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Abstract 

 
In order to evaluate the most significant industrial chemicals, which may cause chemical 
threats due to accidental or deliberate releases, toxic industrial chemicals commonly used 
in Finland were surveyed. Secondly, a risk analysis tool was developed by selecting and 
ranking the critical chemical properties affecting the health and environmental risk of 
chemical with main focus in health risks. These properties included availability (usage 
levels), toxicity, and critical chemical-physical properties affecting the substance 
dispersion in environment such as vapour pressure, water solubility and octanol-water 
partition coefficient. Also reactivity, flammability and explosivity as well as 
environmental toxicity were taken into account. The prioritization tool was applied on the 
compiled chemical survey data. The procedure resulted in a final priority list of 300 
relevant risk chemicals ranked from a total set of 1300 chemicals. In the second phase of 
the study, these risk chemicals were analysed more carefully and grouped according to 
relevant threat types or scenarios. In addition, a MS Access -based database application 
was developed. The national priority list forms an excellent starting point for authorities 
in developing preparedness towards chemical threats with public health consequences by 
providing more relevant focusing. Highly scored compounds based on the systematic risk 
analysis can be given preference when risk management instructions are prepared and 
analytical methods for identification of the hazardous chemicals are developed. 
Keywords: chemical threats, risk analysis, prioritization, toxic industrial 
chemicals, TIC 

 
Introduction 

 
An accidental release of chemicals from their containment is one very relevant risk scenario. In 
Finland, approximately 150 chemical accidents are reported annually (TUKES, 2007). In 
addition to accidental releases, during the past few years commonly used industrial chemicals 
has been identified as possible threats also in scenarios involving deliberate releases of 
chemicals (Reassessing the Threat, Chemical Biological Warfare Review, 2006) For example, 
in Iraq in the spring 2007 trucks carrying chlorine were blown up with several casualties 
suffering for chlorine-caused respiratory symptoms. Last year, a case of British terrorist group 
planning an attack using fertilizer was reported. These cases highlight the importance of 
preparedness also toward these kinds of chemical threats. 
 



The first step in improving the preparedness toward chemical incidents is the identification of 
relevant toxic industrial chemicals. There are different possibilities to prioritize chemicals most 
likely to cause health threats. Depending on the scope, different criteria and scoring may be 
used. The aim of this study was to create a very simple risk analysis methodology and apply it 
in order to identify the most important toxic industrial chemicals, which may cause public 
health threat due to releases in Finland. Starting point was industrial chemicals used, stored or 
transported at high amounts in Finland. The criteria were selected considering acute releases, 
either accidental or deliberate, and possible public health consequences. 
 
Materials and Methods 

The study composed of following steps: 
 
1) Survey of the most common hazardous chemicals in Finland. This consisted of analysis of 
different databases giving information on mostly used, transported and stored chemicals in 
Finland. Databases included Finnish product register on chemical preparations, register on 
chemicals imported in Finland, and register on chemicals stored and used in large-scale 
industrial facilities (Seveso II directive plants). Expert judgment was used to eliminate non-
hazardous chemicals from the list to create the base list for further analyses. Chemicals used, 
stored or imported at amounts > 1 tonne/year were included in the first pool of chemicals. 
 
2) Development of risk prioritization tool by identification of most critical properties of the 
chemicals affecting their ability to cause public health risks due to accidental or deliberate 
releases. Different properties were prioritized and scored. Also environmental hazards were 
taken into account by raising the scores if also environmental hazards may come into question. 
Expert judgment was used to select relevant weighting factors for individual properties, so that 
those criteria judged to be most important were given an additional weighting of 2.  
 
3) Application of risk prioritization tool developed in phase 2 to the base list of chemicals 
created in phase 1 resulting in priority list of 300 important industrial chemicals. 
 
4) In the second phase of the study main threat types were identified and the prioritized 
chemicals were analysed more carefully and grouped according to threat scenarios they may 
pose. An MS Access based database was created from which it is possible to identify which 
types of scenarios the chemical may cause (e.g. an acute health risk via air dispersion, long 
term health risk after the leakage into the ground water etc). 
 
Results and discussion 

The survey of Finnish registers resulted in over 2000 chemicals, which were used, stored or 
imported in Finland at tonnage levels of more than 1 tonne/year. This list was reduced to 1300 
chemicals by excluding overlapping chemicals and subsequently to 770 chemicals by removing 
non-hazardous chemicals. This list of 770 chemicals formed the base list for further analysis. 
 
Prioritization tool created for risk analysis of industrial chemicals consisted of 10 main criteria. 
The first criterion was the availability of the substance. Since the most commonly used 
chemicals are most likely to cause accidental releases and may be more easily accessible for 
use in criminal purposes, tonnage levels were used as surrogates to describe the availability of 
the chemical. Based on tonnage levels scores from 1-5 for availability were given. In addition, 
a weighting factor of 2 was applied for this criterion. Similar ideology was used to other 
criteria. The criteria and the matrix created are presented in Table 1. In the case of toxicity, 
final score on toxicity was determined according to most severe health hazard, e.g. in the case 



of a chemical with respiratory tract irritancy (R37) and high acute inhalation toxicity (R26) 
final score was determined by acute inhalation toxicity. 
 
Table 1. Prioritization criteria and scoring system. 
 

Prioritization matrix 

Main criteria Indicator Score x 

weighting factor 

Availability Tonnage levels  

 <10 t/y to >10.000 t/y 1-5x2 

Ability of the substance to drift in 

the soil and water 

Water solubility g/l  

 <1 g/l up to >1000 1-5 

Potency to bioaccumulate logKow  

 from <3 to ≥ 6 1-5 

Threath (history of incidents)  History of accidents in 

Finland and history of 

deliberate use 

 

Accidents: 1-10 to more 

than  

> 100 during the past 30 

years 

1-5 

 

 

History of deliberate 

releases: yes/no 

0 or 3 

Dissemination in air Vapour pressure kpa (25 

°C) 

 

 from 0,001-1 to > 500  1-5 

Health hazard/toxicity R-phrases*  

Acutely very toxic chemicals 26, 27, 28 5x2 

Acutely toxic chemicals 

Known human carcinogens 

Corrosive chemicals 

23, 24, 25 

45 ja 49 cat 1 

34, 35, 41 

4 x2 

Chemicals acutely harmful by inhalation 

or through the skin 

Animal carcinogens, reproductive toxic 

ants and mutagens 

Respiratory tract irritants 

20, 21 

 

45 ja 49 cat 2, 46, 47, 60, 

61 

 

37 

3 x2 

Chemicals harmful by ingestion 

Respiratory tract sensitizers  

Skin/eye irritants 

Chemicals suspected of being 

carcinogenic, reproductive toxicants or 

mutagens 

22  

42 

36,38 

40,62,63,64 

2 x2 

Environmental Hazard R-phrases  

Toxicity to aquatic organisms 50, 51, 52 2, 2 or 1 

Flammability NFPA classification on 

flammability 

 

Not combustible - Extremely flammable 0-4 0, 2-5 

Reactivity NFPA classification on 

reactivity 

 



no hazard -high hazard for explosion  0-4 0, 4, 6,8 or 10 

Reactivity with water R-phrases  

Reacts violently with water, liberates 

toxic or extremely flammable gases in 

contact with water 

14, 29, 15 3, 4 or 5 

*R-phrases according to EU classification and labelling of dangerous substances (Council directive 67/548/EEC on 
the approximation of laws, regulations and administrative provisions relating to the classification, packaging and 
labelling of dangerous substances) 

 
Example of application of prioritization matrix to chlorine is presented in Table 2. 
 
Table 2: Application of prioritization tool to chlorine. 
 
Criteria/indicator Prioritization 

category for 
chlorine  

Total score for 
chlorine / 
maximum score  

Availability / tonnage level in Finland more than 10.000 
t/y 

10/10 

Ability of the substance to drift in the 
soil and water/ water solubility 

category 1 - 10 g/L 2/5 

Potency to bioaccumulate/logKow <3 1/5 

Threat (history of incidents) 
History of use in deliberate releases 

20 - 50 accidents 
Yes 

3/8 
3 

Dissemination in air/vapour pressure 
(25 °C) 

>>500 kpa  5/5 

Health hazards / R-phrase R 23 8/10 

Environmental hazard / R-phrase R 50 2/2 

Flammability/NFPA classification 0 0/5 

Reactivity/NFPA classification 1 4/10 

Reactivity with water no reaction 0/5 

Total score  38 / 65 

 
Using this methodology the most important toxic industrial chemicals were identified. As 
expected, widely industrially used, acutely toxic or corrosive chemicals like chlorine dioxide, 
peracetic acid, chlorine, hydrochloric acid, ammonia, sulphuric acid, formaldehyde and 
hydrofluoric acid are among those most highly prioritized chemicals. These chemicals may 
cause acute inhalation hazard when released in air. Also carcinogenic chemicals like 1,3-
butadiene, hydrazine and vinyl chloride were highly prioritized by this methodology. In the 
case of these chemicals the assessment of long term cancer risk of exposed populations is the 
main challenge in the case of accidental or deliberate release. Of systemically toxic chemicals 
methanol is important because of its wide use and toxicity. Acrylonitrile, a widely used 
industrial chemical, forms cyanide in the body and can therefore cause cyanide poisoning. 
 
Since different chemicals cause different types of hazards, 16 different threat types or scenarios 
were identified. These are listed in Table 3. 



Table 3. Threat types identified. 
 
Evaporation of flammable substance 
Formation of flammable gas/vapour when heated 
Formation of acutely toxic gas/vapour when heated 
Explosion when heated 
Violent rupture of the container when heated 
Release and dispersion of an acutely toxic substance via the air 
Release and dispersion of an acutely harmful substance via the air 
Release and dispersion of an irritating/corrosive substance via the air 
Release and dispersion of a substance causing long term health hazards via the air 
Release and dispersion of an acutely toxic substance into ground water 
Release and dispersion of a substance causing long term health hazards into ground water 
Release and dispersion of a substance toxic to aquatic organisms into water body 
Violent reaction with water (spillage, generation of heat, danger of rupture) 
Reaction with water and subsequent release and dispersion of acutely toxic substance in the air 
Reaction with water and subsequent release and dispersion of irritant/corrosive substance in the air 
Reaction with water and subsequent release and dispersion of flammable substance in the air 
 
On the basis of the properties of the prioritized substances, their ability to cause different types 
of scenarios were identified using an MS Access based database including all of the compiled 
data, results of the risk analysis and specific definitions (criteria) for each identified threat type. 
Using the database it is possible to easily identify which types of threats each prioritized 
chemical may cause. Examples of chemicals related to specific scenarios are listed in Table 4. 
Also additional threat types can be added to the database when needed. 
 
Table 4: Examples of scenarios and related chemicals. 
 
Scenario Examples of chemicals causing this type of 

threats 
Release and dispersion of an 
irritating/corrosive substance via the air 

sulphuric acid, ammonia, hydrofluoric acid 

Release and dispersion of an acutely toxic 
substance via the air 

chlorine, acrylonitrile, hydrogen sulphide 

Reaction with water and subsequent release 
and dispersion of acutely toxic substance in 
the air 

acetyl chloride, potassium cyanide, thionyl 
chloride 

Release and dispersion of a substance causing 
long term health hazards into ground water 

acrylamide, chromium trioxide, aluminium 
trichloride 

 
Conclusions 

The national priority list forms an excellent starting point for authorities in developing 
preparedness in the case of chemical incidents by providing more relevant focusing. Highly 
prioritized compounds based on the systematic risk analysis can be given preference when risk 
management guidance is prepared and analytical methods for identification of the hazardous 
chemicals are developed. However, because the starting point for this risk analysis was the 
most commonly used industrial chemicals in Finland, updating of the priority list will be 
important. Especially in Finland with limited chemical industry a closure of one factory may 
mean that the use of some prioritized substance is totally ceased. This has happened e.g. in the 
case of vinyl chloride, which is no longer used in Finland. Also new chemicals are entering into 
the market every year, the rate being in EU approximately 200-300 chemicals/year (ECB, 
2009). 
 
The database developed in the second phase of the study provides possibility to relate 
chemicals to specified threat scenarios and thus promotes chemical accident prevention and 
preparedness. The database can be also linked to substance specific guidance sheets providing 



information on incident management and medical treatment. Possible users for this kind of 
database include for example fire and rescue services, police, defence forces and public health 
authorities. 
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