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1 INTRODUCTION 

On Friday 21st September 2001, 30 people were 
killed and 2500 were injured in an explosion at an 
ammonium nitrate factory in Toulouse in France. 
On 22nd September 2001 the Mayor of the city 
called for all potentially hazardous factories and 
plants to be relocated away from areas where   
people live. On 5th September 2003 the Investigat-
ing Judge for this incident dismissed the case 
against nine of the eleven employees, due to lack 
of evidence. Today the scientific explanation for 
this disaster still remains unanswered. Countless 
investigations are still ongoing to try to establish 
the long chain of events which occurred in Hangar 
221 in Toulouse where the tragic explosion took 
place. On 16th August 2001 25 people were killed 
in India due to an accidental ignition which led to 
an explosion in a Government owned dynamite 
factory. In Lagos, Nigeria an ammunition dump 
exploded. The explosion created mass panic which 
subsequently led to the death of nearly 1000    
people, most of whom were children. Another    
explosives accident aboard the Russian submarine 
Kursk led to the loss of 118 sailors, a loss of     

significant defence capability and serious political 
destabilisation of the Putin Government. In      
Holland an explosion involving fireworks          
destroyed 200 houses and killed 22 people. These 
are just a few examples of accidents involving   
explosions around the world.  

Since the turn of the Millennium, there have 
been a number of well-publicised explosives      
accidents around the world, according to a BBC 
report (http://news.bbc.co.UK/1/hi/world). One of the 
characteristics of these accidents is that they      
frequently have catastrophic consequences, not 
only on humans but also on the country’s         
economic and political arena. 

Examining the cause of explosive accidents   
often reveals that human error or failure is a major 
contributory factor. As an example, one of the   
torpedoes loaded on the Kursk is thought to have 
been dropped prior to embarkation and this may 
be linked to the torpedo explosion which, the     
official report suggests, led to the loss of the    
submarine and its crew.  

Effective explosives safety depends on people 
making the right decisions at the right time. It   
depends upon people having the necessary      
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competence to carry out their jobs properly. The 
concept of competence is well recognised in UK 
safety management. Much of UK safety legislation 
calls for ‘competent people’ in roles that affect 
safety.  In the case of explosives, this will be in all 
stages of life, from the formulation of new         
explosives in the laboratory, through manufacture, 
storage, transportation, use and disposal.   

Thirty years ago explosives ordnance for UK 
armed forces was developed in Ministry of        
Defence (MOD) research labs; the explosives were 
synthesised and manufactured in MOD production 
facilities. There was a large and expert explosives 
quality assurance function: the Ordnance Board 
and CINO had more than 400 safety specialists to 
assure safety. In the armament depots and Air 
Force bases there was a cadre of ordnance and    
explosives specialists. Another substantial group 
of explosives specialists were employed on the  
nuclear weapons programme. Many of the compe-
tent staff in place today derived their experience 
and competence during this period when they had 
one employer (the MOD). 

Today the situation is very different. Manufac-
ture and production are firmly in the private sector 
and more recently, much of the explosives and 
ordnance research community has made a similar 
transition. Nuclear weapons are produced in      
privatised facilities. There is limited movement   
of staff between these different organisations and 
it is difficult for the MOD to recruit or develop 
explosive specialists with broad experience. The 
general contraction of the explosives business in 
the UK has had a major impact on the numbers of 
skilled specialists. Added to this many of the UK 
specialists were recruited during a growth period 
in defence science and technology in the 1970s 
and are approaching retirement. A lack of recruit-
ment in the late 1970s and 1980s has left a demo-
graphic trough, wherein there are insufficient 
skilled explosives specialists to replace those who 
will be leaving government service in the next few 
years.  

The picture in the rest of the European Union 
is similar. Many countries are reporting similar 
problems in finding explosives specialists to fill 
key posts, especially in the explosives safety area. 
Scandanavian countries are also reporting that the 
shortage of skills is also affecting the performance 
of explosives and ordnance related industries.  
However, it is not just a problem of shortage of 
people, but a problem with the competence of 
people already in the business.  

2 LEONARDO DA VINCI PROGRAMME 

Cranfield University, together with KCEM, a 
Scandinavian explosives competence organisation, 
has joined with other EU partners in a project 
funded by the European Union Leonardo da Vinci 
programme. This programme is aimed at replen-
ishing explosives expertise, though vocational 
training and education across the EU. The purpose 
is not only to ensure the supply of specialists in 
key explosives safety functions, but also to main-
tain European competitiveness in the ordnance and 
explosives industrial sector. 

 
To achieve this purpose the project will: 

– identify the competencies required to sustain a 
safe and competitive explosives industry in the 
EU; 

– establish the current and future needs for these 
competencies in the EU; 

– develop training and educational programmes 
designed to develop this range of competen-
cies; 

– develop a range of novel education and train-
ing packages that form part of the programme; 

– develop explosives qualifications which will be 
recognised and accepted across Europe;  

– reverse the decline in expertise, knowledge and 
skill in European explosives business. 

The project is now in its second year and this 
paper highlights the results from activities which 
have been completed so far, together with 
activities planned for the forthcoming year. 

2.1 Occupational Mapping 

In order to define the competencies of the workers 
in the explosives industries, the scope of the ex-
plosives occupational sector must first be estab-
lished. Cranfield University, together with the 
MoD and other industrial companies, approached 
the Science, Engineering and Manufacturing 
Technology Agency (SEMTA), which is one of 
the UK Sector Skills Councils (SSC) (more infor-
mation on SEMTA and the SSC is given in section 
3.1).  

SEMTA, together with Denise Clark Ltd, were 
asked to develop the national occupational stan-
dards and national vocational qualifications for 
occupations in explosive substances and articles, 
with the help of Cranfield University, the UK 
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MOD and other organisations. Denise Clark Ltd 
carried out the following occupational and      
functional maps, together with the competencies. 

An occupational mapping analysis has been 
carried out on all of the jobs involving work with 
explosives within the UK The occupational     
mapping analysis gives information on: 

− the numbers employed in each industry as a 
whole; 

− the numbers of people employed in              
explosives substances and articles (ESA)     
occupations; 

− identification of the relevant roles; 

− characterization of the significance of the     
industries concerned; 

− issue, trends and factors affecting education,
 training,  skills  and  qualifications  of  those
 involved in explosives handling work and 

– the existing education and training arrange-
ments in each industry.   

 
The types of explosives substances and articles 
(ESA) organisations which have been identified in 
the occupational map and the number of workers 
employed in these organisations for the UK are 
presented in Tables 1 and 2 respectively. 

 

Table 1. Types of explosives substances and articles 
(ESA) organisations in the UK. 
 
Commercial 
Industries 

Public  
Organisations 

Military 

Special effects & 
fireworks 
 
Quarrying,  
mining,  
demolition & 
construction  
 
Oil & gas escape 
mechanisms  
 
Seismology  
 
Avalanche  
control  
 
Motor industry  
 
Research, testing 
& disposal 
 
Defence  
manufacturing 

Transport &  
logistics  
 
Police  
 
Fire prevention 
& firefighting 
 
MoD 
 
Training & 
education 

Royal Air 
Force 
 
Royal Navy 
 
Army 

Table 2. Population of workers involved in explosives substances and articles for the UK. 
Sector Managerial  Supervisor Technician  Operator  Other  Total 
Armed forces 4841 5410 2921 27,884 2 41,058 
MoD 412 274 358 548  1592 
1DSTL 17 46 15 152 16 246 
2QinetiQ 138 120 178 237 65 738 
3Others N/A N/A N/A N/A N/A 632,508 
1DSTL is the Defence Science and Technology Laboratories and is a part of the MOD. 
2QinetiQ is a commercial company involved in defence research and testing. 
3These include all the commercial industries from Table 1 plus police, fire prevention and fire-fighting, transport and 
logistics, and training and education. 

2.2 Functional Analysis 

The next part of the procedure is to establish a 
process for analysing the key functions of a sector 
or an occupation; this is known as a ‘functional 
analysis’. The functional analysis provides a func-
tional description of the entire occupational area in 
terms of outcomes. Table 3 gives details of the 13 
key roles which have been identified for occupa-
tions in explosives substances and articles. 

These 13 primary key roles can be broken 
down into subsidiary roles, which allows the key 
roles  to  be  achieved.  Examples for key role 1 (re 

 
search and develop explosive substances and      
articles) and key role 11 (dispose of explosive  
substances and articles ) are shown in Figure 1.   
 

2.3 Competencies 

From the functional map the competencies for 
each outcome are written, an example of a compe-
tency for key role 1.1.1 (Create specification for 
ESA) is presented in Figure 2. From Figure 2 it 
can be seen that the criteria describes the actual 
work the employee does in undertaking to create a 
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specification, and the knowledge underpins the  
activity. 

The worker should be able to carry out this   
activity in all the contexts listed in Figure 2.     
Another example of a competence is presented in 
Figure 3. The competence is for key role 11.1,  
‘assess the explosives substances and articles for 
disposal’. The total number of competencies that 
have either been written or taken from existing 
competencies for explosives substances and        
articles occupations is 396. In order to assess the 
competencies and their relevance to the explosive 
worker, they will be assessed by means of valida-
tion trials. These trials will be carried out during 
April 2005. Details and venues of the trials in the 
UK are presented in Table 4. The results of the  
trials will be fed back into the competencies and 
the competencies revised accordingly. Validation 
trials of some of the competencies will be carried 
out by the European members of the partner coun-
tries who are taking part in the Leonardo da Vinci 
pilot programme. Details of the European trials are 
also given in Table 4.  
 

Table 3. The main functions of explosives substances 
and articles occupations. 
Key 
Roles 

Description 

1 Research and develop explosive substances 
and articles 

2 Develop and manage explosives safety 
3 Test and evaluate explosive substances and  

articles in field trials 
4 Manufacture explosive substances and articles 
5 Maintain and repair explosive substances and 

articles 
6 Procure explosive substances and articles 
7 Store and move explosive substances and    

articles 
8 Transport explosive substances and articles  
9 Manage explosives facilities 
10 Prepare and use explosive substances and    

articles for engineering and entertainment  
purposes 

11 Dispose of explosive substances and articles  
12 Enable the pubic and armed services to     

continue their regular activities in peace and 
war by controlling and removing munition 
threats  

13 Support the explosive substances and articles 
function 

Figure 1. Examples of key role 1 and key role 11 and their subsidiaries. 
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1.1.1 Create the specification for complex explosives substances and articles
Contexts 

1 Customer requirements: where a complex detailed technical requirement is provided; where a  
 general description of requirements is provided. 
2 Constraints: resource limitations; possible conflicts of interest. 
3 Solutions for addressing customer needs: existing; adaptations to existing solutions; novel. 

Criteria – You need to: 
a. work safely at all times, complying 

with health and safety, environmental 
and other relevant regulations and 
guidelines; 

b. wear appropriate PPE; 
c. identify or confirm accurately the  

customer’s underlying needs;  
d. assess objectively the feasibility of the 

customer’s requirement; 
e. determine objectively the best     

methods by which these needs can be 
addressed;  

f. explain fully and clearly to the       
customer and any other relevant    
people the basis for any decisions; 

g. identify accurately any operational 
constraints that could affect the       
research and development of the     
explosive substance and/or article; 

h. provide relevant and timely advice to 
the customer, expressed in a way that 
meets their requirements; 

i. alert the customer promptly to any 
additional information or implications 
that may be in their best interests; 

j. consult others who may be affected 
and build their feedback into your 
specification; 

k. create a specification that clearly    
addresses all the customer’s             
requirements and your success        
criteria; 

 

l. create a clear and concise specification that 
contains sufficient detail to enable research 
planning to take place; 

m. confirm the customer’s level of satisfaction 
and use the information to make further    
improvements; 

n. maintain the requirements of confidentiality 
at all times. 

 

Knowledge – You need to know and understand: 
i. health, safety and environmental and other 

statutory legislation, regulations and safe 
working practices and procedures governing 
explosives and their implications for your 
area of work; 

ii. the relevance of PPE; 
iii. your organization’s strategic and operational 

policies and objectives; 
iv. how to carry out a feasibility study; 
v. how to establish appropriate success criteria; 
vi. alternative options for meeting the             

customer’s needs;   
vii. the underlying needs of the customer’s       

requirements; 
viii. when and how to challenge a customer’s 

brief; 
ix. when and how to advise a customer to pursue 

a different course of action; 
x. the constraints that may affect your decisions 

and plans;  
xi. your own level of authority and those of   

others with whom you work; 
xii. the requirements of confidentiality. 

Figure 2. The competency for key role 1.1.1, ‘Create the specification for complex explosives substances and articles’. 

3 QUALIFICATIONS AND   
ACCREDITATION 

To demonstrate competence there is increasingly a 
requirement to demonstrate that workers possess a 
qualification or other independently assessed level 
of attainment. In the UK there is currently a major 
initiative to rationalise the complex and confusing 
range of qualifications. The new National Qualifi-
cations Framework shown in Figure 4 has been 
developed, which aligns vocational qualifications 
and higher education awards. Unlike the previous 
version, it does not distinguish between general, 
vocationally related and occupational qualifica-

tions preferring a continuum approach. Neverthe-
less,  universities  and  higher  education  estab-
lishments will continue to offer more general 
qualifications, whilst employers will be more     
focussed on occupational qualifications that are 
more closely related to a workers ability to do a 
specific job. 

3.1 Sector Skills Council 

A second initiative in the UK is the formation of 
the Sector Skills Councils whose purpose is to: 

− reduce skills gaps and shortages. 
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− improve productivity, business and public   
service performance. 

− increase opportunities to boost the skills and 
productivity of everyone in the sectors work-
force, including action on equal opportunities. 

− improve learner supply, including apprentice-
ships, higher education and national occupa-
tional standards. 
 
The sectors which have greatest relevance to 

explosives specialists are the Science, Engineering 
and Manufacturing Technology Skills Council 
(SEMTA) and COGENT, which is the council that 
looks after the chemicals industry.   

The former has already sponsored the devel-
opment of National Occupational Standards and 

underpinning National Vocational Qualifications 
for one part of the explosives sector, that of explo-
sives clearance specialists. The approved National 
Occupational Standards and qualifications struc-
tures for the NVQs/SVQs are available from 
cdoy@emta.org.uk. These standards and qualifi-
cations can be placed on the new qualification 
framework as shown in Table 5. Explosives clear-
ance represents only a small proportion of the UK 
explosives business; however, it is one of the few 
areas where occupational standards and qualifica-
tions have been developed. As part of the        
Leonardo programme, the framework will be     
extended to cover all occupational groups in the 
explosives business. 

11.1 Assess explosive substances and/or articles for disposal 
Contexts 
 

1. Explosive substances and/or articles: immediately identifiable; those which require   
further investigation. 

2. Hazards and risks caused by: complexity of the explosive substances or articles;      
condition of the explosive substances or articles; primary hazards; secondary hazards. 

3. Information: with access to full information; with access to limited information. 
4. 
Criteria -You need to: 

a. work safely at all times, complying with health 
and safety, environmental and other relevant 
regulations and guidelines; 

b. wear appropriate PPE; 
c. identify or confirm the identity of explosive   

substances or articles and its condition; 
d. characterize accurately the hazards pertaining to 

the disposal; 
e. quantify the risks of the disposal; 
f. record relevant information in accordance with 

your organization’s procedures; 
g. maintain an appropriate level of confidentiality. 

 

Knowledge- You need to know and understand:

i. health, safety and environmental and 
other statutory legislation, regulations, 
safe working practices and procedures 
governing explosives and their        
implications for your area of work; 

ii. the relevance of PPE; 
iii. information sources and documents 

that might identify the explosive     
substances and/or articles; 

iv. the design, nature and characteristics 
of the explosive substances and/or   
articles; 

v. how to identify the hazards (e.g.    
condition, primary and secondary); 

vi. how to carry out a risk assessment; 
vii. any previous results of tests, trials or 

disposals and manufacturers’ and    
design authorities and scientific       
literature; 

viii. your organization’s recording        
procedures; 

ix. any confidentiality requirements; 
x. your own personal level of authority; 
xi. when to refer to others for more       

information or a second opinion. 
 

Figure 3. The competency for key role 11.1, ‘Assess explosive substances and/or articles for disposal.’. 



11

Table 4. Details of the validation trials in UK and Europe. 
Key role Area to be validated UK validation site European validation site 
1 Research and develop 

explosive substances and 
articles. 

Leafields 
QinetiQ 
MoD - DSTL Fort Halstead 
Cranfield University 

UK - Cranfield University 

2 Develop and manage   
explosives safety. 

MoD - DOSG Safety Advisers 
MBDA 
MoD - MCBU 
AWE 
Army - 11 EOD and AS of A 
BAE Systems 

 

3 Test and evaluate  
explosive substances  
and articles in field trials. 

MoD - DSTL Fort Halstead 
AWE 
QinetiQ 
MoD - DOSG Safety Advisers  

 

4 Manufacture explosive 
substances.  

AWE 
MoD - DSTL Porton Down 

Sweden - Nammo  
Finalnd - Sverige  

4 Manufacture explosive 
articles. 

Leafields 
MBDA 
Insys 
BAE Systems 

 

5 Maintain and repair  
explosive substances  
and articles. 

DOSG Safety Advisers (TBC) 
RAF operational unit 
RN (HMS Collingwood) 
MoD - DSDA (DM Kineton 
ATSG) 
MoD - DOSG Safety Advisers  

 

6 Procure explosive  
substances and articles. 

MoD - DPA  
MoD - DLO (DGM IPT) 
BAE Systems  
MBDA 

Italy - Nitrex  

7 Store and move explosive 
substances and articles. 

MoD - DSDA 
RLC 61 Sqdn 
MoD - DOSG (ESTC) 

Italy - Nitrex  

8 Transport explosive  
substances and articles. 

MoD - DSDA 
Army - RLC 61 Sqdn and AS 
of A 
MoD - DOSG (ESTC) 
MoD - DTMA  

 

9 Manage explosives  
facilities. 

MoD - DSDA 
AWE 
QinetiQ 
MoD - DOSG Safety Advisers  
BAE Systems 
MBDA 

Italy - Nitrex  
 

10 Prepare and use explosive 
substances and articles 
for engineering and  
entertainment purposes. 

Skyburst Fireworks 
Army - RE (Demolitions) 
Army - DMS Demolition 
Offshore 

Sweden - Nammo 

11 Dispose of explosive  
substances and articles.  

AWE 
QinetiQ 
MCBU 
Army - 11 EOD and AS of A 
Merseyside Fire & Rescue 
MoD - DOSG Safety Advisers  

UK - Cranfield University 
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Framework for Higher 
Education Qualifications

National Qualifications Framework(revised) National Quali-
fications 
Framework (ex-
isting)

D (Doctoral) Doctor-
ates

8 Vocational Dips

M (Masters) Masters 
degrees, Postgradu-
ate certificates & di-
plomas

7 Key 
skills

Vocational Certs 
& Dips

[NVQ 5]

5 Higher Levels

H (Honours) Bache-
lors degrees, Gradu-
ate certificates & di-
plomas

6 Vocational Certs 
& Dips

I (Intermediate) Di-
plomas of HE & FE, 
Foundation degrees, 
Higher National Di-
plomas

5 Key 
skills

Vocational Certs 
& Dips

[NVQ 4]

C (Certificate) Cer-
tificates of Higher 
Education

4 Vocational Certs 
& Dips

4 Higher Levels

3 Key 
skills

Vocational Certs 
& Dips

A Levels NVQ 3 3 Advanced

2 Key 
skills

Vocational Certs 
& Dips

GCSE  
(Grades A* - C)

NVQ 2 2 Intermediate

1 Key/ 
Basic 
skills

Vocational Certs 
& Dips

GCSE  
(Grades D - G)

NVQ 1 1 Foundation

Entry Basic 
skills

Certificates of 
achievement

Entry

Figure 4. New qualification framework. 

As an example, in the manufacturing sector a 
similar table could be developed with broadly 
similar functions and qualifications. In the defence 
acquisition field a similar set of framework could 
be developed for explosives specialists. Because of 
the high level of expertise required of some of 
these functions, the emphasis would be towards 
higher education awards, rather than vocational or 
occupational qualifications. Table 6 shows an ex-
ample of some of the functions in both the manu-
facturing and safety management areas.

3.2  Qualifications Council Awards 

When the validation trials have been completed 
and all the 396 competencies have been amended, 
qualifications appropriate to each of the occupa-
tions listed in the key roles will be written. In the 
UK there are already qualifications in some areas. 
The universities provide a limited number of rele-

vant Masters programmes, whilst professional 
bodies such as the Institute of Explosives          
Engineers provide accreditation for another group 
in the sector.  

However, the overall picture is one of support-
ing a demonstration of competence across the wide 
range of explosives related occupations. A key de-
liverable for the Leonardo da Vinci programme 
will be to populate the matrix with a range of suit-
able qualifications to cover all aspects of the ex-
plosives business in Europe and to give greater 
flexibility to the student, who may be able to study 
a variety of modules in different countries in order 
to gain a qualification in explosives. 

4 TRAINING AND EDUCATION 

Having established and expanded the competency 
and qualifications framework, training and educa-
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tion provision will need to be expanded to enable 
staff to develop their competencies. The expansion 
will partly be through the provision of conven-
tional courses such as those delivered at the UK 
Defence Academy at Shrivenham. Cranfield Uni-
versity offers Masters courses on Explosives Ord-
nance Engineering and a range of short courses on 
explosives related subjects. The universities are 
also developing modular Masters programmes that 
can be done part-time. Much of the material can be 
delivered on-line through the internet. A number 
of e-learning products are now being employed for 
this purpose. These products enable text, voice, 
film and conventional lecture presentations to be 
delivered on line at a time that suits the student. 
Coursework is exchanged by e-mail and course 
chat lines are used to enable the tutor to communi-
cate with and for students, who could be anywhere 
in the world, to communicate with each other. 

For occupational and vocational training and 
education, the techniques described above can be 
used, however, there also needs to be close link 
with the workplace. The Scandanavian project 
(Wallin 2002) was designed specifically for proc-
ess workers in the munitions manufacturing area. 

Whether the qualification is a Masters degree 
or   a   vocational   qualification,   the   educational  

foundations will be similar and much of the     
educational material will be common to both. As 
part of the Leonardo programme a core of educa-
tional foundation material will be developed to 
underpin vocational and general qualifications. 
 
5 CONCLUSIONS 

− The competence of personnel has a significant 
impact on explosives safety. 

− The UK and European Union are losing exper-
tise and skills in explosives science and tech-
nology. 

− A competency framework has been developed 
to embrace all occupations working with ex-
plosives. 

− Occupational standards have been written and 
qualifications are currently being developed to 
support the competencies. 

− The qualifications should be recognised and 
offered by European countries. 

− Training and educational provision should be 
expanded to support the acquisition of explo-
sives. 

 
Table 5. Qualifications for explosives clearance specialists. 
New Qualifications Framework 1 2 3 4 5 6 7 8 

Planning and management of munition clearance  
operations 

 
NVQ4 

 

Supervisory management of munition clearance  
and/or search operations 

 
NVQ3 

 

Search for munitions and/or specified targets     NVQ3          
Munitions search for and disposal of munitions     NVQ3          
Contribute to the search and/or disposal function   NVQ2            
Provide support for search or munition clearance  
operations  

 
NVQ1

Table 6. Examples of explosives qualification framework. 
New Qualifications Framework 1 2 3 4 5 6 7 8 

Explosives Manufacture         NVQ4       
Plan & manage manufacture         BSc       

 Supervise production     NVQ3
Contribute to production   NVQ2
Support to manufacture NVQ1

Explosives Safety Management                 
 Develop policy and regulations             MSc   
 Advise IPTs on ordnance safety  MSc   
 Classify & qualify explosives  BSc       
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1 INTRODUCTION 

The economic growth of the countries-members of 
the European Community is connected to some 
extent with the energy usage of explosives. Basic 
construction works, including demolition of exist-
ing installations and buildings outside and within 
inhabited areas, as well as the main processes of 
demolition of rock massifs for extraction of inert 
construction and other materials and mineral re-
sources, are made by means of industrial blasting 
works.  

Given the scale of these activities, in a number 
of cases, considerable quantities of explosives are 
spent for the execution of a unit of work. On the 
other hand, intense integrative processes are run-
ning in the counties of the European Community 
as well as in the countries of future members of 
the EC. A considerable part of the new technolo-
gies and practices of particular countries are now 
used by other countries of the Community. Inter-
national trade with industrial explosive materials is 
also developing. All this presumes that enterprise-
producers and enterprise-consumers must perform 
their activity through more effective production 
and higher quality of explosives and not least by a 
sharp decrease in the harmful influence of the 

blasting works on the environment. This influence 
becomes apparent first and foremost in a decrease 
in harmful gas-powder emissions during produc-
tion of explosives and their use. The question    
becomes more real taking into consideration that 
in middle-sized and big pits and quarries in one 
field we can blast between 10 and 80 tons at a 
time. In this case up to 7.0-7.5 million litres of 
toxic gases CO and NOx are released into the    
atmosphere and pollute the environment. Accord-
ing to the Council Directive 93/15/EEC of 5 April 
1993 – on the harmonization of the provisions    
relating to the placing on the market and supervi-
sion of explosives for civil uses – explosive must 
be designed, manufactured and supplied in such a 
way as to present a minimal risk to the safety of 
human life and health, and to prevent damage to 
property and the environment under normal,    
foreseeable conditions; in particular, as regards 
safety rules and standard practices up to and       
including such time as it is used. All this presumes 
that the study, standardization and discovery of 
new facts for definition of the influence of         
different factors on the quantity of the emitted 
toxic emissions have an important place in the 
contemporary consumer practices with the use of 
the detonation’s energy.    

New researches on the toxic gases emitted during blasting from chemical 
reactions according to the new requirements of the European Community 

G.G.Kamburova 
Minenergo Ltd., Sofia, Bulgaria 

 

ABSTRACT: In the testing laboratory of Minenergo Ltd. we have undertaken vast research on all gas
emissions, including toxic gases, emitted during blasting from chemical reactions. All tests were done in a 
142 m3 reinforced concrete pressure chamber in accordance with the requirements of EN 13631-16, 
Explosives for civil use, part 16, ‘Detection and measurement of toxic gases.’ The weight of the trials was 
from 400g to 1200g.  From the tests carried out we have found that the quantity of toxic gases is 
considerably larger than that received by the old methods. We have also discovered that the L factor, as 
we named it, has a very big influence on the emitted gas emissions. The L factor changes the idea of the 
system of the chemical reaction passing from blasting, including the release of toxic gases, as well as the 
necessary quantity of oxygen, in the explosive mixtures. 
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2 FORMER TEST METHODS  

In Bulgaria, definition of the toxic gases which are 
emitted during the execution of blasting works   
according to the active standard has been made so 
far in small pressure fulcrum chambers or thick-
walled bombs with the volume of 20 to 120 l in 
vacuum or in detonation chambers with the      
volume of 10 m3. The explosive sample is placed 
in a steel mortar put in the detonation chamber. 
Most tests which are described in the technical 
specifications of the industrial explosives allowed 
for use in Bulgaria are made in small pressure   
fulcrum chambers in vacuum and the samples of 
explosives weigh from 20 g to 50 g (BDS 15410-
81). 

In the studies conducted so far roughly dis-
persed ammonites used for work in open and un-
derground installations are tested by means of: 

− changed samples, which can be done by    
milling some quantity of the explosive mate-
rial to the stoutness prescribed for powder   
explosives. The standard in Bulgaria for the 
stoutness of powder explosives states that 70% 
of the sample must pass through a sieve of 0.2 
mm; 

− use of an additional medial detonator of 5 g 
TEN to assure detonation of the roughly     
dispersed ammonite sample (Lazarov 1988). 
 
The basic conclusions drawn from the methods 

for definition of toxic gases used up to now are the 
following:   

− The tested samples of explosives are too 
small—20 g to 50 g and reliable results can’t 
be guaranteed.  Furthermore the tests are done 
in vacuum at the conditions very different 
from the real ones.  

− Roughly dispersed, emulsion and water gel 
explosives widely used in practice cannot be 
tested with these methods because their critical 
diameter exceeds the diameter of the central 
aperture of the test mortars. The milled or 
changed samples do not give a real idea of the 
released toxic gas emissions. 

− To a considerable degree these conclusions 
also refer to the cases when toxic gazes are 
studied in 10 m3 chambers. In these chambers 
it is also impossible to examine all the roughly 
dispersed, emulsion and water gel explosives, 
which have to be changed again.  

3 NEW TEST METHODS  

For the assurance of real and reliable results of 
toxic gases emitted from the industrial explosives 
new examination methods were developed. Under-
lying these methods are the requirements of the 
new European standard EN 13631-16, Explosives 
for civil uses, part 16, ‘Detection and measurement 
of toxic gases.’ 

The basic requirements of the new European 
standard for detection of toxic gases are as        
follows: 

− The tests are done in conditions close to the 
real ones and the volume of the pressure      
fulcrum chamber must be over 15 m3. The 
chamber must be equipped with an effective 
mixing system to provide an homogeneous 
atmosphere a few minutes after the blasting.  
The chamber must be also equipped with     
devices measuring the temperature of the     
environment and the pressure inside the cham-
ber, and with apertures for taking gas samples.  

− The tested sample must be placed in a thick-
walled pipe - a mortar which allows many 
detonations to be performed. A central aper-
ture 150 mm in diameter and an internal length 
of 1400 mm is drilled in the mortar. 

− Every explosive must be tested in a cartridge 
of the minimal diameter placed on the market 
by the producer. The bulk explosives must be 
examined in PVC pipes of internal diameter 
corresponding to the minimal diameter that is 
proposed for use by the producer.  

− The quantity of the sample subjected to ex-
amination depends on the dimensions and the 
strength of the chamber. The minimal quantity 
of the sample for one test is 500g and the 
minimal length is 70cm. 

− The explosive cartridge prepared for use or   
already used must be fixed to the axe of the 
mortar aperture but flammable materials     
cannot be used for the fixing to the axe and the 
longitudinal centering of the charge. The     
initiation of the cartridge is done according to 
the instructions of the producer.  
The test is repeated three times for each        

explosive and the measured quantities of gases are 
registered during 20 minutes after the detonation 
for every test as well as an average value for the 
explosive. The average quantity of the released 
gases CO, CO2, NO, NO2 is also defined. 
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The examinations of the explosives’ toxic gases 
are in accordance with the European requirements 
and the same were made at the testing laboratory 
of Minenergo Ltd. The laboratory is built on the 
territory of the liquidated mine Pojarevo, Sofia. 
The pressure fulcrum chamber has internal dimen-
sions 5 × 5 × 5 m and internal light volume of 142 
m3. It is made of an bar iron 0.6m in width, inside 
and outside the chamber is coated in thick wall 
steel plates 20mm thick. 

The chamber is equipped with a flap for over-
pressure, apertures for ventilation, apertures for 
taking samples and others.  

For examination of powder explosives of small 
critical diameters are used a steel mortar 1200 mm 
in length and a central aperture 50 mm in diameter 
and 800 mm in length. The mortar is placed in one 
of the low ends of the chamber.  

The tests are made through: 

− a charge of the tested explosive in producer’s 
packing and a thick-walled pipe in free       
suspended condition; 

− a charge of bulk roughly-dispersed explosive 
placed in a plastic sleeve in free suspended 
condition; 

− a charge in producer’s packing placed in a 
mortar with a central aperture.  
 
Powder and plastic explosives of small critical 

diameters are initiated by an electric detonator, 
and roughly dispersed explosives by a medial 
detonator of 400g pressed TNT and an electric 
detonator.  

Aiming to define the real quantities of the toxic 
gases, we must first define the gases released by 
one electric detonator in a small 120 l pressure 
fulcrum chamber, and by one piece of 400g 
pressed TNT in a big 142 m3 chamber. Five tests 
are made and the average results are taken into 
consideration.  

Proceeding from the real conditions, the   
quantity of tested samples from the different      
explosives varies from 400g to 1200g. The biggest 
number of examinations is carried on charges from 
500-600 g to 1000-1100 g including the medial 
detonator of 400g pressed TNT. 

Every sample of a given explosive is tested 
from two to five times and the received results are 
calculated for 1 kg of the explosive. The values of 
the toxic gases released by one electric detonator 
and one medial detonator defined separately are 
deducted from these calculations.  

Figure 1 shows the pressure fulcrum chamber 
of 142 m3 in the laboratory complex of Minenergo 
Ltd.  
 

mortar    explosive charge                flap 

chamber 

steel entrance 

Figure 1. Pressure fulcrum chamber of 142m3. 

4 EXAMINATION OF GAS EMISSIONS OF 
THE BLASTING CHEMICAL REACTION  

According to the common practice when the   
composition of the explosive is CaHbOcNd, the 
chemical blasting reaction can be presented by the 
following expression: 

CaHbOcNd explosive aCO2+ b/2 H2O+ d/2   
N2+1/2 (с-2a-b/2) O2 (1) 

The fullest reaction will occur if there is as 
much O2 as it is necessary for the complete oxida-
tion of the hydrogen and the carbon. This could 
happen in the case of the so-called zero oxygen 
balance of the explosive.  

In practice, however, as a result of different 
factors, one part of the carbon burns to form     
carbon oxide CO, and one part of the nitrogen 
combine with the oxygen to form nitrogen oxide 
NO and nitrogen dioxide NO2.

It is considered that when the oxygen is         
insufficient more carbon oxide is formed, and 
when the oxygen is too much, more nitrogen gases 
are formed. The least quantity of toxic gases 
should be formed at zero oxygen balance or with 
so-called balanced explosives which are            
recommended to be produced.  

The content of the gases carbon dioxide,      
carbon oxide, nitrogen oxide and nitrogen dioxide 
is defined according to the aforesaid European 
standard EN 13631 for measurement of toxic gases 
during the chemical blasting reaction. This is 
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based on the presumption that these are the basic 
products of the explosion.  

Examinations of toxic gases carried out up to 
now correspond with this conception of a blasting 
chemical reaction. There are incomplete results 
based on another scheme of a chemical blasting 
reaction with formation of hydrocarbons and    
ammonia which is ignored because of its little 
share (Dubnov & Baharevich & Romanov 1988). 
Most probably this is due to the volumetric factor, 
i.e. analysis of the results of the tests on low 
weight samples in small space. Furthermore the 
former examinations do not cover the full gamut 
of the new, roughly-dispersed explosives used 
mainly in open blasting works. 

During the development of the new methodol-
ogy for definition of toxic gases, and taking into 
consideration the requirements of the new      
European standard, we have adopted the new idea 
developed by Prof. Dr Lazarov from the Mine-
Geological University.  

According to the above mentioned idea, as a 
result of the high temperature and pressure in the 
zone of the effective blasting reaction, it is possi-
ble that exothermic reactions and formation of 
considerable quantities of hydrocarbons occur.  

This circumstance changes the idea of running 
chemical blasting reactions, as well as the concept 
that the most effective results are received when 
working with balanced explosives. Because of 
these reasons we decided to measure the content of 
CO, CO2, NO, NO2 and hydrocarbons during the 
tests for definition of the explosion products.  

5 RESULTS OF THE CONDUCTED 
RESEARCH REFERENCES 

Two groups of explosives were tested. 
In the first group were tested TNT containing 

roughly dispersed explosives GDA-70/30, GDA 
79/21, GDA-LM, emulsion explosives Elacit 
1100, Elacit-3400 (mixture of 70% elicit 1100 and 
30% anfo) and Emulite 1200, as well as oil saltpe-
ter explosive with the trade name Naftonit 0. In the 
second group were tested powder ammonium     
nitrate explosives Ammonite 6, Lazarit, safety   
explosives Balkanit, Metanit and Skalenit, as well 
as an emulsion explosive Elacit 710.  

Table 1 shows the results of the tested explo-
sives from the first group, and Table 2 the results 
of the second group. 

Analyzing the received results of the tests done 
according to the new methods with the two groups 

of explosives the following conclusions can be 
drawn: 
 
1 It was determined unquestionably that at a 

chemical blasting transformation certain      
exothermic reactions occur and considerable 
hydrocarbon quantities are formed.   This refers  

 
Table 1. Dry products form the detonation of explosives 
initiated by a medial detonator of 400g pressed TNT.   
№ Tested  

explosives 
Types  

 
Gases,l/kg 

CO2 CO NOn Hydro-
carbons 

1 GDA-70/30 – 
500g, critical 
diameter 80 
mm, oxygen 
balance  8.2 % 

95 11 14.3 59 

2 GDA-79/21  –
500g, critical 
diameter 80 
mm, oxygen 
balance 0 % 

85 14 28.7 59 

3 GDA-LM – 
500g, critical 
diameter 80 
mm, oxygen 
balance 0 % 

142 17 22.6 142 

4 Elacit 1100 – 
550g, critical 
diameter 105 
mm, oxygen 
balance 12.7 % 

80 101 9.8 127 

5 Elacit 3400 – 
600g, critical 
diameter 140 
mm, oxygen 
balance 2.3 % 

28 110 25.2 173 

6 Emulit 1200 – 
550g, critical 
diameter 110 
mm, oxygen 
balance 12.7 % 

40 100 18.7 177 

7 Naftonit О –
550g, critical 
diameter 140 
mm, oxygen 
balance 0 % 

11 21 20.9 80 
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Table 2. Dry products form the detonation of explosives 
initiated by an electric detonator. 
 
№ Tested  

explosives 
Types 

 
Gases,l/kg 

CO2 CO NOn Hydro-
carbons 

1 Ammonite 6 – 
600-1000 g, 
critical  
diameter 9mm, 
oxygen balance     
0 %

32 36 24.1 114 

2 Lazarit – 500-
600g, critical 
diameter 10 
mm, oxygen 
balance 0 % 

28 22 29.7 90 

3 Elacit – 710-
740g, critical 
diameter 14 
mm, oxygen 
balance 0 % 

19 30 5.8 132 

4 Balkanit – 500 
-1000g, critical 
diameter 11 
mm, oxygen 
balance 0 % 

20 15 10.2 84 

5 Metanit – 600g, 
critical  
diameter 11 
mm, oxygen 
balance 0 % 

10 44 19.9 133 

6 Skalenit – 500 - 
600g, critical 
diameter 9 mm, 
oxygen balance 
0 %

10 41 21.8 165 

to the group of explosives initiated by a medial 
detonator, as well as for explosives initiated by 
an electric detonator.The quantity of the hydro-
carbons varies from 59 to 177 l/kg for the     
explosives from the first group and from 84 to 
165 l/kg for the explosives from the second 
group. If we summarize the dry gas products 
resulting from the detonation as CO, CO2,
NОх, we will receive values from 55 to 191 
l/kg and the values of the detected hydrocar-
bons are from 59 to 177 l/kg.  

Many factors influence these results and they 
need additional studies, but we cannot claim 
categorically that the factor L, established by 
us is real. Proceeding from these results the 
chemical blasting reaction must be presented 
with a certain approximation according to the 
following expression: 

 

CaHbOcNd explosion хCO2+ у/2 H2O+d/2 
N2+eCfH+1/2 (c-2x-y/2) O2, (2) 

where: е=а - х; f=b – y 

It follows that part of the carbon and the      
hydrogen collides in between, and on account 
of this the so-called balanced explosives       
become explosives with positive oxygen     
balance. This fact reflects negatively on the 
detonation, as well as on the emission of a 
large quantity of nitrogen oxides.  

2 The powder ammonium nitrate explosives with 
zero oxygen balance emit considerable quanti-
ties of nitrous gases from 10 to 30 l/kg. These 
quantities exceed several times the values of 
the tested explosives received until now        
according to the old methods—from 1 to 5 l/kg. 

3 The roughly dispersed TNT containing explo-
sives with negative oxygen balance in the order 
of 8% emit considerably smaller total quantities 
of gases and smaller quantities of hydrocarbons 
compared to the explosives with zero oxygen 
balance, i.e. their content is considerably more 
‘balanced’. 

4 Analyzing the new European standard EN 
13631-16 we need to notice that, in our     
opinion, three basic problems have not been 
fully resolved: 

− The explosives intended only for open blasting 
works are not mentioned in this standard. 

− The described method for measurement of 
toxic gases hardly will be applicable for     
definition of toxic gases released by roughly 
dispersed and emulsion explosives intended 
only for open blasting works.  

− At 105mm utmost diameter of the explosive 
and minimal length of 70cm the tested      
minimal quantity of the explosive sample will 
be over 6 kg, at the diameter of 120 mm 8kg 
and at the diameter of 140mm about 11 kg    
respectively. For testing of these big charges a 
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tick-walled mortar with large dimensions must 
be used, which will make the study difficult. 
Furthermore the requirement that the bulk 
charge must be placed in a PVC pipe will 
change the results because such pipes are not 
used in practice. In this case it will be more 
logical if the charges of bulk explosives are 
placed in thick-walled pipes, which will play 
the role of a mortar but for a single use. 

5 The criteria and the norms for the maximum  
allowable quantities of toxic gases emitted by 
industrial explosives are not formulated strictly. 
To clarify this question it is necessary to     
conduct a coordinated complex research on   
industrial explosives involving all the inter-
ested parties in the EC, according to the re-
quirements of the standard EC EN 13631-16 
and according to the methods for roughly     
dispersed explosives with large maximum      
diameters. Resulting from these complex    
studies the utmost allowable norms of the  
emitted toxic gases could be defined and       
become valid for all EC countries. 
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1 INTRODUCTION 

1.1 Management policy on packaging and 
packaging waste  

The management of packaging and packaging 
waste has as its main goal to avoid or reduce the 
impact on the environment, keeping a high level of 
environmental protection. The first way to avoid 
the production of packaging waste is reducing the 
global amount of packaging. The Directive 
94/62/EC of the Parliament and of the Council, of 
December 20, on packaging and packaging waste, 
set this objective for all types of packaging in the 
market and all packaging wastes (Official Journal 
of European Community 1994). Reuse of packag-
ing and the recovery of packaging waste are the 
basic principles for an environment policy plan. 
On 7 December 2001, the Commission submitted 
a proposal for a Directive of the European Parlia-
ment and of the Council amending Directive 
94/62/EC and fixed higher taxes for recovery and 
valorisation to be achieved by 30 Jun 2006       
(Official Journal of European Community 2002). 

More recently, new targets were agreed by the 
European Union, to be met by the 31st December 
2008. The overall recovery target is set at 60%, 
with a recycling target of between 55% and 80%. 
Specific targets for specific packaging materials 
have also been set: 60% for glass, 60% for paper, 
50% for metals, 22.5% for plastics and 15% for 
wood (Europa.int website 2004.a). Greece, Ireland 
and Portugal may postpone this deadline until 
2011; still having as target until 31 December 
2005 the rates set in Directive 94/62/EC (Eu-
ropa.int. website 2004.b). In 2003, consultations 
were held with all ten new Member States,         
because they have only recently started to build up 
their packaging recycling and recovery systems. 
On 24 February 2004, a new proposal of the 
Commission set a deadline by which the new     
targets under the revised packaging directive must 
be achieved in these new Member States. This 
proposal is limited to setting a deadline of 31    
December 2012 for these States to achieve the    
recovery and recycling targets under the revised 
packaging directive (Commission of the European 
Communities 2004). 

Managing packaging and packaging waste from explosives 

J.C. Góis 
Laboratory of Energetics and Detonics, Mechanical Engineering Department, University of Coimbra, 
Portugal 

 

ABSTRACT: The Directive 94/62/EC on packaging and packaging waste extend applicability to all types 
of packaging in the EU market. The main objectives of this Directive are to protect the environment and 
to ensure the functioning of the internal market. The measures include prevention of the production of 
packaging waste, the reuse of packaging, recycling and other forms of recovering packaging waste. The 
definition of waste, crystallised by the European Waste Catalogue from the Commission Decision 
2000/532/EC, amended by 2001/118, 119/EC and 2001/573/EC, includes the waste from explosives. 
Most of the explosives in the market are sold in their own packaging. The waste management of this 
packaging must be performed without causing danger to human health and damage to the environment. 
This paper analyses the risk related to the reuse of packaging and packaging waste from explosives, and 
discusses the technical facilities available for waste management. 
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Taking into account the environmental impact 
caused by the valorisation process, reuse and      
recovering are preferred. Valorisation often       
demands the consumption of energy and generates 
pollutants. In contrast, reuse and recovery reduce 
the consumption of raw materials. However, the 
reuse is dependent of the lifetime of the packaging 
and the rate of recovery packaging waste is        
dependant of the separate selection at the end-user. 

Looking to the waste management plan 
adopted by each Member States during the period 
1998-2000, Austria, Denmark, Luxembourg, 
Spain and Sweden have all drawn up waste man-
agement plans at national level, while France and 
Germany have drawn up a large number of         
regional and local waste plans (Commission of the 
European Communities 2003.a). Independently of 
the plan adopted, many Member States have     
collaborated exporting and importing for recovery 
and disposal. The higher collaboration was 
achieved for hazardous waste (Commission of the 
European Communities 2003.b). 

1.2  Management policy of hazardous waste 

With regard to the packaging and packaging waste 
from explosives, that can create potential hazard-
ous wastes, the European Waste Catalogue (EWC) 
(Office for Official Publication of European Com-
munity 2002), establishes the code 150110 to 
identify the packaging containing residues or   
contaminated by dangerous substances and the 
codes 1604(01)-(03) to identify waste explosives. 

Most Member States have transposed into their 
national legislation all the elements of the hazard-
ous waste definition. However, in some Member 
States legislation complies only partially with the 
definition of hazardous waste and excludes certain 
types of waste covered by the Directive. The    
Portuguese legislation excludes from the guide-
lines set for the management of waste explosives 
to be rejected or at end-of-life (Portuguese law 
1997a). 

Blasting operations in quarries, tunnels and 
mines need many tonnes of explosives, most of 
them being transported in packaging. Primary and 
secondary packaging may be used to transport   
explosive products. While primary packaging has 
a high probability of being contaminated, secon-
dary packaging has low risk, unless transport or 
handling is inadequate. As reference, the hazard 
waste management guidance section from EPA 
(EPA website 2005) assumes that for an “empty” 
container with 418 litres or less, the residue is no 
more than 3% by weight of the total capacity of 

the container and for an “empty” containers 
greater than 418 litres, residue is no greater than 
0.3% by weight of the total capacity. 

2 PORTUGUESE LEGISLATION ON 
HAZARDOUS WASTE FROM 
EXPLOSIVES PROCESSING 

In Portugal, legislative decree nº 366-A/97, of 20 
December 1997 (Portuguese law 1997.b), that 
transposes the Directive 94/62/CE, lay the manu-
facturing companies of explosives as responsible 
for the sale of explosives in the market. Portu-
guese manufacturing companies of explosives or 
importers are operators in packaging, becoming 
responsible for the management of packaging and 
packaging waste from explosives. This has been 
true from the dispositions of article 1, nº 1 of      
article 2, and nº 4 of the article 4 (this one changed 
by the decree n.º 162/2000 of 27 July 2000     
[Portuguese law 2000]) and nº 1 of the article 5, 
owing to the decree n.º 366-A/97, and from n º 1 
of the article 6 of the Ministerial order nº 29-B/98, 
of 15 January 1998 (Portuguese Ministerial Order 
1998). Consequently: 

(a) The companies are co-responsible for the 
management of packaging and packaging waste in 
the market; 

(b) The companies should submit the manage-
ment of packaging and packaging waste to one of 
management systems: a consignment system or an 
integrated system; 

(c) The cost of disposal of waste must be borne 
by the holder, who will hand over the waste to a 
collector or company and/or else by early holders 
or by the producer. 

The responsibility for the management of pack-
aging waste is shared with the producer of the 
packaging waste, which has the following obliga-
tions: (a) to assure the selection, collection and 
sorting of the packaging waste and provide its  
valorisation, in units properly licensed for the     
effect, in agreement with the guidelines set by the 
article 6 of the legislative decree nº 366-A/97 of 
20 December 1997 (amended by the legislative 
decree nº 162/2000 of 27/7/2000); and (b) To 
share the cost of the management of packaging 
wastes. 

3 DISCUSSION OF HAZARD SCENARIOS 
ON MANAGEMENT OF PACKAGING AND 
PACKAGING WASTE FROM EXPLOSIVES  

Under a scenario of maximum safety no packaging 
for explosives transport can be reused. The pack-
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aging could be contaminated or a unit of explosive 
could be forgotten inside the packaging. In this 
way, the packaging will be assumed as waste and 
two systems on management of waste are possible: 

− Integrated system: with the manufacturing 
company of explosives or the importer to set a 
contract with a management company for 
wastes. If the management company for wastes 
has not licence for selecting and collecting the 
wastes, it may celebrate contracts with one or 
more operators licensed for these tasks, paying 
them the Value of Information and Motivation 
(VIM), 

− Consignment system: with the manufacturing 
company of explosives or importer as respon-
sible for whole the process of management of 
packaging and packaging waste. 

3.1  What to do with the contaminated    
 packaging? 

In Portugal, Article 38 of the legislative decree nº 
139/2002 of 17/5/2002 (Portuguese law 2002a) 
imposes that the daily wastes of explosives from 
manufacturing or application operations must be 
promptly disposed under the supervision of the  
responsible. The disposal operation can be        
performed by combustion, detonation or chemistry 
process and the field for disposal should be free of 
cracks and stones and its area must be enough and 
located in way to avoid any damage within the 
safety distance set for buildings. Advance notice to 
the national authority, with the disposal plan, is 
required before the disposal operation is           
performed. 

Ministerial order nº 209/2004 of 3/3/2004 of 
Portuguese legislation (Portuguese Ministerial  
Order 2004), that approves the EWC, establishes 
in the annex III the valorisation and waste disposal 
processes. If valorisation operations for packaging 
wastes generated by explosives transport seems 
possible: 

− R1—the main use as fuel or other application 
into the production of energy, 

− R5—recovery. 
 
Regarding the disposal processes for packaging 

wastes from explosives we may consider: 

− D9—physical-chemical treatment not specified 
in any other part of the annex III, (for           
example: evaporation, drying, calcinations, 
etc.), 

− D10—incineration. 
 
“Rejected or end-of-life explosives” are        

excluded from the Portuguese decree nº 239/97, 
when specific legislation exists. If the packaging 
and the packaging waste generated from explo-
sives transport are contaminated it will be reliable 
to assume these wastes as explosive in end-of-life. 
From this approach the management of wastes will 
be out of the decree nº 366-A/97, referred above, 
and it will applied the Article 38 of the decree nº 
139/2002 of 17/5/2002. 

But, if the packaging and packaging wastes 
from explosives are assumed as “other waste      
explosives” under the code 160403 of EWC it will 
be applied the decree nº 239/97 of 9/9/1997. 
Within the guidelines set up for the valorisation of 
waste contaminated with explosives the “use as 
fuel or other application into the production of  
energy” seems suitable in rotary kilns, modified 
incineration, combustion in fluidised bed or pyro-
lysis (ENVIRO DINAMIK. 2002.a). Under a 
waste disposal scenario the modified incineration 
process is considered as the most effective from a 
safety, health and environment point of view 
(ENVIRO DINAMIK. 2002.b). The treatment   
options prescribed for thermal destruction of 
wastes contaminated with explosives are depend-
ent of the danger group set for these explosives 
and the acceptable levels of pollutants from the 
thermal process. 

The removal of the current contribution of 
open burning, carried out in many countries, to the 
ambient air quality rise should be considered. In 
Portugal, Article 13 of the decree nº 78/2004 of 
3/4/2004 excludes the open burning of any waste, 
being the only exception for the burning of waste 
from agro-forest activities (Portuguese law 2004). 
This legislation is an amendment of the decree nº 
276/99 of 23/7/1999, which transposes the Direc-
tive 96/62/EC on management of air quality. 

4 FUTURE POLICY ON MANAGAGEMENT 
OF WASTE FROM PACKAGING FOR 
EXPLOSIVES 

In a trial period for Member States until June 30, 
2006, with more ambitious objectives concerning 
the recycling or valorisation of the packaging 
wastes, should it be reasonable to assume that all 
packing used in explosive transport is contami-
nated? 

Taking the explosive substances indicated in 
Class 1 of ADR (Portuguese law 2002b) into     
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account, as representative of the most hazardous 
waste, we verify that some of the packaging used 
for the transport of those substances has null or 
very low risk of contamination. Dependent on the 
nature of the material of packaging, its reuse or 
valorisation will be possible after a previous selec-
tion process. However, to go in this way without 
risk of accidents it is necessary to identify the    
potential danger of the packaging and packaging 
waste associated with the explosive substances 
transported. At the same time it is necessary to   
define criteria and norms about the guidelines for 
the selection process of packaging for reuse and 
packaging waste for valorisation. The information 
marked by the manufacturing companies of explo-
sives on the packaging will be an important     
technical support to this task. Nevertheless, this 
information must be harmonised by Member 
States, influenced by the requirement to the future 
European REACH-Registration, Evaluation and 
Authorisation of Chemicals (Commission of the 
European Communities 2003c). 

The discussion about the reuse of packaging 
for explosives must be started firstly by consider-
ing secondary packaging, due to the fact that the 
explosive substance is not in direct contact with 
the packaging. In this scenario, the packaging from 
hard card, wood or metal has potential conditions 
for reuse. When these packaging reach the end-of-
life they will be conducted to valorisation or     
disposal processes, as a function of its level of 
contamination. In considering the reuse and valor-
isation of the secondary packaging for explosives 
it will be necessary to organize the operations in 
the quarries, tunnels and mines in way that avoids 
the damage and the contamination of those     
packaging.   

Nowadays, several companies working in  
quarries, tunnels or mines are looking for the ISO 
14001 certification. To follow this course, a       
selection process of packaging and packaging 
waste for reuse or valorisation is required. The 
contribution will be its contribution to a better   
environment quality. 

5 CONCLUSIONS 

Presented here has been a general framework for 
the management of packaging and packaging 
waste from explosives. Within such framework is 
discussed the different possible scenarios, with the 
aim of minimizing risks and improving the recov-
ery and recycle of packaging for explosives      
substances. 

Many Member States use open burning to    
dispose of packaging and packaging waste from 
explosives. The restrictions of environmental    
legislation and the target set for the management 
of wastes require methods and criteria for the 
analysis of the lifetime of explosive packaging and 
level of contamination. A great contribution to the 
European Commission can be carried out by the 
Notified Bodies, the European Federation of     
Engineers of Explosives (EFEE) and the Federa-
tion of European Manufactures (FEEM). 

Co-operation between Member States must be 
improved in this specific area in order to set up an 
integrated and adequate network of disposal       
installations with realistic costs. 
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1 INTRODUCTION 

Over the last years Ammonium Nitrate (AN) has 
gained increased attention from authorities. This is 
caused by various accidents and increased misuse 
of the product. In the past the main concern has 
been on the safety of manufacture, transport,   
storage and use of Ammonium Nitrate.  Today   
security issues are becoming more and more      
important and authorities are focusing on ways to 
prevent misuse of AN and other easily available 
products with high risk potential. 

The distribution of technical grade AN is a 
‘closed loop,’ i.e. normally direct from the manu-
facturer to the user of the product, and therefore 
under good control from theft. AN fertilizer grade, 
however, will pass through a wide distribution 
network on its way to the farmer, and can more 
easily be stolen. There are currently regulatory and 
industry initiatives to improve the control of the 
distribution and storage of such fertilizers. 

Accidents: 

− fire – melting of AN – contamination/confined 
space – AN detonation; 

− degradation of product – contamination – 
(heat/impact) – AN detonation. 
 
Security:  

− theft of AN for illegal use; 

− placement of detonators in storage buildings or 
in hijacked trucks. 
 
We all have big challenges in securing trans-

port, storage and use not only of Ammonium     
Nitrate but also of all energetic materials used for 
blasting applications. 

2 ACCIDENTS 

As can be seen in Table 1, there have been several 
accidents involving Ammonium Nitrate. In addi-
tion to these there have also been numerous fires 
in buildings containing AN, but they have not    
resulted in a detonation. However, these ‘normal’ 
incidents do not make big headlines.  The Internet 
makes information easily available and it is    
questionable if there actually has been an increase 
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in the number of accidents with AN during recent 
years. 

 
Table 1. Major accidents involving ammonium Nitrate 
1950 – 2000. 

Date/place/ 
Product 

Description 

1954 
Red Sea 
AN  
Fertilizer 

Sea transport.  
Fire in ships hold.  AN fertilizer + paper + 
organic/copper.  Explosions – ship    
abandoned and destroyed. 
No personnel injury. 
 

1960 
Traskwood 
USA 
AN  
Fertilizer 

Rail transport.   
Wagons derailed�fire. 
Hydrocarbons, concentrated nitric acid 
and AN involved. 
Explosion. 
No personnel injury.  
 

1963 
Traskwood 
USA 
AN  
Fertilizer 

Rail transport.  
Wagons derailed�oil spill + fire.   
No explosion. 
No personnel injury. 
 

1966 
USA 
AN  
Fertilizer 

Storage. 
AN fertilizer, also pesticides and combus-
tible materials. Fire. Smoke affected fire 
fighters. Explosion. 
No personnel injury. 
 

1967 
USA 
AN 
Fertilizer 

Rail Transport.  
50 t AN in paper bags in wagons with 
wooden interior, fire, and left to burn out. 
No personnel injury. 
 

1972 
France 
AN 
Solution 

Road Transport.  
AN solution tanker. Decomposition in 
lagging. Contaminated with organics and 
AN, explosion, hot AN solution released. 
2 fatally burnt. 
 

1973 
USA 
AN 
Fertilizer 

Storage.  
Severe fire in AN store of wooden     
structure, fuel tank in payloader.          
Difficulty with fire fighting. A few tonnes 
of AN exploded. Main heap –14000 t, 
unaffected. No personnel injury. 
 

1978 
USA 
AN 
Fertilizer 

Storage.  
500 t AN in a warehouse fire. Store burnt 
out completely. No explosion. 
No personnel injury. 

1982 
UK 
AN 
Fertilizer 

Storage.  
Major fire, wooden furniture stored near 
AN fertilizer, toxic fumes released. 750-
1000 evacuated. Deflagration in AN. No 
personnel injury. 
 

1998 
Kentucky, 
USA 
AN 
Fertilser 

Storage.  
A warehouse with 4000 t AN in basement 
on fire; allowed to burn out. 2 explosions 
believed to be in propane cylinders. 2500 
evacuated. No personnel injury. 
 

1997 
Brazil 
AN 
Technical 
 

Road Transport.  
Fire, Explosion. 
Several passengers fatally injured. 

2000 
Florida 
USA 
AN 
Fertilser 

Road Transport. 
Collision between AN truck and gasoline 
tanker. AN truck driver killed due to    
collision. Fire allowed to burn out. 

 

From the incidents that occurred in the past, it 
appears that the explosions fall into two groups. 
The first group consists of explosions that were 
caused by a shock to detonation transition. The 
initiation of the explosion occurred by an explo-
sive mass going off in the material, by the detona-
tion of a shell thrown into the mass, or by the 
detonation of an explosive mixture in contact with 
the AN. Well-known examples of this type include 
Kriewald, Morgan, Oppau, Tessenderloo and 
Traskwood. 

The second group consists of explosions that 
followed a fire that spread either to the Ammo-
nium Nitrate (Texas City, Brest, Oakdale, etc) or 
to nitrate that became mixed with combustible 
substances during the fire (Repauno, Cheroke, 
etc). With respect to this group it must be men-
tioned that there are numerous examples of fires in 
which the Ammonium Nitrate was impure but that 
did not led to an explosion. Some level of        
confinement appears to be an important boundary 
condition for the transition of a fire into an        
explosion. 

Although fires and explosions with Ammonium 
Nitrate did occur in the past, the safety record (and 
the image) of the product remained at acceptable 
level. This changed with the explosion at Grande 
Paroisse, Toulouse, France on September 21, 
2001. The explosion occurred in a warehouse that 
contained 200-300 tons of off-spec Ammonium 
Nitrate (both fertilizer and technical grade AN). In 
the explosion, 29 people were killed and nearly 
2500 were wounded, 30 severely. The strength of 
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the explosion caused severe damage to the plant 
and to the surroundings.  What caused the AN to 
explode is still not fully understood. 

More recently, the image of Ammonium       
Nitrate as a relatively safe product has been further 
damaged by a number of incidents in which AN 
has caught fire and subsequently exploded. 

3 FIRE HAZARDS 

Ammonium Nitrate itself does not burn but in  
contact with other combustible materials it         
increases the fire hazard. Because of its oxidizing 
properties, Ammonium Nitrate facilitates the     
initiation of a fire and it intensifies fires in      
combustible materials. For this reason, the fire risk 
potential is generally considered higher than its 
explosive risk potential. Ammonium Nitrate can 
support and intensify a fire even in the absence of 
air. Fires involving Ammonium Nitrate will        
release nitrogen oxides and ammonia. Until        
recently, the probability for an explosion of     
Ammonium Nitrate under fire conditions was  
considered to be very low. However recent         
accidents appear to justify reconsideration. In    
Table 2, a short summary on these accidents is 
given. 

 
Table 2. Incidents of fire and subsequent explosions  
2003 – 2004. 

Date/place Description 
2 October  
2003 
St Romain en 
Jarez, France 

Explosion in farmer’s barn.  
The hay in a farmer’s barn caught 
fire. The barn also contained some 3-
5000 kg fertilizer grade AN and 
about 3000 plastic (polyethylene) 
boxes in piles. Approximately one 
hour and fifteen minutes after the fire 
was notified, an explosion took place 
causing 26 injuries (including 18 
firemen) and structural damage to 82 
houses of varying severity. Damage 
was observed as far as 650 metres 
from the warehouse. 
 

18 February 
2004 
Iran 

Railcar explosion.  
51 run-away train wagons derailed, of 
which 7 wagons were loaded with 
420 t fertilizer AN in bags, 7 with 
390 t urea in bags, 17 with crushed-
in-bulk sulphur, 10 with gasoline and 
fuel oil, and 10 with cotton lint. The 
AN exploded after catching fire from 

sulphur and petroleum products, 
causing 300 fatalities. 9 railway    
employees were charged for negli-
gence: Emergency brakes and rail 
shoes (stoppers) had not been fully 
engaged. 
 

9 March 
2004 
Castellon, 
Spain 

Truck explosion. 
A truck with 25 t of fertilizer AN in 
bulk (open truck, metal ‘bath-tube’) 
collided with a car and rolled over on 
its back, with spill of fuel and a fire 
started. About 20-30 minutes later an 
explosion occurred. Two people were 
killed (the car driver and a truck 
driver who was hit by a stone in the 
explosion) and 5 injuries. Pieces were 
thrown 200 metres away.  
 

24 May 2004 
Mihailesti, 
Romania 

Truck explosion.  
A truck with 23 t of fertilizer AN in 
bags skidded off the road and turned 
over. The truck cabin started burning. 
An hour later the cargo exploded, just 
when a fire crew was about to start 
the water hoses. 20 people were 
killed and several houses in a nearby 
village were damaged. Neither the 
truck nor the driver was qualified for 
dangerous goods transport. The fire 
crew were not informed of the      
dangerous properties of the cargo.  
No evacuation of people or road    
closure was initiated prior to the     
explosion. 
 

22 April 
2004 
North Korea 

Railcar explosion.  
An oil road tanker was reported to 
have collided with two railcars 
loaded with AN, knocking down an 
electric pole. It is thought that electric 
sparks caused a fire and explosion of 
the AN, with 161 fatalities and 1300 
injuries. Due to the size of the crater 
officials have questioned whether 
military explosives were involved   
instead of AN.  

 

These accidents all have one thing in common: 
some sort of contamination, fire over a period of 
time and then explosion. 
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In addition to the accidents listed above, the 
Walden accident in Canada should be mentioned.  
In 1998 a tractor-trailer carrying approximately 
18,000 kg of blasting explosives, including over 
13 tons of ANFO, struck a rock face on the side of 
the road near the town of Walden, Ontario,      
Canada. Eyewitness of the incident state that there 
was an intense fire for approximately 30 minutes 
before the detonation. It was determined that only 
the ANFO had detonated as water gel and      
emulsion were recovered afterwards.  In spite of 
extensive testing, the firm cause of the explosion 
has not been established, but it is still believed that 
the most likely cause of the detonation at Walden 
was a fragment impact. Earlier testing has demon-
strated that ANFO cannot be heated to its critical 
(for detonation) temperature, by heat sources  
similar to a diesel fire, without heavy confinement. 
The mass of adjacent explosive appears to be      
insufficient confinement, that is, the explosives do 
not appear to be capable of self-confinement.   
Furthermore, no truck/explosive configuration can 
be realistically conceived of providing sufficient 
confinement. 

Conversely, it has been demonstrated that there 
are several fragment impact scenarios that realisti-
cally could lead to the detonation of molten       
explosives. However, these scenarios are            
extremely difficult to recreate. 

3.1  Lessons learned from past accidents 

− Under certain conditions AN can detonate as 
in case of a fire or when strongly impacted.    

− The risk is highest for AN with low density 
and powdered AN. 

− The explosions have occurred when AN has 
been contaminated by organics and/or when 
AN has been heated in an enclosed space, 
which caused pressure build-up. 

− Very few, if any at all, accidental explosions 
have occurred involving AN fertilizer grade of 
EU quality and with high density. 

− No accidental explosions have been reported 
for AN-based fertilizers with less than 80% 
AN. 

4 SECURITY 

4.1  Theft and misuse 

It is well known that AN, CAN and urea, in     
mixtures with other compounds like oil and sugar, 

etc., have detonation properties. They have been 
used in several attacks all around the world, e.g. 
UK, Ireland, USA, Africa, Middle East, Turkey. 

During the 1990s, these raw materials were 
used in several car bomb incidents in the UK, and 
especially in London. During that same period, 
there were also numerous potential incidents that 
were discovered and stopped in time. The last 
known incident was in London in April 2004 
where theft of 500 kg of fertilser grade AN was 
discovered. The bag was found and kept under  
observation for several weeks and many people 
were arrested. 

An important reason for the misuse of Ammo-
nium Nitrate lies in its availability. The trade of 
real explosives, UN Class 1, is well controlled and 
it is practically impossible to achieve large 
amounts of explosives for illegal actions. Less 
than 2 percent of the bombings in the United 
States involve commercially manufactured high 
explosives. Therefore, AN is often the preferred 
compound to achieve an illegal explosion on a 
large scale. 

The distribution of technical grade AN is a 
‘closed loop,’ i.e. normally direct from the manu-
facturer to the user of the product, and therefore 
under good control from theft. AN fertilizer grade, 
however, will pass through a wide distribution 
network on its way to the farmer, and can more 
easily be stolen. There are currently regulatory and 
industry initiatives to improve the control of the 
distribution and storage of such fertilizers. If used 
for illegal applications, the fertilizers will have to 
be reworked to obtain an appropriate charge,     
depending on the properties of the material. The 
quality of the fertilizers made for the European 
market is the most stringent, with special consid-
eration for the inherent safety characteristics of the 
material. 

 Unfortunately, the knowledge for turning a 
chemical, including nitrate materials, into a bomb 
is available through many sources, especially on 
the Internet. Considerations about the critical     
diameter and sensitivity for Ammonium Nitrate 
are not a concern; there will always be ways to 
make a charge that can detonate.  It will be more 
difficult if a large amount of inert material is 
added to the AN. 

4.2  Taggants 

Misuse of AN and explosives always raise       
concerns about what can be done to prevent these 
horrific events. Following such atrocities, there 
have been calls to require taggants in commercial 
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explosives, even though most of the improvised 
explosive devices, which are the choice of     
criminals, were not made with commercial high 
explosives. 

Taggants can refer to two types of marking 
technologies.  

− Detection taggants are used to detect explo-
sives before detonation.  

− Identification taggants are intended to be used 
to trace explosive materials to their source. 

 

Most countries today require detection agents 
for plastic explosives. Without detection agents, 
plastic explosives are difficult to detect. These 
taggants are organic substances and cannot be 
added to Ammonium Nitrate without turning it 
into a Class 1 product. 

While the technology of detection taggants has 
been successfully implemented in plastic            
explosives, a number of technical challenges      
remain to be resolved before identification – or 
post-blast – taggants can feasibly be deployed. 

 Identification taggant technology has consis-
tently centred on the ‘Microtaggant,’ which is a 
chip made of multiple layers of plastic and metal. 
These chips theoretically could be placed in AN 
and explosive products with the hope that investi-
gators could find them at a bombing crime scene, 
after an explosion, and trace them, through the 
manufacturer, to the bomber. 

The environmental impact resulting from the 
introduction of an estimated 1000 tonnes (in the 
USA) of plastic and metal taggants into the       
surroundings every year has yet to be evaluated. In 
fact, the addition of such particles to Ammonium 
Nitrate, a chemical used in the manufacture of   
explosives and predominately as an ingredient in 
agricultural fertilizer, would disperse these gritty 
fragments throughout the environment. 

A taggant from a criminal bomb would not be 
distinguishable from those taggants at the scene 
resulting from the legitimate use of explosives to 
produce building materials such as concrete,   
mortar and stone and the construction of roads and 
highways. The finding of multiple taggants would 
seriously complicate the investigation and         
certainly any eventual prosecution, further eroding 
any value gained from a tagging programme. 

So, until new and totally different taggant    
systems have been developed, the use of existing 
taggant systems is of limited value.   

In addition there is ongoing work to develop 
suitable ‘sniffers’ that can detect Ammonium     
Nitrate but so far this has not been successful.  

5 LEGISLATION, REGULATORY AFFAIRS 

Today most inorganic nitrates are classified as 
Class 5.1 (Oxidizers). Due to availability, most  
focus from authorities is on fertilizer grade prod-
ucts. AN for technical applications (e.g. explo-
sives) is better controlled in many countries.  
Regulatory updates are quite frequent and some 
examples are listed below. 

5.1 UN 

International Transportation Regulations for Dan-
gerous Goods: ADR / RID / IMDG. 

Classification: of Ammonium Nitrate; 5.1    
oxidizing substances. 

− AN solid, non fertilizer: UN 1942. 

− AN fertilizer:    UN 2067. 

− AN solution:     UN 2426. 
 
Documents. 

− Bill of lading. 

− Emergency instruction. 

− Drivers training certificate. 
 
On the basis of the UN Recommendations on 

Transport of Dangerous Goods a new chapter has 
been added to ADR / RID / ADNR. This is valid 
from the 1st of January 2005 onwards and begins 
at the expiration of the usual six-month's transition 
period on 1.7.2005. 

The new chapter of ADR / RID / ADNR con-
tains special rules for dangerous goods with high 
hazard potential. 

This list of ‘high consequence dangerous 
goods’ contains products such as: 

− explosives; 

− toxic materials; 

− flammable gases; 

− other materials e.g. Ammonium Nitrate       
fertilizer in bulk above 3000 kg. 

 
These High Consequence Dangerous Goods 

have the potential for misuse in illicit activities 
and may, as a result, produce serious conse-
quences such as mass casualties or mass destruc-
tion. 

Companies engaged in the transportation of 
High Consequence Dangerous Goods have to    



32

develop a security plan and to comply with a long 
list of special requirements. 

5.2 Europe 

5.2.1 EU 

Seveso II Directive has been revised: 

− 5000 t / 10000 t: AN-based fertilizer that   
undergo self sustaining decomposition. 

− 1250 t / 5000 t: AN fertilizer that satisfy the 
EU detonation test. 

− 350 t / 2500 t:  Technical AN + AN solution 
above 80% concentration. 

− 10 t / 50 t:  Reject AN material, returned from 
customers etc.  

5.2.2 CEFIC (European Chemical Industry 
Council) 

This has issued revised guidelines for transport of 
high-consequence dangerous goods based on    
recommendations from the UN. 

5.2.3 EFMA (European Fertilizer Manufacturers 
Association)  

This has issued several new and/or revised        
recommendations relating to the manufacture, 
storage and handling of nitrate containing       
products. 

− Product stewardship programme for fertilizers. 

− Dos and Don'ts. Safe Storage of Fertilizers 
Containing AN. 

− Guidance For Handling Non-Conforming 
Ammonium Nitrate Based Fertilizers in      
Distribution Chain. 

− Handbook for the Safe Storage of Ammonium 
Nitrate Based Fertilizers (1992 – revised    
version soon to be published). 

5.2.4 France 

Revision of storage permits, recalculation of   
separation distances, stack sizes etc. 

5.2.5 UK 

Safety: Recent measures sufficient (DEFRA), will 
defend AN as important fertilizer 

Security: Will dilution of AN provide better       
security against terrorism? 

For both security and safety:  

− All fertilizer grade AN on UK market must 
pass resistance to detonation test. 

− Users of AN such as in mining and quarrying 
can apply for exemption certificates from the 
Health and Safety Executive. 

− Proposal for new/revised guidelines for stor-
age of AN for explosives. 

5.2.6 Germany 

Safety of AN-products is not a major issue since 
AN Fertilser with Nitrogen content above 28% is 
not allowed.  CAN is considered safe, at least from 
a storage point of view. 

In Germany, the storage regulations for AN has 
been very strict for many years: 

− Locked suitable building.  

− Minimum distances to buildings used regularly 
by humans and to public traffic routes. 

− Max. 25 t of bagged material in one stack/box.  

− Stacks/boxes have to be separated by concrete 
walls of 2.92 m thickness.

5.2.7 Spain 

Very strict regulations for technical grade AN for 
many years (e.g. police escort required for      
transport). 

5.3 Australia 

New group of products: Security Sensitive Am-
monium Nitrate to be covered by the Australian 
Explosives Act of 1999. 

Definition: Security Sensitive Ammonium Ni-
trate consists of Ammonium Nitrate alone and/or 
Ammonium Nitrate mixed with other substances, 
such that the proportion of Ammonium Nitrate  
exceeds 45 per cent.  Proposal also include other 
security sensitive products (inorganic nitrates, 
emulsion matrix etc.). 

An ‘authority’ would be required to import, 
manufacture, store, transport, supply, export, use 
or dispose of SSAN 

Persons seeking an ‘authority’ will be required 
to: 
− demonstrate a legitimate need for access to 

SSAN; 

− provide safe and secure storage and handling 
procedures; 
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− report any loss, theft, attempted theft or unex-
plained discrepancy to the regulatory authority 
and police in each jurisdiction; 

− undergo background checking and be a mini-
mum of 18 years of age and provide verifiable 
proof of identity, and if a company, details of 
the company. 
 
Background checking must include police and 

Australian Security Intelligence Organization 
(ASIO) checks. 

− As a minimum, background checks will be   
required for the person responsible for the    
security of SSAN at a workplace (‘responsible 
person’), as well as for any person who has 
unsupervised access to SSAN. 

− The owners and directors of companies which 
are not publicly listed will also undergo back-
ground checking. 

− Police checking should be done regularly. 

− ASIO checks need only be done once, pro-
vided ASIO is notified of the change of name 
of a person who is subject to security check-
ing. 

− An authority to import, manufacture, store, 
transport, supply, export, use or dispose of 
SSAN will impose requirements on the holder 
of that authority. 
 
Australian farmers use around 80,000 tonnes of 

SSAN products, namely Ammonium Nitrate and 
Calcium Ammonium Nitrate (CAN) annually, in 
the production of fruit and vegetables, sugar cane, 
tree and vine crops, and grain.  It is estimated that 
about 18,000 farmers rely on SSAN products as 
essential farm inputs. 

On average the Secure Fertilizer Storage      
Upgrade component is likely to be around 
A$4,000, which in conjunction with the Farm 
Business Compliance Component of A$1,500, 
takes the average SSAN Compliance Grant to 
A$5,500 per enterprise.  On this basis, it can be 
assumed that the maximum cost of delivering the 
SSAN Compliance Grant Program (ie: Grants to 
all 18,000 farmers) would be in the order of 
A$99M. 

5.4 USA 

Safe Explosives Act has been revised, and now 
much stricter regulations apply to those involved 

in purchase, handling, transportation and use of 
explosives 

As the use of nitrate-based fertilizers is quite 
unregulated many believe these products should 
be better controlled. 

Congressman Hinchey’s bill, the Ammonium 
Nitrate Security Act, would implement the Na-
tional Academy's recommendations and require:  

− sellers of detonable nitrate fertilizers to be     
licensed, and purchasers to obtain permits; 

− facilities and individuals storing nitrate       
fertilizers to follow safety and security regula-
tions promulgated by the Bureau of Alcohol, 
Tobacco, Firearms and Explosives (ATF);  

− immediate reporting to ATF of theft or loss 
from manufacturers, distributors or retailers.   
 
The Fertilizer Institute’s (TFI) has launched 

‘America’s Security Begins with You,’ Ammo-
nium Nitrate awareness campaign. 

6 CONCLUSION 

Over the last years Ammonium Nitrate (AN) has 
gained increased attention from authorities.  This 
is caused because of various accidents, and         
increased misuse for bomb making. 

− Fires that have resulted in an explosion seem 
to have one thing in common: Some sort of 
contamination, fire over a period of time and 
then explosion. 

− Thermal tests with AN (and ANFO) have 
shown that they can not be heated to its critical 
(for detonation) temperature, by heat sources 
similar to a diesel fire, without heavy con-
finement. 

− It has been demonstrated in various reports 
that there are several fragment impact scenar-
ios that realistically could lead to the detona-
tion of molten explosives and most likely also 
molten AN. However, these scenarios are     
extremely difficult to recreate in real fire     
scenarios. 

− In the past the main concern has been centred 
on the safety of manufacture, transport, storage 
and use of Ammonium Nitrate. 

− Today security issues are becoming more and 
more important, and authorities are focusing 
on ways to prevent misuse of AN and other 



34

easily available products with high risk        
potential. 

− UN has defined a list of high consequence 
dangerous goods that have been adopted by 
ADR/RID and revised regulations for transport 
of such materials have been issued.  

− As a variety of materials can be misused,     
authorities are seeking ways either to safe-
guard the handling chain or to restrict their 
availability (Australia, USA, UK, others). 

− Several countries have banned the use of   
Ammonium Nitrate as a fertilizer. 

− Other countries have introduced new ways of 
classification based on the risk potential and 
the ease by which a given product can be 
‘treated’ to make an explosive device. 
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