regressive 
modelling. 

2b

To provide preliminary broad reference on BEC for biomonitoring application at supra-national scale.1b
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To produce 2 sets 
of BECs based on 
different acid 
sample digestion.

c

Partial
digestion

Total
digestion



1a. Literature survey - Results

Not reported (31%)

Partial digestion (42%)

• HNO3

• HNO3, H2O2

• HNO3, HCl
• HNO3, H2O2, HCl
• HNO3, HClO4, HCl
• HNO3, HClO4

• HNO3, HClO4, H2SO4

Acid mixtures for sample digestion

Total digestion (27%)

• HNO3, H2O2, HF
• HNO3, HCl, HF
• HNO3, HF

QC procedures (Certified Reference Materials)

Lichen materials:

BCR 482 ‘Pseudevernia furfuracea’ (Quevauviller et al., 1996)
IAEA-336 ‘Evernia prunastri’ (Stone et al., 1995; Schmeling et al., 2007)

I    Not reported (51.6%)
II   (6.5%) CRM?
III  (21.0%) CRM, but NO recovery %
IV  (6.5%) CRM, “OK” recovery %
V   (4.8%) CRM, range %
VI  (9.7%) CRM, metrics for each element

D
et

ai
ll

ev
el

P
ro

vi
d

ed

62 field
sites

62 papers, 16 countries
Active biomonitoring: 69%; Passive biomonitoring: 29%



1b. Preliminary supranational BEC - Methods

Subjected to data cleaning: removal of…
▪ Methodologically conflicting records
▪ Extreme outliers for each element (Tukey’s method);
▪ Elements with low sample size (n < 30).

BG dataset
Field data + pre-exposure control data from active 
biomonitoring studies

Data cleaning



1b. Preliminary supranational BEC - Methods

BG dataset
Field data + pre-exposure control data from active 
biomonitoring studies

Dataset comparison

P dataset
Data from Passive biomonitoring studies referring to 
autochthonous thalli.

T dataset
Data of Transplanted samples from active biomonitoring 
studies exposed in polluted areas.

Comparison datasets:

BG dataset

T dataset

P dataset

Median
q1

q3

BG Rural Urban Industrial

Land use

(µg g-1)

→  Preliminary supranational BEC reference for 25 elements

Subjected to data cleaning: removal of…
▪ Methodologically conflicting records
▪ Extreme outliers for each element (Tukey’s method);
▪ Elements with low sample size (n < 30).



Climate Bioclim

2a. BEC pattern at national level - Methods

Land use CLC 2012

GIS environmental characterization of the 62 Italian collection sites

Lichen element composition in remote areas reflects local environmental conditions 
- among controlling factors: meteoclimate (Garty 2001), lithology (Agnan et al. 2014, 2015) -

25 km

10 km

5 km

Anthropization - census units

Built-up area cover for:

(1) residential, (2) productive, (3) scattered buildings

Population density (inhabitants km-2)

ci: relative census unit area  included in the buffer, ci ϵ (0, 1]

ni: inhabitants of the ith census unit in the buffer

A: area of the buffer

Lithology - lithological maps

1 
km

0.5 
km

First macrocategory assessment:
1. Metamorphic rocks
2. Igneous rocks
3. Sedimentary carbonate rocks
4. Sedimentary clastic rocks



2a. BEC pattern at national level - Methods

Anthropization (buffer radius 25 km)
1. Population density (km-2)

Land use (buffer radius 25 km)
2. Agricultural areas (% coverage)

3. Forests and seminatural areas (%)

Climate (grid cell 1 km)
4. Annual temperature (°C)

5. Min T of coldest month (°C)

6. Max T of warmest month (°C)

7. Annual P (mm)

8. P of wettest month (mm)

9. P of driest month (mm)

Lithology (buffer radius 0.5 km)
10. Igneous rocks (% coverage)

11. Metamorphic rocks (%)

12. Carbonate rocks (%)

13. Clastic rocks (%)

Correlation analysis

-0.9 0.0 +0.9

Spearman’s rho
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2a. BEC pattern at national level - Results

National BECs: (43 elements) 
elements)

Central-western Alps

Eastern Alps and
Northern Apennines

Central and southern
Apennines



2b. Predictivity of environmental descriptors on BEC - Results

Linear combinations of environmental predictors 
significantly associated with lichen BEC (31 out of 43 
elements).

F: fitting dataset (   )
V: validation dataset (   )

y = x
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PCR models fitted on data from 40 randomly selected sites (Fitting 
dataset), and tested on data from remaining 22 sites (Validation 
dataset).

PCR Predictivity of target environmental descriptors on BEC was 
tested by Principal Component Regression (PCR; Jolliffe, 
2002). 

PCR models significantly 
predictive for the 
validation datasets for 
most elements of group 3.



c. Comparison of digestion performance - Results

Previous results on P. furfuracea BECs ← partial (i.e, aqua regia) sample digestion;
The same pipeline for BEC assessment was followed after a total (HF-based) digestion of 
paired samples replicates.

Acid sample digestion: integral part of most multi-element measurement techniques (Gaudino et al., 
2007).

The effects of different mineralization protocols were addressed by methodological studies of 
environmental chemistry targeting several biological matrices (Rodushkin et al., 1999; Tuncel et al., 
2004; Rashid et al., 2016). 

Procedure used to assess the relative performance 
of total (T) and partial (P) digestion methods:

yes no
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c. Comparison of BECs obtained with two digestion methods - Results

Total digestion (HF-based) Partial digestion (aqua regia)

Few differences, mostly at the Alpine level, but rather conservative BEC pattern



c. Comparison of BECs obtained with two digestion methods - Results

Total digestion (HF-based) Partial digestion (aqua regia)

Gneiss &
metamorphosed

peridotite*

Phyllite &
Micaschists *

Carbonate CarbonateMetamorphic*

Few differences, mostly at the Alpine level, but rather conservative BEC pattern

BECs

BECs



Conclusions

Deficit of methodological uniformity among 
biomonitoring studies with P. furfuracea:
sample pre-processing, digestion, QA/QC 
assessment.

Need for shared
standard 
procedures.

Framework for the assessment of regional 
BEC values →

P. furfuracea BECs (43 elements) for
homogeneous, geographically separated 
contexts in Italy, based on partial and total 
sample digestions to be used as a reference 
for biomonitoring application.
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1a. Literature survey - Results

Sample pre-processing

• Not reported (3%)
• Debris removal (57%)
• Washing (21%)
• Oven-drying (11%)
• Other (8%)

Not reported (31%)

Partial digestion (42%)

• HNO3

• HNO3, H2O2

• HNO3, HCl
• HNO3, H2O2, HCl
• HNO3, HClO4, HCl
• HNO3, HClO4

• HNO3, HClO4, H2SO4

Acid mixtures for sample digestion

Total digestion (27%)

• HNO3, H2O2, HF
• HNO3, HCl, HF
• HNO3, HF

Analized elements

• Not reported (4.8%)
• Atomic absorption spectrometry: AAS (33.3%)
• Mass emission spectrometry: ICP-MS (29.6%)
• X-ray fluorescence: XRF (11.8%)
• Optical emission spectrometry: ICP-OES (5.6%)
• Atomic emission spectrometry: AES (4.3%)
• Neutron activation analysis: NAA (3.8%)
• Flow injection mercury system: FIMS (1.9%)
• Flash combustion elemental analyser (1.6%)
• Isotope-excited X-ray spectrometry (1.6%)
• γ-ray Spectrometry (1.6%)

Analytical technique for element content determination



Overview of the BEC ranges for a single highly 
performing lichen biomonitor at supranational scale.

BG dataset is not exhaustively representative of the 
“European” BEC.

HOWEVER

It summarizes the current state of data availability at 
supranational scale;

It provides a novel methodological frame for the 
analysis of further biomonitoring data.

25 elements (µg g-1)

1b. Preliminary supranational BEC - Results



2a. BEC pattern at national level - Results

National BEC (N = 43 elements)


