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Soil contamination 

Soil contamination by potentially toxic elements (PTEs) poses serious risks to surrounding environment, water 

bodies, soil biota, plants and human health  



A proper management of risks for environment and human beings of potentially contaminated sites implies the 

comprehension of contaminant bioaccessibility to soil biota, plants and humans living or working nearby the sites 

Risk-management of potentially contaminated sites 
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The study of contaminant bioaccessibility is only partially recognised by 

environmental regulations and stakeholders 
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The International Union of Pure and Applied Chemistry 

(IUPAC) defines as bioaccessible a substance ‘able to 

come in contact with a living organism and interact with 

it’ and bioavailable a substance ‘able to be absorbed by 

living organisms’ 

Bioaccessibility vs bioavailability of soil contaminants 

Exposure to soil 

contaminant(s) 

Entry into body through 

the mouth, nose or 

contact with the skin 

Adsorption into blood 

and lymphatic systems 

Transport to organs 

Effects to organs 

Excretion from body 

Intake 

Uptake 

BIOACCESSIBLE 

BIOAVAILABLE 

Source: Kumpiene et al., 2017. Pedosphere 27(3): 389-406 



Bioaccessibility and bioavalability of soil contaminants depends on the contaminant chemistry, soil properties and 

chemical conditions in the human digestive and respiratory systems or body skin 
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In-vivo tests are generally considered the best bioavailability tests 

available, as the animal uptake measured in these tests is believed to 

resemble the conditions applied during toxicity testing. However, these 

assays are time- and resource-consuming and comprise lots of ethical 

issues  

In-vitro tests for bioaccessibility of soil contaminants in soil must enable 

quantification of the dissolution under ‘realistic worst case conditions’, 

meaning that the test would simulate the highest possible 

bioaccessibility in extractions with one or more simulants of body fluids, 

at body temperature (37 °C), for realistic reaction times 

Bioaccessibility vs bioavailability of soil contaminants 



Oral uptake processes of soil contaminants 
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Carbohydrates  → 1-2 h  

Proteins → 3-4 h 

Fats → 5-6 h  

Small intestine → 3-10 h 

Large intestine → 15-70 h 

Few minutes 

Digestion time 



Thus, oral bioavailability of soil contaminants depends primarily on the ability of stomach and small intestine to dissolve 

the contaminant (bioaccessibility) and then on the ability of intestinal membranes to absorb the contaminants 
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Source: Danish Environmental Protection Agency, 

project No. 840, 2003 

Oral uptake processes of soil contaminants 



Source: Kumpiene et al., 2017. Pedosphere 27(3): 389-406 
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In-vitro methods to assess oral bioaccessibility of metals  
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Methodological complexity of in-vitro assays 
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Simplified in-vitro bioaccessibility tests 

SBET was validated for Pb by an in-vivo swine study 

(Ruby et al., 1999) 

Simplified bioaccessibility extraction test (SBET) 

(Drexler, 1999) 

Stomach phase → Glycine and HCl                           

(only 2 chemicals, pH 1.5 - 1 h) 

 

Physiologically based extraction test (PBET) 

(Ruby et al., 1992; 1996) 

Stomach phase → 6 chemicals (pH 2.5 - 1 h) 

Small intestine phase → + 3 chemicals (pH 7 - 4 h) 
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In-vivo ingestion studies using metal-containing feed 

Source: Yan et al., 

2017. Chemosphere 

184: 27-42 



Source: Li et al., 2015. Sci Total Environ 532: 812-820 

In-vitro oral bioaccessibility vs in-vivo bioavailability 

   School Bio-Bio SISS  –  Portici, 4-7 June 2019                              Caporale A.G.  –  University of Naples Federico II                              Slide 12  



   School Bio-Bio SISS  –  Portici, 4-7 June 2019                              Caporale A.G.  –  University of Naples Federico II                              Slide 13  

Source: Li et al., 2015. Sci Total Environ 532: 812-820 

In-vitro oral bioaccessibility vs in-vivo bioavailability 
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Source: Yan et al., 2017. Chemosphere 184: 27-42 

In-vivo oral bioavailability in different animal studies 

In both mining and smelter soils, 

the swines showed a higher oral 

bioaccessibility of Pb than rats and 

mice 
 

Compared to swine, small animals 

(rats and mice) are economic and 

have been widely used in tests for 

assessing oral bioaccessibility of 

metals in farmlands, mining soils, 

smelters, gasworks, shooting ranges 

and house dust 
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Lung bioaccessibility of metals depends on soil particle-size 
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Source: Wiseman, 2015. Anal Chim Acta 877: 9-18  

In-vitro methods to assess lung bioaccessibility of metals  



In-vivo inhalation studies using metal-containing aerosols 
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Source: Kastury et al., 2017. Sci Total Environ 574: 1054-1074 



In literature, there is a lack of comparison between in-vitro and in-vivo data on concerning metals in soil. This is a 

knowledge gap for the application of inhalation bioaccessibility data for refining exposure assessment 
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In-vitro lung bioaccessibility vs in-vivo bioavailability 

Main limitations of in-vivo lung bioavailability studies: 

 Intra-nasal or intra-tracheal instillation are often necessary to overcome issues related to inhalation assays 

 Doses in many animal studies are several times higher than ambient concentrations, diminishing relevance 

or validity to human exposure scenarios  

 Significant intra and interspecies differences exist in lung physiology, retention and respiratory uptake 

between model animals and humans, so the translation of animal data to humans is often inaccurate 

 Synergistic or antagonistic behaviour of metals may affect bioavailability and subsequent toxicity in-vivo, 

which may not be reflected in in-vitro assays 



Combined inhalation-ingestion bioaccessibility assay 
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Source: Kastury et al., 2018. Sci Total Environ 631-632: 92-104 



Dermal exposure to contaminated sites has generally 

received less attention than oral/inhalation exposure due to 

limited exposure scenarios and less perceived potential for 

toxicity, however, the risk can be significant for specific 

contaminants and scenarios 

In-vitro dermal bioaccessibility of 

metals can be assessed through soil 

extraction by synthetic sweat 

formulations, such as EN 1811 and 

NIHS 96-10 

In-vitro dermal bioaccessibility of metals 

   School Bio-Bio SISS  –  Portici, 4-7 June 2019                              Caporale A.G.  –  University of Naples Federico II                              Slide 20  

Source: Chaparro Leal et al., 2018. Chemosphere 197: 42-49 

Sweat formulation NIHS 96-10 



LUNG AND ORAL BIOACCESSIBILITY OF POTENTIALLY TOXIC 

ELEMENTS IN TWO ITALIAN CASE STUDIES OF SOUTH ITALY 

 Study carried out by soil chemists of DiA-UniNA, involving two Master students 

writing and discussing theses on this research topic 

 Orally-presented at European Geosciences Union General Assembly 2019 in Vienna, 

Austria (16,273 participants from 113 countries) 
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Scientific study on metal bioaccessibility 



The case studies 

SITE B 

3.5 ha of industrial soil   

inside an automobile-

battery recycling plant in 

operation since 1970 

SITE A 

6 ha of farmland currently 

confiscated by the Italian 

Judiciary due to past illegal 

burial of tannery wastes 

‘land of fires’  
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Site A 

AT THE BEGINNING 

- diffuse contamination            

- soil compaction (site B)  

- fertility decline 

 Sampling grid: 20 x 20 m 

 Depths at site A:                    

0-20, 30-60, 70-90 cm 

 Depths at site B:                   

0-10, 10-40 cm 

Site B 

Soil sampling strategy 
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Assisted phytoremediation plants 

Phytoremediation plants consisting of poplar trees (Populus nigra L.) and permanent grass cover, assisted 

by compost amendment and irrigation system, were then implemented on both sites few years ago 

IMPLEMENTATION OF ECO-COMPATIBLE PROTOCOLS FOR AGRICULTURAL 

SOIL REMEDIATION IN LITORALE DOMIZIO-AGRO AVERSANO NIPS 

(LIFE11/ENV/IT/275 – ECOREMED)  

3-year phytoremediation plants 
(August 2018)   Site B Site A 
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Aims of the work 

 To separate selected topsoil samples (previously 

sieved at 2 mm) into particle-size fractions (250-

2000, 50-250, 20-50,   10-20,  2-10  and  <2 µm) 

 To assess the concentration and the distribution of 

the potentially toxic elements (PTEs) in the 

different soil particle-size fractions 

 To assess the human lung and oral bioaccessibility 

of the PTEs in the different soil particle-size 

fractions, in order to study the risks for health of 

residents and workers living or working nearby the 

potentially contaminated sites 

Cr Pb … 

250-2000 µm 

50-250 µm 
20-50 µm … µm 
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Selection of topsoil samples 

Only topsoil samples 

were taken into 

account, since they 

could be interested by 

wind erosion and soil-

particle dispersion in 

the atmosphere 

 

8 topsoil samples from each site were selected on the basis of spatial distribution in the site,                  

physicochemical properties and extent of contamination 
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 Soil separation in particle-size fractions: sonication, centrifugation (<2 µm) and 

sedimentation cycles (courser particles) 

 Pseudo-total contents: microwave-assisted aqua regia digestion (ISO 11466, 1995) 

 Bioaccessibility in upper respiratory tract: Simulated Epithelium Lung Fluid (SELF, Boisa 

et al., 2014)  

 Bioaccessibility in lower respiratory tract: Artificial Lysosomal Fluid (ALF, Stopford et 

al., 2003)  

 Oral bioaccessibility in gastric (G) and gastro-intestinal (GI) tracts: Unified BARGE 

Method (UBM, Barge-Ineris, 2010)  

 Analysis of all the extracts: Atomic Absorption Spectroscopy (FAAS, HG-AAS or GF-AAS) 

Analytical methods 
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 Our findings highlight the potential risk of contaminated topsoil particles of both sites for 

human health, if air-dispersed by wind 

 The PTEs distributed in the finer soil fractions (PM10 and PM2.5) are those of major 

concern, since these particles are most easily erodible by wind and can reach the upper 

respiratory tract (PM10 and PM2.5) or even enter the pulmonary alveoli (PM2.5). These 

soil particles are effective sinks of PTEs due to their higher surface area and reactivity 

 Bioaccessibility methods employed in this study guarantee a high degree of similarity 

with the digestive and respiratory systems of the human body, in terms of biochemical 

composition and fluid pH, residence times and temperature 

 It is thus clear how is important to properly manage the phytoremediation plants 

implemented in both sites to efficiently cover the contaminated topsoils  over time  

Main remarks 
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