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“Raising awareness creates change.”
(Fritz Perls)



Foreword

Starting originally in the 1950s, nowadays thedief environmental protection arrived to the
status when its importance is globally recogniZElde integration of environmental concerns
into economic growth and development policies hagrged as a priority concern of modern
environmental policies since the 1970s (Speck.e2801). Fundamental research programs are
ongoing, international developments had been stagevernmental, non-governmental and
private organizations investigate the state ofeahgironment. Both the number of persons in
environmental related positions and students inrenmental related programmes are increasing
(Valké and Gal, 2000). As Farkas (1994a) descrigeseral awareness of environmental issues
related to economical growth is present and pea@pke willing to sacrifice for a better
environment. As we can see in Galantai (2004),renmental concern is present even in space
programs. However, environmental habits in protessi and private life still vary on a wide
scale depending on the level of development antireul In the developed Western societies,
environmental protection is an organic part of gsay life, however, in less developed
countries this attitude waits for implementationnageds of development for high quality of the
economy precedes needs for a better quality envieom (Farkas, 1994a). The main attitude,
sustainability, had been interpreted to ensure tirodevelopment and the fulfilling of needs
(Hronszky, 1998).
Air pollution is one of thenajor environmental problems of cities of heavy trafind industry,
consisting of both inorganic and organic pollutaiiddoser and Palmai, 1992). As Tarr (1996)
describes, air pollution as a concept, is relagivedw, and before World War Il, smoke was
viewed as the primary cause of atmospheric contatmoim He describes that among the leading
causes of urban smoke were industries, commerstabkshments, residences, railroads and
tugboats, in short anything that utilized wood oglcas fuel. According to Hays (1998), the
regulation of air pollution on the global sceneeddback to the environmental Act of 1970 in the
USA. Then the passage of the 1977 amendments tGldan Air Act (first instituted in 1963)
came after seven years of intense experience Wwehworkings of the 1970 law. Despite the
complex detail, the clean air effort consists ob telements: standards and implementation. The
identical issue is how clean the air should be. @ddtrany environmental quality program desires
to clean up the air, water or land, or to prevéndegradation. The focus is, however, as Hays
(1998) explains, orthe degree of cleannes$o be effective, the general concern must be
translated into an operating procedure, a perfocmatandard or an acceptable practice for all
groups (individuals, corporations, government). Whb the public, a standard represents a
11



higher qualitative level of living, to the pollutérrepresents a cost, which reduces both original
profit of a private corporation and original budgét public enterprise.

Inorganic pollutants, like CO, GONQOy, SQ, are usually present in high concentrations, their
short and long-term effects are well described, amdlatively well working regulation system
had been developed over time (in Europe and CEEtlynbased on charges and taxes, Speck et
al., 2001). However, organic air pollutants arealigupresent in much smaller concentrations,
their effects are not so precisely explored andmuuahately, their regulation is not as efficient as
desired.

Nowadays, one of the most important organic pafitgéan urban surroundings is the group of
Polycyclic Aromatic Hydrocarbons (PAHs). PAHs haaesimilar chemical structure to the
building blocks of DNA; therefore, they can eashbpnd into the DNA chain during cell
replication resulting in mutant DNA strains and elepment of cancer. Because of this
mechanism, even very small amounts of PAHs cartriesoancer, therefore even the relatively
small concentrations of PAHs in urban air is coesd dangerous. At least 20% of the EU
population will succumb to cancer, therefore far Hhealth and Safety policy objectives of EU it
is clearly important to ascertain whether thisdecice can be decreased by improvements in our
environment.

As the use of PAH in the chemical industry has ugaolee a severe change and very strict health
and safety regulations are in plackut urban traffic, domestic and industrial hegtismain as
the main sources of PAH contamination. Howeveraarbnvironmental regulation of PAHs is
still in development and shows important differenadien one compares the different regulation
systems of different countries. The easiest waydotrol PAH contamination is the use of
environmental limit and target values and by fés th the most frequently used method.
Regarding our field of study from the perspectieéshistory of science and technology, the
history of environmental regulation started witlvexry noble initiative in the fifties: to extend
scientific knowledge to this new area so exactestants can be made. Environmental
movements promoted precaution and safety, whileroffarties wanted to allow only such

regulation to take place, which is based on précidefined values. These latter directions had a

! For example PAHSs are banned to use in cosmetiotirat public products in Europe since the 70’ the 76/779/EEC EU Council Directive
, restrictions on the marketing and use of cer@d@mgerous substances and preparations”. The Dieelisits PAHs in AppendiPoint 29
Carcinogens List 2 Category @xd Point 30 Mutagens List 4, Category and bans these materials as ,may not be usedbstaces and
preparations placed on the market for sale to #mei@l public in individual concentration equalbtogreater than [...]". The objective of this
European directive is to either restrict or prevér marketing of substances or products which edersely affect public health or the
environment. The manufacturer is obliged to conily the restrictions for the use of the chemicaéntioned in the directive. The Authorities

inspect factories and analyse all finished prodfatsompliance with this directive.
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political background, to delay control over by 1@y&ars because huge financial interests of the
industry. PAH related environmental concern is iffeent by these means, and is found at the
meeting point of this two very different worlds:tael sciences, which tries to be as objective as
possible, and policy making, loaded with socialuesl Both areas have their own rules and
disciplined methodologies and only vague exploratithave been made to leave the secure
terrain of either of these domains. Although EU agement have made steps in this direction to
advance a high level of protection, the currentremvnental protection system for PAHSs is still

taking its form. It is still characterized by trealning process on how to deal with the above two
radically different approaches, and in the sameetion how to implement the learning into

legislation and industrial practice.
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Introduction

The current Thesis discovers the current placeiroit land target values in environmental
regulation, presenting different types of legislatand non-legislative possibilities available for
the regulation; exploring regulative possibiliteffered by limit values and evaluating the design
process of these limit values. The Thesis prestdmsrelated international analytical results
regarding polycyclic aromatic hydrocarbons (PAHH}0 introducing the national (Hungarian)
status of pollution. It examines what factors avesidered in the design process of PAH limit
values, what are the consequences of these fadrsvhat other factors should be considered
during this design process to establish limit valtieat are in line with the original objectives of
environmental regulation. It also shapes the ptssibenario for the recent future of regulation
possibilities.
The content of the Thesis follows a certain cunfewhich the first part (the first two chapters)
presents the status of knowledge about environrhémiia values and PAHS. The second part
(the third and fourth chapter) applies the methadd attitude of history and sociology of
technology, to formulate new results in the areBAH regulation and to shape its future.
In detail, the chapters consist of the followingteypics:
The first chapter begins the investigation starfiogn the side of environmental policy making
and deals with limit values in environmental regiola. It details the possible legislative and
non-legislative environmental regulation tools, atates limit values in this context; then count
the possible types of environmental limit valueswvestigates the design process of
environmental limit values, analyses the futuresie roles of limit values in regulation and
investigates the trends of environmental regulatibthe EU. Finally, this chapter presents the
available technical solutions to reduce emissidrotuting materials.
The second chapter approaches from the side ofe@muental natural sciences and investigates
polycyclic aromatic hydrocarbons. It elaborates thaor sources of emission, describes the
environmental and health effects of PAHs and dethi most important physical and chemical
properties. Then this chapter summarizes the dlaildata about PAH pollution in the world
and in Hungary, the former based on literature,dhtalater based on own research data.
The third chapter enters to the gray field betweatural sciences and policy making, by
discovering uncertainties in the environmental fegon of PAHSs. First, it introduces the
difficulties in the regulation of PAHs, then pretethe relating concepts from risk management
about uncertainties. The chapter analyses theofddeowledge and ignorance in PAH regulation
and shows alternatives to deal with the situation.addition, new notions are defined to
14



introduce a new theoretical background to make esiiggns on improving PAH regulation based
on limit values. Finally, the chapter investigaties change over time of limit values.

The fourth chapter deals with different approaciiehe meeting point of natural sciences and
policy making and investigates ways of the formP#yH regulation in Europe by establishing
possible scenarios. It presents the initial assiomptand criteria for the development of the
scenarios, and then presents four general sceslggimatives. Then, building based on the three
previous chapters, predicts the most likely scenarthe environmental regulation of polycyclic

aromatic hydrocarbons.
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Problem Outline

Targets of the research
The primary target of the research is to discolaerdurrent environmental regulation of PAHs
and to identify the key points of issues. Then sdeoy objective of the research is to develop a
model in a multidisciplinary approach, that makessgible the design of environmental
regulation measures, that will result in reductmihPAH emission and in consequence the
improvement of the status of the environment.
The reconstruction of the process of formationradwledge can bring new insights and can help
us understand the limitations of natural-scien@es] can reveal which non-scientific, ‘non-
objective’ factors play an important role in knodde formulation, as it is presented by
Hronszky (2003). Therefore, during the analysighef above topic, we invest a considerable
effort into the understanding on how the knowletgghaped, which factors are considered in an
implicit and others in an explicit way during th@ration of PAH limit values. The Thesis will
therefore examine the design process of envirorashdintit values from natural scientific and
socio-natural scientific point of views. A specificethodological objective of this study is to
explore the borderline area of engineering andasatiences, to link factors that are usually
rarely investigated together, by using the appreadnd attitudes of history of technology and
sociology of technology. Therefore, during the e#sh we also examine our own engineering
work in a reflexive, self-investigating way.
The main question to answer in the Thesis is hoall ste improve the regulation system of
PAHs to be more effective?
To cover the subject in detail, we have to focushenfollowing areas:
- what are the environmental regulation tools used#®H control, what is their place in
current environmental legislation, how these t@otsdesigned?
- why is it required to regulate PAH emission — what the environmental and health
effects, does the environmental concentration dii®demand legislative measures?
- how the design process of PAH regulation tools banseen from a social sciences
perspective, what points can be revealed to imptiogelesign process?
- how do we foresee the near future of PAH regul&tion
As environmental regulation in Hungary is part bé targer network of the European Union
environmental regulation system, we focus mainlyHumgary and the EU, with giving insight

on the worldwide context.
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The particular multidisciplinary approach of th@itorequires an approach that branches-out to
the different areas of sciences. To reach the tedggoals, beside the investigation of the
relevant literature of each area, the differenttipalar methods of investigation have to be
incorporated as well. In the domain of environmeptdicy, the live policy practice and current
regulations were the primary sources. In the afetechnical environmental protection, the
determination of concentrations, and the discowrgnvironmental and health effects can be
established using laboratory experiments and tileeadata. The exploration of the borderline of
these areas and the inclusion of non-natural stieepoint of views can be done using discourse
and reflexive self-analyses with the attitudes adtdry of technology and sociology of
technology. It has to be emphasized that to sufidgsseach the targeted research objectives,
not only the information and data available frora thfferent disciplines has to be combined but
the different working methods and approaches havieet harmonized. Therefore, the current
topic of analyses requires besides technical kniydeand expertise a large degree of openness
towards the area of social sciences.

Methodological context of the research

The field of PAH regulation lies between the naltg@entific science of chemical analyses and
the social science of policy making, having radicalifferent approaches on how to manage
error in building their knowledge base.

From the point of view of natural sciences, clagsd molecules as harmful and hence ban from
general usage, scientific evidence has to be dgiwgrove the harmful nature of the molecule.
From this point of view, when knowledge is produgedatural science, the main approach is to
avoid Type | statistical errrin other words to avoid the incorporation of atesment into the
knowledge body which is found false later. Thisbecause natural science is a cooperative
system, the knowledge structure of natural sciesdgmsed on trust — one researcher trusts the
other that his/her data and conclusions are viliekefore he/she can use them as the starting
point of his/her own work. Therefore, the erroraaicepting a false statement as true has to be
avoided by all possible means. To commit the esfaejecting a statement (assume it is false),
which is true in reality, is of course a great ealass, however, it does not danger the operation
of the whole system of natural scientific knowledgel has no effect on the reputation of the

2 Type | statistical error the error of rejecting the null hypothesis gitiat it is actually true (banning a molecule asful which is actually

not harmful).

Type |l statistical error= the error of failing to reject the null hypotiegiven that the alternative hypothesis is acyutille (classifing a

molecule as not harmful which is actually harmfgemeny and Deak, 2000) They outline that the Endhe information content of the

sample (small number of cases, high variation)pigger the probability of accepting the null hygsfs, if it is not true in reality.
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scientist. The industry also approaches environalgmotection calling upon natural sciences, to
avoid all financial expenses and technological #twveents that are not 100% justified.

Policy making has different goals set as targethasnormative point of view defends the
founding values of humans and their environmenti @nsurrounded by the context of value
choice (Schwarz and Thompson, 1990; Hays, 199&akaf002). Other times, policy rules are
designed to implement societal norms (Brown anth#de1996). This normativity incorporates
the attitude of being subjective, saying that tlesmativity is important to us but maybe not for
others. Therefore, to avoid Type Il errors, we telerisk of accepting a false positive, in other
words, based on current knowledge we implementrobmiver a polluting agent, which in
reality might not be dangerous.

The above renders a difference between the twcs,s@e in contrary to policy making, the
resistance to subjective point of views and thdéedghtiation between facts and values is a
general characteristic of science (Popper, 1934ddn Farkas, 1994b). However, as Tickner
(2000) explains, the convention of guarding againgie | errors can create a bias toward the
null hypothesis, usually stated as “no effect”. Whiype | error rate is traditionally set at 5
percent (“the finding is so strong that there issléhan a 5 percent probability that the result
would have been seen by chance alone”), the Typerdr rate is often set at 20 percent. This
means, that 20 of the time a real phenomenon wilirissed because the data were not strong
enough to demonstrate convincingly its existenceegel et al. 2001 cited in Tickner, 2000).
While having certainty before accepting a casuabth is central of experimental science, this
level of certainty is often difficult to achieve the complex, uncertain world of environmental
science and can work against policy making.

In this gray area, it is vital on how we can fillthvcontent this certain area where we move in
the interest of two different approaches on buddiknowledge. How can we fill it with
knowledge coming from natural sciences (scientiésearch, industry)? How can we build
knowledge approaching from social sciences (pai@king, governments, NGOs)? What can
we do when we face difficulties building up knowdedfrom one area or both? These questions
will be answered trough the methodological approafcbur research, which itself is a learning
curve on how to deal with the task of combiningadically different interests, when there isn’t

onegoodsolution.
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1. Limit Values in Environmental Regulation

1.1 Different tools of environmental regulation

Environmental policy became one of the focus acéagovernmental functions in recent years.
Politicians discovered that dealing with environtaémprotection can be at the basis of their
success, and both the corporate sector and in@iadire aware that the different industrial and
communal activities must respect the environmeiffe2nt tools were developed to orientate
the actors of the society towards anvironmental friendly behaviouThese tools include
environmentalegislation economic pressurand the use afhanagement tool® motivate the
actors for self-regulation. Of these different appases, environmental legislation was the first
to appear on the national and international scaneé,still, it is the most developed form of the
above.

The primary duty of environmental protection igtiaintain our and our descendants’ health and
survival by assuring the appropriate life condisipmand the protection of the good state of
natural and artificial surroundings. Therefore, iBmmvmental protection cannot be solely a
defensive system, but has to assure the foundatibas environmental development, that in
parallel of guaranteeing avoidance of environmedtahages, also shapes it with regard the
above necessities. Therefore, we understand bytdime environmental regulatiognall the
interconnected system of actions that assuresireattie above goal.

With regard to the methods of environmental regmtatwe differentiate between primary and
secondary regulatory tools. The object and gogrwhary regulatorytools is the protection of
the environment itself, hence we have a publicespiecially created for the protection of the
environment. However, the object and goas@efondary regulatoryools is not the protection of
the environment directly, but, trough its natured andirect measures, the law takes into
consideration the environment.

The possibilities of primary and secondary regulatools can also be grouped along different
criteria. Beside legislation, we can also regutateironmental matters trough other tools, which
are often calledpeculative toolsfor example, environmental management systemisisncase.
Then, regarding the time and place of the objethefregulatory tool, we can make a difference
in the following way: the goal ofpreventive regulation is to avoid a certain negative
environmental effect in the future, and in timeragulates before the environmental damage
would happen. Thereventive and reparativéools regulate for the time and space of the

environmental damage itself, and their main purgese avoid further damage and pollution.

19



The reparative and preventiveiools provide criteria afterwards the environméemffiect has
happened for the remedy of polluting effects ttiaaaly took place.

We assume that all human activities have an eféectthe environment in some extent.
Corporations, industries use the environment imtansified way in space and time; therefore, a
general emphasis tmotivatetheir actions towards behaviour takes into accewmvironmental

effects. There are several ways to motivate thesganmental actors, which are presented on

Figure 1.
| 1. Environmental
limit values
a) Qu_antitative 2. Lists
requirements
I. Legislation
b) Technological | 3. Technological
requirements prescriptions

1. Economic Tools

Ill. Management

Figure 1. General tools implying environmental fritly behaviour.

The following three groups are easy to establiggulation bylegislation (acts, decrees,
directives), byeconomic tools(taxation system, fees, allowances), andnagement tools
(environmental management system). (These grogpsadled as “direct regulation”, “economic
instruments” and “suasive instruments” in SzIaliRY6)).

Legislative tools have a direct effect on the pelts, by banning or restricting their actions.
Economic tools create a financial situation witke@pl taxation systems, grants and benefits that
creates a financial benefit for the environmentalygrs. In many countries for example, the
taxation for hybrid engine cars (fuel coupled wélbctrical traction) allows a lower final prices
of these vehicles compared to fuel engine carspaitid automotive manufacturers and end users
are more financially interested in replacing ordynaehicles with hybrid engine cars. Then
management tools encourage the voluntary use afabpeal systems of the enterprises that
regard environmental change as a benefit, andtsatbe operation of the enterprise towards

profitability coupled with respect to the envirorméKdsi and Valko, 1999). En example for
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such management systems is the Eco-Managementudittcheme (EMAS) of the EU, or the
ISO 14001:2004 international standard on envirortalenanagement systems.
Inside the group of regulation by legislation, regoments regarding the allowed utilization of
the environment can be separated into further nwamgs (Bandi and Perecz, 1998):

- quantitative requirements;

- technological requirements.
Quantitative requirements can be imposed for aetfsenvironmental effects:

- environmental limit values;

- lists;

- application and safety prescriptions.
Technological requirementsnly accept the fulfilment of the prescriptions emha given
technology is used. In contrary with quantitatieguirements, they do not contain limit values
for certain substances, rather they protect ther@mwent by forcing the compulsory use of
environmentally friendly or clean technologies. Sux requirement can be that the nearest
available waste deposit settlement should be usetie most efficient technology must be used
during waste burning. Requirements for the usagih@Best Available TechnologBAT) go
even further, which prescribes for the given conyptii® compulsory use of the best advanced
technology from those that are available on theketaaslready and economically available and
used in the industry. However, this regulatory t@moimore complicated to implement in the
practice because the available best technologybeadifferent from area to area depending on
the local conditions. It is very important to emgiza that technological requirements do not
contain limit values but they assure to avoid emwinental damages by the use of an
environment friendly or clean technology.
Lists, as their name implies, contain environmental iregoents in a listed form. As experience
shows, public opinion is the most sensible to listated to nature protection, like lists of the
protected bird species.
Application, protective and safety measuma®e implemented for activities with a high-risk
accident. In this case, the uses of the prescribetk method and safety equipment are
compulsory. These measures can prescribe the usafety and security circuitry in the
technology, which can even stop the functionintghefproduction line in a severe case.
Limit values impose a limit on the concentratiorceftain substances, and they mainly consider
the quality of the environment. The aim is that thuantity of the polluting material should not

pass the concentration or cumulative limit defimedhe public act. In case the limit passed,
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sanctions are in place for the subject with pallgitactivity, like obligation to pay a fine, or in
severe cases, obligation to terminate the activity.

Limit values have a very important place in regolatsystem, and we present how they are
defined in Hungary, according to Bandi and Peret298). They also demonstrate that
Hungarian law has not been using technologicalgogsons but almost in every case put in
place limit values. We will meet more and more tesbgical prescriptions as the change has
begun in the last few years, however, limit valwed probably remain at the basis of
environmental regulation.

Streffer et al. (2003) highlight that the notioriglwreshold valueandlimit valuesshould not be
confused. Threshold values belong to processéd®indture and link the action and the resulting
effect with a certain natural relationship, asah®e seen ifigure 2 However, limit values are
artificially created values; they link the actiondathe resulting effect in a context important for
us: they determine a “limit” defined by us. Unfaraiely, public opinion does not always
differentiate between these two notions. Therefore,have to emphasize, that in case of limit
values, we talk about oatbitrary valuesthat have been fixed by us, which can be linkedadr

linked to natural phenomena.

Concentration

[g/ m3]
phenomenon in nature 3

....................................................... Threshold value 3

L e [ Threshold value 2

Threshold value 1

no sanction

Figure 2. Limit values and threshold values.

As limit values have an important status in Hurgariaw, let us review briefly their notions,
usage and application area based on ‘thet LIl of 1995 on the General Rules of

Environmental Protectior®, which describes limit values in detail in sectBf

3 Hungarian terminology: “1995. évi LIII. térvény Krnyezet védelmének altalanos szabalyairdl.”
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“In order to protect and conserve environmental gonents and protect against impacts that
endanger the utilization of the environment, emissind pollution standards shall be established
in accordance with the contents of this Act.

In the course of establishing the standards spekcifi Subsection (1), the actual and desirable
target state of the environment shall also be takenconsideration.”

The act differentiates between discharge limit @al(= utilization, stress), emission limit values
and pollution standards, which are defined in $eci:

Discharge limit values’level of discharge to the environment or any nalffuesources as
stipulated in a legal regulation or an official tan that — relying on available scientific data —
is likely to cause damage to the environment ileexied”.

Emission limit values!level of emission to the environment or any natumsources as
stipulated in a legal regulation or an official tan that — relying on available scientific data —
is likely to cause damage to the environment ieexied”.

Pollution standards¢level of pollution of any component of the envirnant — as stipulated in a
legal regulation — that, if exceeded, may, on tasidof the current scientific knowledge, result
in environmental damage or health impairment”.

Later, Section 87 distinguishes from each otherfthiewing limit values, depending on the
specific features of the environmental componeridrotected or the type of contamination;
standards may be defined according to the follovypgs: general, regional, local, individual,
pertaining to protective zones, for ecological, Itheaand planning reasons or for use in
emergency situations.

The act describes in detail discharge limit valggdization limit values), emission standards
(emission limit values) and pollution standarddi(gimn limit values) in Section 88:

“The extent to which environmental components mayublized and the quantity, quality and
concentration of substances and energy that magelleased into the environment shall be
determined in view of the objective set forth fdretpreservation or restoration of the
environment or affected environmental component.”

Emission limit values:

“An emission standard may be established for:

4 Hungarian terminology: “lgénybevételi hatarértékKibocsatasi hatarérték”, “Szennyezettségi hatékér In the current text we used the
already available English translation in the litara for the definitons. However, we belive tha thllowing terms would discribe better these

notions: “utilization limit values”, “emission lirhivalues”, “pollution limit values”.

® Naturally, beyond the reach of the Act, certaieaarof expertise can use their own specific liralugs. As an example, in environmental air
protection, health and ocology air pollution limitse short and long period air quality limits,lionits applied to soil concentrations are also in

use. (Moser and Palmai, 1992)
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a) some product (product standard);

b) the quantity of an emission that is typical ofim® technology or pollutant (technology
standard; which may be an emission concentratica gpecific value for the quantity of input,
production and energy production etc.);

c) the quantity of a pollutant or energy that maydmitted in the given area by the polluting
source (area standard);

d) in a total quantity for a specified area, braotproduction or group of polluting sources.”
Discharge limit values (utilization limit values):

“A utilization standard may be established:

a) for the admissible level of utilization with pest to some use of the environment (the extent
of potential environmental change, the total qugmf a natural resource that may be extracted
or the amount that may be extracted in a certaiinafitime);

b) for the admissible extent of the abstractioms® of an environmental component that may be
utilized in some area;

c) in a total quantity for a specified group of iters or users.”

The Act explains in the next section that “emissaonl exposure standards shall be determined —
in addition to contamination standards — in duecoletion of the current and proposed state of
the environment or a specific environmental comporad the most efficient response and the
best available techniques in respect of activide§ined in specific other legislation. When
introduced, adequate and sufficient time shall leevad for preparations.” The expected joint
impact of natural processes and certain environoanting factors shall also be taken into
consideration when the standards are being edtabliand the standards shall be established by
the Minister in decrees — issued jointly with tlncerned ministers — or by the environmental
protection authority in cases specified in decree.

Beyond the legislative regulation, certain fieldseapertise can have further limit values. For
example, in air protection the following limit vas are used in practice:

Human-health air pollution limifsrepresent the quantity based on the status cédiemce and
technology, which does not cause any permanentolssalth or injuries, and which has to be
respected in order to protect human health withdésgcribed methods and during the specified

period in the given environmental law.

® Hungarian terminology:L“égszennyezettség egészségiigyi hatarértéke”
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Ecological air pollution limif is a level of air pollution, which when surpassedn result in
damaging the Ecological system.

Air quality limif is the concentration or quantity of the air palhit materials, which when
present for the specified period of time, resuétalth loss or injury.

Short period air quality limit value the largest allowed concentration of air pollgtimaterials
during 60 minutes or 24 hours. The objectives efghort period air quality limits are to prevent
the formation of acute health or environmental dgendhe evaluation of the level of the most
important environmentally polluting effect, the elehination of the magnitude of the allowable
industrial polluting sources and the foundatiothaef measures of the environmental authorities.
Long period air quality limit valu¥: yearly limit of the environmentally air pollutingaterials.
The objectives of the long period limits is to plohthe development of chronic health and
environmental losses, the characterisation of theuality of certain areas, the evaluation of the
results of the air purity related measures, trevalemtions.

Soil level concentratio: the quantity of solid, liquid or gas phase maisriat the determined
height above the ground.

Target valuescan be defined as a special form of limit valuks.we have seen above, limit
value necessities a kind of negative action onpbiéuter and usually are linked to threshold
value, and the regulator justifies the limit valmea link in nature (“we must respect this and this
limit, otherwise this and this disease will appeatt.). However, it can be that either we cannot
show a justifiable link in nature, or we do not wéempenalise the polluters, and we implement a
softer form of the original limit values. In thisge, to emphasise the difference, we talk about
environmental target valuesHowever, these values are still arbitrarily chossy the policy
maker and can have the same types and forms awitieal limit values. Later in the thesis,
when we talk about limit values, we will considetlp the original meaning of limit values and
the softer target values, and we will point out thi#ference only when it is necessary to
specifically talk about target values.

Finally, we have to be aware that sometimes liralugs are linked to other legislative forms.
This alone would be an extensive topic, therefoeemll not discuss these possibilities in detail,

but we mention that Fodor (2000) demonstratesittiedetween emission limit values and the

" Hungarian terminology:l“égszennyezettség 6koldgiai hatarértéke”
8 Hungarian terminology:L“evegminsségi hatarérték”

° Hungarian terminology:Révid ideji levegminsségi hatarérték”

10 Hungarian terminology:Mosszu idej leve@minsségi hatarérték”

1 Hungarian terminology: Talajszinti koncentracio”
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Best Available Technology, which is one of the maminmon links for limit values one can find

in current environmental legislation.

1.2 Process of the design of limit values

Unfortunately, we could not find analyses about tesign process of environmental limit
values. Therefore, we modelled the process baseduwnown experience and available
theoretical literature (Farkas (1994a), Pinkau Redn (1998)) and discuss accordingly. Farkas
explains that the development of environmental ls@n should track the general pathway of
beginning with the environment, and its problemajters and plans come into interaction with
certain political considerations. From these spetgigal responses can be drawn which lead to

codification (sed-igure 3.

Environment Decision making Cadification

Scientists, policy makers,
industry, local habitants,
non-governmental
organisations, regulatory
bodies, etc.

Problems,
matters, plans

Figure 3. General pathway of development of envirental regulation.

The development of limit values also follows thiaywthe detailed steps of the procedure are
presented ofigure 4

At the commencement part, people became awareceftain environmental change, usually
negative, and hence started to talk about a cedauironmental damage. The need for the
environmental regulation of these compounds appears

The second part usually starts by adequate audsiititiating the process of establishment of a
limit value for this compound. Early models suppbgkat policy making itself is a rational
process, however it turned out, that it is moreugdhden, and both rational and social factors
play a role in the process (Farkas, 2002). In tiiglel, we map this bi-nature in the following
way.

Regulators turn to natural scientists of differdisiciplines, to analytical chemists, to chemical
engineers, biological chemists, experts in heaithtgation (Hronszky, 2002a). The scientific
basis for limit values usually looks like the faollmg (based on Wiedmann, 1999):
Environmental experts analyse the environment witatural and technical science approach,

and characterize a compound, or a series of congisooineffects that can be responsible for the
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change, especially if the situation related to dcalbiological reactions. Scientists analyse the
compound, try to describe its possible reactiond effects in the environment, run model
reactions. They construct dose-response (alsodcdibse-effect) curves for biological effects;
develop mathematical relationship models for ratégsand irreversible effects. (We present
dose-response curves more in detail Ghapter 1.3 page 29). They analyse exposition

possibilities and finally characterise risk.

Environment Codification

Decision making

~ N Natural
/ \ scientific
y, N\ knowledge:

\ data, models

LR

\ P / Limit value i \

Environment: Need for \ . - Decision on the / . g \
Pollution, i . Paosllgo’:‘i?\kirts [ c;g::':gr"?::t [ level of the limit a:tm::;::ﬁ Healing, Status —
Not-OK status appears / Ie value \ ’ : improving J

guideline
T

\ )
\ / Social context:
AN 4 values, interest

New OK

Environment. | _
OKstatus |

Time

Figure 4. Model of the design process of envirortaddimit values.

Social values, personal interests are usually &#ken into account, either in an implicit or
explicit way. In an implicit way social factors agdways taken into account, because the risk
variable, by its nature, is value laden — detemgnivhat damage is and what is not, is choice
being made along values. An explicit way involvaken players directly into the decision
making process, and non-governmental organisatieegby habitants, industrial players, future
users, can all bring into account their needs aldes. In some countries, this happens in an
institutionalized form, by organising official deka and round tables, or this can be also made
with informal conversation.

The input from both science and social contextwseally collated by the policy makers but
there are also examples for official multidiscipliy groups who match the different input. This
area became of major interest in recent years attdngve literature is available in
environmental policy on how we can or should orgarthe matching of inputs of these different
sides. However, in the usual process, natural sfiekRnowledge is much more extensively
taken into account and shapes the step “Colledatipgt from parties” (three arrows) (the
“objective” attitude of natural sciences is shownbiue on the figure, while the “subjective”

attitude of social context is shown in orange).
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After the matching of available input, a decisisrbeing made on what the limit value should be,
based on the reasoning provided by the conceptstoial science (heavily) and social values
and interest (a little). The decision is eitheedity made by the policy maker; or it can be made
by an external body, whose decision is adoptedéyblicy maker.

In the third part, codification can take even salgears after the decision was made. Regulators
formulate a law, decree or decision which can béeveed, then has to be accepted by a
legislative body or just issued by a local or cehadministration (ministry, city hall). In the
ideal case, after the codified legislation becomesent, environmental players start to react and
the environment starts to heal and finally reachesew satisfactory state. The codified limit
value is usually based heavily on natural-scientiinowledge and bears the attitude of being
“objective”.

To see a practical example, let us follow the dgwelent process of limit values of PAH
regulation in the European Union. After the 70-80wxreased traffic and industry led to
significantly higher emissions of organic air ptdlnts. Many academic and legal research
laboratories started to measure and report PAHeardrations in various forms, and the need for
regulation appeared, which was formally announcad the White paper on Growth,
Competitiveness, Employmefit993). EU administration first called for scidiatireasoning
about PAHSs. Science and technology platforms had lestablished to reply to the need of PAH
measurement, and even our laborafomyarticipated in such a project to map current PAH
concentrations across Europe. After more than aadieof research, results, techniques,
methodologies had been summarized Ambient air pollution by Polycyclic Aromatic
Hydrocarbons (PAH). Position Papé27 July 2001). This position paper had been wetand
commented by several players of the society, asddan the conclusions of the position paper
and the feedback from other parties, a regulatiopgsal had been establish&tdposal for a
“Directive of the European Parliament and of the u@ail” relating to arsenic, cadmium,
mercury, nickel and polycyclic aromatic hydrocarboim ambient air(16 July 2003)) and
different suggestions about a possible limit vaiae been summarized and a decision has been
made about it in th®pinion of the European Economic and Social Conemitin the ‘proposal
for a “Directive of the European Parliament andtbe Council” relating to arsenic, cadmium,
mercury, nickel and polycyclic aromatic hydrocarbdn ambient air’ (30 Apr 2004)Then, the

limit value has been officially legalised in tHeirective of the European Parliament and of the

2 The Hungarian measurement was carried out inaheratory of BUTE General and Analytical Chemisirgpartment by us. Results are
published in detail in Kozak et al., 2003 and Otebtal., 2004. See page 6 for full reference detail
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Council” relating to arsenic, cadmium, mercury, két and polycyclic aromatic hydrocarbons
in ambient air (15 Dec 2004Nowadays (2008), member states are rolling ouir tloeal
regulative measures in regard of the Directive, iang5 years, we can probably see, how these

limits established in the standards can be resgdxtehe industry.

1.3 Dose-response curves, deterministic and stochas  tic effects

It is frequently assumed that deterministic (nasebastic) and stochasticeffects can be
differentiated between by their different dose-oese curves, which have been extensively
studied for quantitative assessment for the bickgmpact of ionizing rays (radiation) ( IAEA-
WHO 1983, Kamrin et al. (1995), Young and Sussmaiow, 1995, Pinkau and Renn, 1998,
Streffer et al., 2003). lonizing rays and PAHs laoéh assumed to have carcinogenic effects, and
as ionizing rays have already been widely studiesl present the theoretical basis of the dose-
response curves based on the available literabuiieriizing rays.

Simplified dose-response curves of the two typesdamonstrated iRigure 5 For deterministic
effects, a threshold dose has to be exceeded hemaescribed effect can be induced. Once this
threshold is crossed, the number of persons affedtet primarily the severity of the effect,
increases with increasing dose. Here, a multiGallmhechanism operates, that is, many cells
have to be damaged for effects to become maniesite damages and late radiation damages
of tissues and organs are assigned to this catelgorystochastic effects, it is not the severity of
such effects but the probability of their incidenicereases with increasing dose, and this
occurrence follows a stochastic distribution. Expental observations and reflections about the
mechanism make us assume that induction of théset®is a unicellular process, which starts
from one single damaged cell. As we lack experialeat epidemiological data in the lower
dose range, we assume that there is no threshelel a@od that the dose-response relation is a
liner one for low doses. Induction of hereditaryfedd¢s and induction of malignant diseases

(leukaemia and solid tumours) is assigned to thisgory. (Pinkau and Renn, 1998).

13 Stochastic = ,A stochastic event is based on ranbehavior. The occurrence of individual eventsncaie predicted, although measuring the
distribution of all observations usually followspaedictable pattern. These patterns can be dedchpestatistical means. An example is the
decay of radio active material, where a clump ofterdhas a measurable and thus predictable halfiife. It is impossible, however, to mark an

individual atom and predict when it will decay aewdit radiation. The latter process is a stoch@stant.” (What is Life, 2008).
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Figure 5. Basic types of dose-response relatiorexpbsure to radiatiof.

As presented by Streffer et al. (2003), without alpubt, mutations as a direct result of
stochastic events feature a linear dose-effecttioakhip, which can be expressed as an
exponential relationship between (radiation) das# mutagenic effect. In graphs with linear x-
and y-axes, an exponential dose-effect relationshthe lower dose range appears as a straight
line as illustrated irFigure 6 A linear relationship like that is regarded asreteristic for

stochastic effect (unicellular).
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Figure 6. Lower dose-range: linear rise and sigmoigive dose-effect relationships

On the other hand, in the same linear notatiorbéah X-Y axes (se€igure 79, non-stochastic
effects (multicellular) are described by S-shapades that do not rise from zero-dose but, quite
visibly, from a threshold dose.

In cases of malformations that can be triggerednboyations and of radiation-induced cancer,

mutations are the initial, stochastic event, fokboWwby non-stochastic processes resulting in

14 picture cited from Pinkau and Renn, 1998.

5 Figure cited from Streffer et al., 2003.
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malformations and tumours. Dose-effect relationsHigr such processes are well represented by
sigmoid dose-response curves over a logarithmie das (se€igure 7h.
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Figure 7. Linear-scale and exponential scale do$eeé curves.

Irradiation of unicellular and multicellular embrg’.

Similar exponential effect one also observes fotagenic chemicals, as it can be seen on
Figure 8(Donnelly et al. 1998 cited in Streffer et al. 3D0

16 Source: Miiller et al., 1994 cited in Streffer kbt 2003
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For both non- and carcinogenic evaluation, a mattieal model has to be developed based on
the experimental data of dose-response clitv@wo different types of mathematical models are
applied in practice, one is called threshold-motie,other is non-threshold modgidure 9)

The threshold model is based on the premise timgated exposures to a chemical are needed
before a threshold of exposure is reached and siisezancer or death follows. The non-
threshold model is based on the assumption that eme molecule can be a causing-agent and

leads to cancer. This latter type of model is adferred as a “one-hit” model.

100 100
% cancer % cancer
0 0
0 1000 0
dose dose 1000

Figure 9. Threshold and non-threshold mathematioatiels®.

For both threshold and non-threshold can be usetbbmon-carcinogenic molecules, almost in

all cases a threshold model is used, and for cageimic molecules, a non-threshold model is
used. Kamrin et al. (1995) explains that sciente&dsess non-carcinogenic and carcinogenic
toxicity differently, in response to public fearaalh cancer. This is because people want to know

if even one in a million individuals will get camdeom exposure to a suspected carcinogen.

7 Figure cited from Streffer et al. (2003).
18 By a mathematical model we understand a set oftans that mimic a real situation and predict whalt happen under different
circumstances.

19 Figure cited from Kamrin et al. (1995).
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For non-carcinogenic molecules, usually a clearyible threshold level can be observed (as
seen above). Most commonly, tNe Observed Effect ConcentratilOEC*%) (sometimes also
called No Observed Effect Level, NOEL) is chosenoagthe threshold levels and this is
proposed for the regulators to be used as a lialitey but sometimes the Lowest Observable
Effect Level (LOELF', or No Adverse Effect Level (NAEL) is used. Irefaas different effects
can be determined, these different effects will ehanfferent threshold levels, and therefore
different limit values with different sanctions cha established. As an example, there can be a
threshold level of immediate death, a (smallergghold level for adult respiratory disturbance, a
(smaller) threshold for child respiratory disturbanand for each threshold, a limit value can be
codified with different sanctions.

For carcinogenic effects, unfortunately scientidts not know what will happen to humans
exposed to the low doses found in the environmEmerefore, models are developed to apply
information gained in animal studies to the humandition; and these data are extrapolated to
humans (Schliter et al., 1999; ACS, 1998). Theashof model will have a strong influence on
the outcome of the toxicity assessment, becausen vgo@ntists apply different models to
identical data, they will get different results.rrzancer in the small dose-range, these usually
can be linear, quadratic or linear quadratic (Rinkad Renn, 1998). According to Kamrin et al.
(1995), scientists in regulatory agencies usuallg mon-threshold models for carcinogenic
bioassays. As Pinkau and Renn (1998) explainse tleeno definitive scientific proof for this
assumption yet, it is rather based on plausibitibnsiderations. The idea that one single
transformed cell may lead to cancer or solid turaasirbased on the assumption (supported by
experimental results) of a monoclonal growth ofumaur. Often, identical expression of the
same specific gene products are found in each Thky also explain that sometimes the
hypothesis is put forward that low radiation doses/ stimulate repair processes in the genome;
current experimental studies are not useful hecaure of fundamental statistical problems and

because of the multitude of other factors influagdhe frequency of cases of cancer.

20 NOEC = No observed effect concentration and NE®lc=effect concentration. NEC is a risk assessmanarpeter that represents the
concentration of a pollutant that will not harm tgecies involved, with respect to the effect thattudied. There is not much debate on the
existence of an NEC but the assignment of a vadugnbther matter. Current practice consists ofufee of standard tests, where groups of
animals are exposed to different concentratiorsheficals and different effects such as survivawth or reproduction are monitored. These
toxicity tests typically result in a No Observeddet Concentration (NOEC). A proposed alternatiyeNOEC is the use of so called ECx —
concentrations, or the concentrating showing x %dEf(e.g. an EC5 in a survival experiment indisatee concentration where 5 % of the test
animals would die in that experiment). (However ather value for x other than zero means an eifeatcepted, this is in conflict with the aim

of protecting the environment.) (See Calow, 1998)

2L LOEL = scientists look for the smallest does ttises any detectable effect. This smalles dasslézd LOEL (Kamrin et al., 1994).
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1.4 Trends in environmental regulation

When we analyse the direction of the developmem=ineironmental regulation in the World, we
can observe the same major trends in most casegs,(H898); although we might observe that a
certain country or state is at a different steghef general pathway. Some of the major steps
usually are: incremental environmental knowledg@stdenefit and comparative risk
investigation, shift to forces of market and preva&conomy, structurisation of politics, which
can be described as the moving ahead in incremstaejps from the well-established directions
of the decades since World War Il. As Hays (199§)lans, the evolutionary direction is the
linear continuation of political forces and stragsgwithin the context of increasing complexity
of environmental knowledge.

To describe trends in the EU environmental regoiative outline the major ideas introduced
first in the White Paper ‘Growth, CompetitiveneEsnployment’, which initiated a completely
new attitude regarding the environment. These idaasaded into later Framework Programs (5
and 6-7) and into the environmental action progrdass these programmes are and will be
shaping the future also for the environmental ragoh in Hungary, we analyse this more in
detail).

The White Papéf on Growth, Competitiveness, Employmefit993) called for a new
development model for the future. The documentriylencluded that the development attitude
in practice (which is still very alive in 2008) tdted in a negative balance in the use of natural
and human resources. This economic model is cleaiset by the not well exploited use of
human potentials and the extensive use of natesdurces, which contribute together to the
gradual decrease of life quality. This is becatmedconomic and industrial conditions did not
favour the better use of existing human resourceéhcouraged their replacement by financial
capital and the use of extensive energy and ravenmatesources. The White Paper underlined
that the economic development model of the EU bakeal with the challenge of improving life
guality with decreased air pollution and use ofiemmmental resources. The joining to the EU of
the countries with high environmental awareneskO®b, Austria, Finland and Sweden also gave

a boost to the conceptual change in the generdudstin the EU about dealing with

2 A white papetis usually a report or guide that addresses pnabkend how to solve them and are used to educadensand help people make
decisions. They are present both in politics antusinesses. Commission White Papers are docuroentaining proposals for Community
action in a specific area. In some cases theyvioloGreen Paper published to launch a consultatiocess at European level. When a White
Paper is favourably received by the Council, it tzad to an action programme for the Union in theaaconcerned. Examples are the White
Papers orCompletion of the Internal Markgi985), onGrowth, Competitiveness, Employm¢h®93) and orkEuropean Governancg001).
More recently, the Whit€aper on Services of General Inter€304) and that on Buropean Communication Poli¢2006) have also moulded

the development of Community policies.
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environmental issues and highlighted the gap betwezal and central environmental legislation
in both directions.
Fortunately, the EU recognized in time that in orteimply a change in current trends and
environmental practices, it needed to change extegsthe former approach, when almost
solely limit values were used as the basis of @gut. With introduction of Framework
Programme & (1998-2002), a development of a widened set ofstdor environmental
protection was encouraged: legislation, economatstohorizontal supporting tools, financial
supporting mechanisms. The most important — mdr&séd — economic tools can be:

» environmental fees

« promoting the concept of environmental responsybili

» application of voluntary agreements in line wite tlules of the market

* encouraging financial reform for the protectiortted environment.
Among environmental regulation tools, therefore F2®02-2007) and FP7 (2007-2013)
encourages a wider set of market based tools, dikdronmental fees and motivation for
financial reform. Instead of “direct regulation"pluntary agreements are in favour. FP6 had as
Thematic Priorities*Sustainable Development, Global Change and Etesys and “Citizens
and Governance in a Knowledge-based Society” tanpte the development of sustainable
development and public participation. In FP7, stagics can be developed in the Cooperation
Specific Programmes Energy, Environment (includelgnate change) and Socio-economic
Sciences and Humanities.
The Fifth Environmental Action Programme™(EAP, 1993-2000) formed the environmental
agenda for the previous decade. It's major undem@ principles are: the integration of the
environmental dimension in all major policy areasaikey factor as environmental protection
targets can only be achieved by involving thoseicgolareas causing environmental
deterioration; then only by replacing the command-eontrol approach with shared
responsibility between the various actors, e.g.egowents, industry and the public, can
commitment to agreed measures be achieved. Itaseisw direction by stating that, for the
improvement of the mechanisms of the market, enuental aspects have to be integrated
more efficiently into the own procedures of the Blfjanisations and the results of the EU

developments should be evaluated regarding theamaent.

% The Framework Programmes for Research and Technoloddeaielopmentshortly Framework Programmesr abbreviated FP, are funding
programmes created by the European Union in omlsupport and encourage European research or, speddfically, the European Research

Area (ERA). The detailed objectives and actiony Wiaxm one funding period to another.
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The Sixth Environment Action Programme of the Eeap Community (6 EAP, 2002-2012)
sets new standards by focusing on the followingasradentifying four priority areas of
environmental issues:

» Climate change

* Nature and biodiversity

* Environment and health

* Natural resources and waste.
The 6th EAP promotes full integration of environnanprotection requirements into all
Community policies and actions and provides tharenmental component of the Community's
strategy for sustainable development. The link sden between environment and European
objectives for growth, competitiveness and emplayim&egarding the environment, the 6th
EAP focuses action around the development of s&ematic Strategies in the field of soil and
the marine environment (in the priority area of diersity), air, pesticides and urban
environment (in the priority area of environmergalth and quality of life) and natural resources
and waste recycling (in the priority area of natuesources and waste). The Thematic Strategies
constitute the framework for action at EU level each of the concerned priorities. More
interesting to our topic of discussion are the ldisthed strategic approaches by tHe AP to
meet the environmental goals and objectives angrifyriactions on international issues. The
strategic approaches include among others: thelg@went of Community legislation and its
effective implementation and enforcement, the irg#gn of environment protection
requirements in other Community policies and thenption of sustainable production and
consumption patterns, improving collaboration wigimterprises and informing individual
consumers, enterprises and public purchasers ahewnvironmental impact of processes and
products.
The 8" EAP ensures full consideration that the Commusigrivironmental policy-making is
undertaken in an integrated way and to all avalaptions and instruments, taking into account
regional and local differences, as well as ecolajicsensitive areas, with an emphasis on (cited
from the &' EAP):

» “developing European initiatives to raise the awass of citizens and local authorities;

» extensive dialogue with stakeholders, raising emwirental awareness and public
participation;

» analysis of benefits and costs, taking into accdbetneed to internalise environmental
COSts;

» the best available scientific evidence, and theth&r improvement of scientific
knowledge through research and technological devedmt;
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» data and information on the state and trends oétiveonment.”
It is interesting to see, that beside the integragproach, when setting targets, hdWER\P sets
the objective. “The Programme aims at emphasidingate change as an outstanding challenge
of the next 10 years and beyond and contributinghto long term objective of stabilising
greenhouse gas concentrations in the atmospheee lavel that would prevent dangerous
anthropogenic interference with the climate systéhus, a long term objective of a maximum
global temperature increase of 2 °Celsius overinuastrial levels and a GQconcentration
below 550 ppm shall guide the Programme. In thgdorterm this is likely to require a global
reduction in emissions of greenhouse gases by & “wompared to 1990 as identified by the
Intergovernmental Panel on Climate Change (IPC&3"we can see, thé"@&EAP sets its goals
by defining relative targets compared to previdiages of the environment and setting absolute
limits by using limit values. Note, that the mid+tereview of the 6th EAP was adopted by the
Commission on the 30th April 2007 and confirmedttithe 6" EAP remains the correct
framework for Community action in the field of teavironment up to 2012".
The environmental regulation in Hungary is shapgdtie Hungarian Environmental Act,
enacted in 1995, which relies heavily on tieaBtion programme, ‘Towards Sustainability’. The
Hungarian Environmental National Programmes areedbamn EU recommendations as well
(Szlavik, 2000). The Hungarian situation is alsap#d by the Sofia Initiative, which were set up
by high level officials from Central and Easternrépe (CEE). The Sofia Initiative partly
encouraged the use of economic instruments, toigeowmcentives for behavioural change,
generating revenues to finance environmental imvests and support the transition to
sustainable development (Klarer et al., 1999). Témson behind the Sofia initiative is that
emission charges and non-compliance fees are xentgvely used in CEE countries, including
Hungary. To work towards a more economics — managérnools in CEE countries, still
remains after 2000, but the proportion of legiskatiools is still much higher. Therefore, we can
observe the move towards combination of legislatbads with other tool, as originally defined
by Klarer et al. (1999).
In summary, we can observe that there is a shifatd integrating the diverse legislative tools
with each other (for which combining limit valuesthvthe prescription of BAT is a clear
example (Fodor (2000)), and with other environmiem@ativation tools (changing the economic
context in favour of environmental protection, em@wing environmental management). Still,

legislation is and will be at the core of enviromta protection.
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1.5 Future of environmental regulation based on lim it values

According to Speck et al. (2001) the environmeeféctiveness of economic instruments was
low in the recent future in CEE countries and adtlygion regulation is mostly based on
charges/taxes, and the system regulation systendevedoped further in this direction.

Several factors can require prescribing the allogyedntity of environmental load in the form
quantitative, numerical levels. First, standardpregsed in numerical levels are technology
independent and can be applied to any kind of ictiknother great advantage of limit values is
that they can be easily verified, whether someardarms to the regulation or not. We believe
that the widespread popularity of limit values mvieonmental regulation is because of these
two very important practical advantages. In additithese two properties also allow for public
participation in the development with relatively alinknowledge about related technologies,
especially with the help of non-governmental orgations (Carmin, 2003).

However, these advantages have a price on the btdrat. Because of their nature, chemical
limit values should be determined for every molecwith effect. Of course, we can combine
some groups of molecules, based on their chemitattares, function groups, nature of
damage, etc. but practice has to decide whethepgrg is accurate or not. For example, in case
of Polycyclic Aromatic Hydrocarbons (PAH), becadke number of molecules is between 50-
100, scientists estimate their quantity with 16320y dangerous molecule and regulation in
many countries prescribes a limit using only 1 Enmolecule. However, it has been not
demonstrated how the blend ratio, the effect, thentjty, health and environmental effects of
the other molecules vary compared to the molecuthe standard.

What is more, Streffer et al. (2003) underlinest tburrent environmental prescription do not
cover the synergetic and extinguishing effects (mioed effects) of two or three molecules
present next to each other, and the amplifyingvaeakening effect of environmental conditions
(see also ACS, 1998). For example, the long teraittheffect of the carcinogenic molecules
combined with high or low concentrations of carlanoxide (because both are related to high
traffic, they are present in parallel). Alternativein windy regions, molecules travel further
away from the source (i.e. road), and differentriead emission concentrations should be
implemented for a windy and a non-windy region ¢hese, as we demonstrated in the previous
section, the limit value is based on the estimatibthe environmental effect, which is different
in this two cases). Alternatively, the intake afacinogenic molecule can be intensified in high
temperature — high humidity weather conditions gimainy summer). The physical-chemical

form of hydrophobic compounds also plays a majde iia their bioavailability (Farrington,

38



1991). The set up of limit values for such combiedfécts is particularly difficult according to
Streffer (2003).

We also experienced in our laboratory analyses svdhat practice can show orders of
magnitude of difference when comparing the analyssglts of certain chemicals, depending on
which method was used for the measurement, whiobrdaory carried out the measurements or
from which country came the data. This rendersialiff to decide whether an environmental
actor complies or not to a certain limit value slzml.

Experience shows, that public opinion is only caned by some of the chemical effects, usually
about the most important, most polluting chemicdilee the air polluting nitrogen-oxides,
sulphur-dioxide or carbon-monoxide. This is mayteeause it is difficult to discuss a large
number of different chemicals during the negotiatiprocess (it is estimated that about
5 000 000 chemicals are in use and about 200 @@anmercially available). Still, awareness
and precaution attitude could be implemented whith help of public participation (Varkonyi,
2007).

We should not forget that too loose limit values mm encourage economic actors to use
environmental friendly or clean technologies; thrather keep in operation existing polluting
technologies and pay the small fees. Too rigorausr@enmental limit values usually define
conditions that Eastern-European companies canmtfilt §imply because they do not own the
necessary technological or economic backgroundhke tiction. As an alternative solution for
the latter problem is to implement small changeigtf\(2001), described later in detail). While
the core of the technology can only be changedllyswéh high oncost and with the agreement
of the owner of the licences, actually a very lapgt of production losses and harmful
emissions origin not from the core of the technglagd can be reduced with smaller oncost.
Small quantity emissions related to the technology seem unimportant alone, but their
cumulative effect can be significant and their ithin can be the basis of a significant reduction
of pollution.

We present in a former study of ours (Kozédk and&kp2001), and discuss in detail in the next
chapter, that EU recognised in time that to changeent industrial trends, a wider set of tools is
required compared to the action plans of formerrgieawhich were based almost only on
regulative tools, and inside that on limit valugserefore, beginning from the"SFramework
Programme, the EU enlarged its set of environmeaata$, and beside environmental regulation,
a set of economic tools, horizontal financial sugipg tools, and other financial mechanisms are
present (Glatz, 1998).

39



In parallel, the trends of natural sciences andbgmgical-sciences show that the practice of best
available technologies will replace more and mdve practice of environmental limit values
(Bandi and Perecz, 1998 and Renn, 1998). In otlwedsy the existing theory and attitude on
environmental limit values needs to undergo an i@ change of the methodology in order to
reply to the changes of most recent needs. A piigsibo improve current limit value
methodology can be a more integrated approach asidering risk factors in environmental
regulation of limit values, which we present later.

In summary, we can say that limit values are a yactical tool in environmental protection
and for this reason, they will be extensively ugedhe future, too. However, they also bring
along certain complication for legislation. Firag biological and chemical complexity increases,
their justifiability becomes more complex, and thaitial virtue becomes a disadvantage. Then
for stochastic effects, the use of limit values banregarded as more subjective, as there is no
clear threshold observable could be justified disnéd on the dose-response curves. Therefore,
the arbitrary nature of limit values is more expesh for stochastic effects (i.e. radiation,

carcinogenic chemicals).

1.6 About technical solutions aimed to reduce envir onmental
pollution

Although the EU and other regulatory bodies pustd hthe use of BAT, usually these are
difficult to implement as they require change ie ttore of the technology, and we can expect
technological change only on the long term (usuaityre than 4-5 years). This is particularly
true to Hungary and other CEE countries, wheregtiitical change in the 1990 brought change
in the economics, and advanced technological outpetcore technologies of the 1950-1990 era
remained in function. This is mainly because Hupgard other CEE countries were during the
history of industrialization, and are still a plavéhere new capital comes from foreign countries;
and lacking the funds to delays changes in the faaturing processes (see Németh, 1999).

To understand what actually can be an alternativthe short term (up to 3-4 years), we present
a summary of the approach presented by Vigh (2001).

Industrial production, traffic, energy making arfte tagriculture all emit harmful substances
(side products of finished products) into the emwiment, which create harmful effects not only
near the source of emission, but diffused in tmgéw distance. Either in their original form or
often modified, they threaten the entire environtreamd finally human life. Moser and Palmai

(1992) classify technological solutions to averissnmental damages:
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- reduction of harmful emissions, elimination o tmitting source, change of procedures to
pollution free technologies,

- prevention of travel and conversion of pollutimgterials,

- use of safety equipment at the site of emission.
It is evident, that the most valuable solutionsiarne first group, as these methodologies really
protect the environment, they really prevent thiotuction of pollution materials into the
environment. Therefore, these technologies arenottalled waste-reduced or waste free
technologies.
Up-to-date handling of environmental issues reqoie@e and more that polluted air, water or
solid waste are not just treated at the end ofpfeeess line, but are minimized by using
applications in processes that minimize emissiorpafuting materials, or even more avoid
releasing polluting materials. On the global marethe chemical and petrochemical industry,
the processes of the new factories are usuallygdedi with minimal emission of harmful
substances. Even in Hungary, many environmentadly designed plants were built recently.
Chemical substances which are persistent, bioadetivel and/or toxic (PBT) should not be
released into the environment. Therefore, produoerssers need to avoid the usage of such
substances or limit the use to such applicationeevw® emissions can occur (Ahrens et al.,
2003). Substitution of hazardous substances by Hezardous alternatives appears to be a
straightforward approach when enterprises consw@nagement and reduction of chemical-
related risks (Lohse et al., 2003). However, foH8Athe main sources of (air) emissions are
combustion processes; no emission reduction caacheved by the substitution of chemical
products (Ahrens et al., 2003), therefore a difiereays of working is necessary.
Vigh (2001) summarizes an interesting approachdss and waste reduction. During the design
of the manufacturing sites, for an efficient enmimeental friendly technology, the first step is the
identification of sources of losses and waste. Thdone trough a detailed mass-balance of the
general process and of the sub processes. Whemmdtramental setup of the plant does not
allow building a precise mass-balance, the bestiplesestimation has to be used. Experiences
from other manufacturing sites or knowledge ondghen technology can both be handful for
this. Losses and waste identified in the mass-balaran be of two types: real losses of the
technology itself and losses because of imprecigbnthe estimations, calculations and
measuring equipment. It is important to differetetidetween these ‘imprecision’ losses from
real losses of the technology. Real losses alsstitore from two parts; there is a constant loss
coming from the setup of the technology itself, itd part that comes from the variation of the
weather/surrounding condition changes over tinke (figh environmental temperature increases
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losses of evaporation, or a rainy period resulsdityer needing more time to dry the materials
because of the decreased ability of water uptaleérpf
According to Vigh, the following most important goas of losses and wastes should be
considered:

* inventory and measurement of incoming raw matesats intermediate materials

» estimation of the quantity of leftovers

» estimation of the quantities of materials leavihg €quipments, the manufacturing sites

and establishments

» changes in quantity of the materials to be treate¢de technology

* pollution in the raw materials

» changes of quantities inside equipments

* losses from blowing off, rinsing

» leaking of valves, including safety equipments

» discharge, overcharge and leaking of equipments

* losses of start-up, shut down and emergency shut do

« environmental effects, like high temperature dursgmmer, rinsing effect of rain,

increased fuel consumption in snow

* losses during stocking
The most important task is the accurate identificatsources of losses and wastes. Most
manufacturing sites can only account and measuite the third of the total losses and wastes.
Revision of the accounting system and after thesipts necessary post-investments in the
technology, this ratio can be pushed below 10%.irMguthe exploration and determination of
non-accountable losses and wastes with elimindéesalnirces can be also identified.
Changing the core of the technology can be cawigdusually only with important investments
and oncost, and in case of licensed processesthétagreement of the licence owner. However,
the largest part of manufacturing related lossesveasstes usually do not come from the core of
the technology itself; hence can be reduced manglgj with smaller investments and oncost.
Reduction of the emission of small losses and wsastlated to technology usually is the basis of
significant results in overall emission reduction.
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2. Polycyclic Aromatic Hydrocarbons and their Regul ation

2.1 About PAHs

2.1.1 Sources of PAHs in the environment

Polycyclic aromatic hydrocarbons (PAH) include mangividual pollutants that affect the air
guality of the cities around the world (Fertmanna&t 2002). PAHs are emitted into the
atmosphere from both anthropogenic and natural cesur(Simonich and Hites, 1995).
Anthropogenic sources are generally referred tocgsuthat produce energy such as domestic
heating, engine exhaust (traffic), incineratorsd amatural gas (Mastral et al., 2003). Natural
sources are usually volcanic eruptions and bionbassing. Most of the PAHs are produced
from combustion of fossil and non-fossil fuels tigb pyrolysis and pyrosynthesis mechanisms
(Kiss et al., 2001). Another source of PAHs is fremall particles of unburned components of
fuel (Mastral et al., 2003; Larsen and Baker, 2003)

PAHs are highly volatile and can be easily releastalthe environment. After entering into the
atmosphere, volatile PAH compounds remain in the gaase while non-volatile compounds
(five or more rings) are adsorbed onto plant seaied/or solid particles. Medium volatile
PAHSs are distributed between gas and the adsorptiases where ratios depend on chemical
and physical properties of PAHs, environmental dbons, and the nature of the phases
(Thomas, 1986; Viskari et al. 1997; Holubek et 2000).

Several PAHs are hazardous to living organisms tetheir mutagenic, carcinogenic
teratogenic, immunosuppressive and/or neurotoopgties (Gruszka, 2000). These PAHs are
being included in the EU priority pollutant list¥herefore, it is important to monitor and

regulate the presence of PAH in ambient air.

2.1.1 Environmental and health effects of PAHs

The health effects that can be caused by exposuUPAlts are presented based on the Cancer in
lllinois Resources (2008). PAH health effects maohiépend on

* how much has entered the body,

* how long one has been exposed to PAHs, and

* how the body responds to PAHSs.
These effects may be either short-term or long-tétns not clear that PAHs cause short-term

health effects. Other compounds commonly found Wi&kHs may be the cause of short-term
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symptoms such as eye irritation, nausea, vomitingyrhoea, and confusion. Long-term health
effects of exposure to PAHs may include catarakitiney and liver damage, and jaundice.
Repeated skin contact to the PAH naphthalene caultrm redness and inflammation of the
skin. Breathing or swallowing large amounts of rthplene can cause the breakdown of red
blood cells. Studies of workers exposed to mixtweBAHs and other compounds have noted
an increased risk of skin, lung, bladder, and gaststinal cancers. The information provided
by studies is usually limited because the workezsevexposed to other potential cancer-causing
chemicals besides PAHs. Although animal studiesehakiown adverse reproductive and
developmental effects from PAH exposure, thesectsfieave generally not been seen in humans
yet. Generally speaking, we can say that the PAkeoutes have analogous chemical structure
to the building blocks of the DNA chain and inigamutation. InFigure 1Q we can see a
representation for the DNA spiral disrupted becaw$ein-bound PAH molecules. The

demonstration of the chemical pathway of PAH meiaboleading to cancer can be found in

Figure 10. DNA spirals disrupted by an in-bound Pidlecule.

For a detailed introduction of PAH-induced carciengsis mechanisms, see the comprehensive
study of Luch (2005) and Orgovéanyi (2004).

The proportions of different PAHs detected in difie emissions and workplaces sometimes
differ widely from each other and from PAH profilesambient air. Nevertheless, the profiles of
PAHSs in ambient air do not seem to differ very mficm one area to another, although large
variations may be seen under special conditionsthétmore, the carcinogenicity of PAH
mixtures may be influenced by synergistic and amtéggic effects of other compounds emitted

together with PAHs during incomplete combustiorshbuld also be recognised that in ambient
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air the carcinogenic 4 to 7-ring PAHs (representing majority of PAHS) are preferentially
attached to particles and only a minor fractiompedaling on the temperature, exists as volatiles.
A few studies indicate that the toxicokinetic prdjes of inhaled Benz-a-pyrene (BaP) attached
to particles are different from those of pure Badhe. Virtually nothing is known about other
PAHSs in this respect.

Attempts to derive relative potencies of individldAHs (relative to BaP) have also been
published, and the idea of summarising the cortiobs from each of the selected PAHSs into a
total BaP equivalent dose (assuming their carcingeffects to be additive) has emerged
(Heinrich et al 1994). There are doubts, howevenua the scientific justification for these
procedures. An extensive survey of human and latiyranimal studies, carcinogenesis and
risks about PAH effects can be found in Air ToxMEPM — PAHs Health Review (May 2003,
made for the request of the Australian Government).

WHO (World Health Organisation) presented an extiéstime cancer risk, expressed in terms
of the BaP concentration and based on observatiactke oven workers exposed to mixtures of
PAHSs. It was emphasised that the composition of ®&H~vhich coke oven workers are exposed
may not be similar to that in ambient air. The wiagkgroup also considered some recent animal
data but concluded that the occupational epidemyottata should serve as the bases for the risk
estimate.

The WHO adopted the lung cancer risk estimate tatled by the US Environmental Protection
Agency. The US EPA based its calculations on ektenstudies of coke oven workers in
Pennsylvania. The US EPA used a linearised mujgstamodel. The unit risk for BaP is
estimated to be 8.7x10-5 (ng/m?3)-1. The correspandoncentrations of BaP producing excess
lifetime cancer risks of 1/10 000, 1/100 000 andi @00 000 are 1.2, 0.12 and 0.012 ng/m3
respectively.

One can be exposed to PAHs in many ways. Air candogaminated by PAHs and levels of
PAHs in urban air may be 10 times greater thanldef@und in rural areas. Beside the most
important air exposition, one may be also expose@AHs in soil near hazardous waste sites or
near areas where coal, wood, gasoline or othemptsedhave been burned. Low levels of PAHs
have been found in some drinking water suppliehéUnited States. In the home, PAHs are
present in tobacco smoke, smoke from wood burntoges and fireplaces, creosote-treated
wood products, and some foods. Barbecuing, smokingzharring food over a fire greatly
increases the amount of PAHs in the food. Otheddotlvat may contain low levels of PAHs

include roasted coffee, roasted peanuts, refinggtable oil, grains, vegetables, and fruits. A
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variety of cosmetics and shampoos are made withtaoand therefore are a container of PAHs.
The PAH compound naphthalene is present in sombbath”.

2.1.2 Chemical and physical properties of PAHs

The simplest PAHs, as defined by the Internatiddalon on Pure and Applied Chemistry
(IUPAC), are phenanthrene and anthracene. Smalleleamles, such as benzene and
naphthalene, are not formally PAHs, although theyanemically related. They are called one-
ring (or mono) and two-ring (di)aromatics, and néyakene is routinely discussed and analysed
with PAHSs.

Properties of PAHs are presented based on Feketal. e{1993). Polycyclic aromatic
hydrocarbons are molecules three or more aromartis r(seeFigure 11), even up to seven-
member rings, but those with five or six are mashmon. PAHs composed only of six-member
rings are called alternant PAHs. Certain alterfitls are called "benzenoid" PAHs. The name
comes from benzene, an aromatic hydrocarbon wisingle, six-member ring. These can be
benzene rings interconnected with each other bylesicarbon-carbon bonds and with no rings
remaining that do not contain a complete benzew ri

PAHs are easily soluble in fats and are difficudt dissolve in water. Under atmospheric
conditions, they are solid, have boiling pointsieetn 300-600°C and have low vapour pressure.

The most important physical properties of some PAt¢spresented in Table 1.

% For biological effects, it is interesting to knothat the ,PAH World hypothesis” is a biologicalguothesis that proposes that the use of
polycyclic aromatic hydrocarbons (PAH) was a mefans ,pre-RNA World basis” for the origin of liféds yet it is untested, though in 2007,

the Cassini spacecraft found the presence of heegstive ions of tholin in the upper regions offis atmosphere.
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Table 1. Physical properties of PAHSs.

IUPAC- name Molecular formula Molar mass Boiling po  int Solubility Ring No.
[g/mol] [°C] [mo/l]
Naphthalene CioHsg 128 218 30 2
Acenaphtene Ci2Hio 154 279 3.47
Fluorene CisHio 166 293 1.98 3
Phenanthrene CuiaHio 178 338.4 -
Anthracene CuisHio 178 340 0.073
Fluoranthene CieHio 202 383.5 0.26
Pyrene CieHio 202 393.5 0.135
Benz-(a)-anthracene CisHiz 228 437.5 0.014 4
Chrysene CisHiz 228 441 0.002
Benz-(a)-pyrene CaoH12 252 492.5 -
Benz-(b)-fluoranthene CaoHi2 252 481.2 -
Benz-(k)-fluoranthene CaoHi2 252 481 - 5
Dibenz-(a,h)-anthracene CzHia 278 535 -
Indeno-(1,2,3-cd)-pirene Cz2H1z 276 534 -
Benz-(g,h,i)-perylene CzHiz 276 542 - 6

Being apolar compounds, PAHs are easily solublapalar compounds; their most important

solvents are hexane, cyclohexane, pentane ando@bior (aqueous solubility decreases

approximately one order of magnitude for each &bt ring). They can be present in water in

high concentrations when bond to the surface aftithgy particles. Molecules with more than 4

rings adsorb onto solid small particles. They cagrdde in sunlight due to the UV-components
of sunlight (physical degradation), but only a fewil bacteria are able to decompose PAHs
(biodegradation).

Because of their delocalised electron system, Hreyeasily excited by fluorescent light, and

therefore most PAHs are fluorescent, emitting attaréstic wavelengths of light when they are

excited (when the molecules absorb light). The redee pi-electron electronic structures of

PAHSs lead to these spectra, as well as to ceriage IPAHs also exhibiting semi-conducting and
other behaviours. Although their UV-coefficientssiall, PAHs possess very characteristic UV
absorbance spectra. These often possess many ats®rbands and are unique for each ring
structure. Thus, for a set of isomers, each isdmsra different UV absorbance spectrum than
the others. This is particularly useful in the itiration of PAHS.
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Figure 11. Molecular structure of PAHs
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2.2 Concentration of PAHSs in the environment

There have been many efforts lately to monitor espsitically PAH concentration in the
environment. Vegetation samples are used to idestifirces of pollutants in order to determine
the regional and global pollution trends (Simonafd Hites, 1995). Vegetation samples are
easier to collect than air samples, which also ntla&m economical to monitor the quality of air.
Over the last two decades, there have been mamfestassessing atmospheric fallout by
analyzing moss samples (Oehme et al., 1985; Ruhgingl., 1987; Markert et al., 1996;
Milukaite, 1998; Sucharova and Suchara, 1998; Kassler et al., 1999; Gerdol et al., 2002).
Mosses do not have a root system; therefore, tii@kepof pollutants occurs only from the
atmosphere (Wegener et al., 1992; Kunlst et aBb5L9Mosses have been used for both active
and passive monitoring of pollutants in the atmesph(Wegener et al., 1992, Steinnes et al.,
1992). In active monitoring, plants that gave gromder standard conditions were exposed to
pollution for a limited time (usually about severakeeks) (Wegener et al.,, 1992). This
monitoring is independent of the natural conditiofigplant growth and gives an assessment of

pollution in urban or industrialized area of themasphere.
2.2.3 PAH concentrations in the World

Total PAH concentrations

Menichini (1992) has conducted comprehensive ssudie the results of international PAH
analysis projects. More than 90% of the releas®Mfs was from two sources: traffic and
domestic heating; industrial pollution was presdrdae a possible third source for PAH release.
Menichini made the comparison in the following wal#\H profiles (proportion of different
PAHS), concentration of a given PAH, “spy-PAHs"afisportation of PAH released from a
given source).

In Los Angeles, the correlation between vehiclficaand PAH concentration was very strong.
In New Jersey, PAH concentration showed a remagkednrelation with coal burners, and in the
summer, with vehicle traffic. It was observed ini®athat fuel engines affected more the PAH
concentration in the summer (72 %) than in the evirid2 %) of the total PAH release, while
PAH pollution related to domestic heating was 3th%he winter and only 2 % in the summer.
Ciccioli, et al. (1996), conducted measurementm#p the pollution of different regions. The
observed areas were grouped into four categorége Icities, suburbs, forests close to large

cities, areas away from habited places.
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Samples were collected from Rome, Milan and Naplds)e suburban samples were from
Montelibretti (close to Rome) and from a suburbawrt of Madrid. Forest were examined at
Castel Porziano (in the Apennines, close to Ro®mykow (30 km from Berlin) and from Alta
Floresta in Brazil. Samples were also collectedhf@agarmantha National Park (Nepal, close to
Mount Everest) and Terra Nova Bay (the Antarctic).

It is clear from the measurements, that the comaton of nitro-PAHSs is the highest close to the
largest cities, and decreases towards areas away dities. The pollution was the highest in
Milan, where the traffic is the heaviest, and botial, wood and oil combustion is significant,
and it can be concluded, that the main emissioncsoof the nitro-PAHs is the same as for the
PAHSs that is the energy sector and traffic. Comegioin values in Storkow were surprisingly
low. This fact can be explained by less vehiclesutating on the roads of the former Eastern
Germany then in the more developed lItaly. PollutroBrazil is possibly from forest burns, and
the lowest concentrations in Nepal and the Antarate due to the lack of human activity in
these rural areas.

It has been observed, that concentrations also aeegrding to the season and the part of the
day. The direction of the wind also has to be tak#o account. The warm, sunny days of
summer favour photochemical reactions, and thisvhy concentrations can be high in the
neighbouring forests of Rome, because of the exghigh pollution of the Italian capital. The
lowest concentrations ever were from Nepal frompeod after monsoon.

Chovanec et al. (1994) determined the concentratfachlorinated organic compounds, PAHs
and heavy metals from river sediments and mossasti(falis antipyretica) of upper-Austria,
from the rivers Danube and Traun near to Linz. Hnea has been chosen because Linz is one of
the largest industrial centres in Austria, and mplayits are located along the rivers. The lowest
concentration was measured at sampling site A, wivias the uppermost location on the river,
without any industrial activity. In the area of &iion D, where the concentration was higher, the
number of industrial plants are higher, howeveytvere at distance that can explain, therefore
the PAH concentration were possibly diluted. Neasampling sites C and B, an important paint
industry and a hydropower plant can be found, &edconcentrations were the greatest at these
sites. Probably the concentrations of location @avedso diluted compared to location D.

The research group of Chovanec also conducted measuats of the Danube in Slovakia, the
concentrations ranged between 26-4690 pg/kg in, 18294 between 86-8794 pg/kg in 1992.
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Most frequent PAH molecules

Menichini (1992) concludes that the magnitudes aicentrations are known. benz-(a)-pyrene
was found in concentrations of 1-50 ng/m3 in Eurapd of 1 ng/m3 in the USA. Concentrations
of other PAH molecules was measured in between Agh®3 in Europe, 0,1-1 ng/m?3 in the
USA and in Australia, 1-10 in Japan and 10-100nihid and at two locations of New-Zealand.
These great differences are possibly due to thewsrsampling methods and sampling sites.
With the help of values of such a wide range, iingpossible to make direct comparisons
between cities and standards should be establisaedpling parameters, factors for choosing
the sampling sites, required minimal number of dasyshortest allowed period of monitoring,
PAH molecules to be analyzed. The source of vanatiis usually known (traffic, weather);
however, winter conditions only offer a rough basis comparison. Menichini highlights that
the authors should describe extensively the samglanditions, the description of the sampling
site and the possible sources for PAH release enatiea. He also presents the results of the
survey of Pits, et al., in 1985, who have foundgh ltoncentration of nitro-PAHSs in the basin of
Los Angeles, especially those of molecular masAdf(ex. 2-nitrofluoranthene, 2-nitropyrene).
Provini, et al. (1989), took sediment samples ftomltalian Lake Varese, and fluoranthene was
found in a concentration of 100-200 pug/kg. Bakes bancluded similar measurements in the
USA at Lake Superior. He has identified the follogiimolecules: Fluorene 4.2-7.7 pg/kg,
Fenantrene 62.1-98.2 pg/kg, Fluoranthene 36.5-15§/2y, Pyrene 21.5-88.3 pg/kg, Benz-(b)-
fluoranthene 104-319.4 pg/kg and Benz(k)fluoranghé®.1-196.7 pug/kg.

Chovanec, et al. (1994), summarizes the concemtimtof PAHs from various locations. They
have identified 13 different PAHSs, like Benz-(a)pye (13.9 ng/kg), Benz-(b)-fluoranthene
(49.6 pgl/g), Benz-(k)-fluoranthene (20.06 pg/g) Bhebranthene (107.1 pg/Kg)

PAH concentrations in biomonitoring

The PAH concentrations measured in our study to Péls in mosses and other forms of

vegetation collected from different regions arotimel world is compared in Table 2.

Table 2. Total PAH concentrations in vegetation gie® in different regions of the World.

Region Samples Bio- Total PAH, Reference
Monitoring na/kg

Finland Fontinalis antipyretica Active 5.4-48.2 Roy et al. (1996)

Finland Pleurozium schreberi Active 120-480 Viskari et al. (1997)

% 1000 pg/kg = 1 pg/g, in other words pg/kg is @a0smaller unit than pg/g.
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Finland Pleurozium schreberi Active 166-404 Viskari (2000)

Poland Hylocomium splendens Active 828-3573 Orlinski (2002)

Austrian Fontinalis antipyretica Passive 232-479 Chovanec et al. (1994)
Sweden Hylocomium splendens Passive 39.0-730 Knulst et al. (1995)
Sweden Pleurozium schreberi

Northeastern USA Maple leaves Passive 220-1600 Wagrowski and Hites (1997)
Northeastern USA Pine needles Passive 370

Czech Republic Hypnum cupressiforme Passive -0.3-16733 Holoubek et al. (2000)
Northern Italy Tortula muralis Passive 0.2-1.5 Gerdol et al. (2002)
South-Central Poland ~ Hypogymnia splendens Passive 587-622 Migaszewski et al. (2002)
Hungary Hypnum cupressiforme Passive 1567-10450 Otvos et al. (2004)

The comparison of PAH concentrationsTiable 2demonstrates that the different plant species
can give different amounts of bioaccumulation ofH3A Hypnum cupressiforme accumulates
hydrocarbons at the highest concentration than rotlegetation species (Table 2). This
accumulation in Hypnum cupressiforme has the samer @f magnitude in Hungary and Czech
Republic regions (Table 2) even though emissioncgsuof hydrocarbons are different in these
two countries (Holubek et al., 2000). The uptaké$AHs by Hypnum cupressiforme rather
than the emissions in these regions may resulhénabserved values in Table 2. Hypnum
cupressiforme is a dense mat forming species amdacaumulate PAHs more effectively
compared to other moss species. Similar obsensti@re found in absorption of metals from
atmospheric deposition (Sucharova and Suchara, ;1888s, 1990). Additionally, Hypnum
cupressiforme contains biflavonoids, phenyl-subttd aromadendrin derivatives, and
kaempferol in its structure (Sievers et al., 19%hjch may have a greater affinity for PAH
compounds than the other mosses. However, to uaddr$ully the possible differences in the
accumulation of PAHs in the moss species, atmogpHeposition data and moss-growth of the

region should be investigated.

Inhalation of PAHs compounds

Minoia et al. (1997) proposed a new sampling strate determine the daily inhaled quantity of
PAHSs in urban air. The individual environmental gdings took place in two different seasons
(winter and summer), for persons living in fourfdient urban areas with different traffic
density. The mean £ S.D. value of Benz-a-pyrene Wag + 0.15 ng m-3 in winter and 0.12 +
0.07 ng m-3 in summer. Assuming 18 m3 as the dallgled quantity the estimate of the BaP

inhaled quantity was 6.66 ng/day in winter and Zh@flay in summer.
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2.2.4 PAH concentrations in Hungary

Recently, we made the first time a passive invattg of atmospheric PAHs deposition by
analyzing moss (Hypnum cupressiforme) samples aelie at 29 regions in Hungary. The
concentration of total amount of PAHs and 16 indlil PAHS were chosen to be included in
the study according to the EPA directives. Thearado investigate this profile of individual
PAHSs according to EPA are:
* more information is available on these PAHs thathenothers;
» they are suspected to be more harmful than sortieecdthers, and they exhibit harmful
effects that are representative of the PAHS;
» there is a greater chance that one will be exptisétese PAHs than to the others;
* in addition, of all the PAHs analyzed, these wée PAHSs were previously identified at
the highest concentrations at hazardous waste sites
The list of the individual PAH compounds of thedstus the following:
+ acenaphthalene

acenaphthene

+ anthracene

+ benz-(a)-anthracene

+ benz-(a)-pyrene

+ benz-(b)-fluoranthene

+ benz-(ghi)-perylene

+ benz-(j)-fluoranthene

+ benz-(k)-fluoranthene

+ chrysene

+ dibenz-(ah)-anthracene
+ fluoranthene

+ fluorene

+ indeno-(123-cd)-pyrene
+ phenanthrene

< pyrene
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Figure 12. Moss sampling sites for PAH analysedumgary

Concentrations of PAHs in Hypnum cupressiformeiff¢i@nt sampling stations (s€&égure 12
were usually influenced by urban, industrial araffic activities of the area. At most of these
sites, a good correlation between PAHs levels aaffia volumes was found. Incomplete
combustion of fuel was thus the dominant sourcdrifmring to the atmospheric deposition of
PAHSs in moss samples. No relationship between Pattsmetal pollution in moss samples in
Hungary was found, which reflects differences inigsion sources and atmospheric transport
pathways of metals and organic pollutants. In camspa with other moss species and
vegetation around the world, Hypnum cupressiforrmeumulates the highest concentration of
PAHs from the environment. The uptake of PAHs isbably much higher in Hypnum
cupressiforme than other species, which resulthigher values. Based on relationship of
octanol-air partition coefficients of the varioudHs to the bioconcentration factors, most of the
compounds prefer aerosol particles over the swsfateHypnum cupressiforme at a particular
site of the studied region. In future work, addiab determination of the deposition rates of
PAHSs, which also account the growth rates of vagetamust be carried out to gain insight into
PAHSs deposition.

The total concentrations of PAH ranged from 0.15670.45x10 ug/kg with a mean value of
1.87x1d pg/kg dry weight. The samples were analyzed fdividual low and high molecular

weight PAH compounds. The concentrations of idedifPAHs mainly resulted in low
54



molecular weight PAHs (up to 3 ring compounds). WeBAHs (more than 3 ring compounds)
were less than 1% of the total concentrations dfi®A.ow molecular weight PAHs of our study
are mostly in the gaseous form and can travel g ldistance away from the road. High
molecular weight PAHs can easily adsorb onto padi@and probably settle near the road.
Sampling stations were away (300 m) from the roafii¢ and possible industrial sources, which
resulted in low atmospheric deposition of high noalar weight PAHs in the samples of our
study. Decreases in the concentrations of PAHsdasisamples were also found with increasing
distance from the road in previous studies (Haaugalal., 1995; Orlinski, 2002; Viskari, 2000).
Naphthalene, acenaphthalene, phenanthrene, ambracel fluoranthene were dominant PAHsS
in Hypnum cupressiforme samples. The heavy PAH @amg@s benz-(a)-pyrene, indeno-(123-
cd)-pyrene and benz-(ghi)-perylene were not idetiin Hypnum cupressiforme samples of the
studied region, the highest concentrations wer8aiz-(b)-fluoranthene, whereas the lowest
concentrations were Dibenz-(ah)-anthracene. Detaitsentration data and interpretation can be
found in our papers Kozak et. al. (2003) and Ostia. (2004).

2.3 Regulation of PAHs

2.3.1 PAH regulation in the World

The most important international reference poimtsenvironmental regulation are the WHO
(World Health Organisation) and the USA regulations

General international awareness implied the comtfd*AHs in the late 1980s, when the IARC
(International Agency for Research of Cancer, a Wldf@anization) characterized their

carcinogenity in 1987 and in parallel WHO has exsdithe issue of PAH health risk on a
number of occasions and has published the Air @u&luidelines in 1987. The IARC summary
on carcinogenity was reviewed in 1997, while WHQdglines were updated in 2001, and last
updated in 2005. The PAH related PM10 fraction glinés are 2@ug/m? annual mean and 50

ug/m3 24-hour mean. For PAHs, the WHO guidelineA$iFL.0 ng/m3 years as ng BAP/m3.

The USEPA (US Environmental Protection Agency) (@98as classified PAHs with BaP

indicator species as a B-2 pollutant that meansoagble human carcinogen with sufficient
evidence from animal studies but inadequate evieldram human studies. The OSHA (U.S.
Department of Labour, Occupational Safety & Hea\diministration) regulates PAHs in the

regulationabout Coal Tar Pitch Volatiles (benzene solublecticn) and the general industry

limit in ambient air is 0.2 mg/m3. Emission polhutiis controlled in the US by the Clean Air Act

(CAA) (1990). The CAA requires EPA to regulate esioss of toxic air pollutants from a
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published list of industrial sources referred td'ssurce categories." As required under the Act,
EPA has developed a list of source categoriesrthett meet control technology requirements
for these toxic air pollutants. The EPA is requitedlevelop regulations (also known as rules or
standards) for all industries that emit one or mofghe pollutants in significant quantities.
PAHSs are included in the group of Polycyclic OrgaMattef®, and member states have their
own PAH air emission limit values as average a@adptambient air concentrations, either as 1,
8 or 24h averages or annual averages, detailed 8DR (1995). The concentrations are defined
mostly for benz-(a)-pyrene, benz-a-anthracenecantalso be defined as coal tar pitch volatiles.
We find examples for both very low levels - BaPQu@/m324 hour average in Virginia — and
very high levels - naphthalene 10000.00@2m3 8-hour average in Connecticut; but most
concentration limits are between 1-1@/m3?’

Other worldwide limit concentrations usually arewnd the 0.1 — 5 ng/m3, like a New Zealand

authority considered that a criterion of BaP 0.80n% (annual average).

2.3.2 PAH regulation in the EU

There is at present no EU level ambient air qudliityit value for PAH compounds. The
Directive 2004/107/EC “relating to arsenic, cadmjumercury, nickel and polycyclic aromatic
hydrocarbons in ambient air” (2005) does not impeset air quality limits, but foresees
mandatory monitoring where concentrations exceednd Benz-a-pyrene (BaP) /m3
(=0.001ug/m?) annual average (target value). Members sttteted to implement locally the
directive both on national and regional levels, t@meexample in ScotlandThe Air Quality
Standards (Scotland) Regulations 2007 (S.S.l. 2@2), which implements the same
concentration for BaP. Note, that in the UK the Quality Objective for PAHs based even
lower targets in turn on the recommendations of Expert Panel on Air Quality Standards
(EPAQS), for an annual air quality standard of mg@3aP /m3. Some Member States set guide
or target values, in Netherlands PAHSs limit valsi&ing/m3, and Benz-a-Pyrene guideline value
is 0.5 ng/m3 Years as ng BaP/m3. Italy has a lggaiforceable ambient air quality standard of
1.0 ng BaP/m? and Sweden has a guidance valua@h for fluoranthene. As far as designing

a network to monitor compliance with a potentiaPBanit value is concerned, the macro-scale

% The Act defines this group as “Includes organimpounds with more than one benzene ring, and wisasle a boiling point greater than or
equal to 100°C".

2" The zeros in the decimals show the precision reduiFor example, in the case of 10000.0000, aevafu10000.00007 is over, but
10000.00004 can be considered as equal to 100GD.000
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setting criteria described in Annex VI of Councilré&tive 1999/30/EC for the protection of
human health are also applicable to PAH.

PAHs are also covered by the Persistent OrganitutBot (POP) Protocol under the United
Nations Economic Commission for Europe’s ConventionLong Range Transboundary Air
Pollution (UN ECE CLRTAP). Under the Protocol, esigs of four PAH compounds have to
be reported annually; in addition, emissions of PIAF2010 may not exceed the levels of 1990
(or any other base year between 1985 and 1995).Elinepean Community is a party to the
Convention and therefore has to fulfil the obligas of the Protocol after ratification.

While not directly controlling PAHs, neverthelessis likely that a number of Directives
indirectly influence emission or concentration mkaent air on a longer term. These include the
directives: arising from the Auto Oil programme,toe

incineration of wastes, the IPPC directive (96/@1)Ethe air quality framework directive
(96/62/EC) and its first daughter directive -1993EC (Council Directive relating to limit
values for sulphur dioxide, nitrogen dioxide anddes of nitrogen, particulate matter and lead in
ambient air, OJ L 163, 29.6.1999, p.41) which asske particulate matter. The objectives of
this legislation cannot be met without the contrbthe emissions of particulate material from a
very wide range of sources, many of which are sssiof PAH. It is likely that measures to meet
the objectives of the daughter directive will redueAH emissions also. Vehicle emissions
regulations (‘'EURO IV'": Euro 4 (2005) for any vdhie 98/69/EC (and 2002/80/EC), and ‘Euro
V': Euro 5 (2008/9, proposed) for any vehicle) witl time, further reduce particulate emissions
too; this will result in further PAH reductions. ttever, the particular effect of these measures is

hard to predict.

2.3.3 PAH regulation in Hungary

The environmental regulation for polluting subsesén Hungary in the recent past has been
fee/penalty centric (Farkas, 1994a), and there avased for the re-evaluation of health limit
values. Although the 1995 Act brought fresh aith® regulation system (which is still current as
of 2008), as Klarer et al. (1999) demonstratedwistied changes by that time was to implement
a systematic air-emission charges-airload chargeter® to reduce heavy pollution and to
generate revenues. Therefore, the mainly admitiraature still reigns as of 2008 and to
assess PAH regulation in Hungary the air qualitysoees listed by the Ministry of Environment

were examine&®

2 |ist of the existing and planned regulations innbary about stationary sources for ambient airypatits (,A helyhez kotott légszennyez

forrdsokra vonatkozé hatalyos és tervezett jogdyabgegyzéke) (2004-04-07 17:23:35)”
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PAHSs are regulated in Hungary by current governaledirective 14/2001, which deals with
setting limits for a range of atmospheric pollutarhe directive sets the health limit for Benz-
(a)-pyrene as 0.001 pg/m? as 24 hours avétagad sets the technological emission limit as
0.1 mg/ m3 when the emission flowrate of the conmabis 0.0005 kg/h.

Unfortunately, the above described 2004/107/ECctire has been only partially implemented
yet (as of May 2008) for PAHs. Some aspects opjitear in the governmental directive 21/2001
sections 7, points 7, 8 and 11 (the original divectvas modified in the governmental directive
36/2006 (1. 20.) to implement some of the 2004/ETY directive’s measure®) The directive
says when the current limit values for Benz-(a)epy are exceeded (7) or the current target
values are exceeded (8) local action programs haviee developed to reduce emission to
conforming concentration levels, or if the limitlwas or target values are respected, the state of
the environment has to be maintained (11).

An interesting regulative measure in Hungary is ti®98 Protocol to the 1989 convention on
long range transboundary air pollution on persidtemganic pollutants” It has been revised
and reinforced by parties of the convention (Hugigard neighbouring countries) in September
2003. The protocol accounts all important areabefindustry where a high level PAH emission
is foreseen as probable, and enforces limit valoethe technologies and prescribes the use the
best or preferred available technologies. Thesasamclude mobile (traffic) and stationary
sources. Although, as we have found in our workfitr data correlates most with background
PAH concentration, it is interesting to see, whiolustries are included in this regulation.
Technologies that are expected to contribute teeatgextent to PAH emissions:

incineration (including co-incineration, of munialp hazardous or medical waste, or of sewage
sludge); sinter plants; primary and secondary petidn of copper; production of steel; smelting
plants in the secondary aluminium industry; comiomsof fossil fuels (in utility and industrial

boilers with a thermal capacity above 50 MW}hresidential combustion, firing installations for

source: http://www.ktm.hu/index.php?pid=9&sid=47 &hB81
National provisions communicated by Hungary conicerrDirective 2004/107/EC of the European Parliaimemd of the Council of 15
December 2004 relating to arsenic, cadmium, mereuckel and polycyclic aromatic hydrocarbons inbéent air.
source: http://eur-lex.europa.eu/LexUriServ/Lexénsdo?uri=CELEX:72004L0107:EN:NOT

290.001 pg/m= 1 ng/ m3

%0 Altough it would be interesting to include thelftéxt of the directive in the Appendix, due toesiestrictions we recommend to read it on-
line. The directives are available online at:
14/2001: http://www.kvwm.hu/cimg/documents/14_20Q1M_E_M_FVM.doc

21/2001: http://www.kvvm.hu/cimg/documents/21_20Ra@rm.rendelet_a_leveg_vel_kapcsolatos_egyes_szab.dypc

%1 MWth = megawatt thermal (to differentiate from Mwilegawatt electrical)
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wood (with a thermal capacity below 50 MWth); cqieduction; anode production; aluminium

production using the Soederberg process; wood watsen installations.
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3. Analysis of the Environmental Regulation of PAHs

3.1 Difficulties in PAH regulation

When looking at PAH regulation in the world, we csee a varying picture, both in approach,
both in levels.

The general approach in the USA is to control eimmsgas much as possible. We can observe
that there is no uniform PAH regulation, but evergmber state has its own codification. Most
of the members states in the US implemented emiskimit values, with varying levels,
sometimes with differences of orders of magnitudes.Vari explains (in Pataki, 2008), the
decision making processes, the operation of corepaamd the state is very different from any
European approach. The most different is the uebalile (by European standards) degree of
control in regulation. All alternatives are posgieveloped to the finest detail, because every
conflict immediately started to be resolved by $tafive bodies. Therefore, Vari concludes, they
somehow try to “pass down responsibility to lediska’, but because of over-regulation, the
system becomes inflexible. This can be observea falsPAH limit values, which are the most
developed among all the countries in the World, #yey were codified well ahead of European
countries.

Among all the current regulations for PAHSs, the #itkective is going in the best direction as it
integrates many important aspects for a bettercbrithe regulator understands that PAHs are
carcinogenic and assumes that even small concentatould bear a risk for humanity; BaP to
be having the most evidence to be carcinogenicetbee the dose-response curves show
stochastic effects. The EU directive approachepregcribing the use of BAT and targets to
decrease the environmentally harmful effects ashmag possible. Therefore, instead of limit
values, the reach of a target value with a targé @& set in the directive: member states have to
do all possible actions to reduce immission PAHcemtrations below 1 ngfhby 31 Dec 2012.

In the understanding of the directive, “target esluwould not require any measure entailing
disproportionate costs. Regarding industrial ifsti@ins, they would not involve measures
beyond the application of best available techniglie} and in particular would not lead to the
closure of instllatations.”

However, the target values in the EU directive hadn developed taking the same way as the
limit values in other regulations. Scientific bosliead been asked to determine and measure the
effects and suggest a target concentration. Unfataly, the differences and uncertainties of the

measurement methods and the not well charactenaade of the carcinogenic effects (effect-
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models) had been ignored largely. The target déte emposes different economical and
technical challenges to member states with diffelevel of industrial development. In the end,
we see that the form of the regulation in the Ekédive is different from other countries and
has a much better approach. Although, it imposssfi@r regulation compared to limit values,
this regulation had been developed using the saomsiderations, as limit values in other
countries, i.e. assuming that concentrations afedtsfcan be well determined.
The legislation for PAHs in Hungary is less develdgompared to both US and EU practice,
both in approach and attitude. Limit values arel@nented in the same way as for inorganic
and organic compounds, and slowly following the ditéctives.
To have a better overview on the actual levelsAifl fimit values, let us build a short summary
list to be able to have a general overview. Thiefahg PAH limits can be found:

*  WHO recommendation (1997-2001-2005) (immission):

— 1.0 ng/m?3 yearly average BaP

— 20pug/md yearly average PM10

— 50pg/m3 24h average PM10
USA: (1990-1995-2xxx) (emmission):

— Different in every State

— Virginia: 0.00ug/m? 24h average BaP
Connecticut: 10000.000W/m?3 8h average Naphthalene
— Generally in other states: 1-1@/m? BaP, BaA or other molecule
* Other countries in the World
— Mostly: 0.1 — 5 ng/m?3 - adopting WHO recommendatjiommission) or copying
USA (emission)
— ex. New-Zealand: 0.30 ng/m? yearly average BaP (gsion)
* EU countries (immission):
— EU recommendation: when over 1 ng/m? BaP detectemhitoring afterwards
(2004/107/EC)
— UK 0.25 ng/m3 BaP
— Netherlands: 5 ng/ms? total PAH, 0.5 ng/m? BaP
— Sweden: 2 ng/m?3 fluoranthene (recommendation)
— ltaly: 1 ng/m3 BaP (limit value)
* Hungary (emmission):
— 14/2001 governmental directive

— 0.1 mg/ m3 BaP emission, if mass flow rate of #ehhology 0.0005 kg/h
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— (0.001 pg/m3 as 24h average BaP, but health safietyt value, not
environmental)

While the use of PAHs in products and processeswaile controlled, their environmental
regulation has still to overcome several issues:car observe a huge difference in both
approach and values among the limit values of tfierdnt countries. Nielsen et al. (1999) also
conducted a comparative study of available limitiga earlier, and comparing The Netherlands,
Germany, US-EPA, WHO and Denmark, he presents iasidiversity in PAH limit values.
Although PAHSs are carcinogenic, and regulation thasonsider the carcinogenic nature (as it is
done in current EU regulation), this fact only cainexplain all these variations. What can be in
the background of such a varying picture for PAlgutation? As we have seen @hapter 1
limit values are still one of the most widely ugestitutional mechanisms. As they are uniform,
they can address many non-economic factors in dheegime (Kozak, 2002). Uniformity for
limit values means they can be applied industryewfiok any kind of production process, as is
the case for PAHs. However, once a limit value Hzekn codified, because they are
idiosyncratic, they are slowly adapted and infléxibvhen regulation needs change (Voice
(2004)). Although this inconvenience, available itimalues (and other legislations) had an
overall positive effect, and levels had been reduieed to regulation (Nielsen et al. 1949)
(The reduction of PAH levels demonstrated by Nielseas linked to the necessity of the
reduction of inorganic compounds. These compoumdsahsevere limit value codified and then
technologies were modified.) In summary, we belithat limit values, as an environmental tool,
are in general a good choice for the above prdctesons.
Therefore, let us investigate the process of tmmdtion of the regulation, especially for limit
values. As we have seen @hapter 1 the formation of a certain environmental regolati
system can be regarded as a decision-making proBased on available knowledge about the
molecules, the health effects, the regulator makdecision, on what and how he regulates (see
Figure 3 on page 26 andrigure 4 on page 27). To our supposition, in this procefsshe
development of PAH limit values, there are twoicait areas, both related to the ‘providing

knowledge’ step in the middle. One is the inclusiddmatural-scientific knowledge; the other is

32 “Measurements made in the period 1992-94 (Miljggb285, 1995) indicated, that the levels of PAit anutagens was reduced during
period. It was estimated that explanations coultheencreased use of catalytic converters andntheduction of an improved diesel fuel. The
measurements in this project confirm, that a sigaift reduction of PAH and mutagens took placerdytiie period 1992-1996. The reduction of
the PAH-concentration has been estimated to a4t & is concluded that 2/3 of the reduction i do the use of the improved diesel quality

and 1/3 to the increased use of catalytic conwveft@ited from Nielsen et al. (1999).
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representing social values and personal interédétsinvestigate the scientific knowledge in the

following Chapter 3.2and the importance of social contextOhapter 3.3page 72).
3.2 Dealing with shaky scientific knowledge

3.2.1 The concepts of incertitude, uncertainty and ignorance in risk
analysis

In the scientific knowledge provided for the demisimaking, the key elements are risk
calculations, as experts consider risk in eitheriraplicit or an explicit way to justify the
codification. Let us investigate risk calculatiodsrisk factor (R), in its most simplified model,
can be regarded as a function of probability (R) faimction of outcome (O).
R=Px0O

This way limit values reflect some kind of an epvimental outcome, in this case damage, that
is imposed by a certain probabifify in other words with a certain likelihood to happe
Obviously, experts will legislate limit values fhigh-risk cases in a more severe way, and with
low risk, in a less severe way. Namely, for envinemtal damages those outcome is considered
more harmful, or for damages that occur with a @rgprobability. Consequently, during the
implementation of the risk concept in the defimtiof limit values, we should handle both
probability and outcome, in an explicit, intentibnsay, as these are at the basis of risk
calculations, and hence the decision making prodessPAH limit values, probability can be
translated as environment@bncentrationsof PAH molecules (higher concentration ~ higher
probability to inhale PAHs) and damages or outcoastffect-models

Rpan = Concentratiopny x Effect-modelay
Health regulation risks assessments are based owod g&nowledge, as the
probabilities/concentrations are of a firm basisg(iwell known how much and who uses these
chemicals) and the effect-models are well definegh¢er and other health effects are well
described for these working environments).
We believe that the problem lies in the shaky reatfrthe information available for these risk

calculations and we investigate in detail this arf®averal models have been developed to

33 According to Audi (1995), the main interpreatiasfsprobability include thelassical relative frequencypropensity logical andsubjective
notions. Here we use probability in the relativegfrency interpretation, where probability attadwesets of events withinga “reference class”.
This kind of interpretation (together with the digsl and propensity interpretation) are sometioadied “objective”, “statistical” or “empirical”
, since the value of a probability (here) dependsvbat actually happens, or on what actual giveysiglal situations are disposed to produce.
Kemény and Deék (2000) uses the following definitdmose variables, which are not constant, butleare a value different from case to case,

and it can be determined with which likelyhood theilue falls into given limits, are called probépivariable”.
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characterize the situation for shaky knowledge. flend the concept of Stirling (1999) very
effective to describe the properties of PAH redalat therefore we present in detail his
approach. A very similar theory was developed bgt&witz and Ravetz (1990) earlier, which
we outline shortly at the end of this sub-chapter.

Stirling points out in this concept of ‘Risk’, ‘lectitude’, ‘Uncertainty’ and ‘Ignorancé’ that
while a mathematical apparatus for risk calculatimnalready available, they can only be used if
our knowledge about likelihoods and outcomes aceirate. However, many situations provide
only unspecified information of these factors, hettee multidimensional risk factors, and so the
limit values can become inaccurate for the decigimaking process. Along the quality of
knowledge - firm based knowledge, shaky knowledu without any firm basis of knowledge -

, he sets up four distinct regions on how to apgna#sk, which are demonstrated Bigure 13

(A more detailed diagram of the concept can be doanStirling (2003), which is presented in
Appendix

% We propose the following translation of these kiemlge areas for the Hungarian wording: kétségesadt) ,bizonytalan tudas”,
Judatlansag”.
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A.2page 104).

The differentiation enables us to identify the &swvelevant in the calculation, as Stirling (1999)
explained, by using appropriate approaches forettsisiations. The alternative analyses are
designed to allow improved decision-making by emgptonsideration that is more complete for
either probabilities or outcomes and their implimas. In the case afincertainty when our
knowledge is based on a poorly defined likeliholudzy logic and sensitivity analysis can be
applied to improve our knowledge. Whambiguityis present, that is the outcomes are poorly
defined, scenario analysis can provide an effeatiag to get a better knowledge of the problem.
Finally, when both likelihood and outcomes of ahtealogical risk are inadequately expressed,
we talk abouignorance.In this latter case, the suggested approach fodlimgnthe situation is

precaution.

Knowledge about outcomes

good poor
) Ambiguity
= Firm knowledge i i
9] . - Scenario analysis
S - Calculation
=
E
©
Qo
o
o
5
o)
Q .
© Uncertainty
()
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<
°
(=}
o
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Figure 13. Stirling’s diagram of ‘Incertitude’, ‘Bk’, ‘Uncertainty’ and ‘Ignorance®

Scenario analysican be defined as a process of considering atteenpossible outcomes

(scenarios) in order to analyzing possible futwrenés (Fahey and Randall, 1998)n this case,

% We decided to swap the placement of scenario sisa@nd fuzzy logic/sensitivity analysis comparedhe original figure of Stirling, as we
believe this way the figure discribes better in tkiad of knowledge situation these tools are ustdtling uses these tools interchangeable in
the figure presented Appendix
A.2page 6).

% For more detailed introduction on scenario analyse Marsh, B. (1998): Using Scenarios to Idenfifialyze and Manage Uncertainty (see
page 6 for full reference details).
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we know the probability very well; however, we orilgve vague information about the event
that will happen with the well-determined probatili

McKone and Deshpande (2005) demonstrate, for theagement of solid waste in major cities,
how fuzzy logic can be efficiently used in enviroemtal protection, when probabilities cannot
be characterized for proper risk assessment. Ag tlescribe,Fuzzy logicdeals with the
situation when no mathematical apparatus is presenget information about a given
phenomenon, or we don’'t have the necessary resoto@stablish such a model (financial, time
or computing power), however general experiencavalable and everyday verbal description
can be given, like “small” infection, “mild” pH dwery” probable. In contrast to classical sets,
fuzzy sets include objects with partial membersfop,example, a soil contaminated by a citric
acid solution and with a pH of 6.5, can be descrias “little bit” acidic soil, “almost” neutral
soil, and “not at all” basic soil.

Sensitivity analysisexplores how in response to variations in key mpatars and their
interactions the outcomes or impacts of a coursactibn would change. In other words, how
different sources of variation in the input of aathematical) model can be linked the
uncertainty (i.e. variation) in the output of a refckither qualitatively or quantitatively (Saltell
et al., 2008; SEC(2005) 791). A well known modeldaample to handle such a situation is the
Monte Carlo analysis, in which we look at the disition functions of the input parameters, as
derived from the estimation (Saltelli et al., 2008)

These analyses methodologies can be transformspetmal forms replying to the needs of the
given area, like for evaluating GMOs Substantialikalence is used (~sensitivity analysis)
(Karner, 2004), or SWOT analyses to determine tihe and place of environmental protection
for an organisation (~scenario analysis) (Kési ¥atko, 1999).

In the fourth area, both our knowledge about prabigls and damage (outcome) is poor; we do
not exactly knowwhatwe want to avoid and we do not exactly knbaw likelythat unknown
thing might happen. Therefore, we are prepared tfier combination of several damage
alternatives, with unpredicted, surprise type pbilitg (Tickner, 2000j’. The common
methodology to deal with ignorance, as explainedShgling (1999), and Brown and Zaepfle

(1996), instead of risk assessments,precaution that should be applied throughout the

%71t is important to make a distinction between fililowing similarly sounding notions: preventiondaprecautionPreventionis the application
of measures pre-damage that increase the possiffitvoiding damage; in this case the knowledgsuadamage (outcome) is well difined, i.e.
we know what we want to avoid.

The relatedprecautionary principleis only wagualy defined in the literature, but mhosinderstood as a European guideline for regufati
adoption of the “precautionary approach as an exgbrmal element in the design of conventionsaties, legislation, institutions or other

statutory instruments associated with the manageafeachnological risk” (cited from Stirling, 1989
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elaboration of the regulation. The precautionargrapch directly deals with the problems of
multidimensionality, incommensurability and ignocan It recognises multiple perspectives and
it is open to alternatives and shifts from the bad¢a that science can always reliably assess and
guantify all aspects of risk (Stirling, 1999; COMES3005).

Earlier, Funtowitz and Ravetz (1990) also presetiteccontext when we have to deal with high
systems uncertainty (available knowledge for prdlieds is poor, in other words, knowledge
weakness is high), and in the same time stakearadecisions are high (knowledge weakness of

outcomes is high). They define this aregast-normal sciencéseeFigure 14).

High

Professional
consultancy

Decision stakes

Applied
science

Low

Low High
Systems uncertainty

Figure 14. Uncertainty-stakes diagram of Funtowaitel Ravet?

The areas on the two diagrams are analogous: gzedaCalculationcan be linked t&pplied
science the areas ofcenario analyseandFuzzy logic + Sensitivity analysés Professional
consultancyand finallyPrecautionto Post-normal science

These considerations show that in typical “posthradf research, the source of information of
the above techniques should originate not on thaulzions, but on expert opinions and public
participation (Fischer, 2000). The revolutionargadof Stirling is that instead of avoiding ‘no-
knowledge’ situations, we handle these in a new.wdys way, concerning probability and
damage, framing decisions about the different @aspetd dimensions of risk, is necessary based

on a social discourse.

3.2.2 The role of ignorance in environmental regula  tion

We can group the limit values into different catege: to a category where the limit value

corresponds to an environmental event those riglalisulable, thus the knowledge on both the

3 Figure cited from Funtowith and Ravetz (1992).
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probability and the outcome are accurate, anddategory of environmental events those risk is
only estimateable, which should be regulated ségsr&igure 15explains how limit values can
be separated into two groups, using the concep&tiding (2003) (the first category is white
and the second category is shaded light and dask.gr

Knowledge about outcomes

good poor

Ambiguity
Calculation

poor

Scenario analysis:

Risk assessment: Different damage alternatives,

Limit values with applicable and

instead of one case outcomes.

useable limits.

Uncertainty
Fuzzy Logic + Sensitivy Analysis
Locally optimal limit values instead

Knowledge aobut probability

of global maximum limits.

good

Figure 15. Considering risk in regulation of linvialues
Firm risk (white) vs. estimateable risk (gray) asea

Most likely, the limit values that belong to thestigroup of limit values that bear a calculateable
risk factor can be more easily obtained with ndtsc&ntific calculations, and limit values of the
other group require longer trial-and-error periddsthe group of limit values whose risk is only
estimateable, we can make further distinctionsomtting to Figure 15 limit values of an
environmental event those risks probability arewell known; then those with a risk referring
to an outcome barely shaped; and finally envirortaleavents, where both probability and
outcome are only estimated using special techniques

In risk calculations of environmental limit valugsge main factors correspondingpmbability
and outcomeare concentrationand effect-modelgthe effect-model can be the dose-response
curve itself for non-stochastic effects, and matagral models for stochastic effects, as seen in
Chapter 1.3). Therefore, Stirling’s concept canapplied in the following way for the risk

assessment of environmental air pollutants Sgere 16.
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Figure 16. Concept of poor and firm knowledge sk rcalculation
with Concentration and Effect-levels.

The figure helps us to understand the currenttsituaf the regulation of the air pollutants. For
the most important inorganic and organic pollutantally both concentration information and
effect-model information are of firm basis of knedge, consequently risk assessments can be
carried out and regulation can be based on thédtsasiithe assessment studies.

Limit values for the classical inorganic pollutiogmpounds can be classified to the first group:
COz, SO, NOx. For these compounds, routinely applied analyticathods around the world are
in practice and long-term health-effect experiermesavailable, which allow exact knowledge
on the probability and the outcome of effects e#latio these compounds (see Act LIII of 1995
on the General Rules of Environmental ProtectiothefHungarian Parliament). These limits are
well established and rarely modified.

When the limit value is based on risk calculatiomsere originally the knowledge of the
probability were uncertain, regulators arrived itoit values that consisted of local optimum
values, instead of the original global maximumseloagn mathematical relationships. Where the
knowledge about outcomes left the regulators iniguity, the final limit values usually reflect
the preparation for different alternative damagéganide shows an example for this latter.
Cyanide is classified as “priority pollutant” undée Clean Water Act, and outcomes were well

described with different well-established dose-omse relationships (Annachhatre and
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Amorkanev, 2000; Boening and Chew, 1999). Howerew situations, see continental scaled
disasters, present new areas of outcomes thatoargefined in current regulations (Ferguson,
2000), and we find ourselves in the area ambigiifith the help of scenario analyses, experts
advise the design of different limit values forfdient situations, as normal operation and
emergencies.

As we can see from these examples, for certain oamgs, scientific knowledge is well
established and provides a firm bases for the dpwednt of limit values, while for some other
cases, the regulation needs to undergo a procedflueelesignment. In the case of ignorance, the
limit values will not function, and will trigger aontinuous need for revision of the codified

levels.

3.2.3 Precaution in the environmental regulation of PAHs

However, in the case of the organic air pollutanAHs —, both concentration data and effect-
models are of shaky basis of knowledge.

Determination of PAH concentration in urban aitdshnically difficult, and different analytical
techniques were developed to estimate concentsatiime presented levels can differ in orders
of magnitude depending on the equipment, climat @rocedure used during measurements
(seeChapter 2.2 page 49). Because of the particularly low lewd#l®AH concentrations, there
are different approaches to measure PAH concemtrath the “market of analytical chemistry”.
Two accepted indirect monitoring methodology foamwle, as we have already seen, are the
use of snow samples along roadside and the bioororgt by accumulation on moss samples
(Kozak et. al.,, 2003; Viskari et al. 1997). Unforately, these two methods produce
incomparable PAH concentration values between we methods, and because of the many
different forms of snow and mosses in the envirammeesults are often difficult to interpret
even when talking about snow sample or moss sanegldts only. Then the other available
methods in the EU and Hungarian prescriptions dfieut to use and sometimes impossible to
implement due to the local concentration rangessatdps (hence the use of indirect methods
with mosses and snow samples had been developefituhately, none of the methods found
in literature is accepted currently as a standaayg te determine PAH concentrations, as all of
them have their weaknesses. Direct methods areiemied by different meteorological
conditions, which may cause air pollutant variagiom be larger than changes in daily and yearly
emissions (Nielsen et al., 1999). Indirect monitgrthen suffers from practical problems, such
as snow samples can be used only in countries where is a sufficient yearly-snowfall, while

moss requires the necessary climatic conditiorgraav (temperature, humidity, shadow). This
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results in the fact that the concentration of PAldasurements are accurate only for some
relative comparison, with excessive inter- andapaiation between methods and concentration
ranges. What is more, when looking at the concBatravalues we can see that even when the
same analytical techniques are used, the publistmtentrations can vary in orders of
magnitude, depending on time of year, analyticaliggent or the way samples were taken
(Virender et al. 2001; Kozak, 2003). Our generglexience shows that the best is to compare
only intra laboratory PAH result data, and comparisf data carried out in different laboratories
has to be made with great precaution. As a ressk,assessments are also of shaky basis and
could be used only on a “what if” basis to develegulation.

The side of outcomes for PAHSs is also troubled wsitlaky knowledge. Types of diseases are
characterized; PAH molecules bind through theirxeges to the guanine of DNA chain and
cause cancer on the long term (summarized preyidnd{ozak et al., 1999.). However, due the
large variety of these molecules, and to the lackase-response experiments, there are only
vaguely defined effect-models available. We do krbat these molecules are carcinogenic, but
we hardly know an exposure of which concentratisils cause a skin cancer in 5 years, for
example. In general two kinds of investigations ased to assess environmental exposure
(Sublet, 1994), toxicological studies and epidepgaial studies. In toxicological studies,
animals are dosed with a hazardous substance andrésponse to the agent is measured by
evaluating different physiological parameters. Epiiblogical studies are conducted using
humans as the study population, but such studie®Adis are only available as indirect data
(nobody inhales PAHSs intentionally). As summarizedhe PAH Position Paper (2001), many
data has been established for inhalation of Bejpyeene, and/or chrysene and/or Benz-a-
anthracene for laboratory animal experiments (goldamsters, rats, mice). Trend analysis for
incidences of both respiratory tract tumours andengastrointestinal tract tumours showed a
statistically significant tendency for the proportiof animals with either tumour type to increase
steadily with increased dose of BaP in 10 to 60knegeriments. However, in other studies, an
increased mortality was observed due to the dewsdop of large, multiple tumours in the lungs
during 10-20 months exposure times. However, waatchave sufficient evidence for midterm
exposure times of 3-5 years (a typical period tadging and/or working in a certain location,
i.e. in a PAH polluted environment) and long-teraripds of 10 years or more (a typical period
for example for the children of a family to grow upa given environment). What is more,
laboratory analyses data about PAH exposure effectsumans is virtually not available, and
we can base our logic for human effects only oefchrextrapolations of the laboratory animal
experiments. In fact, we only have evidence for therding based on current PAH risk
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assessment for health and work protection, andsegrthat presumably the presence of PAH
contamination in urban air is strongly possiblééharmful on the long term.

In fact, we do not know accurately nor the effecte®ls, nor the probabilities necessary for a
firm basis of risk calculation, and these data havee used only for a precautionary approach.
Although the available PAHs concentration valuesncé be used for precise risk assessment
studies, they are serviceable as indication vadfiegeneral trends for applying precaution. For
example, we have found (Kozék et al., 2003) a demable correlation between the PAH
concentration determined with the help of moss $asngnd daily vehicle traffic. We also found
that heavy PAH molecules (4-5-6 aromatic rings)evpresent in the moss samples at levels
close to the detection limit, hence levels of heB¥Hs are negligible in areas far away from the
sources (traffic, heating, industry). This suggeabiat the environmental regulation for PAH
should focus on the light PAH molecules (2 or 3gsihand regulating traffic related PAH
emission is quite sensible.

In summary, the main difficulty for developing ayuation excessively based on risk assessment
in the case of PAH emissions is the fact that PAHcentrations in air are hard to determine by
means of environmental analytical chemistry, secortle required dose-response
relationships/models necessary to shape the pessibalth and environmental effects are

missing or incomplete.
3.3 Social values and interests

3.3.1 Limit values designed on natural-scientific b  asis

Beside the shaky nature of scientific knowledgeisi calculations, one also have to deal with
social values and interests during the decisionimggbrocess of limit value formation.

From the development process perspective of raganlave see that during the design process of
environmental and health safety regulations, a rermdb factors are taken into account like
scientific, economical, cultural, social, politicahd technological factors. However, as we have
seen, in recent years, scientific reasoning isiggimore and more importance. For example, in
the domain of food safety, scientific risk-basedigyois overtaking the cultural and political
debate about food, and countries are creatingipslicased on risk, not on culture (Fletcher,
2004). The authors’ personal experience showsithtite case of environmental regulation the
risk-assessment results — scientific factor — i@ laecoming the weightiest factor.

We agree that the design process of limit valuesar@inally being based on natural scientific

reasons, but the conscious involvement of sociarahtscientific factors would significantly
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reduce the time necessary to arrive at final legélhe environmental limit values. Then, when
they have accomplished their main purpose, motieaters to modify their technology and
produce less of the compound under discussion.nfpoitant socionatural-scientific approach,
beside the economical, psychological, manageridl ather factors, could be the use of the
above-described knowledge-areas in the classificaif limit values, to determine where we are
knowledge wise, and only use natural-scientificlealge to extent that it is reasonable.

As we have seen in Chapter 1, the Hungarian Actrorironmental protection clearly defines
that the primary goal of environmental limit valusghe prevention of environmental pollution,
to control and terminate polluting activities amuafly the remediation of polluted areas and the
reestablishment of the previous state of the enment (Bandi and Perecz, 1998). Current limit
values in the legislation have been articulatedtese three goalpreventiveimit values target

to reduce the possibility of environmental pollatiof hazardous and non-hazardous activities;
general limit values have the objective to cont@mold terminate polluting activities; while
remediativelimit values identify to which state has the camtcation of the polluting material to
be restored in order to eliminate the pollutiothat give area.

For chemical limit value determination based oruraltscience, as the damages and losses of
private and natural properties are fixed in theutatipn, risks should be taken into account both
for the description and for the assessment of dmadies and losses (Krimsky and Golding
(1992)). For this reason, current limit values arestly bonded to environmental threshold
values. Threshold values characterize the respohgbe environment in regard of certain
processes and changes. For example, in case afdbagamaterials, the threshold value of the
environment can be determined with the help ofdatlir species: at what concentration level
changes the life mechanism of the given indicatganism, or in a higher concentration area, at
what concentration level will die the half of thegulation of the given indicator species in one
hour. Usually microorganisms or low-evolution leggiciness with high number of individuals
in the population, with a fast reproduction rate ahosen for these experiments. Then, limit
values are determined by legislative bodies as twewert threshold values into limit values.
However, at the beginning, the threshold valuesiclwlare the basis of limit values, were
determined by academic personnel and researchetabofatories and research institutes.
Therefore, current limit values are in fact bondedatural scientific laws, they originate on a
natural-scientific basis.

Farkas (1994a) explains based on the results oemadkhowledge and science sociology, that
technical rules are in fact social constructiomssequences of social conflicts and agreements.
This can be seen also in environmental protectierwe have to determine what is polluting and
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harmful for the environment, in other words we h&veset the borderline between pollution and
non-pollution: the limit between pollution and npaHution concentrations.
What is more, the circle of affected public haseegively enlarged because of the social-
scientific value changes, and public opinion camach more about the status of the
environment. For example, instead of the allowedimam concentration levels, local optimum
levels come to the front (Fischer, 2000). Furtheendbecause of the incertitude in the
development of the limit values, the subject of themation of winner-looser groups formed
resulting of the regulation and the managemeriti@de groups are increasingly important.
Chemical limit values determined by theoreticalexxp in the offices that have not been tested
and verified in real-life situations, although fiymbased by science, can have several not
foreseeable consequences. Therefore in the fubesde estimated risk levels, other, social-
economic factors should be included in the develamnprocess, especially for widely applied
limit values.
One has to face many factors of incertitude dutiregselection of chemical limit values, whose
effect in human activity is often impossible to ¢t (Hronszky, 1998). Only model
experiments and assessments can provide useabldodahe analyses of happenings, whose
validity has to be evaluated by “industrial scatehditions.
It has been underlined also by other sources thhind the incertitude of current limit values
can be several other sources. Fischer (2000) désarlye explains, is that current chemical
regulations mostly are based solely on naturalrsifie facts, instead of taking into account
socionatural-scientific factors during their deyettent. Then, the damage related to the notion
of the limit value is often vaguely determined, tision of damage that we relate to exceeding
the limit value. Furthermore, the notion of damageely includes local specific factors, while
they do depend on a large extent on local facidnserefore, it can often happen that something
is considered as an environmental damage at one,@ad not at the other.
We have to note here, that instead of quality \&laed limit values, the global tendency is to
move towards the use of best technology soluti@andi and Perecz (1998); Streffer et al.,
2003). However, when we choose a technology, oaicehs also value laden and is a choice of
directions. Then, when introducing a new technolalying the introduction and application of
a new technology many factors of incertitude haseaoconsidered (Hronszky et al., 1994),
because during the use of the given technologyialoeconomical, regulation values and
interest conflicts, which increase even more tloeititude.
The above considerations underline, that the natfaretermining knowledge of risk calculation
should be applied both in theory and practice as meeds and interests had risen in the field of
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environmental limit values. Hronszky (1995) cladiearlier that quantitative risk analyses and
the parallel consideration of “surprise” (the masgrts of risks) is urging to be applied.
Preparing for the unknown is increasingly importaentoday’s environmental regulation, when
newer and newer and yet unknown technologies, egipins are born with strong,
unforeseeable impact on the environment. Thereibregems to be rather justified, that it is
increasingly necessary to include error-friendigialatives during the development of regulation
models.

These natural and sociological factors togethereastuated by socialconstructivist models (see
Bijker et al., 1987). Instead of the constructiviaty models, which only deal with the calculable
and predictable science, bringing in socialconsivist approach will be preferred more and
more, as we have to deal with more and more wittasons where exact science delivers poor
results. However, it is recommended to maintain bladance between the two approaches
(Farkas, 1996). The acceptance of the above-destiibeoretical and practical approaches,
based on the advanced ideas of history of techgplogn facilitate more efficiently the

development strategies of environmentally frientiyv technologies.

3.3.2 Change over time of limit values

The non-inclusion and not enough conscious invoksmnof social values and local interests into
the decision making step results in a feedbackssidiy process, with which these factors are
being taken into account in an implicit way.

The process of the design of limit values presemethapter 1.2seems to be rather scientific
and methodologically well established. Howevercpca shows that limit values at this step are
not finished, but they are adjusted on a longentetal-and-error basis, when the introduced
level of the limit value or the sanction is not egbplicable in real-life situations, the regulator
modifies them. Given that the level was too easgdquire, and their accomplishment did not
result in a better environment, the regulator canppse a level that is more severe and is more
likely to assure a better quality of the environmémother example for social context change is
the development of analytical technologies forvegicompound, and the limit of detection and
the limit of quantification are lower (referred dsOD” and “LOQ” in analytical chemistry
publications), regulators also lower the maximurtovaéd concentration of the compound.
However, it can also happen, that the defined lef/éimit was too hard to acquire and the actors
were not interested in modifying their technologiescause it would require a financial

investment from their part that is impossible tocauoplish. Consequently, the regulator usually
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sets the limit value to a new level that is monesgide for the actor to respect. In both examples,
the limit value differs from its original level dedped by natural scientific deductions.

These modifications can prolong the appearanclefihally usable limit values with years or
even tens of years, as the regulations can ushellgnodified only on a yearly basis, and the
reply of the actors varies on the time level ofrgeaccordingly, which is illustrated dfigure

17. The dotted lines and the gray letters in the bbratural-scientific knowledge symbolises
the nature of shaky knowledge, the placement aadidited line the non-implicit inclusion of

the social context knowledge.
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Figure 17. Feedback-adjusting process of limit eslu

Therefore, the described situation demonstratesayderocess that originally was really based
on the facts of natural science, but is followedanyextended trial-and-error procedure to find
thelevel of a limit value that is possible to accorapliand is motivating for the actor to modify
its technology at the same time. However, the liralte is still regarded as an entity based on a
scientific basis. While the trial-and-error phase the design process involve®n-natural
scientific factors,but in an implicit manner. These non-natural difienfactors can be the
economical influences, the reaction of the actora nhew regulation, the managerial factors or
the public debates of technology (Hronszky, 200Zte explained pathway for certain
compounds results in “working” limit values thatarseable in real-life. However, while limit
values of a certain compound that work in certaidustries, can be not usable in other
industries. Certain limit values are defined beedtllrey are easy to investigate but in fact have
very small relation with the quotidian problemsewsivironmental protection and therefore they
do not reach the original purpose, i.e. to imprthe status of the environment. What is more,
the list of compounds is also very long that haweavironmental impact and should have been

limited, when the available capacity of researchtrysdevelop dose-response curves is
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constrained — usually from a group of moleculedy dime 2-3 molecules are analysed in detalil,
which are believed to be the most important.

It is understood that communication can play anartgnt role in this refining process. Farkas
(1994a) describes based on several case studtdbehgeneral main obstacle in the resolution of
environmental conflicts is the lack of efficientnamunication channels between players of a
certain case. The communication can be biased batwepolluting company and the local
habitants, between technical experts and the legdéssions, experts and farmers, central and
local administration, environmental movements anek$tors. The situation could be improved
by developing and teaching techniques of conflichknagement. Another aspect beside
communication channels is the amount of informatidansell and Silverstone (1996) described
in detail the phenomenon that more information fisatcientific available to non-scientists
actually renders the selection of technical systemase complex and less predictable, while
Farkas (2002) describes that rational knowledgeoisnecessarly a positive resource in policy
making. This can be an explanation on why morerante environmental information available
- thank to the better and better communicationnieldgies — results the in feedback-shaping
part of the design process longer.

Beside communication, another issue is that theseaions can be even changes of an order of
magnitude — the background of these large stegljostments is often the availability on the
market of new, more precise analytical technolggieshe understanding of new, only recently
considered processes. Such changes make life ointhestry even harder, as the situation
becomes unforeseeable on the long term, and theyotalevelop their long-term goals and

strategies, when needs and prescriptions changeicamtly.

3.3.3 Efficiency of environmental limit values

Among the many environmental regulation tools thare many successful ones, which are
respected by environmental actors who modify tlaeiivities, upgrade their technologies in

order to reduce their pollution. There are othgulation tools however, which are currently in

practice, but the change in activities and techyie® due them are minor, compared to
successful tools. These also define theoreticalportant measures, they would prevent
important environmental pollutions, however thetustaof the environment does not change
related to these tools for different reasons. Toadbée to differentiate among the many
environmental tools for these criteria, we introglacnew notion.

We define theefficiency of an environmental regulation t@d their capability of changing the

status of the environment. A highly efficient emvimental regulation tool causes a significant
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change in the status of the environment, whilenadéficiency environmental tool causes a small
or no change in the status of the environment & dbsired direction. The primary goal of
environmental legislation is the improvement of git@tus of the environment. Resulting of this,
the goal is the implementation of environmentaliliwmalues that are efficient, in other words,
that bring a change in the status of the enviroimen

As described earlier, the goal of precaution iptevent harm, and it forces to defend from
possible harm, but it not for preventing progresssus and Hronszky (2005) describes, that
preventing possible environmental and health rdldtarm can slow down or even close
innovation processes and cause harm in financiah eechnological terms to some producers
who already made investments in the technology.

To overcome this limitation, we suggest usimgtivation limit valuesWe define motivation
limit values as such that targets to reduce emmssisiead of targeting to set up objective limits
that mirror some characteristic of a natural sdienphenomenon. We also define motivation
limit values as such that will change over time, reeseds and possibilities change of the
regulators and polluters. Motivation limit valuese adefined based on a discussion between
regulators and polluters, taking into account tleeds of regulation and the performance
possibilities of the emitters. The concentratiomeleset by a motivational limit value will
‘motivate’ the pollution emitters to modify thegdhnology to emit less, instead of keeping their
technology unchanged and paying fees.

The concept of the motivation limit value is basedthe idea that we are honest to engineers of
the industry and say that our knowledge for riskeasments is poor and we cannot back up our
environmental policy with results of firm risk assenent. However, from health/work regulation
we know that the presence of PAH in outside airlmamlangerous — carcinogenic — therefore it
is required that on the long term the concentratibRAHSs in outside air should be minimized.
The innovative idea of motivation limit values teetincorporation of the feedback-adjustment
process into the decision-making — codifying stéfhe design process of the limit values. This
way, the time elapsing until the status of the emment starts to improve can be shortened
significantly.

The approach of environmental target values isvalai, but the basis of target values usually
are still scientific considerations, like the PA&tdget values of the EU. What is more, as target
values are not obligatory and do not imply immealiaégative measures on the polluters, their
real life impact is variable. Therefore we suggestise limit values (which have a financial or
legislative consequence on the polluter), when ginemvironmental concern is present, like for

PAHSs.
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We often hear the argument on why PAH emitting medbgies are not banned completely, and
BAT is used instead. Worst-case scenario can bdiedpfor both knowledge and ignorant
situations. This implies that new technologies thatare ignorant about (both probabilities and
possible effects) should not be introduced (like @ or for compounds, that we know to be
harmful, should be replaced by BAT. (Like the USlaBU halts exports of the neurotoxic
commodity quicksilver (mercury) because it is ukddr by small-scale gold-miners to separate
gold from sand (Hogue, 2008)).

However, in the case of decrease of PAH emissiois, ¢oncept is not applicable as PAH
emission is due to long existing well-establishechnhologies that cannot be stopped from one
moment to the other so we cannot stop PAH emissiunediately to zero. Such a radical
message would not get across from policy makerghéo industry. Instead, an explicitly
normative approach could be applied, a normativecatihg of people. We consider working
with the industry/economics on a cooperative wagkenthem understand that PAH emission
should be minimized on long term, but instead dfiqally imposing on them to set PAH
emission to zero, we imply limit values that argoasuitable for them, in a win-win situation of
somewhat keeping the business but also reducingsemns. The step-by-step application also
prefers the revision of the technological processdduction of small amounts (s€bapter 1.6
page 40), which is much more probable to happem i change of the core of the technology.
Furthermore, this attitude in the design procesBAdfl limit values can also help engineers to
carry out a “special kind of risk management”, agpbasized by Molnar (2005), and hence to
develop socio-critical approaches and act as alitresponders through a reflective, co-
evolutionary learning process, emphasizing objestithat fulfil the requirements of these co-
evolutionary aims.

In summary, instead of setting up limit values lbasa dubious risk assessment results, it is
more advisable to develop limit values that consitte current level of technological and
economical performance of the urban vehicle ingugdn the long term, the goal is not to
determine and prescribe a limit value that reprissemme kind of an absolute standard related to
health dose-response curves, but to motivate tdestry to reduce PAH emission. These
motivating limit values then can be adjusted aspbdormance of the industry changes over

time.

3.4 A new model for the design process of PAH limit values

In view of the above considerations a more effectiegulation for PAH can be based on limit

values, however we have to be aware of the shagig lmd our scientific foundations, and we
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have to apply precaution. On the other hand, we b@ncorporate social values and interest in
a more explicit way, by characterising the majodfythe social factors at the decision making
part. Therefore, our initiative can be differendrfr what we have seen in the regulation until
now, notably the measurement of the current andratkstate of the environment; not the
codified limit value will assure the positive chandput the design process itself will assure an
efficient regulation.

To deal with the shaky basis of scientific knowledgve suggest that instead of a global
approach, local knowledge has to be incorporatbdrefore, every country/region should
develop an analytical method that can be robusthdun their region. Probably the data between
the methods will not be comparable; however, theust of the local environment can be
monitored. As we cannot structure knowledge in dtep “Collating input from parties” from
natural-science side, we have to accept that we s@ucture the situation from the side of social
context.

The new suggested design process is presentEdjore 18 Until the step of 'policy-makers ask
for input', the design process remains the sameeer, scientific knowledge is considered as
Precaution, and because the shaky basis of thiwl&dge, social context is considered in an
emphasized way to allow a better structurizationhed interdisciplinary area of where science
and social context shapes together the situatianh¥e to accept, that our choice will be value
laden and will reflect local interests, howeverjsthwill result in a better status of the

environment.
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Figure 18. Design process of PAH limit values basegrecaution

and emphasized social context.

Our experience shows, as we also come from su@ctkgbound, it is very difficult for natural
scientists to accept this new methodology. Nex, lifmit value is determined therefore not on
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the shaky knowledge of natural sciences, but cemsig local technical conditions and
economical possibilities, more individual interesthese limit values therefore are not valid
globally and can be codified only locally. The leeéthe limit value should be implemented in
way that motivates local polluters to modify thieichnologies, hence initiating an improvement
in the status of the environment. This level shooédreviewed periodically by the decision
makers to assure that the status of the environimgarbves continuously, in other words, PAH

concentration is reduced constantly.
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4. Politics of Chemical risk — Scenarios for a Regu latory
Future of PAHs

4.1. General scenarios

4.1.1 Choices are to made

What kind of regulatory future would be possibletandle given the current situation? To
answer the questions, we base our consideratiomsiioaxperience gained through the research
project on determining background PAH concentrattonnational level in Hungary and the
conclusions of the 1995 Amsterdam workshop on cbalmisk summarised in their bodkhe
Politics of Chemical Risk: Scenarios for a Regutatbuture (Halffman & Bal 1998). We chose
to use the suggestions of this meeting because shen even after the serious critics and
debates that followed it, the conclusions of Bal blalffman stand as a respectable alternative to
explain regulation related to chemical risk. Thaauasions of the Amsterdam workshop are also
evaluated and combined with ideas from the disonsstarried out at the Fellow Meetings in at
IAS-STS Graz.

Bal and Halffman (eds.) present four basic scesdito health and safety regulations for the
industry, named as ‘International experts’, ‘Eurapeisk consultation’, ‘European coordination
of assessment’ and ‘Europe as a translator andnath an adequate alternative from these
scenarios for urban air PAH regulation. We havenderline, that the discussed scenarios are
not predictions but possible sketches. As each scenario hasmtsamlvantages, dynamics; as
choices are to made, ambssibilities to exploredthere is no one best way. This is a very
important element of the discussion, as it happesesdral times during the Fellow Meetings (in
IAS-STS Graz) that we have noticed that insteadhafosing among values and giving way to
certain preferences we simply try to find the lzggilicable scenario for PAH regulation again.
To allow a better understanding of the topic, befpassing to the scenario analysis itself, we
introduce the reader to the assumptions and @iiesed to develop the general scenarios and

briefly describe the four general scenarios.

4.1.2 Assumptions for the scenarios

Before we actually can begin to talk about the ades, we have to agree to certain assumptions

about the regulation system and the situation regs.
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First, we have to state, that although on the kemgn we try to avoid the use of chemicals, now
chemicals and the related regulation are preseptaduction processes and they seem to stay
for a longer time. While chemicals are heavily ussdalmost more than two hundred years in
the industry, the regulatory framework of the cheats is incomplete: new chemicals are and
will be produced revealing new problems, old chexsican bring up new-unexpected problems
and the regulatory world will continue to develamlaun into familiar and unfamiliar obstacles.
Then we have to assume that the basic tensiome iregulation are still unsolved, the centrality
of chemicals in the production processes is lostirlg and even when we base the regulation on
the general reduction of emissions, we have totpmith chemicals and make priority list for
chemicals to be used and not used.

Our second assumption is focus on the EU level egfulation. The perspective of EU is
particularly important, as EU will remain the primaource of change, be the central place for
tensions, the policy developed in the EU will igflice national policies and the EU policy is
more than the sum of the national regulation systetmen considering the European countries.
Third, we also assume that the science-policy bapni$ at the backbone of the regulation. We
believe that regulation is only feasible when thésea boundary between science (risk
assessment) and policy (risk management), as expsessment can be challenged, separation of
the work experts vs. policy makers is a requirenaaat expert choices are value laden because
of political dimensions. The question is to whateexx should choices be delegated to experts
and how and when should they be reclaimed by palitnstitutions. There are several reasons to
maintain a division between science and policy: dgenda of political institutions is limited,
experts can help to focus discussions on politbalices, political institutions function at higher
costs, political conflicts are present, but expattsme can develop uncontrollable technocracies
(loss of pragmatic control, loss of pragmatic chetkegotiations, delegitimaiton of regulation).
The question is not whether there should be a Bynidetween expert and policy institution,
but about thettribution of responsibilitiesicross this boundary and theganization of disputes

about the attribution process.

4.1.3 Criteria for the scenarios

During the development of the scenarios a new eeain criteria were set up allowing four
different possibilities for the regulatory futurEhe first criterion is the nature of expertisecdn

be either global with objective expression of hHeadind environmental sciences and with
uniform-global expertise that can also be transferacross local contexts. When expertise is

local, it is a national phenomenon and is tiedawiad, cultural and political development and/or
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institutions. The other organizing criterion is tiway the boundary is organised between risk
assessment (science) and risk management (pdlidy@n the boundary is strict, influence from
risk management to risk assessment should be aljoidéle we allow a pragmatic attribution of

issues when the boundary is flexible. The four fsscenarios are presentedragure 19

Nature of expertise

Global Local

Organisation Strict g .

of boundary

Flexible 1. V.

Figure 19. Criteria used for the organisation oesarios.

4.1.4 Four possible scenarios

The first scenario, callelahternational Expertsdescribes the combination of strict boundary and
global expertise — in other words chemical riskeasment is regarded as a scientific issue.
Experts are not necessarily come from the membgesstbut are strictly isolated from political
issues. Research is carried out at national leuélcontrolled by a central agency. In this
scenario, expertise and science are regarded rscale

Scenario two,Consultation at EU Levelcombines a flexible science/policy boundary with
global expertise, resulting in risk assessment@maultation between member states, supported
by expert assessments. The risk assessment priteelfss an exchange of views at several
stages with public consultative rounds, includiogrtry representatives, interest groups and the
wider public. Explicit and public route of the dgioin making to assume the political basis of
experts is important.

EU Coordination of Assessmettie third scenario, is imagined along a striairimary and local
expertise. Risk assessment is harmonized, but &em national level, with the help of
negotiation of experts. The objective is to harmenin other words to smooth the differences
between regulatory approaches of the differenestad committee of experts at the EU level
tries to align and eliminate national differencBisough negotiators accept the blurred boundary,
expertise is regarded as scientific.

Finally, scenario fourEurope as a Translatoiis imagined when the boundary between science
and policy is kept flexible and expertise is loCEie situation is very interesting, as the starting

point for the debates is the differences in regulastyles-views of risk. The objective is not to
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eliminate the differences, but to find correspormdeand indicate the differences. The central

issue of the debate is the boundary between rigksament — risk management.

4.2. Possible scenario for the future in PAH regula  tion

The first and the second scenario assume thattelkpawledge and natural scientific knowledge
are the same. However, the knowledge provided fratural scientists for policy makers is
already a reshaped knowledge, a knowledge thataleady been reformed. Therefore right
from the beginning of risk assessment, this knogéelirings this double nature, on one side
physical-natural reality, and on the other sidepaal construction, and both are included in the
same entity. There are a multitudes of dangersnarthie World, some of these are been chosen
and are evaluated and handled. They want to avmielyent or at least minimize these.
Therefore, risk is already a danger transformedpkgple. However, the notion itself is
normative, as we talk about something that doeserit now, but about something that will
possibly happen in the future. Therefore we thihkttif we want risk assessment to be
reasonable as much as possible, we suggest thaisthaccessor should align with the risk
manager, as in our view risk assessment is camieth autonomous way, but not completely
independently from risk management.

During the discussion of PAH regulation, we haveeawbked a serious problem: when we do not
make a clear distinction about which area of retjptawe are talking about, we often lose
ground during reasoning. Therefore, we find it imiant to frame three different areas of PAH
regulation: PAH usage of the industry, PAH emissidno the air from combustion processes and
finally the area of background PAH concentratiohishough the diverse nature of these fields,
of course we can use observations across thesedtiffareas, but let’'s focus on PAH emission
of combustion sources and narrow further down oaysis to urban environments. This seems
reasonable, as we have seen before, the patt&®AHd from our previous studies suggests local
sources rather than long-range transport of comtatioin in the air. Possible local sources are of
industrial, urban, and traffic activities and tlesults indicate that the incomplete combustion of
fuel is largely responsible for the air qualitytbé studied areas (Kozak et al., 2003).
Unfortunately, practices from the heavily expersdx PAH regulation of industrial use cannot
be brought directly to urban air PAH regulation dese of technical difficulties. As we have
seen, for most chemicals, the ground of the reguias risk assessment, where major factors for
risk assessment afeoncentration(probability) andeffect-modelof PAHs. However, we have
serious complications to determine both PAH comegion and effect-levels in urban air
(Kozéak, 2004).
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Consequently, we arrive at scenario 4, Europe agamslator, where local knowledge is
combined with a flexible boundary between scienog policy. However, we have to consider
that this scenario assumes the existence and ¢eneft of one of the other scenarios and it can
be a priority for further development, but canrake over the role of existing decision-making
institutions (Halffman & Bal, 1998). According tbe contributions of McCutheon and Sedee at
the same Amsterdam discussion, regulatory practmes generally between scenario 2
(“European risk consultation”) and scenario 3 (‘&pean coordination of assessment”) and
more close to scenario 3 than 2, but preferenggvisn to decentralize risk assessment from
“Brussels” on the long term (Halffman & Bal, 199&)tough we believe that scenario 2 and 3
are not close to what we believe to be plausibleument environmental regulation.

Delegating expertise to the local level is alsoagwantageous way for the inclusion of local
needs, which take into account un-pronounced swalaks as presented by Fischer (2000), who
explores in detail the - often strained - inte@ttbetween technical environmental experts
(global knowledge) and citizen participants (lokabwledge). It is interesting to see, that the
inclusion of local interests in economic and mamaget tools had also started — for example, the
implementation of the Local Agenda 21 program Sel@vik and Turchany, 2002)).

For the inclusion of citizen participantspn-governmental organisatiofsiGO) are effective to
bring public participation into practice in WesteBocieties. However, Carmin (2003) explains
that patterns suggest that specialized NGOs mayinbgumental in promoting public
participation in local environmental policy and qéng processes in states that historically have
not had nonprofit sector (like Hungary and otheEGBuntries). What is more, in Former Soviet
Central Asia, states have inherited severe enviemtah problems from the Soviet Union,
alongside a range of social and political structuaed poor economic performance (Farmer and
Farmer, 2001). Here, NGOs are often fragmented reaw@ short-term planning and limited
impacts of governments. Environmental NGO actiistgomplicated by the presence of quasi-
NGOs with official government support and, in socases, by the direct participation of NGOs
in election processes. Therefore, the future dgweémt of NGOs in CEE and former Sovet
Union Countries should not necessarily be viewetiiwiWestern models.

Finally, we underline again that there is no ‘oestovay’ and therefore we had to make choices
along values and preferences, decide which faeti@snore important for us and which are put
aside. Our personal experience shows that thiatgituis very hard to accept for the participants
during the debates as when we have to decide betlweal and global expertise and between a
strict and flexible boundary — between risk assesgnand risk management —, our regulation
system will be unavoidably value-laden.
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Conclusions

Environmental limit values are artificially createpossibility-frameworks for pollution.
Nowadays they are mainly determined by the statissientific results and expert community,
and on the long term, the emphasised involvementhadr factors is necessary to maintain their
efficiency in improving the status of the environrthe

A way to improve dramatically the development ofiiti values, instead of shaping the existing
considerations, is the intended involvement of fa&etors into the design process. These factors
should origin from the area of socio-natural scémcbeside the already existing natural
scientific factors (trough public participation pegotiation for example; with the inclusion of
non-governmental organisations).

The design of environmental limit and target valuwdsPAHs are rendered more difficult
compared to that of inorganic pollutants by thdiclilt analytical circumstances and the with
difficulty predictable long-term effects/severerayilations. Limit values can be classified into
two main groups concerning risk calculations: tinst fgroup involves limit values with a firm
basis for risk calculations, while the other gragsembles limit values whose risk calculations
are without a firm base in a certain way. By apulythe concept of Stirling, we can understand
that instead of deriving the regulation on questida results of risk assessment, it is more
appropriate to use precaution for developing udiafAH limit values; for example, the vehicle
industry to diminish PAH emission step by step vatitordingly adjusted limit values.

We detail the findings of the Thesis in the follogipoints:

- Limit values are a specific form of quantitativgilation and are one of the most widely
used tools of environmental regulation and probabllybe even more used in the future
due to the advantage they present with their egamementation and ease of control.
During the development of environmental limit vaduemost importantly natural
scientific factors are considered, and the nonsahscientific factors play a role during
the adaptation period after their implementation.

- During the design process of the environmentaltlivailues of PAHs risk factors are
based on poor knowledge of both concentration (rebability) and effect-models,
while they are considered as being based on firowledge. Due to this, limit values
only adapt to a level that both improves the stafuthe environment and accurate for
environmental actors during a long period afteirtimplementation.

- Environmental limit values can be grouped in théofeing categories by the firmness of
the knowledge:
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- limit values based on risk calculations

- limit values based on poor knowledge of probakiiti but based on firm
knowledge of outcomes (limit values considering esal/ alternatives of
outcomes);

- limit values based on firm knowledge of probalekti but based on poor
knowledge of outcomes (limit values consideringalagptimum values instead of
global maximum levels);

- limit values based on poor knowledge of both prdiies and outcomes
(applying precaution during the development of iwalues).

The effectiveness of environmental tools are defias to what level they improve the
status of the environment after their implementatio

Motivational limit values are defined as valuestthier their implementation polluters
are interested to modify their technology instedgaying fees. Motivational values can
also be developed based on non natural scierdiiofs.

Current PAH limit and target values are low effitietools because after their
implementation they have to adapt to a level thathhimproves the status of the
environment and is accurate for environmental actoappening during a long period of
time. Motivational PAH limit and target values che developed with the conscious
involvement of non natural scientific factors dgritheir development, with the primary
goal of improving the status of the environmenhtigfter their implementation, instead
of conforming to the natural scientific models deped during the risk calculations.

Due to the special characteristics of PAH concéntmameasurements and analyses of
effects, the scenario durope as a translatois suggested, when local expertise is

combined with a flexible boundary between scienu @olicy.

During the research of the thesis a new methodcddgipproach towards PAH regulation had to

be applied. The complex field of PAH regulationsisaped from one side by the attitude of

natural sciences and the industry, requiring a atia regulation based only on exact scientific

statements, to avoid extra cost and activity. @natier side, social context requires a regulation

that respects values of the society and its enment, avoiding all possible situations that can

harm people or their environment. It is vital instlstory that how we can fill with content this

gray area. Then, if we cannot fill it with firm kwtedge from the side of natural sciences, we

have to be able to structure the knowledgebase frmother side. In other words, to define

what the final goal is of and how to reach the retime regulation. Our approach to deal with

this complex area is to exploit all available natwcientific knowledge, but without bonding
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ourselves to the ideology that these are only nmggduli if they are nearly hundred percent hard

confirmed statements of science.
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Endword

This study was aimed to reveal the importance efgifocedure how limit values are designed
for environmental policy. The first part of the pappresented the usual way of the design
process of limit values, and PAHs were presentech fenvironmental, chemical and regulative
aspects. The second part described how conceptsslofcan be applied in environmental
regulation to classify limit values in a new waydahow this relates to PAHs. Finally, we
reviewed the possible regulatory future for PAHshie EU.

According to the knowledge of the author of the Sibethe relevant accessible literature of
environmental policy, techno-chemical analytics @aetence-technology-society (STS) studies
do not link knowledge from the above areas to inaprahe efficiency of environmental
protection.

The Thesis provides a comprehensive analysis titessbf environmental policy and techno-
chemical analytics along the inner criteria, thegpping outside of their own frames, along the
criteria of history of technology - sociology ofctenology. In order to draw conclusions, the
Thesis introduces new notions to establish newré#t®al concepts and solutions that can be
applied to the practice.

Beside the general investigation of the differengiag, the Thesis focuses on the environmental
regulation of PAHs, which are in the centre of iag¢ of science and public opinion, and

provides guidelines for the practice.

To understand the importance of our work, we havadknowledge that policy makers often
mistakenly view science as an incontrovertible seusf knowledge on which to base policy
decisions. However, in the context of environmenisks, it is much more useful to think of
science and policy as dynamically informing eadteat science provides important information
on which to base policy, and public policy outlinestical societal research and knowledge
needs. As environmental science faces the incrgadiallenges of more complex risks with
greater ignorance, the nexus between science dieg pecomes even more important. It is very
beneficial to understand, how science can betterrmpolicy, without sacrificing objectivity, its
primary characteristic.

Environmental limit values belong to the area digyorules. Here, a synthesis is shaped among
natural sciences, technology, policy and socieltgrdfore it sounds very unreasonable to
investigate these areas individually. In the calsa well-established and well working policy

rule, we can observe a special synergy. Risk fgetmable) itself is a special type of variable,
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which combines both natural scientific and sociahtext characteristics. This is because the
definition of damage will be always a decision abealues of the society, even though one can
precisely define its value. For example, for cavgenic effects, we can measure death, different
stages of lethal diseases, or healable tumoursic€hdave to be made, which have policy
consequences as wide areas of public will be aftedifferently with differently written
regulations.
However, in the case of PAH limit values, policysisll being shaped, and this synthesis is not
achieved yet. The picture is heavily characterizgdhe approach of natural sciences. However,
as most of the basic requirements for proper laboranalyses are missing, it is difficult to tell
the knowledge that should be used to initiate ast®t In this story, it is vital, how we can fill
with content this gray area. If we cannot fill iitkv firm knowledge from the side of natural
sciences, we have to be able to structurize tidia &om the other side; in other words, to tell,
what our final objective is in normative regulation
Therefore, we introduce motivational limit valuehiah in its immediate appearance has a
character of natural sciences, and in its realnegse€oncentrates policy, social context and
natural scientific characteristics.
To arrive to here, we had to make three very ingrdrsteps in this complex area of PAH
regulation. First, we acknowledged that currentlatipn, based on natural scientific reasoning,
is not fulfilling its task. Then, we departed framatural sciences, to investigate our own work
and understand where the limits are of the curkeotvledge basis, literally saying, we got to
know what we do not know. Finally, we provided appw@ach on how to integrate
considerations from the opposite side, to reacHitiae objective, the improvement of the status
of the environment.
Further research will focus on to develop a framdwo describe the degree of poorness-
firmness of knowledge, which can enable a bettaraitterisation of the according risk-area and
hence to more easily choose the necessary todksaiowith poor knowledge. Later, other shaky
areas of environmental regulation can be evaluatigtdl the tools and attitudes of history and
sociology of technology, similarly to PAHs.
During the research of the Thesis, another intexgsirea for further research revealed, notably,
how non-sociological factors, like degree of depebent, environmental awareness, scientific
development and influence can determine the methadslevel of regulation of pollutants, of
which the measurement is highly technology and Kadge intensive. In parallel, the analysis of
the evolution and forming of PAH regulation can \ery interesting by applying different
models used to describe evolution from history ethnhology or sociology of science (see
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Farkas, 1994b). Chemical analytical theories foHP#Weasurement are just being developed
nowadays and many analytical approaches developdidfbrent scientific groups compete with
each other on the “scientific market”. Applying thaturalism and cognitive characteristic of
Kuhn’s approach (Farkas, 1994b; Kuhn, 1962, HropsA©97) can be also very fruitful to
understand how social factors influence the outcaméis competition and which chemical
analytical theory and why will be accepted for kiveg term.

We believe that focusing on the above processeotiFsign of limit values will lead us finally to

more useful and more efficient environmental rejofaand thus to a better environment.
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A.1 Resolution of abbreviations

ACS = American Chemical Society

BaP = Benz-a-pyrene

BAT = Best Available Technology or Best Availablechnique
BUTE = Budapest University of Technology and Ecorsm
CAA = Clean Air Act (in the USA)

CEE = Central and Eastern Europe

EAP = Environmental Action Programme

EU = European Union

FIT = Florida Institute of Technology

FP = Framework Programme

LOEL = Lowest Observable Effect Level

NOEC = No Observed Effect Concentration

NOEL = No Observed Effect Level

PAH = Polycyclic aromatic hydrocarbon

POP = Persistent Organic Pollutant
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A.2 Other figures

Detailed figure of Stirling’s concept

Stirling developed further the diagram representimgbabilities and outcomes, and defined
several sub-areas of risk calculations, and bgsideaution, lists other approaches to deal with
the situation in the area of ignorance.

KNOWLEDGE KNOWLEDGE ABOUT OUTCOMES
ABOUT - .
LIKELIHOODS Continuum of | Set of discrete Outcomes
oulcomes outcomes poorly defined
INCERTITUDE
RISK
Apply:
Firm basis Frequentist | Discrete AMBIGUITY
for distribution | frequentist Apply:
probabilities functions probabilities Fuzzy Ilngic
Shaky basis Bayesian Discrete Scenario analysis
for distribution | Bayesian Sensitivity analysis
probabilities functions probabilities
) UNCERTAINTY IGNORANCE
No basis Apply:  scenario analysis Apply: precaution
for sensitivity analysis resilience
probabilities flexibility
diversity

Figure 20. Dimensions of incertitude: an emergingeme®

Although he uses scenario analyses and sensit@wiglyses interchangeably, we believe that
scenario analysis necessities firm knowledge obabdities (we know that somethingill
happen, and its probability, just we don't exadtlyow what will happen), and sensitivity
analysis and fuzzy logic necessities firm knowledfi@utcomes (we know what will happen,
just we need tools to characterize the probahilitthese happenings).

%9 Figure cited from Stirling (2003).
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Risk management diagram from Wiedmann

0 Cited from Wiedmann (1999)

Toxicological Toxicological Dosis
Biochemist Epidemologist Exposition
Avoidance
Usage Costs Decision Minimalization

Acceptance

Figure 21. Structure of risk managem®@nt
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A.3 One page summary in English

Environmental limit values represent the core atent environmental legislation and remains
widely used beside the other tools of environmerggulation in the future. Therefore, their
proper design is of outmost importance in beinge abl reply to the ever-changing needs of
environment protection. While current limit valuase usually based on concepts of natural
science, we focus on how limit values can be impdolay the intended involvement of socio-
natural scientific factors in their design procd®sk assessment results are at the backbone of
environmental limit value formation. Current enviroental risk assessment procedures are
heavily based on the regulation of the applicatibohemicals, which in turn is largely related to
concentration data and dose-effect relationshipgeeafth effects.

Among urban environmental pollutants, the groupolycyclic Aromatic Hydrocarbons (PAHS)
is one of the most important organic pollutantgshduigh PAH usage in the chemical industry
has undergone a severe change and now very stdthhand safety regulations are in place,
urban traffic, domestic and industrial heating ramas the main sources of PAH contamination.
The environmental regulation of PAHSs is still invdeopment and shows important differences
when comparing the regulation systems of diffemnintries. The variability roots in the shaky
scientific knowledge of risk analysis used in thesign process of PAH limit values. The
available concentration data of environmental PAdis/eakened by incertitude and the dose-
effect models are blurred uncertainty because fettf are long-term and severe extrapolations
are needed. Therefore, the possible outcomes ahalptities are less definable than in the case
of usage of chemicals, and in consequence, theoidmandling ignorance plays a substantial
role for setting environmental limits; and precantishould be applied. This way, the design
process has to be modified and instead of naterahtsfic knowledge, social context has to be
used to structurize policy making. Developing mational limit values for PAHs can be an
alternative that allows including the social comntard as a result improves the status of the
environment, and therefore is a more effective rammental tool for PAHs. These particular
circumstances of PAHs make the suggestion of aasietrior PAH regulation in the EU
complicated, as we have to decide between a striexible boundary between risk assessment
and risk management and between local and glolmrése in accordance to the specific needs

of this area; resulting in a regulation system thalways value-laden.

Keywords: environmental limit values, risk assessinpolycyclic aromatic hydrocarbons, ignorancegartainty,

environmental policy
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A.4 One page Hungarian summary - Egy oldalas magyar nyelv i
0sszefoglalo

A kornyezetvédelmi hatarértékek a kdrnyezeti saaizdls egyik legfontosabb eszkdzét képezik
manapsag. Ezért a megfélekialakitasuk nagyon fontos ahhoz, hogy a kornyestlem
gyorsan valtozd igényeinek meg tudjanak felelelAi. jelenlegi hatarértékek altalaban
természettudomanyos alapokon vannak kialakitvalesm jmunkaban arra dsszpontositunk, hogy
hogyan lehetne a hatarérékeket jobba tenni tarsadatlamanyi tényék tudatos bevonasaval a
kialakitasuk sordn. A kockazatszamitasok a hatdéditlakitasban kulcsszerepet jatszanatk. A
jelenlegi kémiai anyag felhasznélas szabdalyozaslaaanalt kockazat szamitasok koncentracio
adatokon és egészségugyi mérték-hatas modelleapuolabk.

A varosi kornyezeti légszenny&anyagok kdzott a policiklusos aromés szénhidrogéRAH-

ok) a egyik legfontosabb szerves légszenélyeMivel a PAH felhasznalds a vegyiparban
jelents korlatozdson esett keresztlul a kdzelmultban, zégorsl egészségugyi €s biztonsagi
szabalyok vannak érvényben, a PAH kibocsatasokomegéabb forrasai a kdzlekedés ill. a
haztartasi és ipari szervesanyag tizelés.

A PAH koérnyezeti szabdlyozdsa még kialakuléban ¥asnaz orszagok szabdalyozasi rendszerei
kozott nagy eltéréseket figyelhetiink meg. Ez a@rédt a tudomanyos tudas bizonytalansagaban
gyokerezik. A rendelkezésre all6 kornyezeti PAH damiracié adatok bizonytalansaggal
terheltek, mig a hatas-gorbék a hosszutavu kéwmaérgek és a nagyfoku extrapolaciék miatt
gyengén meghatarozottak. Emiatt a valdsabgek és az események gyengébben
meghatarozottak mint a vegyipari PAH felhasznaldstében. Ezért a PAH hatarértékek
kialakitAsaban a tudatlansag kezelésééwigtdzatossag alkalmazaséaval kell eljarni. Ezért a
PAH hatarértékek kialakitasi folyamata soran a észettudomanyos tudas helyett a
tarsadalomtudomanyi tudast kell felhasznalni szeadzdls kialakitasi folyamat struktlralasara. A
motivacios hatarértékek j6 altenativat jelenthetred$ben a szituacidban, 6ekgithetik a
kornyezet allapotanak javulasat, és igy hatékomgydgzeti szabalyozé eszkdzok lehetnek.

A ezek a nehezitkorilmények a PAH szabalyozés §ignek a leirdsét bonyolultta teszik, mivel
vélasztanunk kell a markéns és a felxibilis kock&z@mitds-kockdzat management hatarvonal
kozott, valamint a helyi és a globalis szakértézik) vagyis a valasztadsok miatt a szabélyozasi

rendszer mindig az értékek altal athatott lesz.

Kulcsszavak: kornyezeti hatarértékek, kockazat géiat, policiklusos aromas szénhidrogének, tudsdgn

bizonytalansag, kérnyezeti politika.
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A.5 English language abstract and title - Angol nye v kivonat és cim

Title:
Risk Policy in the Design of environmental Limitlvwas. Challenges of the regulation of

Polycyclic Aromatic Hydrocarbons (PAHs) in ambiaint

Author:
Imre Oliver KOZAK

Abstract:

The environmental regulation of PAHSs is still invdeopment and there are important differences
between the regulation systems of different coastriThe variability originates in the shaky
scientific knowledge of risk analysis used in thesign process of PAH limit values. The
available concentration data is weakened by irtceldi and the dose-effect models are blurred
uncertainty. Therefore, the possible outcomes arubgbilities are poorly defined, and in
consequence, the way of handling ignorance playsbatantial role and precaution should be
applied. This way, the design process has to beifiaddand instead of natural scientific
knowledge, social context has to be used to strizetyolicy making. Developing motivational
limit values for PAHs is an alternative that allomsluding the social context and as a result

improves the status of the environment on the gkan.

Keywords:
environmental limit values, risk assessment, pallicy aromatic hydrocarbons, shaky

knowledge, ignorance, uncertainty, environmentétpo
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