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SUMMARY

The ACUTEX consortium was charged to develop Acute Exposure Threshold Levels (AETLs) for both emergency response as well as land-use planning purposes.  It arrived at the following definitions for the various toxicity levels.  

Threshold level 3 should be split into two levels, one dealing with death for land-use planning purposes and the other one with life threatening conditions for emergency response purposes:

· AETL-3a: the airborne concentration at which it is predicted that after a specified exposure time a certain percentage (i.e. 1, 5, and 50%) of the general population
 will die.  

· AETL-3b: the maximum airborne concentration at which it is predicted the general populationa could be exposed up to a specified exposure time without experiencing life threatening health effects or death.  

Threshold level 2 should be represented by one exposure level that deals with the prevention of irreversible health effects and the impairment to escape.  For each value it should be indicated whether it has been based on irreversible health effects or impaired ability to escape:  

· AETL-2: the maximum airborne concentration at which it is predicted the general populationa could be exposed up to a specified exposure time without experiencing or developing irreversible or other serious adverse health effects including symptoms that could lead to impairment to escape.  

Threshold level 1 should be represented by one exposure level that deals with the prevention of reversible health effects (e. g. notable discomfort, irritation, or certain asymptomatic non-sensory effects):  

· AETL-1: the maximum airborne concentration at which it is predicted the general populationa could be exposed up to a specified exposure time without experiencing more than mild and reversible adverse health effects.  

Sensory awareness will be represented by one exposure level that deals with the prevention of odour or other sensory stimuli (e.g. odour) that may be detected and lead to public complaining, concerns or even panic:  
· Level of Distinct Sensory Awareness (LDSA): the airborne concentration at which it is predicted that a proportion of the general populationa could experience sensory stimuli (e.g. odour) that may lead to public complaints, concerns or even panic.  

Reference periods

AETLs will be developed for the following exposure periods: 10, 30, 60, 120, 240 and 480 minutes.  Whenever possible in the supporting documentation a dose response curve will be provided for the various thresholds.  
1. INTRODUCTION

This report is one of three that describe the contribution of ECETOC to the so-called ACUTEX project.  The ACUTEX (ACUTe EXposure) project is an EU-funded research project under the 5th Framework Research Programme in support of the practical application of the European Council Directive 96/82/EC (the Seveso II Directive) (EU Commission, 1996) for the control of major-accident hazards involving dangerous substances.  The project aims at the development of a European methodology, software tools and a Technical Guidance Document (TGD) for producing Acute Exposure Threshold Levels (AETLs) for toxic substances to be applied in major hazard control, and in particular emergency response and land-use planning.  Creating this methodology is viewed as part of an overall effort to facilitate greater consistency in information used across Europe to support risk management decisions.  

ECETOC and UCL (Université Catholique de Louvain) that were two of the consortium partners of the ACUTEX project formed Work Package 3 (WP3) charged to elaborate ‘thresholds and human health endpoint definitions’ for the AETL methodology.  The work was carried out as an ECETOC task force that was given the following Terms of Reference:
The main objective of this Task Force (TF) is to foster and contribute to the development of the necessary data to realise the goals of Work Package 3 of the ACUTEX project.  

In order to achieve this, the TF will be responsible for providing scientific expertise and data to enable:

1) Definition of the target organs, endpoints and threshold levels that may be used to derive an AETL for a chemical to which a human population may be exposed for up to 8 hours, according to the task and time schedule as described in the ACUTEX project outline. 

2) Provision of input to Work Package 4 engaged in consideration of populations and assessment factors.  

3) Provision of input to Work Package 5 engaged in mathematical modelling of dose-response relationships.  

The current report reviews existing systems of acute exposure values so as to understand the range of definitions and parameters in current use and to identify the various differences between them.  This information served as an important input to the development of the AETL methodology.  In particular, the findings helped to define which aspects of these systems the project would choose to imitate, or imitate with slight improvement, within the AETL methodology.  The review also pointed out areas where the AETL methodology, by adopting a new approach, could provide significant value to the derivation of acute exposure values or to the European end-user.  

This review targeted the types of values most commonly applied in the European Union for implementing requirements of the Seveso II Directive (primarily in emergency planning and land-use planning applications) that is AEGL (EPA-USA), ERPG (AIHA-USA), TEEL (DOE-USA) and EEI (ECETOC)
.  A less detailed review of some other approaches used in the EU, namely SEL/SEI (F), SLOD/SLOT (UK) and Intervention Values (NL) was also conducted.  

The findings from this review, presented in the following sections, describe and compare the different methodologies, focusing specifically on the intended use of the values produced by the methodology, and the definition of threshold levels and the reference periods.  

2.
COMPARISON OF EXISTING METHODOLOGIES FOR SETTING THRESHOLD LEVELS FOR ACCIDENTAL AIRBORNE ACUTE EXPOSURE AND THEIR AREA OF APPLICABILITY

The focus of this chapter will be on the differences in the various approaches, especially concerning: 

· intended use of existing acute exposure limits;

· definitions of threshold levels;

· difference in reference periods;

· definitions of susceptible and hyper susceptible subpopulations.  

2.1 Intended use of existing acute exposure levels

The intended uses of existing acute exposure levels vary considerably, but in general can be summarised as belonging to either of the following two categories of use:

· emergency response;

· land-use planning.  

The official definitions of the AEGL (Acute Exposure Guideline Levels), ERPG (Emergency Response Planning Guidelines), TEEL (Temporary Emergency Exposure Levels) and EEI (Emergency Exposure Indices) values each indicate that these values have been explicitly designed for emergency response applications.  They can be used to guide decision-making during an emergency, but also can play an important role in emergency planning and preparedness.

The SEL (Seuil d’Effet Létal) and DTL (Dangerous Toxic Load) values are principally intended for use in land-use planning.

The methodologies are summarised in Tables 2-1 and 2-2.  Further details for the definitions of the threshold levels are given in Appendices A and B.

2.2 Definition of threshold levels

The following levels have been identified in most of the systems evaluated:

Threshold level 3:
indicating potential or certain fatalities.  
Threshold level 2:
denoting irreversible (but not fatal) effects, possibly defined to include serious (e.g. ‘slowly reversible’) toxic effects.  May also include escape impairment and need for medical attention.  

Threshold level 1:
denoting reversible effects and discomfort/irritation.  

Sensory awareness level:
denoting detectability (e.g. odour).  

Table 2-1: Acute Exposure Values/Methodologies Reviewed by Acutex

	Acute Exposure Guideline Levels (AEGL), developed by the US National Advisory Committee on AEGLs (NAC/AEGLs) managed by the US EPA.  According to the Standard Operating Procedures for Developing Acute Exposure Guideline Levels (AEGLs) for Hazardous Chemicals, AEGLs are guideline levels for once-in-a-lifetime, short-term exposures to airborne concentrations of acutely toxic, high-priority chemicals (NRC, 2001).  

Dangerous Toxic Load (DTL), developed by the UK Health and Safety Executive.  The Dangerous Toxic Load (DTL) describes the exposure conditions, in terms of airborne concentrations and duration of exposure, which would produce a particular level of toxicity in the general population.  HSE has defined SLOT (Specified Level of Toxicity) DTLs and SLOD (Significant Likelihood of Death) DTLs.  No exposure period is given, but the DTL is expressed as an equation, which allows the calculation of the concentrations, which relate to any chosen short time period (Fairhurst and Turner, 1993).  

Emergency Exposure Indices (EEI), developed by ECETOC. The EEI (t1)-1 is defined as “that airborne concentration for exposures lasting up to a specified exposure time (t1)-1 below which direct toxic effects are unlikely to lead to discomfort in the exposed population (including susceptible but excluding hypersusceptible groups) and above which, as the concentration increases, discomfort would become increasingly more common”.  EEI (t2)-2 and EEI (t3)-3 for disability and death/permanent incapacity respectively are defined similarly (ECETOC, 1991).  

Emergency Response Planning Guidelines (ERPG), developed by the American Industrial Hygiene Association (AIHA). The Emergency Response Planning Guideline (ERPG) values are intended to provide estimates of concentration ranges above which one could reasonably expect to observe adverse effects as defined according to the different threshold levels (ERPG-1, -2, and -3) (AIHA, 1987).  

Intervention Values for Dangerous Substances, developed by the Dutch Ministry of Housing, Spatial Planning and Environment, are tiered thresholds representing concentrations of substances above which health effects can occur as defined in each tier, as follow the ‘instruction guidance values’ (VRW), ‘alarm boundary values’ (AGW) and ‘life threatening values’ (LBW) (Arts, 2002; Ruijten and van Doorn, 2004; Ruijten et al, 2004).  

SEI and SEL (Threshold of Lethal Effects and Threshold of Irreversible Effects), developed by the French Ministry of Environment, INERIS, INRS, IPSN, University Hospitals, and Industry.  The ‘irreversible effects threshold’ (SEI) and the ‘lethal effects threshold’ (SEL) were developed to represent acute effect thresholds in the event of an accidental release into the atmosphere from an industrial site.  These thresholds are used to calculate the distance over which effects occur.  These distances are taken into account in controlling urban development around Seveso installations (Ministère de l’Ecologie et du Développement Durable, 2004; Pichard and Tissot, 2003).  

Temporary Emergency Exposure Levels (TEEL), developed by the US Department of Energy (DOE).  Temporary Emergency Exposure Limits (TEELs) were developed by the US DOE to help with emergency planning at DOE sites when ERPGs are not available.  Once an ERPG is assigned to a chemical, the ERPG replaces the TEEL.  The TEEL programme uses occupational exposure limits to derive TEELs (Craig and Lux, 1998; Craig et al, 2000).  


Table 2-2: Health Effects and Exposure Durations Targeted by 

Threshold Levels
 of Acute Exposure Levels Used in the EU

	Health Effect
	Duration of Exposure

	
	1 min
	10 min
	15 min
	20 min
	30 min
	1 hr
	4 hrs
	8 hrs
	Probit


	No appreciable risk of health effects, not likely to suffer discomfort 
	
	
	EEI-1

TEEL-0
	
	EEI-1
	EEI-1
	
	
	

	Objectionable odour 
	
	
	TEEL-1
	
	
	EPRG-1

VRW
	
	
	

	Mild effects, discomfort, irritation
	
	AEGL-1
	EEI-1

TEEL-1
	
	AEGL-1

EEI-1
	AEGL-1

EPRG-1

EEI-1

VRW
	AEGL-1
	AEGL-1
	

	Likely to suffer severe distress
	
	
	
	
	
	
	
	
	SLOT

	Medical attention required
	
	
	EEI-2
	
	EEI-2
	EEI-2
	
	
	SLOT

	Impairment of an individual’s ability to take protective action or escape
	
	AEGL-2


	TEEL-2

EEI-2


	
	AEGL-2

EEI-2
	AEGL-2

EPRG-2

EEI-2

AGW
	AEGL-2
	AEGL-2
	

	Serious health effects, serious injury requiring prolonged treatment
	
	AEGL-2
	TEEL-2

EEI-2
	
	AEGL-2

EEI-2
	AEGL-2

EPRG-2

EEI-2

AGW
	AEGL-2
	AEGL-2
	SLOT

	Immediate or delayed permanent adverse health effects, irreversible health effects
	SEI
	SEI

AEGL-2
	TEEL-2


	SEI
	SEI

AEGL-2
	SEI

AEGL-2

EPRG-2

AGW
	AEGL-2
	AEGL-2
	

	Permanent incapacity
	
	EEI-3
	
	
	EEI-3
	EEI-3
	
	
	

	Life-threatening effects
	
	AEGL-3
	TEEL-3


	
	AEGL-3
	AEGL-3

EPRG-3

LBW
	AEGL-3
	AEGL-3
	

	Likely to cause death, lethal effects
	SEL
	SEL

EEI-3
	
	SEL
	SEL

EEI-3
	SEL

EEI-3

LBW
	
	
	SLOD


2.2.1 Threshold level 3

Definitions for this tier can be categorised as follows:

· For the AEGL, ERPG and TEEL methodologies, this threshold concentration is defined as the point at which it is predicted that the general population, including susceptible individuals, could experience life-threatening health effects or death.  

· The EEI-3 refers not only to death but also to permanent incapacity.  

· The French SEL value is based on the maximum concentration of pollutant in the air.  For a given exposure duration, this corresponds to a concentration above which mortality can be observed in the exposed population.  The lethal concentration (LC01) is used as the lethal effect threshold.  

· The Dutch life threatening value (LBW) refers specifically to death and life threatening situations that may develop within a few days.  This is comparable with the EEI approach which considers effects that occur immediately or soon after exposure.  

· The UK’s SLOD - DTL corresponds to the exposure conditions which are predicted to cause mortality of 50% of an exposed population and which is equivalent to the Dutch approach.  
2.2.2 Threshold level 2

Definitions for this tier can be categorised as follows:
· The definitions for AEGL-2, EPRG-2, and TEEL-2 explicitly encompass both irreversible effects and impaired ability to escape in one definition.  The definitions also cover severe health effects, without any other descriptor, which implies coverage of severe effects that are reversible as well as irreversible.  

· The UK SLOT - DTL takes a similar approach to that of the AEGLs etc. above, in that it encompasses a number of types of serious effects in one definition.  However, the definition does not specifically refer to irreversibility, reversibility or incapacity (although to some extent incapacity is implied).  

· The EEI-2 is a threshold denoting disability.  Disability is being defined as:

· External assistance is needed because persons are disabled by exposure and cannot take actions necessary to protect themselves or escape.  

· Exposed persons acquire an illness or condition:

· The outcome or duration of which can be significantly modified by treatment or nursing care.  

· With permanent or long-lasting residual effects including effects on the outcome of an existing or subsequent pregnancy.  

Implicitly it can be read that the EEI approach also includes a distinction between reversible and irreversible effects.  

· The SEI solely refers to irreversible effects and the concepts of incapacity or impairment to escape are not part of the definition of any tiers within the French system.  Irreversible corresponds to health effects that are persistent in time and take the shape of a lesion or functional impairment directly following the exposure.  

· The definition of the Dutch alarming threshold (AGW) refers to both irreversible as well as other severe health effects.  However, in the methodology so-called effect categories have been defined and those are similar to the ones being used by the EEI.  These have also been adapted to be in line with the AEGL and ERPG approach.  At this level, the effect category disability includes impairment to escape.  Thus, similar to the French approach, the Dutch system does not deal with incapacity or impairment to escape.  

2.2.3 Threshold level 1

For the definition of threshold level 1 there appears to be considerable agreement between the methodologies.  The aim is, more or less, to prevent discomfort.  Discomfort is generally described as the occurrence of irritation and/or mild and transient health effects. Also, effects in this category are, by and large, expected to be reversible.  Most uncertainty in the current approaches is in the role of odour; although there appears to be some consensus that objectionable odour (ERPG and TEEL) and annoying odour leading to complaints (VRW) should be included in this level.  Odour not leading to complaints or not annoying should be included under the level of sensory awareness.  

More specifically, the definitions for the different methodologies include the following:

· The AEGL definition makes specific reference to reversibility.  

· ERPG-1 and TEEL-1 specifically refer to objectionable odour at this level.  

· EEI-1 makes reference to discomfort, which even in the absence of medical attention will not evolve into more serious effects.  
· The French SER (reversible effects threshold) focuses solely on the reversibility of the effect, while the Dutch VRW value focuses at this level on the occurrence of discomfort, or minor and quickly reversible health effects.  

· The DTL (UK) approach does not define a value for these severity levels.  

2.2.4 Sensory awareness level

Until recent only the TEEL system considered a level 0, which is defined as the level below which most people will experience no appreciable risk of health effects.  It is unclear what is meant by no appreciable risk of health effects compared to mild transient health effects as defined at level 1.  The French approach most recently added a tier to incorporate this concept, that is, a perception threshold (SP).  This threshold level is defined as sensory detection of the substance by the exposed population.  

In recent years, the US AEGL committee has been considering to add this level to their system.  Within the AEGL methodology the odour level plays a key role.  It is referred to as ‘level of odour annoyance’.  There is no mention of other stimuli that may trigger a level of awareness.  The formal procedures to be used for setting this level still need to be finalised and have not yet been published.  

The EEI, Dutch and ERPG systems do not currently have values at this level.  

2.3 Reference periods

The various approaches differ with respect to the defined reference periods (Appendix B).  

In the AEGL system the following exposure duration periods are used: 10 minutes, 30 minutes, 1 hour, 4 hours and 8 hours.  ERPG are standardised for 60 minutes, while the TEEL values are standardised to 15 minutes for concentration dependent chemicals and 60 minutes was assumed for dose-dependent chemicals.  

The French SEL/SEI values have exposure duration periods from 1, 10, 20, 30 through to 60 minutes, and 2, 4, and 8 hours if needed.  

In essence, the EEI system leaves the exposure period undefined and any value could be assigned to a given time period based on the dose-response curve.  However, in the EEI examples provided in the documentation accompanying the methodology, 15, 30 and 60 minutes exposure duration are mentioned.  

For DTL values, no exposure duration period is provided, but the DTL is expressed as an equation, which allows the calculation of concentrations relating to any chosen short time period.  
2.4
Susceptible and hypersusceptible subpopulations
In this section, a description and a comparison are provided for the different definitions that are used to categorise subpopulations in the definition (e.g. susceptible or hypersusceptible).  

2.4.1 AEGL approach

The Standing Operating Procedures contain a very comprehensive discussion on intraspecies uncertainty factors, where the range of susceptibility is reviewed and distinguishes between susceptible and hypersusceptible subpopulations.  

In addition, AEGL references the NRC as follows: “The NRC guidelines for developing community emergency exposure levels (CEELs) state that the exposure levels are designed to protect almost all people in the general population...” (NRC, 1993).  The NRC guidelines state that although the levels “are designed to protect susceptible individuals, some hypersusceptible individuals might not be protected...”.  That distinction is based on the premise that CEELs must be set low enough to protect the general population but must also be set at levels that minimise the public health and safety risks associated with response to chemicals as a result of rare or exceptional circumstances.  Consequently, the AEGL values may not be expected to necessarily protect certain individuals with unique or idiosyncratic susceptibilities.  This consideration is clearly communicated in the NAC/AEGL Committee’s definition of the AEGLs.  
The NAC/AEGL Committee has identified specific categories and subpopulations that may be considered susceptible while still part of the general population that the AEGL values are intended to protect.  These categories include children and infants, the elderly, asthmatics, pregnant women and the foetus, and individuals with pre-existing illnesses, diseases or metabolic disorders who would not ordinarily be considered in a severe or critical medical condition.  Examples of susceptible subpopulations based on pre-existing illnesses include those with compromised pulmonary function (e.g. pneumoconiosis, emphysema, respiratory infections, smoking-related diseases, immunological sensitisation due to prior exposures, and cystic fibrosis), hepatic function (e.g. alcoholism, hepatitis, and prior chemical exposures), cardiac function (e.g. dysrhythmias and coronary heart disease), and impaired renal or immunological function (e.g. acquired immune deficiency syndrome, AIDS, and systemic lupus erythematosus).  

Hypersusceptible subpopulations are considered to comprise those individuals whose reactions to chemical exposure are unique and idiosyncratic; lie outside the range of distributions expected for the general population, including susceptible subpopulations; and constitute a relatively small component of the general population.  For example, the AEGLs are intended to be protective of individuals with mild-to-moderate asthma but are not necessarily protective of those with severe asthma.  Additionally, there are some asthmatics that, at any given time, could be suffering coincidentally acute asthmatic episodes at the time of a chemical emergency.  Such subpopulations may be considered to comprise transient hypersusceptible individuals and would not necessarily be protected by the AEGLs.  Examples of hypersusceptible subpopulations might include those with severely debilitating pulmonary, hepatic, or renal disorders or diseases, the elderly with serious debilities of primary physiologic systems, and those individuals with unique hypersensitivities (i.e. severe immune-type responses) to specific chemicals (e.g. 4,4N-methylene bis(2-chloroaniline)) or chemical classes (e.g. isocyanates).  It is acknowledged that the AEGL values might not be protective under such circumstances.  

2.4.2 French approach

In the French approach, the following is stated:

“It is worth recalling that this methodology’s concern is protecting the entire population with individuals of variable sensitivity.  Hypersensitive persons are however excluded from the domain of application.”  

2.4.3 EEI

In the EEI approach the following is stated:

“The general population will contain groups who may be more susceptible to chemical exposures than the average person, e.g. the elderly, the young, the pregnant and those with minor acute illness or chronic illness compatible with participation in normal daily activities.  The TF considered that EEIs set should take into account such susceptible groups but not more seriously debilitated, hypersusceptible groups, e.g. those with pneumonia or myocardial infarction.  

Hypersusceptible groups of people have been excluded from this exercise because:

- such individuals are considered to be in a grave and unstable health condition and the outcome of their illness will not primarily be related to the degree of exposure (when potentially exposed as a consequence of a major chemical release hypersusceptible people should, as a high priority, receive medical attention as a precautionary measure);

- data from experimental studies will not, normally, accurately predict the health effect of a chemical in a hypersusceptible individual”.  

2.4.4 ERPG

The ERPG handbook (AIHA, 2005) notes the following: “the values derived for ERPGs should not be expected to protect everyone but should be applicable to most individuals in the general public.  In all populations, there are hypersensitive individuals who will show adverse responses at exposure concentrations far below levels at which most individuals normally would respond.”  

From this statement one could conclude that the ERPG limits do include the sensitive but exclude the hypersensitive population.  

2.4.5 Dutch approach

In the Dutch approach it is indicated that people with an increased sensitivity due to age, sex or pre-existing disease are taken into account when setting the limit values.  However, the effect of exposures to concentrations that are close to the limit value on very sensitive persons, like terminally ill patients and sensitised persons, is difficult to predict.  For this reason, the thresholds are not primarily aimed at these types of persons.  

3.
DISCUSSION OF THE DIFFERENCES, RECOMMENDATIONS AND CONCLUSIONS

The systems as currently in use are compared and discussed below with respect to their advantages and disadvantages.  Recommendations and conclusions are made on which definitions should be used in the AETL system.  

3.1 Threshold levels

3.1.1 Threshold level 3

At this level there is considerable agreement on the definition.  Almost all approaches are targeted to set a threshold to prevent life threatening conditions or death.  ERPG, AEGL, TEEL and LBW use this terminology, while EEI refers to death and permanent incapacity.  The French SEL refers to the prevention of lethal effects alone.  

It also seems that the EEI-3 definition is intended to express that the loss of an essential capacity (e.g. blindness) resulting in serious restrictions of normal and social or economic activity, should be rated at an equivalent level to loss of life.  Such an approach might complicate a clear understanding of what this endpoint is intended to represent, as multiple endpoints are possible.  For example, how would loss of hearing be rated vs. loss of eyesight?  If both are possible, which threshold should be chosen?  It adds subjectivity to the science of deriving an acute exposure level, and it reflects the value society places on the quality of life after a serious injury.  

The approaches developed for quantitative risk assessment focus on death alone and give the means to calculate the expected number of deaths.  The 50% probability estimate provides the most accurate figure.  It is preferred over other percentile probability estimates.  In the Netherlands, a similar approach (EPEL) has been published in the ‘Green Book’ (Verberk, 1975).  

It is obvious that these two approaches will produce dramatically different values and that there is a need for two separate definitions to satisfy the need of our stakeholders.  For this reason the following two definitions are proposed to promote harmonisation among the stakeholders:

· Threshold level 3a (certain death) focuses on the expected number of deaths, with the purpose of forecasting the number of casualties in case of an accident.  

· Threshold level 3b (life threatening) focuses on the most severe exposure conditions causing no death or life threatening situations, with the purpose of preventing casualties.  

Upon consideration whether there could be a distinction within threshold level 3b between life threatening effects and the onset of death, it was concluded that although ‘life threatening effects’ represents the more prudent approach, in practice a real distinction between these two endpoints is not possible for a given population.  The question remained how to deal with permanent incapacitating effects (like blindness).  In line with most of the current approaches, it is proposed to include these under threshold level 2.  

Recommendation

Based on the above discussion it is considered essential, in defining AETLs, to make a distinction between the highest exposure conditions causing no death (threshold level 3b) and the exposure conditions causing a number of deaths in a given scenario (threshold level 3a).  It is recommended that permanent incapacitating effects should be covered under threshold level 2 not 3.  

Conclusion

Threshold level 3 should be split into two levels, one dealing with death for land use planning purposes and the other one with life threatening conditions for emergency response purposes:

· AETL-3a: the airborne concentration at which it is predicted that after a specified exposure time a certain (i.e. 1, 5 and 50%) percentage of the general population will die.  

· AETL-3b: the maximum airborne concentration at which it is predicted the general population could be exposed up to a specified exposure time without experiencing life threatening health effects or death.  
3.1.2 Threshold level 2

When reading the definitions for level 2 there appears to be a distinct difference between EEI on one hand and the ERPG and AEGL values on the other hand.  The EEI definition focuses on the prevention of effects leading to ‘disability’, while the ERPG and AEG definitions focus on the prevention of two types of effects: irreversible and long lasting/serious health effects and impairment of the ability to escape.  

In order to be complete it must be mentioned that EEI uses the following definition for disability: “The term ‘disability’ is used to indicate that persons will require assistance or that effects of exposure will be more severe and/or prolonged without it.”  Thus, the scope of disability may be wider than impairment of the ability to escape.  Assistance could also refer to the need to provide antidote or other first aid treatment.  If lack of assistance does not lead to more severe or prolonged effects it does not fall into this class.  

It can be concluded that the EEI definition focuses primarily on the identification of victims for which assistance is needed.  However, as described in the explanatory text on page 10 of ECETOC (1991), it is clear that the adoption of the level is intended to ensure that permanent, long lasting effects are avoided.  If this is taken into account, there is actually no difference between the three examined approaches, except that permanent impairment is considered as an effect of level 3 under the EEI scheme.  

The SEI threshold clearly refers to irreversible effects alone and does not include impairment to escape.  This is also the case for the SLOT, which focuses on severe health effects and the need for medical attention.  Here also no reference is made to impairment to escape.  

Considering these approaches at severity level 2 the following end points can be identified:

· Irreversible health effects and long-lasting/serious health effects (ERPG, AEGL, EEI, SEI, SLOT, AGW);

· Need for medical attention (EEI, SLOT);

· Impairment to escape (ERPG, AEGL, EEI, TEEL, AGW).  

It is clear that the approach followed by AEGL, ERPG and EEI leads to difficulties when the authorities want to know, for emergency planning purposes, at which level impairment of the ability to escape occurs or people need (medical) assistance (EEI and SLOT).  The current approach does not indicate the critical effect that determined the setting of the limit value at this level.  On the other hand, if authorities are interested to know at which concentrations they may see the onset of irreversible effects, with the exception of SEI, none of the current threshold values can provide that answer either.  

For clarity it may be recommended to define separate thresholds for impairment of the ability to escape (combined with the need for assistance) and the onset of irreversible (long-lasting/serious) health effects.  For the sake of simplicity, it is helpful to focus on the criteria that are considered most important to stakeholders.  For emergency responses, the value indicating impairment to escape is expected to be of most value.  In addition, it will be of value to emergency responders to know which exposure should be prevented to avoid irreversible effects (e.g. through evacuation).  

Policy and decision-makers may be most interested in the population that will be confronted with irreversible effects.  It is believed that separating such levels may not be an easy task.  When deciding to choose one value it should be explained what type of effect has been used to set the threshold level (irreversible effects or impairment to escape).  

Recommendation

Based on the above and with the objective to keep the scheme simple, the limit value should be chosen which is of key importance for the emergency responder and which aligns with the current ERPG and AEGL value.  Such a value prevents irreversible effects and the impaired ability to escape.  In order to provide transparency for the end-user, it should be indicated in the listing of values whether the value was based on ‘impaired ability to escape’.  

Conclusion

Threshold level 2 should be represented by one exposure level that deals with the prevention of irreversible health effects and the impairment to escape.  For each value it will be indicated whether it has been based on irreversible health effects or impaired ability to escape.  

· AETL-2: the maximum airborne concentration at which it is predicted the general population could be exposed up to a specified exposure time without experiencing or developing irreversible or other serious adverse health effects including symptoms that could lead to impairment to escape. 

3.1.3 Threshold level 1

The definitions for level 1 are in close agreement.  Emphasis of all indices identifying a level 1 (AEGL, ERPG, EEI, TEEL) is on the prevention of discomfort.  Discomfort is generally described as the occurrence of irritation and/or mild and transient health effects.  

ERPG and TEEL refer to objectionable odour, while the AEGL indicates that disagreeable odour and mild irritation can occur below this value.  The AEGL mentions explicitly that these types of effects are reversible and not disabling.  Thus, there is no agreement on how odours should be handled.  

The EEI approach defines discomfort as follows: “persons suffering discomfort, though distressed and possibly requesting assistance, will not be dependent on it.”  This implies that, if nothing is done, no irreversible effects should be expected.  It is not believed that this explanation makes the EEI approach different from the other two approaches.  

Recommendation

As there is no clear difference between the four approaches for level 1, any of the current definitions could be used. In order to clarify the role of odour, this may need to be addressed in more detail in the definition or supporting documentation.  

Conclusion

Threshold level 1 should be represented by one exposure level that deals with the prevention of reversible health effects (e. g. notable discomfort, irritation, or certain asymptomatic non-sensory effects).  

· AETL-1: the maximum airborne concentration at which it is predicted the general population could be exposed up to a specified exposure time without experiencing more than mild and reversible adverse health effects.

3.1.4 Sensory awareness level

Only the TEEL approach defines a level 0 but with only very little clarification in the available documentation.  Recently the AEGL committee has developed an approach for setting a level of distinct sensory awareness.  At this level there is no discomfort (odour is not objectionable) but it is clearly perceived by the population and may cause anxiety.  

This level will be of value for emergency response.  In a number of cases, health effects can occur before there is any sense of smell.  Therefore, for certain substances this value might better be denoted as not applicable (n.a .).  

Recommendation

A ‘level of detection’ would be of value for communication purposes.  Therefore, it is recommended to develop a definition for this level and naming it such that the different dimension to the other 3 threshold levels is made clear.  It is proposed that an approach and procedure is developed that aligns with the approach that was recently developed by the AEGL committee.  

Conclusion

Sensory awareness will be represented by one exposure level that deals with the prevention of odour or other sensory stimuli (e.g. odour) that may be detected and lead to public complaining, concerns or even panic.  

· Level of Distinct Sensory Awareness (LDSA): is the airborne concentration at which it is predicted that a proportion of the general population could experience sensory stimuli (e.g. odour) that may lead to public complaints, concerns or even panic.  
3.2 Reference periods

There is considerable variability in the current approaches.  There seems to be a trend towards more complexity, although some of the old values (e.g. EPEL) already had multiple time frames.  It appears that these multiple time frames served a purpose.  Therefore, the time spans and their detail are currently the topic of discussion.  

The French system currently uses the time span of 1 to 480 minutes (although there were 24-hour time frames in the past).  The use of a 480-minute time span might be problematic as it may be easily confused with OEL values that typically use the same time frame.  

In typical industrial accidents the release of chemicals would not last more than several minutes.  But in case of fires, releases of toxic gases lasting for days or even weeks can occur.  It has been questioned whether time frames of less than 10 minutes (like in use for the French system) could be developed and be of any value.  

3.2.1 Technical feasibility of a less than 10-minute time span

For the large majority of chemicals, even commodity chemicals, there is little toxicology data for time periods less than 30 minutes.  For time periods of 5 or even 1 minute there are almost no toxicology data.  

The absence of data on short duration is partly explained by the major technical challenges in generating 1-, 5-, or 10-minute inhalation exposures.  

Therefore, establishing guidance for these short durations will almost always involve extrapolation, usually from 1- or 4-hour data.  Even assuming the use of 1-hour data, the generation of a 1-minute AETL would require a 60-fold extrapolation.  

This extrapolation is even more difficult as breathing patterns may influence the very short-term exposure (e.g. the animal holding its breath).  In addition, only few of these types of ultra short time studies are available due to the technical complexity of carrying out these studies.  Where studies are available, critical attention should be paid to the homogeneity of the concentration offered to the animals.  

3.2.2 Value of a less than 10-minute time span
AETL values are being developed in order to protect the general public in case of chemical releases.  Generally (with the exception of transport incidents) there is some distance between the factory and the fence line and the nearby housing.  Thus, clouds that are being released disperse depending on the meteorological conditions.  Due to this dispersion under common meteorological conditions the exposure time for the population even from a one-minute release will be generally rather in the order of 10 minutes than one minute.  For this reason, it is believed that having shorter time frames is of minor practical value for the general population.  

Even considering a situation where the victim is very close to the source, e.g. at the site of a transport incident, it is unlikely that the source will be controlled within a short time, unlike in an industrial setting.  
3.2.3 Level of detail

For emergency response purposes it is best to have discrete numbers at discrete time intervals.  For emergency response planning, land-use planning and Quantitative Risk Assessment (QRA) having a continuous curve may be more helpful and would avoid the need for interpolations.  

Recommendation

· Limit the time span to a range of 10 minutes to 480 minutes.  

· Determine AETL values for discrete time intervals of 10, 30, 60, 120, 240 and 480 minutes.  
· Establish limit values for shorter than 10 minutes only when the toxicity data set provides the information to set these values in a valid way.  

Limit values for shorter than 10-minute periods will only be established when the toxicity data provide the information to set these values in a valid way.  Applying the current methodology to the 22 case studies made in the context of this project confirms that only in a few cases (mainly irritant chemicals and for AETL-3 levels) such derivation is feasible.  In other cases, establishing limits for exposure less than 10 minutes is not possible for the following reasons (more details provided in the supporting documentation):

· data are not available for such short exposure durations;

· the generation of the atmosphere is not technically feasible due to physico-  chemical properties of the substance;

· the basis for the derivation of the AETL is a study of relatively long duration (>60 minutes).  Extrapolation/modelling to short exposure duration leads to too many uncertainties.  

In addition to these observations, sensory irritation induced by chemical exposure leads to restraint of breathing.  Thus, from a toxicological point of view, derivation of AETLs for exposure less than 10 minutes is not recommended.  Provision of concentration-time curves in the supporting documentation to allow for standardised interpolation should also be considered.  

Conclusion

AETLs will be developed for the following exposure periods: 10, 30, 60, 120, 240 and 480 minutes.  Whenever possible in the supporting documentation a dose response curve will be provided for the various thresholds.  
3.3 Susceptible and hypersusceptible subpopulations
The ACUTEX approach on susceptible and hypersusceptible subpopulations is described in the Deliverable 4 D of Work Package 4.  

Conclusion

A differentiation between susceptible and hypersusceptible subpopulations is not useful for the derivation of AETL values.  Only few examples exist (e.g. allergic responses) which make such a differentiation plausible.  In most cases of higher susceptibility, continuous distribution of susceptibility can be expected, making it impossible to draw a line between two groups of susceptible individuals.  

ABBREVIATIONS

ACUTEX
ACUTe EXposure

AEGL
Acute Exposure Guideline Level

AETL
Acute Exposure Threshold Level

AGW
Alarmeringsgrenswaarde (Alarm boundary values)

AIHA
American Industrial Hygiene Association

CEEL
Community emergency exposure levels

CNS
Central nervous system

DOE
Department of Energy (US)

DTL
Dangerous toxic load

EEI
Emergency exposure index
EPA
Environmental Protection Agency (US)

EPEL
Eenmalige populatie expositie limiet (one time population exposure limit)

ERPG
Emergency response planning guidelines

HSE
Health and Safety Executive (UK)
IDLH
Immediately dangerous to life and health

INERIS
Institut National de l’Environnement Industriel et des Risques

INRS
Institut National de Recherche et de Sécurité
IPSN
Institut de Protection et de Sûreté Nucléaire

LBW
Levensbedreigendewaarde (life threatening value)

LC
Lethal concentration

LDSA
Level of distinct sensory awareness

NAC
National Advisory Committee (US)

NIOSH
National Institute for Occupational Safety and Health (US)

NRC
National Research Council (US)

OEL
Occupational exposure limit

QRA
Quantitative risk assessment

SEI
Seuil des effets irréversibles (irreversible effects threshold)

SEL
Seuil deseffets létaux (lethal effects threshold)

SER
Seuil des effets réversibles (reversible effects threshold)

SLOD
Significant likelihood of death

SLOT
Specified level of toxicity

SP
Seuil de perception (perception threshold)

TEEL
Temporary emergency exposure levels
TF
Task force

TGD
Technical guidance document

VRW
Voorlichtingsrichtwaarde (instruction guidance values)

GLOSSARY OF DEFINITIONS

Adverse effect:

An adverse effect is an unfavourable effect that may negatively impact the health of the individual.  For more details, see ECETOC report: no. 85 (ECETOC, 2002).  

‘At which’:

No fine line can be drawn to precisely differentiate between a ceiling level, which represents the highest exposure concentration at which an effect is unlikely to occur, and a threshold level which represents the lowest concentration for the onset of effects.  AETLs should therefore be considered as threshold levels that represent an estimated point of transition between one defined set of symptoms or adverse health effects and another set of more serious symptoms or adverse health effects.  

General population:
The general population includes all persons in the general public that may be potentially exposed.  

Impaired ability to take action or escape:

Persons are disabled by the effects of the exposure and cannot take actions necessary to protect themselves or escape safely.  

Irreversible adverse health effect:

An adverse health effect as a consequence of exposure that is considered to be permanent and is expected not to heal or return to normal function.  

Life threatening health effect:

A health effect as a consequence of exposure that could lead to death.  

Medical attention:

Needs expert judgement and observation.  

Medical intervention:

Medical treatment that can significantly and positively influence the outcome and duration of the acquired illness or condition.  

Mild adverse health effect:

An adverse health effect the severity of which will not require medical attention.  

Example: mild skin irritation.  

Reversible adverse health effect:

An adverse health effect as a consequence of exposure that heals or returns to normal function over time with or without medical intervention.  

Sensory awareness:

Effects that are noticed by the senses of the exposed person e.g. by means of smell, taste or other sensations.  

Serious health effect:

Health effects that are not life threatening and more severe than mild.  

Examples are: serious effects on the liver, kidney, respiratory tract, and nervous system dysfunction and blood disorders.  
Susceptible subpopulation:

There are groups in the general population that can be considered more susceptible than the ‘normal’ population representing the healthy middle-aged adults.  Which subpopulation is more sensitive depends on the particular chemical (no subpopulation is more susceptible per se).  For details see Deliverable 4D of Work Package 4.  
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APPENDIX A: Description of the EEI, AEGL and ERPG systems

	
	EEI
	AEGL
	ERPG

	Effects > level 3
	Death / Permanent Incapacity

Death / Permanent Incapacity occurring either immediately or soon after exposure or a permanent loss of a necessary faculty (e.g. blindness) resulting in serious restriction of normal social or economic activity.  The possibility of surgical correction (e.g. corneal grafting) does not affect "permanence".  
	Death

Increasing likelihood of death.  
	

	End point -3
	
	The endpoints for AEGL 3 include:

decreased hematocrit, methaemoglobin formation (70-80%), cardiac pathology, and severe respiratory pathology.  
	

	Def –3
	EEI-3

The airborne concentration for exposures lasting up to a specified exposure time (t1) below which direct toxic effects are unlikely to lead to DEATH / PERMANENT INCAPACITY in the exposed population (including susceptible but excluding hypersusceptible groups) and above which, as the concentration increases DEATH / PERMANENT INCAPACITY would become increasingly more common.  
	AEGL-3

The airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the general population, including susceptible individuals, could experience life-threatening health effects or death.  
	ERPG-3

The maximum airborne concentration below which it is believed nearly all individuals could be exposed for up to 1 hour without experiencing or developing life threatening health effects.  

	Effects > level 2
	Death occurring more than 48 hours after cessation of exposure.  

Pulmonary oedema and major pathological changes in the respiratory system, short of permanent fibrosis.  

Neurotoxic effects including significant CNS depression.  

Evidence of severe changes to other organs, e.g. liver, kidney.  

Cardiovascular effects, e.g. cardiac sensitisation, hypotension.  

Severe lachrymatory effects or corneal damage, shot of severe scaring.  

Corrosive effects on the skin.  

Effects on the blood.  

Evidence of teratogenic or foetotoxic activity.  
	For example, overt ocular and/or respiratory tract irritation, dyspnoea, pulmonary function changes, provocation of asthma episodes, pathology (respiratory tract), mild narcosis, and methaemoglobin formation (approximately 40%) have been used as a basis for AEGL-2 values.  
	

	
	Disability

External assistance is needed because:

-
persons are disabled by exposure and cannot take actions necessary to protect themselves or escape and/or exposed persons acquire an illness or condition

-
the outcome or duration of effects can be significantly modified by treatment or nursing care,

-
of permanent or long-lasting residual effects including effects on the outcome of an existing or subsequent pregnancy.  
	Disabling

-
Impairment of ability to escape.  

-
Increasing severity of irreversible or other serious long-lasting effects.  
	

	End point -2
	
	The highest experimental exposure levels that did not cause decreased hematocrit, kidney pathology, behavioural changes, or lethality (effects observed at higher exposures were above the definition for AEGL-2) have been used as the basis for determining AEGL-2 values.  

Cancer risk level of 10–4 is considered.  
	

	Def 2
	EEI-2: That airborne concentration for exposures lasting up to a specified exposure time (t1) below which direct toxic effects are unlikely to lead to DISABILTY in the exposed population (including susceptible but excluding hyper-susceptible groups) and above which, as the concentration increases DISABILTY would become increasingly more common.  
	AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the general population, including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape.  
	The ERPG-2 is the maximum airborne concentration below which it is believed nearly all individuals could be exposed for up to one hour without experiencing or developing irreversible or other serious health effects, or symptoms that could impair an individual’s ability to take protective action.  

	> level 1
	All effects reversible within 24 hours without treatment.  

Moderate to severe skin irritation.  

Respiratory irritation as shown by a significant decrease in respiratory rate or nasal discharge.  

Piloerection and other evidence of increase autonomic nervous sytem activity.  
	
	

	
	Discomfort

Exposed persons may request assistance but their condition, though unpleasant and possibly amenable to symptomatic relief,

-
does not produce disability;

-
does not result in permanent or long lasting effects;

-
is not modified as regards outcome and duration by treatment or nursing care.  
	Effects that may occur below AEGL-2:

Discomfort

-
Increase in notable discomfort;

-
Increasing severity of reversible effects (with or without signs / symptoms).  
	

	End point 1
	
	AEGL-1 endpoints for adverse effects that are asymptomatic or non-sensory.  

Examples of such effects include significant (measurable) levels of methaemoglobin, elevated blood enzyme levels, or other biologic markers related to exposure to a specific chemical.  

For example, the highest experimental exposure levels that did not cause

(a) sensory irritation, 

(b) altered pulmonary function, and 

(c) narcosis in humans

asymptomatic or non-sensory effects, such as methaemoglobin formation (22%) and altered pulmonary function (transient changes in clinically insignificant pulmonary functions of a susceptible individual).  
	

	Def 1
	EEI-1: The airborne concentration for exposures lasting up to a specified exposure time (t1) below which direct toxic effects are unlikely to lead to DISCOMFORT in the exposed population (including susceptible but excluding hypersusceptible groups) and above which, as the concentration increases DISCOMFORT would become increasingly more common.  
	AEGL-1: The airborne concentration (expressed as parts per million or milligrams per cubic meter [ppm or mg/m3]) of a substance above which it is predicted that the general population, including susceptible individuals, could experience notable discomfort, irritation, or certain asymptomatic non-sensory effects.  However, the effects are not disabling and are transient and reversible upon cessation of exposure.  
	ERPG-1: The maximum airborne concentration below which it is believed nearly all individuals could be exposed for up to one hour without experiencing more than mild or transient health effects or without perceiving a clearly defined objectionable odour.  

	Effects >detectability
	Evidence that animal had recognised the presence of atmospheric contaminant e.g. increased motility, rubbing of eyes, or minor changes in the pattern or rate of respiration.  
	Thus, below the AEGL-1 values, there may be specific effects, such as the perception of a disagreeable odour, taste, or other sensations (mild sensory irritation).  In some people, that exposure level could result in mild lacrimation or coughing.  Since there is a continuum in which it is difficult to judge the appearance of “discomfort” in animal studies and human experiences.  
	

	
	Detectability

Exposed persons may make complaints or enquiries or may express anxiety but exposure, if perceived at all, will be perceived only by smell, taste, sight or by sensations (mild sensory irritation) which does not persist after exposure ceases.  There are no direct effects of exposure on health.  
	Effects which may occur below AEGL-1:

Detectability

Increasing complaints of objectionable odour, taste, sensory irritation or other mild, non-sensory or asymptomatic effects.  
	

	Definition detectability
	
	In development in AEGL.  
	

	Effects <detectability
	
	
	


APPENDIX B: Available methodologies - Table of commonly used acute exposure values

	Types of Exposure Values Applied in EU Competent Authorities for Seveso Implementation

	Acute Exposure Guideline Levels (AEGL), developed by the U.S. National Advisory Committee on AEGLs (NAC/AEGLs), managed by the U.S. EPA.  

AEGL-1:  the airborne concentration (ppm) of a substance above which it is predicted that the general population, including susceptible individuals, could experience notable discomfort, irritation, or certain asymptomatic non-sensory effects.  However, the effects are not disabling and are transient and reversible upon cessation of exposure.  

AEGL-2:  the airborne concentration (ppm) of a substance above which it is predicted that the general population, including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape.  

AEGL-3:  the airborne concentration ppm) of a substance above which it is predicted that the general population, including susceptible individuals, could experience life-threatening health effects or death.

Exposure duration periods:  10 minutes, 30 minutes, 1 hour, 4 hours, and 8 hours.  

	Emergency Response Planning Guidelines (ERPG), developed by the American Industrial Hygiene Association (AIHA).  

ERPG–1:  the maximum airborne concentration below which it is believed nearly all individuals could be exposed for up to 1 hour without experiencing more than mild, transient adverse health effects or without perceiving a clearly defined objectionable odour.  

ERPG–2:  the maximum airborne concentration below which it is believed nearly all individuals could be exposed for up to 1 hour without experiencing or developing irreversible or other serious health effects or symptoms that could impair an individual’s ability to take protective action.  
ERPG–3:  the maximum airborne concentration below which it is believed nearly all individuals could be exposed for up to 1 hour without experiencing or developing life-threatening health effects.  

Exposure duration period:  1 hour.  

	Emergency Exposure Indices (EEI), developed by ECETOC.  

EEI-1:  the airborne concentration for exposures lasting up to a specified exposure time (t1) below which direct toxic effects are unlikely to lead to DISCOMFORT in the exposed population (including susceptible but excluding hyper-susceptible groups) and above which, as the concentration increases, DISCOMFORT would become increasingly more common.  

EEI-2:  the airborne concentration for exposures lasting up to a specified exposure time (t1) below which direct toxic effects are unlikely to lead to DISABILITY in the exposed population (including susceptible but excluding hyper-susceptible groups) and above which, as the concentration increases, DISABILITY would become increasingly more common.  

EEI-3:  the airborne concentration for exposures lasting up to a specified exposure time (t1) below which direct toxic effects are unlikely to lead to DEATH / PERMANENT INCAPACITY in the exposed population (including susceptible but excluding hyper-susceptible groups) and above which, as the concentration increases, DEATH / PERMANENT INCAPACITY would become increasingly more common.  

Exposure duration periods:  15, 30 and 60 minutes.  

	Temporary Emergency Exposure Levels (TEEL), developed by the U.S. Department of Energy.  

TEEL-0:  the threshold concentration below which most people will experience no appreciable risk of health effects.  

TEEL-1:  the maximum concentration in air below which it is believed nearly all individuals could be exposed without experiencing other than mild transient adverse health effects or perceiving a clearly defined objectionable odour.  

TEEL-2:  the maximum concentration in air below which it is believed nearly all individuals could be exposed without experiencing or developing irreversible or other serious health effects or symptoms that could impair their abilities to take protective action.  

TEEL-3:  the maximum concentration in air below which it is believed nearly all individuals could be exposed without experiencing or developing life-threatening health effects.  

Exposure duration period:  15 minutes (for concentration-dependent chemicals), 60 minutes (for dose-dependent chemicals).  

	SEL and SEI (Threshold of Lethal Effects and Threshold of Irreversible Effects), developed by the French Ministry of Environment, INERIS, INRS, IPSN, University Hospitals, and Industry.  

The “Lethal Effects Threshold” (SEL) corresponds to a concentration for a given exposure period above which mortality can be observed in the exposed population.  

The “Irreversible Effects Threshold” (SEI) corresponds to a concentration for a given exposure period above which irreversible effects may appear in the exposed population.  

The “Reversible Effects Threshold” (SER) corresponds to a concentration for a given exposure period above which reversible effects may appear in the exposed population.  

The “Perception Threshold” (SP) corresponds to a concentration that leads to a sensorial detection of the chemical substance by the exposed population.  

Exposure duration periods:  1, 10, 20, 30, and 60 minutes, as well as 2, 4, and 8 hours.  

	Dutch Intervention Guidelines (1999)

Life threatening value (Levensbedreigende waarde - LBW): the concentration of a substance above which death or a life threatening condition may develop within a few days after an exposure of one hour.  

Alarming threshold (Alarmeringsgrenswaarde - AGW):  the concentration of a substance above which irreversible or other serious health impairment may occur as a result of acute toxic effects after an exposure of one hour.  

Communication guideline value (Voorlichtingsrichtwaarde - VRW): The concentration of a substance at which a high level of probability will be perceived by the majority of the exposed population as hindrance or above which minor, quickly reversible health effects may occur after an exposure of one hour.  Often this is the concentration at which exposed people start to complain about the perceived exposure.  

	Dutch Commissie Preventie van Rampen (CPR)

For use in quantitative risk assessment studies a LC50 % for humans is derived from animal studies for an exposure period of 30 minutes.  

No exposure duration period, but rather a probit function for concentration-time-endpoint for a specified time range.  

	Dangerous Toxic Load (DTL), developed by the UK Health and Safety Executive.  

Specified Level of Toxicity (SLOT) DTL:  The airborne concentration level at which almost everyone in the exposed area is likely to suffer severe distress, a substantial fraction of which will require medical attention, and some people will be seriously injured, requiring prolonged treatment.  For highly susceptible people, the possibility exists that they will be killed.  

Significant Likelihood of Death (SLOD) DTL:  The airborne concentration level at which the mortality of 50% of an exposed population is predicted.  

No exposure duration period, but rather a probit function for concentration-time-endpoint for a specified time range.  
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� See in Glossary of Definitions








� The list represents values that have been specifically identified by Member State competent authorities (in Austria, Belgium, France, Germany, Italy, the Netherlands, Spain, and the United Kingdom) as values that they have applied within certain Seveso-related programme areas.  Although IDLH values by NIOSH (McGinnis et al, 2003) were also identified, they have not been included as they primarily serve a purpose, which is outside the scope of this project (worker protection).  The IDLH values were established to allow workers to escape from contaminated environments without loss of life or irreversible health effects in the event of failure of respiratory protection equipment.  


� Threshold levels represent the maximum concentration at which the health effect is not expected to occur.


� Probit as a function of concentration or a given time period.





