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[bookmark: _Toc106207591]4.1. Introduction
The preparation of samples collected for the Global Geochemical Reference Network project should be prepared in a single, experienced and well-equipped facility. Demetriades (2014, p.2) stressed the significance of all stages of a geochemical mapping project, and particularly sample preparation: “Sampling is the costliest leg of the survey, and undoubtedly the most difficult to repeat if it is not carried out properly. The next step that must be performed correctly is sample preparation. Any mistakes made during sampling and sample preparation are difficult to trace and correct afterwards. As sampling and sample preparation affect project success, both must be carried out by well-trained personnel, and supervised by an experienced applied field geochemist and chemist, respectively. Laboratory analysis of samples is another costly part of the geochemical survey, and a stage of considerable concern. If samples, however, have been collected and prepared properly, they can be reanalysed until the results are of acceptable quality. Finally, data processing, map plotting, and interpretation, provided the previous stages of sampling, sample preparation, and analysis have given reliable results, are processes that can be repeated, depending on the skills of the applied geochemist.”
The Geoanalytical laboratory of the State Geological Institute of Dionyz Stur (Spisska Nova Ves, Slovakia) has the necessary equipment, professional experience and expertise to carry out the sample preparation of all sample types to be collected during the Global Geochemical Reference Network project. The laboratory has previously prepared the samples for two pan-European geochemical projects, the FOREGS Geochemical Atlas of Europe (Salminen et al., 2005; Sandström et al., 2005) and GEMAS – Geochemical Mapping of Agricultural and grazing land Soil (Reimann et al., 2014; Mackovych and Lucivjansky, 2014).
Since national restrictions for sending unprepared samples abroad may complicate the centralised sample preparation, direct negotiation with each country may be necessary at the start of the project, and before the sampling is completed. In the worst-case scenario where the sample preparation is to be carried out in the country of origin, the procedures described herein must be strictly followed and supervised by the Laboratory Committee.
[bookmark: _Toc106207592]4.2. Sample preparation equipment
The sample preparation laboratory should have the following equipment and packing materials:

· Temperature-controlled oven
· Unglazed porcelain mortar and pestle
· Jaw crusher
· Agate pulveriser with agate balls or agate rings (pulverisette)
· Sieving machine
· 0.063 mm sieve with nylon mesh fabric
· 0.150 mm sieve with nylon mesh fabric
· 2.0 mm sieve with nylon mesh fabric
· Polyvinyl chloride (PVC) sieve frame
· Rotary divider (splitter)
· Nylon brush
· Silica sand (to clean agate bowl and balls)
· Acetone
· Deionised water
· Vacuum cleaner
· Powder-free single-use gloves
· Masks with filter
· White laboratory coat
· White laboratory hat
· Laboratory shoes
· 100 ml polyethylene bottles (PE) with colourless caps for analytical samples
· 200 ml PE bottles for archived samples
· Self-stick waterproof laboratory labels
· Black permanent ink marker
· Heavy-duty cardboard boxes for packing samples
· Computer and computer program for archiving samples
[bookmark: _Toc106207593]4.3. Cleaning of sample preparation equipment
The sample preparation laboratory must be clean and dust-free. All sample preparation equipment must be thoroughly cleaned before sample preparation commences. Dust generated during the processing of samples should be vacuumed away through a dedicated filter system. All sample preparation equipment must be thoroughly cleaned after each sample is packed to avoid contamination between samples. 
[bookmark: _Toc106207594]4.4. Inspection of samples received
All sample sets received must be inspected, and catalogued and a ‘Bar code’ or ‘quick response’ (QR) code’ assigned for each sample for tracking the progress of its preparation.
[bookmark: _Toc106207595]4.5. Randomisation of samples and insertion of control samples
Before starting the preparation of each sample set, the leading applied geochemist, or Quality Control Committee of the Global Geochemical Reference Network project, prepares a list of random numbers and sends it to the head of the sample preparation laboratory for implementation. This random list will allow the insertion of splits of the field routine-replicate samples (DUPA & REPA; Fig. 4.1) and their corresponding splits of field duplicate-replicate control samples (DUPB and REPB), project standard splits (secondary reference samples, SRMs) per batch of 20 samples, and a solid blank sample split per batch of 50 samples. Table 4.1 shows the insertion of 11 quality control samples in a randomised batch of 100 samples. Ideally, the randomisation of samples should be done when all global project samples are collected. If, however, it is decided to analyse collected samples, then they should be analysed in large, randomised batches of a few thousand samples (this action is not recommended).
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Figure 4.1. Diagram showing the relationship between the field duplicate pair (DUPA and DUPB) and the laboratory replicate pair (REPA and REPB). Slightly modified figure from Johnson (2011, Fig. 5.2, p.64). Drawn with Microsoft™ PowerPoint by Alecos Demetriades, Hellenic Institute of Geology and Mineral Exploration (IGME) and IUGS Commission on Global Geochemical Baselines (IUGS-CGGB).
Table 4.1. Example of a random number list for sample number allocation to be used in the Global Geochemical Reference Network project: (a) Random number list showing the insertion of field duplicate (DUPA & DUPB) and laboratory replicate (REPA & REPB) pair sample splits, aliquots of two Global Geochemical Reference Network project SRMs (SRM 1 & SRM 2), and two aliquots of the solid Blank reference material (Blank 1A and 1B); the empty cells are then filled with routine Global Geochemical Reference Network project samples in consecutive numerical order. (b) When this batch of 100 samples is sorted in order of smallest to largest number, the samples are randomised. Table modified from Johnson (2011, Fig. 5.3, p.65).
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[bookmark: _Toc106207596]4.6. Sample preparation
Figure 4.2 shows the homogenisation and splitting into subsamples of all sample types that are to be collected during the Global Geochemical References Network project. The subsample splits in the 100 and 200 ml bottles of each sample type are weighed, and their weight recorded.
The inset in Figures 4.3 to 4.8 shows the balanced field duplicated-replicated sample design to explain the ‘additional splitting of duplicated field samples’, which are to be collected during the Global Geochemical Reference Network project. This is the balanced quality control of sampling and analysis scheme by duplicate-replicate sample splits, using analysis of variance (ANOVA), which was followed by the FOREGS Geochemical Atlas of Europe project (Sandström et al., 2005). It is strongly recommended that this balanced quality control scheme is used in the Global Geochemical Reference Network project.
[bookmark: _Toc106207597]4.6.1. Preparation of rock samples
The rock sample preparation procedure is shown in Figure 4.3. Rock chip samples are first broken down into smaller fragments in a jaw crusher, completely pulverised in an agate planetary mill to a grain size of <0.063 mm, homogenised and split into two equal portions. The first portion is homogenised and split into five 200 ml PE bottles, then archived for future use (Fig. 4.2).
The second portion is homogenised and split into ten 100 ml PE bottles for submission to the analytical laboratories (Fig. 4.2).
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Figure 4.2. Diagram showing the homogenisation and splitting into subsamples of all sample types that are to be collected during the Global Geochemical Reference Network project. Ten 100 ml subsamples of each sample type are prepared for the analytical laboratories, and five 200 ml subsamples for storage. Drawn with Microsoft™ PowerPoint by Alecos Demetriades (IGME/IUGS-CGGB).
[bookmark: _Toc106207598]4.6.2. Preparation of residual soil samples
The residual soil sample preparation procedure is shown in Figure 4.4. Residual soil samples are dried in temperature-controlled ovens at <40°C, hammered to reduce agglomeration (if needed), disaggregated in an unglazed porcelain mortar (if needed) and sieved through a 2 mm nylon mesh fabric. Each sample is then homogenised and split into two equal portions using a rotary divider. The first portion, after homogenisation is split into five 200 ml PE bottles and archived for future studies (Fig. 4.2).
The second portion, following homogenisation, is split into ten 100 ml PE bottles for submission to the analytical laboratories (Fig. 4.2).
[bookmark: _Toc106207599]4.6.3. Preparation of humus samples
The humus sample preparation procedure is shown in Figure 4.5. The humus samples are dried at ambient room temperature. After removing large roots and rock fragments, the samples are disaggregated in an unglazed porcelain mortar and pestle and then sieved by hand through a 2 mm nylon mesh fabric. Each sample is then split into two equal portions using a rotary divider. The first portion, after homogenisation, is split into five 200 ml PE bottles and archived for future use (Fig. 4.2). 
The second portion is pulverised in an agate planetary mill to a grain size of <0.063 mm, homogenised and split into ten 100 ml PE bottles for submission to the analytical laboratories (Fig. 4.2).
[bookmark: _Toc106207600]4.6.4. Preparation of stream sediment samples
The stream sediment sample preparation procedure is shown in Figure 4.6. Stream sediment samples are either wet sieved or dry sieved in the field to <0.150 mm grain size. In the case of seasonal streams, the stream sediment maybe moist and as it cannot be sieved in the field, the sieving is carried out in the laboratory after drying. 
All stream sediment samples upon arrival in the laboratory are dried in temperature- controlled ovens at <40°C, disaggregated manually in a porcelain mortar, and sieved to <0.150 mm with a nylon mesh fabric. Afterwards, the <0.150 mm fraction is homogenised and split into two equal portions using a rotary divider. The first portion is homogenised and split into five 200 ml bottles and archived for future use (Fig. 4.2).
The second portion is pulverised in an agate mill to a grain size of <0.063 mm, homogenised and split into ten 100 ml bottles to be submitted to the analytical laboratories (Fig. 4.2). It is noted that pulverised parts of stream sediment samples, which do not pass through the <0.063 mm nylon mesh screen are returned to the agate mill, and are repeatedly pulverised until they pass through the screen.
[bookmark: _Toc106207601]4.6.5. Preparation of overbank sediment samples
The overbank sediment sample preparation procedure is shown in Figure 4.7. Overbank sediment samples are dried in temperature-controlled ovens at <40°C, disaggregated manually in a porcelain mortar, and sieved through a 2 mm nylon mesh screen. Subsequently, the <2 mm fraction is homogenised and split into two equal portions. The first portion, after homogenisation, is split into five 200 ml portions using a rotary divider, and the samples are archived for future use (Fig. 4.2). 
The second <2 mm portion is homogenised and split into ten 100 ml PE bottles for submission to the analytical laboratories (Fig. 4.2). 
[bookmark: _Toc106207602]4.6.6. Preparation of floodplain sediment samples
The floodplain sediment sample preparation procedure is shown in Figure 4.8. The floodplain sediment sample preparation procedure is the same as that of the overbank sediment samples. Floodplain sediment samples are dried in temperature-controlled ovens at <40°C, disaggregated manually in a porcelain mortar, and sieved through a 2 mm nylon mesh screen. Subsequently, the <2 mm fraction is homogenised and split into two equal portions. The first portion, after homogenisation, is split into five 200 ml PE bottles using a rotary divider, and the samples are archived for future use (Fig. 4.2). 
The second <2 mm portion is homogenised and split into ten 100 ml PE bottles for submission to the analytical laboratories (Fig. 4.2). 
[bookmark: _Toc106207603]4.7. Sample storage and management
The archived samples in the 200 ml PE bottles for long term storage must be stored in a secure and clean storeroom (Fig. 4.2). The PE bottles with the samples should have hand-written labels using a black permanent ink marker, as well as a specialised ‘Bar or QR code Tracking System’ to allow them to be quickly located.
The 10 splits of each sample type, prepared for sending to the analytical laboratories, will not necessarily be used immediately. Unused sample sets for analysis, which have been randomised and include the quality control samples, should be safely stored in a permanent clean facility, and be ready for despatch to a specified laboratory when the need arises.
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Figure 4.3. Rock sample preparation procedure. Yellow-colour inset shows the additional splitting of field duplicate sample pairs in a balanced design. Notation: R = Routine field sample; D = Field duplicate sample; R1 & R2 and D1 & D2 are the laboratory replicate splits of the routine and field duplicate samples, respectively. Drawn by Alecos Demetriades (IGME/IUGS-CGGB) with Microsoft™ PowerPoint.
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Figure 4.4. Residual soil sample preparation procedure (after Sandström et al., 2005, Fig. 4, p.86, with minor modifications). Yellow-colour inset shows the additional splitting of field duplicate sample pairs in a balanced design. Notation: R = Routine field sample; D = Field duplicate sample; R1 & R2 and D1 & D2 are the laboratory replicate splits of the routine and field duplicate samples, respectively. Drawn by Alecos Demetriades (IGME/IUGS-CGGB) with Microsoft™ PowerPoint.
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Figure 4.5. Humus sample preparation procedure (after Sandström et al., 2005, Fig. 5, p.87, with minor modifications). Yellow-colour inset shows the additional splitting of field duplicate sample pairs in a balanced design. Notation: R = Routine field sample; D = Field duplicate sample; R1 & R2 and D1 & D2 are the laboratory replicate splits of the routine and field duplicate samples, respectively. Drawn by Alecos Demetriades (IGME/IUGS-CGGB) with Microsoft™ PowerPoint.
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Figure 4.6. Stream sediment sample preparation procedure (after Sandström et al., 2005, Fig. 2, p.84, with minor modifications). Yellow-colour inset shows the additional splitting of field duplicate sample pairs in a balanced design. Notation: R = Routine field sample; D = Field duplicate sample; R1 & R2 and D1 & D2 are the laboratory replicate splits of the routine and field duplicate samples, respectively. Drawn by Alecos Demetriades (IGME/IUGS-CGGB) with Microsoft™ PowerPoint.
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Figure 4.7. Overbank sediment sample preparation procedure. Yellow-colour inset shows the additional splitting of field duplicate sample pairs in a balanced design. Notation: R = Routine field sample; D = Field duplicate sample; R1 & R2 and D1 & D2 are the laboratory replicate splits of the routine and field duplicate samples, respectively. Drawn by Alecos Demetriades (IGME/IUGS-CGGB) with Microsoft™ PowerPoint.
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Figure 4.8. Floodplain sediment sample preparation procedure (after Sandström et al., 2005, Fig. 3, p.85, with minor modifications). Yellow-colour inset shows the additional splitting of field duplicate sample pairs in a balanced design. Notation: R = Routine field sample; D = Field duplicate sample; R1 & R2 and D1 & D2 are the laboratory replicate splits of the routine and field duplicate samples, respectively. Drawn by Alecos Demetriades (IGME/IUGS-CGGB) with Microsoft™ PowerPoint.
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(a) Random number list (b) Random number list sorted from smallest to largest number
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