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Summary 
 

Data conditioning is the process of making data fit for the purpose for which it is to be 
used and forms a significant component of the G-BASE project. This report is part of 
a series of manuals to record G-BASE project methodology. For data conditioning 
this has been difficult as applications used for processing data and the way in which 
data are reported continue to evolve rapidly and sections of this report have had to be 
continually updated to reflect this fact. However, the principals of data conditioning 
have changed little since the BGS regional geochemical mapping started in the late 
1960s. 

The process of data conditioning is based on one or more quality control procedures 
applied to the geochemical results as received from the laboratories, the degree of 
conditioning depending on how the data is to be used. The task is based on "blind" 
control samples being inserted prior to analysis, a system of quality control described 
in the G-BASE procedures manual. The first of the data conditioning processes is data 
verification and error checking, essentially assessing whether the laboratory has done 
what it was asked to do and results are being reported with reasonable accuracy. 
Shewhart or control charts form an important part of this process.  

Once the data has been error checked, verified and accepted from the laboratory, 
further analysis of the data is carried out. These processes include: a series of x-y 
plots (of duplicate and replicate samples), more detailed control chart plots, and 
ANOVA analysis of the duplicate/replicate pairs to allocate variance in the results to 
sampling, analytical or between site variability. Analysis of both primary and 
secondary reference material can quantify analytical accuracy and precision. An 
important part of the data conditioning is the quality assurance and this includes 
procedures used for dealing with results that have data quality issues and documenting 
all parts of the data conditioning procedure. 

The final part of the data conditioning procedure is necessary in order to use the data 
in context of other previously analysed data sets. This is the process of normalisation 
and levelling of the data. In G-BASE this is a very necessary step in order to create 
seamless geochemical maps and images across campaign boundaries and varying 
analytical methodologies that have spanned several decades. 
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1 Introduction 
This report details the procedures used by the Geochemical Baseline Survey of the 
Environment Project (G-BASE) for conditioning analytical results received from 
laboratories prior to their inclusion in the British Geological Survey (BGS) 
Geochemistry Database. Here the term conditioning is used in the sense "to render fit 
for work or use". Results are received primarily from the BGS laboratories, although 
external laboratories have been used, and such results are defined as being the "raw 
data". These procedures refer to soils and stream sediments collected for a 
geochemical baseline survey. Stream water procedures are different and are described 
in another report (Ander, In Prep). 

The data initially goes through a series of error checking and verification procedures 
that relate to data reporting; element ranges; absent, not determined and not detected 
results; and collation or mis-numbering errors. These procedures are essentially a 
check that the laboratory has carried out what they were asked to do and the results 
are reported to an acceptable standard. The quality of the data is then tested by 
statistical and graphical analysis of the data, element by element, using control 
samples inserted before submission for analysis. The use of duplicate, replicate and 
reference samples, which are "blind" to the analyst, is described in the G-BASE field 
procedures manual (Johnson, 2005) and was introduced in the early days of the G-
BASE project (Plant et al., 1975). These samples are part of the G-BASE quality 
control procedures. The laboratories carry out their own quality control procedures 
during instrument validation, calibration and recalibration. Quality control (QC) 
measures are part of a quality assurance (QA) process, the latter requires procedures 
to deal with problem data and a final decision to accept or reject results. In the last 
part of the data conditioning process the results are levelled with reference to data that 
exists within the Geochemistry Database. This is essential to ensure seamless 
geochemical maps across field campaign boundaries that, as in the case of G-BASE, 
may have spanned several decades. The normalisation process also allows us to 
combine data produced by different analytical calibrations and methods, though this 
cannot be successfully achieved for all elements, particularly those where the majority 
of results are at or below the lower detection limit. 

The error checking and quality control procedures refer to results generated by the 
X-Ray Fluorescence Spectrometry Section of the BGS laboratory services. The 
normalisation and levelling procedures cover results generated by different analytical 
methods, different laboratories and over a period of time.  

Data sets used in G-BASE can generally be classified into one of three geographical 
groupings, namely atlas areas, urban areas or drainage catchments. Atlas areas (see 
Figure 1) are the standard data set for regional baseline data and have been the main 
classification for data conditioning in the past. This was because results have been 
published by atlas area and the combination of three or four years of sampling gave a 
large number of quality control samples for the quality assurance process. However, it 
had the disadvantage that it was several years before errors were found and 
consequently these were less easy to rectify after a long period of time. G-BASE will 
increasingly use drainage catchment reporting of its regional data as was undertaken 
for the co-funded Tamar drainage catchment survey (Rawlins et al., 2003). Urban 
baseline data are usually processed by combining data from a number of urban areas 
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(Lister, 2002a). Urban data sets are generally smaller than regional data sets and so a 
specific urban area may only be associated with a limited number of control samples. 

Currently, analytical results are received as a laboratory batch consisting nominally of 
five hundred samples, and identified by a laboratory batch number. The laboratory 
batch number is the fundamental key in the laboratory information management 
system and an important parameter in the quality assurance procedure. 

The overall flow of data conditioning is summarised in Figure 2 and the various 
stages in this process are discussed in the subsequent sections of this report.   

Data conditioning is a time consuming task but as the geochemical database it creates 
is central to all the geochemical map production, interpretating and reporting it must 
be afforded the necessary time. For large geochemical mapping programmes, even if 
highly accredited laboratories are used for the analysis, it can take several years to 
bring the data up to an acceptable level of quality to produce final products (Reiman, 
2005). 

 

 

 

  

 

 

 

 

 

Figure 1: G-BASE atlas areas. 

 

1. Shetland 11. NE England 
2. Orkney 12. NW England and 

      N Wales 

3. South Orkney 
    and Caithness 

13. Humber-Trent 

4. Sutherland 14. Wales & W Midlands 
      (soil and sediment) 

5. Hebrides 15. Wales & W Midlands 
      (surface water) 

6. Great Glen 16. East Midlands 

7. East Grampian 17. East Anglia 

8. Argyll 18. SE England 

9. Southern Scotland 19. SW England 

10. Lake District 20. Northern Ireland 
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RECEIPT OF RESULTS FROM
LABORATORY

(Delivered via LIMS to Geochemistry
Database)

CREATE WORK DATABASE
from the Geochemistry Database:
 - import analytical results to MS
Access database table
 - import corresponding field data to
MS Access database table
 - import analyte batch information
(e.g. detection limits) to MS Access
database table

ERROR CHECKING
In work database check:
 - number of samples analysed
 - range of element values
 - number of control samples
 - samples plot within sampling area

QUALITY CONTROL (QC)
 - extract control samples
 - Shewhart plots for SRMs
 - duplicate-replicate x/y plots
 - ANOVA
 - compare international standard
reference material results

QUALITY ASSURANCE (QA)

 - accept or reject batch results
 - present summary of QC results to
laboratory

DATA LEVELLING

 - plot different SRM results for
different elements comparing earlier
and present results
 - apply levelling factor

LOAD CONDITIONED
DATA TO

GEOCHEMISTRY
DATABASE

DOCUMENT DATA
CONDITIONING RESULTS

IN AN INTERNAL BGS
REPORT

Figure 2: Figure showing flow of data conditioning procedures
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2 Receipt of Results 
Data received from the BGS laboratories consist of: lists of analytical results listed by 
site number; a cover note which describes the analytical protocol used and data 
quality statements (example is given in Appendix 1); and ancillary information 
required to interpret and use the results such as detection limits and international 
standard reference material results. These data have been received as both digital and 
hardcopy format. The actual format of reported data has rapidly evolved in recent 
years. At the end of 2004 analytical results for soils and stream sediments were 
transferred by the BGS Laboratory Information Management System (LIMS) direct to 
raw data tables in the Oracle Geochemistry Database. This involved the introduction 
of a new set of codes to represent missing or semi-quantitative results (Table 1).  

Code Comment 

-94 Insufficient sample (e.g. sample collected but not enough to analyse or sample 
lost) 

-95 Not determined because of high concentration; but exceeds calibration limit 

-96 Not determined because of interference; probably of high concentration 

-97 Not determined because of interference; probably of low concentration 

-98 Not determined because of interference; no estimate 

-99 Absent data (e.g. not requested) 

Table 1: Codes for missing or semi-quantitative results 

 

The procedures for the receipt of the results up to the point where the conditioning of 
the data can commence are summarised in Figure 3. A key field in the monitoring of 
the progress of data analysis and interpretation is the laboratory batch number, a 
unique reference number issued by the BGS laboratories. When the BGS LIMS 
transfers raw data to the Geochemistry Database other data tables concerning 
detection limits and sample registration information for each batch are also 
automatically populated. The laboratory batch number is therefore present in all these 
data tables. The Oracle data tables populated by the LIMS are summarised in Table 2. 
These data tables are described in more detail in Appendix 2. Raw data transferred to 
the Geochemistry Database contains G-BASE control samples with site numbers that 
are indistinguishable from normal samples. They can be retrieved as standards from 
the database by using the SAMP_STD field loaded to the DTA_SEDIMENTS, 
DTA_WATERS and DTA_OVERBURDENS data tables coded as shown in Table 3.  

Results for primary reference material are transferred from the laboratory (currently 
only for sediments and soils) to an Oracle data table BGS_ 
DTA_REFERENCE_MATERIAL_DATA and the reference materials used are 
described in a dictionary table (BGS_DIC_ REFERENCE_MATERIAL). 
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BGS Laboratory Manager 
N J Forty

BGS Laboratory Manager 
Shaun Reeder

COVER NOTE   - Lab No X 
RESULTS   - Lab No X 

BATCH INFORMATION 
Lab No. X 

COVER NOTE   - Lab No X 
RESULTS   - Lab No X 

BATCH INFORMATION 
Lab No. X 

COVER NOTE  -Lab No Y
RESULTS  -Lab No Y

BATCH INFORMATION
Lab No. Y

COVER NOTE  -Lab No Y
RESULTS  -Lab No Y

BATCH INFORMATION
Lab No. Y

COVER NOTE   - Lab No Z 
RESULTS   - Lab No Z 

BATCH INFORMATION
Lab No. Z 

COVER NOTE   - Lab No Z 
RESULTS   - Lab No Z 

BATCH INFORMATION
Lab No. Z 

LIMS LIMS 

Populate data tables in Oracle 
Geochemistry Database

Email Cover Note

G - BASE Data Manager 
T R Lister 

G - BASE Data Manager 
T R Lister 

Data retrievals 

G - BASE Administrator 
A J Mills

G - BASE Administrator 
A J Mills

digital

hardcopy 

Data Conditioning Filing hardcopy 
Updating progress chart 

G - BASE Project Manager 
C C Johnson

G - BASE Project Manager 
C C Johnson

 

Figure 3: Figure showing the flow of procedures when results are sent from the 
laboratories 
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Table Name Description 
Analyte List of analytes determined, the method used 

and the limits of detection BGS_DTA_RAW_ANALYTES 

Analyte determinations Raw analytical results 

BGS_DTA_RAW_GBASE_ANALYTE_DETAILS 

Analysis The analysis carried out by a particular 
laboratory by a specified method, for the 
owner of the samples, costed to a particular 
project 

BGS_DTA_ANALYSIS 

Batch Details of the batch of samples including 
name of area from which samples were 
collected BGS_DTA_BATCHES 

Project Batch Table listing maximum and minimum site 
numbers and number of samples in the 
submitted batch BGS_DTA_PROJECT_BATCHES 

Primary Reference Materials Table containing primary reference material 
determined before and after each analytical 
batch is run BGS_ DTA_REFERENCE_MATERIAL_DATA 

 

Table 2: Summary of Oracle tables populated during transfer of raw data to the 
Geochemistry Database 

 

 

DUPA Duplicate A (original sample) 
DUPB Duplicate B (collected at same site as Dup A) 
DUPC Duplicate C (original sample) 
DUPD Duplicate D (collected at same site as Dup C) 
SSA Subsample A (laboratory replicate of DUPA) 
SSB Subsample B (laboratory replicate of DUPB) 
SSC Subsample C (laboratory replicate of DUPC) 
SSD Subsample D (laboratory replicate of DUPD) 
STD Secondary ref. material (SRM) for A,S,C and W 
BW Blank water used only for W 
MON Water monitor site sample used only for W 

 

Table 3: List of control sample codes used in the SAMP_STD field of the field 
database 
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3 Creating a Work Database 

3.1 PREPARING THE DATA 
Before commencing the data conditioning exercise all the relevant data needs to be 
loaded into tables in a MS ACCESS database. It is important that the data used is 
complete and finalised - it is not efficient to work on partially completed or 
preliminary data sets. Results are considered to be complete when signed off by the 
Laboratory Manager (or their representative) and the G-BASE Data Manager must 
consider how to group data for the process of conditioning.  The data required are: 

a) The raw analytical results (including control samples) 

b) Corresponding field data that has been prepared as described by Lister 
et al. (2005) 

c) Analytical batch information (such as detection limits) 

These data should be available in the BGS corporate Oracle Geochemistry Database 
(see Table 2), and in the numerous site information tables that are created from the 
field database as documented by Lister et al. (2005). The principal site information 
tables are BGS_DTA_DRAINAGE_SITES, BGS_DTA_SEDIMENTS and 
BGS_DTA_WATERS (for drainage samples), and BGS_DTA_NORMAL_SITES 
and BGS_DTA_OVERBURDENS (for soils). Therefore, the first step in the process 
is a series of retrieval queries from the Oracle database using MS ACCESS.  

Prior to 2005 this data was not routinely input to the Geochemistry Database and so 
pre-2005 data needs to be gathered from a number of different sources. As all the data 
is now routinely input to the Geochemistry Database, it is envisaged that in the future 
a certain amount of the data processing described later in this section could be done 
automatically as the data is retrieved from the Oracle database. 

For the purpose of this report the starting point of data conditioning is a MS ACCESS 
database populated with the three sets of data listed above. This database is referred to 
as the "work database". 

The raw data as received from the laboratories must be preserved in an unaltered state 
so it is available for future reference. In the BGS Geochemistry Database there are 
tables for G-BASE of "raw data" (see Table 2) that remain as the original record of 
the raw data. Once the raw data has been conditioned it is loaded into a different 
analyte table of the Geochemistry Database (BGS_DTA_ 
ANALYTE_DETERMINATIONS). Prior to the direct transfer of data from LIMS to 
the database raw data were received as MS EXCEL files and these are maintained in a 
data archive by the G-BASE Data Manager 
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3.2 EXAMPLE WORK DATABASE 
 

 

 

Figure 4: Example of linked tables in ACCESS database ready for creating retrieval 
queries 

 

 

 
 

Figure 5: Example of the query used initially to retrieve the analytical data for two 
analytical batches (from data table  BGS_DTA_RAW_GBASE_ANALYTE_DETAILS)
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Figure 6: Example output from the query shown in Figure 5

 

 

 
 

 

Figure 7: Example query design for retrieving analytical and site information (using 
unlinked EA field data table and query shown in Figure 5) 
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Figure 8: Data retrieved by the query shown in Figure 7

 

 

 

 

Figure 9: Design view of a cross tab query for retrieving data in a way that lists 
analytes in columns and the site number as a single record (listing only analyses by 
XRFED)
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Figure 10: Example output from the cross tab query shown in Figure 9

 

 

 

The "Samp_STD' field included in the table shown in Figure 10 can be used to select 
the different control samples using the codes listed in Table 3.
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4 Error Checking and Verification 

4.1 INITIAL ERROR CHECKING 
The following should be addressed: 

• Are analyses received consistent with those requested at the time of sample 
registration? 

• Do the number of results corresponds with the number of samples submitted? 

• the analytical results should be merged with the field data to check if there are 
any samples collected that were not analysed 

• the range of analyte concentrations should be checked to see the values 
correspond to the units that they were reported in and that there are no 
obviously erroneous data values. It may be necessary to convert some element 
fields from percentage oxide to mg kg-1, the latter being the unit of 
concentration for all results in the analyte table of the Geochemistry Database. 
Table 4 gives the oxide to mg kg-1 conversation factors. This table is available 
as a MS ACCESS data table 

• Are a complete set of control samples present and are they correctly identified 
in the database? 

• Do the merged field and analytical data produce a list of samples that all plot 
within the area sampled? 

Any errors found should be systematically listed in a table that should detail how 
errors may be rectified. This list of errors should be included in the data conditioning 
report. 

 

Element Oxide Conversion Factor
Al Al2O3 1.889
Ca CaO 1.399
Fe Fe2O3 1.430
K K2O 1.205
Mg MgO 1.658
Mn MnO 1.291
Na Na2O 1.348
P P2O5 2.291
Ti TiO2 1.668

 

Table 4: Table of the most commonly used oxide conversion factors 
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4.2 DEALING WITH MISSING, SEMI-QUANTITIVE AND UNRELIABLE 
DATA 

Once the initial error checking described above has been completed the control 
sample results should be prepared for processing and interpretation. As these 
processes usually involve some statistical analysis or graphical plotting it is necessary 
to deal with missing, semi-quantitative and unreliable data, particularly replacing the 
codes summarised in Table 1. Discussions on what to do with such data are to be 
found in Albert and Horwitz (1995) and  AMC (2001). The G-BASE project routinely 
replaces results recorded as "<" by a value one-half the reported lower limit of 
detection (LLD). 

The minus numeric codes inserted in the results to indicate missing or semi-
quantitative results must be removed from the database and substituted with 
alternative values that will be acceptable to the statistical and plotting processes 
carried out in the quality control procedures. However, it is important that issues 
regarding such data are flagged up in the database and this is achieved using the 
"qualifier" field. In the Oracle analyte abundance table (BGS_DTA_ 
ANALYTE_DETERMINATIONS) where conditioned results are stored, there is a 
field called "qualifier" which can be populated with a value from the "Analysis 
qualifier" domain table (BGS_DOM_ANALYSIS_QUALIFIER). From 1st January 
2006 when populating the qualifier field became compulsory, a null entry in this field 
means there was no known quality issues at the time of data loading. 

CODE TRANSLATION DEFINED_AS LIMS Code

> Probably high Not determined accurately due to interference. Probably higher. -96 or -95 

< Probably low Not determined accurately due to interference. Probably lower. -97 

^ No estimate possible Not determined due to interference. No estimate possible. -98 

The value has a documented quality control issue that should 
restrict its use. * Dubious quality   

Value reported was below the lower detection limit cited by the 
analyst and has been set to half this detection limit. # Estimated value   

Value as reported was below the lower detection limit cited by 
the analyst. $ Uncertain value   

& Uncertain quality No information exists regarding quality of this data.   

! Not available Applicable, but try as we might, can't find a value.   

No value has been assigned yet (and it might not be 
applicable). ? Not entered   

~ Insufficient sample Insufficient sample for analysis. -94 

D Uncertain value Both $ and *apply to this value.   

\ Not applicable Not requested. -99 

B Estimated value Both # and A apply to this value.   

Value has been set to zero because data conditioning process 
created an artificial negative value. A Estimated value   

C Uncertain value Both $ and A apply to this value.   

Table 5: Geochemistry Database qualifier codes and their LIMS translations 
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The following should be undertaken: 

• for every analyte field create a corresponding qualifier field 

• populate the qualifier fields with direct translations of the LIMS codes as 
indicated in Table 5 

• modify the values of analyte field on the basis of the qualifier and check and 
deal with reported values that are lower than the reported lower detection 
limit.  

The above three steps in future could be done by creating a macro in MS 
ACCESS. 

Other quality control statements (e.g. data of dubious quality) can be added once the 
quality control procedure has been completed. The process of levelling  (see Section 
5.3) may also necessitate changing the qualifier if an artificial negative value has been 
created (see A, B and C , Table 5). 

The rules of G-BASE data conditioning are summarised in the next sub-section. 

Detection limits have changed as analytical methods have improved and this is a very 
important consideration when using data from the Geochemistry Database. It is 
important, therefore, to maintain a record of the original data as reported by the 
laboratory and to use the qualifier field to describe how below detection results have 
been treated. Historical detection limits for data in the Geochemistry Database are 
discussed by Johnson et al. (2004) and some guidance on preparing pre-2004 
analytical data is given. In the raw laboratory data some results reported are below the 
element LLD quoted in table BGS_DTA_RAW_ANALYTES (see Appendix 2). 
These data can often show meaningful variations and so only values with LIMS  code 
of ‘-97’ or < 0 will be reset to one-half the recorded lower detection limit.. 

4.3 RULES OF G-BASE DATA CONDITIONING (VERSION 1.0) 
1. These rules concern all G-BASE data loaded to the Geochemistry Database 
from 1st Janaury 2006 and will apply until they are superseded by any revision. 

2. Data conditioning is only done on completed data sets signed off by the 
Laboratory Manager (or their representative) who will also report to the project 
(via the LIMS system for soil and sediment data) all the associated batch 
information such as analytical methodology, detection limits and primary 
reference material analyses. 

3. G-BASE data conditioning is the responsibility of the G-BASE Data Manager 
(Bob Lister for soils and sediments, Louise Ander for stream waters). Loading 
the conditioned data to the Geochemistry Database is the responsibility of the 
Geochemistry Database Data Manager (Sue Hobbs). 

4. Any data quality issues will be flagged up in the qualifier field associated with 
an analyte result  during the data conditioning process. Users of the data should 
be aware of the existence of this qualifier field (Table 5) and that other data 
tables within the Geochemistry Database contain information relevant to the 
analytical result (e.g. see Appendix 2). 
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5. All G-BASE geochemical results in the Geochemistry Database may have 
been subjected to levelling factors, both by the processes of  "within-area" and 
"between-region" levelling (see section 5.3). 

a. Any value not determined by the analyst should be represented by a 
"null" value, as should any results considered to be too unsuitable to be 
included in the database (e.g. -96 code). 

b. Data reported as being less than the lower detection limit represented 
by a semi-quantitative or qualitative code (e.g. bdl, <5, -97), should 
have a qualifier ("#") that indicates this fact, and the code will be 
replaced by a value one-half the reported lower detection limit. 

c. Data reported as being higher than the upper detection limit 
represented by a semi-quantitative or qualitative code (e.g. > 2000), 
should have a qualifier (">") that indicates this fact, and the code will 
be replaced by a value equal to the upper reporting limit. 

d. Results reported by the analyst that are actually below the reported 
lower limit of detection, and not represented by a semi-quantitative or 
qualitative code, will be identified by a "$" in the qualifier field. This 
may include minus or zero values. 

e. All results will be subjected to levelling, including minus, zero and 
substituted detection limit values. If a result becomes a minus value as 
a result of the levelling, then it will be reset to zero and "A" inserted in 
the qualifier field. 

f. The qualifier field can only be represented by a single text character as 
shown in Table 5. If there is more than one quality issue to be indicated 
then the most significant issue takes priority in the qualifier field. The 
exception to this is the use of "B" and "C" which are used to represent 
a combination of several of the most likely multiple quality issues. 
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4.4 EXAMPLE TABLES FOR REPLACED MISSING OR SEMI-
QUANTITATIVE DATA 

 

 

 

Figure 11: Data from XRFWD Instrument PW2400-1 containing LIMS coded ‘–97’ 
values 
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Figure 12: Lower Limit of Detection Values (LLD) from 
BGS_DTA_RAW_ANALYTES table (shown for various instruments and (in the 
lower table) LLD only selected) 
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Figure 13: Example of trace element data from XRFWD Instrument PW2400-1 
containing sub-detection, zero and negative determinations  

 

4.5 VERIFICATION 

Verification that the laboratories are producing data that is reliable and accurate needs 
to be done as soon after the results are received as possible. With "commercial work" 
taking precedence over "science work" this is an area in which the G-BASE project 
has been quite negligent and in some instances it has been several years before data 
has been verified. A more rapid reporting of analyses and better resourcing of the 
QA/QC procedures should mean that the project verifies the data within one month of 
receipt of results. 

Procedures for verification basically involve a rapid check of the analytical data with 
Shewhart control plots and extraction of the duplicate/replicate results. Once the data 
has passed these procedures it can be considered as "verified data" and would be 
ready for the final quality control procedures described in the next section. 

4.5.1 Shewhart control plots 
Secondary reference materials (SRMs) are submitted as normal samples and therefore 
"blind" to the analyst. When the results are returned the SRM results need to be 
extracted from the database to check that the analyst is reporting results that are close 
to the accepted values for each element (see section 4.5.1.1). This is done graphically 
using Shewhart control plots (Shewhart, 1931) which not only give a rapid visual 
assessment of the accuracy of the data but also identfies any analytical variance over a 
period of time. Element data for the SRMs is plotted and if the result falls outside the 
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mean accepted value of  ± 3 standard deviations, or two or more values fall outside 
the ± 2 standard deviation limit, then the analytical data is rejected. The time series 
data are also monitored for drift, shift and bias (see Glossary of terms). If results for 
10 out of 11 consecutive analytical batches fall one side of the mean, or if 8 
consecutive results successively rise or fall, necessary quality control procedures need 
to be implemented (e.g. contacting laboratories for explanation of drift; levelling 
batch data to correct for shift; reassessment of the accepted standard means). 

G-BASE currently uses the simple process of plotting a time series chart in MS Excel 
(see Figure 14), though the BGS laboratories have a licence to use more sophisticated 
control plotting software (QI Analyst1) that has been used on non-G-BASE 
geochemical surveys (see Figure 15). In 2005 the Tellus geochemical mapping project 
in N Ireland was using SPC XL20002 (Digital Computations Inc.), an add-in Module 
for MS Excel and this is currently under evaluation for use in the G-BASE project 
(Figure 16). 

If the analytical instruments are performing to the optimum level and have been 
calibrated/recalibrated correctly, the control graphs should display little variation in 
element concentration throughout the period of analysis. However, in reality the 
control graphs will show identifiable shifts in the data. This is often coincident with a 
recalibration event that has been necessary due to instrument breakdown or after 
instrument service/overhaul. In the case of Wales and Welsh Borders area samples, 
several recalibrations of the analytical instruments were carried out during the entire 
period of analysis of approximately 21,500 samples (Figure 14). A total of 49 
individual laboratory numbers constitute the total number of samples analysed for this 
particular project over a 3-year period. Similar shifts in results seen in the East 
Anglian data (Figure 16) show relationships to changes in instruments and 
calibrations. 

Shewhart control parts are also used later in the QC process (see Section 5.3) to 
identify groups of laboratory batches where results need to be levelled with reference 
to standard materials previously analysed. 

                                                 
1 1 http://www.wonderware.com/products/qianalyst/ 

2 2 http://www.sigmazone.com/spcxl.htm 
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Figure 14: Excel generated control plot for XRF data. S15 – Copper (y-axis in ppm) 
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Figure 15: Control chart plot using QI Analyst software (Cu in ppm on y-axis) 
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Figure 16: Example of output from the SPC XL control chart plotting MS Excel add-
in (from the G-BASE East Anglian SRMs). 

 

4.5.1.1 SELECTING SRM DATA FOR SHEWHART CONTROL PLOTS 

Queries to select secondary standard materials are shown below. The important retrieval 
criterion here is to select all the samples that have "STD" in the SAMP_STD field. 

 

Figure 17: Design view  select query to select secondary reference materials from the 
compiled field and analytical data (derived from the query illustrated in Figure 10) 
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Figure 18: Example of data retrieved from the query illustrated in Figure 17

 

The different standards used can be identified by the list of standard samples 
maintained as a MS ACCESS table for all batches submitted since 2004 (see Figure 
19). Note that until 2003 soils and sediments where submitted as mixed analytical 
batches and data conditioning was carried out on soils and sediments at the same time. 
Since 2004 soil and sediment are always submitted as separate batches and are 
therefore analysed at different times necessitating separate verification. 
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SITENO SAMPLE_SAMP_STD STANDARD LabNo
1487 C STD S57A 10377
1547 C STD S13 10377
1596 C STD S13B 10377
1622 C STD S15B 10377
1668 C STD S23B 10377
1728 C STD S57A 10377
1780 C STD S13 10377
1817 C STD S13B 10377
1887 C STD S15B 10377
1947 C STD S23B 10377
1996 C STD S57A 10377
2022 C STD S13 10377
2068 C STD S13B 10377
2128 C STD S15B 10377
2180 C STD S23B 10377
2217 C STD S57A 10377
2287 C STD S13 10377
2422 C STD S15B 10586
2468 C STD S23B 10586
2747 C STD S23B 10586
2796 C STD S57A 10586
2822 C STD S13 10586
2868 C STD S13B 10586
2928 C STD S15B 10586
2980 C STD S23B 10586

 

 

Figure 19: A sample listing of the site number - STD translation available as MS 
ACCESS table  

4.5.2 Selecting duplicate and replicate results 
After completing initial Shewhart plots a further verification of the data is achieved by 
looking at the duplicate/replicate pairs to see if results are similar. Although there can 
be significant "within" site variability it should be anticipated that each set of 
duplicate/replicate analyses will have generally similar results. Before using 
duplicate-replicate pairs as part of a rigorous quality control procedure to identify 
sampling or laboratory error, it is important to verify first that the data contains no 
errors caused by sample mis-numbering or errors in the analytical listing. This can be 
achieved by a quick inspection of the results for the duplicate-replicate pairs. The 
relationship between these control samples is illustrated in Figure 20. 
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 Site Duplicate 

DupA 

Site Duplicate

      DupB 

Laboratory 

Sub- sample 

SSA 

Laboratory 

Sub- sample 

SSB

Sample 
Site 

Figure 20: Relationship between site duplicates and laboratory replicates  

 

Duplicate and replicate results can be compared by scanning tabulated data. More 
detailed analysis is obtained from x-y plots as described in the next section on quality 
control. Data is retrieved by selecting samples on the basis that the DUPLICATE field 
= -1, REL_SAMP field is not "" (null) and the SAMP_STD field contains "SS" as 
shown by the retrieval in Figure 21. 

 

 
 

Figure 21: A design view of a query for selecting duplicate and replicate samples 

 



   

 
 

Figure 22: An Excel spread sheet derived from exporting the select query to select site 
duplicates and replicates (sub-samples) from the compiled field and analytical data 
(Figure 21). 

 

For a small number of duplicate/replicate pairs it is sufficient for verification just to 
look at the control groups in a data table to see if analytical results are consistent. For 
a larger number of  duplicate/replicate pairs x-y plots can be done to look at any 
deviation from a line of gradient 1. 

G-BASE uses MS Excel to create x-y plots, though the data that are listed in rows as 
shown in Figure 22 needs to be reformatted into columns as shown in Figure 23. This 
can be done automatically using an Excel macro (Appendix 3) originally used in the 
Morocco Geochemistry Project. However, use of this macro depends on the strict 
application of G-BASE control procedures by including four duplicate/replicate 
samples in every field batch of a hundred samples and the reserved control site 
numbers are used in a consistent way (these numbers are used by the macro to identify 
which control sample it is).  
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Li DupB RepB DupA RepA LabBatch FieldBatch
36 41 46 42 6226  1- 100
52 52 49 51 6226  101- 200
11 12 11 15 6226  201- 300
33 33 40 32 6226  301- 400
28 28 28 27 6226  401- 500
42 43 46 44 6227  501- 600
17 22 22 18 6227  601- 700
19 18 18 20 6227  701- 800
30 23 31 31 6227  801- 900
37 37 37 36 6227  901- 1000
30 29 31 29 6228  1001- 1100
23 22 22 23 6228  1101- 1200
42 44 49 48 6228  1201- 1300
36 35 34 39 6228  1301- 1400
26 27 27 26 6228  1401- 1500
27 29 29 27 6229  1501- 1600
34 33 32 33 6229  1601- 1700
37 39 39 37 6229  1701- 1800
23 22 23 24 6229  1801- 1900
47 47 45 46 6229  1901- 2000
31 34 36 29 6232  2001- 2100
26 27 28 28 6267  2101- 2200
29 30 31 31 6267  2201- 2300
37 38 38 38 6267  2301- 2400
34 33 33 33 6267  2401- 2500
33 32 32 33 6287  2501- 2600
25 29 28 26 6287  2601- 2700
26 25 26 26 6287  2701- 2800
14 15 14 12 6287  2801- 2900
46 46 47 47 6287  2901- 3000
31 20 20 19 6294  3001- 3100
22 23 21 21 6294  3101- 3200
37 36 42 37 6294  3201- 3300
40 39 40 40 6294  3301- 3400
21 20 20 19 6294  3401- 3500
29 27 26 31 6295  3501- 3600
21 22 22 21 6295  3601- 3700
53 54 54 49 6295  3701- 3800
30 27 26 29 6295  3801- 3900
34 35 34 33 6295  3901- 4000
35 35 36 36 6296  4001- 4100
38 38 39 41 6296  4101- 4200
23 18 17 16 6296  4201- 4300
51 51 49 50 6296  4301- 4400
33 39 38 32 6296 4401- 4500

 

Figure 23: Duplicate/replicate results reformatted into columns ready for x-y plots 
(prepared using the an Excel macro) 

 

4.5.3 Duplicate pair and Duplicate-Replicate plots 
A plot of many duplicate/replicate pairs will enable the identification of any 
systematic errors over a period of time but will require a spread of concentrations for 
any particular element over a range of different samples. Duplicate/replicate plots 
require at least five pairs to make plotting the data worthwhile. Plots of DUPA v 
DUPB, DUPA v SSA and DUPB v SSB can be produced in an automated way using a 
MS Excel macro (Appendix 3). An example plot is given in Figure 24. Ideally the 
points should lie on a straight line of gradient one and passing through the plot origin. 
Significant deviations from this line should be investigated and if no suitable 
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explanation can be given for large errors then the analytical batch should be rejected. 
Any mismatches arising from the duplicate/replicate plots should be resolved prior to 
doing the ANOVA analysis described in Section 5.1.  
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Figure 24: A single plot of DUPA v DUPB, DUPA v SSA and DUPB v SSB 

 

It is possible to work out the variation of standard deviation over a range of element 
concentrations providing a sufficient number of replicate analyses are done. 
Thompson and Howarth (1973) discuss the theory behind the estimation and control 
of precision by duplicate determinations and this work is summarised by Thompson 
and Howarth (1978). G-BASE does not routinely calculate the analytical precision 
from the replicate analyses using the graphical methods described in these references. 
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5 Quality Control 
 

Quality control procedures covered here are those carried out by the G-BASE project 
using control samples inserted in analytical batches that are "blind" to the analysts, i.e. 
duplicates, replicates and secondary reference materials. These procedures do not 
cover the analysis of the international reference standards that are used by the 
laboratory for its own quality control procedures. Results from the G-BASE quality 
control measures should be reported to the laboratories as soon after the results are 
received. Taking measures to implement the results of the quality control are an 
important part of the quality assurance procedures described in Section 6.  

5.1 ANOVA 
The duplicate and replicate sample pairs can be used to give an estimate of sampling 
and analytical errors using statistical analysis known as analysis of variance 
(ANOVA). A random nested model of ANOVA is selected, since all the analyses 
form part of a single randomised dataset (Snedecor and Cochran, 1989). This 
statistical analysis can be carried out using an MS Excel macro as detailed in Johnson 
(2002) (Appendix 3). 

Within-sample variance (represented by multiple components including 
inhomogeneities introduced during sample handling and preparation, and analytical 
errors), between-sample variance (representing within-site variation and any variation 
incorporated during collection of the sample) and between-site variance (the natural 
distribution of elements) can be estimated. Because the frequency distribution of most 
elements is multi-modal and does not fit the Gaussian model perfectly, there is an 
unquantifiable overstatement of the between-site variance - a problem that is inherent 
in using ANOVA on geochemical data.  
 
Table 6 shows the percentage of variance attributable to each of the three components 
of variance described above taken from the analysis of the data from eleven urban 
centres in England and Wales (Lister, 2002b). This gives a good indication as to the 
integrity of the sampling methodology. If the within sample and between sample 
variability is greater than the between site variability then the sampling strategy 
should be considered unsuitable. 

5.2  CUMULATIVE PROBABILITY PLOTS 
Cumulative probability plots (Sinclair, 1976) are another useful graphical method of 
studying the variability of geochemical results. In particular, the censoring of reported 
data and more realistic detection limits can be recognised. However, although they 
have been used on some international geochemical mapping projects, these are not 
routinely used in the G-BASE quality control procedures and will not be discussed 
further. 
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Between Between 
Sample (%) 

Within 
Element     Site (%) Sample (%) 

MnO 96.03 3.92 0.05 
Fe2O3 96.62 3.36 0.01 

V 97.85 2.09 0.06 
Cr 93.46 5.55 0.99 
Co 94.00 5.62 0.38 
Ba 97.39 2.56 0.05 
Ni 95.96 3.83 0.21 
Cu 98.87 1.08 0.06 
Zn 92.64 7.34 0.02 
Mo 93.59 3.23 3.17 
Pb 96.51 3.43 0.06 
As 97.87 1.82 0.31 
U 76.92 10.99 12.09 

Cd 65.44 3.95 30.61 
Sn 95.77 2.42 1.81 
Sb 87.68 3.05 9.27 

 

Table 6: Percentage of variance in urban sub-surface soil samples attributable to 
between-site, between-sample and within-sample variance. All data log-transformed 
with the exception of U and Cd (after Lister, 2002a) 

5.3 LEVELLING OF GEOCHEMICAL DATA 

In order to compile seamless geochemical images it is necessary to amalgamate 
discrete data sets produced over a long period of time and determined by different 
analytical methods. For G-BASE the levelling is a two stage process. Firstly, data 
from two or three field campaigns has to be levelled to give a discrete data set 
covering a region such as an atlas sheet area. Secondly, the regional data set (Atlas 
sheet area) is levelled relative to the national data set held in the BGS corporate 
database. However, as common controls are used between atlas areas the second 
phase of levelling is only required following a major change in analytical 
methodology such as the time when G-BASE changed from DR to XRF analyses. 
Initially, G-BASE results were levelled relative to the Scottish Borders direct reading 
(DR) spectrometry calibration. This has subsequently changed and G-BASE data are 
now levelled relative to the Wales stream sediment data set determined by XRF. 

A good discussion of the levelling of geochemical data sets using the mathematical 
process of normalisation is given in Darnley et al. (1995). This work describes how 
the term normalisation is used in a mathematical sense, i.e. "to adjust the 
representation of a quantity so that this representation lies within a prescribed range 
(Parker, 1974), or, any process of rescaling a quantity so that a given integral or 
other functional of the quantity takes on a pre-determined value (Morris, 1991), 
rather than in the statistical sense, where it connotes a transformation of a data set so 
that it has a mean of zero and a variance of one". Normalisation of the secondary 
reference material results gives levelling factors that are applied to the data to give, 
ultimately, a single discrete national G-BASE data set. The levelling factors for the 
most recent atlas sheet areas are given in Appendix 5. In conjunction with data from 
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the analysis of international reference materials, accepted elemental values for all G-
BASE secondary reference materials are determined. It is with respect to these 
definitive concentrations that normalisation of SRM results are made. 

5.3.1 Example of levelling 
The procedures carried out during the levelling of G-BASE geochemical data are best 
demonstrated by way of example. The analytical data reported by the BGS XRF 
laboratory for K2O, from the –150 μm fraction of stream sediment samples collected 
over the East Anglia regional atlas area, provides a typical example. 

Analysis of stream sediment samples from East Anglia was carried out between June 
2003 and February 2005. In total, 2675 samples, comprising eight discrete batches 
(including primary and secondary reference materials) were analysed ( 

Table 7). 

 
Batch Number Analysis Start Date Analysis End Date Number of Samples 

10372 25-Jun-03 02-Jun-04 484 

10377 20-Jul-03 27-Oct-03 283 

10586 24-Dec-03 17-Feb-04 528 

10587 24-Dec-03 31-Dec-03 106 

10719 19-May-04 25-Jun-04 493 

10721 25-Jun-04 02-Jul-04 116 

10993 02-Feb-05 15-Feb-05 157 

10994 24-Dec-04 02-Feb-05 508 

 

Table 7: Batches of data reported during analysis of East Anglia stream sediments 

 

Initial inspection of control plots for K2O showed discontinuity of G-BASE secondary 
reference materials inserted throughout the duration of analysis. Of particular note 
were the differences in values reported from batches 10372 and 10377 (Figure 25).  
The discontinuity is made apparent as, unusually, batch 10377 was analysed during a 
break in analysis of batch 10372. The difference is most noticeable in values reported 
for G-BASE secondary reference material S15B. 
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K2O % XRFWD  S15B
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Figure 25: Control plot for G-BASE secondary reference material S15B. 

 

The obvious discontinuities in the K2O values reported in batches 10372 (red) and 
10377 (blue) are highlighted in Table 8. It can also be observed, by reference to the 
Date field, that analysis of batch 10377 was undertaken during a break in the analysis 
of batch 10372. 

Control plots were also generated for all other G-BASE secondary reference materials 
included throughout the duration of analysis of the East Anglia stream sediments 
(Figure 26 - Figure 29). 

Mean values for all secondary reference materials analysed within batches 10372, 
10377 and the remaining batches (dealt with in this exercise as being continuous) 
were calculated using Excel. These values were then tabulated along with ‘accepted’ 
values (see Glossary) for the corresponding secondary reference materials (Table 9 - 
Table 11). 
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Sample Number Standard ID Batch Date K2O % XRFWD

440022 S15B 10372-0010 26-Jun-03 3.04 

440687 S15B 10372-0225 6-Jul-03 3.03 

440822 S15B 10372-0260 7-Jul-03 3.02 

441087 S15B 10372-0341 12-Jul-03 3.04 

441622 S15B 10377-0052 22-Jul-03 2.84 

441887 S15B 10377-0109 25-Jul-03 2.86 

442128 S15B 10377-0196 29-Jul-03 2.83 

440287 S15B 10372-0102 9-Oct-03 3.03 

440422 S15B 10372-0150 13-Oct-03 3.03 

444022 S15B 10587-0022 25-Dec-03 2.75 

442422 S15B 10586-0026 25-Dec-03 2.83 

444217 S15B 10587-0064 28-Dec-03 2.79 

442928 S15B 10586-0190 15-Jan-04 2.74 

443196 S15B 10586-0280 23-Jan-04 2.77 

443417 S15B 10586-0346 28-Jan-04 2.78 

443668 S15B 10586-0417 2-Feb-04 2.76 

443947 S15B 10586-0509 16-Feb-04 2.76 

444617 S15B 10719-0109 27-May-04 2.74 

445087 S15B 10719-0373 16-Jun-04 2.74 

445622 S15B 10721-0097 2-Jul-04 2.73 

445828 S15B 10994-0048 27-Dec-04 2.72 

446447 S15B 10994-0323 19-Jan-05 2.74 

447028 S15B 10993-0074 9-Feb-05 2.68 

 

Table 8: K2O analytical data for G-BASE secondary reference material S15B 
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Figure 26: Control plot for G-BASE secondary reference material S13 
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Figure 27: Control plot for G-BASE secondary reference material S13B 

 

 35 



   

 

 

 
K2O % XRFWD S23B

3.55

3.6

3.65

3.7

3.75

3.8

3.85

3.9

3.95

4

27
/0

6/
20

03

27
/0

7/
20

03

27
/0

8/
20

03

27
/0

9/
20

03

27
/1

0/
20

03

27
/1

1/
20

03

27
/1

2/
20

03

27
/0

1/
20

04

27
/0

2/
20

04

27
/0

3/
20

04

27
/0

4/
20

04

27
/0

5/
20

04

27
/0

6/
20

04

27
/0

7/
20

04

27
/0

8/
20

04

27
/0

9/
20

04

27
/1

0/
20

04

27
/1

1/
20

04

27
/1

2/
20

04

27
/0

1/
20

05

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Control plot for G-BASE secondary reference material S23B 
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Figure 29: Control plot for G-BASE secondary reference material S57A 
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Standard ID Mean Value K2O % XRFWD Accepted K2O 

S13B Mean 10372 2.32 2.29 

S15B Mean 10372 3.03 2.94 

S23B Mean 10372 3.79 3.86 

S58S Mean 10372 2.14 2.04 

 

Table 9: Mean values for batch 10372 

 

 

 

Standard ID Mean Value K2O % XRFWD Accepted K2O 

S13 Mean 10377 2.08 2.17 

S13B Mean 10377 2.28 2.29 

S15B Mean 10377 2.84 2.94 

S23B Mean 10377 3.79 3.86 

S57A Mean 10377 1.99 1.92 

 

Table 10: Mean values for batch 10377 

 

 

 

Standard ID Mean Value K2O % XRFWD Accepted K2O 

S13 To end of analysis 2.01 2.17 

S13B To end of analysis 2.23 2.29 

S15B To end of analysis 2.75 2.94 

S23B To end of analysis 3.78 3.86 

S57A To end of analysis 1.90 1.92 

 

Table 11: Mean values for all other batches to end of analysis 
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Linear regression charts were then generated in Excel for batches 10372, 10377 and 
‘all other’ by plotting the reported value against the accepted value (Figure 30 - 
Figure 32).  

y = 1.0811x - 0.2685
R2 = 0.9961

0.00
0.50
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2.00
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Figure 30: Linear regression plot for batch 10372 (y = accepted value, x = result) 

 

Batch 10377 All Secondary Reference Materials y = 1.0455x - 0.0796
R2 = 0.9934
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 Figure 31: Linear regression plot for batch 10377 (y = accepted value, x = result) 
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Remaining Batches to end of Analysis 
All Secondary Reference Materials

y = 1.0062x + 0.0872
R2 = 0.992
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Figure 32: Linear regression plot for all other batches to end of analysis (y = accepted 
value, x = result) 

The ‘best fit’ linear equations produced in the regression charts were then applied to 
the corresponding batches of data (Table 12 -  

Table 14). For example, S13B in batch 10372 - applying the regression y = 1.0811x - 
0.2685, the result of 2.32 now becomes (1.0811 x 2.32) - 0.2685 = 2.24 (see Table 
12). 

 

Standard ID Mean Value K2O % XRFWD Accepted K2O Modified K2O 

S13B Mean 10372 2.32 2.29 2.24 

S15B Mean 10372 3.03 2.94 3.01 

S23B Mean 10372 3.79 3.86 3.83 

S58S Mean 10372 2.14 2.04 2.05 

Table 12 : Modified mean values for batch 10372 

 

Standard ID Mean Value K2O % XRFWD Accepted K2O Modified K2O 

S13 Mean 10377 2.08 2.17 2.09 

S13B Mean 10377 2.28 2.29 2.31 

S15B Mean 10377 2.84 2.94 2.89 

S23B Mean 10377 3.79 3.86 3.88 

S57A Mean 10377 1.99 1.92 2.00 

Table 13: Modified mean values for batch 10377 
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Standard ID Mean Value K2O % XRFWD Accepted K2O Modified K2O 

S13 To end  2.01 2.17 2.11 

S13B To end  2.23 2.29 2.33 

S15B To end  2.75 2.94 2.86 

S23B To end  3.78 3.86 3.89 

S57A To end  1.90 1.92 2.00 

 

Table 14: Modified mean values for all other batches to end of analysis 

 

After applying these factors to the analytical data from all the secondary reference 
materials within each batch of samples, the control plots were updated. The charts 
show original ‘raw’ data in blue, and modified data in red (Figure 33 - Figure 37). 
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Figure 33: Updated control plot for G-BASE secondary reference material S13 
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Figure 34: Updated control plot for G-BASE secondary reference material S13B 
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Figure 35: Updated control plot for G-BASE secondary reference material S15B 
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Figure 36: Updated control plot for G-BASE secondary reference material S23B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K2O % XRFWD S57A

1.8

1.9

1.9

2.0

2.0

2.1

23
/0

7/
20

03

23
/0

8/
20

03

23
/0

9/
20

03

23
/1

0/
20

03

23
/1

1/
20

03

23
/1

2/
20

03

23
/0

1/
20

04

23
/0

2/
20

04

23
/0

3/
20

04

23
/0

4/
20

04

23
/0

5/
20

04
K2O % XRFWD
Modified K2O

 42 



   

Figure 37: Updated control plot for G-BASE secondary reference material S57A 

 

 

Figure 38: Colour image of K2O sediment data from Central and Eastern England. Here the 
raw East Anglia data is plotted along side the conditioned results from the East Midlands. 

 

Example of area where 
levelling the data has 
raised the baseline into 
the next percentile class

 

Figure 39: Colour image of conditioned K2O sediment data from Central and Eastern 
England. Here the conditioned East Anglia data is plotted along side the conditioned data 
from the East Midlands. 

 

Following re-inspection of the updated control plots, the modified secondary 
reference material data must be either accepted as being ‘fit for use’ or referred for 
further conditioning. The effects of applying levelling factors to the results should be 
checked by examining combined geochemical images. The gridded image for Central 
and Eastern England is illustrated here before and after levelling factors have been 
applied to the East Anglia results (Figure 38 and Figure 39). Although the raw data 
from East Anglia merges with the neighbouring area without any significant "edge" 
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effects (Figure 38), changes in the conditioned data image are very subtle, but can be 
seen in the differences of percentile classification values, particularly in the 10% - 
90% range. The image shown in Figure 39 confirms the levelling factors are suitable 
and the conditioned data is acceptable. 

Plotting the geochemical images is an important part of the iterative process to level 
the data. It is important to look at the images in the context of other parameters (e.g. 
sampling campaign boundaries or analytical batches) that may create analytical 
artefacts. The illustration on the front cover of this report demonstrates how high 
results of tungsten in stream sediments from the East Midlands atlas area were 
generated as a consequence of analytical shift between analytical batches. Without 
comparing the tungsten geochemical images to a plot showing which samples 
belonged to which analytical batch, an interpretation of the anomalies would most 
likely have attributed them to geological variations. 

Once considered ‘fit for use’ the data levelling factors as applied to the secondary 
reference material are now those to be finally applied to all the potassium results in 
the corresponding batches. 

In this example:   All batch 10372  (1.0811 x K2O) – 0.2685 

    All batch 10377  (1.0455 x K2O) – 0.0796 

    All other batches  (1.0062 x K2O) + 0.0872 

As shown in the K2O example for East Anglia, several stages of normalisation may be 
necessary before data for a particular element satisfy quality control checks. Firstly, 
shifts in concentration within the period of analysis must be eliminated. This may 
involve breaking the control plots into a series of segments, within which the 
concentrations are fairly constant over time. Calculation of the mean concentrations 
within each segment will provide adequate information to enable ‘within analysis’ 
correction factors to be applied. An example of this procedure is shown in Appendix 2 
of Lister (2002b). 

Normalisation of data is undertaken for all elements displaying discontinuous control 
plots with evident shifts in concentration. Levelling factors for recent a atlas area are 
given in Appendix 5. 

 

5.4 DATA CONDITIONING REPORT 

The concluding part of the data conditioning process is the production of a BGS 
report in the "Internal Report Series". This report will be a useful reference to the 
quality control procedures associated with the data set and should be cited whenever 
the data is presented. The report should document all the results of the work described 
in Sections 3 to 5 of this report. The data conditioning process will generate hundreds 
of graphs and data tables and it is not suggested that all the graphs are included in the 
data conditioning report. Those that show specific issues should be included, others 
should be archived as digital files and the report should document where such files 
can be located. 
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6 Quality Assurance 
Quality assurance of G-BASE data is based on reporting and recording of all parts of 
the data conditioning procedures. This report is an important part of the quality 
assurance process and by following the procedures documented here the conditioning 
of G-BASE results can be done in a systematic and consistent manner.   

The are four main documents associated with G-BASE quality assurance, namely: 

1. the analysts cover note (e.g. Appendix 1) 

2. the laboratory batch progress log located in: 
w:\cbh\gbase\ProjectInformation\Laboratories\Sample Analysis\ 

3. the data conditioning log (Table 15), and  

4. the data conditioning report (e.g. Lister, 2002b). 

 

The key stages in quality assurance procedures for G-BASE soil and sediment are as 
follows (summarised in Table 16): 

1. The laboratory manager releases data from the analytical laboratories with a 
cover note signing that the analyses have been completed satisfactorily. The 
reported batch of results will have a version number that may be updated 
should subsequent G-BASE quality control indicate a need for revision. The 
analytical cover note should include: a description of the sample preparation 
and analytical methods used; an explanation of upper and lower detection 
limits; explanation of "null" or not determined entries; and report the analyses 
of international reference standards as requested. 

2. The reporting of results is considered complete once all the required analytical 
results and batch information have been transferred into the Geochemistry 
Database via LIMS. 

3. The G-BASE data manager or deputy will acknowledge receipt of results by 
email to the laboratory manager and update the laboratory batch progress log. 
This log will be monitored monthly by the Project Manager and any issues 
such as overdue results or payment for results before they are received will be 
brought to the attention of the laboratory manager. An example of the log is 
shown in Table 17 regional soils and sediment, stream waters and urban soils 
being logged on separated worksheets within the EXCEL file. 

4. Commencing in 2006 the progress of data conditioning on newly received data 
will be recorded in a data conditioning log maintained by the data manager or 
designated deputy. Each data set will have a separate worksheet and an 
example is shown in Table 15. It is important that any non-conformities or 
data quality issues are recorded in this. Errors or problems relating to the 
laboratory analyses should be reported to the laboratory manager immediately. 
When data error checking and quality control is complete the laboratory will 
be sent a summary report of the results. 

5. The process of data conditioning should be reported in a data conditioning 
report and any errors or problems recorded. Data is usually conditioned when 
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an atlas area has been sampled or a group of urban soils has been completed. 
Commencing financial year 2005-6 it is planned to have an annual turn around 
of sample collection, analysis and reporting for drainage catchment areas.  

6. On completion of all the control procedures described in this report, data is 
accepted by the G-BASE Data Manager as being fit for transfer to the BGS 
corporate Geochemistry Database. The levelled data is passed on to the 
Geochemistry Data manager for loading to the Oracle data tables. It is 
important that the analyte qualifier field is populated with the codes shown in 
Table 5. It is also important that the Geochemistry Database Data Manager 
receives confirmation from the G-BASE Data Manager that the conditioned 
data has been loaded to the Geochemistry Database correctly. 

 

 
Item Process Started Completed By whom Notes

1
Raw analytical data loaded to 
Geochemistry Database 31-Jul-04 31-Mar-05 LIMS Includes pH and LOI

2

Laboratory batch information 
loaded to Geochemistry 
Database 31-Jul-04 31-Mar-05 LIMS detection limits only

3
Field data loaded to 
Geochemistry Database 14-Feb-05 25-Mar-05 AS/ACM

using new protocols 
introduce in 2005

4
Access work database 
completed 1-Apr-05 1-Apr-05 TRL EastAngliaSoils.mdb

5 Error checking complete 4-Apr-05 15-Apr-05 SEB
No results for sample 
C1234, sample lost by labs

6 Control sample tables created 15-Apr-05 TRL
7 Shewhart plots
8 Duplicate/replicate x-y plots
9 ANOVA

10
International Reference Material 
comparisons

11 Summary QC report to labs
12 Data levelling

13
Conditioned data loaded to 
Geochemistry Database

14 Data conditioning report
 

Table 15: Example of data conditioning log file sheet 

 46 



   

 

Item Format Created by: Sent to: 

Laboratory Cover 
Note 

MS Word  Laboratory 
Manager 

G-BASE Data Manager and 
copied to G-BASE 
Administrator 

Laboratory batch 
progress log 

MS EXCEL G-BASE 
Administrator 

For monthly inspection by 
G-BASE Project Manager 

Data conditioning 
progress log 

MS EXCEL G-BASE Data 
Manager 

For monthly inspection by 
G-BASE Project Manager 

Summary report of 
error checking and 
QC 

MS Word G-BASE Data 
Manager 

G-BASE Project Manager 
copied to Laboratory 
Manager 

Conditioned 
analytical results 
ready for loading to 
the Geochemistry 
Database 

MS EXCEL G-BASE Data 
Manager 

Geochemistry Database 
Manager 

Data conditioning 
report 

MS Word 
(Internal 
Report 
Series) 

G-BASE Data 
Manager 

BGS Library 

 

Table 16: Summary of Quality Assurance documents produced
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G_BASE 
ref

Date G-
BASE reg. Lab No Registered Type Sample numbers

No. of 
samples IR No Submitted Description Requested*

Completion 
date requ.

Complete/
Data 

Reported IR Paid
EA04 016 28/07/2004 10938 02-Aug-04 A 447301 - 448200 500 01604 03/08/2004 Surface soils from E Anglia 2004 Sample preparation 31-Mar-05 yes 7-Feb-05

01602 pH and LOI 31-Mar-05 yes 19-Jan-05
01603 XRFS 31-Mar-05 no data 11-Mar-05

EA04018 25/08/2004 10957 A 448301 - 449200 500 02018 25/08/2004 Surface soils from E Anglia 2004 Sample preparation 31-Mar-05 yes 30-Sep-04
02020 pH and LOI 31-Mar-05 yes 19-Jan-05
02019 XRFS 31-Mar-05 no data

EA04020 28/09/2004 10980 A 449301 - 450100 500 02021 28/09/2004 Surface soils from E Anglia 2004 Sample preparation 31-Mar-05 yes 18-Nov-04
02022 XRFS 31-Mar-05 no data
02023 pH and LOI 31-Mar-05 no data 21-Feb-05

EA04024 01/10/2004 10994 13-Oct-04 C 445601 - 446844 500 02024 01/10/2004 Sediments from E Anglia 2004 Sample preparation 31-Mar-05 yes 30-Nov-04
02025 XRFS 31-Mar-05 no data

EA04025 01/10/2004 10993 13-Oct-04 C 446845 - 447299 149 02026 01/10/2004 Sediments from E Anglia 2004 Sample preparation 31-Mar-05 yes 30-Nov-04
02027 XRFS 31-Mar-05 no data

EA04026 01/10/2004 P 445601 - 447065 500 02028 01/10/2004 Pan concs from E Anglia 2004 Sample preparation 31-Mar-05
EA04027 01/10/2004 P 447066 - 447299 39 02029 01/10/2004 Pan concs from E Anglia 2004 Sample preparation 31-Mar-05
EA04022 12/10/2004 11000 18-Oct-04 A 450201 - 450595 239 02032 28/09/2004 Surface soils from E Anglia 2004 Sample preparation 31-Mar-05 yes 18-Nov-04

02033 XRFS 31-Mar-05 no data
02034 pH and LOI 31-Mar-05 no data 21-Feb-05

 
G_BASE 

ref
Last 

Updated Status

Agreed 
lab. 

delivery Notes Cost
EA04 016 7-Feb-05 complete £3,750

1-Feb-05 complete £2,033
overdue £18,250

EA04018 7-Feb-05 complete £3,750
1-Feb-05 complete £2,217

overdue £18,250
EA04020 7-Feb-05 complete £3,750

overdue £18,250
21-Feb-05 overdue £2,217

EA04024 7-Feb-05 complete £3,500
overdue £18,250

EA04025 7-Feb-05 complete £1,043
overdue £5,439

EA04026 complete
EA04027 complete
EA04022 7-Feb-05 complete £1,793

overdue £8,724
21-Feb-05 overdue £1,113

 

 

 

 

 

 

 

 

Table 17: Example of sheet from the laboratory batch progress log 

 

 

 



   

7 Concluding remarks 
 

1. Data conditioning is a time consuming but very necessary task. The G-BASE 
project now analyses three different media types (sediments, soils and waters), 
and for each media in excess of forty inorganic elements are determined 
resulting in hundreds of plots and statistical analyses. At the rate of processing 
two or three elements a day, a rough estimate of twenty-five staff days would 
be required to process a G-BASE atlas area. If any major data quality issues 
are identified then further time is also required to address them. 

2. Many of the quality issues relating to G-BASE data in the BGS corporate 
Geochemistry Database arise not from the sampling and analyses of the G-
BASE samples but from the process of databasing the data. Results that were 
passed on from the G-BASE project for loading into the Geochemistry 
Database have in many instances been degraded because of inappropriate 
procedures in loading the data such as loading null values as zeros, truncating 
decimal places and not populating the analyte qualifier field correctly. These 
issues of quality control and assurance are not covered by this report. 

3. Whilst the data conditioning process can be prescribed as a number of routine 
statistical and plotting procedures, the interpretative skills of a geochemist are 
still required to make decisions on the significance of any quality issues 
identified. An inexperienced interpreter will inevitably waste time on issues 
that are insignificant in terms of what the data is to be used for. 

4. It is very important that the data conditioning carried out on each data set is 
well documented preferably in the form of a BGS Internal report. In such 
reports it is not necessary to publish every plot and statistical analysis carried 
out. Reports should concentrate on any quality issues found with the data. 
Related digital maps and files used in the data conditioning process must be 
archived in the appropriate manner. It is intended that from 2006 onwards the 
data conditioning process can be completed and reported in the same financial 
year that samples are collected. 

5. The task of data conditioning is made much more difficult by delays in the 
laboratory analyses of sample batches which, in turn, may lead to different 
batches from the same field campaign being analysed over one or more 
laboratory instrument or calibrations changes. The laboratories should 
appreciate how this impacts on work and every effort should be made to 
analyse samples from the same field campaign rapidly and without 
interruption. 

6. The results of the G-BASE data conditioning process should be made more 
accessible to the BGS laboratories that in the past would have only known 
about failings in quality control rather than the more positive successes. Staff 
from the laboratories should be encouraged to be involved in the sampling 
process and must be given more feedback from our quality control procedures, 
that by necessity, initially remain "blind" to the analysts. This will be achieved 
by more systematic reporting of the QC/QA procedures and more regular 
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meetings between the analysts and geochemists at which data conditioning 
work can be presented and discussed. 

7. The creation and maintenance of secondary reference materials is a vital part 
of the control process. It is estimated that these materials cost G-BASE 
between £300 - £400 per kilogram to collect and prepare. Budget must be put 
aside in the G-BASE finances to maintain a stock of adequate secondary 
reference materials. G-BASE and the Sample Preparation Section should also 
consider preparing stocks of such material for sale and use by commercial 
projects that have in the past relied on G-BASE to provide them (usually free-
of-charge). 
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Appendix 1 : Example of Analysis Report Cover 
Note 

ANALYTICAL GEOCHEMISTRY LABORATORIES 

ANALYSIS REPORT COVER NOTE 
This report consists of a 85 page Analysis Report Cover Note and 58 pages of test data 
Report Number: 06206/2 Customer Ref/Order No:  IR18718 
Report Date: 4 July 2003  Sample(s) received on:  15 July 
1999 
Issue Status: Complete Analysis commenced on: 13 
August 1999 
 
Sample Details 
All samples were received in good condition.  Samples 420263 and 420426 were not delivered for 
analysis. 
 
Unless previously agreed otherwise in writing, samples will be retained for three months from the date 
of issue of this report prior to disposal.  Please contact the Laboratory if you wish to make alternative 
arrangements. 
Analysis Details 

Determinands Test Method Notes 

Major and trace elements XRFS pressed powder pellets  

 

Because of limitations with the current software used for reporting data, the number of significant 
figures quoted in the attached table may not be representative of the actual uncertainty.  Data should be 
considered accurate to no more than three significant figures. 

Data for some elements are released beneath the usual reporting limits and to additional decimal places 
at the Client’s request. 
Samples containing Cs, Ba, La or Ce >1000 ppm will possibly effect the data in this report.  Iodine is 
not present in our QC control standards and therefore its QC status is inferred from tellurium, a 
spectrographically adjacent element. 

N.D. represents not determined due to unspecified interferences that have not been corrected for. 
Samples with Zn >1000 ppm will effect Sc, V, Cr, Co, Ni, Cu, Zn, Ga, Ba, Hf, Ta, W data and possibly 
other elements, as the Zn concentrations are above the trace element program calibration limit.  The 
specified trace element data have not been corrected for this effect. 

Samples with Sr >1000 ppm will effect Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Hf, Ta, W, Tl, 
Pb, Bi, Th, U data and possibly other elements, as the Sr concentrations are above the trace element 
program calibration limit.  The specified trace element data have not been corrected for this effect. 

Samples with Zr >1000 ppm will effect Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Hf, Ta, 
W, Tl, Pb, Bi, Th, U data and possibly other elements, as the Zr concentrations are above the trace 
element program calibration limit.  The specified trace element data have not been corrected for this 
effect. 

Samples with Ba >1000 ppm will effect Sc, V, Cr, Ba data and possibly other elements, as the Ba 
concentrations are above the trace element program calibration limit.  The specified trace element data 
have not been corrected for this effect. 

Samples with Pb >1000 ppm will effect Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Hf, Ta, W, Tl, 
Pb, Bi, Th, U data and possibly other elements, as the Pb concentrations are above the trace element 
program calibration limit.  The specified trace element data have not been corrected for this effect. 
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The client should note that trace elements, whose characteristic x-ray lines lie on the long wavelength 
side of the iron absorption edge, i.e. Sc, V, Cr, Co, Cs, Ba, La, Ce, Nd and Sm, are effected by 
absorption from major elements which are not corrected for by this calibration method.  Therefore, 
these trace elements are not as accurate as others determined by X-ray Fluorescence Spectrometry 
(XRFS); measurement by other techniques, e.g. ICP-MS are likely to be more reliable.  The XRFS 
calibration lines were established using numerous reference materials (RMs) and by placing the slope 
to give best fit through the average of the predominantly ‘silicate’ RM matrices.  Thus, if the sample 
matrix differs widely from this average it may produce erroneous results. 

The client should also note that the data for major elements in pressed powder pellets will not be as 
accurate as those produced by XRFS on fused glass beads because they too are not corrected for matrix 
effects.  However, over 200 RMs were measured for the calibration, followed by a limited validation 
exercise using stream and lake sediment RMs and International Soil Exchange (ISE) proficiency testing 
samples. 
This report is issued under complete status.  All analyses requested have been completed and results are 
issued with full compliance of data verification subject to the statements above.  The report supersedes 
report 06206/1 previously issued under intermediate status on the 10 July 2002.  Ag, Cd, Sn, Sb, Te, I, 
Cs, La and Ce data have been included since the last issue.  No other data have changed since the 
intermediate issue. 
 
 
 
 
 
 
 
 
 
Report authorised by: ………………………………………. Date: ………………………. 
 
Dr Charles J B Gowing 
Deputy X-Ray Fluorescence Spectrometry Section Manager 
 
on behalf of Mark N Ingham, X-Ray Fluorescence Spectrometry Section Manager 
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Appendix 2 :Oracle data tables populated during 
the transfer of raw analytical data from the BGS 
LIMS 
The following Oracle data tables are populated during the transfer of raw analytical data 
via the BGS LIMS. Project Batch, Batch and Analysis are described in Harris and 
Coats, 1992. The analyte and analyte determinations tables are specifically for G-BASE 
raw (unconditioned) results and were tables created by Alan Mackenzie in 2004.  

BGS_DTA_RAW_ANALYTES 

 

BGS_DTA_RAW_GBASE_ANALYTE_DETAILS 
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BGS_DTA_ANALYSIS 

 
 

BGS_DTA_BATCHES 
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BGS_DTA_PROJECT_BATCHES 

 
 

BGS_DTA_REFERENCE_MATERIAL_DATA 
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Appendix 3 : Excel macros used in the QC 
process 
There are several MS Excel macros that were written for the Morocco Geochemical 
Mapping Project that can be used in the G-BASE data conditioning process. The 
advantage of using these macros is MS Excel is widely used all over the world so the 
data conditioning process does not have a dependence on specialist statistical 
software.  

The macros will process duplicate-replicate data formatted in a specified manner to 
give duplicate-replicate x-y plots for every element field. The same data sheet with 
minor editing can then be used to do nested-ANOVA analysis. The ANOVA analysis 
by an Excel macro (available in nested_Anova_blank.xls) has already been 
documented in Johnson (2002) and will only be briefly described here. The x-y 
plotting macro is available in a blank Excel workbook called duprepplot_blank.xls. 

REQUIREMENTS TO RUN MACROS  
o a PC running MS Excel 2000 or later 

o a simple knowledge of Excel macros 

o a set of duplicate-replicate results reported in the format described below (a 
minimum of six duplicate-replicate pairs are recommended) 

 

DUPLICATE-REPLICATE PLOTS (duprepplot_blank.xls) 

Summary - The user creates a worksheet containing the duplicate-replicate results. 
This is copied into the duprepplot_blank.xls workbook and the block of data to be 
plotted is selected. On execution the macro checks that the reported results contain a 
valid number of duplicate/replicate pairs and then reformats the data into columns, 
element by element. The reformatted data is inserted after the last row of results of the 
selected data. Finally x-y plots are generated for each element and inserted as a new 
chart (named with a label taken from the header row of the original data sheet). Three 
plots are superimposed on each chart, namely, DUPB v SSB, DUPA v SSA, DUPB v 
DUPA.  
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SAMPLE_NO Type Sampnumb Labnumb Na2O MgO Al2O3 SiO2   

420076 DUPA 76 1234 0.3 4.3 12.2 52.4 …… 
420086 SSA 86 1234 0.3 4.3 12.2 54 …… 
420081 DUPB 81 1234 0.3 4.7 13.6 54 …… 
420078 SSB 78 1234 0.3 4.8 13.8 55.3 …… 
420131 DUPA 131 1234 0.6 5.2 14.7 53.9 …… 
420177 SSA 177 1234 0.6 4.9 14.2 54.9 …… 
420137 DUPB 137 1234 0.6 5 14.1 56.1 …… 
420158 SSB 158 1234 0.6 5 14.2 57 …… 
420476 DUPA 476 1234 0.4 1.4 18.5 58 …… 
420486 SSA 486 1234 0.4 1.4 18.4 58.5 …… 
420481 DUPB 481 1234 0.5 1.3 18.3 60.3 …… 
420478 SSB 478 1234 0.5 1.3 18.6 60.6 …… 

…… …… …… …… …… …… …… …… ……

 

Figure 40: Figure illustrating the format of the worksheet required for the x-y plotting 
macro. (All element columns and data rows not illustrated) 

 

 

Procedure: 

1. Prepare a worksheet containing data in the exact format as that shown in 
Figure 40. The initial data is selected as described earlier in this report (see 
Figure 21 and Figure 22). 

o The first row of data should be a header row, the first four columns should 
be (in order) (i) a unique sample number in numeric format; (ii) the control 
sample id (as designated in Table 3), i.e. DUPA, SSA, DUPB, SSB. (iii) an 
unspecified column (i.e. the content of the column does not matter but it is 
important that it is there); and (iv) the laboratory batch number (as a string 
expression) 

o columns five onwards should contain the element results, the header row 
will be used to label the plots and included in summary information tables 

o The data should be sorted so that the duplicate-replicate results are 
grouped together in sets of four, in increasing sample number. For every 
set the DUPA should be reported first, SSA second, DUPB third and SSB 
fourth (see Figure 40 and note below). 

o there should be no zeros or minus results in the data 

o paste the worksheet into the duprepplot_blank.xls workbook and name the 
worksheet "GBASEDUPS". It is important that the worksheet is named 
exactly this as the macro searches for data in this named worksheet. 

o **** SAVE THE WORKBOOK AS A NEW FILE **** (i.e. keep 
dupreplot_blank.xls as a blank template for others to use) 

o the "GBASEDUPS " worksheet should be copied into the 
nested_Anova_blank.xls workbook and this file also saved with a new 
filename. 
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Note 

In order to sort the data into DUPA, SSA, DUPB and SSB order  it is best to create 
two new columns to carry out this procedure. Firstly a column (called "Hundreds") to 
include the hundred to which the control sample belongs and secondly a column 
(called "controlid" which replaces DUPA, SSA, DUPB and SSB with 1, 2, 3 and 4 
respectively) - see Figure 41. Using the sort function of Excel, sort first on the 
"Hundreds" column then the "controlid" column and the data will then be in the 
required order. The "Hundreds" and "controlid" columns can then be deleted. 

 
SAMPLE NO DUP TYPE Controlid Hundreds Na2O MgO Al2O3 SiO2 P2O5

420204DUPA 1 420200 0.2 1.2 20.3 55.1 0.13 
420253SSB 4 420200 0.2 1.1 19.7 55.8 0.14 
420262SSA 2 420200 0.2 1.2 20.2 54.8 0.13 
420296DUPB 3 420200 0.2 1.1 19.6 55.6 0.14 
420334SSB 4 420300 0.5 3.6 12.8 62.5 0.19 
420360SSA 2 420300 0.5 3.3 12.7 66.1 0.18 
420366DUPB 3 420300 0.5 3.7 12.8 62 0.18 
420371DUPA 1 420300 0.5 3.4 12.8 64.4 0.18 
420604DUPA 1 420600 0.2 3.3 17.3 59.5 0.05 
420653SSB 4 420600 0.2 3.3 17.1 59 0.05 
420662SSA 2 420600 0.2 3.3 17.3 58.4 0.05 
420696DUPB 3 420600 0.2 3.3 17.2 58.2 0.06 
420734SSB 4 420700 0.5 1.4 14.8 63 0.12 
420760SSA 2 420700 0.5 1.2 14.7 61.3 0.12 
420766DUPB 3 420700 0.5 1.4 14.9 59.8 0.11 
420771DUPA 1 420700 0.5 1.2 14.6 61.7 0.12 
421004DUPA 1 421000 0.4 1 18.3 57.8 0.1 
421053SSB 4 421000 0.4 1.1 18.9 54.7 0.12 
421062SSA 2 421000 0.4 1 18.2 58.8 0.1 

Figure 41: An example illustrating how to sort the duplicate/replicate data into the 
correct order 

                  The "Hundreds" column contains the formula =INT({sample_No cell 
ref}/100)*100 

 

 

Running the macro 

o first select the data to be used. This should include the header row, all data 
rows and columns 

o activate the macro with ctrl+q 

o data will be reformatted as shown in Figure 42 

o a chart will be created for every element column selected (e.g. Figure 43) 
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Figure 42: Example of reformatted duplicate-replicate data added to the worksheet by 
the macro 
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Figure 43: An example chart plotted by the macro 

 

 

 59 



   

Listing of xyplot macro 
Sub reformatter() 
' reformatter macro to reformat Maroc dup and rep samples and plot x-y plots 
' chris johnson 23/11/99 
' updated for use with G-BASE project 10/11/05 
 
Dim norows, nocols, ro, col As Integer 
Dim Sampnumb(4)  As String 
Dim LabBatch(4) As String 
 
' user must select area first 
' count the number of rows in the selection 
norows = Selection.Rows.Count 
nocols = Selection.Columns.Count 
 
If (norows - 1) / 4 <> Int((norows - 1) / 4) Then 'not a complete set of dups and reps 
    MsgBox "You do not have the correct number of rows for a complete set of control 
samples. YOU MUST HAVE A DUPS AND REPS IN SETS OF FOUR PLUS A ROW OF 
COLUMN HEADERS" 
    End 
Else ' say the selection is OK 
    MsgBox "The selection contains " & _ 
        norows & " rows and " & _ 
        nocols - 4 & " element columns which is a valid area of selection" 
End If 
nocontrols = (norows - 1) / 4 
noelements = nocols - 4 
'use column headers to name blocks of data 
 
For col = 5 To nocols 
       xtra = nocontrols + 1 
       x = (norows + 1) + ((col - 5) * xtra) 
' set headings for reformatted element data 
        element = ActiveSheet.Cells(1, col).Value 
        ActiveSheet.Cells(x, 1).Value = element 
        ActiveSheet.Cells(x, 1).Font.Color = RGB(255, 0, 0) 
        ActiveSheet.Cells(x, 1).Font.Bold = True 
        ActiveSheet.Cells(x, 2).Value = "DUPB" 
        ActiveSheet.Cells(x, 3).Value = "SSB" 
        ActiveSheet.Cells(x, 4).Value = "DUPA" 
        ActiveSheet.Cells(x, 5).Value = "SSA" 
        ActiveSheet.Cells(x, 6).Value = "LabBatch" 
        ActiveSheet.Cells(x, 7).Value = "FieldBatch" 
Next col 
 
' start on 2nd row of sheet and reformat data in blocks of 4 
For ro = 2 To norows Step 4 
                     
    For n = 1 To 4 
                        Sampnumb(n) = ActiveSheet.Cells(ro + n - 1, 1).Value 
            LabBatch(n) = ActiveSheet.Cells(ro + n - 1, 4).Value 
' determine what type of sample it is 
' this procedure is based on standard GBASE Checklists 
' the following should be edited if different checklists are used 
' Details of control sample numbers 
'********************************** 
                 
         Select Case Val(Right(Sampnumb(n), 2)) 
            Case 53, 58, 78 'SSB 
                y = 3 
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            Case 62, 77, 86 'SSA 
                y = 5 
            Case 37, 81, 96 'DUPB 
                y = 2 
            Case 4, 31, 76  'DUPA 
                y = 4 
'************************************ 
            Case Else   'not a regognised dup or rep number 
                MsgBox "The sample number " + Sampnumb(n) + " is not a recognised control 
sample number. " + Val(Sampnumb(n)) - (((ro - 2) / 4) * 100) 
                End 
            End Select 
' place element result from original cell into a new location on the worksheet 
            For col = 5 To nocols 
            xtra = ((norows - 1) / 4) + 1 
            x = (norows + 2 + ((ro - 2) / 4)) + ((col - 5) * xtra) 
            ActiveSheet.Cells(x, y).Value = ActiveSheet.Cells(ro + (n - 1), col).Value 
            ActiveSheet.Cells(x, 6).Value = LabBatch(n) 
' work out which batch of 100 samples 
                If n = 4 Then 
                n1 = (Int(Sampnumb(n) / 100) * 100) + 1 
                n2 = n1 + 99 
                hundreds = Str(n1) + "-" + Str(n2) 
                ActiveSheet.Cells(x, 7).Value = hundreds 
                End If 
            Next col 
             
      Next n 
              
Next ro 
 
'start x-y plots 
 
 startrow = norows + 1 
 endrow = startrow + nocontrols 
  
 ' 3 plots on each graph, namely, SSB v DUPB, SSA v DUPA and DUPB v DUPA 
      
   For n = 1 To noelements 
    elementrange = "B" + LTrim(Str(startrow)) + ":" + "E" + LTrim(Str(endrow)) 
    series1xv = "R" + LTrim(Str(startrow + 1)) + "C3:R" + LTrim(Str(endrow)) + "C3" 
    series1v = "R" + LTrim(Str(startrow + 1)) + "C2:R" + LTrim(Str(endrow)) + "C2" 
    series2xv = "R" + LTrim(Str(startrow + 1)) + "C5:R" + LTrim(Str(endrow)) + "C5" 
    series2v = "R" + LTrim(Str(startrow + 1)) + "C4:R" + LTrim(Str(endrow)) + "C4" 
    series3xv = "R" + LTrim(Str(startrow + 1)) + "C4:R" + LTrim(Str(endrow)) + "C4" 
    series3v = "R" + LTrim(Str(startrow + 1)) + "C2:R" + LTrim(Str(endrow)) + "C2" 
    If n <> 1 Then 
    locname = "A" + LTrim(Str(startrow - 1)) 
    Else 
    locname = "A" + LTrim(Str(startrow)) 
    End If 
     
    elementname = Worksheets("GBASEDUPS").Range(locname).Value 
     
    Charts.Add 
    ActiveChart.ChartType = xlXYScatter 
    ActiveChart.SetSourceData Source:=Sheets("GBASEDUPS").Range(elementrange), _ 
        PlotBy:=xlColumns 
        
    ActiveChart.SeriesCollection(1).Name = "=""SSB v DUPB""" 
    ActiveChart.SeriesCollection(1).XValues = "=GBASEDUPS!" + series1xv 
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    ActiveChart.SeriesCollection(1).Values = "=GBASEDUPS!" + series1v 
    ActiveChart.SeriesCollection(2).XValues = "=GBASEDUPS!" + series2xv 
    ActiveChart.SeriesCollection(2).Values = "=GBASEDUPS!" + series2v 
    ActiveChart.SeriesCollection(2).Name = "=""SSA v DUPA""" 
    ActiveChart.SeriesCollection(3).XValues = "=GBASEDUPS!" + series3xv 
    ActiveChart.SeriesCollection(3).Values = "=GBASEDUPS!" + series3v 
    ActiveChart.SeriesCollection(3).Name = "=""DUPA v DUPB""" 
    ActiveChart.Location Where:=xlLocationAsNewSheet, Name:=elementname 
    With ActiveChart 
        .HasTitle = True 
        .ChartTitle.Characters.Text = elementname 
        .Axes(xlCategory, xlPrimary).HasTitle = True 
        .Axes(xlCategory, xlPrimary).AxisTitle.Characters.Text = "(conc units)" 
        .Axes(xlValue, xlPrimary).HasTitle = True 
        .Axes(xlValue, xlPrimary).AxisTitle.Characters.Text = "(conc units)" 
    End With 
    ActiveChart.PlotArea.Select 
    With Selection.Border 
        .ColorIndex = 16 
        .Weight = xlThin 
        .LineStyle = xlContinuous 
    End With 
    With Selection.Interior 
    .ColorIndex = 15 
        .PatternColorIndex = 1 
        .Pattern = xlSolid 
    End With 
    ActiveChart.SeriesCollection(2).Select 
    With Selection.Border 
        .Weight = xlHairline 
        .LineStyle = xlNone 
    End With 
    With Selection 
        .MarkerBackgroundColorIndex = xlAutomatic 
        .MarkerForegroundColorIndex = xlAutomatic 
        .MarkerStyle = xlCircle 
        .Smooth = False 
        .MarkerSize = 3 
        .Shadow = False 
    End With 
     
    startrow = endrow + 2 
 endrow = startrow + nocontrols - 1 
  
Next n 
End Sub 
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NESTED ANOVA ANALYSIS 

Summary: This macro is described in a BGS Internal Report by Johnson (2002) and 
users should refer to this more detailed report for further information. The theory 
behind the analysis and formulae used in the macro were originally based and tested 
on the nested ANOVA example given by Sinclair (1983) (taking into account 
typographical errors found in Table 3-VII of this work). In order to make the data 
have a more "normal" distribution (see discussion in Section 5.1) the macro log-
transforms the data during before producing the final output table. 

The workbook containing the ANOVA macro and worksheet created in the procedure 
described above is opened and minor modifications made to the layout of the results. 
On executing the macro (crtl + shift + r) nested ANOVA analysis is carried out on the 
duplicate-replicate pairs. The calculations for each element are written onto a sheet for 
each element and a summary table is made that attributes the variance found for each 
element (Table 18).  

 

Procedure: 

o in the ANOVA workbook, data worksheet, insert a title on line 1 and 
delete columns 3 and 4 of the data so the format is exactly as shown in 
Figure 44, remembering that the set of four related controls must be in the 
order DUPA, SSA, DUPB and SSB 

o The worksheet containing the results must be named “data”. It is 
important that the worksheet is named exactly this as the macro searches 
for data in this named worksheet. 

o activate the macro with CTRL+shift+r 
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Glasgow GSUE Surface Soils

Element
Between Site 

%
Between 

Sample %
Within 

Sample % Total %
Na2O 97.33 1.81 0.86 100
MgO 91.68 7.35 0.98 100
Al2O3 95.18 4.18 0.64 100
SiO2 91.36 4.04 4.60 100
P2O5 90.38 9.06 0.56 100
K2O 94.96 4.64 0.40 100
CaO 90.31 9.46 0.23 100
TiO2 97.19 2.51 0.30 100
MnO 94.26 5.23 0.51 100
Fe2O3 95.97 3.90 0.13 100
Sc 87.79 6.39 5.82 100
V 96.41 3.12 0.47 100
Cr 90.03 5.91 4.06 100
Co 87.98 4.34 7.68 100
Ba 88.23 8.71 3.06 100
Ni 94.42 5.21 0.37 100
Cu 77.75 21.96 0.30 100
Zn 62.15 37.23 0.63 100
Ga 91.91 6.28 1.81 100
Ge 93.39 3.70 2.91 100
As 90.74 5.46 3.80 100
Se 80.28 7.50 12.22 100
Br 95.23 4.18 0.59 100
Rb 93.00 6.56 0.44 100
Sr 92.25 7.56 0.20 100
Y 93.14 4.67 2.19 100
Zr 94.08 4.01 1.91 100
Nb 96.73 2.81 0.46 100
Mo 84.75 5.83 9.42 100
Hf 58.44 0.13 41.43 100
Ta 14.40 9.99 75.60 100
W 63.23 7.64 29.13 100
Tl 31.49 16.48 52.02 100
Pb 88.61 10.39 1.00 100
Bi -2.73 86.16 16.56 100
Th 88.43 5.56 6.01 100
U 70.03 -4.07 34.04 100
Ag 62.95 7.32 29.74 100
Cd 59.16 0.00 40.84 100
Sn 63.59 22.46 13.96 100
Sb 77.64 6.28 16.08 100
Te 754.84 -1590.32 935.48 100
I 90.17 5.57 4.25 100
Cs 76.40 4.44 19.16 100
La 92.22 4.33 3.45 100
Ce 92.70 4.03 3.27 100

 

Table 18: Summary table attributing element variance produced by the nested 
ANOVA macro 
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Figure 44: Figure showing the required layout for results in the data worksheet for the 
ANOVA macro 
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Appendix 4 :Accepted values for G-BASE secondary 
reference materials (SRMs) 
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Sample ID Na2O % MgO % Al2O3 % SiO2 % P2O5 % K2O % CaO % TiO2 % MnO % Fe2O3 % Ag ppm Cd ppm Sn ppm Analysis Date
S13 0.3 1.2 20.0 57.1 0.1 2.17 0.35 0.82 0.128 6.88 0.6 0.7 3.0 May 2001 - July 2002

S13B 0.3 1.3 20.7 56.8 0.1 2.29 0.57 0.81 0.108 7.46 0.9 0.5 2.9 May 2001 - July 2002
S15 0.7 0.6 8.1 64.4 0.1 2.27 0.20 0.39 0.082 1.88 0.9 0.6 4.6 May 2001 - July 2002

S15B 0.5 1.7 14.9 60.2 0.1 2.94 0.71 0.67 0.162 6.96 0.8 0.3 3.4 May 2001 - July 2002
S22B 0.8 2.3 14.1 47.4 0.2 2.48 1.05 1.090 0.968 10.16 1.0 7.8 14.1 June 2004
S23B 1.3 2.0 15.2 52.3 0.3 3.86 2.09 0.95 0.393 7.06 0.9 1.1 6.2 May 2001 - July 2002
S24 0.9 1.1 25.7 48.2 0.2 3.40 0.32 1.12 0.458 10.22 4.6 3.0 5.5 May 2001 - July 2002

S24B 0.9 1.4 22.7 51.0 0.2 3.22 0.37 1.101 0.550 9.73 2.5 1.6 4.6 June 2004
S57A 0.5 0.4 8.4 76.9 0.30 1.92 0.51 0.474 0.058 2.63 n/d 0.3 2.9 June 2003 - January 2005
S58S 0.1 1.3 15.4 50.4 0.07 2.04 0.79 0.867 0.078 6.32 n/d n/d 2.6 June 2003 - October 2003

Sample ID Sb ppm Te ppm I ppm Cs ppm Ba ppm La ppm Ce ppm S ppm Cl ppm Sc ppm V ppm Cr ppm Co ppm Analysis Date
S13 0.2 0.5 1 n/d 1703 51 102 n/d n/d 12 97 98 28.5 May 2001 - July 2002

S13B n/d 0.5 1 4 744 48 100 n/d n/d 14 99 100 24.6 May 2001 - July 2002
S15 1.1 0.6 2 0 291 19 38 n/d n/d 4 35 41 8.5 May 2001 - July 2002

S15B 3.1 0.5 1 3 609 36 74 n/d n/d 11 93 85 19.4 May 2001 - July 2002
S22B 9.7 2.5 23.4 43 523 59 91 855 129 18.5 148.4 39.5 43.4 June 2004
S23B 4.2 0.5 4 6 667 64 137 n/d n/d 12 115 60 24.4 May 2001 - July 2002
S24 7.9 0.5 8 n/d 983 69 141 n/d n/d 21 140 123 97.2 May 2001 - July 2002

S24B 13.7 n/d 19.4 11 1189 71 137 945 70 19.0 136.1 116.1 119.5 June 2004
S57A 1.1 0.3 3.0 4 300 28 53 472 76 5.0 37.6 45.5 6.9 June 2003 - January 2005
S58S 0.3 0.2 5.4 7 334 46 92 750 133 14.3 152.9 107.3 18.0 June 2003 - October 2003

Sample ID Ni ppm Cu ppm Zn ppm Ga ppm Ge ppm As ppm Se ppm Br ppm Rb ppm Sr ppm Y ppm Zr ppm Nb ppm Analysis Date
S13 36.4 16.5 113.1 20.5 1.3 15.2 0.5 6.3 96.3 120.3 20.8 233.8 13.5 May 2001 - July 2002

S13B 45.7 17.1 99.7 21.9 1.5 14.0 0.4 5.0 111.4 122.0 22.6 159.6 14.0 May 2001 - July 2002
S15 12.1 5.6 29.9 5.9 0.5 9.0 0.1 8.2 66.3 56.3 14.3 529.9 7.1 May 2001 - July 2002

S15B 33.3 13.0 63.7 14.0 1.5 18.7 0.6 11.6 106.2 86.8 26.1 549.1 12.8 May 2001 - July 2002
S22B 38.2 270.8 1098.4 24.0 n/d 3404.8 n/d 87.4 196.0 47.4 75.9 379.4 19.3 June 2004
S23B 20.9 59.2 115.7 22.7 1.2 92.7 0.1 17.3 178.3 191.6 26.2 453.7 22.4 May 2001 - July 2002
S24 45.2 64.0 387.3 36.3 3.7 123.6 0.8 42.9 163.0 138.0 35.7 147.8 21.7 May 2001 - July 2002

S24B 55.5 90.4 575.6 31.2 3.4 151.6 1.2 70.5 157.7 138.1 39.7 163.6 20.4 June 2004
S57A 13.9 16.3 58.3 8.0 1.1 10.8 0.3 7.3 78.8 69.2 18.5 539.6 8.9 June 2003 - January 2005
S58S 50.6 19.0 71.0 18.1 1.4 25.0 0.4 7.2 95.3 59.3 29.0 351.4 17.8 June 2003 - October 2003

Sample ID Mo ppm Nd ppm Sm ppm Yb ppm Hf ppm Ta ppm W ppm Tl ppm Pb ppm Bi ppm Th ppm U ppm Analysis Date
S13 1.6 n/d n/d n/d 6.2 0.8 1.5 0.6 109.1 0.2 9.9 2.5 May 2001 - July 2002

S13B 1.5 n/d n/d n/d 4.5 0.9 1.2 0.7 62.9 0.5 10.6 2.8 May 2001 - July 2002
S15 0.7 n/d n/d n/d 11.6 0.8 2.1 0.3 24.4 0.8 4.7 1.2 May 2001 - July 2002

S15B 0.6 n/d n/d n/d 12.4 0.9 2.6 0.4 81.8 0.5 9.6 2.4 May 2001 - July 2002
S22B 11.2 72.5 13.2 9.5 7.8 n/d 1147.8 n/d 439.7 95.4 6.1 7.8 June 2004
S23B 30.8 n/d n/d n/d 11.4 1.2 36.0 1.0 112.4 5.6 26.3 37.7 May 2001 - July 2002
S24 1.9 n/d n/d n/d 4.2 1.1 2.6 2.2 1069.6 n/d 16.2 1.7 May 2001 - July 2002

S24B 1.1 56.3 7.6 2.3 3.1 1.6 5.1 2.0 1929.1 1.6 17.4 n/d June 2004
S57A 0.7 19.8 4.3 2.3 12.1 0.6 2.0 0.9 37.3 0.5 8.4 3.1 June 2003 - January 2005
S58S 0.5 40.8 7.0 3.0 9.2 1.2 2.9 0.7 23.8 0.8 13.6 3.6 June 2003 - October 2003



   

Appendix 5 : Levelling factors applied to 
"within" Atlas Areas 

EAST MIDLANDS 
Specific batch corrections required for W and U 

Analyte Levelling factor 
Lab Number 6206 (W x 1.1341) – 2.3899 
Lab Number 6323 (W x 1.1832) + 0.4756 
Lab Number 6399  (W x 1.1258) – 0.7944 
Lab Number 6487 (W x 1.2162) + 0.7881 
Lab Number 6661 (W x 1.2053) + 0.5452 
Lab Number 6662 (W x 1.1959) + 0.2359 
Lab Number 6663 (W x 1.1838) + 0.6528 
Lab Number 6670 (W x 1.1857) – 1.2015 
Lab Number 6671 (W x 1.1826) – 1.0816 
Lab Number 6672 (W x 1.1629) – 1.336 
Lab Number 6673 (W x 1.1729) – 1.1172 
Lab Number 6681 (W x 1.1536) + 0.2843 
Lab Number 6682 (W x 1.1391) + 0.6405 
Lab Number 6683 (W x 1.1431) + 0.2179 
Lab Number 6725 (W x 1.1485) + 0.8631 
Lab Number 6726 (W x 1.1355) + 0.3678 
Lab Number 6727 (W x 1.1436) + 0.6371 
Lab Number 6728 (W x 1.1339) + 0.3048 
Lab Number 6729  (W x 1.147) + 0.4059 
Lab Number 6730 (W x 1.1458) + 0.407 

W 

Lab Number 6761 (W x 1.1492) – 2.2638 
Lab Number 6206 (U x 0.9617)  + 1.061 
Lab Number 6323 (U x 0.9986) + 0.3529 
Lab Number 6399  (U x 0.9882) – 0.5555 
Lab Number 6487 (U x 1.0029) – 0.0078 
Lab Number 6661 (U x 1.0086) + 0.3807 
Lab Number 6662 (U x 1.0208) – 0.1947 
Lab Number 6663 (U x 1.0308) – 0.6466 
Lab Number 6670 (U x 0.9829) + 0.147 
Lab Number 6671 (U x 0.9846) – 0.6001 
Lab Number 6672 (U x 1.0144) – 0.6451 
Lab Number 6673 (U x 1.0086) – 0.4258 
Lab Number 6681 (U x 0.9872) + 0.4789 
Lab Number 6682 (U x 0.9915) + 0.4196 
Lab Number 6683 (U x 0.9971) + 0.3075 
Lab Number 6725 (U x 1.0159) + 0.5171 
Lab Number 6726 (U x 0.9983) – 0.242 
Lab Number 6727 (U x 0.979) + 0.105 
Lab Number 6728, Sample numbers 432001 – 432100     
(U x 1.0055) + 1.189 
Lab Number 6728, All other samples  
(U x 1.0055) + 0.189 
Lab Number 6729  (U x 1.0042) + 0.1413 
Lab Number 6730 U + 1.5 
Lab Number 6761, Sample numbers 431102 – 431543 
(U x 0.99) + 1.4729 
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U 

Lab Number 6761, All other samples 
 (U x 0.99) + 0.4729 

 



   

 

 

Levelling applied to other elements 

 

Analyte Levelling factor 
MgO (MgO x 1.0089) – 0.1956 
Al2O3 (Al2O3 x 1.0011) + 0.2285 
K2O (K2O x 1.0019) – 0.2258 
MnO (MnO x 0.9783) + 0.0086 
Fe2O3 (Fe2O3 x 1.0286) + 0.3602 
Cr (Cr x 0.8071) + 5.5999 
Co (Co x 1.1452) + 6.3301 
Cu (Cu x 0.9607) + 0.4018 
Zn (Zn x 0.8951) + 0.7901 
Rb (Rb x 0.99) – 2.7947 
Sr (Sr x 0.9163) + 2.1896 
Y (Y x 0.9855) + 2.3335 
Zr (Zr x 1.1602) – 39.745 
Mo Mo +1 
Hf (Hf x 1.1241) – 0.2392 
Ta (Ta x 0.4666) + 0.4814 
Tl (Tl x 1.3745) + 0.0454 
Th (Th x 1.0055) –1.4612 
Ag (Ag x 2.532) + 0.032 
Cd (Cd x 1.4985) – 0.0946 
Sn (Sn x 0.9541) – 0.0658 
Sb (Sb x 0.9395) – 0.9506 
Cs (Cs x 1.1596) – 3.0665 
La (La x 1.2646) –  8.0621 

Lab Number 6761 (Ce x 1.084) + 7.1835 Ce 
Then ALL (Ce x 1.1993) – 7.1401 
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Glossary 
The following terms are used in this report with respect to their usage by geochemists 
conditioning of G-BASE geochemical data. Words defined elsewhere in the glossary 
are highlighted in red. 

 

Accepted value  It is never possible to determine the exact concentration (true 
value) of an element in a sample due to limitations of the 
analytical method. The result determined by one or more 
analyses is the measured value. After repeated analyses an 
accepted value can be computed and the sample can be 
certified as having that element concentration. Different 
analytical methodologies will have differing accepted values so 
the accepted value should always be quoted in the context of the 
analytical method used. 

  
Accuracy  Accuracy measures how close to a true or accepted value a 

measurement lies. This can be seen graphically on a Shewhart 
plot. 

 

ANOVA  Analysis of Variance (ANOVA) is a statistical procedure 
dependent on the fact that the total variability in a data set can 
be attributed to various sources. With the 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. 

 

Blind sample A blind sample is a control sample that has been submitted for 
analysis presented in such a way that its identity is unknown to 
the analyst. 

 

Bias Bias is the tendency to favour one analytical value over another. 
Analytical errors fall into two major categories: bias (systematic 
error) and variability (random error). Bias causes consistently 
positive or negative deviation in the results from the accepted 
value. Repeated measurement of SRMs over time provide 
evidence of both inter- and intra-batch systematic bias and 
random variability in the laboratory analytical procedures. 

 

Censored data  When results (usually reported as semi-quantitative values) 
are replaced by a substitute value, the data can be described as 
censored data.  
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Conditioned data Conditioned data are raw data that have been subjected to 
data conditioning. 

 

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

 

Control chart A control chart is a graphical representation (plot) showing how 
the value of a sample varies over a period of time in relation to 
an accepted value or range of values as defined by a control 
sample. A particular type of control chart showing how a value 
varies over time within an envelope of mean ± n standard 
deviations is referred to as a Shewhart plot. Both these can also 
be more generally referred to as a time-series plot. 

 

Control sample A control sample is one that is inserted into a batch of 
samples during the process of sampling or analysis for the 
purpose monitoring error, precision and accuracy. Examples of 
control samples are duplicates, replicates, SRMs and PRMs. 

 

Drift Drift is the gradual systematic change over a period of time 
relative to the accepted value. 

 

Duplicate sample  A duplicate sample is collected from the same site as 
another sample as defined in the protocol for collecting duplicate 
samples (see Johnson, 2005). It is a control sample that can be 
used to show the variability in results that can be attributed to 
the process of sampling by collecting two samples from the 
same location. A duplicate sample collected in the field is 
sometimes also referred to as a "field duplicate". 

 

Error Deviation from what is believed to be correct, right, or true is the 
error of a measurement, i.e. the measured result minus the true 
value. 

 

G-BASE  Geochemical Baseline Survey of the Environment project. A 
British Geological Survey Project tasked with making 
geochemical maps of the surface environment for Great Britain 
and Northern Ireland. 
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Geochemistry Database This is the British Geological Survey (BGS) 
corporate database in which the majority of BGS geochemical 
data is stored. This Oracle™ database is described by Coats 
(2004). 

 

International reference standard This is a control sample for which there are 
internationally certified values. All geochemical data reported in 
peer-reviewed publications should report reference standard 
results in order to give readers comprehension of the accuracy 
of the results. These samples are commercially available at 
costs £600 - £6000 per kilogram and are also known as Primary 
Reference Materials (PRMs) or Certified Reference Materials 
(CRMs). 

 

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

 

Levelling  This is the process whereby disparate data sets are combined to 
form a single discrete data set. In G-BASE this is achieved using 
normalisation of results using SRMs that are repeatedly 
analysed in each laboratory batch. 

 
Levelling factor This is a mathematical function that is applied to results in 

order to combine data sets into a single discrete data set and is 
determined during the process of data conditioning by 
normalisation of the results from SRMs repeatedly determined in 
each analytical batch over a period of time. 

 

LIMS Laboratory Information Management System  
 

Lower Limit of detection In general terms this is the concentration at which 
the analyst's instrument gives a significantly different signal to 
that of a "background" or blank signal. Different analytical 
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 
value is quotable for each laboratory batch of samples analysed. 

 

Lower Limit of reporting This is a quantitative value representing the lowest 
measurement that the analyst is prepared to report to the client. 
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Measured value A quantitative result reported by the analyst following analysis 
of a sample. 

 

Normalisation  The G-BASE data conditioning process uses the term 
normalisation in a mathematical sense, i.e. "to adjust the 
representation of a quantity so that this representation lies within 
a prescribed range (Parker, 1974), or, any process of rescaling a 
quantity so that a given integral or other functional of the quantity 
takes on a pre-determined value (Morris, 1991)" rather 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. 
Normalisation is a process to determine levelling factors carried 
out using control samples. 

 

Precision Precision is a measurement of how closely the analytical results 
can be reproduced. It should not be confused with the term 
accuracy. Results can have a good precision (i.e. consistently 
fall at or near a specified value), yet the mean of these results 
may be a long way off the accepted value. 

 

QA This is an abbreviation for the term "Quality Assurance". QA 
equates to the overall G-BASE data conditioning procedure. It is 
a system of protocols, checks, audits, and corrective actions to 
ensure that all analytical results prepared for the Geochemistry 
Database are of high and consistent quality. 

 

QC This is an abbreviation for the term "Quality Control" a process 
that is part of the overall G-BASE data conditioning exercise. It is 
a collection of documented procedures applied to the raw data to 
continuously assess whether the laboratory is producing results 
of acceptable quality as assessed by the inclusion of control 
samples in all procedures from sampling through to analysis. 

 

PRM This is an abbreviation for Primary Reference Material. This is a 
control sample, usually an international reference standard, 
which the project requests that the laboratory includes for 
analysis at the start and end of every laboratory batch.  

 

Raw data The results as received from the analyst. 
 

Replicate Sample  This is a control sample created in the laboratory by 
dividing a sample into two identical parts according to a well-
defined protocol. It is used to help define laboratory error. In the 
G-BASE field database this sample is also referred to as a "sub-
sample". 
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Sensitivity Analytical sensitivity is the lowest concentration that can be 
distinguished from 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. 

 

Shewhart plot This a control chart or time series plot with defined quality limits 
named after the person who first documented their use 
(Shewhart, 1931).  

 

Shift 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 a time-series or 
Shewhart plot and is usually the consequence of an instrument 
recalibration. It differs from drift in that the change in 
measurement is large and sudden. 

 

SRM This is an abbreviation for Secondary Reference Material, a 
control sample of prime importance in the G-BASE data 
conditioning procedure. It differs from a PRM in that it is not 
internationally certified (and therefore less expensive to use), it 
is submitted blind to the analyst and is more likely to have a 
matrix/mineralogical composition similar to the routine samples 
being analysed. In other contexts, SRM is an abbreviation of 
Standard Reference Material, a more generic term for reference 
samples 

 

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

 

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

 

Verification Verification is that part of the G-BASE data conditioning 
procedure that checks that the laboratory has analysed and 
reported all the samples submitted to the specifications of the 
analytical request form (or in the case of an external laboratory, 
as detailed in the contract). 
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