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Foreword

This report is the published product of a preliminary trial for the BioAccessibility Research
Group of Europe (BARGE) Unified Bioaccessibility Method (UBM) carried out by the Medical
Geology project team. The trial describes a study investigating the usefulness of employing an
acid solution as a preservative for bioaccessibility extracts prior to analysis, with the long term
aim of utilizing the methodology in a follow-on international inter-laboratory trial.

Contents
O T EVWON A .. i
G0N IS, .ttt et e e ettt e e e e e e e et eeeee e et e e ————teaeee e e e e ————raaaeeaaaar—————— i
SUIMIMATY ..ottt ettt et e s he et e et e e e be et e e se e s Re e eeeseeabeesbeeseesseeseeneeateeteeneesneeseenee e ii
L I EOAUCTION <. 1
T |V 111 T Yo TR TR TR 1
O 00 o (o] (1] (o] TR RUTTRRRRR 11
1.3 RECOMMEBNUALIONS. .. .ot e e et e e e e e e e e e e e e e e e e e e e e e e aaaaas 11
N o] 0 1=T o |G USSP 12
R BT I BINICES ...ttt Rttt et nnnnnnnene 13
FIGURES

Figure 1 Recovery data for the As spike after Extraction by the UBM ..3
Figure 2 Recovery data for the Cd spike after Extraction by the UBM..4
Figure 3 Recovery data for the Pb spike after Extraction by the UBM ..4

Figure 4 UBM As extraction data for NIST 2710 and 2711.................. 5
Figure 5 As stability plot for preserved and unpreserved extracts.......... 6
Figure 6 UBM Cd extraction data for NIST 2710 and 2711................... 7
Figure 7 Cd stability plot for preserved and unpreserved extracts.......... 8
Figure 8 UBM Pb extraction data for NIST 2710 and 2711 .................. 9
Figure 9 Pb stability plot for preserved and unpreserved extracts........... 10



OR/07/037; Version 1.0 Last modified: 2009/06/04 14:54

Summary

This report describes a preliminary study undertaken in advance of the BARGE UBM
international inter-laboratory trial to investigate the use of 0.1M nitric acid as an effective
preservative for the ‘stomach’ and ‘stomach & intestinal’ extracts produced in the in vitro
methodology. Results for preserved and unpreserved extracts are described for measurements
collected over a period of c. 1 month, with an evaluation of the extract stability and

recommendations for the full BARGE inter-laboratory trial.
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1 Introduction

The Bioaccessibility Research Group of Europe (BARGE) made a joint decision to progress
research in the field of in vitro bioaccessibility methods in 2005 and carry forward a single
harmonised methodology for the determination of soil associated contaminant bioaccessibility
applicable to human health risk assessment. The chosen method was a modified version of that
previously published by researchers at the Dutch Institute of Public Health, the RIVM (Oomen,
2000; Oomen et al., 2002) because this method was considered to be the most physiologically
representative of the in vitro methods available to the group. Modifications to the method,
described by Wragg et al., (2008), were undertaken to ensure conservatism and robustness across
the local geological conditions and regulatory requirements associated with each member
country.  Evaluation of the modified RIVM method, know as the BARGE Unified
Bioaccessibility Method (UBM) was undertaken by carrying out an international round robin

exercise, led by the Environment and Health project of the BGS.

Because of the international nature of the inter-laboratory trial, resulting in sample transportation
over long distances, concerns were raised over the stability and the potential degradation of the
extraction fluids. To address such concerns, an investigation was undertaken by the BGS
Environment and Health project with associated analysis by the BGS Analytical Geochemistry
Laboratories, prior to undertaking the full UBM trial, to evaluate the preservation of samples for
transport by means of addition of a 0.1M HNO3z; matrix and the application of a HNO3/H,0,
digestion to the bioaccessibility extracts in order to stop sample degradation and ensure matrix

uniformity prior to analysis.

1.1 METHOD

In order to assess the need and the suitability of using 0.1M HNOg as a preservation agent for the
UBM bioaccessibility extracts, the UBM protocol as described by Wragg et al., (2008) was

carried out in duplicate on the following samples:
e NIST 2710;
e NIST 2711,

e Spiked solution of As, Cd and Pb, taken through all extractions as if it were a soil.
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Two samples for analysis were taken from each phase of the UBM in vitro test (the ‘stomach’

and the ‘stomach & intestine’, and were prepared as follows:
e Preservation 1 - diluted 1 ml sample (stomach or intestine) + 9 ml 0.1 M HNOs3;
e Preservation 2 - diluted 1 ml sample (stomach or intestine) + 9 ml deionised water.

The preservations were analysed the next day after extraction, after seven days and then again
after 37 days, by Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES).
Details of how the ICP-AES analysis was undertaken have been reported in the corresponding
report on the full UBM international inter-laboratory study (Wragg et al., 2008).

The ICP-AES results for As, Cd and Pb measured in preservations 1 and 2 over the 1% seven
days of the trial are summarised as bar charts estimating an analytical uncertainty of + 5%. For
the analysis of the longer term stability of the preserved and unpreserved NIST 2710 and 2711
samples, the mean relative change in the measured As, Cd and Pb concentration of the 7 and 37
day analysis was compared to the initial analysis. The uncertainty on the long term experiments
was calculated using a non-parametric resampling approach (Blank et al., 2001).

1.1.1 Spike Tests

Figure 1 shows the results for the As spike taken through both phases of the UBM. There is some
evidence that overall there is higher recovery in the ‘stomach & intestine’ phase solution than in
the ‘stomach’ phase, although the differences are small. There are no significant effects,
however, between acid and non-acid preservation or whether the samples were analysed

immediately or after 7 days.

Figure 2 shows that, for Cd, again there is possibly a slightly higher recovery in the ‘stomach &
intestine’ phase solution compared to the ‘stomach’ phase solution for the acid preserved
samples. For the ‘stomach’ solution, there is no significant difference between acid and non-acid
preservation or between immediate and 7 day analysis. For the ‘stomach & intestine’ solution,
however, the recovery for the non-acid preserved samples is ¢. 50% lower than for acid
preservation, which decreases a further c. 10 —15 % after 7 days. There is no significant loss (i.e.
within the repeatability error) of Cd in the acid preserved ‘stomach & intestine’ solutions after 7

days.
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UBM As spike
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Figure 1 Recovery data for the As spike after Extraction by the UBM

For the Pb spike recovery test, Figure 3 shows that there is c. 35-40% decrease in the recovery
between the ‘stomach’ and ‘stomach & intestine’ phase solutions. For the ‘stomach’ phase
solution, there is no significant differences between acid and non-acid preservation or between
immediate and 7 day analysis. For the ‘stomach & intestine’ phase solution there is a decrease in
recovery of ¢.10% in the non-acidified solution compared to the acidified preservation that
decreases by a further c. 40% after 7 days. There is no significant loss (i.e. within the

repeatability error) of Pb in the acid preserved ‘stomach & intestine’ phase after 7 days.
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Figure 2 Recovery data for the Cd spike after Extraction by the UBM
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Figure 3 Recovery data for the Pb spike after Extraction by the UBM

1.1.2 NIST 2710 and 2711

Figure 4 shows the As extraction results for the duplicate samples of NIST 2710 and 2711. The
results for both soils are very similar to the spike test in that they show that there are no
4
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significant differences (i.e. within the repeatability error) between acid and non-acid preservation
and between immediate and analysis after 7
days.

UBM As in NIST 2710
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Figure 4 UBM As extraction data for NIST 2710 and 2711
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Figure 5 summarises the long term stability of As in the ‘stomach’ and ‘stomach & intestine’
phases of the UBM extracts. This figures shows that there is no significant deterioration in the

‘stomach’ or ‘stomach & intestine’ phases over the 37 day trial period.

As - Stomach Phase

11

—&— Preserved
—#- Unpreserved

1.05 4

Relative change
-

0.95 -
09 T T T T T T T
0 5 10 15 20 25 30 35 40
Delay before analysis, days
As - Stomach & Intestine Phase
1.2
—&— Preserved
= Unpreserved
1.15
1.1 A
S
o
@©
<
o
g 1.05 +
ke
j&)
14
1 -
0.95 -
0.9 T T T T T T T
0 5 10 15 20 25 30 35 40

Delay before analysis, days

Figure 5 As stability plot for preserved and unpreserved extracts

Figure 6 shows the Cd extraction results for the duplicate samples of NIST 2710 and 2711. Both
soils show very similar patterns of extraction. The ‘stomach’ phase solutions show no significant

6
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differences (i.e. within the repeatability error) due to acid and non-acid preservation and

immediate or 7 day analysis. The ‘stomach & intestine’ phase solutions show a lower Cd content

of c. 5 mg kg™ in the non-acidified samples (apart from one duplicate value in the 7 day analysis

that increased) and no significant difference between immediate and 7 day analysis.
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Figure 6 UBM Cd extraction data for NIST 2710 and 2711
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Figure 7 Cd stability plot for preserved and unpreserved extracts

Figure 7 shows no appreciable deterioration of the measured Cd in the unpreserved ‘stomach’
phase samples compared to the preserved over the trial period. However, the unpreserved
‘stomach & intestine’ phase extractions returned poor results for Cd, and have not been shown,

indicating either sample deterioration through effects such as precipitation in the neutral matrix.
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Figure 8 UBM Pb extraction data for NIST 2710 and 2711

Figure 8 shows the Pb extraction results for the duplicate samples of NIST 2710 and 2711. Both
soils show very similar patterns of extraction. The ‘stomach’ phase solutions show no significant
differences due to acid and non-acid preservation or immediate and 7 day analysis. The ‘stomach
& intestine’ phase solutions suggest a lower Pb content of ¢. 5 mg kg™ in the non-acidified

samples (apart from one duplicate value in the seven day analysis that increased) although this is

9
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within analytical uncertainty. There is no significant difference between immediate and 7 day
analysis in the ‘stomach & intestine’ phase solutions. In a similar manner to the stability plots
presented for Cd in the ‘stomach’ and ‘stomach & intestine’ phases of the UBM (figure 7), figure
8 indicates that preservation of the extraction solutions prevents loss of Pb in both extracted
phases. Figure 9 indicates that, for Pb, lack of preservation increases the risk of analyte loss in

the ‘stomach & intestine’ phase. In this instance the data was too poor to be presented.
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Figure 9 Pb stability plot for preserved and unpreserved extracts
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1.2 CONCLUSIONS

For the spike test and the NIST 2710 and 2711 reference soils the use of acid preservation shows
no evidence of reduced As, Cd and Pb concentrations due to precipitation of metals from
solution. For Cd and Pb there is very clear evidence that if acid preservation is not used then both

of these metals can drop out of solution in the ‘stomach & intestine’ phase extracts.

1.3 RECOMMENDATIONS

It is recommended that the preservation methodology of dilution of the ‘stomach’ or ‘stomach &
intestine” phase solutions using 1 ml of sample with 9 ml 0.1M HNOj3 should be adopted in the
BARGE UBM. The added benefits of this method of preservation are: the reduction/removal of
the extraction matrix used in the UBM, which has a high total dissolved solids (TDS) content
and may cause problems for the chosen method of analysis; and the removal of the need to

matrix match calibration and quality control standards to the sample matrix.

11
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Appendix 1

As cd Pb
Sample | Aliguot Stomach Stomach & Intestine Stomach Stomach & Intestine Stomach Stomach & Intestine
. 7 37 . 7 37 | Immedi | 7 37 . 7 37 . 7 37 . 7 37
Immediate Immediate Immediate Immediate Immediate

days days days days ate days days days days days days days days

2(711)0 Acid 241 242 | 244 218 216 | 216 | 139 | 140 | 143 5.08 553 | 553 3131 3121 | 3126 1330 1274 | 1274

2(711)0 No acid 241 242 | 244 251 27 | 247 | 144 | 143 | 147 7.75 701 | 791 3178 3141 | 3136 1444 1466 | 1466

2(721)0 Acid 268 269 | 272 231 220 | 224 | 142 | 142 | 144 4.92 581 | 152 3471 | 3431 | 3433 | 1263 | 1244 | 386

2(721)0 No acid 266 274 | 273 223 225 | 224 | 143 | 147 | 150 6.96 726 | 7.26 3381 3487 | 3483 1432 1466 | 1466

2(711)1 Acid 52.9 573 | 55 60.2 611 | 611 | 323 | 337 | 338 9.62 173 | 213 898 932 | 909 63.9 692 | 791

2(721)1 Noacid |  56.3 542 | 57 63.4 634 | 720 | 329 | 325 | 337 172 152 | 173 909 895 | 932 706 386 | 692

2(721)1 Acid 417 481 | 50 54.6 527 | 527 | 321 | 325 | 328 8.59 786 | 7.86 817 819 | 804 49.9 209 | 209

2(721)1 Noacid |  49.4 493 | 51 54.0 520 | 520 | 336 | 340 | 350 14.0 147 | 147 821 ga1 | 852 46.6 496 | 496
mix

spike | Acid 97.1 985 | 97.9 109 108 | 108 | 924 | 935 | 953 476 346 | 346 95.8 952 | 942 55.7 179 | 17.9
[€))
mix

spike | Noacid | 945 959 | 101 106 108 | 108 | 904 | 924 | 972 96.2 992 | 992 916 940 | 96.0 635 674 | 67.
(€))
mix

spike | Acid 95.4 9.7 | 989 109 110 | 110 | 908 | 928 | 9.6 497 345 | 345 95.8 952 | 943 57.0 119 | 119
(2
mix

spike | Noacid | 988 99.4 | 99.4 110 109 | 108 | 919 | 947 | 947 98.8 102 | 102 916 940 | 947 66.6 66.91 | 66.9
2

12
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