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Executive Summary

Thisreport accompanies the publication of data and maps thedggentthe inorganic geochemical data for
deeper topsoikamples across Ireland. Samples were collected between 2011 and 2017, as part of the Tellus
geochemical survey project of Geological Survey Ireland.

Data here are shown f@643sites in the northerrregion of Ireland. Sample sites are distributed at a typical
density of one site per 4 kinand together they represent a variety of geological domains in Ireland, covering
an area of ovell8,699km? (26.5% of the country).

Each sample wagzrepared and chemicalineasured by a number of techniques. Laboratory testsprise:
soil pH (Cagl losson-ignition at 450°C; miti-elementtotal analyses ofmajor, minor and trace elements by
X-ray fluorescence spectromet(XRFS); anduti-elementpartial extract analyses ofiajor, minor and trace
elementsby aqua regiadigestion with an ICP finisAnalysedy XRF®ere conducted byalvern Panalytical
Ltd., UK. ICP withqua regiaanalyses were conductday ALS Minerals Ltd., Ireland.

Change reard
Version 2

This document supersedes versidQ published inlune2021, and v2.1QC report and QC plot package was
updated to includeadditionalreference materialsk-or detailed list of changes to the data set please consult
the cread me file included in the data package.
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Geological Survey lIreld is conducting a flagship project to sample and measure the geochemical
characteristics of the surficial environment of Ireland. The Tellus project geochemistry workstream
commenced in 2011. Its aim is to produce spatial data to determine the geochdrageline of topsoil and
deeper topsoil, stream sediment and stream water in predominantly rural Ireland. Work began in the border
region to complement the Tellus project of Northern Ireland, completed in 2008, and surveying has
systematically extended ia southerly direction since.

¢tKS NBLRNI RSaEONROSa Fff Fawsoda 2F REGE Faaz2oAal

from one survey site per 4 KmDetails of the samples and laboratory analysis are provided and this report is
the qudity assurance delivered to accompany published datasets. Herein are descriptions of all quality control
(QC) measures and data that are assessed to determine that the data-fmeditrpose, which is to describe

the regional geochemical baseline conaaibns in the surficial environment. The authors do not define
anomalies or recommend followp works or research.

This report details the analytical procedures and work undertaken to validate the geochemical analytical
results. Validating the qualityf an environmental dataset is critical given that any chemical analyses are
confounded by uncertainty. Using reputable laboratories with accredited analytical and other procedures has
been afforded the highest priority, yet it is still essential to asse data in order to examine the reliability

of the results and ensure that they arefir-purpose.To this end the geochemistry programme has employed

a range of internal quality control (QC) procedubased on recommentations for comparable geochemical
surveygPlant et al., 197p Broadly these comprise:

9 Collection of field duplicate samples and preparation and analysis of field duplicatenahdical
replicate samples

Randomisation of sample IDs assigned to individual samples
Blind insertion of international (preferably certified) or external reference materials

Blind insertion of internal or secondary reference materials

= =/ =4 =1

Use of analytical duplicates (incidentally the replicates were routinely produced from field duplicate
samples).

The trueness of the analytical results has been primarily assessed using @eefii;ence materials, with a
guidance of its accepted (statistically validated) element concentrations therein. These data are also used to
gain an understanding of the systematic bias in the data.

The accuracy of the analytical results is typically asskasing repeated analyses of primary and secondary
reference materials. Repeated determinations over the whole period of analytical works are useful and can
identify analytical drift over time or abrupt changes for example in the calibratiomgetf the instrument.

To this end, the laboratories were instructed to perform the analyses in sequential sample number order. Each
sample analysis was reported with a date and time stamp to evaluate thedmes of the data.

The variance of the samples dataaissessed using a series of randomly distributed duplicate and replicate
samples to apportion the analytical variance to different sources.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of Ii€land
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Survey design and sample locations

Mapsdisplaying thesurvey ekent andsample site locatins ofdeeper topsoisamplesare shownbelow (Map

1 and Map 2. Thesurvey design ia systematic one based on a predefined fishnet of 2 km by 2 km grid cells,
based on eveimumbered easting and northing lines on thish Natioal Grid (Geograpb Coordinate System:
GCS_TM®65), as printed on the 1:50,000 published map series. Survey grid cells were planned in advance using
GISThe result is a total dd643sample sites from across the survey area, at a typical density of onglesam

per four square kilometres (Km?).

The following criteriare requiredfor sample site selection:
Samplers should make every effort to seek permission from relevant landowners prior to sampling.

A soilsample site should bgreater than 250 mrbm the edge of the2 km by 2 krrsurvey grid cell
(except for coastal locations straddles by a cell) and be located as close to the centre of the cell as
possible, whilst representing the dominant land use in that cell.

A soil sample site should be from undidied and unforested lan@there possible

Sample sites must bgreater than 200 nirom a major infrastructure and water bodies/rivers, and,
greater than 100 m from mapped and unmapped infrastructure and small water bodies/strég#es.
should be upsloperad away from albbserved contaminantat site whee possible

Each unigue sampling location was designhated a numericdigibsite number, beginning with a numerical
two-digit project code. In the field and for sample preparation and analyses, saarplesganized into field
batches of one hundred numbers.

Sample numbers were allocated to sampling teams so that samples were collected in predefined random
sample order according to a series of random number checklists. Upon collection and checkpigs sesne
then sorted into sequential numerical order for preparation and analyses.

Details of the field sampling logistics are reported by the contractor responsible for sample collection.
Standard operating procedures are documented internally by thgepto

Summary of regular and control samples by field hundred batch

Deeper topsoifi I YL Sa O2ff SOGSR o6& GKS ¢Sftfdza adz2NBwSe | NB
In each field hundred batch of a hundred numberstau@6 were allocated to trusoil samplesite locations.
The remaining 14 were set aside to be adlied to a variety ofjuality controlsamplegQCS)In summary:

1 Two sets of field duplicates (DUP) were collected in each batch, denoted duplicate-Ba@nsdAcD,
with each pair collected fromsingle siteDUPA and DUPC are treated as true samples for the purpose
of the survey

1 Each duplicate site number has a corresponding replicate or subsample (SS) numioleplitete
sample wasubsampled in the laboratory to create the replicate sample, whichamasysed blindly
to the analytical laboratories. Thegeplicate samplesare denoted SSA, SSB, SSC and SSD. For
example, a quartet of DUPA, DUPB, SSA and SSB together provide four results from a single sample
location and data are used to evaluate data variability.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of Itdland



1 Four sample numbers are reserved for a selection of standards.(Bfi&)e are analytical reference
materials (RMs) and are used @gality control samplesQC$for data quality assurance (QA) and
quality control (QC) procedures.

Typically, a field duplicate sample was collected at a rate of two sets (quartetf&@lddrundred batctof 100
samples Sample andQCSwumbers by field hundred batch areramarized inTablel.

Tablel Summary of QCS by field hundrédtches

888 2: 3 : p gg e 2 2 B
€ 3 a i T wT 0T o e e
£E8 5 o &) ° = 2L 29 =c £ c
S = = = o = oS » o B =

°% 5 £ o = 2 £ES oS 2 © o
g o IS g o = 8 oc 2
5 2 n 5 E 0 c £ a

T n N g
c

1 5800xx  580001S 580100 05/08/2011  08/09/2011 100 88 2 4 8

2 5801xx 580101S 580200 10/08/2011  13/10/2011 100 88 2 4 8

3 5802xx  580201S 580300 11/08/2011 08/09/2011 100 88 2 4 8

4 5803xx  580301S 580400 15/08/2011 07/09/2011 100 88 2 4 8

5 5804xx  580401S 580500 18/07/2011  07/09/2011 100 88 2 4 8

6 5805xx  580501S 580600 19/08/2011  17/09/2011 100 88 2 4 8

1 5806xx  580601S 580700 22/08/2011  10/09/2011 100 88 2 4 8

2 5807xx  580701S 580800 24/08/2011  10/09/2011 100 88 2 4 8

3 5808xx  580801S 580900 25/08/2011  19/09/2011 100 88 2 4 8

4 5809xx  580901S 581000 06/09/2011  19/09/2011 100 88 2 4 8

5 5810xx  581001S 581100 13/09/2011  19/09/2011 100 88 2 4 8

6 5811xx 581101S 581200 18/10/2011 21/10/2011 100 88 2 4 8

1 5812xx 581201 581300 19/10/2011 25/10/2011 100 88 2 4 8

2 5813xx 581301 581400 21/10/2011  05/11/2011 100 88 2 4 8

3 5814xx 581401 581500 24/10/2011  03/11/2011 100 88 2 4 8

4 5815xx  581501S 581600 21/10/2011  04/11/2011 100 88 2 4 8

5 5816xx  581601S 581700 01/11/2011  30/11/2011 100 88 2 4 8

6 5817xx  581701S 581800 02/11/2011  22/11/2011 100 88 2 4 8

1 5818xx  581801S 581900 04/11/2011 07/11/2011 100 88 2 4 8

2 5819xx 581901 582000 05/11/2011  25/11/2011 100 88 2 4 8
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3 5820xx  582001S 582100 08/11/2011  12/11/2011 100 88 2 4 8
4 5821xx 582101S 582200 09/11/2011 17/11/2011 100 88 2 4 8
5 5822xx  582201S 582300 10/11/2011 17/11/2011 100 88 2 4 8
6 5823xx  582301S 582400 11/11/2011 06/12/2011 100 88 2 4 8
1 5824xx  582401S 582500 14/11/2011  22/11/2011 100 88 2 4 8
2 5825xx  582501S 582600 15/11/2011 17/11/2011 100 88 2 4 8
3 5826xx 582601S 582700 15/11/2011 06/12/2011 100 88 2 4 8
4 5827xx  582701S 582800 21/11/2011  25/11/2011 100 88 2 4 8
5 5828xx  582801S 582900 11/11/2011  25/11/2011 100 88 2 4 8
6 5829xx  582901S 583000 23/11/2011  23/02/2012 100 88 2 4 8
1 5830xx 583001S 583100 28/11/2011 02/12/2011 100 88 2 4 8
2 5831xx 583101S 583200 30/11/2011  10/12/2011 100 88 2 4 8
3 5832xx 583201S 583300 01/12/2011 05/12/2011 100 88 2 4 8
4 5833xx  583301S 583400 02/12/2011 15/12/2011 100 88 2 4 8
5 5834xx  583401S 583500 02/12/2011 15/12/2011 100 88 2 4 8
6 5835xx  583501S 583600 07/12/2011 09/02/2012 100 88 2 4 8
1 5836xx 583601S 583700 09/12/2011  15/12/2011 100 88 2 4 8
2 5837xx 583701S 583800 12/12/2011  14/12/2011 100 88 2 4 8
3 5838xx 583801S 583900 13/12/2011 09/02/2012 100 88 2 4 8
4 5839xx 58390F 584000 07/02/2012  24/07/2012 72 60 2 4 8

5842xx  584201S 584300 08/10/2011  24/07/2012 91 82 2 4 4
1 6100xx 610001S 610100 10/05/2016  07/07/2016 100 90 2 2 8
2 6101xx 610101S 610200 24/05/2016  17/10/2016 100 90 2 2 8
3 6102xx 610201S 610300 07/06/2016 09/07/2016 100 90 2 2 8
4 6103xx 610301S 610400 16/06/2016  27/10/2016 100 90 2 2 8
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5 6104xx  610401S 610500 24/06/2016  17/10/2016 100 90 2 2 8
6 6105xx  610501S 610600 05/06/2016  17/10/2016 100 90 2 2 8
1 6106xx 610601S 610700 11/07/2016  28/10/2016 100 90 2 2 8
2 6107xx 610701S 610800 20/07/2016  28/10/2016 100 90 2 2 8
3 6108xx 610801S 610900 28/07/2016  27/10/2016 100 90 2 2 8
4 6109xx 610901S 611000 10/08/2016 ~ 01/09/2016 100 90 2 2 8
5 6110xx 611001S 611100 18/08/2016  01/09/2016 100 90 2 2 8
6 6111xx 611101S 611200 22/08/2016  28/10/2016 100 90 2 2 8
1 6112xx 611201S 611300 30/09/2016  17/10/2016 100 90 2 2 8
2 6113xx 611301S 611400 06/10/2016  27/10/2016 100 90 2 2 8
3 6114xx 611401S 611500 10/10/2016  28/10/2016 100 90 2 2 8
4 6115xx 611501S 611600 13/10/2016  28/10/2016 100 90 2 2 8
5 6116xx 6116075 611699 15/10/2016  27/10/2016 35 25 2 2 8
6 6117xx 611701S 611800 19/04/2016  06/05/2017 100 90 2 2 8
1 6118xx 611801S 611900 04/05/2017 09/08/2017 100 90 2 2 8
2 6119xx 611901S 620000 12/05/2017  20/05/2017 96 86 2 2 8
3 6120xx 612001S 612100 18/05/2017 02/06/2017 97 87 2 2 8
4 6121xx 612101S 612200 26/05/2017 08/06/2017 88 81 2 2 4
5 6122xx 612201S 612299 01/06/2017  26/06/2017 83 79 2 2 0
6 6123xx 612305 612400 08/06/2017  23/06/2017 67 63 2 2 0
1 6124xx 6124035 612499 14/06/2017  27/06/2017 60 53 2 2 4
2 6125xx  612501S 612600 19/06/2017  26/06/2017 86 82 2 2 0
3 6126xx 612601S 612699 23/06/2017 04/07/2017 72 68 2 2 0
4 6127xx 612701S 612799 29/06/2017 17/07/2017 60 53 2 2 4
5 6128xx 612801S 612900 12/07/2017  26/07/2017 69 65 2 2 0
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6 6129xx  612903F 613000 19/07/2017  27/07/2017 58 54 2 2 0
1 6130xx  613001S 613100 25/07/2017  18/08/2017 73 63 2 2 8
2 6131xx 613105 613199 29/07/2017  09/08/2017 76 72 2 2 0
3 6132xx 613201 613299 04/08/2017  23/08/2017 73 69 2 2 0
4 6133xx 613301 613399 16/08/2017  25/08/2017 73 66 2 2 4
5 6134xx  613401S 613500 22/08/2017  14/09/2017 88 78 2 2 8
6 6135xx  613501S 613600 25/08/2017  11/09/2017 90 80 2 2 8
1 6136xx 613605 613700 28/08/2017  13/09/2017 90 83 2 2 4
2 6137xx  613701S 613800 29/08/2017  21/09/2017 79 72 2 2 4
3 6138xx  613801S 613900 01/09/2017  08/09/2017 86 79 2 2 4
4 6139xx  613901S 614000 04/09/2017  27/09/2017 77 67 2 2 8
5 6140xx 614004 614100 06/09/2017  09/09/2017 61 57 2 2 0
6 6141xx 614101 614200 07/09/2017  13/09/2017 72 68 2 2 0
1 6142xx  614201S 614300 09/09/2017  22/09/2017 73 66 2 2 4
2 6143xx  614301S 614398 12/09/2017  22/09/2017 75 68 2 2 4
3 6144xx  614401S 614499 14/09/2017  22/09/2017 77 70 2 2 4
4 6145xx 614501 614600 15/09/2017  20/10/2017 84 74 2 2 8
5 6146xx 614603F5 614700 19/09/2017  11/10/2017 65 61 2 2 0
6 6147xx  614701S 614800 20/09/2017  29/09/2017 74 67 2 2 4
1 6148xx  614801S 614900 22/09/2017  06/10/2017 81 74 2 2 4
2 6149xx 614905 615000 27/09/2017  04/10/2017 68 61 2 2 4
3 6150xx  615001S 615100 29/09/2017  26/10/2017 78 71 2 2 4
4 6151xx  615101S 615200 03/10/2017  03/11/2017 73 66 2 2 4
5 6152xx  615201S 615299 05/10/2017  09/10/2017 69 65 2 2 0
6 6153xx  615301S 615400 07/10/2017  26/10/2017 71 64 2 2 4
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1 6154xx 6154015 615500  10/10/2017 26/10/2017 72 68 2 2 0
2 6155xx 6155015 615600  11/10/2017 23/10/2017 90 83 2 2 4
3 6156xx 6156015 615698  13/10/2017 26/11/2017 79 72 2 2 4
4 6157xx  615701S 615800 23/10/2017  23/11/2017 87 80 2 2 4
5 6158xx 615801S 615900 16/10/2017 07/11/2017 91 84 2 2 4
6 6159xx  615901S 616000 25/10/2017  23/11/2017 79 75 2 2 0
1 6160xx 6160015 616100  27/10/2017 24/11/2017 86 82 2 2 0
2 6161xx 6161015 616200  02/11/2017 05/12/2017 80 73 2 2 4
3 6162xx 616204 616300  06/11/2017 05/12/2017 73 69 2 2 0
4 6163xx 6163015 616399  08/11/2017 08/12/2017 74 67 2 2 4
5 6164xx 616408 616499 10/11/2017  31/01/2018 40 33 2 2 4
6500xx  650001S 650100 21/03/2017  20/04/2017 100 90 2 2 8
6501xx 650101S 650200 24/03/2017  20/04/2017 100 90 2 2 8
6502xx 6502015 650300  27/03/2017  21/04/2017 100 90 2 2 8
6503xx 6503015 650400  29/03/2017 21/04/2017 100 90 2 2 8
6504xx 6504015 650500  03/04/2017 21/04/2017 100 90 2 2 8
6505xx  650501S 650600 05/04/2017 21/04/2017 100 90 2 2 8
6506xx 650601S 650700 07/04/2017 12/05/2017 100 90 2 2 8
6507xx  650701S 650799 13/04/2017  26/07/2017 83 73 2 2 8
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Ordnance Survey Ireland Licence No. EN 0047219. Irish National Grid (GCS_TMBE5).

Map 1: Survey campaign areas G1, @Ad G5. Field sampling was conducted using the national projectionardinate system Irish National Grid (Geographic Coordinate Syst&iN:
004722).
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Ordnance Survey Ireland Licence No. EN 0047219. Irish National Grid (GCS_TM®65).

Map 2: Deeper topsoilsample site locations in Ireland with XRFS sampleield sampling was conducted using the national projectioramlinate system Irish National Grid (Geographic
Coordinate SystemEN 0047221

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I1i@and



{ 23K YL S LINBLI N} GAZ2Y

All soil samples were prepared in a trat®vel facility without the use of metallic or otherwise
contaminating apparatus.

In the field, soil samples collect@uKraft®paper bags were initially air drietivhen practicable, samples
were placed intavarming cabinets at 3Cto evaporate additional moisture agples were packaged into
Euro stackingcrates in numerical order and transported to the contractor to undertai@mple
preparation, the Sample Preparation Fagilat the InorganicGeochemistry Facility at the Centre for
Environmental Geochemistry, Keyworth, UK.

Upon receipt, samples wereutinelyadditionally dried. The dried sample was then disaggregated by hand
using aceramic mortar and pestle. The disaggregated material was-aad-quartered to obtain a
representative sutsample ofc40g (x 2 g) suitable for agate ball milling. Excess unmilled material was
bagged, labelled and returned to GShec40g subsample was milled in an agate planetary ball mill to
produce a mikd or pulped sample afominaly 95%<53um fraction for chemical analyseEhe mills are
operated under conditions that cause minimal sample heating, and to ensure a final product particle size
2 ¥ f oDuwplicaté sgamples were riffle split in replicatedreate subsamples. Coaad-quartered milled
sample splits for the different analytical methods (namely four different analysesatl4B0°C pH by

CaCl, XRFS and I¢)Pwvere prepared at the same tim8amples of coarse€2 mm fraction proceed to pH
analyses, and all other tests are performed on milled pulped powder material.

Condition of samples submitted from the field contractor

In 2011 surveying was conductedo winter (mid-December 2011), ceasing briefly and recoemting in

the early new year (late January 2012). Sampling throughout months with inclement weather proved to
be more difficult for the field Contractor to routinedjr-dry samples at the field base during this time. The
field Contractor undertook addithal measures to achieve the best drying and preservation of sample
condition given weather and field base limitations, and samples were never received wet, only with slightly
more moisture in the worst weather months. The Kraft paper sample bags faatmipaign were untested

by Tellus. They were not fit for purpose with a very high failure rate (sometimes nearly at 100% per batch),
resulting in rebagging of samples all stages postlection; at the end of collection day, at the field batch
checking proess and on receipt at GSI. It must be noted that this is not a reflection on the field Contractors
performance. The field contractor highlighted this issue in real time and reported-bagging rates over

the course of the campaign. Labelling was @wvgr questioned when a bag failure impeded the front of
the sample bag.

In 2016 surveying was conducted between gagtober, and in 2017 periurban collection commenced
late-March with regional soils scheduled to be completed by September, but which gotoalinued to
December and in to January 2018. A different Kraft paper bag was sourced and after basic trails by GSI was
deemed more suitable than those used in 2011.

Similar issues regarding sample condition were encountered over both 2016 and 201Gafigdigns.
Across all survey months a proportion of samples were received wet or waterlogged, opposed to air dried.
Although the Kraft bags were better than those in use in 2011, they were still not a perfect fix. Many
sample bags were breached upon rgateand this did compromise and result in the failure of some
samples. It appeared the time had not been taken to properly assess dmahjreamples at appropriate
stages of checking by the field Contractor. This lack of oversight was also evident igulae irecidence

of ambiguous and/or conflicting labelling requiring further GSI investigation and rectification before
submission to preparation laboratories could take place. Also contamination impacting physical samples
post collection, and within the ates which they were packaged for dispatch and prior to delivery to GSl,
was evident on a small number of occasions and seasethingwhich had not experienced before now.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I1t®land



Photomontage 1 Selection of photograph=f soil samples demonstrating; contradictory labelling, slug trail deteriorating
sample bag including label, contamination on outer bag, mould on sample bag and sample contained within, breachptbsam
bag, contamination protruding from sample bag.

Samplesplit preparedor pH analyses

Subsamples prepared for soil pH analyses were dried, disaggregated, and sieved to <2 mm but not milled.
Typically, just over 10 g of sample mass were provided in a labelled securitainer, enough fay the 5
required plus more for repeat analysis if desitgy the laboratory. Sample excesses are usually returned.

Sample split prepared for XRFS raeltiment analyses
Subsamples of prepared (disaggregated, sieved and milled) samples and reference materials were

prepared for XRFS muéilement analyses. Tyg@ily 15 g of sample mass were provided in a labelled
securitainer, enough for the 1@ required. Sample excesses are usually returned.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of 128land



Sample split prepared for IERwlti-element analyses

Subsamples of prepared (disaggregated, sieved and milled) samgubel reference materials were
prepared for ICR multi-element analyses. Typically 2.5 g of sample mass were provided in a labelled
securitainer, enough for the ¢ required plus more for repeats as desired by the laboratory. Sample
excesses are usuallgtarned.

Sample split prepared for lessrignition (LOI) analyses

Subsamples of prepared (disaggregated, sieved and milled) samples were prepared for LOI analyses.
Typically 2.5 g of sample mass were provided in a labelled securitainer, enough fog tlegdired plus

more for repeats as desired by the laboratory. Sample excesses are usually returned.

Insertion of reference materials, blind to the analyst

The sample preparation contractor prepared a range of QCS as per instructions, for blind subsiisgion
the randomeed sequence of samples.

A range of reference materials (RMs) were portioned and potted in the exact manner as regular samples
and not identified in any way by their packaging or sample lists sent to the laboratory.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I12dland
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Soilsamples were routinely chemically analysed by several methods:
1 Soil losson-ignition at 450°C.
1 Soil pH by CaGilurry.

1 Multi-element total analyses of major, minor and trace elements byayX fluorescence
spectrometry (XRFS) on pressed powderepel|

1 Multi-element analyses for a range of majarinor and trace elements by aqua regia digestion
with an ICP finislx L J€.t

Analyses by XRFS were conducted by Malvern Panlaytic@atiingham, Ug @ ! [ { a Ay SNI f a [
Loughrea, Ireland)rovided services for other test3able2, Table3 and Table4 details alldeeper topsoil

analysis measurands, concentration units, methods, lower limidgtection (LLD), upper calibration limits

(UCL), lower calibration limits (LCL) and method uncertainties.
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All data are requested to be reported uncensoreé. without truncation or replacement of belowor
abovedetection a reporting limit values with a fixed valué reported dataset commonly includes
negative values. The advantages of this are manyfold for regional geochemical data. All interpolation
spatial mapping makes use of uncensored data which provide a contivaoiable dataset. All statistical
measures and data transformations better cope with uncensored data and a proportion of data below a
theoretical LLD can still be useful in the overall statistical assessment. Statistical tests such as ANOVA
cannot be cargd out on censored or false value data, or, on zero concentration values. Uncensored data
has an advantage of not having artefacts of rounding which can lead to step changes in the data
distribution. This practice greatly facilitates the QC procedures ianghrticularly relevant where an
FylrtedsQa vy GdzNT € FodzyRFyOS Aa 26 Ay NBfFlAzZ2Y
concentrationvalues are maintained throughout the QC process, and uploaded in thisafdonthe
database.

Soillosson-ignition at 450°C
ALMinerals LtdOAGRAOE Soil LOI analyses of 1 g prepared (milled)sarbple

Method codeOAGRAObis for soillosson-ignition (LOI) analyses prepared (milled/pulped) soil sample. A
1 g weighed sample is combusted in a tared,-jgmited cruciblein a temperaturecontrolled Vecstar
benchtop muffle furnae at 450C for four hours. It is then cooled in a controlled (moistinee)
atmosphere and raveighed. LOI is calculated as the proportionate mass difference before and after
combustion.

Soil pH by Cagslurry
ALSMinerals Ltd OAELEO7Soil pH analyseof 5 g prepared (not milled) sshmple

Method codeOAELEOQTs for soil pH analyses of prepared (<2 mm fraction) soil sample. A5 g weighed
sample is mixed with 12.5 mL of 0.01M Ga&td placed omeciprocal shakefor ¢.5 minutes to form a
slurry. Soil suspension is allowed to settle fod hour.A pH electrode an@94 Basic Titrando as well as
TITRANDO 905 automated titrat@re used to measure the solution pH potentiometrically. The pH meter
is calibrated to a range of buffer calibration solut$o

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of 12&and
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Multi -element partial extract analyses of major, minor and trace elements by aqua regia digestion with
an ICP finish

ALS Minerals Ltd. MS41L: vidiement ICROESMS) analyses of 1 g prepared (milled)-sample after
agua regiaextraction

Method code MS41L is used for medtement sample analysis and combines a #&eid aqua regia
digestion of homogenized soil sample followed by analysis bME&FRSample aliquot ca 0.5g is mixed with
75%aqua regia3:1HNQ:HC] digested in graphite heating block and made up to final volume of 12.5ml
with dHO. This method is particularly well suited for samples with high calcium content. For reactive
samples slow addition of acid mixture is required and/or reduction of the nominal samphtwvei

Multi-element total analyses of major, minor and trace elements byay fluorescence spectrometry
(XRFS)

Smples pepared for XRFS analyses were dried, disaggregated, mdlétht 99% of sample #&53um

and 95% of sample is <@#n, andpelletized. A 12 g (+ 0.05 g) stdample of milled powder reserved for
XRFS analysis was weighed out andhilied with a binder in an agate planetary ball bill, adding a 3 g
(x0.05 g) aliquot of a wax pellet binder was added and the satvipler mix milled for aurther four
minutes at 300 rpm. The binder used was Licowax C (Clariant), a reéct@amiide wax. The result is that
the sample material is nominallB32um as required. The homogeseid mixture was then pressed at
250kN load on a calibrated Herzog semtomatic pellet press to produce a 40 mm diameter pellet which
were supplied to the XRFS laboratodsed pellets were bagged, labelladth an ink sample ID and a
printed label with a QR codandwere returned after analyses.

The XRFS analyses were undkeh on two instruments (on the same pellet):

1 Wavelengthdispersive Xay fluorescence (WIXRF) spectrometers Xds Advanced and Axios
mAX, Paalytical), fitted with automatic sample changers of over 80 sample capacity. The
spectrometers are fitted with@kV generators and 4 kW rtiom (Super Sharp) endindow Xray
tubes.

1 Energydispersive Xay fluorescence (ERRF) spectrometers with polzed optics (Epsilon5,
Panalytical), fitted with automatic sample changers of over 60 sample capacity. These
spectrometers are fitted with a 100 kV, 600 W gadolinium side window tube and liquid nitrogen
cooled germanium detector.

Across the two instruments, there are three analytical suites to cover the extensive range of determinands.
Note that in the sequencehY Sy Of I (1 dzZNB LINB T AZEB a2 #R QNIRS Y F IS &= LISY
0KS WIS20KSYAAUGNERQ LINPINIY &N fodmhd ddtectdh limksSor tragel £ & 4 S
elements rather than for the major elements, ideal for baseline geochemigaleying. The suite of
elements covered by each follows:

i. XRFWDPS&! &SI dzS¥ Q85 O0&E NP
WD-XRF spectrometers were used to determine most of the trace elements in an extensive suite referred
to as PreTrace(although differs somewhat from the commerdjahvailable Prdrace calibration setup)
For the trace element analysis, a set of synthetic standardsTRe) is used to calibrate the instruments
and to determine background and spectral intediace correction factors. The Pagtical PreTrace
calbration algorithm is used to fit calibration curves, applying matrix correction using mass attenuation
coefficients and jump edge correction for the iron, manganese and titanium absorption edges. The Pro

Trace package also corrects for background, tuleetsal lines and spectral line overlap interferences. The
calibrations were validated by analysis of a wide range of reference materials.

i. XRFED P&xCe sequence
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EDXRF spectrometers are used to determine those elements for which th&XRDspectrometerare
insufficiently sensitive. A set of synthetic standards is usedalibrate the instruments. The Palytical
software is used for spectrum deconvolution and peak fitting and to fit calibration curves, applying matrix
correction by second target Comptacorrection. The calibrations were validated by analysis of a wide
range of reference materials. Detector calibrationasried out weekly.

iii. XRFWD P M&e sequence

The WDBXRF spectrometers are also used to determine a smaller suite of major elemeetseddb as
NagFe, at the same time as the Pfoace suiteij. The optimum instrumental analytical conditions using
the WDXRFS vary depending on the element. For any +algthent suite the chosen run conditions are
therefore necessarily a compromise.ribe purposes of geochemical survéetsuite developed by BGS
and Paalytical has been deliberately optired in order to achieve the best data quality for the trace
elements in the Prdrace package and therefore the accuracy and precision which caohibeved for
the major elements under the same conditions is less good. ThEdNaethod is therefore not accredited.

The wide range of reporting achievable by XRFS is further extended using paired calibrations, one of which
is optimized for lower concentation ranges and a second for higher concentrations. This particularly
affects S, Cl, Ca, Ti, Fe and Ba which are also included in the major element calibration.

{F YW YAaaK8ytHada2N)r 62NASaA

All samples were prepared into boxes of up to one hundred samples in their field hundred batches, in
numerical order. Boxes were prepared with dividers to create 100 defined container spaces, and top and
bottom liners to assist with keeping samples cooling transit.A total of 6457 samples were submitted

to Malvern Panalytical Ltd. for mudklement analysis by XRFS and a total 6476 were submitted to ALS
Minerals Ltd. for remaining chemical analyses. Samples were analysed across 14 and 32 laboratsy batc
respectively of ca 500 and 200 samples per batch, respectively. Data for 6456 sample IDs by XRFS were
reported to GSI by 20/03/2019. Data for 6457 sample IDs hy WeRe reportedto GSI by25/07/2018.

Data for 6469sample IDs by LOI wereported to GSI by 17/04/2018. Data for 6476 sample IDs by pkl wer
reported to GSI by 26/01/2018.
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Table2 Deeper topsoilXRFS analytes, concentration units, methods, lower limits of detection reporting (LLOLRL), upper
reporting limits (UR.),accreditation statuses.

Element Symbol Unit Lower URL Instrument Instrumen Accredited

reportin t sequence

g limit

(LRL,

also LLD
Potassium KO weight oxide %equivalent 0.01 15 XRFWD PGSU No
Calcium CaO  weight oxide %equivalent 0.05 30 XRFWD PGSU No
Titanium TiQ weight oxide %equivalent 0.01 10 XRFWD PGSU Yes
Manganese MnO  weight oxide %equivalent 0.005 80 XRFWD PGSU Yes
Iron FeOs weight oxide %equivalent 0.01 20 XRFWD PGSU Yes
Sulphur S mg kg 1000 10000 XRFWD PGSU No
Chlorine Cl mg kg* 200 10000 XRFWD PGSU No
Scandium Sc mg kgt 3 2000 XRFWD PGSU Yes
Vanadium \% mg kgt 3 4500 XRFWD PGSU Yes
Chromium Cr mg kgt 3 25000 XRFWD PGSU Yes
Cobalt Co mg kg* 1.5 3000 XRFWD PGSU Yes
Nickel Ni mg kgt 1.3 14000 XRFWD PGSU  Yes
Copper Cu mg kg* 1.3 12000 XRFWD PGSU Yes
Zinc Zn mg kgt 1.3 12000 XRFWD PGSU Yes
Gallium Ga mg kgt 1 2000 XRFWD PGSU Yes
Germanium Ge mg kgt 0.5 2000 XRFWD PGSU Yes
Arsenic As mg kg' 0.9 4000 XRFWD PGSU Yes
Selenium Se mg kg' 0.2 2000 XRFWD PGSU Yes
Bromine Br mg kgt 0.8 2000 XRFWD PGSU Yes
Rubidium Rb mg kgt 1 8500 XRFWD PGSU Yes
Strontium Sr mg kg* 1 4000 XRFWD PGSU Yes
Yttrium Y mg kg' 1 2000 XRFWD PGSU Yes
Zirconium Zr mg kg' 1 2000 XRFWD PGSU Yes
Niobium Nb mg kg' 1 2000 XRFWD PGSU Yes
Molybdenum Mo mg kg' 0.2 2000 XRFWD PGSU Yes
Neodymium Nd mg kgt 4 2000 XRFWD PGSU Yes
Samarium Sm mg kg* 3 2000 XRFWD PGSU Yes
Ytterbium Yb mg kg* 15 2000 XRFWD PGSU Yes
Hafnium Hf mg kgt 1 2000 XRFWD PGSU Yes
Tantalum Ta mg kg* 1 2000 XRFWD PGSU Yes
Tungsten W mg kg* 0.6 2000 XRFWD PGSU Yes
Mercury Hg mg kg* 25 2000 XRFWD PGSU No
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Element Symbol Unit Lower URL Instrument Instrumen Accredited

reportin t sequence

g limit

(LRL,

also LLD
Thallium Tl mg kgt 0.5 2000 XRFWD PGSU Yes
Lead Pb mg kgt 1.3 10000 XRFWD PGSU Yes
Bismuth Bi mg kgt 0.3 2000 XRFWD PGSU Yes
Thorium Th mg kgt 0.7 2000 XRFWD PGSU Yes
Uranium u mg kgt 0.5 2000 XRFWD PGSU Yes
Silver Ag mg kg* 0.5 2000 XRFED PGAgCe Yes
Cadmium Cd mg kg* 0.5 2000 XRFED PGAgCe Yes
Indium In mg kg* 0.5 2000 XRFED PGAgCe Yes
Tin Sn mg kgt 0.5 2000 XRFED PGAgCe Yes
Antimony Sb mg kgt 0.5 2000 XRFED PGAgCe Yes
Tellurium Te mg kgt 0.5 2000 XRFED PGAgCe Yes
lodine I mg kgt 0.5 2000 XRFED PGAgCe Yes
Caesium Cs mg kgt 1 3000 XRFED PGAgCe Yes
Barium Ba mg kgt 1 5000 XRFED PGAgCe Yes
Lanthanum La mg kgt 1 2000 XRFED PGAgCe Yes
Cerium Ce mg kgt 1 2000 XRFED PGAgCe Yes
Sodium NaO  weight oxide %equivalent 0.3 10 XRFWD P-NaFe No
Magnesium MgO  weight oxide % equivalen 0.3 100 XRFWD P-NaFe No
Aluminium  AkOs  weight oxide % equivalen 0.2 100 XRFWD P-NaFe No
Silicon SiQ weight oxide % equivalen 0.1 100 XRFWD P-NaFe No
Phosphorus P.0Os weight oxide % equivalen 0.05 10 XRFWD P-NaFe No
Sulphur SQ weight oxide % equivalen 0.5 60 XRFWD P-NaFe No
Calcium CaO  weight oxide % equivalen 0.3 70 XRFWD P-NaFe No
Titanium TiQ weight oxide % equivalen 0.02 50 XRFWD P-NaFe No
Iron FeOs weight oxide %equivalent 0.05 95 XRFWD P-NaFe No
Barium Ba weight % 0.01 70 XRFWD P-NaFe No
Chlorine Cl weight % 0.05 5 XRFWD P-NaFe No
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Table3 Deepertopsoil ICR; analytes, concentration units, methods, lower limits of detection and reporting (LLD/LRL), upper
reporting limits (URL), accreditation statuses

Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited
limit (LRL, also LLD method
Gold Au mg kg' 0.000002 25 ICRMS MS41LBLD No
0.0002 25 ICRMS MESM41L  Yes
Silver Ag mg kg 0.00001 100 ICRMS MS41EBLD  No
0.001 100 ICRMS MESM41L  Yes
Aluminium Al weight % 0.0001 25 ICRMS MS41EBLD  No
0.01 25 ICRMS MESM41L  Yes
Arsenic As mg kgt 0.0001 10000 ICRMS MS41LBLD No
0.01 10000 ICRMS MESM41L  Yes
Boron B mg kgt 0.1 10000 ICRMS MS41LBLD No
10 10000 ICRMS MESM41L  Yes
Barium Ba mg kg 0.005 10000 ICRMS MS41EBLD No
0.5 10000 ICRMS MESM41L  Yes
Beryllium Be mg kg 0.0001 1000 ICRMS MS41LBLD No
0.01 1000 ICRMS MESM41L  Yes
Bismuth Bi mg kg 0.0001 10000 ICRMS MS41EBLD No
0.001 10000 ICRMS MESM41L  Yes
Calcium Ca weight % 0.0001 25 ICRMS MS41LBLD No
0.01 25 ICRMS MESM41L  Yes
Cadmium Cd mg kg 0.00001 1000 ICRMS MS41EBLD  No
0.001 1000 ICRMS MESM41L  Yes
Cerium Ce mg kg 0.00003 500 ICRMS MS41EBLD No
0.003 500 ICRMS MESM41L  Yes
Cobalt Co mg kg 0.00001 10000 ICPMS MS41EBLD No
0.001 10000 ICRMS MESM41L  Yes
Chromium Cr mg kg 0.0001 10000 ICRMS MS41EBLD No
0.01 10000 ICRMS MESM41L  Yes

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I12land



Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited

limit (LRL, also LLD method
Caesium Cs mg kg 0.00005 500 ICRMS MS41EBLD No
0.005 500 ICRMS MESM41L  Yes
Copper Cu mg kgt 0.0001 10000 ICRMS MS41EBLD  No
0.01 10000 ICRMS MESM41L  Yes
Iron Fe weight % 0.00001 50 ICRMS MS41LBLD  No
0.001 50 ICRMS MESM41L  Yes
Gallium Ga mg kg 0.00004 10000 ICRMS MS41LBLD  No
0.004 10000 ICRMS MESM41L  Yes
Germanium Ge mg kg 0.00005 500 ICRMS MS41LBLD No
0.005 500 ICRMS MESM41L  Yes
Hafnium Hf mg kg 0.00002 500 ICRMS MS41EBLD No
0.002 500 ICRMS MESM41L  Yes
Mercury Hg mg kgt 0.00004 10000 ICPMS MS41EBLD No
0.004 10000 ICRMS MESM41L  Yes
Indium In mg kg 0.00005 500 ICRPMS MS41LBLD No
0.005 500 ICRMS MESM41L  Yes
Potassium K weight % 0.0001 10 ICRMS MS41LBLD No
0.01 10 ICRMS MESM41L  Yes
Lanthanum La mg kgt 0.00002 10000 ICPMS MS41eBLD No
0.002 10000 ICRMS MESM41L  Yes
Lithium Li mg kg 0.001 10000 ICRMS MS41EBLD  No
0.1 10000 ICRMS MESM41L  Yes
Magnesium Mg weight % 0.0001 25 ICRMS MS41EBLD  No
0.01 25 ICRMS MESM41L  Yes
Manganese Mn mg kgt 0.001 50000 ICRMS MS41LBLD No
0.1 50000 ICRMS MESM41L  Yes
Molybdenum Mo mg kg 0.0001 10000 ICRMS MS41EBLD No
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Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited
limit (LRL, also LLD method
0.01 10000 ICRMS MESM41L  Yes
Sodium Na weight % 0.00001 10 ICRMS MS41LBLD No
0.001 10 ICRMS MESM41L  Yes
Niobium Nb mg kg 0.00002 500 ICRMS MS41LBLD No
0.002 500 ICRMS MESM41L  Yes
Nickel Ni mg kg 0.0004 10000 ICRMS MS41LBLD  No
0.04 10000 ICRMS MESM41L  Yes
Phosphorus P weight % 0.00001 1 ICRMS MS41LBLD No
0.001 1 ICRMS MESM41L  Yes
Lead Pb mg kg 0.00005 10000 ICRMS MS41LBLD No
0.005 10000 ICRMS MESM41L  Yes
Palladium Pd mg kg 0.00001 25 ICRMS MS41EBLD No
0.001 25 ICRMS MESM41L  Yes
Platinum Pt mg kg 0.00002 25 ICRMS MS41LBLD No
0.002 25 ICRMS MESM41L  Yes
Rubidium Rb mg kg 0.00005 10000 ICRMS MS41EBLD  No
0.005 10000 ICRMS MESM41L  Yes
Rhenium Re mg kg 0.00001 50 ICPMS MS41EBLD No
0.00L 50 ICRMS MESM41L  Yes
Sulphur S weight % 0.0001 10 ICRMS MS41LBLD No
0.01 10 ICRMS MESM41L  Yes
Antimony Sb mg kg 0.00005 10000 ICRMS MS41EBLD  No
0.005 10000 ICRMS MESM41L  Yes
Scandium Sc mg kg* 0.00005 10000 ICRMS MS41LBLD No
0.005 10000 ICRMS MESM41L  Yes
Selenium Se mg kg* 0.00L 1000 ICRPMS MS41EBLD No
01 1000 ICRMS MESM41L  Yes
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Element Symbol Unit Lower reporting URL Instrument Instrument  Accredited
limit (LRL, also LLD method
Tin Sn mg kg' 0.0001 500 ICRMS MS41LBLD No
0.01 500 ICRMS MESM41L  Yes
Strontium Sr mg kg 0.0001 10000 ICRMS MS41LBLD No
0.01 10000 ICRMS MESM41L  Yes
Tantalum Ta mg kg 0.00005 500 ICRMS MS41EBLD No
0.005 500 ICRMS MESM41L  Yes
Tdlurium Te mg kg 0.0001 500 ICRMS MS41EBLD No
0.01 500 ICRMS MESM41L  Yes
Thorium Th mg kg 0.00002 10000 ICRMS MS41LBLD No
0.002 10000 ICRMS MESM41L  Yes
Titanium Ti weight % 0.00001 10 ICRMS MS41LBLD No
0.001 10 ICRMS MESM41L  Yes
Thallium Tl mg kg 0.000@ 10000 ICRMS MS41EBLD No
0.0 10000 ICRMS MESM41L  Yes
Uranium U mg kg 0.00005 10000 ICRMS MS41LBLD No
0.005 10000 ICRMS MESM41L  Yes
Vanadium \Y mg kgt 0.001 10000 ICPMS MS41eBLD No
0.1 10000 ICRMS MESM41L  Yes
Tungsten w mg kgt 0.00001 10000 ICPMS MS41eBLD No
0.001 10000 ICRMS MESM41L  Yes
Yittrium Y mg kg 0.00003 500 ICRMS MS41EBLD  No
0.003 500 ICRMS MESM41L  Yes
Zinc Zn mg kg 0.001 10000 ICRMS MS41EBLD  No
0.1 10000 ICRMS MESM41L  Yes
Zirconium Zr mg kgt 0.0001 500 ICRMS MS41LBLD No
0.01 500 ICRMS MESM41L  Yes
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Table4 Deeper topsoilpH (CaG) and LO[450°Chnalytes, concentration units, methods, lower limits of detection (LLB)d
reporting (LLD/LRL), upper reporting limits (URL), accreditation statuses

Analyte  Unit Lower reporting limit (LRL, also LLD)  URL Instrument Accredited
Soil pH pHunit 0.1 pHmeter / CaClslurry No
Soil LOI % 0.01

Losson-ignition at 450°C  Yes

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I1Bdland



: B B A BB il

: 3 £

AUut :JFI :|Uup

] ] C ] [
iy Loy G

Figure 1 Graphic of the periodic table, with XRFS element analytes for shallow topsoil samples shown in black text, S(llagl) and LOI (at 450°C) in green text. Adapted after
http://www.sciencegeek.net/tables/PToE
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Figure 2 Graphic of the periodic table, with IGPelement analytes for shallow topsoil samples shown in black text, Soil pH (a&®d LOI (at 450°C) in green text. Adapted after
http://www.sciencegeek.net/tables/PToE
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The main types of quality control samples (QCS) are:

i. Duplicate a sample collected from the same sample site location (typically 20 m away from original
sampling location). It is used to assess the variability of the sampling process.

i. Replicate created in the laboratory by dividing a Duplicate sample into two identical pssisg a
recognized subsampling method (e.g. cone and quarkeplicates are used to assess analytical or
laboratory errors.

iii. Reference materiala sample prepared and analysed previously by stated methods, with statistical
validation provided through repeated testing, to achieve accepted results used as a reference.
Reference materials are used to assess precision and accuracy of analysis. Ideally the reference
material used should match the nature, sample type and matrix of the regular samples being analysed.

iv.  Blank a sample used to investigate risk of contaminafiom the handling, treatment and/or analysis

wkyR2YAAFGA2Y 2F al YL S ARSYUGAGASaE

The field QC and analytical data quality checks are based uperamilemisation of sample identiti€Blant,

1973. This serves several uses on a lasgale survey. In any measurement process, thahde a dgree of

both random error and systematic biases. Randomisation of the identities ensures that the errors are spread
out evenly across all samples and ergo the survey area. Any errors that are dependent on a particular portion
of time or processes within &boratory are mitigated by spreading out the effects. In particular, very
commonly there is slow analytical drift by analytical instrumeléere geographically contiguous.e. not
randomized) sampleare also analysed in the same sequence, anyrdeit bemaskedoy natural geochemical
variation and difficult to identify. If analytical drift occus during analysis of samples that exhikinhatural
increase or decrease in abundance of measurandsuldresult in artificial amplification or suppressiof

true measurands abundances. Therefore, mandomized samples can lead to false geochemical spatial
patterns.

Randomisation of sample identities allows the geochemist to check for quality concerns such -aseaafy

high results (be they a memoryfect or contamination) from one sample to another and to refine any data
conditioning actions only to those samples with identifiable quality issues rather than across the board. Finding
clues of sample misidentification is only possible if there is abeurof placeholder QCS where an expected
limited range of result(s) can be used to establish whether or not there is any evidence of samples being
misidentified at the preparatory and/or laboratory analyses stages.

A chart for each analyte of laleporteddata is made to assure that the range of concentration values for the
measurands are randomly distributed across the sample ID range. These data are also assesseg with log
transformation. Each analyte has been assessed alongside the control charts to identifyaietechanges

that might lead to boundary effects on the combined spatial dataBeiplicate and replicate pairs are also
examined against each other through xpjots, stacked box residual plots and mean percent relative
difference plots to identify any significant deviations.
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In each fieldbatch of one hundred sample numbers, tyairs of field duplicate samples €. two samples
collected from the same site) were collected: duplicate paB And duplicate pair-D. A field duplicate
consists of a second complete composite sample, collegtéda central pointr small distancec(21 m) from
the original sampling poinF{gure3). Thus, no two samples of a duplicate pair are strictlyglidate of one
another but are separated bya very shortdistancefrom what is considered the same site. There will
necessarily besome variancebetween the duplicate samplesnd thiswill depend onthe setting and
geochemical media.
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Figure3 Diagrammatic plan for collection of a five auger hole composite soil sample and a flaflicate sample (indicated by
dashed line pictogram).

For each of samples denoted DUPA, DUPB, DUPC and DUPD, each sample was espeacél|yapcepffle
split in half to produce a replicate sample, denoted SSA, SSB, SSC and SSD.

The relationship of duplicate and replicate samples is displayed diagrammaticaifyune4. The quartet of
samples from a field duplicate sample site is used to statistically evaluate the data variability, which is
apportioned to betweersite, betweensample and withirsample variability.

The locations ofluplicate sample sites amguite randomly distributed across the survey area. Duplicate and
replicatesamples wereeachassigned a unique sample #idd were thus unknowas control samples by the
laboratories.

Note that, for each duplicate pair in a fieldtbh, by convention analytical data for DUPA and DUPC are
NBLZ2NIOSR Fa GKS ay2N¥IFfé Al YLIS RFEGEFE F2NJ 0KS NBaLJ
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The geochemical (spatial) and technical (sampling plus analytical) variance in the chesuiltala@n be
examined using duplicate and replicate sampling. A duplicate sample is a sample that is collected from the
same sampling site as an original sample. A replicate is an original sample subdivided prior to receipt by the
laboratory. A duplicate anple will therefore indicate sampling variability within a single siteereas a
replicate will indicate the variability of the laboratopyeparation andanalysis. In practice, replicate samples

are the subsamples creatdcbm a duplicate sample. The latatory may analysany sample in replicate as
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part of theirown QA/QQ;, Y R Y I & f I 6St (i &n8sud® samples shoudebtlbeicanfusedvithé =
Tellus duplicate and replicate samples

The use of duplicates and replicates to quality control d@iaerated for large systematic geochemical surveys

is a welestablished approact{Johnson et al., 2008Ramsey et al., 1992 This procedure allows for
understanding of sample data repeatability, and the types andcgsuof variability in the analytical chemical
data. A fully nested analysis of variance of the duplicate and replicate samples data is used to quantify the
systematic and random uncertainties caused by the sample collection, preparation/handling ana sampl
analytical procedures.

. Unique
Geochemicabr SanplEite Unique

betweensite Unique sample site
variance sample site

Samplingor
betweensample
variance

Analyticalor
within-sample
variance

Quartet of 4 analyses for 1 unique sample s

Figure4 Diagram to show the relationship between field duplicates and replicate samples, used to apportion data variance.

Evaluating the duplicatesplicate control samples data is undertaken in three ways:

1 Compilation of the data into the quartets aimspectingconditionally formatteddata to flag anyarge
variations between duplicate and replicate pairs that may refltoneous results. For exangpl
these might be due to sample misidentification.

Data analysis using charts to visualize the data and to investigate anomalous data.

Undertaking a hierarchical fully nested analysis of variance (é8clai, 1983 to quantify the
proportions of data attributable to betweesite, betweenrsample and withirsample variance.

For eachanalyte the raw results(not modified or censoredare charted in a number afays for two sets of
paired values (i) duplicatduplicate (DUMDUP) relationships and (i) duplicagabsample (DUBS)
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relationships. Each is inspected to identify samples that do not exhibit a close equality and to follow up on
samples where a sampleisidentification is suspected.

A total of 680 samples of duplicates/subsamples (analytical replicates) are available from 170 unique sample
sites (quartets of data) across the survey area are available to assess in thisowajements where the
betweensample (the same as withsite) variability is high, usuallgwing to local inhomogeneity, the
duplicateduplicate (DURDUP) relationshipwill show a greater scatter away from the 1:1 equality line. In

replicatesthat are not homogeneous then a greater scatter of duplieaelicate(DURSS) relationships will
show this.
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Analysis of vaance (ANOVA) is a statistical test applied to assess the representativity of geochemical results.
Nested (hierarchical) ANOVA analysis is carried out on duplicate and subsample (analytical replicate) samples
and quantifies the variability of within and tweeen sample sites data. For applications to geochemical
mapping, it is a requirement that the variance between sample sites is greater than the variance associated
with the sampling and handling/analytical processes. The recommended variance portienaim0% for
between site, 16% for between sample, and 4% for within sar@@olenson, 2002

If there is any doubt about the sampling and subsampling methodologies being followed then ANOVA should
not be applied. If any individual duplicate or replicate sample is suspected to kemifed as part of a
guartet, that quartet of results is best excluded. The ANOVA assessment is done without any concern for the
site or geological characteristics. There is reliance on the random and even distribution of duplicate sample
sites across th area and over the period of sampling and on the random assignment of sample collectors to
duplicate sites.

ANOVA assumes a normal distribution that geochemical data rarely display. A transformation assists in this
requirement but the effects of extremeutliers, polymodal or nor(logie) normal distributions will be
apparent in the ANOVA test results. It is recommended that the sample data are examined by cumulative
frequency and other charts for exploratory data analysis (EDA) in order to establis@éadhh | 6 f SQa a i
O0SKIF@A2dzNJ ' yR G2 |aasSaa GKS !'bhzx! NBadz G6a Ay GKS
For eachvariable the data are log transformed §ince many geochemical datasets are dogrmally
distributed) and therefore it is a requirement that there are no zero or negative concentration values.
Censored data distorts the ANOVA analysis and so any control quartet containing censoreg dagboww
detection data substituted by a constant value) waxt used in the analysiginy incomplete quartet cannot

be used; for example if one of the four duplicate or replicate results is missing or not determined, the quartet
is excluded. Deeper tops@H data ae currently not included in the ANOVA analysis

All variables had at least some data below LLD for every quartet of data availdindee fewer than 10
guartets are available for analysis, the ANOVA result is highlighted light red. The data usersianedaloat

the ANOVA results are limited for these analygasrmanium (Ge), tellurium (Te)Vhere the within sample
variance is >4%, the results are highlighted pale oratig€Sn), selenium (Se), rhenium (Re), mercury (Hg),
indium (In), gold (Au), paldium (Pd), platinum (Pt) and tellurium {Te
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ANOVA approach and results

The ANOVA test results based oreahilableduplicate site datdor all survey areaare presented ifmable5
and graphically shown i@hart1.

Majority of analytes in the combined (all survey areas) dataset exhibit combaraglisig variance of less
than 5%, so the uncertainty associated with sampling and analyses is very small, and the data are excellently
suited to regional geochemical mapping applications.

Examination of the ANOVA results for each survey arealé6, Table7 and Table8) does reveal some

St SYSyida 2F 02y O8N0 HEK 2 YIOME AWANRIEBK Rl G 0 & ¢ K23 S
variance are displayed only and some caution should be applied to the spatial applications of these data in
isolation by surveyraa.

Table5 ANOVA results for all duplicate sitdeeper topsoildata. Sorted by descending between site variant®here fewer than 10

quartets are available for analysis, the ANOVA result is highlighted light red. Where the withinple variance is >4%, the results
are highlighted pale orange.

Variance component (100% sum)

Variable Method Between site (%) Between sample (%) Within sample (%) nquartets
Cr ICRr 97.80 1.85 0.35 117
LOI LOIl at 450°C  97.19 2.61 0.20 128
Ni ICRr 96.98 1.65 1.37 127
Fe203 XRFS 96.79 3.18 0.03 129
Co ICRr 96.77 1.90 1.33 129
K20 XRFS 96.41 3.56 0.03 124
TI ICRr 96.34 2.89 0.76 105
MgO XRFS 96.34 3.48 0.18 92
Al ICRr 96.22 2.05 1.73 129
TiO2 XRFS 96.17 3.80 0.03 129
Mg ICRr 96.11 3.55 0.34 129
Ga ICRr 96.09 2.07 1.84 129
SiO2 XRFS 95.76 421 0.03 129
Cs ICRr 95.57 3.67 0.76 108
Rb ICRr 95.55 2.43 2.02 122
Nb ICRr 95.54 3.68 0.78 121
Sc ICRr 95.33 3.32 1.35 120
K ICRr 95.30 3.02 1.68 125
Cu ICRr 95.26 4.07 0.67 129
Ba ICRr 95.12 4.20 0.68 123
Ce ICRr 95.05 2.46 2.49 129
Vv ICRr 94.99 2.34 2.68 125
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Variance component (100% sum)

Variable Method Between site (%) Between sample (%) Within sample (%) nquartets
Mn ICRr 94.93 4.83 0.24 116
u ICRr 94.83 2.98 2.19 127
Sr ICPar 94.81 4.28 0.91 129
B ICRr 94.53 4.75 0.72 123
S ICRr 94.52 3.66 1.82 129
CaO XRFS 94.52 5.39 0.09 126
Fe ICRr 94.48 3.37 2.15 129
La ICRr 94.47 2.73 2.80 129
Zn ICRr 94.25 5.28 0.47 129
Mo ICRr 94.24 4.36 1.40 129
As ICRr 94.23 4.19 1.58 128
Y ICRr 94.18 2.97 2.85 129
Cd ICRr 94.18 4.64 1.19 126
Li ICRr 94.17 4.87 0.96 104
AI203 XRFS 94.14 5.80 0.06 115
Na20 XRFS 94.06 4.97 0.98 64
Pb ICRr 94.00 4.57 1.44 129
Na20 ICRr 93.73 2.37 3.90 115
Ca ICRr 92.97 5.80 1.23 129
Ge ICRr 92.63 2.57 4.79 4
Be ICRr 92.63 5.75 1.62 103
Sb ICRr 91.90 6.20 1.90 116
Zr ICRr 91.49 7.36 1.15 70
P205 XRFS 91.33 8.03 0.65 107
P ICRr 91.20 7.61 1.19 128
Ti ICRr 90.83 8.44 0.73 40
Th ICRr 90.65 7.60 1.75 106
MnO XRFS 90.09 9.84 0.08 102
Ag ICRr 87.70 11.40 0.90 119
Sn ICRr 85.93 8.71 5.36 96
Se ICRr 82.60 11.42 5.98 54
W ICRr 82.42 17.12 0.46 10
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Variance component (100% sum)

Variable Method Between site (%) Between sample (%) Within sample (%) nquartets
Re ICRr 76.85 11.07 12.08 92

Hg ICRr 75.45 19.26 5.29 81

In ICRr 75.03 13.70 11.27 37

Hf ICRr 73.85 22.21 3.94 28

Au ICRr 59.94 18.20 21.86 118

Pd ICRr 51.04 17.50 31.46 35

Te ICRr 49.06 14.95 35.99 4

Pt ICRr 47.71 19.91 32.38 56

Table6 ANOVA results wher@0% between site variance for the G1 survey area duplicate degeper topsoildata. Where fewer
than 10 quartets are available for analysis, the ANOK&&uIt is highlighted light red. Where the within sample variance is >4%, the
results are highlighted pale orange.

Variance component (100% sum)

Variable Method Between site (%) Between sample (%) Within sample (%) n quartets
Re ICRr 74.23 11.26 14.51 53
Hg ICRr 72.31 22.45 5.24 52
In ICRr 71.74 16.04 12.22 27
Au ICRr 57.42 20.19 22.39 78
Pd ICR 55.04 17.86 27.10 25
Pt ICRr 48.72 19.82 31.46 35

Table7 ANOVA results wher@0% between site variance for the GRirvey area duplicate siteleeper topsoildata. Where fewer
than 10 quartets are available for analysis, the ANOVA result is highlighted light red. Where the within sample variar®,istre
results are highlighted pale orange.

Variance component (100%tum)

Variable Method Between site (%) Between sample (%) Within sample (%) n quartets
Se ICRr 76.44 18.87 4.69 16

Au ICRr 56.19 18.22 25.59 24

Pt ICRr 34.82 25.49 39.68 10

Pd ICRr 25.94 21.85 52.21 7
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Table8 ANOVA results wher®0% between site variance for th&6survey area duplicate siteleeper topsoildata. Where fewer
than 10 quartets are available for analysis, the ANOVA result is highlighted light red. Where the véthiple variance is >4%, the
results are highlighted pale orange.

Variance component (100% sum)

Variable Method Between site (%) Between sample (%) Within sample (%) n quartets
Zn ICRr 77.28 21.96 0.76 16

Hg ICRr 74.80 15.21 9.99 13

w ICR 69.01 21.53 9.46 4

Au ICRr 68.41 12.50 19.09 16

Na ICRr 66.76 20.63 12.62 16

Re ICRr 66.67 20.25 13.08 15

Pt ICRr 47.21 17.69 35.10 11

Se ICRr 46.43 26.08 27.48 8
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. Between site (%) . Between sample (%) . Within sample (%)
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Chart1 Stacked bar chart to display ANOVA results for all duplicate diteper topsoildata.
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Chart2 Stacked bar charts to display ANOVA results deeper topsoildata by survey area. Chart left: G1 bardarea. Chart centreG3west area. Chart rightG6 periurbararea. SeeMap
1for the survey area extents of each.
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Reference materials (RMs) are a critical aspect of any chemical data quality assurance program. They are
used to measure and monitotthe accuacy and repeatability of analgal resultswithin the same
programme of works and the reproducibility of resudtsmpared to another programmé he selection of
suitable RMs is based on (i) identifying the best match between the matrix of the sample media and the
matrix of the reference material, (ii) the range of analytes in the RM, (iii) the concentration ranges
expected to be encountered in the regular samples and (iv) the availability and cost of the materials.

RMs comprise primary or certified reference materials (CRMs), purchased from suppliers with an
accompanying certificate of elemental analys&sd secondar reference materials (SRMs) produced and
used by the geochemical mapping programmé are submitted blindly to the laboratory in order to
assess the results without bias. In addition to these control samples, the laboratory has used its own
selection ofblank sample solutions and CRMshiouse.Together they are a critical tool to evaluate data
quality, which is necessary to tie together mudtinual datasets that may span yeansdecades and
multiple analytical facilities.

All reference materialson@ntration data are presented in appendixRMs dateQCS charts

[ 02NAK 28BS waa

The RMs used and reported by the laboratories for each analytical metteodetailedbelow (Table9,
TablelOandTablell).

The contracted analytical laboratofalvernPanalyticaltd. has produced a report summarising its own
QC procedures and findin@satherington, 2010

Table9 In-house CRMs used for XRFS malément analyses

CRM name CRM Description
Manufacturer
JLKL GSY Freshwater lake sediment (1987) Shiga Prefecture, Lake Biwa

Takashimacho Japan. Offshore 3.8km, botsurface sediments of water
depth 63m point (Q20cm)

NCS DC73372 NRCCRM Stream sediment.
NCS DC73309 NRCCRM Stream sediment.
NCS DC87101 NRCCRM Soil.

Table10In-house CRMs used for muélement ICR: analyses

CRM name CRM Description
Manufacturer

GBM90810 GeostatsPtyLtd.  Low Cu oxideOrigin unknown.

MRGeo08 ORE Research & Blend of copper concentrate from New South Wales, Australia zinc
Exploration concentrate from Tasmania, nickel concentrate from Western Australia,
molybdenum concentrate from Australia, lead concentrate from
Queensland, Australia and granite from Victoria, Australia

1 Geological Survey of Japan
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CRM name CRM Description

Manufacturer
OREAS 45d ORE Research & Blended mineratied lateritic soil from NCuPGE minerated contact
Exploration between gabbro and pyroxenite in a layered mafic intrusive, Southern
Murchison region, Western Australia and barren soil overlying olivasalt
in outer eastern Melbourne, Victoria, Australia.
OREA85e ORE Research & Mineralized lateritic soil from NCuPGE minerated contact between
Exploration gabbro and pyroxenite in a layered mafic intrusive. Collected from Sout

Murchison regionWestern Australia.

Tablel1 In-house CRMs used f@oil LOlanalyses

CRM name CRM Description
Manufacturer

AMIS0250 African Mineral Ore consisting primarilgf dolomite and fluorite, North WesProvince,
Standards South Africa.

AMIS0304 African Mineral Rare Earth elements rich ore consisting primarily of carbonatite and
Standards pyroxenite from Limpopo Province, South Africa.

AMIS0353 African Mineral High grade epithermal gold ore from Masbate, Philippines.
Standards

AMIS0356 African Mineral Rare Earth elements rich ore consisting primarily of carbonatite from
Standards Tanzania.

GIOP115 Geostats Pty Ltd. Iron ore from Cockatoo Island.

GIOP122 Geostats Bt Ltd.  Iron ore from Pilbara, Western Australia.

GIOP123 Geostats Pty Ltd. Iron ore from Pilbara, Western Australia.

GIOPR124 Geostats Pty Ltd. Iron ore from Pilbara, Western Australia.

GIOR30 Geostats Pty Ltd. Iron ore fromNorthern Territory, Australia.

GIOP48 Geostats Pty Ltd. Iron ore from Pilbara, Western Australia.

STSEB CCRMP Stream sediment mixture from Hirok Stream, British Columbia, Canad:

Lavant Creek, Ontario, Canada.
TILL- 4 CCRMP As TIL2 (TilaF YLX S 02ttt SOGSR ySFN {O

Canada) and augmented with a small quantity of molybdenite bearing
from a test pit collected near Hull, Québec, Canada.

wk yRIBRABYRYR (2whEBo02NI (2 NEB

A range ofeference materials (RMs) were used, comprising CRMs and SRMs sulbfititietd theanalyst
(Tablel2and Tablel3respectivelyin a randonmzed orderamongst other QCS and regular site samples

Certified reference materials (CRMs)
Tablel12Blind CRMs used for XR&&d ICR multi-element analyses.

CRM name CRM Description
Manufacturer
STSH CCRMP Stream sediment from Lavant Creek, Ontario, Canada.
STSEB CCRMP Stream sediment mixture from Hirok StreaBritish Columbia, Canadad

Lavant Creek, Ontario, Canada.
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CRM name CRM Description

Manufacturer
TILL-1 CCRMP Soil sample collected near Joe Lake 25 km northwest of Lanark, Ontario,
Canada.
TILL-2 CCRMP ¢CAff alyYLXS O2tft SOGSR ySIN {Oraan
TILL-3 CCRMP Soilsampl®©®2f f SOGSR ySIENI hQ. NASy aAiySs
TILL- 4 CCRMP As TIL2 and augmented with a small quantity of molybdenite bearing soil

from a test pit collected near HulQuébeg Canada.

OREAS 25: ORE Research & Mature soil developed over ely tertiary tholeiitic basalt in outer eastern

Exploration Melbourne, Victoria, Australia
OREAS 45¢ ORE Research & Blended minerafied lateritic soil from NCuPGE minerated contact between
Exploration gabbro and pyroxenite in a layered mafic intrusi8euthern Murchison region

Western Australia and barren soil overlying olivine basalt in outer eastern
Melbourne, Victoria, Australia.

OREA85e ORE Research & Mineralized lateritic soil from NCuPGE minerated contact between gabbro
Exploration and pyoxenite in a layered mafic intrusive. Collected from Southern Murchi
region, Western Australia.

OREAS 90 ORE Research & Medium grade oxide copper ofeom Lady Annie Mine in Queensland,
Exploration Australia.

Seconday reference materials (SRMs)

A number of project SRMs have been collected from the island of Ir@l@ahdsShavingaccess to those

used by the Tellus (GSNI) geochemical mapping prégrith, 200y in Northern Ireland The SEIRE
material is a resieved, remilled and homogenzed bulk stream sediment material collectbg GSI during

its regional geochemical mapping programimel986 Bulk stream sediment samples MOC1 and SUC2
were collected as a joint B&SSI initiative at the start of the TellBorder (Ireland) geochemical field
programme in 2011. Materials DAL and LWRPALA were created for the Tellus (Northern Ireland)
geochemicamapping programme.

Table13Blind SRMs used for XRFS mueligment analyses

SRM Location where Material Primary Stream Catchmentsite Stream
name collected by Tellus type land uses  order geology drainage type
(Irish National
Grid)
ANTBAS [303512 405707] Shallow Arable land mineral gley
topsoil (BDO0) overlying Lower
Basalt Formation
CARLST [322998 307155] Shallow Potato crop Dinantian
topsoil field (BDC1) Limestones
(undifferentia
CNLST  [238834 317551] Shallow Grass Dark shale, fine
topsoil moor/rough grained limestone
grazing
(ACO00)
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SRM Location where Material Primary Stream Catchmentsite Stream
name collected by Tellus type land uses  order geology drainage type
(Irish National
Grid)
DAL [262562 406923] Shallow Grass mineral gley
topsoll moor/rough overlying Killeter
grazing Quartzite
(ACO00) Formation of
Dalradian
supergroup
metasedimentary
rocks
LDOWN [289197 298786] Shallow Arable land Calcareous red
topsoil (BDOO) mica greywacke
LGRAN  [297200 195155] Shallow Pasture Dark, aphyric
topsoil (BABO) and quartz diorite
agricultural
grassland
(BA0OO)
LMGPSH [203695 327205] Shallow Pasture Medium-grained
topsoil with goats sandstoneand
(BABO). Grey/black shale
Large open with minor
field limestone
surrounded
by bog land.
LWRPAL/ [299357 335362] Shallow Agricultural mineral gley
topsaoll grassland overlying Gala
(BAOO) Group sandstone
of Lower
Palaeozoic age
MOC1 [321594 327107] Stream Agricultural  Leitrim Mourne Small stream
sediment grassland River. 2¢  Mountains granite <3 m wide
<150 pum (BAOO) and order Complex opink
Pasture feldspar granite
(BABO) and non
porphyritic
microgranite, in
Silurian greywacke
extensive country
rock
MONPB  [287290 324485] Shallow Long Blackshale &
topsoil grassed minor rhyolitic tuff
fallow field
with no
livestock
present or
any
evidence of
(ACO00)
ORS [182770 100880] Shallow Agricultural Massive unbedded
topsoil grassland lime-mudstone
(BA0O).
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SRM Location where Material Primary Stream Catchmentsite Stream

name collected by Tellus type land uses  order geology drainage type
(Irish National
Grid)

Teagasc
Moorpark
agricultural
research
grassland,
field 38C

SEIRE [311020 19547Dp  Stream Coniferous Lugduff  Semipelitic slate ~ Small stream
sediment woodland Brook. <3 m wide
<180 pm (AEBO) 2" order.

SuUC2 [320580 327185] Stream Agricultural  Carcullion Silurian greywacke Small stream
sediment grassland  River, 2¢  with occasional <3 m wide
<150 pm (BAOQO) order. felsite dyke

WWLPAL [297025 208890] Shallow Ploughed Granite with
topsoil field. Arable microcline
land (BD0O) phenocrysts

WXSERP [306332 166170] Shallow Grass Dark bluegrey
topsoil moor/rough slate, phyllite &
grazing schist
(ACO00)

YELC1 [133789 309600] Stream Grass Yellow Equigranular Small stream
sediment moor/rough River. 2¢ granodiorite <3 m wide
<150 um grazing order. (Group 1)

(ACO00) to
east with
no livestock
present.
Coniferous
woodlandc
established
(AEBB) to
the west of
site and
deciduous
woodlandc
established
(AEAB)
along
stream
bank
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Data are monitored by statistically summarising and charting data batches.
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All RMs data are charted layalyte concentration (y axis) against the sample &xi&) All sample IDs are
expected to be analysed in numerical order. Data are compiled for each RM and statistically summarized
to assess the proportions of data below the detection limits and the absolute values relative to the
reference values. The céitate reference values are given priority but a series of information values in
the literature are also used for elements where no certified or information reference values is supplied by
the manufacturer. These RM data are considered in the contexteotoncentration range displayed by

the sample data.

All datawith the exception of LOkNere reported with date and time stamps for each sample ID. Control
charts were plotted for each analyte and the simplified Westgard rules for data g(Qalégtgard, 1981)

are followed (only 3sand 2sviolations are monitored). Control charts are used to assess, in particular,
drift in the analytical instrument omistaken IDs or intebatch differences thamight lead to the need to
condition or level data when merging discrete batches of data.

A welthomogenred reference material would be expected to display a normal distribution of esult
around an accepted reference value, for each determinand. To verify this assumption, a histogram of alll
resultsis plotted for each RMo evaluate the spread afnalytical dataThecontrol charts display warning

limits and, in a statistically normal daset,approximately5% of samples will fall oside of the warning

limits. Therefore, result®utsideof these limits are expected and acceptable. If temsecutivgoints fall
outside, the data are usually deemed to have failed this quality check. kit &R assumed to be
somewhatless homogenous than CRMs. The magnitude of any failure is assessed here in the context of
the overall analysis faa givenanalyte and the element response across all available RMs is used where
possible when assessimdhether there is a problematic tranche of results.

All data reported as a lessK I y af ¢ @ f dzS 0SSt 2 6] [(FE8 arg¢ ¢sSentidlNE LI
disregarded

Control charts

Shewhartstyle control chart§Shewhart, 1931have been created for all blind RM data where date and
time stamp data aravailable

Using theggQC package R, the control charts are based on thata mean moving range (mR) value
rather than just the mean and standard deviations of the whole data population. The mean moving range
WYSI yoYwoD Q absdiute diffeder®ébet®@egn sequential pairwise measuremenit®. one data

point and its predeessor in the sequence. The upper and lower control limits are each three times the
sequential deviation defined asean(mR)1.128 above and below the process mean, and that window
accounts for 99.7% of data in a normally distributed data population. Séwuential deviation is
accounting for the sequential nature of the data points and control limits are less biased by systematic
processes offsets. Therefore, these control charts give a clearer picture of (i) random error and (ii) allow
for detection of gstematic (assignable cause) variation which is sought to be identified.

The normal distribution of data is not required in the calculation of control limits, and these charts are
robust for norhomogenous samples. Infrequent, on# exceedances of thepper and lower control

limits (process mean + 3 sequent@dviations dark blue horizontal lines) atermed failures but are
statistically acceptableExceedances of the warnidignits (process mean 2 sequentialdeviations
medium blue horizontal linespre more common and these charts are inspected to see if two or more
consecutive data points lie outside a limit, where they then constitute a failure, one exceedance
constitutes a warningThe lightest blue horizontal lines on thentml charts areprocess mean A
sequentialdeviation are useful reference lines against which drift and shift can be observed but do not
constitute a formal limit used for monitoring of the analytical process qualitgese control charts are
inspectedfor trends in the sequence and/or multiple analytes exhibiting patterns of behavibiue. main
quality check arefor multiple analytes of the same sample presenting warning or failuresreaeriods

of time for the analyses where multiple samplewar@id 2 NJ Fl Af dzZNBa | NS aSSy o L1
control limit then any description of control failures is meaningless. These are not described in this report.
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However, it is still useful to assess the reproducibility of data results below the larbuncensored
dataset A summary of flagged quality issues for XRF and ICPar analysé alpettv and Tablel5 below.

Most observed violations are classed as single analyte failures and/or warnings and arectatbigs
random errors and deemed inconsequential for the quality of the data. Multiple analyte failures were
further investigated in detail to rule out a true analysis failudgeteensuch events were recordealith

at least two analytes had fallen outsidf lower/upper control limitsin all these cases the resultant
failures were observed in analytes displaying very tight trends and narrow control limits, in CRMs where
certified concentration of analytes was generally low, in many cases close to metiindand where
greater variability was therefore to be expected.
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Table14 Summary of CRM data quality issues observed by control charts for XRFS analyses.

CRM Sample  Laboratory Analyses Date Description Failure/warning
ID batch application

number/LIMS
code

STSEB 650536S 201708300360 XRFWD (PG S U) 22/12/2017 04:33:00 Multiple analyte failure: K20; Zr. Outwith upper/lower control limits
00

STSEB 650578S 20170830078 XRFWD (PG S U) 28/12/201715:44:00 Single analyte failure: K20. Outwith upper/lower control limits
00

TILEL 650660S 20170830160 XRFWD (PG S U) 31/12/2017 17:45:00 Single analyte failure: K20. Outwith upper/lower control limits
00

TILE2 650787S 20170830272 XRFWD (PG S U) 06/01/2018 08:55:00 Single analyte failure: K20. Outwith upper/lower control limits
00

TILE3 580262S 20180560262 XRFED (PG Ag Ce 22/09/2018 14:52:00 Single analyte failure: La. Outwith upper/lower control limits
00

STSEB 581121S 20180580121- XRFED (PG Ag Ce 12/10/2018 18:30:00 Single analyte failure, data typically close to ¢ Outwith upper/lower control limits
00 below LLD: Ag.

STSEB 581144S 20180580144 XRFED (PG Ag Ce 13/10/2018 05:19:00 Single analyte failure, datgpically close to or Outwith upper/lower control limits
00 below LLD: Ag.

TILE2 581371S 20180580371 XRFED (PG Ag Ce 27/10/2018 15:32:00 Single analyte failure: Cs. Outwith upper/lower control limits
00

STSEL 582254S 20180600254 XRFWD (PG S U) 09/11/2018 05:52:00 Single analyte failure: Nb. Outwith upper/lower control limits
00

STSH  582254S 20180600254 XRFED (PG Ag Ce 13/11/2018 03:41:00 Single analyte failure, data typically close to ¢ Outwith upper/lower control limits
00 below LLD: Cs.

STSEB 582321S 20180600321- XRFED (PG Ag Ce 14/11/2018 14:41:00 Single analyte failure, data typically close to ¢ Outwith upper/lower control limits
00 below LLD: Ag.

STSEB 582344S 20180600344 XRFED (PG Ag Ce 15/11/2018 01:31:00 Single analyte faire, data typically close to or Outwith upper/lower control limits
00 below LLD: Ag.
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CRM Sample  Laboratory Analyses Date Description Failure/warning
ID batch application

number/LIMS
code

STSEL 582854S 20180610354 XRFWD (PG S U) 17/11/2018 11:37:00 Single analyte failure: Rb. Outwith upper/lower control limits
00

STSEHL 582613S 20180610113 XRFED (PG Ag Ce 22/11/2018 02:53:00 Single analyte failure, data typically close to ¢ Outwith upper/lower control limits
00 below LLD: Cs.

STSEL 584243S 20180630487 XRFED (PG Ag Ce 01/01/2019 07:45:00 Single analyte failure, datgpically close to or Outwith upper/lower control limits
00 below LLD: Cs.

STSHL 610791S 20180690291 XRFED (PG Ag Ce 16/02/2019 14:07:00 Single analyte failure: Ba. Outwith upper/lower control limits
00

TILEL 610859S 20180690359 XRFED (PG Ag Ce 20/02/2019 11:08:00 Single analyte failure: Ba. Outwith upper/lower control limits
00

TILE2  610862S 20180690362 XRFED (PG Ag Ce 20/02/2019 13:22:00 Multiple analyte failure: Ba; Cs. Outwith upper/lower control limits
00

TILE3 610867S 20180690367 XRFED (PG Ag Ce 20/02/2019 16:02:00 Single analyte failure: Ba. Outwith upper/lower control limits
00

TILE4 610876S 20180690376 XRFED (PG Ag Ce 20/02/2019 20:50:00 Single analyte failure: Cs. Outwith upper/lower control limits
00

STSEL 611195S 20180700195 XRFED (PG Ag Ce 21/02/2019 13:21:00 Single analyte failure, data typically close to ¢ Outwith upper/lower control limits
00 below LLD: Cs.

STSEB 610981S 20180690481 XRFED (PG Ag Ce 28/02/2019 14:15:00 Single analyte fhire: I. Outwith upper/lower control limits
00

TILE4 611673S 20180710125 XRFWD (PG S U) 06/03/2019 11:23:00 Multiple analyte failure: Fe203; K20; TiO2; \ Outwith upper/lower control limits
00
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Tablel5 Summary of CRM data quality issues observed by control charts for ICPar analyses

CRM Sample  Laboratory Analyses Date Description Failure/warning
ID batch application

number/LIMS
code

TILEL ~ 580003S LR18023140 ICRMS (MS41 15/05/2018 00:46 Single analyte failure: Hg. Outwith upper/lower control limits
003 BLD)

TILEL  580187S LR18023140 ICRMS (MS441 13/05/2018 12:31 Multiple analyte failure: Mo; Re; W. Outwith upper/lower control limits
187 BLD)

TILE2 580191S LR18023140 ICRMS(MS41 13/05/2018 12:38 Multiple analyte failure: In; Rb; Se; Te. Outwith upper/lower control limits
191 BLD)

TILEA 580381S LR18023153 ICRMS (MS41 16/05/2018 11:22 Multiple analyte failure: B; Ni; S; Y. Outwith upper/lower control limits
181 BLD) and upper/bwer warning limits (Ni)

OREAS 580643S LR18023175 ICRMS (MS441 12/05/2018 05:29 Multiple analyte failure: Pd; Sn; U. Outwith upper/lower control limits

25a 043 BLD)

TILEL 581387S LR18023195 ICRMS (MS41 12/05/2018 15:31 Single analytéailure: Pd. Outwith upper/lower control limits
187 BLD)

TILE2 581391S LR18023195 ICRMS (MS441 12/05/2018 15:39 Single analyte failure: Ag. Outwith upper/lower warning limits
191 BLD)

TILE4 581581S LR18023208 ICRMS (MS441 15/05/2018 21:36 Singleanalyte failure: Bi. Outwith upper/lower control limits
181 BLD)

TILE4 581581S LR18023208 ICRMS (MS441 15/05/2018 21:36 Single analyte failure: Ni. Outwith upper/lower warning limits
181 BLD)

OREAS 581843S LR18023287 ICRMS (MS41 16/05/201807:40 Single analyte failure: U. Outwith upper/lower control limits

25a 043 BLD)

TILE3 581860S LR18023287 ICRMS (MS41 16/05/2018 12:20 Multiple analyte failure: Ca; Mg; U. Outwith upper/lower control limits
060 BLD)

TILE2 582067S LR18024050 ICRMS(MS41 13/05/2018 10:58 Multiple analyte failure: Cr; Rb. Outwith upper/lower control limits
067 BLD) and upper/lower warning limits (Rb
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CRM Sample  Laboratory Analyses Date Description Failure/warning
ID batch application

number/LIMS
code

OREAS 582443S LR18024072 ICRMS (MS441 17/05/2018 01:47 Multiple analyte failure: Fe; Cu; V. Outwith upper/lower control limits

25a 043 BLD)

TILE2 582667S LR18024080 ICRMS (MS441 13/05/2018 19:02 Single analyte failure: Zr. Outwith upper/lower control limits
067 BLD)

TILE3 582676S LR18024080 ICRMS (MS41 13/05/2018 19:41 Multiple analyte failure: AgCr. Outwith upper/lower control limits
076 BLD) and upper/lower warning limits (Cr)

OREAS 583043S LR18024120 ICRMS (MS441 14/05/2018 22:18 Single analyte failure: W. Outwith upper/lower warning limits

25a 043 BLD)

TILE3 583060S LR18024120 ICPMS(MS4t 14/05/2018 23:09 Single analyte failure: Cr. Outwith upper/lower warning limits
060 BLD)

TILEL  583187S LR18024120 ICRMS (MS441 14/05/2018 15:20 Single analyte failure: U. Outwith upper/lower control limits
187 BLD)

TILE2 583191S LR18024120 ICRMS (MS41 14/05/2018 15:26 Single analyte failure: Ag. Outwith upper/lower warning limits
191 BLD)

TILE3 583276S LR18024198 ICRMS (MS44 24/05/2018 21:11 Single analyte failure: Hf. Outwith upper/lower control limits
076 BLD)

OREAS 583364S LR18024198 ICPMS (MS441 23/05/2018 02:14 Multiple analyte failure: Cs; Hf. Outwith upper/lower control limits

904 164 BLD)

TILE4  583381S LR18024198 ICRMS (MS441 23/05/2018 03:06 Single analytéailure: Cs. Outwith upper/lower control limits
181 BLD)

OREAS 583643S LR18024237 ICRMS (MS441 16/05/2018 03:39 Single analyte failure: W. Outwith upper/lower warning limits

25a 043 BLD)

TILE3  583660S LR18024237 ICRMS (MS441 16/05/2018 04:04 Multiple analyte failure: Au; Ta. Outwith upper/lower control limits
060 BLD)

TILEL  583787S LR18024237 ICRMS (MS441 15/05/2018 10:04 Multiple analyte failure: Au; Ta. Outwith upper/lower control limits
187 BLD)
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CRM Sample  Laboratory Analyses Date Description Failure/warning
ID batch application

number/LIMS
code

TILE2  583867S LR18024255 ICRMS(MS41 15/05/2018 10:22 Single analyte failure: Ta. Outwith upper/lower control limits
067 BLD)

TILE3 583876S LR18024255 ICRMS (MS441 15/05/2018 15:34 Single analyte failure: Ta. Outwith upper/lower control limits
076 BLD)

TILEL 610259S LR18018054 ICRMS (MS441 09/05/2018 19:14 Multiple analyte failure: Cd; Ga; Li; Sc. Outwith upper/lower control limits
059 BLD)

TILE2 610262S LR18018054 ICRMS (MS441 09/05/2018 15:39 Multiple analyte failure: Be; Cd; Ga; Li; Sc.  Outwith upper/lower control limits
062 BLD)

TILE3 610267S LR18018054 ICPMS (MS441 09/05/2018 15:46 Multiple analyte failure: Hg; W. Outwith upper/lower control limits
067 BLD)

TILEL 610449S LR18018060 ICRMS (MS441 10/05/2018 02:21 Single analyte failure: Pt. Outwith upper/lower control limits
049 BLD)

TILE3 610459S LR18018060 ICRMS (MS441 13/05/2018 14:47 Single analyte failure: Pd. Outwith upper/lower control limits
059 BLD)

TILE4 610473S LR18018060 ICRMS (MS44 10/05/2018 03:20 Single analytéailure: Au. Outwith upper/lower control limits
073 BLD)

TILEL 610859S LR18018090 ICPMS (MS441 12/05/2018 20:44 Single analyte failure: Ta. Outwith upper/lower control limits
059 BLD)

TILE2 610862S LR18018090 ICRMS (MS441 12/05/2018 20:49 Singleanalyte failure: Ta. Outwith upper/lower control limits
062 BLD)

STSEB 610981S LR18018090 ICRMS (MS441 13/05/2018 01:06 Single analyte failure: Te. Outwith upper/lower control limits
181 BLD)

TILE3 611059S LR18018107 ICPMS (MS441 12/05/2018 19:29 Single analyte failure: Se. Outwith upper/lower control limits
059 BLD)

TILE2 611462S LR18018201 ICPMS (MS441 17/05/2018 07:50 Multiple analyte failure: Pd; Zr. Outwith upper/lower control limits
062 BLD) and upper/lower warning limits (Zr)
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CRM Sample  Laboratory Analyses Date Description Failure/warning
ID batch application

number/LIMS
code

TILE3 611467S LR18018201 ICRMS (MS41 17/05/2018 07:58 Single analyte failure: Te. Outwith upper/lower control limits
067 BLD)

TILE4  611476S LR18018201 ICRMS (MS41 17/05/2018 02:49 Single analyte failure: Y. Outwith upper/lower warning limits
076 BLD)

TILE2 611564S LR18018201 ICRMS (MS441 17/05/2018 05:48 Single analyte failure: Zr. Outwith upper/lower warning limits
164 BLD)

TILE4 650364S LR18018268 ICRMS (MS441 10/05/2018 09:52 Single analyte failure: Hg. Outwith upper/lower control limits
164 BLD)

TILEL 650660S LR18019811 ICPMS (MS441 11/05/2018 16:08 Multiple analyte failure: Be; Cs; Sc. Outwith upper/lower control limits
060 BLD)
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Linear regression plotand data conditioning

For all CRM data, a regression analysis of the certified reference concentration against the mean
measured concentration was evaluated to assess analytical performance and pretifiene
available certified values are reported faqua regiadigestions which are used in this survey and are
NEFSNNBR (2 a WLINIAFETQ RAISalA2yad 2 KSNBE OSN
F@FAfrofS Wiz2GrFrfQ RAISaGA2Yy QI f dzSa | Nietwesd SR A
different CRMs but generally values for extractions more exhaustive dljaa regiaare selected
GKAOK O2YY2yfeé NBFSNNBR (2 Fa wazdlrtQ YSGUK2R
are obtained through different extraction methodsnd advsed to interpret regression plots
accordinglyFor the ICRanalytes there are nine CRMs available STSEXSE3; TILLL; TILE2; TILE3;
TILE4, OREAS25a; OREAS45d; OREABAZRREAS9Ddach regression line and its equation is based
on up to nine data pointd-or the LOI analyses there are no CRMs but a series of project SRMs were
created:APT ASTSPTandSSTFor the XRFS analytes there ane CRMs available STEI5TSES;

TILEL; TILL=2; TILE3; and TILY, each regression line and its equation is based on up to six data points.

As well as CRMs that are blind, the XRFS analyses are supplemented by four CRM analyses at the start
and at the end of each batch of ~500 samples. Thesd afe2 6y -argHi WAIR2QJ) / wad odzi |
blind to the analyst. However, they are excellently matrix matched and provide reference data for the

widest range of analytes, so they are very valuable to the prograriimeuchCRMsawvere available

GSD7; GSSL; JLKL; NCSDC733081CSDC7337andNCSDC87101

A summary of the linearegression relationshipis in Tablel16 for the XRF&nalytesand Tablel7 for

the ICR, analytes All XRFanalytes have a generally excellent fit exceptFaiO; (P NaFe), Hg, MgO,

S, Sm, Ti&and TaRegres®n plots were not constructed for Ag and Sn due to insufficient data points.
AllICR:analytes have a generally excellent fit exceptifpiNa, Ta, Ti, Sn, Sr, Y andRégression plots
were not constructed for Re due to insufficient dataints. Analytes characterized by slope values
deviating significantly from unity show poor correlation of recovery between used and certified
methods. Data users are cautioned about the performance of measwagainst certified
concentration values for #se analytes.

[
S

Tablel6 Linear regression relationships for XRFS analytes.

Linear regression relationships

Analyte Intercept Slope R squared
Ag(mg kg') XRFED 0.212 0
ALOs (weight oxide %XRFWIP NacFe) -6.96 1.43 0.995
As(mg kg") XRFWD -2.79 0.995 0.999
Ba(weight oxide %XRFWIP NagFe) 0.00901 0.672 0.981
Ba(mg kg) XRFED 40.2 0.844 0.994
Bi(mg kg") XRFWD 6.52 0.881 0.989
Br(mg kg') XRFWD -0.554 0.923 0.998
CaQ(weight oxide %XRFWD -0.374 1.16 0.983
CaQ(weight oxide %XRFWDP NagFe 0.128 0.812 0.996
Cd(mg kg) XRFED

Ce(mg kg') XRFED -14.9 1.1 0.973

Cl(weight oxide %XRFWDQP NagFe
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Linear regression relationships

Analyte Intercept Slope R squared
Cl(mg kg') XRFWD

Co(mg kgt) XRFWD 0.984 0.989 0.94
Cr(mg kg") XRFWD

Cs(mg kgt) XRFED 0.679 0.894 0.995
Cu(mg kg') XRFWD -4.56 1 1

FeOs (weight oxide %XRFWD 0.746 0.839 0.979
FeOs (weight oxide %XRFWIP NagFe) 2.03 0.495 0.52

Ga(mg kg') XRFWD

Ge(mg kg') XRFWD

Hf (mg kg') XRFWD -0.778 0.859 0.957
Hg(mg kgt) XRFWD -2.35 0.341 0.263
| (mg kg') XRFED

In (mg kg") XRFED

KeO (weight oxide %XRFWD -0.0957 1 0.999
La(mg kgt) XRFED -7.09 1.08 0.818
MgO (weight oxide %XRFWIPNacFe 1.35 0.437 0.297
MnO (weight oxide %XRFWD 0.00493 1.12 0.988
Mo (mg kgt) XRFWD 2.36 0.638 0.843
NaO (weight oxide %) XRFWD (RF&) -1.04 1.14 0.895
Nb (mg kgt) XRFWD 1.43 0.818 0.985
Nd (mg kgt) XRFWD 7.79 0.888 0.692
Ni (mg kg') XRFWD -3.34 1.14 0.998
P.Os (weight oxide %XRFWP NacFe) 0.0722 0.757 0.908
Pb(mg kg') XRFWD -3.76 1.15 0.971
Rb(mg kg') XRFWD -3.18 0.996 0.997
S(mg kgt) XRFWD 2110 -14 0.123
Sh(mg kgt) XRFED 0.0569 0.842 0.995
Sc(mg kgt) XRFWD 0.844 0.956 0.913
Se(mg kg") XRFWD

SiQ (weight oxide %XRFWP NagFe -23 1.22 0.967
Sm(mg kg') XRFWD 1.17 0.46 0.421
Sn(mg kg') XRFED 2.57 0

SQ (weight oxide %XRFWIP NacFe) 0.151 2.65 0.954
Sr(mg kgt) XRFWD 7.5 0.985 0.998
Ta(mg kg') XRFWD 0.2 0.53 0.576

Te(mg kg') XRFED
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Linear regression relationships

Analyte Intercept Slope R squared
Th(mg kg") XRFWD
TiG (weight oxide %XRFWD -0.0636 0.897 0.719
TiG (weight oxide YoXRFWIP NagFe -0.0991 0.906 0.574
Tl(mg kg") XRFWD
U (mg kg') XRFWD 0.0762 0.921 0.996
V (mg kg') XRFWD 6.31 0.873 0.956
W (mg kg") XRFWD 4.34 0.888 0.998
Y (mg kg?) XRFWD 0.544 0.85 0.967
Yb(mg kgt) XRFWD 0.414 0.555 0.691
Zn(mg kg?) XRFWD -11.4 1.04 0.999
Zr(mg kgt) XRFWD 5.67 0.888 0.998
Tablel7 Linear regression relationships for IgRnalytes.

Linear regression relationships
Analyte CRMs Digestion Intercept  Slope R squared
Ag(mg kg TILL, STSD, OREAS partial 0.048 0.961 1
Al (%) TILL, OREAS partial 0.361 0.692 0.987
As(mg kgh) TILL, STSD, OREAS total -2.02 1.02 0.999
Au(mg kgh) TILL, STSD, OREAS total -0.00251 0.944 0.946
B(mg kg') STSD total -20.3 0.324 1
Ba(mg kg') TILL, OREAS partial -7.22 1.05 0.998
Be(mg kgh) TILL, OREAS partial 0.666 0.901 0.925
Bi(mg kgh) TILL, OREAS total -0.0665 1.11 1
Ca(%) TILL, OREAS partial -0.00369 0.782 0.996
Cd(mg kgh TILL, STSD, OREAS patrtial -0.00952 1.12 0.997
Ce(mg kg TILL, STSD, OREAS total 1.55 0.68 0.956
Co(mg kgh) TILL, STSD, OREAS total -3.82 1.05 0.959
Cr(mg kg') TILL, STSD, OREAS total -45.4 1.04 0.993
Cs(mg kg') TILL, STSD, OREAS total -0.0373 0.593 0.969
Cu(mg kgh TILL, STSD, OREAS total -3.12 1.02 1
Fe(%) TILL, STSD, OREAS total -1.34 1.09 0.99
Ga(mg kg') OREAS total 3.99 0.764 0.979
Ge(mg kgh) OREAS total -0.0399 1.21 0.772
Hf (mg kg') TILL, STSD, OREAS total 0.312 -0.0279 0.377
Hg(mg kg TILL, STSD, OREAS partial -0.00621 1.03 0.957
In (mg kg OREAS total -0.0791 1.89 0.62
K (%) TILL, OREAS partial -0.0507 0.896 0.947
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Linear regression relationships

Analyte CRMs Digestion Intercept  Slope R squared
La(mg kg') TILL, STSD, OREAS total 1.96 0.609 0.932
Li(mg kgh) TILL, STSD, OREAS total 0.607 0.729 0.97
Mg (%) TILL, OREAS partial -0.00323 0.894 0.996
Mn (mg kgh) TILL, STSD, OREAS total -136 0.911 0.997
Mo (mg kgh) TILL, STSDREAS partial -1.58 1.22 0.988
Na (%) TILL, OREAS partial 0.0134 0.0316 0.588
Nb (mg kgh) TILL, STSD, OREAS total -0.122 0.181 0.867
Ni (mg kg TILL, STSD, OREAS total -6.8 1.08 0.999
P (%) TILL, STSD, OREAS total 0.00268  0.842 0.983
Pb(mg kg") TILL, STSD, OREAS partial 1.16 1 0.991
Pd(mg kg") OREAS total 0.0106 0.812 1
Pt(mg kg) OREAS total -9.03E04 0.988 0.998
Rb(mg kgh) TILL, STSD total -3.77 0.274 0.954
Re(mg kg') OREAS total 1.76E04 0
S(%) TILL, STSD, OREAS total -0.0198 1.3 0.994
Sb(mg kg') TILL, STSD, OREAS total -0.0846 0.741 0.999
Sc(mg kgb) TILL, STSD, OREAS total -10.3 1.2 0.974
Se(mg kgh) OREAS total 0.353 0.571 0.884
Sn(mg kgh) STSD, OREAS total 1.43 0.0747 0.0359
Sr(mg kg') TILL, STSDREAS total 16.4 0.046 0.0422
Ta(mg kg') TILL, STSD total 0.00361  -2.46E04 2.03E02
Te(mg kgh) OREAS total 0.0768 -0.00204 1
Th(mg kg") TILL, STSD total -1.7 0.623 0.831
Ti(%) TILL, STSD total 0.0602 0.0099 0.348
Tl(mg kgh) OREAS total -0.0125 0.925 0.997
U (mg kg') TILL, STSD, OREAS total -0.762 0.845 0.95
V (mg kgt TILL, STSD, OREAS total -47.3 1.04 0.82
W (mg kgh) TILL total -2.18 0.808 1
Y (mg kgh) TILL, STSD, OREAS total 0.893 0.406 0.577
Zn(mg kg') TILL, STSDREAS total -12.6 0.961 0.978
Zr(mg kgb) TILL, STSD, OREAS total 11.7 -0.0278 0.347
Tablel8Linear regression relationshipg®r LOI at 450°C
Linear regression relationships
Analyte Intercept Slope R squared
LOlat 450°C (%) 0.054 1 1
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Tablel9Linear regression relationships fan-house 'topand-tail' XRFS analytes.

Linear regression relationships

Analyte Intercept Analyte Intercept
Ag(mg kg') XRFED 0.0798 0.571 0.982
AbOs (weight oxide %XRFWDP NacFe 3.66 0.828 0.924
As(mg kg') XRFWD -0.495 0.983 1
Ba(weight oxide %XRFWDIP NacFe 0.00827 0.827 0.999
Ba(mg kg') XRFED -0.00963 0.932 0.982
Bi(mg kg") XRFWD -0.249 0.96 1
Br(mg kg") XRFWD -2.07 1.15 0.999
CaQ(weight oxide %XRFWD 0.165 1.21 0.948
CaQ(weight oxide %0XRFWDP NacFe 0.0577 0.962 1
Cd(mg kg") XRFED -0.462 1.36 0.99
Ce(mg kg') XRFED 1.17 0.888 0.994
Cl(weight oxide %XRFWDP NagFe) -0.0335 0.931 0.997
Cl(mg kg') XRFWD -99.1 0.429 0.998
Co(mg kg") XRFWD 0.258 1.06 0.988
Cr(mg kg') XRFWD

Cs(mg kg') XRFED 1.06 0.844 0.927
Cu(mg kgh) XRFWD 8.64 0.804 0.939
FeOs (weight oxide %XRFWD 14.8 -2.09 0.262
FeOs (weight oxide %XRFWRP NagFe 25.1 -4.35 0.473
Ga(mg kg') XRFWD 0.334 0.893 0.963
Ge(mg kg') XRFWD -0.321 0.62 1

Hf (mg kg') XRFWD -0.81 0.921 0.995
Hg(mg kg') XRFWD 3.53 -0.247 0.283
I (mg kg') XRFED 3.77 -0.584 0.195
In (mg kg") XRFED -0.255 0.82 1

K20 (weight oxide %XRFWD -4.39 242 0.767
La(mg kg') XRFED 3.5 0.814 0.773
MgO(weight oxide %XRFWP NagFe 0.177 1.25 0.997
MnO (weight oxide %XRFWD 0.179 -1.64E04 0.336
Mo (mg kg) XRFWD -0.517 1.12 0.972
Na20 (weight oxide %) XRFWDNEFe) 0.0184 0.669 0.92
Nb (mg kg") XRFWD -3.43 1.09 0.964
Nd (mg kg") XRFWD -9.09 1.37 0.961
Ni (mg kg") XRFWD 6.92 0.707 0.809
POs (weight oxide %XRFWOP NagFe 0.216 -1.09E04 1
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Linear regression relationships

Analyte Intercept Analyte Intercept
Pb(mg kg’) XRFWD -3.53 0.994 1
Rb(mg kgt) XRFWD -5.16 0.981 1
S(mg kg) XRFWD 665 -3.67 0.623
Sb(mg kg') XRFED 0.272 0.856 1
Sc(mg kg') XRFWD 1.55 0.898 0.882
Se(mg kg') XRFWD -0.174 1.08 0.918
SiQ (weight oxide %XRFWIP NagFe 12 0.822 0.523
Sm(mg kg") XRFWD 1.13 0.615 0.951
Sn(mg kg') XRFED -0.595 0.944 1

SQ (weight oxide %XRFWIP NagFe) -0.0258 1.02E04 1
Sr(mg kgt) XRFWD -19.9 1.43 0.847
Ta(mg kgt) XRFWD -0.748 0.88 1
Te(mg kg') XRFED -0.232 0.483 0.974
Th(mg kgt) XRFWD

Ti& (weight oxide %XRFWD 0.633 0.0489 0.778
TiC (weight oxide %XRFWIP NagFe) 0.51 0.379 1
Tl(mg kg') XRFWD 0.117 0.934 0.997
U (mg kg') XRFWD 0.87 0.783 0.994
V (mg kg') XRFWD -1.57 0.959 0.981
W (mg kg') XRFWD 0.6 0.915 1

Y (mg kgt) XRFWD -2.57 1.11 0.995
Yb(mg kg") XRFWD -0.41 0.917 0.998
Zn(mg kg") XRFWD -6.07 1 1
Zr(mg kgt) XRFWD -2.08 0.983 1

Table20 Linear regression relationships fan-house ‘topand-tail' ICR analytes.

Linearregression relationships

Analyte SRMs Digestion Intercept Slope R squared

Ag(mg kg') OREAS, MRGeo008, total -0.0404 1.03 1
GBM90810

Al (%) MRGeo08, GBM9680 partial 3.67 -0.371 1

As(mg kg) OREAS, MRGe008, total 0.917 0.968 1
GBM90810

Au(mgkg?) OREAS, MRGe008, total 0.00194 0.915 1
GBM©90810

B(mg kg') OREAS total -3.73 1.3 1

Ba(mg kg') MRGeo08, GBM9G80 partial 685 -0.53 1

Be(mg kg) OREAS, GBM9U® total -0.0168 1.03 0.98
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Linearregression relationships

Analyte SRMs Digestion Intercept  Slope R squared

Bi(mg kgh) OREAS, GBM9® total -0.0502  1.05 1

Ca(%) OREAS, GBM9® total 0.00211 0.972 1

Cd(mg kgh) OREAS, MRGe008, total -0.00138 0.994 1
GBM90810

Ce(mg kgb) OREAS, MRGe008, total 6.68 0.755 0.963
GBM90810

Co(mg kg") OREAS, MRGeo008, total 5.4 1.06 0.795
GBM90810

Cr(mg kg') OREAS, MRGe008, total -78.8 11 0.956
GBM90810

Cs(mg kg') OREAS, MRGe008, total -0.951 1.03 0.905
GBM90810

Cu(mg kgh OREAS, GBM91® total -2.69 1.01 0.999

Fe(%) OREAS, MRGeo008, total -1.74 11 0.978
GBM90810

Ga(mg kg') OREAS;BM90810 total 2.18 0.838 0.939

Ge(mg kg OREAS, GBM9® total -0.081 1.54 0.962

Hf (mg kg') MRGeo08, GBM9680 total 0.715 -0.00529 1

Hg(mg kgh) OREAS, GBM%1® total 0.0534 -0.12 0.663

In (mg kgh) OREAS, GBM31® total -0.00274 0.989 0.998

K (%) MRGeo08, GBM9GB0 partial 2.44 -0.92 1

La(mg kg') OREAS, MRGeo008, total 1.64 0.841 0.97
GBM90810

Li(mg kg") OREAS, GBM9® total -0.795 1.03 1

Mg (%) MRGeo08, GBM9G80 partial 2.08 -0.791 1

Mn (mg kgh) OREAS, MRGe008, total 390 -0.00395 0.846
GBM90810

Mo (mg kgh) OREAS, MRGe008, total 0.429 0.924 1
GBM90810

Na (%) MRGeo08, GBM96GB0 partial 0.411 -0.175 1

Nb (mg kgh) OREAS, GBMY1® total -0.188 1.13 0.983

Ni (mg kgh) OREAS, MRGeo008, total 25.6 0.969 1
GBM90810

P (%) OREAS, GBM%1® total 4.86E04 0.99 1

Pb(mg kg) OREAS, GBM91® total -0.61 1 1

Pd(mg kg OREAS, GBM91® total 0.00368 0.909 0.972

Pt(mg kg OREAS, GBM91® total 0.00256 0.951 1

Rb(mg kgh) MRGeo08, GBM96G80 partial 808 -4.49 1

Re(mg kg') OREAS, GBM91® total -0.00442 1.53 1

S(%) OREAS, MRGe008, total 0.00136 0.98 1
GBM90810

Sb(mg kgh) OREAS, MRGe008, total -0.17 0.986 0.979
GBM90810

Sc(mg kg') OREAS, MRGeo008, total -8.56 1.16 0.951
GBM90810

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I6dland



Linearregression relationships

Analyte SRMs Digestion Intercept Slope R squared

Se(mg kgh) OREAS, MRGe008, total 0.392 0.578 0.699
GBM90810

Sn(mg kgh) OREAS, MRGe008, total -0.119 1.02 0.997
GBM90810

Sr(mg kg') OREAS, GBM9%1® total -0.365 1.02 1

Ta(mg kg') OREAS, MRGe008, total 0.00824 -0.00461 1
GBM90810

Te(mg kgh) OREAS, MRGe008, total 0.0104 0.715 0.995
GBM90810

Th(mg kgh) OREAS, MRGe008, total -3.55 1.13 0.902
GBM90810

Ti(%) OREAS, MRGe008, total 0.0919 0.423 0.636
GBM90810

TI(mg kg OREAS, GBMY1® total -0.0183 0.991 1

U (mg kg') OREAS, MRGe008, total -0.36 1.03 0.949
GBM90810

V(mg kg') OREAS, GBM9%1® total 3.43 0.984 0.998

W (mg kgh) OREAS, MRGe008, total 4.15 -0.43 1
GBM90810

Y (mg kgh) OREAS, GBM9%1® total -0.14 0.994 1

Zn(mg kg) OREAS, MRGe008, total 6.13 0.957 0.999
GBM90810

Zr(mg kg) OREAS, MRGe008, total -7.65 1.38 0.956
GBM90810
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Iron (FeOs) by XRFWD (P hize)

Iron data from the NaFe application in XRFWD aatisfactory but not excellent, which is expected
for a major element in a pressed powder pellet Data are suitable for regional geochemical mapping
but the data quality are highlighted. No data conditioning is recommended.
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as a feint dashed grey line.
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Mercury (Hg) by XRFWD

Mercury data are generally poor in terms of fitting the certified values, with the-Z'duhd TIL4
determinations being particularly poor. Moreover it is notable that the available reference values for
Hg are all low, so caution for the data user is raotended for low concentration range values. No
data conditioning is recommended.
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Chart4 Mercury (Hg) determined by XRFWD in blind CRMs, faceted by CRM name. The 1:1 equality line is shown as a feint
dashed grey line.
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Magnesium (MgO) by XRFWD (R

Magnesium data from the N#&e application in XRFW&e generally poor in terms of fitting the
certified values, with the TIk2. and TIL4 determinations being particularly poor. Data are suitable
for regional geochemical mapping but the data quality are highlighted. No data conditioning is
recommended.
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Sulphur (S) by XRFWD

Sulphur data from XRFWD do not\iell at all to the certified concentrations in the CRMs. Use of
these data are not recommended. No data conditioning is recommended.
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Chart6 Sulphur (S) determined by XRFWD in blind CRMs, faceted by CRM name. The 1:1 dipelgyshown as a feint
dashed grey line.
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Samarium (Sm) by XRFWD

Samarium data from XRFWD are satisfactory but not excellent. Data are suitable for regional
geochemical mapping but the data quality are highlighted. No data conditioniagdemmended.
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Chart7 Samarium (Sm) determined by XRFWD in blind CRMs, faceted by CRM name. The 1:1 equality line is shown as a
feint dashed grey line.
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Tantalum (Ta) by XRFWD

Tantalum data from XRFWD aresatisfactory fit but not excellent. Data are fit for regional

geochemical mapping. No data conditioning is recommended.

STSD-1 STSD-3 TILL-1
1.24 ) 121 i 12
y=-0.2+053,r =0.576 y=-0.2+0.53, 1" =0.576 y=-02+053 r"=0576
0.84 0.84 08
0.44 0.4 0.4
i
="
g
=11]
£ 004 0.0 0.0
b
c
2 . .
o - - v - - - - - - - v - T T T T T r
g 0.5 0.0 0.5 10 15 20 05 0.0 05 10 15 20 05 0.0 05 10 15 20
8
£ T2 T3 TiLL-4
o 12 - 12 1.2 .,
T y=-0.2+053,1° = 0.576 . y=-0.2+0.53,*=0.576 y=-0.2+0.53,r =0576
2
E
7
£
s )
3 02 0.84 08
=
0.44 0.44 0.4
L ]
0.04 0.04 0.0
0.5 0.0 0.5 1.0 1.5 2.0 0.5 0.0 0.5 1.0 1.5 20 0.5 0.0 05 1.0 1.5 20

Certified concentration Ta (mg kg™)
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Titanium (TiQ) by XRFWD (P tfe)

Titanium data from the NgFe application in XRFWatisfactory but not excellent, which is expected
for a major element in a pressed powder pellet Data are suitable for regional geochemical mapping
but the data quality are highlighted. No data conditioning is recommended.
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Chart9 Titanium (TiQ) (P Na&Fe) determined by XRFWD in blind CRMs, faceted by CRM name. The 1:1 equality line is
shown as a feint dashed grey line.
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Indium(In) by ICR (MS41tBLD)

Indium data from the MS411BLD methods satisfactory but not excellentData are suitable for
regional geochemical mapping but the data quality is highlighted. No data conditioning is
recommended.
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Sodium (Na) by IGRMS41EBLD)

Sodium data from the MS44RL D method igenerally poor in terms of fitting the certified values, with
TILE3 and TIL4 determination being particularly poor. Data are suitable for regional geochemical
mapping but the data quality is highlighted. No data conditioning is recommended.
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Chart11 Sodium (Na) (MS41BLD) determined by IGRIS in blind CRMs, faceted by CRM name. The 1:1 equality line is
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Tin (Sn) by IGRMS41EBLD)

Tin data from the MS41BLD methodlo not fit well at all to the certified concentrations in the CRMs.
Use of these data are not recommended. No data conditioning is recommended.
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Chart12Tin (Sn) (MS41BLD) determined by EMS in blind CRMs, faceted by CRM name. The 1:1 equality line is shown
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Strontium (Sr) by IGRMS41EBLD)

Strontium data from the MS41BLD methodlio not fit well at all to the certifiedoncentrations in the
CRMs. Use of these data are not recommended. No data conditioning is recommended.
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Tantalum (Ta) by IGRMS41EBLD)

Tantalum data from the MS44R1 D methodlo not fit well at all to the certified concentrations in the
CRMs. Use of these data are not recommended. No datditioning is recommended.
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Chart14 Tantalum (Ta) (MS41BLD) determined by IGHS in blind CRMs, faceted by CRM name. The 1:1 equality line is
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Titanium (TiQ) by ICR (MS41LBLD)

Titanium data from MS41BLD method argenerallypoor in terms of fitting the certified values, with
TILE4 determination being particularhData are suitable for regional geochemical mapging the
data quality are highlighted. No data conditioning is recommended.
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Chart15 Titanium (TiQ) (MS41EBLD) determined by IGRIS in blind CRMs, faceted by CRM name. The 1:1 equality line
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Yttrium (Y) by IGRMS41EBLD)

Yttrium data from the MS41BLD method isatisfactory but not excellent. Data are suitable for
regional geochemical mappingut the data quality is highlighted. No data conditioning is

recommended.
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Chart16 Yttrium (Y) (MS414iBLD) determined by IGRIS in blind CRMs, faceted by CRM name. The 1:1 equality line is
shown as a feint dashed grey line.
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Zirconium (Zr) by IGRMS41EBLD)

Zirconium data from the MS44BL D methodire generally poor in terms of fitting the certified values.
Fit of OREAS45e determination is particularly poor. No data conditioning is recommended.
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Chart17 Zirconium (Zr) (MS41BLD) determined by ICKIS in blind CRMs, faceted by CRM name. The 1:1 equality line is
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Iron (FeOs) by XRFWD

Iron data from XRFWare generally poor in terms of fitting the certified valuagich is expected for
a major element in a pressed powder pellet Data are suitable for regional geochemical mapping but
the data quality are highlighted. No data conditioniagecommended.
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Chart18Iron (FeOs) determined by XRFWD in-nouse SRM, faceted by SRM name. The 1:1 equality line is shown as a
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Iron (FeOs) by XRFWD (P tfee)

Iron data from the NaFe application in XRFWD are satisfactory but not excellent, which is expected
for a major element in a pressed powder pellet Data are suitable for regional geochemical mapping
but the data quality are highlighted. No data conditionisgecommended.
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Mercury (Hg) by XRFWD

Mercury data from XRFWD asge generally poor in terms of fitting the certified valu€ata are
suitable for regional geochemical mapping but the data quality are highlighted. No data conditioning
is recommended.

JLK-1 NCSDC73309

y=3.53+-0.247,F = 0.283 | ® y=353+-0247,=0283

6 64
44 4
2 2
0 o
[ ]
0 5 10 15 0 0 5 10 15 20
NCSDC73372 NCSDCE7101

y=3.53+-0.247,° = 0.283 y=353+-0.247,7° = 0.283

Mean measured concentration Hg (mg kg'l)

4 4
2 2
0 0
L] ]
0 H 10 15 20 0 H 10 15 20

Certified concentration Hg (mg kg™)

Chart20 Mercury (Hg) determined by XRFWD infiouse SRMs, faceted by SRM name. The 1:1 equality line is shown as
a feint dashed grey line.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I188and



lodine (I) by XRFED

lodine data from XRFEDe generally poor in terms of fitting the certifiedlues Data are suitable for
regional geochemical mapping but the data quality are highlighted. No data conditioning is
recommended.
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Manganese (MnO) by XRFWD

Manganese data from XRFWiDe generally poor in terms of fitting the certified vai which is
expected for a major element in a pressed powder pellet Data are suitable for regional geochemical
mapping but the data quality are highlighted. No data conditioning is recommended.
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Silicon (Sig) by XRFWD (P hize)

Silicon data from the Ngre application in XRFWD are satisfactory but not excellent, which is expected for
a major element in a pressed powder pellet Data are suitable for regional geochemical mapping but the
data quality are highlighted. No data conditing is recommended.
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Calculating relative bias

- AATAOCOARAAAT OOAGRIGA T AAT OOApC%I%TT 1

2 Al ARG SR EAGATRRT OOAGET T

Equationl Relative bias %.

The relative bias of each analyte available measured by CRMBEL; STSE; TILEL; TILE2; TILE3; and
TILE4, are calculated and presentedTiable2l, Table22, Table23, Table24, Table25, Table26, Table27,
Table28, Table29, Table30, Table31, Table32, Table33, Table34 and Table35included.
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Table21 Summary of relative bias calculated for CRM data by STy XRF$¢€21). N/A where no reference concentration value is available.

KO (%) CaO (%) TiQx (%) MnO (%) FeOs: (%) S (mgkgl) Cl(mgkg?!) Sc(mkg!) V(mgkg!) Cr(mgkg?) Co Ni (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD (mgkg) XRFWD
XRFWD
Relative -6.79% 9.83% -32.90% 9.68% -5.82% 12.99% N/A -0.61% -13.66% -15.96% 6.89% -1.59%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 81.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cu Zn Ga Ge As(mgkg?!) Se(mgkg!) Br(mgkg') Rb Sr(mgkgt) Y(mgkg!) Zr(mgkg') Nb
(mgkgh) (mgkgh) (mgkgh) (mgkgh) XRFWD XRFWD XRFWD (mgkg?) XRFWD XRFWD XRFWD (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -13.77% -1.75% N/A N/A -14.43% N/A -10.07% -6.83% 3.56% -15.14% -8.90% 16.76%
bias %
% < 0.0% 0.0% 0.0% 61.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mo Nd Sm Yb Hf (mgkg') Ta(mgkg!) W (mgkg?!) Hg Tl (mgkg!) Pb Bi (mgkgy) Th
(mgkg?) (mgkg?) (mgkg)* (mgkg?) XRFWD XRFWD XRFWD (mgkg?) XRFWD (mgkg?) XRFWD (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative N/A 29.01% -18.25% -37.14% -30.52% -161.90% N/A N/A N/A 6.12% N/A -6.44%
bias %
% < 0.0% 0.0% 9.5% 4.8% 0.0% 95.2% 0.0% 100.0% 28.6% 0.0% 52.4% 0.0%
method
LLD
U(mgkg) Ag Cd In (mgkg) Sn(mg!) Sb(mkg') Te(mgkg') |(mgkg!) Cs(mkg') Ba La (mgg') Ce
XRFWD (mgkg?h) (mgkg?) XRFED XRFED XRFED XRFED XRFED XRFED (mgkgh) XRFED (mgkgh)
XRFED XRFED XRFED XRFED
Relative -5.00% N/A N/A N/A -39.52% -18.61% N/A N/A 21.69% -14.45% -23.65% -23.16%
bias %
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% < 0.0% 52.4% 23.8% 81.0% 0.0% 0.0% 76.2% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
N&aO (%) MgO (%) AkO:s (%) SiQ (%) P05 (%) SQ (%) CaO (%) TiG (%) FeOs (%) Ba (%) Cl (%)
XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP
NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe
Relative -55.29% -1.52% -34.18% -35.53% -9.52% 270.37% -16.22% -41.17% -26.49% -26.68% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 76.2%
method
LLD
Table22 Summary of relative bias calculated for CRM data by SB3Y XRF$¢€20. N/A where no reference concentration value is available.
K0 (%) CaO (%) TiQ (%) MnO (%) FeOs (%) S (mkg!) Cl(mgkg?) Sc(mkg?l) V(mgkgh) Cr(mgkg?!) Co Ni (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD (mgkgh) XRFWD
XRFWD
Relative -5.03% 2.05% -20.29% 25.13% -5.02% 0.63% N/A 1.19% -6.72% -14.67% 7.84% 3.17%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 90.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cu Zn Ga Ge As(mgkg') Se(mgkg?!) Br(mgkg?!) Rb Sr(mgkg') Y(mgkg?!) Zr(mgkg!) Nb
(mgkgh) (mgkgh) (mgkgh) (mgkgh) XRFWD XRFWD XRFWD (mgkg?) XRFWD XRFWD XRFWD (mgkg)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -12.83% -1.70% N/A N/A -13.13% N/A -7.08% -11.10% 3.10% -8.06% -8.02% -11.79%
bias %
% < 0.0% 0.0% 0.0% 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
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Mo Nd Sm Yb Hf (mgkg!) Ta(mgkgl) W(mgkgh) Hg Tl (mgkgy) Pb Bi (mgkgy) Th
(mgkgh) (mgkgh) (mgkg)* (mgkgh) XRFWD XRFWD XRFWD (mgkg?) XRFWD (mgkg) XRFWD (mgkgh
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -3.00% 16.38% -47.14% -23.38% -19.41% -72.78% N/A N/A N/A 9.19% N/A -15.35%
bias %
% < 0.0% 0.0% 35.0% 5.0% 0.0% 90.0% 0.0% 100.0% 10.0% 0.0% 15.0% 0.0%
method
LLD
U (mgkg') Ag Cd In (mgkg!) Sn(mgkg) Sb(mdkg') Te(mgg') I|(mgkg') Cs(mkg') Ba La(mgg') Ce
XRFWD (mgkg?) (mgkg?) XRFED XRFED XRFED XRFED XRFED XRFED (mgkg?) XRFED (mgkg?)
XRFED XRFED XRFED XRFED
Relative -7.29% N/A N/A N/A -32.13% -9.87% N/A N/A 4.81% -13.03% -22.31% -18.97%
bias %
% < 0.0% 70.0% 20.0% 85.0% 0.0% 0.0% 80.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
NaO (%) MgO (%) AROz (%) SiQ (%) P05 (%) SQ (%) CaO (%) TiQ (%) FeOs (%) Ba (%) Cl (%)
XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWD P
NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe
Relative -48.33% 1.82% -19.77% -22.38% -5.88% 257.14% -13.68% -26.36% -18.25% -26.51% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 80.0%
method
LLD
Table23 Summary of relative bias calculated for CRM data by TllHy XRF$h¢€15. N/A where no reference concentration value is available.
KO (%) CaO (%) T (%) MnO (%) FelOs (%) S (mgkg!) Cl(mgg') Sc(mkg!) V(mgkg!) Cr(mgkg!) Co Ni (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD (mgkgh) XRFWD
XRFWD
Relative -6.67% -3.58% -12.43% 10.74% -4.08% N/A N/A 8.36% -0.30% -8.38% 3.59% -1.36%
bias %
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% < 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 86.7% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cu Zn Ga Ge As(mgkg?) Se(mgkg!) Br(mgkg!) Rb Sr(mgkg?t) Y(mgkg?) Zr(mgkg') Nb
(mgkgh) (mgkgh) (mgkgh) (mgkgh) XRFWD XRFWD XRFWD (mgkg?) XRFWD XRFWD XRFWD (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -7.79% -7.99% N/A N/A -11.74% N/A -19.90% -3.65% 1.06% -16.74% -10.24% 1.13%
bias %
% < 0.0% 0.0% 0.0% 46.7% 0.0% 6.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mo Nd Sm Yb Hf (mgkg') Ta(mgkg!) W (mgkg?!) Hg Tl (mgkg!) Pb Bi (mgkgy) Th
(mgkg?) (mgkg?) (mgkg)* (mgkg?) XRFWD XRFWD XRFWD (mgkg?) XRFWD (mgkg?) XRFWD (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -51.67% 28.08% -36.95% -47.52% -16.51% -134.29% N/A N/A N/A -1.24% N/A -0.12%
bias %
% < 0.0% 0.0% 33.3% 33.3% 0.0% 100.0% 0.0% 100.0% 73.3% 0.0% 0.0% 0.0%
method
LLD
U (mgkg) Ag Cd In (mgkg)  Sn (mckg!) Sb (mkg') Te (mgkg) | (mgkg?)  Cs(mkg') Ba La (mdkg') Ce
XRFWD (mgkg?) (mgkg?) XRFED XRFED XRFED XRFED XRFED XRFED (mgkg?) XRFED (mgkg?)
XRFED XRFED XRFED XRFED
Relative -6.06% N/A N/A N/A N/A -15.64% N/A N/A 40.00% -1.57% -5.00% -6.57%
bias %
% < 0.0% 60.0% 86.7% 86.7% 0.0% 0.0% 80.0% 0.0% 6.7% 0.0% 0.0% 0.0%
method
LLD
NaO (%) MgO (%)  AbO: (%)  SiQ (%) PO5 (%) SO (%) CaO (%)  TiQ (%) FeO: (%) Ba (%) Cl (%)
XRFWD P XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWD P
NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe
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Relative -30.38% 16.59% -11.68% -19.05% 37.27% N/A -16.57% -14.88% -15.49% -14.53% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 80.0%
method
LLD
Table24 Summary of relative bias calculated for CRM data by Ty XRF$h€15). N/A where no reference concentration value is available.
K20 (%) CaO (%) TiQx (%) MnO (%) FelOs: (%) S (mdkg!) Cl(mgkg') Sc(mkg!) V(mgkg!) Cr(mgkg!) Co Ni (mgkgY)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD (mgkg?) XRFWD
XRFWD
Relative -2.63% -8.29% -6.73% 2.27% 1.24% N/A N/A 5.06% 0.66% -9.72% 3.07% 3.54%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 86.7% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cu Zn Ga Ge As(mgkg') Se(mgkg?!) Br(mgkg?!) Rb Sr(mgkg') Y(mgkg?!) Zr(mgkg!) Nb
(mgkgd)  (mgkgl)  (mgkg) (mgkgl)  XRFWD  XRFWD  XRFWD (mgkgl)  XRFWD  XRFWD  XRFWD (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -2.64% -7.73% N/A N/A -5.82% N/A -9.13% -1.56% 0.77% -15.90% -11.39% -10.00%
bias %
% < 0.0% 0.0% 0.0% 6.7% 0.0% 6.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mo Nd Sm Yb Hf (mgkg') Ta(mgkgl) W (mgkg?!) Hg Tl (mgkg!) Pb Bi (mgkgy) Th
(mgkgh) (mgkgh) (mgkg)* (mgkgh) XRFWD XRFWD XRFWD (mgkg?) XRFWD (mgkg) XRFWD (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -10.33%  -5.17% -39.19%  -29.01%  -23.76%  -40.00%  13.87%  N/A N/A -0.75% N/A -5.62%
bias %
% < 0.0% 0.0% 13.3% 6.7% 0.0% 33.3% 0.0% 100.0% 6.7% 0.0% 0.0% 0.0%
method
LLD
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U (mgkg') Ag Cd In (mgkg) Sn (mgkg?) Sb(mdkg') Te(mgkg?) I|(mgkg!) Cs(mkg!) Ba La(mgg') Ce
XRFWD (mgkgh) (mgkgh) XRFED XRFED XRFED XRFED XRFED XRFED (mgkg) XRFED (mgkgh)
XRFED XRFED XRFED XRFED
Relative -12.51% N/A N/A N/A N/A -1.67% N/A N/A -8.33% -6.73% 2.27% -5.31%
bias %
% < 0.0% 66.7% 86.7% 86.7% 0.0% 6.7% 86.7% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
NaO (%) MgO (%) AROz (%) SiQ (%) P05 (%) SQ (%) CaO (%) TiQ (%) FeOs (%) Ba (%) Cl (%)
XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWD P
NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe
Relative -21.46% 29.69% 1.25% -8.72% 4.31% N/A -8.98% -2.58% 0.14% -6.17% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 93.3% 0.0% 0.0% 0.0% 0.0% 86.7%
method
LLD
Table25 Summary of relative bias calculated for CRM data by F3lHy XRF$h¢€14). N/A where no reference concentration value is available.
KO (%) CaO (%) T (%) MnO (%) FelOs (%) S (mgkg!) Cl(mgkg!) Sc(mkg!) V(mgkg!) Cr(mgkg!) Co Ni (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD (mgkg?) XRFWD
XRFWD
Relative -3.31% -5.11% -11.57% 11.90% 0.46% N/A N/A -1.36% -3.33% -5.49% -4.05% 4.74%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 85.7% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cu Zn Ga Ge As(mgkg?) Se(mgkg!) Br(mgkgl) Rb Sr(mgkg?) Y(mgkg?!)  Zr(mgkg') Nb
(mgkg?h) (mgkg?h) (mgkg?h) (mgkg?h) XRFWD XRFWD XRFWD (mgkgh) XRFWD XRFWD XRFWD (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
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Relative -13.28% -15.01% N/A N/A -4.07% N/A -28.41% -3.08% -0.38% -16.34% -9.15% -4.90%
bias %
% < 0.0% 0.0% 0.0% 57.1% 0.0% 78.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mo Nd Sm Yb Hf (mgkg') Ta(mgkg!) W (mgkg?!) Hg Tl (mgkg!) Pb Bi (mgkgy) Th
(mgkgh) (mgkgh) (mgkg)* (mgkgh) XRFWD XRFWD XRFWD (mgkg) XRFWD (mgkg) XRFWD (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -68.93% 14.42% -34.85% -30.00% -36.34% N/A N/A N/A N/A -6.84% N/A 8.54%
bias %
% < 0.0% 0.0% 57.1% 71.4% 0.0% 100.0% 14.3% 100.0% 78.6% 0.0% 64.3% 0.0%
method
LLD
U (mgkg') Ag Cd In (mgkg") Sn (mkg) Sb(mgkg!) Te(mgkg') I(mgkg!) Cs(mgkg') Ba La (mkg!) Ce
XRFWD  (mgkg?)  (mgkgl)  XRFED XRFED XRFED XRFED XRFED XRFED (mgkgl)  XRFED (mgkg)
XRFED XRFED XRFED XRFED
Relative 7.48% N/A N/A N/A N/A -7.94% N/A N/A 42.86% -6.09% -17.69% -13.44%
bias %
% < 0.0% 0.0% 100.0% 92.9% 0.0% 7.1% 85.7% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
NaO (%) MgO (%)  AkO:3 (%)  SiQ (%) PO5 (%) SO (%) CaO (%)  TiQ (%) FeO: (%) Ba (%) Cl (%)
XRFWD P XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWD P
NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe
Relative -23.97% 37.01% -13.06% -14.39% 14.29% N/A -11.22% -12.27% -7.82% -18.20% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 85.7% 0.0% 0.0% 0.0% 0.0% 85.7%
method
LLD
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Table26 Summary of relative bias calculated for CRM data by #ldy XRF$h€14). N/A where no reference concentration value is available.

KO (%) CaO (%) TiQx (%) MnO (%) FeOs: (%) S (mgkgl) Climgkg!) Sc(mkg!) V(mgkg!) Cr(mgkg?) Co Ni (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD (mgkg) XRFWD
XRFWD
Relative -1.98% -4.46% -8.04% 2.38% 0.27% -24.87% N/A 7.50% 1.08% -13.23% 16.79% -2.86%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 96.3% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cu Zn Ga Ge As(mgkg?!) Se(mgkg!) Br(mgkg') Rb Sr(mgkgt) Y(mgkg!) Zr(mgkg') Nb
(mgkgh) (mgkgh) (mgkgh) (mgkgh) XRFWD XRFWD XRFWD (mgkg?) XRFWD XRFWD XRFWD (mgkgh)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -1.42% -10.13% N/A N/A -2.64% N/A -21.26% -1.93% 4.80% -11.82% -6.35% -4.24%
bias %
% < 0.0% 0.0% 0.0% 85.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mo Nd Sm Yb Hf (mgkg') Ta(mgkg!) W (mgkg?!) Hg Tl (mgkg!) Pb Bi (mgkgy) Th
(mgkg?) (mgkg?) (mgkg)* (mgkg?) XRFWD XRFWD XRFWD (mgkg?) XRFWD (mgkg?) XRFWD (mgkg?)
XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD XRFWD
Relative -10.36% 0.40% -29.74% -22.48% -17.50% -48.21% -8.96% N/A N/A 0.23% 4.45% -5.75%
bias %
% < 0.0% 0.0% 14.3% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
U(mgkg) Ag Cd In (mgkg) Sn(mg!) Sb(mkg') Te(mgkg') |(mgkg’) Cs(mkg') Ba La (mgg') Ce
XRFWD (mgkg?h) (mgkg?) XRFED XRFED XRFED XRFED XRFED XRFED (mgkgh) XRFED (mgkgh)
XRFED XRFED XRFED XRFED
Relative -11.43% N/A N/A N/A N/A -20.71% N/A N/A -0.60% -6.80% 2.79% -4.58%
bias %
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% < 0.0% 85.7% 92.9% 92.9% 0.0% 0.0% 78.6% 0.0% 0.0% 0.0% 0.0% 0.0%
method

LLD
NaO (%) MgO (%) AkG:s (%) SiQ (%) P05 (%) SQ (%) CaO (%) TiQ (%) FeOs (%) Ba (%) Cl (%)
XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWDP XRFWD P
NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe NacFe

Relative -17.54% 23.02% -4.51% -14.11% 21.07% 203.57% -10.00% -10.33% -6.04% -0.54% N/A

bias %

% < 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 78.6%

method

LLD

Table27 Summary of relative bias calculated for CRM data by ST3y ICE (n=7). N/A where no reference concentration value is available.

Au (mgkd) Ag (mgkd) Al (%) As (mgkg) B (mgkd) Ba(mgkg) Be (mgkg) Bi(mgkg) Ca (%) Cd (mgkg) Ce (mgkg) Co (mgkg)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41BLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41tBLD) (MS41LBLD)
Relative N/A 9.67% N/A 23.79% N/A N/A N/A N/A N/A 14.67% N/A -1.59%
bias %
% < 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cr(mgkd) Cs(mgkd) Cu(mgkgd) Fe (%) Ga (mgkg) Ge (mgkg) Hf(mgkd) Hg(mgkd) In(mgkd) K (%) La (mgkd)  Li(mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD)
Relative -9.08% N/A -3.32% -3.92% N/A N/A N/A -4.72% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
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Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni(mgkg) P (%) Pb (mgkd) Pd(mgkg) Pt(mgkg) Rb (mgkg) Re (mgkg)

ICRMS HICPMS HI1CPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD)
Relative N/A -6.52% -50.97% N/A N/A 7.77% N/A -1.74% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 85.7% 100.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkd) Sc(mgkg) Se (mgkg) Sn(mgkg) Sr(mgkd) Ta(mgkd) Te (mgkd) Th(mgkd) Ti (%) Tl (mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD) (MS41BLD) (MS41LBLD)
Relative N/A 21.97% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
V(mgkd) W (mgkd) Y (mgkd)  Zn(mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD)
Relative -6.58% N/A N/A -2.41% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD

Table28 Summary of relative bias calculated for CRM data by SB3y by ICR (n=8). N/A where no reference concentration value is available.

Au (mgkd) Ag (mgkd) Al (%) As(mgkg) B (mgkd) Ba(mgkg) Be(mgkd) Bi(mgkg) Ca (%) Cd (mgkd) Ce (mgkg) Co (mgkg)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
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Relative N/A 7.45% N/A 14.98% N/A N/A N/A N/A N/A 9.49% N/A -1.86%
bias %
% < 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cr(mgkd) Cs(mgkg) Cu(mgkg) Fe (%) Ga (mgkg) Ge (mgkg) Hf(mgkd) Hg(mgkd) In(mgkg) K (%) La (mgkd)  Li (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41kBLD) (MS41BLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -10.07% N/A -2.48% -3.76% N/A N/A N/A -6.48% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni(mgkg) P (%) Pb (mgkd) Pd(mgkd) Pt(mgkgd) Rb (mgkd) Re (mgkgd)
ICRMS ) ICPMS HICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41tBLD) (MS41LBLD) (MS41EBLD) (MS41tBLD) (MS41LBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD)
Relative N/A -10.95% -11.81% N/A N/A 9.15% N/A 4.32% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkd) Sc(mgkd) Se (mgkg) Sn(mgkgd) Sr(mgkd) Ta(mgkd) Te (mgkd) Th(mgkd) Ti (%) Tl (mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRPRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD)
Relative N/A 19.45% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
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V (mgkd) W (mgkd) Y (mgkd) Zn(mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41tBLD) (MS41LBLD) (MS41LBLD)
Relative -15.91% N/A N/A -2.28% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD

Table29 Summary of relative bias calculated for CRM data by TllHdy by ICR (n=22). N/A where no reference concentration value &vailable.

Au(mgkd) Ag(mgkd) Al(%)  As(mokd) B(mgkd) Ba(mgkd) Be(mgkd) Bi(mgkd) Ca(%)  Cd(mgkd) Ce(mgkd) ~Co (mgkd)
ICRMS ICRPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICPMS ICPMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative N/A 15.86% -8.53% 25.36% N/A -4.80% 346.52% N/A -25.29% N/A N/A 3.87%
bias %
% < 81.8% 0.0% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cr(mgkd) Cs(mgkd) Cu(mgkg) Fe (%) Ga (mgkg) Ge (mgkd) Hf(mgkd) Hg(mgkgd) In(mgkd) K (%) La (mgkd)  Li(mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -13.29% N/A -6.28% 5.13% N/A N/A N/A 4.63% N/A -56.70% N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkd) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS H1ICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD)
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Relative -13.30% 11.55% N/A -94.12% N/A -5.98% -4.81% 13.36% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkg) Se(mgkd) Sn(mgkg) Sr(mgkg) Ta(mgkd) Te (mgkd) Th(mgkd) Ti (%) TI(mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBID) (MS41EBLD)
Relative N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 4.5% 0.0% 0.0% 0.0% 0.0%
method
LLD
V (mgkd) W (mgkg) Y (mgkd) Zn (mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD)
Relative 12.14% N/A N/A -6.96% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Table30 Summary of relative bias calculated for CRM data by TlHy by ICR (n=22). N/A where no reference concentration value is available.
Au (mgkd) Ag (mgkd) Al (%) As (mgkg) B (mgkd) Ba(mgkg) Be(mgkg) Bi(mgkd) Ca (%) Cd (mgkg) Ce (mgkg) Co (mgkg)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD)
Relative N/A 25.42% -18.35% 6.75% N/A 0.60% 588.22% 13.51% -19.88% 11.51% N/A 2.85%
bias %
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% < 100.0% 0.0% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method

LLD
Cr(mgkg) Cs(mgk) Cu(mgkd) Fe (%)  Ga(mgkd) Ge(mgkd) Hf(mgkd) Hg(mgkd) In(mgkd) K(%)  La(mgkd) Li(mokd)
ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICRPMS ICRPMS ICPMS ICPMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -9.49% N/A -5.74% 4.65% N/A N/A N/A -14.77% N/A -28.51% N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb(mgkg)) Pd(mgkg) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS HICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41BLD) (MS41EBLD) (MS41tBLD) (MS41tBLD)
Relative -5.42% 12.90% 7.96% -94.63% N/A 0.61% -32.52% 12.55% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkg) Se (mgkg) Sn(mgkg) Sr(mgkd) Ta(mgkd) Te(mgkd) Th (mgkd) Ti (%) Tl (mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD)
Relative N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 4.5% 0.0% 0.0% 0.0% 0.0%
method
LLD
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V (mgkd) W (mgkd) Y (mgkd) Zn(mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41tBLD) (MS41LBLD) (MS41LBLD)
Relative 8.67% N/A N/A -1.01% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD

Table31 Summary of relative bias calculated for CRM data by 31y by ICR (n=21). N/A where no reference concentration value is available.

Au(mgkd) Ag(mgkd) Al(%)  As(mgkg) B(mgkd) Ba(mgkd) Be(mgkd) Bi(mgkd) Ca(%)  Cd(mgkd) Ce(mgkd) ~Co (mgkd)
ICRMS ICRPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICPMS ICPMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative N/A -5.27% 0.52% -1.29% N/A -10.71% 340.52% N/A -23.33% N/A N/A -4.63%
bias %
% < 95.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cr(mgkd) Cs(mgkd) Cu(mgkg) Fe (%) Ga (mgkg) Ge (mgkd) Hf(mgkd) Hg(mgkgd) In(mgkd) K (%) La (mgkd)  Li(mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -18.57% N/A -12.59% -2.60% N/A N/A N/A -1.51% N/A -35.95% N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.8% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkd) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS H1ICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD)
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Relative -14.07% 13.99% N/A -93.15% N/A -4.98% -1.33% 6.11% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkg) Se(mgkd) Sn(mgkg) Sr(mgkg) Ta(mgkd) Te (mgkd) Th(mgkd) Ti (%) TI(mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 14.3% 0.0% 4.8% 0.0% 0.0%
method
LLD
V (mgkd) W (mgkg) Y (mgkd) Zn (mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD)
Relative -4.48% N/A N/A -8.44% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Table32 Summary of relative bias calculated for CRM data by #ldy by ICR (n=14). N/A where no reference concentration value is available.
Au (mgkd) Ag (mgkd) Al (%) As(mgkg') B (mgkd) Ba(mgkg) Be(mgkd) Bi(mgkd) Ca (%) Cd (mgkg) Ce (mgkg) Co (mgkg)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD)
Relative N/A N/A -26.38% 2.21% N/A -7.24% 458.65% -6.18% -15.04% N/A N/A -0.26%
bias %
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% < 92.9% 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method

LLD
Cr(mgkg) Cs(mgk) Cu(mgkd) Fe (%)  Ga(mgkd) Ge(mgkd) Hf(mgkd) Hg(mgkd) In(mgkd) K(%)  La(mgkd) Li(mokd)
ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICRPMS ICRPMS ICPMS ICPMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -13.15% N/A -11.37% -1.55% N/A N/A N/A -2.43% N/A -30.09% N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkg?) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS HICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41BLD) (MS41EBLD) (MS41tBLD) (MS41tBLD)
Relative -14.87% 28.04% 3.34% -90.23% N/A -2.70% -37.67% 2.67% N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkg) Se (mgkg) Sn(mgkg) Sr(mgkd) Ta(mgkd) Te(mgkd) Th (mgkd) Ti (%) Tl (mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD)
Relative N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 7.1% 0.0% 0.0%
method
LLD
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V (mgkd) W (mgkd) Y (mgkd) Zn(mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41tBLD) (MS41LBLD) (MS41LBLD)
Relative 1.93% N/A N/A -7.11% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD

Table33 Summary of relative bias calculated for CRM data®REAS25By by ICRE: (n=7). N/A where no referenceoncentration value is available.

Au(mgkd) Ag(mgkd) Al(%)  As(mokd) B(mgkd) Ba(mgkd) Be(mgkd) Bi(mgkd) Ca(%)  Cd(mgkd) Ce(mgkd) ~Co (mgkd)
ICRMS ICRPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICPMS ICPMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -21.37% -13.67% -1.86% -6.16% 57.77% 1.45% -2.08% -5.53% 0.74% -18.54% -8.49% -1.21%
bias %
% < 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cr(mgkd) Cs(mgkd) Cu(mgkg) Fe (%) Ga(mgkg') Ge (mgkd) Hf(mgkd) Hg(mgkgd) In(mgkd) K (%) La (mgkd)  Li(mgkd)
ICRMS ICRPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRPMS ICRPMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -0.23% -19.86% -4.80% 1.24% -2.31% -50.69% -24.76% 24.88% -13.60% 1.47% -1.68% -13.43%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkd) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS H1ICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD)
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Relative 0.21% -1.08% -3.42% -10.23% 32.97% 2.58% 4.69% -2.36% N/A -65.82% -5.32% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 0.0% 100.0%
method
LLD
S o) Sb (mgkg) Sc(mgkg) Se(mgkd) Sn(mgkg) Sr(mgkg) Ta(mgkd) Te (mgkd) Th(mgkg") Ti (%) TI(mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -1.97% -8.74% 4.94% -16.09% -2.26% 2.99% -98.59% N/A -71.67% 58.96% -12.62% -2.11%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
V (mgkd) W (mgkg) Y (mgkd) Zn (mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD)
Relative 7.36% N/A -4.92% 3.33% -14.10%
bias %
% < 0.0% 42.9% 0.0% 0.0% 0.0%
method
LLD
Table34 Summary of relative bias calculated for CRM data®REAS450y by ICE (n=7). N/A where no reference concentration value &vailable.
Au (mgkd) Ag (mgkd) Al (%) As (mgkg) B (mgkd) Ba(mgkg) Be(mgkg) Bi(mgkd) Ca (%) Cd (mgkg) Ce (mgkg) Co (mgkg)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD) (MS41LBLD)
Relative -3.29% -19.58% -4.61% 0.76% -37.81% 1.19% 10.33% -16.02% 0.03% 444.05% -4.29% 5.23%
bias %
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% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method

LLD
Cr(mgkg) Cs(mgk) Cu(mgkd) Fe (%)  Ga(mgkd) Ge(mgkd) Hf(mgkd) Hg(mgkd) In(mgkd) K(%)  La(mgkd) Li(mokd)
ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICRPMS ICRPMS ICPMS ICPMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative 1.90% -7.17% 0.99% 1.34% -4.55% 28.75% -6.62% 8.33% 5.35% -2.39% -3.83% -2.37%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkg) Pt(mgkg) Rb (mgkd) Re(mgkg)
ICRMS 1 ICPMS HICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -5.31% -1.27% -4.53% -3.94% -24.41% 5.90% -3.86% -1.14% 21.81% 2.97% -7.19% -94.14%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkg) Se (mgkg) Sn(mgkg) Sr(mgkd) Ta(mgkd) Te(mgkd) Th (mgkd) Ti (%) Tl (mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD)
Relative 3.52% -26.67% 6.99% 2.77% -6.75% -1.59% N/A 12.67% -25.86% 2.13% -18.31% -0.74%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
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V(mgkd) W (mgkd) Y (mgkd)  Zn(mgkd) Zr (mgkd)

ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41tBLD) (MS41LBLD) (MS41LBLD)
Relative 2.15% N/A -4.66% 0.60% 4.17%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD

Table35 Summary of relative bias calculated for CRM data®REAS45ky by ICR: (n=7). N/A where no reference concentration value is available.

Au(mgkg') Ag (mgkd) Al (%) As (mgkg) B (mgkd) Ba(mgkd) Be(mgkd) Bi(mgkd) Ca o) Cd (mgkg) Ce (mgkg) Co (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -5.49%  -10.23%  -3.75%  5.88% -17.14%  7.35% -8.68% -17.08%  1.25% 52.80%  -4.76% 0.45%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Cr(mgkd) Cs(mgkd) Cu(mgkg) Fe (%) Ga (mgkg) Ge (mgkd) Hf(mgkg) Hg(mgkgd) In(mgkd) K (%) La (mgkd)  Li(mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -2.19% -13.28% 2.06% 3.00% 11.97% 7.00% -4.83% -97.10% -2.35% 1.91% -23.05% -28.61%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 57.1% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkd) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS H1ICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS

(MS41EBLD) (MS41tBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41BLD) (MS41EBLD) (MS41EBLD)
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Relative -9.73% -11.38% -3.48% -9.41% -49.33% 6.36% 1.53% -6.31% -2.82% -3.09% -6.87% N/A
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkd) Se (mgkg) Sn(mgkg) Sr(mgkd) Ta(mgkd) Te(mgkd) Th(mgkd) Ti (%) TI(mgkd) U (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -2.63% -23.89% 6.49% -27.31% -7.56% -4.66% N/A -30.43% -3.08% -7.44% -22.86% -3.49%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
V(mgkd) W (mgkg) Y (mgkd)  Zn(mgkd) Zr (mgkd)
ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41LBLD) (MS41LBLD)
Relative -2.42% N/A -0.97% 5.75% 6.52%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
Table36 Summary of relative bias calculated for CRM data®REAS908y by ICR: (n=7). N/A where no reference concentration value is available.
Au (mgkg) Ag (mgkd) Al (%) As (mgkd) B (mgkd) Ba(mgkd) Be(mgkd) Bi(mgkd) Ca (%) Cd (mgkg) Ce (mgkd)  Co (mgkg)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD)
Relative 17.34% 13.67% 4.28% 14.93% 4.72% 1.42% 15.00% 15.93% -95.82% -68.00% 9.06% 14.75%
bias %
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% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method

LLD
Cr(mgkg) Cs(mgk) Cu(mgkd) Fe (%)  Ga(mgkd) Ge(mgkd) Hf(mgkd) Hg(mgkd) In(mgkd) K(%)  La(mgkd) Li(mokd)
ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICPMS ICRPMS ICRPMS ICPMS ICPMS
(MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD)
Relative -2.19% 10.16% 16.98% 11.43% 2.19% 10.16% 35.72% -6.13% 15.17% 14.52% 9.57% -19.97%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 57.1% 0.0% 0.0% 0.0% 0.0%
method
LLD
Mg (%) Mn (mgkg Mo (mgkg Na (%) Nb (mgkd) Ni (mgkd) P (%) Pb (mgkd) Pd(mgkg) Pt(mgkg) Rb (mgkd) Re (mgkg)
ICRMS 1 ICPMS HICPMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41EBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41tBLD) (MS41BLD) (MS41EBLD) (MS41tBLD) (MS41tBLD)
Relative -22.59% 6.89% 9.07% -25.48% -64.76% 5.68% 9.28% 1.93% 2.85% 9.48% 12.90% -15.42%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
method
LLD
S (%) Sb (mgkg) Sc(mgkg) Se (mgkg) Sn(mgkg) Sr(mgkd) Ta(mgkd) Te(mgkd) Th (mgkd) Ti (%) Tl (mgkd) U (mgkgd)
ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41LBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBLD) (MS41EBID) (MS41LBLD)
Relative -5.97% 16.49% 0.76% -2.50% 2.97% -70.16% -6.76% -39.03% 12.52% -13.48% -0.38% 11.81%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
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V(mgkd) W (mgkd) Y (mgkd)  Zn(mgkd) Zr (mgkd)

ICRMS ICRMS ICRMS ICRMS ICRMS
(MS41LBLD) (MS41LBLD) (MS41tBLD) (MS41LBLD) (MS41LBLD)
Relative -5.30% 19.69% 1.32% -0.76% 25.58%
bias %
% < 0.0% 0.0% 0.0% 0.0% 0.0%
method
LLD
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Blank sample data are used a quality check to see if any component of the analytical data can be measured
and quantified as a contaminant introduced to a sample (where such contamination is introduced during the
analytical processes.)

The LLD is a theoretical concentration level derived from equivalent to three standard deviations (99.7%
confidence interval) above the mean of run blanks background count. Notably, theswshe samples

have a direct relationshiwith the LLDs quoted so netandard samples masses will be accompanied by a
worsening of the LLD.

The raw data are examined and presented here. All data close to the lower limits of detection (LLD), nominally
10*LLD, are generally considered to be natranalytical noise and such low absolute quantities, even in the
event of a contaminant component to the samples, are generally acceptable.

L yIfeO0BSHOERY 1@ FRNIODNWEF YAY | GAZ2Y Ay«

Not every blank sample with detectable measurandevsstigated in great detail. However, any sample with
numerous analytes flagging as above the LLD is investigated especially in relation to the predecessor sample
ID/LIMS code. Cangver contamination and, rarely, sample migs, can be a source of thisd further

guality checks and sometimes samplearalyses are undertaken to rule these both out.

It is very important to assess the blank sample concentrations in the context of the real sample site data. If
the blank samples contain a measurable anglgteove its LLD and some way above it, but that concentration

is quantifiably low compared to the true sample sites dataset, then there is really no need to reject the data
in the application for regional geochemical mapping. If however the measured asutite blank samples

are close to or similar to the sample data, then caution in the data use is required. The naturally low baseline
concentrations of precious metal analytes, combined with advanced analytical chemistry which is reaching
very low limis of detection, together mean that an overlap is somewhat likely.

Blank data reported foiXRFS

The XRFS laboratory (Panalytical, Nottingham, UK) employ procedural QC blanks of pure silica sand of purity
99.995%. These data are compiled anchmarily reported at the end of each tranche of works as a standalone
laboratory batch number. The blank is run once per 100 submiitedupknown) samples. Cerium (Ce) is
known to be present in the blank at approximatelyg68 mg kg and caesium (C)f approximately 2 mg kg

! so monitoring of Ce and Cs are aéli. Occasional exceedances of various analytes, the majority of which

are no more than 2*LLD, are reported by the laborat(gil Eatherington, 201&atherington, 201p The

blank data for tungsten (W), thallium (Tl), uranium (U) area cautioned to the data user as not fuliyadjwen

at low levels.

Blank data reported for ICP

ALSMinerals Limitedemployed procedural QC blanks of high purity pure silica sand approximately every 40
submitted samples (including laboratory standards) for-M&3 analyses (MEIS41L/MS41BLD methd).
¢tKSaS RIFEGF FNB O2YLIAESR YR &adzYYFNAf& NBLR2NISR I
for method MEMS41L/MS41BLD aresummarked in Table37 and Table38. In a standard, leftensored

dataset baseline observations for a number of elements typically occurring toseD can be lost. To
understand better the behaviour of these elements at tiogvlend of the distribution, the lower limit of
detection in the MS41BLD data set was lowered by a factor of 100 as opposed to censored values reported
by the laboratory in the MiMS41L dataset. It is therefore expected that frequent blank data exceedavitte

be observed in this dataset and the user is cautioned to interpret these data in this context. Most exceedances
are <2*LLD and not systematic and indicate random deviatiemsRe notable (>5%) exceedance is observed
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and user caution is advised whénterpreting data at lower end of the concentration spectrum for these
elements
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Table37 Summary of above method LLD detectable }RE-MS41L data in blankamples Analytes with >5% of data above tHd D are orange highlighted.

Aumgkd  Ag mg kg Al % As mg kg B mg kg Ba mg kg Be mg kg Bi mg kd Ca% Cd mg kg
Count 244 244 244 244 244 244 244 244 244 244
Count > 3 0 0 0 0 0 0 0 0 3
method LLD
% > method 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2%
LLD

Cemgkg Comgkg Cr mg kg Cs mg kg Cu mg kg Fe % Ga mg kg Ge mg kg Hf mg kgl Hg mg kel
Count 244 244 244 244 244 244 244 244 244 244
Count > 0 4 1 0 0 0 0 3 0 1
method LLD
% > method 0.0% 1.6% 0.4% 0.0% 0.0% 0.0% 0.0% 1.2% 0.0% 0.4%
LLD

In mg kd K % La mg kg Li mg kg Mg mg kg Mn mg kgt Mo mg kg Na mg kg Nb mg kd Ni mg kdt
Count 244 244 244 244 244 244 244 244 244 244
Count > 0 0 0 0 0 0 0 3 0 1
method LLD
% > method 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 0.0% 0.4%
LLD

P % Pb mg kg Pd g Pt mg kd Rb mg kg Re mg kg S % Sb mgkd  Scmgkg Se mg kg
Count 244 244 244 244 244 244 244 244 244 244
Count > 0 1 0 0 0 0 0 1 0 0
method LLD
% > method 0.0% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0%

LLD
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LLD

Sn mg kg Sr mg kg Ta mg kg Te mg kg Th mg kg Ti % Tl mg kd U mg kgl V mg kd W mg kd
Count 244 244 244 244 244 244 244 244 244 244
Count > 0 0 2 5 0 0 0 0 0 39
method LLD
% > method 0.0% 0.0% 0.8% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 16.0%
LLD

Y mg kg Zn mg kg Zn mg kg
Count 244 244 244
Count > 0 0 0
method LLD
% > method 0.0% 0.0% 0.0%
LLD

Table38 Summary of above method LLD detectable MS41LBLD data in blankamples Analytes with >5% of data above the LLD are orange highlighted.

Aumgkd  Agmg kg Al % As mg kg B mg kg Ba mg kg Be mg kg Bi mg kd Ca% Cd mg kg
Count 244 244 244 244 244 244 244 244 244 244
Count > 68 112 75 162 52 147 101 188 114 129
method LLD
% > method 27.9% 45.9% 30.7% 66.4% 21.3% 60.2% 41.4% 77.0% 46.7% 52.9%
LLD

Cemgky Comgkg Cr mg kg Cs mg kg Cumg kg* Fe % Ga mg kg Ge mg kg Hf mg kgl Hg mg kel
Count 244 244 244 244 244 244 244 244 244 244
Count > 129 189 205 91 199 210 177 194 98 163
method LLD
% > method 52.9% 77.5% 84.0% 37.3% 81.6% 86.1% 72.5% 79.5% 40.2% 66.8%
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In mg kgt K % La mg kg Li mg kd Mgmgkd  Mn mg kgt Mo mg kgt Na mg kg Nb mg kd Ni mg kg
Count 244 244 244 244 244 244 244 244 244 244
Count > 64 34 103 190 19 147 208 36 112 178
method LLD
% > method 26.2% 13.9% 42.2% 77.9% 7.8% 60.2% 85.2% 14.8% 45.9% 73.0%
LLD

P % Pb mg kg Pd pg Pt mg kd Rb mg kg Re mg kg S % Sb mgky  Scmgky Se mg kg
Count 244 244 244 244 244 244 244 244 244 244
Count > 135 153 139 63 149 66 6 165 126 169
method LLD
% >method  55.3% 62.7% 57.0% 25.8% 61.1% 27.0% 2.5% 67.6% 51.6% 69.3%
LLD

Sn mg kg Srmg kg Ta mg kg Te mg kg Th mg kg Ti % Tl mg kg U mg kgl V mg kd W mg kd
Count 244 244 244 244 244 244 244 244 244 244
Count > 189 196 86 127 119 22 114 36 212 213
method LLD
% > method 77.5% 80.3% 35.2% 52.0% 48.8% 9.0% 46.7% 14.8% 86.9% 87.3%
LLD

Y mg kg Zn mg kg Zn mg kg
Count 244 244 244
Count > 112 198 165
method LLD
% > method 45.9% 81.1% 67.6%

LLD

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of Itdlénd



Iy feiAOlt AYGSNFSNBYO

In analytical chemistry there is always potential for interferences between analytes. This can be due to the
chemical properties of a measurand, spectral interferences (where a signal overlaps or masks another) or
physical matrix effects whereby the chemlidehaviour in a given matrix needs to be specifically accounted
for by calibration. Typically these are addressed by the laboratory through adaptation of the method and/or
instrument €.g. sample dilution), or, by an approach to better process the datd aorrect for them.
Analytical data reports are accompanied by notes from the analyst/laboratory that may flag the potential for
analytical interferences.

Further, where there is a measurement of the same element or its species by more than one alidfoot a
method, it is good practice to check the relationship between them as a means to assess their performance
independently.

/| KSO1l 2y - wC{ AYUSNFSNByYyOSa
The analytical laboratory is primarily responsible for checking and where possible correcting for analytical

interferences, As a quality check, all analytes are plotted against one another to look for systematic
relationships. No interferences were suspected.

/| KSO1l &y UBSNFSNByOSa
The analytical laboratory is primarily responsible for checking and where possible correcting for analytical

interferences. As a quality check, all analytes are plotted against one another to look for systematic
relationshipsNo interferences were suspected.
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The univariate statistics of published data are presented here. All data are freely available to download and to
view, fromwww.gsi.ie/tellus

When published by GSI, all geochemical data are censored, so that results below the lower reporting
(detection) limit are reported as one half the stated lower limit of detection. Dealing statistigiatiynon-

detects and data truncated to both a lower and upper reporting limit is challenging, as numerically there needs
to be a systematic and robust way of including these data. Representing censored data on a map can be
managed by statistically classifg the data, based on percentile breaks in the data. Belowsitstical
summary of the datgTable39, Table40 and Table42) including both ICIMS methods These statistical
summaries are calculated using the R progi@&@mCorelTeam, 201Busingthe NADA (Nosletects and data
analysis for environmental data) packafleee, 200R The percentile values calculated are default GSI
recommended bins for constructing interpolated geochemical maps with Telluskataeveral analyte®(

Pd Pt, Re and Tamost of the observations were below certified LLD {M&41L method) and thus the
accredited data set does not allow production of useful maps for these analytes. However, data below certified
LLD (MS41BLD) may be used to generate useful maps. Usersargoned that MS41BLD data provided

for these four analytes were acquired using a non accredited method and all interpretation and conclusions
arising from analysis of this data must take the above into consideration. Furthermore, since data used for
these calculations are only righensored (IRL) and nt#ft censored (LLD) percentile values represent points
calculated for the entire data population including values below LLD. Because of {iesd@ntile does not
always match with minimum value ofi¢ data population. Should the user wish to plot interpolated maps
from the MS411BLD data set recommended percentile values for classification purposes are giadhedil

and Table45.

Three methods for robust estimators of descriptive statistics (median, mean and standard deviation) are
employedand colour codedccordinglyFortt2 8 S St SYSyda é6A0GK Xpx:-MeigF OSya
estimator method was used to estimate timeedian,meanand standard deviationf the data(Kaplan and

Meier, 195® C2NJ (1K24S St SYySyida 6KSNB BpreE: FYR Xym: 2F
estimation (MLEmethod was used to estimate timeedian,meanand standard deviationVhere >80% of the

data were censored thenedian,meanand standard deviation arestimated using a regression on order
statistics (ROS) methog@Helsel, 200p This follows sme recommendations of the NADA package and of
Antweiler and Taylor (2008n estimators of environmental datasets

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of Itdland


http://www.gsi.ie/tellus

Table39 Univariate summary statistics fodeepertopsoil pH (CaG) and LOI (450°Gpmple data.

® > Q Q Q Q Q Q Q Q@ Q Q@ Q Q Q Q
= 2 S = c = c = < < c < c € - c c c
I o o () Q () ) () ) ) ) () ) O = O O £ o
= o = N aonN = e E£2 £ £2 £ £ £L2 £ £L £ wp o &2
@ - c 23 o1 S0 S0 50 Do Do &0 OO0 LB OO0 6T KBS N o OO0
> - D c c1 S0 049 hAa 499 49 N o KA N ©a 6048 0o oo o9 «Ha
pH 0.1 pH unit 5643 1 0.02 2 3.1 3.3 3.4 3.6 4.5 4.9 51 5.3 59 6.3 6.5 6.7 6.9
LOI (450°C 0.01 % 5641 0 0.00 0.3 3.2 3.86 4.31 5.11 8.57 29.7 53.1 79.2 96.3 97.2 97.7 98.1 100
Table40 Univariate summary statistics fodeeper topsoil XRFSample data.
)
K] > 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 = 5 < < < < < < < c c < c - < c c
) k=) ) ) ) ) ) o) Q Q ) ) Q O S O o) c o
> ) = 2N an e e £ £L £ £L £L £ £ £L £ weg 5L 59
4 c Q1 o1 S0 = O o o n o n O S0 OO LO [S I, o o n o N~Oo [ T, S o
3 D c c1>4d oo Do 4H9 +H98 N ha N N oo oo oo oo o o - o
Ag 0.5 mg kgt 5642 5557 98.49 0.00299 0.0164 0.0228 0.0286 0.0398 0.0739 0.12 0.137 0.16 0.239 0.333 0.444 0.6 3.2
AbQOs | 0.2 % 5642 646 1145 0.198 0.5 0.9 1.24 2.9 8.3 10.9 11.8 12.5 14 15 16 17.1 23.3
As 0.9 mg kgt 5642 84 1.49 0.815 2.1 3.2 4.1 5.5 8.1 10.5 115 12.8 16.5 21.2 29.5 45.7 452
Ba 1 mg kgt 5642 9 0.16 1.08 5 7 17 92 237 329 356 387 467 552 647 756 4900
Bi 0.3 mg kgt 5642 5068 89.83 0.0021 0.0163 0.024 0.0311 0.0459 0.0947 0.166 0.195 0.233 0.4 0.6 0.8 1 12.8
Br 0.8 mg kgt 5642 4 0.07 0.273 5.8 8.21 9.9 13.4 27.8 91.6 144 220 485 724 916 1160 2000
CaO | 005 % 5642 49 0.87 0.0166 0.13 0.18 0.22 0.28 0.43 0.67 0.78 0.98 2.43 5.69 9.75 16.9 49.7
Cd 0.5 mg kgt 5642 3952 70.05 0.00981 0.0567 0.0822 0.106 0.154 0.309 0.53 0.6 0.7 1.2 1.9 2.4 3 13.1
Ce 1 mg kgt 5642 1 0.02 0.836 4 4 5 14 35 46 49 53 61 69 79 91 536
Cl 200 mg kgt 5642 3983 70.60 7.07 47.8 67.3 84.2 115 214 329 372 571 897 1140 1310 1540 41000
Co 15 mg kgt 5642 1259 22.31 0.384 1.29 1.68 1.9 2.42 7 11.8 13 14.1 16.8 19.2 22.1 26.8 248
Cr 3 mg kgt 5642 802 1421 1.78 4.2 5.96 7.7 13 46.7 67.4 73.5 81.7 108 127 147 188 903
Cs 1 mg kgt 5642 212 3.76 0.743 2 2 2 2 3 3 4 4 4 5 6 9 20
Cu 1.3 mg kgt 5642 525 9.31 0.245 1.43 1.9 2.3 4.1 11.7 21 23.9 26.9 34.9 425 51.6 71.8 694
Fe(Qs; | 001 % 5642 0 0.00 0.05 0.18 0.27 0.42 0.93 3 4.2 4.5 4.81 5.64 6.37 7.14 8.4 93.5
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2 = c_% = = = = e = = b b = g _ € 2 2
S | o = 30 8 _ 9 S g8 £8 =£8 g8 g8 £8 g8 g8 £8 B3 38 58
- 5 c e28d 8% F& S5g% 0g Bg % 2% g % 3% LL 58 8 S8
Ga 1 mg kgt 5642 1081 19.16 0.679 2.08 2.63 3.12 3.95 8.8 12.4 13.4 14.3 16.6 18.2 19.6 21.6 28.9
Ge 0.5 mg kgt 5642 4577 81.12 0.0515 0.145 0.177 0.203 0.249 0.363 0.487 0.529 0.581 0.8 0.9 1.1 1.3 4.6
Hf 1 mg kgt 5642 1114 19.74 0.561 1.28 1.5 1.72 2.08 3.9 5 53 5.7 6.7 7.5 8.3 9.6 25.7
Hg 2.5 mg kgt 5642 5639 99.95 0.0448 0.156 0.197 0.23 0.291 0.449 0.63 0.694 0.773 1.03 1.29 1.58 2 4.8
| 0.5 mg kgt 5642 33 0.58 0.292 1.6 2.4 3.2 4.7 8.9 14.2 16.4 19.7 31 44.9 70.4 136 649
In 0.5 mg kgt 5642 5601 99.27 0.0603 0.12 0.138 0.151 0.174 0.225 0.274 0.29 0.31 0.366 0.42 0.473 0.542 0.9
KO 0.01 % 5642 151 2.68 0.0126 0.05 0.07 0.1 0.54 1.32 1.89 2.03 2.19 2.55 2.9 3.23 3.7 4.94
La 1 mg kgt 5642 1107 19.62 0.901 3 4.05 5 6.57 17 24 26 27 31 35 39 46 188
Mgo 0.3 % 5642 1656 29.35 0.0381 0.174 0.239 0.297 0.4 0.8 1.2 1.5 1.7 2.39 2.9 3.4 4.1 12.6
MnO | 0.005 % 5642 1301 23.06 0.000273 0.00297 0.00503 0.00649 0.0092 0.039 0.092 0.108 0.127 0.189 0.256 0.341 0.632 5.93
Mo 0.2 mg kgt 5642 1733 30.72 0.0106 0.0945 0.144 0.19 0.288 0.7 1.2 1.4 1.7 2.8 3.8 4.9 7.66 61.7
N&O | 0.3 % 5642 2567 4550 0.0463 0.162 0.207 0.244 0.311 0.441 0.8 0.8 0.9 1.2 1.4 1.6 2 9.2
Nb 1 mg kgt 5642 933 16.54 0.985 1.8 2.4 2.9 3.82 8.3 10.8 11.4 12 13.8 15.4 16.8 18.9 53.9
Nd 4 mg kgt 5642 1142 20.24 1.73 4.7 5.61 6.45 7.95 17.4 23.9 25.4 26.9 31.3 35.5 40.1 46.6 263
Ni 1.3 mg kgt 5642 470 8.33 0.19 1.23 1.57 1.9 3.2 14.9 30.3 35.3 40.2 51 59 68.6 82.9 325
PO 0.05 % 5642 1123 19.90 0.0113 0.0408 0.052 0.06 0.07 0.13 0.19 0.2 0.22 0.28 0.33 0.38 0.46 1.03
Pb 1.3 mg kgt 5642 29 0.51 1.4 5.41 7.9 9.6 12.6 18.9 25.5 28 315 43.3 58 75.7 122 1610
Rb 1 mg kgt 5642 660 11.70 1.1 3 5.79 8 20.5 53.6 721 77.8 84.1 97.4 110 126 146 272
SQ 1000 mgkg 5642 3715 65.85 286 428 520 589 710 1040 1440 1990 2360 3200 3860 4460 5290 12800
Sb 0.5 mg kgt 5642 2659 47.13 0.0454 0.16 0.21 0.253 0.332 0.6 0.8 0.9 1 1.6 2 2.3 2.86 24.6
Sc 3 mg kgt 5642 1307 23.17 1.18 2.38 2.95 3.26 3.78 6.9 10 10.9 11.7 13.7 15.2 16.6 18.5 31.2
Se 0.2 mg kgt 5642 406 7.20 0.0543 0.227 0.3 0.4 0.5 0.8 1.2 1.3 1.5 2.3 3 4 53 32.3
SiO 0.1 % 5642 6 0.11 0.147 0.6 0.81 1.6 17.3 55.6 64.9 68.1 715 78.3 82.5 85.8 89.7 100
Sm 3 mg kgt 5642 3970 70.37 0.379 0.947 1.15 1.32 1.61 2.33 3.1 3.4 3.8 4.89 5.7 6.6 8.1 50.4
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4 D c cJ 33 o a LA 4HHa H48 N ha KA N ©a 60a oo oo o a -
Sn 0.5 mg kgt 5642 507 899 0.16 0.474 0.6 0.7 0.9 14 1.8 2 2.1 2.7 3.7 5.6 9.26 131
Sr 1 mg kgt 5642 0 0.00 6.6 26.7 32.4 36.9 44.4 65.8 87.6 95.3 106 144 197 284 619 2290
Ta 1 mg kgt 5642 5440 96.42 0.104 0.227 0.267 0.298 0.351 0.475 0.601 0.643 0.693 0.844 0.991 1.1 1.4 3.1
Te 0.5 mg kgt 5642 5639 99.95 0.00084 0.00512 0.00724 0.00915 0.0129 0.0246 0.0407 0.0469 0.0551 0.0839 0.119 0.16 0.225 0.8
Th 0.7 mg kgt 5642 633 11.22 0.312 0.9 1.1 1.3 2.1 4.8 6.5 7.1 7.6 8.9 10.1 11.3 12.8 22.6
TIO 001 % 5642 8 0.14 0.00666  0.0201 0.029 0.048 0.197 0.438 0.608 0.659 0.694 0.773 0.838 0.901 1 2.49
TI 0.5 mg kgt 5642 680 12.05 0.257 0.5 0.574 0.6 0.7 1 1.2 1.2 1.3 1.5 1.7 1.9 2.1 6
§] 0.5 mg kgt 5642 58 1.03 0.57 1.2 15 1.7 2 25 3 3.2 3.3 3.9 4.9 6.9 10.6 118
\V 3 mg kgt 5642 469 831 1.78 3.9 5.2 6.91 17.5 53.9 80.2 86.6 92.3 106 119 134 159 339
wW 0.6 mg kgt 5642 380 6.74 0.391 0.7 0.8 0.9 1.2 1.6 1.9 1.9 2 2.2 2.5 2.9 4.16 69.3
Y 1 mg kgt 5642 418 7.41 0.544 1.3 1.8 2.38 6.1 13.8 19.1 20.5 22 26.1 29.1 324 40.2 162
Yb 15 mg kgt 5642 4015 71.16 0.279 0.573 0.678 0.761 0.902 1.24 1.59 1.7 1.8 2.3 2.7 3.1 3.5 8.4
Zn 1.3 mg kgt 5642 7 0.12 1.4 6.4 9.7 12.8 194 44.5 71.4 78.7 86.8 114 136 159 210 1010
Zr 1 mg kgt 5642 8 014 11 3.3 5.3 12 77.4 176 218 228 240 278 305 332 376 882
Table41 Univariate summary statistics fodeeper topsoillCR, sample datacalculated for MS414BLD method
()
o) Q Q Q Q Q Q Q Q Q Q Q Q Q Q
= ) (@] c c c c c c c c c c c e c [ c
) K=/ o L) L) L) L) () [ ) [ ) [ O S O O £ O
> ) = N onN 2 S £ £L2 £ £ £ £ £L £L £L LW g2 &8¢
4 c L7 o1 S0 S0 S50 ho bo S50 &S50 o &0 60 Ko N o OO0
4 D c cd S 048 Lo 49 499 N W Ko N o 6048 0o oo o9 dHa
Ag 0.00001  mg kg’ 5642 2 0.04 0.0012 0.0115 0.0168 0.0224 0.033 0.0579 0.0856 0.0959 0.112 0.161 0.204 0.259 0.343 3.22
Al 0.0001 % 5642 0 0.00 0.0278 0.0591 0.0802 0.129 0.35 1.05 1.49 1.61 1.75 2.13 2.4 2.57 2.86 5.09
As 0.0001 mg kg 5642 0 0.00 0.0564 0.615 0.855 1.11 1.8 5.43 8.97 10.1 11.8 16.4 21 29.3 441 475
Au 0.00000  mg kg* 5642 192 3.40 0.0000 0.0000 0.0001 0.0002 0.0003 0.0006 0.0010 0.0011 0.0013 0.0020 0.0027 0.0036 0.0061 1.14
2 04 831 62 34 56 47 2 6 6 2 8 8
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£ 2 3 e & &€ € € & & & & &€ & &8 & _E
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- -] c c > 4 oo Lo 49 409 NOoO Lo Mo MO 0o O O o Ooa «HQ
B 0.1 mg kg" 5642 537 9.52 0.124 0.5 0.7 0.9 17 3.2 4.6 5 5.7 7.6 9.3 10.9 13.7 161
Ba 0.005 mg kg* 5642 0 0.00 12 5.67 7.49 10.3 19.7 46.1 76.2 84.9 95 128 164 215 322 3820
Be 0.0001 mg kg 5642 2 0.04 0.0027 0.0214 0.0326 0.0543 0.122 0.36 0.615 0.697 0.813 1.11 1.29 1.42 1.65 6.47
5
Bi 0.00001  mg kg 5642 1 0.02 0.0014 0.0248 0.0341 0.043 0.0603 0.1 0.137 0.147 0.158 0.19 0.241 0334 0541 133
Ca 0.0001 % 5642 0 0.00 0.0087 0.0458 0.0695 0.0896 0.122 0.201 0.306 0.365 0.452 1.44 3.76 6.37 11.1 25
Cd 0.00001  mg kg' 5642 0 0.00 0.0035 0.0361 0.0567 0.0737 0.103 0.189 0.344 0.429 0561 1.33 2.09 2.59 3.27 133
6
Ce 0.00003  mg kg' 5642 0 0.00 0.341 0.864 1.27 2.63 9.56 26.3 36.6 39.7 43.4 52 59.7 70 85.1 500
Co 0.00001  mg kg' 5642 0 0.00 0.0812 0.173 0.225 0.312 0.751 521 9.82 10.9 11.9 14.6 16.9 19.4 23.4 344
Cr 0.0001 mg kg* 5642 0 0.00 0.333 0.793 1.03 1.44 3.85 15.1 24.9 27.3 30.2 41.2 51.8 62.5 82.6 625
Cs 0.00005  mg kg" 5642 1 0.02 0.0003 0.0174 0.0277 0.0494 0.21 0.496 0.677 0.733 0.8 1.05 141 2 3.05 12.1
1
Cu 0.0001 mg kg* 5642 0 0.00 0.314 145 1.8 2.13 3.23 12.6 22.3 253 28.4 37.1 45.1 54 72.5 701
Fe 0.00001 % 5642 0 0.00 0.0198 0.0733 0.105 0.163 0.418 1.74 2.57 2.74 2.94 3.47 3.96 4.49 5.48 39.3
Ga 0.00004  mg kg' 5642 0 0.00 0.0928 0.218 0.286 0.407 1.16 3.4 4.71 5.23 5.7 6.88 7.74 8.52 9.8 18.6
Ge 0.00005  mg kg' 5642 31 0.55 0.0000 0.0087 0.0133 0.0177 0.0254 0.0474 0.066 0.0704 0.0751 0.0881 0.102 0.115 0.139 0.276
8
Hf 0.00002  mg kg' 5642 11 0.20 0.0001 0.0017 0.0028 0.0038 0.0071 0.0197 0.0461 0.0543 0.0652 0.0902 0.109 0.125 0.146 0.373
2 8 1 7 2
Hg 0.00004  mg kg' 5642 6 0.11 0.0001 0.028 0.0369 0.0435 0.054 0.0758 0.0981 0.106 0.116 0.149 0.188 0.231 0.306 2.14
In 0.00005  mg kg" 5642 49 0.87 0.0000 0.0025 0.0041 0.0055 0.0086 0.0175 0.0243 0.0259 0.0275 0.0321 0.0367 0.0425 0.0511 0.277
6 9 7 6 6
K 0.0001 % 5642 0 0.00 0.0028 0.015 0.0202 0.0259 0.0473 0.112 0.155 0.166 0.179 0.215 0.248 0.275 0.319 0.736
La 0.00002  mg kg" 5642 0 0.00 0.154 0408 0.605 1.3 441 11.6 16.5 17.9 19.5 23.8 27.4 317 37.7 177
Li 0.001 mg kg" 5642 16 0.28 0.002 0.074 0.114 0.214 1.67 9.2 15.1 17.3 20.2 26.5 30.7 35.5 40.9 97.6
Mg 0.0001 % 5642 0 0.00 0.008 0.046 0.0629 0.077 0.105 0.173 0.305 0.376 0.452 0.66 0.868 1.05 1.32 4.59
Mn 0.001 mg kg" 5642 0 0.00 1.08 3.93 5.23 6.98 21 238 618 741 873 1330 1820 2470 4520 45900
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Mo 0.0001 mg kg" 5642 0 0.00 0.0288 0.18 0.25 0.302 0.396 0.679 1.17 1.34 1.62 2.71 3.88 4.84 7.51 48.8
Na 0.00001 % 5642 0 0.00 0.0001 0.0104 0.012 0.013 0.0149 0.0228 0.0325 0.0371 0.0426 0.0586 0.0754 0.0955 0.167 3.4
1
Nb 0.00002  mg kg 5642 0 0.00 0.0175 0.0485 0.0669 0.087 0.147 0.287 0433 0491 0573 0906 1.27 1.7 2.4 9.86
Ni 0.0004 mg kg 5642 0 0.00 0.349 0.793 0982 1.23 2.1 12.1 26.5 31 35.6 46.6 54.1 63 75.7 336
P 0.00001  mg kg" 5642 0 0.00 22.3 154 192 221 277 444 612 661 725 896 1060 1240 1540 3790
Pb 0.00005  mg kg" 5642 0 0.00 0.394 457 6.33 7.77 10 16.5 22.7 25.3 28.3 39.4 53.4 72.4 118 1720
Pd 0.00001  mg kg' 5642 1900 33.68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0009 0.0011 0.0014 0.0022 0.0030 0.0042 0.0060 0.0245
0134 238 4 58 969 9 6 7 2 1 3 4
Pt 0.00002  mg kg' 5642 1281 22.70  0.0000 0.0000 0.0000 0.0000 0.0001 0.0004 0.0007 0.0008 0.0010 0.0014 0.0022 0.0042 0.0091 0.058
0267 332 5 694 06 4 7 7 1 7 5 4 6
Rb 0.00005  mg kg" 5642 0 0.00 0.0733 0.24 0.343 0.557 294 10.1 14.3 153 16.4 19.2 21.9 24.5 21.7 68.5
Re 0.00001  mg kg" 5642 526 9.32 0.0000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0005 0.0006 0.0008 0.0013 0.0019 0.0031 0.0063 0.104
0295 3 448 6 3 3 8 8 1 2 4 8 1
S 0.0001 % 5642 0 0.00 0.0039 0.0197 0.0233 0.0261 0.0312 0.0514 0.151 0.226 0.281 0.391 0.48 0.563 0.678 1.27
Sb 0.00005  mg kg" 5642 3 0.05 0.0012 0.05 0.0706 0.0884 0.12 0.216 0.346 0.406 0.484 0.853 1.22 1.49 1.78 16.2
3
Sc 0.00005  mg kg" 5642 0 0.00 0.0264 0.102 0.169 0.294 0.604 1.61 2.71 3.07 3.47 4.42 5.19 5.83 6.81 15.1
Se 0.001 mg kg* 5642 1 0.02 0.006 0.356 0.473 0.567 0.73 1.14 1.82 2.1 2.43 351 4.79 6.48 9.09 30.3
Sn 0.0001 mg kg* 5642 0 0.00 0.021 0.14 0.191 0.243 0.34 0564 0.766 0.839 0929 13 1.93 2.87 5.72 67.1
Sr 0.0001 mg kg* 5642 0 0.00 151 5.6 6.98 8.11 104 17.7 28.4 32.1 36.6 64.1 121 215 525 3880
Ta 0.00005 5642 61 1.08 0.0000 0.0002 0.0003 0.0004 0.0007 0.0013 0.0025 0.0031 0.0039 0.0070 0.0109 0.0126 0.0152 0.0413
259 5 9 9 6 9 8 4 3
Te 0.0001 mg kg' 5642 188 3.33 0.0002 0.0032 0.0063 0.0099 0.0156 0.0283 0.0408 0.0458 0.0513 0.075 0.115 0.18 0.289 3.69
9 1
Th 0.00002  mg kg" 5642 0 0.00 0.0005 0.0087 0.0196 0.0539 0.267 0.952 1.66 1.82 1.98 2.49 3.03 3.59 4.34 11.4
7 9
Ti 0.00001 % 5642 0 0.00 0.0004 0.0016 0.0023 0.0028 0.0037 0.0069 0.0116 0.0142 0.0176 0.0328 0.0541 0.079 0.122 0.349
3 5 4 8 9 4
T 0.00002  mg kg" 5642 6 0.11 0.0004 0.0079 0.011 0.0153 0.0372 0.111 0.162 0.184 0.213 0.291 0.347 0.405 0.586 4.64
1 5
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4 D c cd S0 04 LA 49 4998 N WA KA N o 048 0 oo o8 da
U 0.00005  mg kg’ 5642 0 0.00 0.024 0.104 0.157 0.228 0.423 0.809 1.09 1.19 1.31 1.77 2.67 4.2 8.14 124
\% 0.001 mg kg 5642 0 0.00 0531 14 1.8 2.48 6.58 23.7 36.2 38.9 41.6 48.4 56.4 67.1 83.5 198
0.00001  mg kg 5642 25 0.44 0.0002 0.0111 0.0161 0.0196 0.0265 0.0463 0.0728 0.081 0.0906 0.129 0.188 0.306 0.894 47.2
7
Y 0.00003  mg kg 5642 0 0.00 0.0799 0.26 0.353 0.641 1.81 4.86 8.09 9.52 11.7 18.4 21.8 25.6 32.7 160
Zn 0.001 mg kg" 5642 0 0.00 0.972 5.28 7.63 10.1 15.3 36.6 63.2 69.9 77.4 104 128 148 195 1010
Zr 0.0001 mg kg 5642 0 0.00 0.0039 0.0803 0.113 0.155 0.275 0.723 15 1.8 2.12 3.06 3.71 4.24 5.03 15.7
Table42 Univariate summary statistics fodeeper topsoillCR; sample datacalculated for MEMS41L method
)
ie) Q Q Q Q Q Q Q Q Q Q Q Q Q Q
= o) 2 c c c c c c c c c c c - c c c
] o > L) ) L) L) ) L) L) 1) L) 1) O S O O £ O
> ) = n a0 o P £ £ £ £ £L £ £ £ gL mwe oo 58
4 c 23 o S50 S0 50 ho bo & &S50 Do 50 606 Ko N o OO
i D c cd SO0 04 Lo 499 498 N W KA N oo 08 04 oo oa da
Ag 0.001 mg kg* 5642 3 0.05 0.002 0.012 0.017 0.022 0.033 0.058 0.086 0.096 0.112 0.161 0.204 0.259 0.344 3.22
Al 0.01 % 5642 0 0.00 0.03 0.06 0.08 0.13 0.35 1.05 1.49 1.61 1.75 2.13 2.4 2.57 2.86 5.09
As 0.01 mg kg* 5642 0 0.00 0.06 0.62 0.851 1.11 1.8 5.42 8.97 10.2 11.8 16.4 21 29.3 441 475
Au 0.0002 mg kg* 5642 909 16.11 0.0000 0.0001 0.0002 0.0002 0.0004 0.0006 0.001 0.0012 0.0014 0.002 0.0027 0.0037 0.0062 1.14
25 45 01 52
B 10 mg kg" 5642 5596 99.18 0.0174 0.159 0.241 0.319 0.483 1.05 1.91 2.27 2.75 454 6.89 9.87 15 160
Ba 0.5 mg kg" 5642 0 0.00 1.2 5.7 7.5 10.3 19.7 46.1 76.2 84.9 95 128 164 215 322 3820
Be 0.01 mg kg" 5642 104 1.84 0.0032 0.02 0.03 0.05 0.12 0.36 0.62 0.7 0.81 1.11 1.29 1.42 1.65 6.47
8
Bi 0.001 mg kg 5642 2 0.04 0.002 0.025 0.034 0.043 0.06 0.1 0.137 0.147 0.158 0.19 0.241 0.334 0541 132
Ca 0.01 % 5642 20 0.35 0.0034 0.05 0.07 0.09 0.12 0.2 0.31 0.36 0.45 1.44 3.76 6.37 111 25
6
Cd 0.001 mgkg* 5642 0 0.00 0.004 0.036 0.057 0.074 0.103 0.189 0.344 0.429 0561 1.33 2.09 2.59 3.28 13.3
Ce 0.003 mg kg 5642 0 0.00 0.341 0.864 1.27 2.63 9.56 26.3 36.6 39.7 43.4 52 59.7 70.1 85.1 500
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- -] c c > 4 oo Lo 49 409 NOoO Lo Mo MO 0o O O o Ooa «HQ
Co 0.001 mg kg" 5642 0 0.00 0.081 0.173 0.225 0312 0.751 521 9.82 10.9 11.9 14.6 16.9 19.4 23.4 344
Cr 0.01 mg kg* 5642 0 0.00 0.33 0.79 1.038 1.44 3.85 15.2 24.9 27.3 30.2 41.2 51.8 62.5 82.6 625
Cs 0.005 mg kg 5642 20 0.35 0.0032 0.017 0.028 0.049 0.21 0496 0.677 0.733 0.8 1.05 141 1.99 3.05 12.1
9
Cu 0.01 mg kg 5642 0 0.00 0.31 1.45 1.8 2.13 3.23 12.6 22.3 25.3 28.4 37.1 45.1 54 72.5 701
Fe 0.001 % 5642 0 0.00 0.02 0.073 0.105 0.163 0.417 1.74 2.57 2.74 2.94 3.47 3.96 4.49 5.48 39.3
Ga 0.004 mg kg* 5642 0 0.00 0.093 0.218 0.286 0.407 1.16 3.4 4.71 5.23 5.7 6.88 7.74 8.52 9.81 18.6
Ge 0.005 mg kg* 5642 146 2.59 0.0031 0.0092 0.013 0.018 0.025 0.047 0.066 0.07 0.075 0.088 0.102 0.115 0.139 0.276
7 9
Hf 0.002 mg kg* 5642 478 8.47 0.0002 0.0023 0.003 0.004 0.007 0.02 0.046 0.054 0.065 0.09 0.109 0.125 0.147 0.373
08 3
Hg 0.004 mg kg* 5642 49 0.87 0.005 0.028 0.037 0.0431 0.054 0.076 0.098 0.106 0.116 0.149 0.188 0.231 0.306 2.14
In 0.005 mg kg* 5642 838 14.85 0.0015 0.0053 0.006 0.007 0.009 0.017 0.024 0.026 0.028 0.032 0.037 0.043 0.051 0.277
5 4
K 0.01 % 5642 282 5.00 0.0046 0.02 0.02 0.03 0.05 0.11 0.15 0.17 0.18 0.21 0.25 0.28 0.32 0.74
8
La 0.002 mg kg" 5642 0 0.00 0.154 0.408 0.605 1.3 441 11.6 16.6 17.9 19.4 23.8 27.4 317 37.7 178
Li 0.1 mg kg" 5642 692 12.27 0.027 0.2 0.4 0.6 17 9.2 15.1 17.3 20.2 26.5 30.7 355 40.9 97.6
Mg 0.01 % 5642 5 0.09 0.0074 0.05 0.06 0.08 0.11 0.17 0.31 0.38 0.45 0.66 0.87 1.05 1.32 4.59
6
Mn 0.1 mg kg* 5642 0 0.00 11 3.9 5.2 7 21 238 618 742 873 1320 1820 2470 4530 45900
Mo 0.01 mg kg* 5642 0 0.00 0.03 0.18 0.25 0.3 0.4 0.68 117 1.34 1.62 271 3.88 4.84 7.51 48.8
Na 0.001 % 5642 1 0.02 0.0022 0.01 0.012 0.013 0.015 0.023 0.033 0.087 0.043 0.059 0.075 0.096 0.166 3.4
4
Nb 0.002 mg kg' 5642 0 0.00 0.018 0.049 0.067 0.087 0.147 0.287 0.433 0491 0574 0.906 1.26 1.7 2.4 9.86
Ni 0.04 mg kg" 5642 0 0.00 0.35 0.79 0.98 1.23 2.1 12.2 26.5 31 35.7 46.6 54.1 63 75.7 336
P 0.001 mg kg" 5642 0 0.00 20 150 190 220 280 440 610 660 730 900 1060 1240 1540 3790
Pb 0.005 mg kg" 5642 0 0.00 0.394 457 6.33 7.77 10 16.5 22.7 25.3 28.3 39.4 53.4 72.5 118 1720
Pd 0.001 mg kg" 5642 4607 81.66 0.0000 0.0001 0.0002 0.0002 0.0003 0.0007 0.0011 0.0013 0.0015 0.002 0.003 0.004 0.006 0.024
287 64 28 84 94 25 6 3 5
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Pt 0.002 mg kg" 5642 5410 95.89 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0003 0.0005 0.0011 0.0023 0.004 0.009 0.058
00105 0426 0854 137 273 997 73 64 01 6 3
Rb 0.005 mg kg* 5642 0 0.00 0.073 0.24 0.343 0.557 294 10.1 14.3 153 16.4 19.2 21.9 24.5 27.8 68.5
Re 0.001 mg kg 5642 5189 91.97 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0004 0.0006 0.0012 0.002 0.003 0.006 0.104
00749 142 248 36 626 75 9 91 33 4
S 0.01 % 5642 70 1.24 0.0016 0.02 0.02 0.03 0.03 0.05 0.15 0.23 0.28 0.39 0.48 0.56 0.68 1.27
2
Sb 0.005 mg kg* 5642 6 0.11 0.006 0.05 0.071 0.0881 0.12 0.216 0.346 0.406 0484 0.853 1.22 1.48 1.78 16.2
Sc 0.005 mg kg* 5642 0 0.00 0.026 0.102 0.169 0.294 0.604 1.61 2.71 3.07 3.47 4.42 5.19 5.83 6.81 15.1
Se 0.1 mg kg* 5642 57 1.01 0.0694 0.4 0.5 0.6 0.7 11 18 2.1 2.4 3.5 4.8 6.5 9.1 30.3
Sn 0.01 mg kg* 5642 0 0.00 0.02 0.14 0.19 0.24 0.34 0.56 0.77 0.84 0.93 13 1.93 2.87 5.72 67.1
Sr 0.01 mg kg* 5642 0 0.00 151 5.6 6.98 8.11 104 17.6 28.5 32.1 36.6 64.1 121 216 525 3880
Ta 0.005 5642 4871 86.33 0.0001 0.0007 0.0010 0.0012 0.0016 0.0027 0.0041 0.0046 0.0052 0.007 0.011 0.013 0.015 0.041
85 98 5 7 6 8 3 3 5
Te 0.01 mg kg" 5642 1342 23.79 0.0013 0.0068 0.0093 0.0115 0.02 0.03 0.04 0.05 0.05 0.08 0.11 0.18 0.29 3.69
2 7 6
Th 0.002 mg kg* 5642 44 0.78 0.0013 0.009 0.02 0.054 0.267 0.952 1.66 1.82 1.98 2.49 3.03 3.59 4.35 11.4
4
Ti 0.001 % 5642 218 3.86 0.0001 0.002 0.002 0.003 0.004 0.007 0.012 0.014 0.018 0.033 0.054 0.079 0.122 0.349
79
Tl 0.002 mg kg* 5642 21 0.37 0.0012 0.008 0.011 0.015 0.037 0.111 0.162 0.184 0.213 0.291 0.347 0.405 0.586 4.64
U 0.005 mg kg* 5642 0 0.00 0.024 0.104 0.157 0.228 0.423 0.809 1.09 1.19 131 1.77 2.67 4.2 8.14 124
\ 0.1 mg kg* 5642 0 0.00 0.5 14 18 2.5 6.6 23.7 36.2 38.9 41.6 48.4 56.4 67.1 83.5 198
w 0.001 mg kg" 5642 38 0.67 0.0016 0.011 0.016 0.02 0.027 0.046 0.07v3 0.081 0.091 0.129 0.188 0.306 0.894 47.2
9
Y 0.003 mg kg" 5642 0 0.00 0.08 0.26 0.353 0.641 1.8 4.86 8.09 9.52 11.7 18.4 21.8 25.6 32.7 160
Zn 0.1 mg kg" 5642 0 0.00 1 5.3 7.6 10.1 15.3 36.6 63.2 69.9 77.4 104 128 148 194 1010
Zr 0.01 mg kg" 5642 2 0.04 0.0080 0.08 0.11 0.16 0.28 0.72 15 1.8 212 3.06 3.71 4.24 5.03 15.7
4
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Table43 Univariate summary statistics including best fits based on proportiongbf (Cag) and LOI (450°@ata below the LLD. All to 3 significant figures.

) c c
Q@ o L = @© ©
o = = ] (O] 4] a
g : 3 & _%° L c 5 g5 ¢ E g a & &
g = 3a 2 £5 5§ o g8 g S wg wg £ 0 L @ 0 W
> - c 89 88 290 30 < e g¢& =0 00 2o = o — > o _
O ) c cd X <&t OE = J@ D@ xxE @xeE =ZE ¥ @ = ¥ @ P
pH 0.1 5643 1 0.02 4.5 4.4 1.04 1.35 5.85 4.5 4.5 4.4 4.5 4.5 4.51 0.956 0.956 1.04
LOI 0.01 % 5641 0 0.00 29.7 13.7 6.85 -66.9 77.1 8.57 8.57 13.7 29.7 29.7 29.9 35.6 35.6 57.9
Table44 Univariate summary statistics including best fits based on proportions<&FSlata below the LLD. All to 3 significant figures.
) c c
= o L c [3M] ©
—Q = 5 ] Q
g s 2 8 3 s e g & B ¢ o 8 3
< k=) < Ec E c a o o o o 0 © S IS %)
> a) = oN on £ T ©oa =3NS o O T WS w s (7] w wn w
- c o3 23 e a0 < 3 c ac =20 00 -4 @ = @) | = @) -
3 S c cd <& OE = a8 D& ¥ E [ E = £ N4 @ = ¥ @ =
Ag 0.5 mg kgt 5642 5557 98.49 0.788 0.746 0.148 0.3 0.9 NA 0.0739 0.00157 0.603 0.112 0.0336 0.0501 0.131 0.718
A0s | 0.2 % 5642 646 11.45 8.62 6.46 5.04 5.2 15.8 8.3 8.3 3.9 7.67 7.76 16.3 5.02 4.89 66
As 0.9 mg kgt 5642 84 1.49 10.2 7.96 4.15 -3.15 14.6 8.1 8.1 7.64 10 10.1 10 13 13 8.6
Ba 1 mg kgt 5642 9 0.16 245 133 194 -303 489 237 237 132 245 245 403 205 205 1170
Bi 0.3 mg kgt 5642 5068 89.83 0.723 0.616 0.297 -0.2 1 NA 0.0947 0.0355 0.433 0.171 0.132 0.282 0.333 0.473
Br 0.8 mg kgt 5642 4 0.07 144 42.8 27.8 -182 209 27.8 27.8 42.7 144 144 139 250 250 428
CaO | 0.05 % 5642 49 0.87 1.29 0.544 0.297 -0.485 1.04 0.43 0.43 0.53 1.28 1.28 0.97 3.19 3.19 1.49
Cd 0.5 mg kgt 5642 3952 70.05 1.21 1.02 0.297 -0.65 2.05 NA  0.309 0.129 0.783 0.523 0.589 0.552 0.664 2.63
Ce 1 mg kgt 5642 1 0.02 34.2 243 25.2 -38.5 66.5 35 35 24.3 34.2 34.2 38.5 23.7 23.7 47.4
Cl 200 mg kgt 5642 3983 70.60 816 690 377 -278 1250 NA 214 49.7 382 357 550 670 681 6070
Co 15 mg kgt 5642 1259 22.31 10.3 8.13 6.82 -8.8 18.8 7 7 3.99 8.33 8.39 12.9 7.72 7.68 39.6
Cr 3 mg kgt 5642 802 14.21 60.4 43.3 36 -43 104 46.7 46.7 24.2 52.3 52.8 103 50.2 49.7 424
Cs 1 mg kgt 5642 212 3.76 3.1 2.88 1.48 -1 5 3 3 2.75 3.06 3.03 3.01 1.46 1.49 1.33
Cu 13 mg kgt 5642 525 9.31 17.7 11.7 135 -24.8 35.2 11.7 11.7 8.69 16.2 16.2 20.8 19.1 19.1 45.3
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FeOs | 0.01 % 5642 0 0.00 299 19 2.59 -4.42 6.28  2.99 3 19 2.99 2.99 3.67 2.48 2.48 6.05
Ga 1 mg kgt 5642 1081 19.16 106 9.27 5.34 -3.55 178 838 8.8 5.25 8.81 9.17 124 5.77 5.34 26.5
Ge 0.5 mg kgt 5642 4577 81.12 0.841 0.1 0.148 0.25 1.15 NA  0.363 0.108 0.645 0.425 0.29 0.15 0.258 0.726
Hf 1 mg kgt 5642 1114 19.74 4.58 4.17 1.78 -0.3 6.9 3.9 3.9 2.38 3.9 4 5.28 2.21 2.09 10.4
Hg 25 mg kgt 5642 5639 99.95 4.3 4.29 0.148  3.45 4.65 NA 0.449 0.00000635 4 0.552 0.0109 0.0131 0.394 18.9
I 0.5 mg kgt 5642 33 0.58 158 8.95 7.41 -12.6 222 89 8.9 8.76 15.7 15.7 15 29.5 29.5 21
In 0.5 mg kgt 5642 5601 99.27 0.649 0645 O 0.45 0.75 NA 0.225 0.000457 0.6 0.241  0.0154 0.00785 0.0953 0.518
KO 001 % 5642 151 268 138 0878 1.04 -1.47 275 132 1.32 0.77 1.35 1.35 2.18 0.94 0939 578
La 1 mg kgt 5642 1107 19.62 20.6 17.4 10.4 -8 34 17 17 8.63 17 17.5 29.1 12.2 115 93.4
MgO | 0.3 % 5642 1656 29.35 1.39 1.13 0.741 -1.1 2.5 0.8 0.8 0.537 11 1.06 1.3 0.955 0.982 2.86
MnO | 0.005 % 5642 1301 23.06 0.107 0.0579 0.0697 -0.13 0.182 0.039 0.039  0.0205 0.0836 0.0835 0.228  0.178 0.178 251
Mo 0.2 mg kgt 5642 1733 30.72 1.67 1.12 0.741  -1.35 255 0.7 0.7 0.492 1.25 1.22 1.45 2.29 2.3 3.99
NaO | 0.3 % 5642 2567 4550 0.878 0.798 0.297 -0.15 135 04 0.441  0.329 0.661 0.611 0.615 0.396 0.436  0.972
Nb 1 mg kgt 5642 933 16.54 9.32 8.2 3.71 -0.6 144 83 8.3 4.52 7.96 8.23 134 4.81 4.46 37.2
Nd 4 mg kgt 5642 1142 2024 21.1 18.5 9.93 -6.6 33.6 17.4 17.4 9.79 17.7 18.1 27.4 11.9 115 71.4
Ni 1.3 mg kgt 5642 470 8.33 23.7 135 21.2 -43.6 53.4 14.9 14.9 10.2 21.8 21.8 30.6 235 23.5 86.2
POs | 0.05 % 5642 1123 19.90 0.175 0.154 0.089  -0.055 0.275 0.13 0.13 0.113 0.152 0.15 0.154  0.0957  0.0978 0.141
Pb 1.3 mg kgt 5642 29 0.51 24.8 189 10.8 -10.4 358 189 18.9 18.5 24.7 24.7 24.4 335 335 20.9
Rb 1 mg kgt 5642 660 11.70 58.9 431 34.3 -34.4 105 53.6 53.6 24 52.1 52.8 145 37.1 36.3 868
SQ 1000 mgkgt 5642 3715 65.85 2740 2510 1050 -180 4070 NA 1040 113 1590 1480 4310 1060 1150 165000
Sb 0.5 mg kgt 5642 2659 47.13 112 0982 0445 -0.35 175 06 0.6 0.408 0875 0.743 0.75 0.654 0.726  1.16
Sc 3 mg kgt 5642 1307 23.17 9.03 8.14 4.6 -3.6 15 6.9 6.9 5.27 7.66 7.64 8.08 4.3 4.33 9.4
Se 0.2 mg kgt 5642 406 7.20 1.19 0.913 0.445 -0.6 1.8 0.8 0.8 0.788 1.12 1.12 1.13 1.15 1.15 1.16
SiQ 0.1 % 5642 6 0.11 46.4 239 25.8 -58.1 93.3 55.6 55.6 23.7 46.3 46.3 97.5 28.4 28.4 388
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Sm 3 mg kgt 5642 3970 70.37 4.69 4.46 1.19 1.2 6 NA 233 0.545 3.57 2.73 2.74 1.31 1.76 13.5
Sn 0.5 mg kgt 5642 507 8.99 1.92 1.53 0.741 -0.4 2.6 14 14 1.32 1.8 1.78 1.72 3 3 1.45
Sr 1 mg kgt 5642 0 0.00 89.9 68.1 35.6 -31.9 121 65.8 65.8 68.1 89.9 89.9 83.9 125 125 60.5
Ta 1 mg kgt 5642 5440 96.42 1.29 1.28 0.148 0.65 1.55 NA  0.475 0.00295 1.11 0.525 0.15 0.0583 0.248 7.63
Te 0.5 mg kgt 5642 5639 99.95 0.7 0.695 0.148 0.5 0.8 NA 0.0246 0.0000215 0.6 0.0388 0.0018 0.00365 0.0463 0.15
Th 0.7 mg kgt 5642 633 11.22 541 4.48 3.11 -3.1 9.5 4.8 4.8 3.28 4.89 4.93 6.03 3.12 3.07 9.29
TiQ 0.01 % 5642 8 0.14 0431 0.278 0.335 -0.497 0.891 0.438 0.438 0.277 0.43 0.43 0.568 0.278 0.278 1.02
Tl 0.5 mg kgt 5642 680 12.05 1.08 1.03 0.297 0.05 1.55 1 1 0.886 1.02 1.01 1.01 0.379 0.394 0.556
0.5 mg kgt 5642 58 1.03 2.89 2.54 0.89 0.2 3.8 2.5 2.5 2.49 2.87 2.87 2.81 3.09 3.09 1.47
\ 3 mg kgt 5642 469 8.31 60.3 42.5 44.8 -62.7 119 53.9 53.9 315 55.6 55.8 83.7 41 40.7 206
0.6 mg kgt 5642 380 6.74 1.7 1.57 0.593 -2.22E16 24 1.6 1.6 1.41 1.64 1.63 1.64 1.32 1.32 0.95
Y 1 mg kgt 5642 418 7.41 15.2 114 9.49 -11.3 27.5 13.8 13.8 8.99 14.1 14.2 18.5 10.1 9.99 33.3
Yb 15 mg kgt 5642 4015 71.16 2.24 2.17 0.445 0.75 2.85 NA 1.24 0.244 1.78 1.39 1.27 0.447 0.691 6.45
Zn 13 mg kgt 5642 7 0.12 56.2 37.8 415 -69.3 108 445 445 37.6 56.1 56.1 60.4 55.1 55.1 76
Zr 1 mg kgt 5642 8 0.14 160 93.2 95 -144 302 176 176 92.4 159 159 267 100 100 723
Table45 Univariate summary statistics including best fits based on proportiond©R, data below theMS411-BLDLLD. All to 3 significant figures.
[a] c c
[a) Q o ]
2 = 3 g ¢ s 5 £ 5 3 5 & 8 o
g = 3 2 3 < < 5 £ £ 4 £ £ a @ 7
g Y~ S o Eg € g &) g o E 0 W E 0 w o 0 W
= 18 S g = 28 83 < g g > o) o = 0 o = 0 Y
4 D c c > < € (GRS = a D N4 14 = N4 x = N2 14 =
Ag 0.00001 mg kg 564 2 0.04 0.0787 0.0548 0.0434 -0.0614 0.127 0.0579 0.0579 0.0547 0.0787 0.0787 0.0808 0.0949 0.0949 0.0878
2
Al 0.0001 % 564 O 0.00 1.07 0.672 0.922 -1.53 2.23 1.05 1.05 0.672 1.07 1.07 1.35 0.768 0.768 2.35
2
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As 0.0001 mg kg 564 O 0.00 7.99 4.4 5.79 -10.7 14.3 5.42 5.43 4.4 7.99 7.99 8.52 13.9 13.9 14.1
2
Au 0.00000 mg kg 564 192 3.40 0.0012 0.00065 0.00052 -0.00082 0.0015 0.00064 0.00064 0.000532 0.00123 0.00124 0.00156 0.0154 0.0154 0.0042
2 2 8 5 5 9 7 7 9
B 01 mg kg 564 537 9.52 4.19 3.22 2.22 -2.45 6.85 3.2 3.2 2.21 3.81 3.85 5.73 3.85 3.82 13.7
2
Ba 0.005 mg kg 564 0 0.00 64.7 39.1 45.2 -78 117 46.1 46.1 39.1 64.7 64.7 68.1 103 103 97.4
2
Be 0.0001 mg kg 564 2 0.04 0.472 0.264 04 -0.739 0.984 0.359 0.36 0.263 0.472 0.472 0.602 0.433 0.433 1.24
2
Bi 0.00001 mg kg 564 1 0.02 0.126 0.0911 0.0635 -0.0703 0.191 0.1 0.1 0.0909 0.126 0.126 0.122 0.299 0.299 0.108
2
Ca 0.0001 % 564 O 0.00 0.751 0.246 0.145 -0.242 0.486 0.201 0.201 0.246 0.751 0.751 0.525 2.09 2.09 0.992
2
Cd 0.00001 mg kg 564 O 0.00 0.462 0.219 0.166 -0.387 0.592 0.189 0.189 0.219 0.462 0.462 0.438 0.736 0.736 0.755
2
Ce 0.00003 mg kg 564 O 0.00 271 15.8 22.3 -35.6 54.8 26.3 26.3 15.8 27.1 27.1 38 22 22 82.8
2
Co 0.00001 mg kg 564 O 0.00 6.61 2.93 6.97 -14.5 16 5.21 5.21 2.93 6.61 6.61 10 8.18 8.18 32.8
2
Cr 0.0001 mg kg 564 O 0.00 19.6 10 17.3 -31.4 39.1 15.1 15.1 10 19.6 19.6 25 25.1 25.1 57.3
2
Cs 0.00005 mg kg 564 1 0.02 0.572 0.313 0.386 -0.575 0.995 0.496 0.496 0.313 0.572 0.572 0.8 0.622 0.622 1.88
2
Cu 0.0001 mg kg 564 0 0.00 16.9 9.59 14.8 -29.8 36.3 12.6 12.6 9.59 16.9 16.9 19.1 20 20 33.1
2
Fe 0.00001 % 564 O 0.00 1.79 1.01 1.71 -3.07 3.91 1.74 1.74 1.01 1.79 1.79 2.4 1.52 1.52 5.17
2
Ga 0.00004 mg kg 564 0 0.00 3.48 2.22 2.96 -4.94 7.27 3.4 3.4 2.22 3.48 3.48 4.32 251 2.51 7.22
2
Ge 0.00005 mg kg 564 31 0.55 0.0506 0.0399 0.0332 -0.0413 0.0929 0.0474 0.0474 0.0384 0.0503 0.0503 0.0592 0.0312 0.0312 0.0693
2
Hf 0.00002 mg kg 564 11 0.20 0.0351 0.0179 0.0242 -0.0636 0.0779 0.0197 0.0197 0.0176 0.035 0.035 0.0441 0.0369 0.0369 0.101
2
Hg 0.00004 mg kg 564 6 0.11 0.0887 0.0732 0.0367 -0.0236 0.132 0.0758 0.0758 0.0726 0.0886 0.0886 0.0938 0.0667 0.0667 0.0766
2
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In 0.00005 mg kg 564 49 0.87 0.0184 0.0141 0.0126 -0.0168 0.0345 0.0175 0.0175 0.0134 0.0182 0.0182 0.022 0.0122 0.0122 0.0288
2

K 0.0001 % 564 O 0.00 0.116 0.0848 0.0875 -0.131 0.225 0.112 0.112 0.0848 0.116 0.116 0.127 0.0775 0.0775 0.142
2

La 0.00002 mg kg 564 O 0.00 121 7.13 10 -15.8 24.7 11.6 11.6 7.13 12.1 12.1 16.8 9.78 9.78 35.7
2

Li 0.001 mg kg 564 16 0.28 11.2 4.16 11.3 -21.7 25.2 9.2 9.2 4.06 11.2 11.2 31.1 10.7 10.7 235
2

Mg 0.0001 % 564 O 0.00 0.288 0.191 0.138 -0.301 0.511 0.173 0.173 0.191 0.288 0.288 0.287 0.311 0.311 0.319
2

Mn 0.001 mg ke 564 O 0.00 566 134 343 -1060 1100 238 238 134 566 566 1170 1320 1320 10100
2

Mo 0.0001 mg kg 564 0 0.00 1.25 0.747 0.544 -1.03 1.82 0.678 0.679 0.747 1.25 1.25 1.17 2.18 2.18 1.41
2

Na 0.00001 % 564 0 0.00 0.0324 0.0246 0.0133 -0.0183 0.0482 0.0228 0.0228 0.0246 0.0324 0.0324 0.0304 0.0608 0.0608 0.0222
2

Nb 0.00002 mg kg 564 O 0.00 0.418 0.267 0.24 -0.368 0.662 0.287 0.287 0.267 0.418 0.418 0.426 0.484 0.484 0.528
2

Ni 0.0004 mg kg 564 O 0.00 19 8.53 16.1 -41.3 45.5 12.1 12.1 8.53 19 19 24.8 22 22 68
2

P 0.00001 mg kg 564 O 0.00 507 424 275 -299 852 444 444 424 507 507 514 311 311 353
2

Pb 0.00005 mg kg 564 0 0.00 221 15.9 10.7 -12.9 32.9 16.5 16.5 15.9 22.1 22.1 21.7 33.7 33.7 20.1
2

Pd 0.00001 mg kg 564 190 33.6 0.0012 0.00074 0.00080 -0.00143 0.0022 0.00039 0.00039 0.000092 0.00085 0.00087 0.0158 0.0014 0.0014 2.72
2 0 8 8 8 1 2 2 4 4 2 1

Pt 0.00002 mg kg 564 128 22.7 0.0010 0.00056 0.00048 - 0.0013 0.00044 0.00044 0.000208 0.00083 0.00084 0.00191 0.0022 0.0022 0.0174
2 1 0 7 5 9 0.000745 9 2 1 1

Rb 0.00005 mg kg 564 0 0.00 9.97 5.34 8.86 -15.7 21.6 10.1 10.1 5.34 9.97 9.97 16 7.38 7.38 45.3
2

Re 0.00001 mg kg 564 526 9.32 0.0007 0.00036 0.00035 - 0.0010 0.00033 0.00033 0.000249 0.00067 0.00067 0.00093 0.0020 0.0020 0.0033
2 4 8 6 0.000635 1 3 4 3 4 4 7

S |ooor % 564 0 000 014 00753 00405 -0.262 0324 00514 00514 00753 014 014 0137 0164 0164 0.207
2

Sb 0.00005 mg kg 564 3 0.05 0.357 0.224 0.173 -0.31 0.549 0.216 0.216 0.223 0.357 0.357 0.358 0.482 0.482 0.452
2
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Sc 0.00005 mg kg 564 O 0.00 2.01 1.2 1.69 -3.1 4.31 1.61 1.61 1.2 2.01 2.01 2.49 1.71 1.71 4.55
2

Se 0.001 mgkg 564 1 0.02 1.72 1.22 0.798 -1.32 2.78 1.13 1.14 1.21 1.72 1.72 1.72 1.77 1.77 1.73
2

Sn 0.0001 mg kg 564 O 0.00 0.809 0.541 0.361 -0.41 1.09 0.564 0.564 0.541 0.809 0.809 0.749 1.8 1.8 0.717
2

Sr 0.0001 mg kg 564 0 0.00 433 20 13.4 -22 42.9 17.6 17.7 20 43.3 43.3 31.8 149 149 39.2
2

Ta 0.00005 mg ks 564 61 1.08 0.0027 0.00151 0.00129 -0.00304 0.0044 0.00136 0.00136 0.00145 0.0027 0.0027 0.00283 0.0034 0.0034 0.0047
2 3 6 1 1 3

Te 0.0001 mg kg 564 188 3.33 0.0445 0.0272 0.0209 -0.0278 0.0616 0.0283 0.0283 0.0223 0.043 0.0431 0.0621 0.0944 0.0943 0.161
2

Th 0.00002 mg kg 564 0 0.00 1.16 0.498 1.13 -2.07 2.6 0.952 0.952 0.498 1.16 1.16 2.62 1.07 1.07 13.5
2

Ti 0.00001 % 564 0 0.00 0.0144 0.00776 0.00566 -0.0118 0.0194 0.00693 0.00694 0.00776 0.0144 0.0144 0.0132 0.0233 0.0233 0.0182
2

TI 0.00002 mg kg 564 6 0.11 0.136 0.0789 0.109 -0.182 0.257 0.111 0.111 0.0782 0.136 0.136 0.168 0.153 0.153 0.319
2

U 0.00005 mg kg 564 O 0.00 1.15 0.681 0.569 -0.728 1.57 0.809 0.809 0.681 1.15 1.15 1.09 3.12 3.12 1.37
2

\ 0.001 mg kg 564 O 0.00 25.3 15.1 23.6 -41.8 55 23.7 23.7 15.1 25.3 25.3 32.1 20.2 20.2 60.1
2

W 0.00001 mg kg 564 25 0.44 0.11 0.0471 0.036 -0.0549 0.108 0.0463 0.0463 0.0454 0.11 0.11 0.0834 0.911 0.911 0.129
2

Y 0.00003 mg kg 564 0 0.00 7.23 3.69 5.24 -9.77 13.4 4.86 4.86 3.69 7.23 7.23 9.19 8.17 8.17 21
2

Zn 0.001 mg kg 564 0 0.00 494 31.8 36.4 -66.7 97.2 36.5 36.6 31.8 49.4 49.4 52.9 51.2 51.2 70.4
2

Zr 0.0001 mg kg 564 0 0.00 1.2 0.656 0.836 -2.01 2.56 0.723 0.723 0.656 1.2 1.2 1.37 1.25 1.25 25
2
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Table46 Univariate summary statistics including best fits based on proportiond@R;, data below theME-MS41LLLD. All to 3 significant figures.

[a)] c c
fa)

o 3 3 4 e s & 5 £ g c g g

< = S = K9] Q9 o Q 4] © Q Q [a] [a)

= 2 8 o - - 2 € £ 2 = = 2 N 0

S - < 9] E¢ Eg o g g E 0 w £ 0 W v o w

> 9 c 8 = L 2o < 2 oy s o) 2 = o) 2 s o) o

_| =) c c X < E O E = a o) N4 14 = N4 14 = ¥ o =

Ag 0.001 mg kg 564 3 0.05 0.0787 0.0549 0.043 - 0.128 0.058 0.058 0.0547 0.0787 0.0787 0.0801 0.0949 0.0949 0.0856
2 0.0615

Al |001 % 564 0 000 107 0672 0919  -154 224 105 1.05 0672 107 107 1.35 0.768 0768  2.35
2

As 0.01 mg kg 564 0 0.00 7.99 4.4 5.79 -10.7 14.3 5.42 5.42 4.4 7.99 7.99 8.52 13.9 13.9 14.1
2

Au 0.000 mg kg 564 909 16.1 0.0014 0.00084 0.00059 - 0.001 0.000 0.0006 0.000618 0.0012 0.00124 0.00101 0.0154 0.0154 0.0013

2 2 1 5 4 3 0.0007 7 6 6

B 10 mg kg 564 559 99.1 26.5 23.8 0 5 35 NA 1.05 0.0287 20.1 2.02 0.563 2.02 3.68 11
2 6 8

Ba 0.5 mg kg 564 0 0.00 64.7 39.1 45.2 -78.1 117 46.1 46.1 39.1 64.7 64.7 68.1 103 103 97.4
2

Be 0.01 mg kg 564 104 1.84 0.481 0.28 0.4 -0.74 1 0.36 0.36 0.261 0.472 0.472 0.611 0.432 0.432 1.29
2

Bi 0.001 mg kg 564 2 0.04 0.126 0.0912 0.0638 - 0.19 0.1 0.1 0.091 0.126 0.126 0.121 0.299 0.299 0.106
2 0.0705

Ca 0.01 % 564 20 0.35 0.754 0.249 0.148 -0.255 0495 0.2 0.2 0.246 0.751 0.751 0.528 2.09 2.09 1
2

Cd 0.001 mg kg 564 O 0.00 0.462 0.219 0.166 -0.386 0.592 0.189 0.189 0.219 0.462 0.462 0.438 0.736 0.736 0.755
2

Ce 0.003 mg kg 564 0 0.00 27.1 15.8 22.2 -35.6 54.8 26.3 26.3 15.8 27.1 27.1 38 22 22 82.8
2

Co 0.001 mg kg 564 O 0.00 6.61 2.93 6.97 -14.5 16 5.21 5.21 2.93 6.61 6.61 10 8.18 8.18 32.8
2

Cr 0.01 mg kg 564 O 0.00 19.6 10 17.3 -31.3 39 15.15 15.2 10 19.6 19.6 25 25.1 25.1 57.3
2

Cs 0.005 mg kg 564 20 0.35 0.574 0.318 0.383 -0.569 0.995 0.496 0.496 0.313 0.572 0.572 0.795 0.622 0.622 1.85
2

Cu 0.01 mg kg 564 O 0.00 16.9 9.59 14.8 -29.8 36.3 1265 12.6 9.59 16.9 16.9 19.1 20 20 33.1
2

Fe 0.001 % 564 0 0.00 1.79 1.02 1.71 -3.07 3.9 1.735 1.74 1.02 1.79 1.79 2.4 1.52 1.52 5.16
2
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Ga 0.004 mg kg 564 O 0.00 3.48 2.22 2.96 -4.93 7.26 3.4 34 2.22 3.48 3.48 4.32 2.51 2.51 7.22
2

Ge 0.005 mg kg 564 146 259 0.0516 0.0421 0.0326 -0.039 0.093 0.047 0.047 0.0396 0.0504 0.0505 0.0535 0.0311 0.0311 0.0486
2

Hf 0.002 mg kg 564 478 8.47 0.0381 0.0226 0.0267 - 0.082 0.02 0.02 0.0175 0.0352 0.0351 0.0437 0.0367 0.0368 0.0996
2 0.0645 5

Hg 0.004 mg kg 564 49 0.87 0.0894 0.0753 0.0371 - 0.132 0.076 0.076 0.0733 0.0886 0.0887 0.0907 0.0667 0.0666 0.0661
2 0.0215

In 0.005 mg kg 564 838 14.8 0.0209 0.0183 0.0104 - 0.034 0.017 0.017 0.0143 0.0187 0.0186 0.0193 0.0117 0.0117 0.0175
2 5 0.0105 5

K 0.01 % 564 282 5.00 0.122 0.095 0.0741 -0.105 0.225 0.11 0.11 0.0835 0.116 0.116 0.13 0.0768 0.077 0.156
2

La 0.002 mg kg 564 0 0.00 12.1 7.13 10 -15.8 24.6 11.6 11.6 7.13 12.1 12.1 16.8 9.78 9.78 35.7
2

Li 0.1 mg kg 564 692 12.2 128 7.2 10.8 -18.5 26.5 9.2 9.2 3.83 11.2 11.3 37.5 10.7 10.7 364
2 7

Mg 0.01 % 564 5 0.09 0.289 0.192 0.133 -0.295 0.515 0.17 0.17 0.191 0.288 0.288 0.287 0.311 0.311 0.32
2

Mn 0.1 mg kg 564 O 0.00 566 134 343 -1060 1100 238 238 134 566 566 1170 1320 1320 10100
2

Mo 0.01 mg kg 564 0 0.00 1.25 0.747 0.549 -1.01 1.81 0.68 0.68 0.747 1.25 1.25 1.17 2.18 2.18 1.41
2

Na |[0001 % 564 1 002 00324 00246 00133 -0.018 0.048 0023 0.023 00246  0.0324 00324 0.0304 00608 0.0608 0.0221
2

Nb 0.002 mg ko 564 O 0.00 0.418 0.267 0.24 -0.369 0.663 0.287 0.287 0.267 0.418 0.418 0.426 0.484 0.484 0.528
2

Ni 0.04 mg kg 564 0 0.00 19 8.53 16.1 -41.2 45.4 12.15 12.2 8.53 19 19 24.8 22 22 68
2

P 0.001 mg kg 564 0 0.00 507 424 267 -290 850 440 440 424 507 507 514 311 311 352
2

Pb 0.005 mg kg 564 O 0.00 221 15.9 10.7 -12.9 329 16.5 16.5 15.9 22.1 22.1 21.7 33.7 33.7 20.1
2

Pd 0.001 mg kg 564 460 81.6 0.0030 0.00268 O 0.0005 0.003 NA 0.000725 0.000248 0.0021 0.0011 0.00088 0.00099 0.0013 0.0029
2 7 6 3 5 9 7 4 9

Pt 0.002 mg kg 564 541 95.8 0.008 0.00606 0.00297 -0.006 0.012 NA 0.000099 0.000023 0.0032 0.00059 0.00063 0.00185 0.0022 0.0176
2 0 9 7 1 8 6 3
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Rb 0005 mgky 564 O 0.00 9.97 5.34 8.85 -15.7 21.6 10.05 10.1 5.34 9.97 9.97 16 7.38 7.38 45.3
2

Re 0.001 mgky 564 518 919 0.0040 0.00298 0 -0.001  0.005 NA 0.000175 0.000044 0.0021 0.00057 0.00053 0.00186 0.0020 0.0063
2 9 7 2 9 6 6 5 6 7

S 0.01 % 564 70 1.24 0.141 0.0772 0.0445 -0.27 0.33 0.05 0.05 0.0749 0.14 0.14 0.138 0.164 0.164 0.213
2

Sb 0.005 mg kg 564 6 0.11 0.357 0.224 0.172 -0.309 0549 0.216 0.216 0.223 0.357 0.357 0.354 0.482 0.482 0.434
2

Sc 0.005 mg ko 564 O 0.00 2.01 1.2 1.69 -3.09 4.3 1.605 1.61 1.2 2.01 2.01 2.49 1.71 1.71 4.55
2

Se 0.1 mg ko 564 57 1.01 1.74 1.25 0.89 -1.4 2.8 1.1 1.1 1.22 1.72 1.72 1.71 1.77 1.77 1.68
2

Sn 0.01 mg kg 564 O 0.00 0.809 0.542 0.356 -0.41 1.09 0.56 0.56 0.542 0.809 0.809 0.749 1.8 1.8 0.716
2

Sr 0.01 mg kg 564 0 0.00 433 20 13.4 -22 42.9 1765 17.6 20 43.3 43.3 31.8 149 149 39.2
2

Ta 0.005 mgky 564 487 86.3 0.0099 0.00935 0.00445 - 0.014 NA 0.00278 0.00148 0.0065 0.0037 0.00279 0.00195 0.0031 0.0044
2 1 3 3 0.0005 5 4 6 6

Te 0.01 mg kg 564 134 237 0.0544 0.0395 0.0148 -0.025 0.065 0.03 0.03 0.0249 0.0462 0.0438 0.0421 0.0933 0.0941 0.0575
2 2 9

Th 0.002 mgky 564 44 0.78 1.17 0.52 1.13 -2.04 2.6 0.952 0.952 0.496 1.16 1.16 2.66 1.07 1.07 14
2

Ti 0.001 % 564 218 3.86 0.0149 0.0084 0.00593 - 0.020 0.007 0.007 0.00761 0.0144 0.0144 0.0136 0.0233 0.0233 0.02
2 0.0125 5

Tl 0.002 mgky 564 21 0.37 0.136 0.0797 0.108 -0.181 0.257 0.111 0.111 0.0785 0.136 0.136 0.164 0.153 0.153 0.3
2

U 0.005 mg ko 564 O 0.00 1.15 0.681 0.569 -0.727 157 0.809 0.809 0.681 1.15 1.15 1.09 3.12 3.12 1.37
2

\% 0.1 mg ko 564 O 0.00 25.3 15.1 23.6 -41.8 55 23.7 23.7 15.1 25.3 25.3 321 20.2 20.2 60.1
2

w 0.001 mgky 564 38 0.67 0.11 0.0476 0.0356 -0.054 0.108 0.046 0.046 0.0463 0.11 0.11 0.075 0.911 0.911 0.0956
2

Y 0003 mgky 564 O 0.00 7.23 3.69 5.24 -9.77 13.4 4.86 4.86 3.69 7.23 7.23 9.19 8.17 8.17 21
2

Zn 0.1 mg kg 564 0 0.00 494 31.8 36.5 -66.6 97.2 36.6 36.6 31.8 49.4 49.4 52.9 51.2 51.2 70.4
2

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of It&and
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All geochemical data have been assessed to see if the data are suitable to map, primarily adesimeyie
interpolated or pointgeochemical maps. Tes produces a series of geochemical maps available to download
from www.gsi.ie/tellusand/or viewed orthe GSlveb mapviewer. They are available as GIS layers and layer
packages @ part of the data package. Below are -@&8bmmended parameters used to create provisional
interpolated maps.

Each single variable map is derived froma#ve interpolation method, Inverse Distance WeightiiV). The
interpolation predicts new values amn inverse distance weighted average of surrounding observatiena,
predicted value will be more similar to nearby observations than to distant observations, and will not
extrapolate beyond thechosen search radiusange of observed valuesThe interpolation makes no
assumptions about the vector of relationships between data points. The interpolated mapping parameters are
in Table47. The IDW function determines the value of a raster surface (grid cell) using a linegntedei
combination set of sample point€hilds, 200% The weighting is based on the distance of an input (sample
data) pointfrom the output cell location, therefore the greater the distance the less influence the cell has on
the output value.

Table47 Geochemical map seriesatierpolation mapping parameters.

Interpolation Search radius Fixed/variable Power distance Output cell size  Best viewed at
type (m) exponent (m) maximum scale
Inverse distance 2500 Fixed 2 250 1:200,000

weighted (IDW)

The inverse distance weighted (IDW) interpolation was performeallgeochemical data (at a regional scale).
These parameters were selected to account for the typical isganple distances across the whole survey
area. Interpolated mapped images haveebegenerated for the dataset onragional scaletherefore they
are not suitable to evaluate the predicted distribution at a laealiscale It is acknowledged that alternative
and geostatistical interpolation techniques mightégually or moreauseful cepending on the applicationnal
scale of use of these data.

All interpolated maps were generated usisgripts in the Python scripting language to rapidly batch generate
the raster grids, using the Arc@Spatial analyst toolbox, from a geodatabase oeeawith the tabulated
geochemical spatial data. Each raster grid was symdsblin ArcMap and attributed to coloured
classifications calculatedith non-parametric statisticsTable39, Table40, andTable41). Each interpolated
(continuous surface) map is published and available in the Geoldgjcaty Ireland 'A' soils map booklet
available atwww.gsi.ie/tellus Please note that due to updates to the data #& non-parametric statistics

used in interpolated maps mighliffer slightly from the ones included in this report. These differences were
evaluated by Tellus geochemists and deemed to have negligible impact on the accuracy and quality of the
interpolated maps.

Use of data beyond reporting limits in interpolation nmging

The LLDs are theoretical values for the concentration equivalent to three standard deviations above the
0F Ol ANRBdzyR O2dzy i NI GS F2NJ GKS FylLfeadsS Ay | WLIH2NBQ
lower limits, but reliable estimateof average or typical values over an area may be obtained at lower levels

of concentration; meaningful patterns may thus be recagdifor some elements at levels lower than the
LLD/LRL. For geochemical mapping, the optimum is to use uncensored daeethat truncated to the LLD
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in the mapping process, and to present the data in such a way that the lower concentrations are not unduly
emphasted numerically (and that below LLD values are described as such in the classification). Reliability also
decreaes above the URL, but results do, nevertheless, give an indication of the concentration in the sample.
Results outside the limits were therefore reported and entered into the database.

Elements for which data conditioning/levelling are required

All data are interpolated to form a geochemical map series, however not all data are suitable for presentation
in this way The following analytes are not suitable for regional interpolated mapping, either due to a very high
proportion of data below the atified MEMS41L method LLD (rendering this presentation meaningless)
and/or due to the apparent boundary affects between field or analytical phddes following analytes can

be represented as interpolated maps by using the MSIID methoddata, but the user is cautioned that
these data are obtained through a non accredited methgdte that in the published dataset, available as a
downloadable excel file from the Geological Survey Ireland welzsitegction factors have been applied to
certain analytesThese are: K20, V, Co, Cu and Yb; all by XRFS mettutdeNdata presented for the G1,

G3 and G6 survey blocks have been conditioned.

Table48 Shallow topsoil analytes where mapping is not recommended and/or conditioning isuieggd in order to seamlessly merge
discrete dataset.

Variable Method Issue Recommendation

Hg

XRFS

<LLD to 99 percentile.

Better presented as proportional
colour/symbol point map.

Te XRFS <LLD to 9" percentile. Better presented aproportional
colour/symbol point map.

In XRFS <LLD to 97 Bpercentile. Perhaps better presented as proportional
colour/symbol point map.

Ag XRFS <LLD t®7.5" percentile. Perhaps better presented as proportional
colour/symbol point map.

B ICRMS <LLD to 8" percentile. Perhaps better presented as proportional
colour/symbol point map.

Ta XRFS <LLD t®5" percentile. Perhaps better presented as proportional
colour/symbol point map.

Pt ICRMS <LLD to 8.5" percentile. Perhapdetter presented as proportional
colour/symbol point map.

Bi XRFS <LLD to 8" percentile. Perhaps better presented as proportional
colour/symbol point map.

Re ICRMS <LLD to 88 percentile. Better presented as proportional
colour/symbol pointmap.

Ge XRFS <LLD to @" percentile. Perhaps better presented as proportional
colour/symbol point map.

Pd ICRMS <LLD to 79 percentile. Better presented as proportional
colour/symbol point map.

Ta ICRMS <LLD to 8" percentile. Perhapsetter presented as proportional
colour/symbol point map.

Yb XRFS <LLD to 5% percentile. Perhaps better presented as proportional
colour/symbol point map.

Cl XRFS <LLD to 25 percentile. Perhaps better presented as proportional
colour/symbol point map.

Sm XRFS <LLD to 5% percentile. Perhaps better presented as proportional

colour/symbol point map.
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Variable Method Issue Recommendation

Cd XRFS <LLD to 28 percentile. Perhaps better presented as proportional
colour/symbol point map.
S XRFS <LLD to 28 percentile. Perhaps better presented as proportional

colour/symbol point map.
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Abbreviation Description
AMU Atomic mass unit Sandard unit of mass that quantifies mass on an atomic or molecule
scale The average of th@roton rest mass and the neutron rest mass
AES Atomic Emission Analytical detector that measures intensity of light emitted by analyt
Spectrometer excited by a hot flame
BNG British National Grid Geographical map projection f@B/UK.
CRM Certified reference Interchangeable with international reference standard and primary
material reference materials.
DUP Duplicate (field Sample code in used in geochemistry field database.
duplicate)
GIS Geographical Digital mapping software environment.
Information System
GSl Geological Survey Irish national geological agency. The contracting and project leading
Ireland authority.
ICRMS Inductively Coupled  Analytical instrumentvhich utilises inductively generated plasma flan
PlasmaMass which ionizes analytes which are then separated according to their
Spectromegr mass and quantified by mass spectrometer
IDW Inverse distance Spatial data interpolatioapproach.
weighted
ING Irish National Grid Geographical map projection for island of Ireland.
IQR Interquartile range Statistical dispersion of distribution between the'2&nd 75"
percentile. Represents 50% of the data set.
K-M KaplanMeier Non-parametric method. Method of calculating summary statistics w
a moderate proportion of data below the LLD.
LIMS Laboratory An IT solution for supporting operations of modern analytical
Information laboratory.
Management System
LLD Lower limit of Goncentration at which the analyst's instrument gives a significantly
detection different signal to that of a "background" or blank signal. Different

analytial methods will define it in different ways and it can be quite
arbitrary. A value that is above the lower limit of detection can be
regarded as quantifiable and reproducible. It is important that a valu
quotable for each laboratory batch of samplesafrsed.

LOI Losson-ignition Analytical method measuring content of volatile analytes
LOQ Limit of quantification The lowest concentration of a measured property which can be
determined in line with agreed precision.
LRL Lower reporting limit  Concentration at which analyte is exceeding lower calibration range
an analytical run or instrument.
MAD Median absolute Parametric method. Method of calculating summary statistics with a
deviation moderate proportion of data élow the LLD.
MLE MaximunQikelihood Parametric method. Method fits a distribution curve with ndatects
Cestimation included and represented proportionally in the observation populatic
MS Access MSAccess Software for database, SQL environment.
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Abbreviation Description

MS Ecel MSExcel Software for tabulated data, functions and graphical charts.

MS Word MSWord Software for written documents, compiling text and figures.

NPOC Non-Purgeable Analytical methods for determining Total Organic Carbon (T¥DE€)e
Organic Carbon sample is acidified to purgeable or volatile Organic compounds (VO

which are then flushed away with inert gas,

OES Optical Emission Analytical instrument/detector
Spectrometer

osl Ordnance Survey of Irish topographic mappinggency and map publisher (paper and
Ireland digital).

QA Quality assurance Describes the overall set of procedures in assuring the quality of da

system of protocols, checks, audits, and corrective actions to ensur¢
that all analytical results prepared foralgeochemistry database are ¢
high and consistent quality.

QC Quality control Describes the overall set of procedures in controlling the quality of
data. A collection of documented procedures applied to the raw dat:
continuously assess whether the tafatory is producing results of
acceptable quality as assessed by the inclusion of control samples i
procedures from sampling through to analysis.

QCs Quality control Samples that do not represent sites but are used in #ssessment of
sample(s) analytical data to monitoerror, precision and accuracy
Interchangeable with control sample.
REP Replicate sample Also known as analytical duplicate, also known aslsample
RM Reference material  Used as an umbrella f@ither CRM and/or SRM.
RNL Random number list Used to assign sample site numbers in the field.
or checkilist
ROS Regression on Order Statistical transformation and modelling of data atlil with data sets
Statistics containing nondetects, zero, negatezand left censored data. Method
of calculating summary statistics with a high proportion of data belo
the LLD.
SRM Secondary reference A reference material that is not internationally certified (and therefor
material less expensive to use), it is snitted blind to the analyst and is more

likely to have a matrix/mineralogical composition similar to the routir
samples being analysed. In other contexts, SRM is an abbreviation
Standard Reference Material, a more generic term for reference

samples.
S Subsample Sample code in used in geochemistry field database. Code used to
denote a replicate sample.
STD Standard or control ~ Sample code in used in geochemistry field databbksed to describe
sample(generic) compilation of RMs data extracted from the database.
URL Upper reporting limit  Concentration at which analyte is exceeding upper calibration range

an analytical run or instrument.

WD or ED XRFS Wavelength Analytical instrument that usestdys or gamma rays to induce
Dispersive or Energy measurable fluorescence spectrum.
Dispesive XRay
Fluorescence
Spectrometer
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Terminology

Accepted value

Accuracy

ANOVA Analysis
of variance

Bias

Blind sample

Censored

Conditioning/con
ditioned date

Control chart

Drift

Dugicate sample
(or field
duplicate
sample)

Error

Laboratory batch

Levelling

Description

It is never possible to determine the exact concentration (true valuenatlement in a sample

due to limitations of the analytical method. The result determined by one or more analyses
the measured value. After repeated analyses an accepted value can be computed and the
sample can be certified as having that element coticgion. Different analytical methodologie
will have differing accepted values so the accepted value should always be quoted in the ¢
of the analytical method used.

Accuracy measures how close to a true or accepted value a measuremeiitiiggan be seen
graphically on a Shewhart plot.

Statistical test. Analysis of Variance (ANOVA) is a statistical procedure dependent on the f:
that the total variability in a data set can be attributed to various sourceth We use of
duplicate and replicate samples random nested analysis of variance can be performed to
attribute variability to within a site, "between" and "within" samples.

Bias is the tendency to favour one analytical value over anothralytical errors fall into two
major categories: bias (systematic error) and variability (random error). Bias causes consis
positive or negative deviation in the results from the accepted value. Repeated measureme
of SRMs over time provide evidem of both inter and intrabatch systematic bias and random
variability in the laboratory analytical procedures.

Means of analysing a sample without a distinctive identity. A blind sample is a control samg
that has been submitted for anadis presented in such a way that its identity is unknown to tr
analyst.

Censored data that aneplaced orounded. When results (usually reported as semi
gquantitative values) are replaced by a substitute value, the data can be described asedens
data.

Conditioning is the process of making data fit for the purpose for which it is to be used follo
the QA procedures documented in this report It can represent the accumulation of error
checking, verification, qui#y control, quality assurance and levelling processes. It is importal
that conditioned data is accompanied by a statement as to what processes it has been sub
to.

A control chart is a graphical representation (plot) showing howtidae of a sample varies
over a period of time in relation to an accepted value or range of values as defined by a col
sample. A particular type of control chart showing how a value varies over time within an
envelope of mean # standard deviations igeferred to as a Shewhachart or plot Both these
can also be more generally referred to as a tisegies plot.

Drift is thecontinuous, incrementathangeof analytical instrument signalver a period of time
relative to thebaselinevalue.

A duplicate sample is collected from the same site as another sample. A control sample th:
be used to show the variability in results that can be attributed to the process of sampling b
collecting twosamples from the same location. A duplicate sample collected in the field is
sometimes also referred to as a "field duplicate".

Deviation from what is believed to be correct, right, or true is the error of a measurerent,
the measured result mims the true value.

When samples are submitted for analyses they are grouped together to form a laboratory k
The number of samples in each batch will vary according to the sample type and analytical
method. Each batch is assigned aque laboratory batch number which must be associated
with metadata such as date of analysis, analytical calibration, detection lihits,

Process to decide how disparate data sets are combined to form a single discrete data set.
require data conditioning/normalisation using RMs which are repeatedly analysed in each
laboratory batch.
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Terminology

Levelling factor
or conditioning
factor

Lower limit of
reporting

Matrix matching

Measured value

Normalisation

Precision

Raw data

Replicate sample
(or analytical
duplicate)

Sensitivity

Shewhart chart
or xchart

Shift

Timeseries plot

Variability

Validation

Description

This is a mathematical function that is applied to results in order to combine data sets into
single discrie data set and is determined during the process of data conditioning by
normalisation of the results from RMs repeatedly determined in each analytical batch over
period of time.

This is a quantitative value representing the &stvymeasurement that the analyst is prepared 1
report to the client.

An approach in instrumental analysis where calibration and standardization procedures are
performed on materials that share or match major chemical and/or physical ptiepeof
analysed samples in an attempt to reduce the impact of sample matrix on the determinatiol
desired property.

A quantitative result reported by the analyst following analysis of a sample.

The data conditioning process uses the term normalisation in a mathematical sen4e,
adjust the representation of a quantity so that this representatiies within a prescribed range
or, any process of rescaling a quantity so that a given integrather functional of the quantity
takes on a praletermined valueather than in the statistical sense, where it denotes a
transformation of a data set so that it has a mean of zero and a variance of one. Normalisa
a process to determine levelljrfactors carriedut using control samples.

Precision is a measurement of how closely the analytical results can be reproduced. It shot
be confused with the term accuracy. Results can have a good predisiamosistently fall at or
near a specified value), yet the mean of these results may be a long way off the accepted v

The results as received from the analyst.

This is a control sample created in the laboratory by dividisgnaple into two identical parts
according to a wellefined protocol. It is used to help define laboratory error. Also termed a
sub- sample when derived in the field.

Analytical sensitivity is the lowest concentration that can be distinguisteed background
noise or more correctly called the assay's detection limit. When a technique is described as
being sensitive the implication is it has a low limit of detection.

A process control tool used to determine ipeocess is in a state of contricé. showing
performance deviationsA process is deemed to be in control over a period of time if measul
data do not exceed specified control limits or if frequency of exceedances does not exceed
specified limits. This eontrol chart or time series plot with defined quality limits named after
the person who first documented their ugghewhart, 193¢ .

Shift is a significant sudden change in a measured value compared with the previous
measurement of the same measurand. This can be seen graphically on-setileg or Shewhart
plot and is usually the consequence of an instrument recalibnafitodiffers from drift in that the
change in measurement is large and sudden.

When a measurement is repeatedly determined over a time period, a plot of quantity again
time graphically shows how the result is varying over time. A Shegvpiot is an example of a
time-series plot.

Variability is a random error that affects the ability to reproduce results (see bias and precis

Process of establishing a documentary evidence demonstrating that process dyastivi
reproducible and compliant at all stages

2 SHEWHART, W. A. 19Btonomic control of quality of manufactured prodigw York, D. Van Nostrand
Company, Inc.
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Terminology Description

Verification Verification ighe first data conditioning procedure that checks that the laboratory has analys
and reported all the samples submitted to the specifications of the analytical request form/e
detailed in the contract.

Concentration units Description

% Percentage
Sigma Standard deviation(s)

weight % eq. Weight percent Normally of the element oxide, for major element determinands.
equivalent

mg kgl milligramme per Equivalent to part(s) per million (ppm).
kilogramme

>3 '11 3 microgramme per Equivalent to part(s) per billion (ppb).
kilogramme

mg Ll milligramme per litre  Equivalent to part(s) per million (ppm).

> 3‘1 [ microgramme per Equivalent to part(s) per billion (ppb).
litre

mEq Milliequivalent Onethousandth of an equivalent.

mEq i Milliequivalents per
litre

us crhl microSiemens per Unit of measurement for specific electrical conductivity (SEC).
centimetre

SEC Specific electrical Measurement of conductivity. A proxy total dissolved solids (TDS) ir
conductivity aqueous samples.
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The following appendices present the data analysis charts for qualityat@amples (QCS) and univariate
exploratory data analysis for all sample data.

These are published as part of the quality assurance procedures of the Tellus geochemical survey in Ireland,
providing transparency and context for all data and products agzonied by this report.

Please contadellus@gsi.idor further information regarding data quality.

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of |idlénd


mailto:tellus@gsi.ie

A. waa RF@GIFOKF NI &

In this appendix all of the reference nesials data are presented in two waj@ each analyteif the same
order as data are reported by instrument and distributed

1 The first chart is of analyte concentration (y axis) against the sample ID (x facdsded by the
reference material (name ithe grey banner at the topWith the assumption that all samples are run
in the numerical order asequired and direted, each chart displays thepeatabilityof the reference
material across the laboratory analytical batch&se dashed horizontal lindenotes the reference
value (certified, information or provisional)

1 The second is a Shewhart control charfsanalyte concentration (y axis) against tmeasurement
date and time(x axisfor each reference material. Each Shewhart control chart displeysnean of
the data (central horizontal black linej,1° A & (&vé fRidt Ylue horizontal linesjwo warning
limitlines2 ¥ G KS Y SI y (v mediumblud hodzéngaldineés)andtwo failure limitlinesof
0 KS Y S (dafk bie hmrizontaines). Each date point is connected by a line to show the sequence
of analyses.The dashed horizontal line denotes the reference value (certified, information or
provisional)
lEf afr[[5¢ GItdzSa KBS a2S I NSLIhdSaaR amanbtiyikklified dei ©
censored.Concentration units are shown in parentheses. For reference, the interquartile range (IQR) of the
samples sites data is displayed at the bottaght of each plot (to 3 significant figures). Thus it can be seen
where theQCSdata are validating the sample data in the appropriate concentration range for this media.
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Calcium (CaO) XRFWD

Ca0 (%)
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Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I1i&and

Date time XRFWD PG-5-U

Titanium(TiQ) sample data IQR: 0.180.659%
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Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I1i&2and

Date time XRFWD PG-5-U

ManganesgMgO) sample data IQR: G;4.5%



Iron (FeOs) XRFWD

Potasium (K20) sample data IQR: @235 %

Tellus geochemical survey: deeper topsoil data from outer Dublin, the border, north, and west of I1i&and




























































































































































































































































































































































































































































