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Research in:
- Environmental chemistry
- Molecular microbiology
- Geophysics
- Computational modelling

Oral Bioaccessibility of Potentially 
Toxic Elements (PTEs) in urban 
area of Belfast

Remediate: Improved decision-making in contaminated 
land site investigation and risk assessment 



Bioaccessibility testing is used in 
Detailed Quantitative Risk 
Assessment (DQRA):

- refine the risks posed to receptors

- better accounting for uncertainities

- less conservative

- site specific risk assessment
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The process of managing land contamination

CLR11 – developped by EA and Defra, 2004

I.1 Importance of bioaccessibility testing in HHRA



• Industrial history in linen production 
(from early 18th Century) and 
shipbuilding (late 18th Century)

• Varied bedrock geology known to 
control PTE concentrations:

• Basalts to the north

• Sherwood sandstone

• Greywacke to the south

I.2 Study Area: Urban area of Belfast

Source: McIlwaine et al., 2017



Belfast

Geochemistry Soil Samples
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II.  Materials and Methods
II.1 Tellus Geochemical Data

Belfast

Bioaccessibility testing



- Soil ingestion scenario

Bioavailability

II.  Materials and Methods

soil soil

Bioaccessibility

Bioaccessible contaminants 
measured using the 

Unified BARGE Method

Non-bioaccessible metals are excreted 
with undigested soil.



Stomach
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for 1h, 37°C.

• BARGE – BioAccessibility Research 
Group of Europe

• UBM is an in vitro method which simulates
the human gastrointestinal environment using
4 synthetic digestive fluids:

- Saliva

- Gastric fluid

- Duodenal fluid

- Bile
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II.2 The Unified BARGE Method (UBM)
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II.  Materials and Methods
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• BARGE – BioAccessibility Research 
Group of Europe

• UBM is an in vitro method which simulates
the human gastrointestinal environment using
4 synthetic digestive fluids:

- Saliva

- Gastric fluid

- Duodenal fluid
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II.2 The Unified BARGE Method (UBM)

II.  Materials and Methods

*SGM – Soil Guidance Material BGS102; Hamilton et al., 2015



Water Bath Oven

UBM - British Geological Survey (BGS) UBM - Queen’s University Belfast (QUB)

Manufacturing cost*: $6000.00 USD Equipment available at QUB laboratory

* Astro Endyne Company, USA

II.2 The Unified BARGE Method (UBM)

II.  Materials and Methods



• Anthropogenic 
- more likely to be 
elevated at surface 
(Ratio >1)
- less likely to have 
lower outliers
- wider distribution

• Geogenic 
- more likely to be 
elevated at depth 
(ratio <1)
- more likely to have 
lower outliers

III. Results
III.1 Geochemical Data analysis

Source: McIlwaine et al., 2017



III. Results
III.1 Geochemical Data analysis

• PI = Uc/Rc (Uc = median urban 
conc., Rc = median rural conc.)

• Co, V, Cr & Ni – highest PI Current 
Belfast

• Pb – highest 1901

• All others – highest 1919-1939

• Pb and Sn show considerably 
higher enrichment

Belfast: Pollution Indices

Source: McIlwaine et al., 2017



• Selected 103 TELLUS 

samples for UBM testing

• Includes different

-land uses 

-geology

-soil assessment criteria

values (S4ULs)

III. Results
III.1 Tellus Sample selection

10.



III. Results
III.2 Bioaccessibility extraction for 
the Gastric phase

11.

Nickel, pearson correl= 0.45



III. Results
III.2 Bioaccessibility extraction for 
the Gastric phase

11.

Copper, pearson correl=0.91



III. Results
Cluster Analysis

Geogenic Anthropogenic Geogenic Anthropogenic
Source: McIlwaine et al., 2017

Total concentrations Bioaccessibility concentrations



How do we use bioaccessibility testing in Risk 
Assessment?

• QUB deriving graphs of 
GACs for varying BAF for a 
variety of contaminants & 
land uses based on S4ULs

• Methodology adapted 
from Scott and Nathanail, 
2011
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Work to be completed in collaboration with

RSK



1. CISED sequential extraction for 15 Tellus 

samples. 
(Work completed in collaboration with Cranfield University)

2. Develop a sampling technique for bioaccessibility testing using 
a contaminated site in Denmark. 
(Work completed in collaboration with University of Copenhagen)

IV. Work in progress

13.



V. Secondments, Conferences, dissemination 
and engagement activities

Secondments: 
• British Geological Survey – Unified BARGE Method

• Cranfield University – CISED extraction

• University of Copenhagen – Sampling on a contaminated site

• RSK - Risk Assessment

Conferences:
• ISEH International Symposium on Environment and

Health, 14-18 Aug 2016, Galway, Ireland
• AquaconSoil 26-30 Jun. 2017 Lyon, France
• MedGeo’17 28 Aug. – 1 Sept. 2017 Moscow, Russia

Dissemination and engagement activities
• Science Uncovered Event, Ulster Museum, Belfast: 29 

Sept. 2017
• LIFE AS A POSTGRAD, THE PHD MOVIE AND STUDENT TALKS, 

QUB 18 Sept. 2017
• Hosted visitor Dr. Oderson Antonio de Souza from Brazilian 

Geological Survey, 08 Nov. 2017, QUB
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