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Executive Summary 

On the 14th May 2003 a Forensic Isotope Ratio Mass Spectrometry (FIRMS) Network 
Workshop was held at Dstl Fort Halstead. The workshop brought together members of 
the three working groups that were formed at the FIRMS conference in September 2002. 

At the workshop the short, medium and long term research and development objectives 
were discussed with a view to writing a technical strategy for the FIRMS Network. 

This document forms the Technical Strategy for the FIRMS Network. It discusses the 
short, medium and long-term research and development objectives and discusses the 
funding opportunities for such research. It is recommended that a review of the current 
status of research and development into the uses of IRMS in forensic science is 
undertaken and the review issued to all Network members.  A recommendations is also 
made to the forming of a new Funding Working Group, to assist the technical working 
groups in obtaining funding for the R&D projects. 
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1 Introduction 

The Network for Forensic Isotope Ratio Mass Spectrometry (FIRMS) was formed in 
2002 by the University of Reading and the Forensic Explosives Laboratory (FEL). The 
network is funded for three years by the Engineering and Physical Sciences Research 
council. 

The Network aims to raise the awareness of the potential of IRMS in forensic science, 
crime detection and crime reduction. It also aims to encourage collaboration between 
chemists, physicists, material scientists and life scientists to stimulate and facilitate the 
research necessary to meet the scientific objectives. 

A conference was held on the 16th and 17th September 2002 which aimed to exchange 
information between the researchers and end users and to begin to formulate a strategy 
for the development of IRMS in the field of forensic science [1]. From the conference 
three working groups were formed: 

Explosives Working Group – Sean Doyle (facilitator) 
Drugs Working Group – Emma Titterton (facilitator) 
General Forensics Working Group – Pam Hamer (facilitator) 

On the 14th May 2003 a FIRMS workshop was hosted by the FEL at Dstl Fort Halstead. 
The working groups were asked to consider a number of points that would be used to 
produce the technical strategy. From the workshop a list of short, medium and long term 
research and development objectives were produced [2]. 

This document aims to outline a strategy for how the FIRMS Network will develop 
IRMS in the field of forensic science. 
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2 Network Membership 

It was an objective of the original proposal that the network bring together IRMS 
researchers, end users and instrument manufacturers. End users may include forensic 
scientists, police officers and those in the legal profession. 

The network has been supported, to date, by members of each of these communities. 
However, expansion of the network membership should be encouraged. This will include 
those who may only want to keep a watching brief on developments in the field to those 
who want an active participation in the network. 

To encourage membership effort should be made to publicise the network at suitable 
fora. This may take the form of oral or poster presentations. Promotion should be made 
not only in the field of forensic science but also in the legal and police forums and in 
non-forensic scientific fields that use IRMS. 

Forums for publication of the network should be identified and attended by network 
members. 
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3 Target materials and applications 

3.1 Priority target materials 

It was recognised at the FIRMS Workshop that to secure funding for forensic IRMS 
development demand for the technique needs to justify the maintenance of such a 
capability. The technique will therefore need to apply primarily to high volume and high 
value crime. In addition to prioritised target materials, consideration needs to be given to 
the target elements. 

It is recognised that different laboratories in different countries may have different 
priority materials. Effort will be given to choosing materials common or beneficial to all 
laboratories.  

3.1.1 Explosives 

When agreeing the list of priority explosives to be studied consideration must be given to 
the current explosive threats. Organic explosives may be recovered in a ‘pure’ form, e.g. 
TATP, TNT, or may be contained within an explosive formulation, e.g. PE4. Inorganic 
explosives normally comprise a mixture of inorganic oxidisers and fuels, e.g. 
sugar/chlorate, flash powder. Priority explosives are suggested as being: 

Organic high explosives e.g. RDX, PETN, TNT, NG (13C, 15N, 18O)  
 
 
 
 
 

 
 
 

Smokeless powders (13C, 15N, 18O) 
Inorganic nitrates e.g. ammonium nitrate, potassium nitrate (15N, 18O) 
Peroxide explosives TATP (13C, 18O) and HMTD (13C, 15N, 18O) 
Sodium chlorate, sodium perchlorate (35Cl) 
Accelerants (13C) 

Ongoing evaluation of forensic explosive threats may give rise to new priority 
explosives. 

3.1.2 Drugs 

The list of priority drugs may include both pharmaceutical formulations and illicit drugs 
e.g. ecstasy, heroin. It was agreed at the FIRMS workshop that the priority drugs are: 

Amphetamines (13C, 15N) 
Heroin (13C, 15N) 
Cocaine (13C, 15N) 

3.1.3 General Forensics 

There is a wide range of materials other than drugs and explosives for which it would be 
useful to determine the isotopic ratios for crime detection e.g. glass, paint, inks. When 
choosing materials for the priority list it is useful to choose materials that would be 
encountered in a wide variety of high volume or value crimes. The priority list will 
include: 
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 Packaging materials (13C, 2H) 

3.2 Target applications 

There are three main target applications: 

3.2.1 Forensic comparison of bulk samples 

This is the simplest application for IRMS is the field of forensic science. The isotope 
ratio values for elements in the bulk samples can be compared to determine whether the 
samples may have originated from the same source. If the isotope ratios of the two 
samples are significantly different then it may be concluded that the samples did not 
originate from the same source. Problems with interpretation arise when the isotopic 
values are similar or identical. Knowledge of the within batch heterogeneity and the 
likelihood of products from the same source having the same isotopic values is required 
to make this interpretation. This requires knowledge of the synthesis or manufacturing 
processes. It has been generally found that the use of more than one isotope increases the 
discrimination power of the technique. 

The simplest form of bulk analysis is to characterise the material as a whole, i.e. PE4 
rather than to extract the sample into its constituent’s e.g. RDX, binders, waxes. 
However, greater discrimination between samples may be achieved by analysing the 
individual components. This may be achieved through the use of an off-line sample 
preparation techniques e.g. liquid/liquid extraction, preparative HPLC, or through an on-
line compound specific technique such as GC-C-IRMS. 

3.2.2 Forensic comparison of trace materials to a bulk or other trace. 

The next stage for IRMS is in the application to trace samples. This will require on-line 
compound specific IRMS techniques. The processing of trace samples normally involves 
a recovery technique, such as swabbing, an extraction technique and a cleanup technique. 
Studies will be required to determine that the isotopic signatures of the original material 
are preserved through the deposition, recovery, extraction and cleanup processes. 

Explosives trace analysis can be applied to pre-explosion traces and post-explosion 
traces. Studies will be required to determine whether or not the isotopic signature is 
preserved through the explosion. 

3.2.3 Determination of the origin of bulk or trace materials. 

This is the most complex use of IRMS and will require databases of the isotopic ratio 
values of target materials from different suppliers around the world. The population of 
such databases will be an enormous undertaking. 

3.2.4 Other forensic applications of IRMS 

The full potential of IRMS in the field of forensic science will only be realised as the 
project progresses. Other potential applications are listed below: 
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Prediction of the isotopic signature of a product from knowledge of the signatures 
of the starting material (to link, for example, an improvised explosive found in a 
device to starting materials found at a suspects house). 

Identification of human movement from knowledge of the turnover of elements in 
the body. 
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4 Short, Medium and Long Term Research and Development Objectives 

The scientific objectives of the Network are to: 

• Identify the range and extent of heterogeneity of isotopic compositions of 
manufactured materials and determination of the factors that govern these values. 

• Examine how isotopic compositions change during and after manufacture. 

• Identify the range of compounds to which this technique applies. 

• Extend the scope of IRMS beyond the current work in drugs and explosives. 

• Define the limitations of the technique. 

Prior to formulation of proposals to cover the short, medium and long-term objectives a 
review of the current status of research and development into the use of IRMS in the field 
of forensic science should be undertaken. This review should identify past research, 
current research and the duration and scope of current programmes. Much can be learned 
from other scientific disciplines with well-established experience of IRMS i.e. 
geochemistry. 

4.1 Short Term Objectives 

The short-term objectives are those that are achievable within the next three years. To 
secure funding initially the requirement will need to concentrate on high volume and 
high value crime. The short-term objectives will be applied to the priority applications 
and target materials. Techniques will be developed and validated to allow for the forensic 
comparison of bulk materials. Thought will be given to the requirements for databases. 

• Agreement and validation of reference materials and working standards. 

• Research and development of validated standard methods or standardised results for 
the target materials at bulk level. 

• Preliminary investigation of batch variation during the synthesis or manufacture of 
commercial and improvised materials. 

• Investigation of the effect of packaging/storage on the preservation of isotopic ratios 
of bulk target materials/elements. 

• Databases – preliminary study into requirements, structure, custody and population. 

4.2 Medium Term Objectives 

The medium term objectives, i.e. those achievable within three to five years, will assume 
that validated standard methods or methods that produce standardised results are 
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available for all the priority target materials. In this timescale off-line techniques for 
compound specific analysis of bulk materials will be developed and validated. 
Preliminary investigations into on-line compound specific techniques for trace analysis 
will be undertaken. Population of the databases will be underway. 

Aim: To undertake research and development to allow compound specific analysis and 
the forensic comparison of trace and bulk materials. 

• Compound specific IRMS – using off-line techniques, investigation of isotopic 
fractionation during the preparative process. 

• Preliminary investigation into trace techniques. 

• Continuation of batch variation studies. 

• Population of databases. 

• Review of the technical strategy and long term objectives. 

4.3 Long Term Objectives 

The long-term objectives are those achievable within five to ten years. Within this time 
scale it is envisaged that techniques and studies into trace analysis using on-line 
compound specific techniques will be fully developed. Databases allowing determination 
of the global origin of a material will be in an advanced state. Research will focus on 
high throughput screening of samples and broadening the scope to other materials and 
applications.  

• On-line compound specific IRMS – development of analytical techniques and 
investigation of isotopic fractionation. 

• Trace analysis – including the effect of sample deposition, recovery, extraction and 
cleanup techniques on the preservation of isotopic ratios. 

• Determination of the origin of traces and bulk materials. 

• High sample throughput. 

• Population of databases. 

• Broadening the scope to other materials. 

• Broadening the scope to heavy elements, through the use of, for example, ICP-MS. 
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5 Funding 

It has been recognised that to secure funding initially for forensic IRMS development the 
scope should cover high volume and high value crime. A number of different funding 
pathways have been identified. 

Laboratories may already have current programmes of work related to forensic IRMS, 
the results of which may be available to other network members. Laboratories may be 
able to apply for funding within their own organisation or Government, with or without 
collaboration from external laboratories. These types of funding may enable other 
laboratories to act as contractors or sub-contractors. There is the potential for joint 
research proposals to be submitted to national or international funding bodies. 

5.1 UK Science and Engineering Research Councils 

The FIRMS network is funded by the Engineering and Physical Sciences Research 
Council. The UK research councils are potential sources of funding. Applications need to 
be submitted by academic organisations, but support from the end users i.e. forensic 
laboratories or the police, is often a requirement of the proposal. 

There is the possibility of research and development work being undertaken as PhD 
studentships, with funding from the UK research councils and organisations such as the 
Royal Society of Chemistry. Some financial contribution is normally required from the 
supporting organisation. This route offers an inexpensive means by which research and 
development into the longer-term objectives may be carried out. 

5.2 UK Home Office 

The Forensic Explosives Laboratory (FEL), Forensic Science Service (FSS) and Police 
Scientific Development Branch (PSDB) are able to bid into the Home Office Science 
Policy Unit research and development funds. This is done on an annual basis, funding 
commencing in April of each year. The FEL, FSS and PSDB are able to use other 
laboratories as contractors. 

5.3 European Union Funding 

The European Union 6th Framework programme covers activities in the field of research, 
technological development and demonstration for the period 2002 to 2006. The 
Framework programme does not cover all areas of science and technology, rather a 
limited number of thematic priorities have been identified. In general, the EU contributes 
only a certain percentage of the total costs of a project. Only consortia of partners from 
different member and associated countries can apply, with one of the project participants 
acting as co-ordinator. 
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5.4 International Funding 

Other countries will have their own scientific research councils and sources for 
Government funding. For example, there are a number of potential funding opportunities 
from within the US e.g. Technical Support Working Group (TSWG), National Institute 
of Justice. These proposals will normally need to be led by organisations from within that 
country. 

5.5 Mechanism for funding 

Application for funding can be a time consuming process. It is recommended that a 
Funding Working Group be formed to focus the effort for funding application. The 
Funding Working Group should comprise representatives from the UK, EU, US, 
Australia and New Zealand. Those representatives should cover both academic funding 
and government funding. The funding working group would assist the scientific working 
groups to obtain funding in their relevant country. It is recommended that a review of 
funding sources in the Network countries be undertaken. 
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6 Recommendations 

There are a number of tasks that can and should be undertaken prior to the formulation of 
proposals to cover the research and development objectives.  

Fora for publication of the network should be identified and attended by network 
members. 

 

 

 

 

Formation of a Funding Working Group, to assist the scientific working groups 
with applications for funding. The group should ideally contain members of each 
country represented in the Network and should comprise personnel able to assist 
with the different types of funding i.e. academia, Government. Initially the Funding 
Working Group should review all potential funding bodies/organisations and obtain 
details of the application requirements, deadlines etc. This document should be 
issued to all network members. 

Review of the current status of research and development into the use of IRMS in 
forensic science, including identification of past research, current research, duration 
and scope of current programmes. The review should be issued to all Network 
members. 

Identification of FIRMS Network members able to undertake experimental work. 
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