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• Ile-de-France soils are heavily contaminated with Pb in some places
• It is the result of a combination of activities, including an important industrial past, sludge

spreading in the 19th century, the Notre-Dame fire in 2019 and leaded gasoline vehicles
• Pb is of particular concern because of the many health problems it can cause

www.paris.fr

Problem: 
The management of contaminated 
sites is often very expensive, but 
necessary to ensure the safety of 
populations and public health

Context Previous feedback New approach Conclusion
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More realistic
Based on the fraction 

able to generate a 
toxic effect

Safe
Based on total soil 

concentration

Risk 
assessment

Significant gap between estimated
exposures (i.e. total pollutant
concentrations in soil) and actual
population exposures

Need to develop tools and methods 
to improve the representativeness of 
human exposure characterization

Context Previous feedback New approach Conclusion
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Most realistic risk assessment  : 
oral bioavailability

In vivo 
experimentations

× Long
× Expensive
× Not ethically

Bioavailability = solubilization + absorption + metabolization

Oral bioavailability and bioaccessibility

Bioavailable

Distribution in 
target organs

Potential toxic 
effects

Systemic 
circulation

Context Previous feedback New approach Conclusion
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Bioavailability = solubilization + absorption + metabolization

Oral bioavailability and bioaccessibility

Bioavailable

Distribution in 
target organs

Potential toxic 
effects

Systemic 
circulation

Bioaccessibility : fraction of a substance
in the soil released into the
gastrointestinal juices and therefore
available for absorption

In vitro 
bioaccessibility

tests

Context Previous feedback New approach Conclusion
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Oral bioavailability and bioaccessibility

Bioavailable

Distribution in 
target organs

Potential toxic 
effects

Systemic 
circulation

Context Previous feedback New approach Conclusion

Absolute bioavailability (ABA)

𝐴𝐵𝐴 =
𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑑𝑜𝑠𝑒 

𝑎𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑒𝑑 𝑑𝑜𝑠𝑒 

Relative bioavailability (RBA) 

𝑹𝑩𝑨 =
𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑑𝑜𝑠𝑒 𝑣𝑖𝑎 𝑠𝑜𝑖𝑙

𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑑𝑜𝑠𝑒 𝑣𝑖𝑎 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑜𝑟𝑚
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France reference method : 
UBM test

✓ Validated / in vivo (As, Cd et Pb)
✓ Standardized (ISO 17924)
✓ Recommended in the national 

methodology for managing polluted 
sites and soils (MTES, 2017) 0,6 g sieved soil < 250 µm

Bioaccessibility measure

Context Previous feedback New approach Conclusion

Bioaccessibilty 
(BAc) mg/kg

Bioaccessibilty (BAc) 

𝐵𝐴𝑐 % =
𝐵𝐴𝑐 𝑠𝑜𝑖𝑙 ( Τ𝑚𝑔 𝑘𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑖𝑙 ( Τ𝑚𝑔 𝑘𝑔)
× 100

Relative bioaccessibilty (RBAc) 

𝑅𝐵𝐴𝑐 % =
𝐵𝐴𝑐 𝑠𝑜𝑖𝑙 

𝐵𝐴𝑐 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑜𝑟𝑚
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Little or no use by polluted soil 
managers :

Lack of test awareness

Test validated only for As, Cd and 
Pb

Time-consuming, costly and 
requires real know-how

Operational difficulties

France reference method : 
UBM test

✓ Validated / in vivo (As, Cd et Pb)
✓ Standardized (ISO 17924)
✓ Recommended in the national 

methodology for managing polluted 
sites and soils (MTES, 2017)

Bioaccessibility measure

Previous feedback 
presented at Intersol 2024

Context Previous feedback New approach Conclusion

As et Cd : 
𝐶𝐷𝐼𝑎𝑑𝑗𝑢𝑠𝑡ed = CDI × 𝐵𝐴𝑐𝑠𝑜𝑖𝑙 𝐶𝐷𝐼𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = CDI × 2 × 𝐵𝐴𝑐𝑠𝑜𝑙

Pb : 
Factor 2 : limits the use of Pb 
oral bioaccessibility if > 50%

InVS-Ineris (2012) method



Context Previous feedback New approach Conclusion

Simplified HCl test can 
as a screening method

Conclusion and perspectives of previous 
feedback (Intersol 2024)

To be investigated:

• Choice of phase

• Method for integrating 
bioaccessibility into risk 
calculations

G ?

GI ?
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For Cd and Pb: use of bioaccessibility in the G phase

For As: use the bioaccessibility of the highest phase

InVS-Ineris (2012) guidelines : 

- Highest bioaccessibility

or

- best in vitro/in vivo correlations

In vitro/in vivo correlations

Caboche (2009)

Context Previous feedback New approach Conclusion
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RBA Pb G = 0,91 ×
BAc Pb G %

0,99 %
− 1,69
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In vitro/in vivo equation to determine the relative 
bioavailability (RBA) of Pb from the relative bioaccessibility
(RBAc) in the gastric phase :

Pb reference matrix : Pb acetate
BAc Pb G = 99 %

Data from Julien Caboche (2009)

New equation proposal

Integrating bioaccessibility

RBA = 0,91 x RBAc – 1,69

RBAC = BAc Pb G soil

BAc Pb G 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑚𝑎𝑡𝑟𝑖𝑥

RBA As G = 1,00 ×
BAc As G

0,95
+ 0,01

RBA As GI = 0,99 ×
BAc As GI

0,92
− 0,04

RBA Cd G = 1,04 ×
BAc Cd G

0,98
− 2,77

RBA Pb G = 0,91 ×
BAc Pb G

0,99
− 1,69

New equation proposal

Context Previous feedback New approach Conclusion
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Simplified HCl test can 
as a screening method

Contribution of the use of a new approach
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Context Previous feedback New approach Conclusion

A1 : Total concentration
A2 : New method (RBA equation) 
A3 : InVS-Ineris (2012) method

Contribution of the use of a new approach

Site 
Pb pseudo-

total (mg kg-1) 
milled

BAc G 

(%)

RBD G

 (%)

HQ

Child public garden Resident child

A1 A2 A3 A1 A2 A3
SSD2 106 27 23 0,4 0,1 0,2 1,0 0,2 0,6

PAR37 106 67 60 0,4 0,3 0,6 1,0 0,6 1,4
PAR2 159 55 49 0,7 0,3 0,7 1,5 0,8 1,7
PAR4 138 56 50 0,6 0,3 0,6 1,3 0,7 1,5
PAR5 135 57 51 0,6 0,3 0,6 1,3 0,7 1,5
PAR6 232 54 48 1,0 0,5 1,0 2,2 1,1 2,4
PAR7 396 56 50 1,6 0,8 1,8 3,8 1,9 4,3

PAR11 274 66 59 1,1 0,7 1,5 2,6 1,6 3,5
PAR14 211 59 52 0,9 0,5 1,0 2,0 1,1 2,4
PAR18 273 69 62 1,1 0,7 1,6 2,6 1,6 3,6
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Simplified HCl test can 
as a screening method

Context Previous feedback New approach Conclusion
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Using <2 mm milled fraction 
maybe not fully representative 
of soil ingestion 

The use of the RBA 
equation to determine 
RBA from Pb G BAc is a 
promising approach for 
risk assessment

Conclusion of the feedback
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Is there a concentrated 
source of pollution ? 

Total 
concentration

As, Cd, Pb

Yes

No

Pollution source 
treatment

Risk calculation: 
CDI, HQ/CR

Health risk ?
Acceptable End of 

process

Is it worth 
adjusting exposure 

assessment?
No Soil pollution 

management
Yes

UBM testHCl test

RBA calculation
Adjustment : CDI, 

HQ/CR

Health 
risk ? Acceptable

End of the 
process

Not acceptable

Soil pollution 
management

When to use bioaccessibility in HHRA

Context Previous feedback New approach Conclusion



Thank for your 
attention
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UBM test

madeleine.billmann@tesora.fr
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