
Sample Preparation for the 
NPL Environment PTE 2009

Chris Gilligan
NPL Workshop 
20 January 2010



Wednesday, 20 January 2010

2

Contents

• Introduction to NPL
International System of Units (SI)

• Questions?

• Standardisation of radionuclides 

• Preparation of the solid sample

• Preparation of the aqueous samples



Wednesday, 20 January 2010

3

Introduction to NPL

The National Physical Laboratory 
(NPL) is the UK's National 
Measurement Institute.

NPL was established in 1900 
World-leading centre of 
excellence in developing and 
applying the most accurate 
measurement standards.

One of the most extensive and 
sophisticated measurement 
science building in the world.
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Ensure world-wide uniformity and 
traceability of measurements BIPM

The International System of Units (SI)

National (International) Users

Secondary 
Standards 

Laboratories

Accreditation 
Organisations,
Regulators etc

Instrument
Manufacturers

National Measurement 
Institutes: Equivalence 
achieved submissions to 
KCDB

IRMM,  NIST etcNPL,  PTB,
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An Example of Nuclear Decay by Beta Emission

in coincidence!
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Co60

Ni* 60

n � p+ + e- + nnnn

Ni60

Standardisation of Radionuclides
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Measuring  b Particles  and gEmissions

NaI(Tl)

NaI(Tl)

bbbb
bbbb

Radioactive sample
4pb/gcoincidence counter
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How do we Measure the Activity? 
Primary Standards

NaI(Tl)

NaI(Tl)

bbbb
bbbb

Nb=A eb

Ng=A eg

Nc=A eb eg

Nb Ng =
Nc

A eb A eg

A eb eg

Nb Ng
Nc

= A Activity!
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Preparation of the Aqueous Samples

Ion Chamber, Gamma Spectrometry, LSC 

Mixed Nuclide (g-spec)

Dilution

Dilution Checks 

Pack & Dispatch

Dispense to Bottles
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Preparation of the S (Sand/Solid) Samples

Ion Chamber, Gamma Spectrometry, LSC 

Mixed Nuclide (g-spec)

Sol Gel

Homogeneity  Checks 

Pack & Dispatch

Dispense to Bottles
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Tetraethyl orthosilicate
(TEOS)

Si(OC2H5)4

This sol-gel reaction proceeds via 
a series of condensation reactions.

This convert the TEOS molecule into a 
mineral-like solid via the formation of Si-O-Si
linkages. 

An acid or base will catalyse the reaction.

Preparation of the Sand Samples (Sol-Gel)

TEOS easily can be converted into silicon dioxide.

Si(OC2H5)4 + 2 H2O � SiO2 + 4 C2H5OH
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Si(OC2H5)4 + 2 H2O � SiO2 + 4 C2H5OH

1. Mix 12.5 kg of TEOS with 3.3 kg of EtOH. (Ethanol used as a blender)

Preparation of the Sand Samples (Sol-Gel)

2. Add 4.3 g of a mixed nuclide solution (1 M HCl, 130 kBq)  

3. Slowly 2.4 kg of 1 M HCl (total mass ~18 kg)

•After drying of the resulting gel, 3.9 kg of SiO2 was obtained.

•The ‘sand’ was thoroughly mixed before bottling (~30 Bq/g)

•The homogeneity was tested by measuring 78 x 50 g samples 
(using gamma spectrometry, details later!)
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Summary

NPL is the UK's National Measurement Institute.
International Equivalence achieved submissions to K CDB (inter comparisons)

NPL made aqueous sources for 2009PTE 
(Activities  traceable to the SI)

NPL made the solid sources for 2009PTE 
(using solutions with Activities  traceable to the SI via sol gel reaction)

Standardisation of Radionuclides at NPL
(4pb/gpb/gpb/gpb/gcoincidence counter)
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Questions?

Thank you

chris.gilligan@npl.co.uk +44 (0)20 8943 8598

arvic.harms@npl.co.uk +44 (0)20 8943 8512

radioactivity@npl.co.uk +44 (0)20 8943 8600


