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Exposure 

Ingestion 
Inhalation 
Dermal 

absorption 
 

Estimates 
In vitro bioaccessibility tests 

In vivo animal tests 
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Toxicology 

X 1000 
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Misuses of bioaccessibility based 
estimates (after Nathanail (2009)) 

Insufficient samples 
A minimum of 10 samples per averaging 

area is typical to gain a good appreciation of 
the variation 

Use of peer review 
data rather than site 

specific values 

There is not necessarily a relationship 
between literature values and the site you 

are investigating 

Application of e.g. 
UBM to non 

ingestion pathways 

The UBM seeks only to simulate direct oral 
ingestion 

Application to other 
substances 

Inappropriate appreciation of substance 
specific bioaccessibility 
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Misuses of bioaccessibility based 
estimates (continued) 

Mixing samples 
from different soil/

ground types 
Bioaccessibility varies with medium 

Poorly documented 
test procedure 

Bioaccessibility tests are empirical and 
interpretation should be based on the 

specific method applied 

Analysis of samples 
not representative of 

concentrations of 
concern 

Bioaccessibility varies with total 
concentration but the relationship is not 

necessarily either linear or positive 

Lack of evidence 
Bioaccessibility results may not be 
compatible with geological history, 

geochemistry etc., 
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Misuses of bioaccessibility based 
estimates (continued) 

Application of 
summary (average) or 

single values to a 
dataset 

The relationship between total and 
bioaccessible concentrations is not 

necessarily linear 

Use of wrong test Results are not relevant to the risk 
estimation 

Lack of details in 
reports 

Reviewer cannot evaluate the robustness of the 
risk estimate and the compliance of the risk 

evaluation with the specific legal context 

Inappropriate use of 
statistics 

Statistical summaries of bioaccessibility may 
result in discordant matching of bioaccessibility 

estimate and total concentration 
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What is the biggest misuse 
of all ????????? 

NOT USING 
BIOACCESSIBILITY AT 

ALL 
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Other considerations…. 
•  For use in Risk Assessment 

•  Bioaccessibility data may be used to refine the level of 
estimated risk.  

•  But…..misuse could be used to demonstrate negligence. 

•  Land use practices can change the biochemical conditions in 
soil  
•  This can increase/reduce bioaccessibility. 

•  e.g.  liming low pH soils, adding phosphate fertiliser or 
increasing the soil organic matter (common gardening 
practices) are all likely to have an effect on the mobility of 
lead and arsenic. Changes can increase or reduce the 
bioavailability 



© NERC All rights reserved 

Types of Uncertainty 

Aleatory Variability and Epistemic Uncertainty 
•  Aleatory variability is the natural randomness in a 

process. The randomness is parameterized by the 
probability density function. 

•  Epistemic uncertainty is the scientific uncertainty in 
the model of the process. It is due to limited data and 
knowledge. Uncertainty is modelled by alternative 
probability density functions. In addition, there is 
epistemic uncertainty in parameters that are not 
random by have only a single correct (but unknown) 
value. 
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•  It should be physiologically based, mimicking the human GI 
physico-chemical environment in the stomach and small 
intestine. This should not only help to obtain good agreement 
with in vivo data but would also enhance public understanding 
of the test;  

•  It should represent a conservative case;   
•  There should be one set of conditions for all potentially harmful 

elements (PHE) being studied;  
•  It must be demonstrated that the test is a good analogue of in 

vivo conditions; and  
•  The test must be able to produce repeatable and reproducible 

results within and between testing laboratories.  

Benchmark Criteria 
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Bioavailability 
estimate 

Soil 
Sampling 

Element/ 
compound 

In vitro test 
method 

In-vivo 
validation 

Particle size 

Depth 

Organic 

Inorganic 

UBM 

SBRC 

Lines of 
evidence 

Geochemical 
analysis (CISED) 

Animal model 

No. of studies 

Target of 
assessment 

Storage/ 
preparation 

Ishikawa or “fish 
diagram” is useful 
to summarise all 

sources of 
uncertainty 

FOREhST 

Direct in-vivo 
measurement 

Type of 
biomonitoring 

QA/QC 
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The bioavailability of lead in six soils was 
estimated using the three models and the 
results were compared with the results of a 
bioavailability study conducted on juvenile 
swine.  
 
The behavior of lead in the gastrointestinal 
tract of swine was comparable to that in 
children.  
 
Both the Unified BARGE model and the 
Tiny-TIM model show the same pattern as 
the results of the animal experiments. 
However, the Tiny-TIM values 
underestimate the true bioavailability. 
 
 The IVD model is only suitable after a 
correction for calcium content of the soil. 
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In-vivo mouse study in China 
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Bulk soil sample collected Sample is homogenised in the 
mixing drum for 10 days 

Crushed and dried sample is 
loaded into the mixing drum Homogenised sample is split into 

50 g  batches prior to 
homogeneity testing and 

certification 

BGS Bioaccessibility Guidance Soil 
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FOREhST 
•  Simulated the nutritional status of a 

2-3 yr old 
•  Only intestine phase sampled  
•  PAH separation and analysis by 

HPLC-Fluorescence detection 
•  PAHs investigated 

•  Benzo(a)anthracene; 
   Benzo(b and k)fluoranthene; 

Benzo(a)pyrene; 
Dibenzo(ah)anthracene; 
Indeno(123cd)pyrene. 
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Using data from the UBM in a Risk assessment 

UBM and total 
element data 

•  Calculate mg/kg bioaccessible 
•  Convert to % bioaccessible 

Convert to relative 
bioaccessibility 

•  Use recovery of soluble salt in UBM to convert to 
relative bioaccessibility  

Convert to 
Relative 

bioavailability 

•  Correct for the slope and intercept  the RBA vs RBAc 
graph    
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Example 
Total&Pb Bioaccessible&Pb&(st)

UBM&for&Pb&in&a&soil 100 60

%&bioaccessibility (60/100)x100 60

%relative&bioaccessible&Pb (60/99)x100 61

%relative&bioavailable&Pb (61/1&)>5 56

Relative(bioaccessibility(correction(from(Denys(et(al(2012((
Compartment Element RBAC Uncertainty

St Pb 99 2
St&I Pb 66 3
St Cd 98 3
St&I Cd 68 3
St As 95 3
St&I As 92 4
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But remember! 
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Summary 

•  There are a number of considerations to 
take into account when considering 
uncertainty in bioaccessibility/
bioavailability measurements. 

•  Produce a summary for your specific 
study (fish diagram) 

•   Take all the sources into account and 
make appropriate use of the data.  


