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.1 Importance of bioaccessibility testing in HHRA

The process of managing land contamination

Bioaccessibility testing is used in
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.2 Study Area: Urban area of Belfast

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

* Varied bedrock geology known to
control PTE concentrations: b

(Ganterbury:

e Basalts to the north
e Sherwood sandstone
* Greywacke to the south

A
Ll .

Silurian Greywacke
Silurian Shale
Permo-triassic Sandstone
Permo-triassic Mudstone

[ Cretaceous Sandstone
Cretaceous Chalk

. [ Tertiary Basalts

[0 Palaeogene Intrusive Igneous

Source: Mcllwaine et al., 2017



II. Materials and Methods

11.1 Tellus Geochemical Data

Geochemistry Soil Samples
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[ Shallow sample at 5 - 20cm depth

XRF }——, Bioaccessibility testing
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Il. Materials and Methods

Bioavailability Bioaccessibility

- Soil ingestion scenario

Bioaccessible contaminants

N » measured using the
' U

nified BARGE Method

Non-bioaccessible metals are excreted
with undigested soil.



II. Materials and Methods
1.2 The Unified BARGE Method (UBM)

BARGE — BioAccessibility Research
Group of Europe

0.4g of soil mixed with 6ml of

{ \ simulated saliva, pH 6.5 for 10s. L
. .. . : sm" sy, .
* UBM is an In vitro method which simulates Stomach
the human gastrointestinal environment using Phase
4 synthetic digestive fluids: A
9ml of simulated gastric solution, —
- Saliva L ; StBMach
- Gastric fluid - /\ \ £
Intestinal
- Duodenal fluid | ,18ml ofsimuTated duodenal fluid Phase
_ Bile - and 6ml of simulated bile fluid, pH E”j;f,’f;;g”d

6.3.

Concentration of bioaccessible metal (%)

%Bioaccessible fraction(BAF) = x 100

Concentraion of total metal in sample (7;:—5)



II. Materials and Methods
1.2 The Unified BARGE Method (UBM)

* BARGE — BioAccessibility Research .-
X > =]
GrOU p Of Europe LCU 8 | 2 0.4g of soil mixed with 6ml of
G let) ‘\"’ ¥ simulated saliva, pH 6.5 for 10s. T
* UBM is an in vitro method which simulates Stomach
the human gastrointestinal environment using Phase
4 synthetic digestive fluids: End-over-end
8 I8 I8 T for 1h, 37°C.
"y R | & d
T s a
. 9ml of simulated gastric solution, —
- Saliva = 2% |8 pni
. . e S 2 Stomach
- Gastric fluid =
- Duodenal fluid - — a Intestinal
- Bile i b b 2 18ml of simulated duodenal fluid i (I:hase ;
4 q 0 . nad-over-en
LCU (29 1 2 and 6ml of simulated bile fluid, pH ; ah, 37°C
m un v %] =

Concentration of bioaccessible metal (7:—5)

%Bioaccessible fraction(BAF) = mg- X 100
)

Concentraion of total metal in sample (k—)

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



II. Materials and Methods
1.2 The Unified BARGE Method (UBM)

Water Bath

UBM - British Geological Survey (BGS)

Manufacturing cost*: $6000.00 USD

* Astro Endyne Company, USA

UBM - Queen’s University Belfast (QUB)

Equipment available at QUB laboratory



lll. Results
l1l.1 Geochemical Data analysis

- M[0.93 097 095 09 1 1.11 |1.09 1.19 1.014 1.02 11 ° Anth ropogernc
" - more likely to be
) . elevated at surface
. : (Ratio >1)
R i - less likely to have
8 8 ° E E N lower outliers
%% j i i i E j S i | i - wider distribution
%‘_ — = ; I —
;. ~ v 1 . | * Geogenic
= | i i —— - .
g | | S S S A S A - more likely to be
°_ I elevated at depth
S 8 (ratio <1)
4 - more likely to have
— lower outliers
5-_ T T I | \ I _\_ T | | I
© Co V Ct Nl Cu Zn |[Sn Pb Sb | As Mo
Source: Mcllwaine et al., 2017




Pollution indices

lll. Results
I1l.1 Geochemical Data analysis

Belfast: Pollution Indices
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lll. Results
111.1 Tellus Sample selection

« Selected 103 TELLUS
samples for UBM testing

* Includes different
-land uses
-geology
-SoIl assessment criteria
values (S4ULs)

Land Use in Urban area of Belfast

Legend

@ Telussampies
Belfast Urhan Area
Land Use

- Agro-forestry areas
I Airpors

[ Annual crops associated with permanent crops

- Bare rocks

leaches, dunes, sands
[ Broad-leaved forest

urnt areas
- Coastal lagoons
D Complex cultivation patterns.
[ coniferaus forest
I construction sites

- Continuous urban fabric
- Discontinuous urban fabric

ump sites
B estuaries
- Fruit trees and berry plantations
- Glaciers and perpetual snow
- Green urban areas

- Industrial or commercial units

- Inland marshes.

- Agriculture, with significant areas of natural vegetation
[ Mineral extraction sites

- Mixed forest

i - Moors and heathland

- Natural grasslands

I rooaa

- Non-irigated arable land

- Olive groves
I Pect bogs

- Permanently irrigated land
_ Port areas

I rice fieids

[ Road and il networks and assoiated and
I seines

Salt marshes

D Sclerophyllous vegetation
D Sea and ocean

[ sparsely vegetated areas
- Sport and leisure facilities
- Transtticnal woodland-shrub

B vieyercs

Water bodies

D Water courses

=1 Source: Corine Land Cover 2012
0 2.25 45 9 Edited by Tatiana Cocerva



Results

BAF Gastric phase (%)
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lll. Results

BAF Gastric phase (%)

ZnTot
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lll. Results
Cluster Analysis

Total concentrations Bioaccessibility concentrations
Shallow Belfast Total XRF Shallow Belfast UBM Gastric
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Source: Mcllwaine et al., 2017



How do we use bioaccessibility testing in Risk
Assessment?

QUB deriving graphs of
GAC for Inorganic Arsenic with changing oral bioaccessible fraction GACs for varying BAF for a
(BAF) variety of contaminants &
land uses based on S4ULs

GAC Res with Produce - = S4UL Res' roduce 37 mg/kg

GAC Res without Produce == =-S4UL [ f out Produce 40 mg/kg

1000 @ * Methodology adapted
70 from Scott and Nathanail,
800 —(
g 700 2011
oo
§ 000 GAC for Inorganic Arsenic with hanging oral bioaccessible fraction
< 500 1
o (BAF)
2 400 -
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IV. Work in progress

Dionised Water ~ HNO30.01M  HNO3 0.05M HNO3 0.1M

KRR R R R
1. CISED sequential extraction for 15 Tellus | 3 |
samples. <INE-ROE-TOE- L TE - IRC_ L TN TOL T INE_ DL .
Work |p d in collaboration with C leld Uni it [1 T r i n 3 ; i 5 E n E g
t t T ranjie nirversi | E W | 5 | E B
(Work completed in collaboration wi f Y) vy vy v | Yo7 Yy . ; 4

2. Develop a sampling technique for bioaccessibility testing using
a contaminated site in Denmark.

(Work completed in collaboration with University of Copenhagen)

Sample Locations on the Collstrup Site




V. Secondments, Conferences, dissemination

and engagement activities
@\ British
BES i
Secondments: g Seological Survey
* British Geological Survey — unified BARGE Method
* Cranfield University - ciseD extraction v
° UnlverS|ty of Copenhagen —Sampling on a contammated site : NN =17

e RSK - Risk Assessment |
3

HATURAL ENVIRONMENT RESEARCH COUNCIL

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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