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There is variation  in  risk  assessment  practice  of  acute  chemical  releases  in Europe.
Training especially  on  the  application  of  acute  exposure  reference  values  is needed.
Release of  toxic  and  irritating/corrosive  chemicals  are  perceived  as  a serious  risk.
Globalisation and  high  productivity  demands  are  potential  future  risk  drivers.
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a  b  s  t  r  a  c  t

A  scientifically  sound  assessment  of  the  risk  to  human  health  resulting  from  acute  chemical  releases  is the
cornerstone  for chemical  incident  prevention,  preparedness  and  response.  Although  the  general  method-
ology  to  identify  acute  toxicity  of chemicals  has  not  substantially  changed  in the  last  decades,  there  is
ongoing  debate  on the  current  approaches  for  human  health  risk  assessment  in scenarios  involving  acute
chemical  releases.

A  survey  was  conducted  to identify:  (1)  the  most  important  present  and potential  future  chemical
incident  scenarios  and  anticipated  changes  in chemical  incidents  or their  management;  (2) information,
tools  and  guidance  used  in different  countries  to  assess  health  risks  from  acute  chemical  releases;  and
(3)  needs  for  new  information,  tools,  guidance  and  expertise  to enable  the  valid  and  rapid  health  risk
assessment  of acute  chemical  exposures.
According  to  the  results,  there  is  an  obvious  variability  in  risk  assessment  practices  within  Europe.
The  multiplicity  of acute  exposure  reference  values  appears  to result  in  variable  practices.  There  is a
need for  training  especially  on  the  practical  application  of  acute  exposure  reference  values.  Although
acutely  toxic  and  irritating/corrosive  chemicals  will  remain  serious  risks  also  in future  the  development

of  plausible  scenarios  for poten
and chemicals  (e.g. nanopartic
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. Introduction

Public health management of acute chemical incidents is based
n the knowledge of health risks arising from short term, high
evel exposure, which enables the assessment of public health
onsequences and the needs for evacuation and other protective
easures. This is a special situation that is not covered in most

ther existing risk assessment schemes such as Regulation on Reg-
stration, Evaluation, Authorisation and Restriction of Chemicals
REACH) [1] or, for example, the approval of new pesticides or
iocides for access to the market. These schemes are focused on
he risks of chemicals from their normal use and handling and do
ot take into account short term high level exposures due to, for
xample, accidents or incorrect use. Therefore the related method-
logies are mostly focused on subacute to chronic exposure and are
imed to identify the levels at which no harm is likely to result from
xposure.

The methodology to identify acute toxicity of chemicals has not
ubstantially changed in the last decades. However, there is ongo-
ng debate regarding the current approaches for human health risk
ssessment in scenarios involving acute chemical releases. One
uestion concerns identification of the most relevant substances
hat should be considered in acute chemical incident scenarios. Sec-
ndly, there is an issue concerning the types of health effects that
hould be included in such an assessment. As individual assess-
ents performed by different authorities or organisations may

esult in different conclusions (that can all be scientifically justified)
here may  be a need for further co-operation and harmonisation
f approaches for risk assessment of acute chemical releases and
or deriving chemical specific guidance values applicable for acute
hemical release scenarios. A harmonized and consistent response
s especially important in case of transboundary incidents to miti-
ate consequences.

In addition to the concern over accidental chemical releases,
here is growing awareness about potential deliberate exposure
temming from the release of a dangerous substance through an
ntentional act of violence, terrorism or sabotage. In addition to
lassical chemical weapons, commonly used industrial chemicals
ave been suggested as possible threats in scenarios involving
eliberate releases of chemicals [2,3]. As another new area of
oncern, potential acute health effects due to chemical releases
ssociated with new technologies, for example, nanotechnology
nd current or future trends engendered by nature or society, such
s climate change and globalisation, are issues that also should be
onsidered.

Acutely toxic or corrosive chemicals, such as hydrogen cyanide,
hlorine or hydrogen sulphide, are usually well recognised in acute
xposure risk assessment schemes. However, concerns have been
aised about other toxic effects, for example, carcinogenic or repro-
oxic effects of chemicals after single, incidental exposure (e.g.
one-shot carcinogenicity” [4]). Carcinogenic and reprotoxic effects
re typically studied in repeated dose toxicity studies and there is,
t present, no clear methodology for the extrapolation from those
tudies to single, peak exposures lasting only days or even hours.
owever, since the risk cannot to be excluded, there should be a
ethod to assess, for instance, the cancer risk caused by a single,

eak exposure to a carcinogenic substance [4,5].
Acute exposure reference values (AERVs) are used to express

he likelihood of adverse health effects following the exposure to
 particular substance. During chemical incidents these values are
pplied to models, e.g. atmospheric dispersion models, to predict
onsequences in a certain area or to estimate evacuation distances

o enable rapid decision making in such emergency situations.

Reference values applied for food, consumer products or to
he workplace define exposure levels at which no harm is likely
o result from exposure i.e. are protective values. In contrast,
aterials 244– 245 (2013) 545– 554

AERVs, define predictive exposure levels for different degrees of
health impairment, on a continuum from exposure levels with-
out an expected health effect to those with an anticipated degree
of harm or where lethal effects are to be expected. There are at
present several AERVs in use in Europe [6]. The two most fre-
quently used values are Acute Exposure Guideline Levels (AEGL)
[7–9] developed by the U.S. National Advisory Committee for the
Development of Acute Exposure Guideline Levels for Hazardous
Substances (AEGL Committee), which is managed by U.S. Envi-
ronmental Protection Agency (U.S. EPA), and Emergency Response
Planning Guidelines (ERPG) [10] developed by the American Indus-
trial Hygiene Association (AIHA). Other values include Temporary
Emergency Exposure Limit (TEEL) [11–13] values developed by Sub-
committee on Consequence Assessment and Protective Actions
(SCAPA) and Immediately Dangerous to Life and Health limit (IDLH)
[14] values defined by the U.S. National Institute of Occupational
Safety and Health (NIOSH). In addition, there are national val-
ues available in some European countries, for example in the
Netherlands (Intervention Values for Dangerous Substances) [15] and
France (SEI and SEL; Threshold of Lethal Effects and Threshold of
Irreversible Effects)  [16].

In recent years, there have been some efforts to promote
greater co-operation and harmonisation within Europe. EU-funded
ACUTEX project (2002–2005) aimed to develop an European
methodology for producing Acute Exposure Threshold Levels
(AETL) [6]. The project took advantage of best practices established
in existing methodologies, and incorporated new techniques to
address particular needs of European end-users. This project was
beneficial in moving Europe closer towards adopting some com-
mon  principles for developing exposure levels, but full co-operation
and harmonisation of procedures for the development of AERVs is
still an unmet need in Europe.

For these reasons, a study was  launched to explore the current
practices, needs and developments of the risk assessment of acute
chemical releases in EU. The specific aims of the study were to
identify:

1) the most important present and potential future chemical inci-
dent scenarios and anticipated changes in chemical incidents or
their management;

2) information, tools and guidance used in different countries to
assess health risks from acute chemical releases; and

3) needs for new information, tools, guidance and expertise to
enable the valid and rapid health risk assessment of acute chem-
ical exposures.

This study was  conducted as a part of the EU FP7 funded project
iNTeg-Risk (Early Recognition, Monitoring and Integrated Manage-
ment of Emerging, New Technology related, Risks).

2. Methods

2.1. Questionnaire design

A web-based questionnaire was  chosen as being the most effi-
cient method to conduct the study. The draft questionnaire was
developed by the Finnish Institute of Occupational Health in collab-
oration with eight other institutes from seven different European
countries. The survey consisted of 37 questions that included both
open and multiple choice questions, many with scaled answers.

The same scales were used on each question as far as possible, and
an ‘I don’t know’ option was included in most questions. Respon-
dents also had the opportunity to add additional comments for each
question.
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The first section was  composed of six questions and aimed to
rovide information on the most important chemical incident sce-
arios and the anticipated changes in chemical incidents or their
anagement. This section focused on the identification of sub-

tances considered to pose the most serious risk due to accidental
r deliberate releases, on the influence of recent developments such
s nanotechnology, globalisation or climate change or terrorism on
he risk of chemical incidents, and on the influence of certain leg-
slative actions (for example REACH) on the management of acute
hemical incidents.

The second section consisted of eleven questions related to
urrent risk assessment practises presently in use in different
ountries. More specifically, they included questions on the use
f different AERVs, the importance of these values, their ease of
se, appropriateness of the available time frames, and appropri-
teness of the health effects addressed. Questions also related to
dditional information sources, air dispersion modelling and the
se of portable measuring devices in health risk assessment during
cute chemical incidents were included.

The last section focused on the needs for additional guidance
.g. on the assessment of the risk of different long term health
ffects or risks caused by chemical mixtures, new modelling tools
.g. atmospheric dispersion modelling, read-across, dose-response
odelling or training.

.2. Target population

The target population consisted of professionals working in
hemical risk assessment and emergency prevention, planning,
reparedness and response at different levels of responsibility, i.e.
olicy makers involved in developing policies and regulations gov-
rning the safe use of chemicals and incident prevention, planning
nd response, scientists involved in the development of tools, prac-
ices or guidelines for risk assessment of chemical incidents and
nd-users of these tools, practices or guidelines.

As we aimed at gathering pan-European information, profes-
ionals from as many European countries as possible were invited
o participate. The survey was disseminated in 24 countries includ-
ng Austria, Belgium, Bulgaria, Czech Republic, Denmark, Estonia,
inland, France, Germany, Hungary, Ireland, Italy, Latvia, Lithua-
ia, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
weden, The Netherlands, and UK. In addition to national institutes
n the respective countries, questionnaires were sent to intergov-
rnmental organisations such as the World Health Organisation
WHO).

.3. Survey dissemination

Currently, the responsible bodies and institutes for chemi-
al incident management vary greatly in the different European
ountries. This made it difficult to identify the relevant contact
ersons to target for the survey. Project partners are most famil-

ar with the structure and contacts within their own  country, and
ften also with that of their neighbouring country or otherwise
elated country. Therefore, each project partner provided contact
ata for professionals in each of the three defined target groups
policy makers, scientists, end-users) for their own  country, as well
s for their neighbouring or otherwise assigned country.

A survey tool designed for the iNTeg-Risk project was  used
o construct the survey. To disseminate the survey, a link to the
urvey was sent via e-mail with a covering letter. A total of 210 sur-
eys were sent to persons in 23 countries. The number of surveys

isseminated does not include Germany, where a different strat-
gy was utilised. In Germany, the data protection law precludes
xchange of mailing lists. Therefore the survey was  sent to institu-
ions involved in chemical incident management, which forwarded
aterials 244– 245 (2013) 545– 554 547

the invitation according to their mailing lists. Hence, the exact num-
ber of questionnaires distributed in Germany is not exactly known
but as 15 institutions have been approached the number of ques-
tionnaires distributed is likely to be more than 30. The survey was
disseminated in December 2009. The last responses were received
in summer 2010.

2.4. Analysis of the responses

Descriptive analyses were carried out on the data collected. The
survey was  originally intended to provide a detailed analysis per
target group, in addition to responses as a whole. However this
objective proved difficult to achieve since the survey responses
demonstrated that the groups are not mutually exclusive. In par-
ticular, some respondents had more than one role and acted both
as (for instance) end-user and policy maker, or scientist and end-
user. Hence, it was not possible to identify from which point of view
these respondents completed the survey. For this reason, the results
are expressed in terms of the whole group of respondents. The
“n” used in percentage calculations, refers to the total number of
respondents of each individual question. Since not all respondents
answered all questions, the total number of respondents varies per
question.

3. Results

3.1. Analysis of responses

Out of the 210 questionnaires sent out (Germany excluded), 67
responses were received, giving a response rate of 32%. Because the
exact number of surveys disseminated in Germany is not exactly
known, the response rate cannot be calculated for the whole group.
Total number of responses (Germany included) was 86.

The survey was  distributed in 24 countries. Responses were
received from 18 countries. Most responses were received from
Germany (19 responses, 22%), Finland (10 responses, 12%) and
the Netherlands (10 responses, 12%). Five responses were received
from Belgium, France, Italy, Romania and Sweden. Two  to four
responses were received from Austria, Czech Republic, Denmark,
Estonia, Ireland, Slovenia, and UK, and only one from Norway,
Portugal, and Slovakia. There were no responses from Bulgaria,
Hungary, Latvia, Lithuania, Poland, and Spain. The main reason for
the lack of responses from some countries was the difficulty in the
identification of the appropriate institutions or persons involved in
public health preparedness.

When the respondents categorised the work of their organi-
sation in the field of chemical emergencies, the most common
category was  toxicological risk assessment (43%). Legislation,
air dispersion modelling, poison centre activity, medical pro-
fession (excluding poison centres), rescue service, fire service,
environmental health, toxicological laboratory and industry were
each represented by 14–27% of respondents (Table 1). Only five
responses were from the police or the military.

3.2. Identification of important chemical incident scenarios

A majority of respondents indicated that irritating/corrosive
substances, acutely toxic substances, combustion gases and pul-
monary toxicants were the most important chemical groups when
considering the seriousness of the health risks related to the inci-
dental release of different types of chemicals (Fig. 1a). According
to respondents, nanoparticles/nanomaterials, chemical weapons,

reprotoxic chemicals and pesticides were considered less serious
risks. Notably, carcinogenic substances were not highly prioritised.
For the category nanoparticles/nanomaterials 41% of respondents
did not express an opinion.
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ig. 1. (a) Health risk related to the incidental chemical releases to the air anticipated
n  = 86).

According to the respondents, the chemical groups most likely
o be involved in deliberate releases were irritating/corrosive
ubstances and acutely toxic substances, followed by pulmonary
oxicants, pesticides, combustion gases, and organic solvents

Fig. 1b). Deliberate release of nanoparticles/nanomaterials, metal
umes/vapours, carcinogenic and mutagenic substances and repro-
oxic substances was considered to be unlikely or very unlikely,
lthough 27% and 31% of respondents (23 and 27 out of 86) were
pondents. (b) Probability of deliberate chemical releases anticipated by respondents

unable to give an answer for reprotoxic substances and nanopar-
ticles/nanomaterials, respectively. The probability for deliberate
release of chemical weapons was  considered to be rather low as
well.
When asked about the effects of current or future trends pos-
sibly affecting the risk of chemical incidents, developments in
nanotechnology were perceived as a potential risk driver in the
future; 33% (28 out of 86) of respondents anticipated a significant
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Fig. 2. Perceived influence of selected factors on the risk of acut

r a slight increase in the risk (Fig. 2). Globalisation, demands to
ncrease industry productivity and efficiency, as well as changes
n companies’ working practices were also considered by many of
espondents as potential negative impact factors on acute health
azards (Fig. 2). Factors such as technological development, sub-
titution of hazardous chemicals, changes in use, storage and
ransport of chemicals were perceived mostly to decrease the risk
hereas climate change was not expected to have any impact.

The respondents evaluated the influence of new regulations on
he risk assessment and management in chemical emergencies.
mprovements due to REACH were foreseen by 58% (43 out of 74) of
espondents and the international harmonisation of the Regulation
n Classification, Labelling and Packing of substances and mixtures
CLP) was judged to have a positive impact by 50% (36 out of 72)
f the respondents. This was explained by increasing the amount
f available data on chemicals and by improving harmonisation.
bout 30% (22–23 out of 72–74 respondents) felt that assessment
nd management will not improve by these new regulations (data

ot shown).

able 1
ork categories of respondent organisations in the field of chemical emergencies

number of respondents, n = 86).

Work category Frequency (n)a Percentage

Toxicological risk assessment 37 43
Legislation 23 27
Rescue services 21 24
Air  dispersion modelling 19 22
Environmental health professional 18 21
Industry 18 21
Fire  services 17 20
Poison centre 14 16
Toxicological laboratory 14 16
Medical professional (other than

poison centre)
12 14

Police 3 3
Military 2 2
Other 14 16

a It was possible to select more than one category.
lth hazards caused by chemicals in the next 5–10 years (n = 86).

3.3. Risk assessment practises and tools

AERVs are clearly considered important risk assessment tools
in acute chemical incidents; 94% (68 out of 72) of respondents
thought they are very or somewhat important. Only two respon-
dents thought that AERVs are not important. In general, AERVs
are predominantly used for emergency planning and consequence
analysis and to a lesser extent for land-use and medical planning
(Table 2).

Most frequently used AERVs are ERPGs, AEGLs and IDLHs
(Table 2). TEELs and AETLs are applied by one third of the respon-
dents. Other values applied included for example national acute
exposure values and occupational exposure values (STELs, short
term occupational exposure limit values for 15 min). Most common
uses of AERVs among the respondents were emergency planning
and consequence analysis (Table 2).

Evacuation distance estimation is an important application of
AERV’s. Again, ERPGs, AEGLs and IDLHs are the most commonly
used values, in addition to national acute exposure levels (Fig. 3).
ERPGs and IDLHs are set only for one exposure period (60 or
30 min, respectively), whereas AEGLs have been set for five differ-
ent exposure periods and for three different severity levels (AEGL-1
AEGL-2 and AEGL-3) [7,9]. The use of different AEGLs for evacuation
distance calculations was  divided rather evenly among all respon-
dents, so that only few respondents used a particular AEGL level
(Table 3).

AERVs were, however, considered relatively easy to use by half
of the respondents (37 out of 72). However, 25 out of 72 respon-
dents thought that they are somewhat difficult or even very difficult
to use. According to some comments received, the fact that ERPG
and IDLH values are set only for 30 or 60 min  exposure durations
complicates their use. Related to the number of different AERVs,
one respondent proposed to set up a coordinated database of all
the different AERVs available for substances.

Respondents generally identified 10 min, 15 min, 30 min  and 1 h
as the most relevant exposure durations for AERVs (Table 4). When

asking the question for which severity of the health effects AERVs
should be derived, the answers did not uniformly identify a sever-
ity level as being the most important (Table 4). However, it seems
so that less severe effects (No significant health risks, not likely to
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Table 2
Use of different types of AERVs for different purposes (number of respondents indicating specific use).

Use patterna AEGL (n = 65)b ERPG (n = 66) TEEL (n = 56) IDLH (n = 66) AETL (n = 59) Other (n = 51)

Land-use planning 11 15 4 10 7 7
Emergency planning 27 32 6 22 7 19
Planning medical 7 7 3 8 3 3
Consequence analysis 23 19 14 23 11 19
Other  purpose 4 5 3 6 3 7

Total  use for different purposes 97 100 66 92 70 71
Not  used by organisation 25 22 36 23 39 16

a It was  possible to select more than one use pattern.
b Indicates the total number of respondents answering to this question.
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Fig. 3. AERVs used when estim

ause discomfort and Objectionable odour)  were considered the least
elevant. Over 70% of those respondents expressing their opinion
onsidered Impairment of person’s ability to take protective action or
scape; Serious injury requiring prolonged treatment;  Immediate or
elayed permanent adverse health effects, irreversible health effects;
ife-threatening effects;  and Likely to cause death, lethal effects to be
elevant (Table 4).
Besides the obvious acute health effects, long term endpoints
ay  also be of importance for the setting of AERV’s. A majority of

he respondents (41–50 out of 67–69 respondents) thought that it
ould be important to take into account respiratory sensitisation,

able 3
he use of different time frames of AEGLs for the estimation of evacuation distances.

Severity level AEGL 1 AEGL 2

Time-frames 10 min  30 min  1 h 4 h 8 h 10 min
Number of respondents using

the specific level
3 2 4 1 1 6 
 evacuation distances (n = 69).

reproductive toxicity, long term neurotoxic effects, carcinogenic or
mutagenic effects. No obvious differences between different target
groups were noted in their responses (data not shown).

When asked whether susceptible subpopulations (such as asth-
matics) should be considered when setting AERVs, 68% of the
respondents (47 out of 69) felt that this would be appropriate.
3.4. Needs in the health risk assessment of chemical emergencies

Certain types of health effects following single exposures are
considered more complex to assess than others. The health effects

 AEGL 3

 30 min 1 h 4 h 8 h 10 min  30 min 1 h 4 h 8 h
7 9 5 5 5 5 8 5 5
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Table 4
Relevancy of different time frames and severity grade for acute exposure reference values.

Time frame Relevant (n) Not relevant (n) I don’t know or no answer (n)

1 min  19 22 45
10  min 35 10 41
15 min 27  12 47
20  min  16 18 51
30  min 35  8 43
1  h 40 6 40
2  h 12 19 55
4  h 15 19 52
8  h 16 24 46

Severity grade Relevant (n) Not Relevant (n) I don’t know or no answer (n)

No significant health risk, not likely to cause discomfort 20 35 31
Objectionable odour 18 36 32
Mild  effects, discomfort, mild irritation 37 20 29
Likely  to suffer clear but not life-threatening health effects, medical attention required 39 11 36
Impairment of person’s ability to take protective action or to escape 48 8 30
Serious health effects, serious injury requiring prolonged treatment 42 10 34
Immediate or delayed permanent adverse health effects, irreversible health effects 48 5 33
Life  threatening effects 48 7 31

f
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Likely  to cause death, lethal effects 

or which more guidance was requested by the respondents include
arcinogenic, reproductive, mutagenic and neurotoxic effects, and
ensitisation (Fig. 4). Based on respondents’ open remarks, the cur-
ent tools, guidance and information to assess delayed effects from

hort-term exposures were considered to fall short. One explana-
ion given by the respondents is that these types of effects cause a
ot of concern to the public, even if risks caused by acute exposure

ay  be very low.

Fig. 4. Health effects for which more guidance is needed
41 9 36

The data on toxic effects following single exposure are limited
for many substances. In such cases, data from related substances
(read-across/QSAR) may  provide an alternative to help the risk
assessment. When asked whether the respondents have exper-

tise in this kind of evaluation, 26 out of 66 did not reply to
the question or replied that they did not need that kind of
expertise in their work. Of the rest, 25 considered the exper-
tise to be at least somewhat adequate, whereas 15 thought

 in order to make reliable risk assessment (n = 63).
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Table 5
Sufficiency of guidelines, regulations and tools for the assessment and management
of human health risks from chemical exposures in emergency response situations
(n  = 74).

n (%)

Yes, guidelines, regulations and tools are sufficient 37 (≈50)
No, new guidelines needed 27 (≈36)
No, new regulations needed 13 (≈18)
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No, new tools needed 25 (≈34)
I don’t know 5 (≈7)

hat it is somewhat inadequate or not at all adequate (data not
hown).

The majority of all respondents (58%, i.e. 39 out of 67) consid-
red the present models to assess health risks of single exposures
o multiple chemicals or chemical mixtures are inadequate. 46 out
f 67 respondents would require AERVs at least for some common
ixtures. Organic solvents and gasoline or other fuels were men-

ioned as examples. New tools and more guidance were required
lso for dose-response and time scaling modelling in the setting
f AERV’s (35 and 34 out of 61 responses, respectively) as well as
xposure modelling (25 out of 61) (data not shown).

When asked about the relevancy and sufficiency of guide-
ines, regulations and tools for the assessment and management
f human health risks from chemical exposures in emergency
esponse situations, 32 out of 74 respondents (43%) considered the
resent situation insufficient. These respondents expressed a need
or new guidelines and tools and, to a lesser extent, for new regu-
ations (Table 5). In open remarks, international harmonisation of
uidelines and tools was suggested, as well as co-operation among
ocal and regional authorities. Respondents expressed a need for

aterial, such as reports on chemicals, AERVs, and standard oper-
tion procedures, which is easily available and useful to enable

 valid and rapid risk assessment. Also a request for more train-
ng/education was given.

. Discussion

.1. Methodological considerations

This project marks the first effort in Europe to review current
uropean practice and perspectives on the current needs regarding
he development and use of information on acute health risks of
hemicals for use in risk management applications. The findings
ffer new information on the current methodologies and practices
n the risk assessment of single chemical exposures as well as on
he needs and concerns related to chemical incident preparedness
n various European countries.

The validity of a survey is dependent on the response rate. In
his survey the response rate of the questionnaire was  32% (exclud-
ng Germans, see Results), which is more or less an expected rate
or this kind of questionnaire. Thus, the results can be consid-
red as a valid representation [17]. The advantage of this study
as that it involved experts from various fields of expertise (e.g.

oxicological risk assessment, policy and rescue services) and
rom different levels (local, national, international). Also different
arts of Europe (northern, eastern, western and southern Europe)
ere represented although there was variability in the number of

esponses from different countries, with Germany, the Netherlands
nd Finland being the best represented. Thus, the results may  be
iased towards a better representation of the situation in those
hree countries. A large number of responses were from highly

ndustrialised countries with a significant number of Seveso sites.

As always in this kind of questionnaires, there is a need to discuss
hether the right persons were addressed. However, the distribu-

ion channel was specifically made by experts knowing specifically
aterials 244– 245 (2013) 545– 554

about the responsible organisation and the responsible persons in
the respective country. Thus, we are of the opinion that the respon-
dents represented the panel of institutions and/or experts in the 24
countries who are responsible for chemical incident preparedness.

4.2. Chemical incident scenarios

According to the results of this study, irritating and corrosive
substances, acutely toxic substances, and combustion gases are
perceived as the most serious risks due to incidental releases and
will remain serious risks also in the future. Also in the case of delib-
erate releases, common industrial chemicals are considered to be
a more probable threat than actual chemical weapons. Therefore,
the identification of these chemicals for further risk assessment
is essential also for the preparedness towards deliberate releases.
Hauschild and Bratt [3] has recently described an approach to eval-
uate over 1700 industrial chemicals in order to rank them from
global military perspective according to their ability to cause phys-
ical or toxicological threat either from intentional attack or from
collateral damage.

In addition to industrial chemicals, pesticides were ranked high
regarding deliberate releases. This is likely to reflect the history
of incidents involving pesticides and the known high toxicity of
some pesticides (organophosphates, carbamates, nicotine). How-
ever, according to this survey, pesticides were not considered to
pose serious health risk due to accidental releases, which may
reflect the recent developments in the substitution of the most
hazardous pesticides in Europe.

Surprisingly, risk from carcinogenic chemicals or chemicals
toxic for reproduction did not rank highly, which is interesting inso-
far as for chronic exposure these effects are seen as a major threat
for human health in the community. In contrast, these effects were
identified as endpoints to be included when deriving AERVs and as
endpoints for which more guidance is needed (Fig. 4). It might be
that the answer of the first question is expressing a personal view
on risk, whereas the answers to further questions mirror the situa-
tion of incidences with chemicals being carcinogenic or reprotoxic.
As the responsible persons have to provide a scientifically based
risk communication, an assessment of the risk of these effects has
to be also performed.

The majority of respondents did not perceive nanoparticles
and nanomaterials as a significant concern in the future. How-
ever, it was  noted that many of the respondents did not answer
this question and we interpret this finding as an indication of
lack in knowledge. Currently, the knowledge of the health effects
of nanomaterials is limited and until now, there are no cases of
acute accidents in which nanoparticles or nanomaterials have been
specifically identified as the major hazard, aside from nanoparticles
generated naturally, for example, from fires or vulcanic eruptions.
Although nanoparticles were not perceived as a serious health risk
at the moment, nanotechnology was  considered by most respon-
dents as a potential risk driver in the future. This may  reflect the
expected increase in the importance/volumes of nanotechnology
in future. Other potential risk drivers cited by a number of respon-
dents included globalisation, productivity demands in companies
and changes of company working practices which we  interpret as
an expression of increased time pressure with a potential loss of
diligence and an increased risk of non-conformity with safety rules.

The survey also indicated that respondents generally considered
REACH and CLP regulations as positively influencing risk assess-
ment and management of acute chemical incidents in Europe.

REACH is expected to provide more information on the hazardous
properties of the chemicals, which is likely to contribute to better
management of chemical incidents, although, it should be noted
here that REACH concerns only the normal expected handling and
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se of chemicals, excluding abnormal/accidental operations and
eliberately inappropriate uses [1].

.3. Risk assessment tools and practises in Europe

One of the main results of the study was the obvious variabil-
ty in the risk assessment practices. This same variability has been
oted also in the use of acute exposure levels in Seveso II appli-
ations [6].  Multiplicity of AERVs appears to cause confusion and
esult in variable practices.

It has been shown by Öberg et al. [18] that there is a significant
iscrepancy among AERVs for single chemicals. According to Öberg
t al. [18], AEGL and ERPG values diverge by a factor of three or
ore for almost 40% of the substances. When different values are

sed by different countries/bodies, it may  cause problems espe-
ially in transboundary incidents, when different risk assessment
ractises might confuse the public and complicate risk communi-
ation. Thus, there is a clear need for harmonized AERVs and clear
uidance and/or training to use an appropriate value for particular
urposes.

The observation that AEGL and ERPG values are the most fre-
uently used is consistent with the recommendation of the US
ubcommittee on Consequence Assessment and Protective Actions
SCAPA) on the use of different AERVs. According to SCAPA rec-
mmendations, primarily AEGLs should be used and if AEGLs are
ot available ERPGs would be the second choice [12]. TEEL values,
erived by SCAPA, are recommended in absence of AEGLs or ERPGs.

IDLH values were also quite frequently used among respon-
ents. The reason for this might be that they have a long history,
re widely known, and are available for many chemicals. They are
ot, however, intended or appropriate for use in situations such
s emergency response and land-use planning. IDLH values have
een established to determine a concentration from which a worker
ould escape without injury or without irreversible health effects
n the event of respiratory protection equipment failure and a con-
entration above which only “highly reliable” respirators would be
equired [14].

Short term occupational exposure limit values (15 min  STEL
alues) were also used by some of the respondents which is contra-
ictory to their aim. STEL values are aimed at preventing adverse
ealth effects due to peak exposures that will not be controlled
y the application of an 8 h time-weighted average (TWA) limit at
orkplaces [19]. They are intended for use in normal work situa-

ions and must not be used as a basis for determining measures to
rotect against emergency situations [19].

The limited use of AETLs is explained by the fact that these val-
es were derived as case studies for only 22 chemicals within the
CUTEX project, which was aimed at developing a methodology

or developing AERVs. These existing AETLs do not have an official
tatus and were never published.

A large group of potential AERV users seem to have problems
ith the application of the currently available values. This was

een also in the wide variability of the use of values set for differ-
nt severity grades of health outcome or for different time-frames.
here are currently no recommendations available in Europe on
he use of specific time frames or severity of health effects for
pecific risk assessment purposes. These findings show that the
erivation of AERVs alone is no guarantee for their successful appli-
ation, and that guidance on possible application areas and on how
o apply them should be an integral part of an AERV development
rogramme.
.4. Identification of present needs

Based on the results of the study, there is a clear need for guid-
nce on the use of AERV’s in Europe. This guidance should involve
aterials 244– 245 (2013) 545– 554 553

clear recommendations on the use of an appropriate value for par-
ticular purposes with the aim to harmonize risk assessment and
management practices. At a national level, for example France has
developed a guidance to help national stakeholders in choosing
different AERVs for mainly land-use planning purposes [20].

Based on results of the questionnaire, the time frames of interest
are especially 10 min  up to 1 h, and the health effects of interest
are those of a higher grade of severity including mild effects but
excluding odour perception and no effect levels. However, some
respondents were in favour of having AERVs also for shorter and
longer time periods or for no-effect level or odour perception. This
reflects the variable needs for AERVs, which also have previously
been reported [6].

In addition, there was an evident need for more guidance and
information to assess delayed effects (carcinogenicity, reproduc-
tive, mutagenic and neurotoxic effects, and sensitisation) from
short-term exposures although these substances are not ranked
as high risks in acute releases. The main challenge related to these
compounds is a scientifically based risk communication [5].  In addi-
tion, in the development of risk assessment guidance and AERVs it
should be addressed how the impact of exposure on susceptible
subpopulations can be taken into consideration.

Models to assess health risks of single exposures to multiple
chemicals or chemical mixtures were also requested, as well as
guidance on how to assess their risks. In occupational health, for
example, the question of multiple chemical exposures is commonly
addressed by assuming that toxic effects of similarly acting chemi-
cals are additive [21]. However, since, in these cases, the limit values
are usually based on no observed adverse effect levels (NOAELs) and
the use of safety factors to account for uncertainties, the effect of
additivity can be assumed to be lower than in incidental releases of
chemical mixtures because of the possible scenario of high expo-
sure with clear adverse effects. For this risk assessment of acute
incidental exposures, no guidance is currently available to address
these issues.

A need for training/education was also expressed. Differences
in educational background are evident from the survey, something
which may  hamper common hazard assessment, efficient commu-
nication and mutual understanding in management of cross-border
chemical disaster incidents. This calls for an urgent need of train-
ing courses in real-time hazard identification and quantification,
hazard management, individual monitoring of victims, medical
handling and treatment.

Further improvements in the field of dose-response modelling
and time-scaling in the setting of AERVs, as well as exposure mod-
elling were requested by many of the respondents. Read-across and
QSAR seem an important area for further work, given the future
scenario with the political aim of avoiding animal testing. These
methods are under active development for the purposes of other
legislations like REACH in Europe [22]. However, their application
for the assessment of health risks arising from acute exposures has
yet not been considered.

5. Conclusions

This survey was the first of this kind on acute chemical health
risks in Europe. Its results are of high interest for further devel-
opments and scientific and training investments in a field of high
public interest, in particular when considering new and emerging
risks. Based on the results it can be concluded that:
• European consensus on the process and methodology to derive
and use AERVs should be developed. It should take into account
also possible long term effects of short term exposures and sus-
ceptible subpopulations.
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There is a clear need for training materials and courses on acute
health risk assessment, both at local, national and European level.
Training is especially needed on the practical application of acute
exposure reference values, and their role in the assessment and
communication of health risk of acute chemical incidents.
Although acutely toxic and irritating/corrosive substances will
remain serious risks also in future, development of plausible sce-
narios for potentially emerging risks from chemical incidents is
also needed. This includes potential exposure associated with
new mixtures and substances including nanoparticles. Also better
understanding of the potential influence of issues like globalisa-
tion, productivity demands and companies working practises on
chemical incident preparedness is needed.
Further scientific work related to the risk assessment of sin-
gle exposures should be initiated in the field of dose-response
modelling including time extrapolation and exposure modelling.
Given the political pressure to avoid animal testing read-across
and QSAR are scientific fields which need further development.
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