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Abstract. Roads affect wildlife in different ways. Road construction increases fragmentation of habitats, influ-
ences landscape pattern and alters the physical environment. Roads act as barriers to animal movements, increase their
mortality rates and cause other negative impacts on biodiversity. The current paper overviews the assessment of road
impacts in Lithuania, reviews approaches applied to evaluation of road development impacts as well as analyses ap-
plication of Lithuanian legal documents in the field. In Lithuania, assessment of possible effects inflicted by envisaged
road construction is determined by the Law on Environmental Impact Assessment of Planned Economic Activities
and orders of the Ministry of Environment. Although the legislation covers some aspects of biodiversity, little atten-
tion is given to the assessment of the impact on biodiversity; meanwhile the impact assessment of proposed economic
activities on Natura 2000 sites is clarified more extensively. Lithuanian methodological guidelines on determination of
environmental impact assessment procedures and principles for the road network do not comply with international
requirements concerning the biodiversity impact assessment of roads. The practiced biodiversity impact assessment
used for road development projects in Lithuania complies with minimum requirements used in developed countries.
To fulfil international requirements on biodiversity conservation, it is necessary to amend the Lithuanian legislation on
environmental impact assessment and issue guidelines on biodiversity protection in road development projects. The
article proposes models for calculation of road pollution dispersion for evaluation of air quality next to the already

existing and newly projected roads.

Keywords: biodiversity, habitat fragmentation, environmental impact assessment, impact mitigation measures,

traffic pollution emission, trace metals, dispersion.

1. Introduction

Road building or reconstruction has an extensive im-
pact on ecological processes and various components of
ecosystems (Baltrénas, Kazlauskiené 2009; Byron 2000;
Forman et al. 2003). In the more developed countries,
the length of roads has increased about 5+6 times over
the past 50 years, thus the territory covered by roads has
grown as well. Ament et al. (2008) state that in USA,
644 ha of land is destroyed or converted to build 1 kil-
ometre of a road (Ament et al. 2008). Thus, not only
natural habitats, but also the living environment of most
species is destroyed. In Sweden, roads occupy about
5000 km?, which makes up 1.2% of the entire territory
(Seiler, Eriksson 1995). In Lithuania, the road network
has been intensively developed over the recent 30+50
years as well. At present, the length of roads in Lithu-

ania reaches 81331 km making up 2.1% of the entire
territory, with 1963055 vehicles running on these roads.
Road development not only physically destroys or trans-
forms the home range, but also kills animals. In USA
alone, more than 1 million crashes with wild animals
take place every year (Ament et al. 2008). Moreover,
the road traffic pollution has an immense impact on the
biological diversity. The road-effect zone covers an area
of 500 m from the roadway on each of its side (Forman
2000; Vaiskanaité et al. 2009; Zhu et al. 2002); therefore
1 km of a road has a negatively affected zone amounting
to 600 ha. Thus, the road traffic pollutes the environ-
ment, induces noise and causes the environment quality
degradation. The impact on heterogeneity and fragmen-
tation of landscape and destruction and deterioration of
habitats of various species is especially significant (Byron
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2000; Morris, Therivel 2009). Epidemiological studies
(Balmes et al. 2009; Peters et al. 1997; Chio, Liao 2008)
have demonstrated a greater relationship between health
effects and exposures to ultrafine particles compared to
the accumulation mode or coarse particles.

Having in mind the long history of road network
development efforts, the related environmental impact
assessment hardly counts 25+35 years in most coun-
tries. In Sweden, the environmental impact assess-
ment of roads commenced in 1987 (Seiler, Eriksson
1995), while in Lithuania - only in 1997 (Mierauskas
et al. 1997) with methodological guidelines developed
in 1999 (Poveikio aplinkai automobiliy... 1999). Espe-
cially little attention was paid to ecological evaluation.
Much more attention was given to inanimate environ-
ment components and human health. Having analysed
legal documents of 37 countries (up to 1990), Treweek
et al. (1993) found an immense insufficiency in focus
on ecological evaluation. Analysis of environmental
impact assessment statements of the aforementioned
countries indicated that only in 35% of statements,
some biota field surveys were presented, out of which
31% of statements were ill-timed, e.g. plant records
were taken in winter and etc. In 54% of statements, spe-
cies were calculated without indicating their abundance,
rareness status and etc. In 73% of statements, it was rec-
ommended to install measures reducing road impacts
on natural components or processes; out of them, 51%
of statements did not provide any concrete suggestions
and only 8% suggested detailed measures of reducing
the impact. The presented examples show that up to
1990, the focus on ecological evaluation was insufficient
even in developed countries. The focus intensified only
subsequent to some essential publications (Canter 1995;
Morris, Therivel 2009; Treweek 1999; Trombulak, Fris-
sell 2000).

The main aims of this paper are:

« to analyse the practice of foreign countries in bio-
diversity impact assessment of road development
projects;

« to generalise effectual legal acts of Lithuania on
setting the biodiversity impact assessment of
planned economic activities;

« to assess the impact of practice applied by road
development projects in Lithuania on biodiver-
sity;

« to propose new effective models of pollution dis-
persion calculation for evaluation of ambient air
quality.

2. Biodiversity Impact Assessment
in Road Development

2.1. Main Requirements Applied in the Assessment
of Road Development Impacts

On the international scale, the Convention on Biological
Diversity, Article 14 (1992) obligates every country to
undertake biodiversity impact assessment efforts. Mean-
while the Act on Endangered Species, which was earlier
passed in USA (Endangered Species Act of 1973), re-

quired to assess the impact on endangered species and
their habitats. The European Communities directive
(Council Directive 85/337/EEC... 1985) obligated the
member-states to undertake environmental impact as-
sessment and determine biodiversity impacts prior to
the Convention endorsement; however concrete obliga-
tions of member-states were established in the Habitats
Directive (Council Directive 92/43/EEC... 1992). In re-
lation to Natura 2000 sites, Article 6 (3) of the Habitats
Directive 92/43/EEC requires that an appropriate assess-
ment of any plans or projects on the site conservation
objectives must be carried out to ensure that the integri-
ty of the site is not adversely affected (Council Directive
92/43/EEC... 1992; European Commission 2001). This
way, member states are obligated to undertake environ-
mental impact assessment and ensure that the proposed
activity has no negative impact on habitats and species
at a favourable conservation status, and in the presence
of such impact, mitigation measures are required.

Some countries implementing the CBD and other
international requirements, issued guidance on biodi-
versity in EIA. However, ecologists underlined some
gaps both from the legal and methodological points of
view. Substantial drawbacks of biodiversity impact as-
sessment were indicated subsequent to analysis of de-
velopment projects delivered in USA, and later - in
European and other countries (Andrews 1990; Canter
1995; Forman, Alexander 1998; Hirsch 1993; Mor-
ris, Therivel 2009; Seiler, Eriksson 1995; Treweek et al.
1993; Trombulak, Frissell 2000). Taking into considera-
tion drawbacks noted by ecologists, executive state in-
stitutions of many countries, improved their assessment
methodologies. Unfortunately, this cannot be said about
the environmental impact assessment methodology
in road development in Lithuania (Poveikio aplinkai
automobiliy... 1999). In methodological guidance on
the biodiversity impact assessment of roads, English
Nature (Roads and Nature Conservation... 1994) indi-
cated that the biodiversity impact of roads falls into 4
main types: habitat loss, habitat fragmentation, direct
and indirect impacts on habitat quality and species,
and cumulative impacts. The European Commission
prepared the Methodological guidance on assessment
of plans and projects significantly affecting Natura
2000 sites (European Commission 2001), on the basis
of which the impact on Natura 2000 sites as well as on
habitats and species at a favourable conservation status
is evaluated.

Interest in the impact assessment of road develop-
ment projects was increasing not only in guidelines rec-
ommended by some state institutions, but also in various
research studies. Roads cause both a direct and an indi-
rect loss of habitats. The direct loss refers to the reduc-
tion of the total area of an ecosystem caused by presence
of roads, while the indirect loss refers to effects such as
fragmentation of ecosystems into smaller and more iso-
lated patches and the degradation of ecosystems (Genel-
etti 2003). Benitez-Lopez et al. (2010) investigated de-
velopment of road infrastructure and discovered that
the effect of infrastructure on bird populations extended
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over distances up to about 1 km, and for mammal popu-
lations — up to about 5 km (Benitez-Lopez et al. 2010).
Negative impacts of expanding road networks on bio-
diversity became evident to many researchers. Beyond
a doubt, most road projects will lead to some loss of
biodiversity but this can be minimised by full use of im-
pact avoidance, mitigation and compensation measures.
Therefore, the aim of the environmental impact assess-
ment is to seek that road projects do not significantly
reduce biodiversity at any of its levels while enhancing it
wherever possible. The proposed guiding principles in-
volved the following main aspects: to avoid impacts on
biodiversity and create opportunities for enhancement
of biodiversity; to apply the precautionary principle
in order to avoid irreversible losses of biodiversity; to
consider the full range of impacts on biodiversity (e.g.
indirect, cumulative); to retain the existing pattern and
connectivity of habitats; to protect natural corridors and
avoid artificial barriers; to use buffers to protect impor-
tant biodiversity areas; to maintain the natural ecosys-
tem process and rare and ecologically important (key)
species; and to assess the impact in local, regional, na-
tional and international contexts. Besides, decisions on
biodiversity should be based on full information and
monitoring must be part to the EIA process. Also, man-
agement plans for existing and newly created habitats
and other mitigation, compensation and enhancement
measures should be undertaken (Byron 2000).

To deliver biodiversity impact assessment, criteria
for screening and scoping stages were proposed. The
main criteria groups were: habitat loss and fragmen-
tation effects, changes in habitat quality (natural pro-
cesses, pollution, disturbance, management, etc.), key
species groups (threatened, rare, protected, endemic,
indicator, umbrella, important ecological role, econom-
ic and public important and etc.), nationally protected
species (e.g. Red List of threatened species), and valued
ecosystem components (Byron 2000; Canter 1995; For-
man et al. 2002; Slootweg et al. 2010; Treweek 1999). It
was proposed to assess the impact on biodiversity at bi-
oregional, landscape, ecosystem, habitat, species or even
population levels. Moreover, especially great attention is
paid to protected areas of international (World Heritage
and Ramsar sites, Natura 2000, Biospheres reserves and
etc.), national and regional importance as well as envi-
ronmentally sensitive areas. Thus, in many of developed
countries, guidelines and methodologies on biodiversity
in road EIAs were revised. Primarily, a new systematic
approach to biodiversity, minimum survey require-
ments, revised evaluation criteria, methods on impact
assessment and prediction, significance, magnitude of
mitigation measures (habitat enhancement, creation an
translocation, structures for habitat integrity, eco-corri-
dors and etc.) were adopted. Furthermore, it should be
underlined that criteria for assessing the effectiveness of
mitigation measures were developed.

Apart from the above mentioned impacts on bio-
diversity, animal mortality rates due to collisions with
traffic and pollution impact should not be forgotten
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either (Gombert et al. 2003; Viard et al. 2004). Roads
are an obvious factor in magnitude of traffic mortality.
To mitigate animal road mortality, special protection
measures are applied — guards, tunnels as well as crosso-
vers. But these means are often ineffective (Jaeger et al.
2005). Rather often they are installed at inadequate
places, without prior investigations regarding the most
popular animal migration routes. Therefore, fencing is a
frequently raised issue among planning institutions and
nature conservationists, as institutions assess the tunnel
application efliciency according to their quantity, while
conservationists focus on suitability of their structure
and location (Forman et al. 2002; Jaeger, Fahrig 2004).
Hence, discussions regarding efficiency of fencing in
reduction or enhancement of animal populations con-
tinue to persist.

The negative environmental impact of traffic
mostly manifests as noise and exhaust fumes, which are
harmful to human health, industry and municipal econ-
omy, territorial recreational resources, agriculture and
greenery. The global pollution impact was evaluated
according to annual emissions of carbon dioxide. The
air pollution should not exceed the Highest Permissi-
ble Concentrations set for pollutants. The road sanitary
zone is determined according to the ‘Rules for Estab-
lishment of Boundaries and Regime of Sanitary Protec-
tion Zones (see order of Minister of Health — Lietuvos
Respublikos... 2004), which state that sanitary protec-
tion zones are determined depending on chemical, bio-
logic and physical pollution. A road must have a sani-
tary zone, where no activities are carried out. According
to the Law on Roads of the Republic of Lithuania (Keliy
jstatymas 1995; Keliy jstatymo... 2002), the width of
the sanitary protection zone is determined taking into
account the traffic intensity: more than 7000 motorcars
per day - 150 m; 3001+7000 motorcars per day — 70 m;
701+3000 cars per day — 50 m; 250+700 cars per day -
20 m. In other cases, the width of the road sanitary pro-
tection zone is 10 m.

2.2. Application of Lithuanian Legal Documents
for the Impact Assessment of Road Development

The Law on Environmental Impact Assessment of
Planned Economic Activities (of 1996, revised in 2005,
amended in 2008 and 2010) serves as the legal basis
for the environmental impact assessment in Lithuania
(Lietuvos Respublikos... 1996, 2005¢). The biodiversity
impact assessment is determined by legal acts validated
by orders of the Minister of Environment with amend-
ments: ‘Methodological guidelines on screening of the
proposed economic activity’ (Lietuvos Respublikos...
2005a), ‘Regulation of preparation of environmental im-
pact assessment program and report’ (Lietuvos Respub-
likos... 2005b), ‘Guidelines on the quality control of
the environmental impact assessment of the proposed
economic activity’ (Lietuvos Respublikos... 2000) and
‘Regulation on assessment of plans and projects signifi-
cantly affecting potential and designated Natura 2000
sites’ (Lietuvos Respublikos... 2006).
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On the basis of valid legal acts, the Ministry of
Environment published the Manual for Environmental
Impact Assessment in Lithuania (Planuojamos tkinés
veiklos... 2009). The publication provides explanations
on separate aspects of the environmental impact assess-
ment. Even though the manual hardly focuses on bio-
diversity impact assessment, environmental impact as-
sessment of the proposed economic activities in respect
to Natura 2000 localities is clarified more extensively.

According to ‘Methodological guidelines on
screening of the proposed economic activity’ (Lietuvos
Respublikos... 2005a), in biodiversity aspects, the infor-
mation for screening about territories, where economic
activity is planned, should be provided as follows: the
protected territory status, especially in case of Natura
2000 sites, its conservation objectives, existing wetlands,
and rare or endangered species. The relevance of the im-
pact is assessed by answering ‘yes’ or ‘no’ to questions.
Besides, factors related to the proposed economic activ-
ity and its potential impact on biodiversity are surveyed.
The following questions have to be answered: will the
project result in loss or damage of habitats of rare and
endangered species or will the proposed activity re-
duce natural habitat areas; will the project negatively
affect animal feeding, migration or breeding; will the
activity have influence on decrease of species density,
the change of resources of hunted animals and trade-
significant fish species; will the project generate noise,
vibration, light or heat that will have a negative effect
on fauna, cause the spread of pests, parasites or invasion
species? In methodological regulations, the relevance of
the factor is evaluated by answering ‘yes’ or ‘no’ to ques-
tions. The regulations provide no requirements for tak-
ing more factors for a more detailed biodiversity impact
assessment. It can be stated that in the screening pro-
cess, the impact on biodiversity is evaluated rather su-
perficially and does not meet the imposed international
requirements or methodologies.

The ‘Regulation of preparation of environmen-
tal impact assessment program and report’ (Lietuvos
Respublikos... 2005b) require that the following infor-
mation about biodiversity should be presented: infor-
mation about habitats (forests, meadows, wetlands, wa-
ter bodies, sand dunes) and their location; information
about flora (age and type of the forest, species composi-
tion, Red List of threatened species and Communities,
local and introduced species, plant species of economi-
cal significance and their resources, protected greenery
and grass-plots), information about local fauna (Red
List of threatened species, species composition and
their resources, game, fish resources, migratory routes,
animal gathering, breeding, feeding, resting and win-
tering sites), and information about local fungi species
and their resources. Besides, potential (predicted) im-
pacts should also be evaluated, comprising the follow-
ing: changes of the habitat area (ha, a), forest area (%,
ha) and age; species composition and type of the forests;
destruction of the habitats, changes of animal, plant and
fungi species composition, especially of the Red List
of threatened species; impact on abundance of species

populations, game species, fish resources; destruction of
animal migratory routes, reduction of animal gathering,
breeding, resting and wintering areas; and threat on the
mass destruction of natural environment in case of an
accident. Furthermore, measures to mitigate impacts
on biodiversity should involve protection, restoration
of habitats and species, biological resources, measures
envisaged to avoid or mitigate impacts, protect or re-
store animal migratory routes, and etc. Subsequent to
analysis of the requested information on sites where
economic activities are planned, it can be stated that it
is rather scarce for the purpose of biodiversity impact
assessment. By no means this meets the requirements
imposed by most of specialists assessing the impact on
biodiversity. Besides, the foreseen impact is character-
ised in very general terms, by answering ‘yes’ or ‘no.
The impact mitigation measures are very general, thus
there is a possibility of selecting cheap and ineffective
measures.

In order to determine and evaluate whether the as-
sessment of impact on the environment is adequately
performed and is consistent with the legal acts, the
‘Guidelines on the quality control of the environmen-
tal impact assessment of the proposed economic ac-
tivity’ (Lietuvos Respublikos... 2000) were validated.
They envisaged assessment of information available in
the program and the report, adequacy of the site pres-
entation, alternative consideration, impact on separate
environmental components (ie., biodiversity), and
measures envisaged for impact prevention (avoidance),
mitigation, restoration or offset. The quality is assessed,
whether the factor is relevant and factor requirements
have been met, by answering ‘ye’ or ‘no. For the assess-
ment of impact on biodiversity, it is not foreseen how
the qualitative assessment can be carried out. Therefore,
the available recommendations cannot ensure that the
impact assessment is done properly.

For determination of the impact on Natura 2000
territories, the ‘Regulation on assessment of plans and
projects significantly affecting potential and designated
Natura 2000 sites’ (Lietuvos Respublikos... 2006) was
validated. The task of the impact assessment on Natura
2000 territories is to determine whether the conserva-
tion status of natural habitats and species of the EU im-
portance is observed and whether it would deteriorate
or be adversely affected by the integrity of considered
territories after implementation of the plan, program or
proposed economic activity. The regulation is prepared
according to methodological guidance by the Europe-
an Commission (2001), therefore the main impact as-
sessment requirements are maintained. The regulation
determines the process of the significance assessment,
but the determination of the impact itself is evaluated
by very general requirements. Only the impact signifi-
cance of separate activity aspects (significant, insig-
nificant or unknown), significance of territory changes
(insignificant, slightly significant or significant), signifi-
cance of impact of separate activity aspects (significant,
insignificant or unknown), or significance of territory
changes (insignificant, slightly significant or significant)
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are evaluated. Following the regulation, the impact can
be determined superficially, inaccurately, without con-
sideration of all aspects of the impact on habitats and
species. It is not foreseen how prevention, mitigation,
avoidance measures are applied in case of significant
impact, habitat restoration, translocation or creation.
As a whole, the regulation requirements capacitate a
superficial significance determination. If performed by
unqualified specialists, the impact significance determi-
nation would be avoided.

The environmental air evaluation is determined by
secondary legislation validated by the order of the Min-
ister of Environment ‘On the order of the use of pollutant
dispersion calculation models, the data of the environ-
ment background pollution and of meteorological data
for the evaluation of the impact of economic activity on
the ambient air’ (Lietuvos Respublikos... 2007) and the
Environment protection agency director order of the
Director of Environmental Protection Agency ‘On vali-
dation of the recommendations for selection of pollutant
dispersion calculation models for evaluation of the impact
of economic activity on ambient air’ (Aplinkos apsaugos
agentiiros... 2008), where recommendations for selec-
tion of the calculation methodology for air pollutant
dispersion are validated and the list of recommended
models is presented.

2.3. Survey on Methodology of Impact
Assessment of Roads

In 1999, the Ministry of Transport and Communications
of the Republic of Lithuania commissioned the Transport
and Road Research Institute to prepare the manual, enti-
tled ‘Determination of environmental impact assessment
procedure and principles in the automobile road system’
(Poveikio aplinkai automobiliy ... 1999). It was based
on the revised Law on Environmental Impact Assess-
ment of Planned Economic Activities (Lietuvos Respub-
likos... 1996) and secondary legislation. This manual
lists the main legal acts to be followed in the assessment
of road construction and reconstruction. According to
the manual, the assessment should be performed tak-
ing into consideration the vegetation and fauna state as
well as the impact on forests and protected territories,
nature frame, and landscape. In the EIA statement, it is
recommended to take into consideration rare plant and
mushroom habitats, animal species and their migration
routes. In the part regarding the statement on forecasted
environmental impacts, it is recommended to assess the
impact on rare species, forests, and protected territories.
The measures reducing the impact and the monitoring
program are recommended in a broad outline.

In spite of the fact that in 1999, the mentioned
international obligations to preserve biodiversity were
undertaken and the significance assessment of impact
on Natura 2000 territories and guidelines and meth-
odologies were adopted in many developed countries,
these recommendations hardly focused on biodiversity
impact. It can be stated that recommendations did not
meet either the international and methodological re-
quirements or the applied practice of that time.
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2.4. Overview of Practical Impact Assessment
in Road Development in Lithuania

The first trials to undertake biodiversity impact as-
sessment in road development in Lithuania took place
earlier (Mierauskas, Spakauskas 2008; Mierauskas et al.
1997; Peciuliené, Grigaliiinaité-Vonsevi¢iené 2010).
These efforts focused on analysis of the general assess-
ment principles and some statements. Therefore, in this
chapter, we will try to evaluate the biodiversity impact
assessment in road development projects in more detail.
Having analysed environmental impact assessment
statements prepared by the Institute of Transport and
the Road Research, the biodiversity-related evaluation
was performed. The evaluation focused on biodiversity
components (species, habitats); protected, available and
potential Natura 2000 territories as well as environmen-
tally sensitive, but unprotected territories; a possible
impact and proposed measures reducing the impact
(impact prevention, avoidance, mitigation, restoration
measures); and compensation measures (offset).

Evaluation of information about the sites. The an-
alysed statements contained the following information
on biodiversity: general species characteristics, Red List
of threatened species and their protection status, and
recently — habitats of the EU importance. They describe
protected territories, which can be affected by some
proposed economic activity (e.g. a road that crosses or
is in the vicinity of such territory), their creation ob-
jectives as well as Natura 2000 territories (both Special
Protection Areas and Special Areas of Conservation),
Nature frame, and environmentally sensitive, but not
protected areas (wetlands, forests and rivers). Protected
territories, which do not border the planned economic
activity are not described, mentioning only the distance
to such territories as well as stating that there will be
no impact on them. Besides, the greenery, which can
be affected, is also described. Data on biodiversity dif-
fers from case to case: at some localities, special inves-
tigations are carried out, while at others — only expert
(survey) evaluation is made. Therefore, precise animal
and vegetation habitats are provided only in some of
the statements. In describing habitats and species of
the EU importance, the environmental conditions and
impacts, under which favourable conservation status
changes and threat to their conservation appears, are
not characterised. In general, the provided information
is insufficient for a precise identification of impacts and
forecasting of appropriate mitigation measures.

Evaluation of a possible biodiversity impact. All
statements underline that a road is a barrier with its pri-
mary impact on animals, preventing their migration and
increasing mortality, which result in decreasing popula-
tions. Some statements mention fragmentation of natu-
ral habitats, especially of forests and natural meadows,
however, the negative impact on concrete habitats and
species as well as its manifestation (direct or indirect
impact, impact significance or cumulative impact) are
not determined. The air, soil, water and noise pollution,
which can have a negative impact on biodiversity, is also
indicated.
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Application of impact mitigation measures (im-
pact prevention, avoidance, mitigation and restora-
tion) and compensation measures (offsets). The most
frequently proposed impact reduction measures com-
prise forest fencing, road tunnels and barriers. They
are intended for mammals and are planned in all road
construction and reconstruction projects, where roads
border forests. Some statements mention plans to install
special barriers and tunnels for amphibian. But none of
the statement considers or evaluates the tunnel efficien-
cy and suitability for a specific site. Some statements
related to installation of bridges over rivulets recom-
mend leaving land strips near the rivulet so that animals
could cross to the other side of the road. Other state-
ments recommend destroying the smallest possible area
of natural habitats as well as measures for destruction
elimination, i.e. meadow renewal and forest planting.
When restoring habitats, it is proposed using similar
soil in meadows and planting such tree species, which
grow in affected forest habitats. When building roads on
natural meadows, it is recommended to install overhead
roads, thus destroying a smaller habitat area. None of
the statements suggest how to mitigate the impact when
natural habitats are fragmentized (split) and the habitat
translocation (i.e. transfer of affected habitats or their
creation in new proper or adjacent territories) is not
proposed. It is a costly measure, therefore it is not pro-
posed in any of the statements. It is not recommended
to establish parking-lots or sites at places which border
Natura 2000 territories. For the reduction of water pol-
lution, it is proposed to install simplified waterworks.

3. The Evaluation of Traffic Pollution Emissions
and Choice of the Model for Calculation
of Pollution Dispersion at Roadsides

Transport pollution significantly impacts biodiversity.
In order to reduce the impact, it is necessary to apply
relevant methods to evaluate that impact. Therefore it
is very important to know the emissions and spread of
pollutants in ambient air resulting from not only the
existing roads but also from the newly projected ones.
It enables to determine the concentrations of various
pollutants in ambient air and draw relevant conclusions
regarding their environmental impact.

In modeling the transport pollution impact, the
concentrations of CO, NO,, NO, NOy, SO, and parti-
cles are most frequently investigated as only emissions
of these pollutants can be estimated sufficiently accu-
rately. The emission amount of these pollutants can be
determined when the amount of consumed fuel (Tersaly
emisijos... 1993), or the run of automobiles is known
(Gkatzoflias et al. 2012). For such calculations, the latest
software (COPERT 4) is widely used in the EU.

The results of these emissions can be used in cal-
culation of the pollution dispersion using any standard
software, but they do not allow determining concentra-
tions of various metals. It is also known that the aerody-
namic properties of fine and coarse particles are differ-
ent; therefore, their dispersion will differ as well. Besides

the difference in aerodynamic properties, it appears that
various metals have a tendency of spreading with fine
or coarse aerosols, and that must be taken into account
in modelling the dispersion of pollutants. The particles
usually are divided into fine PM, 5 — particulate matter
with an aerodynamic diameter less than 2.5 pm; coarse
PM,, - with an aerodynamic diameter ranging between
10 and 2.5 pm; and ultrafine - with an aerodynamic di-
ameter less than 0.1 pm.

The fraction of ultrafine particles according to their
aerodynamic properties is very close to the fraction of
fine particles, consequently in this work, ultrafine and
fine particles will be treated as one fine fraction.

It is well known that the roadside soil contains a lot
of accumulated metals, sources of which are: fuel (Pb);
lubricants (Zn, Cd, Ba, Co, Mo); tyres (Ca, Zn); cata-
lysts (Pt, Pd, Cr, Ni); protection equipment (Zn, Ca, Cr,
Mn); brakes (Zn, Ca, Cu, Cr, Mn); road construction
materials (Fe, Al, Mn, As); and resuspension of road
dust (Pb, Fe, Al, Mn, Zn, Cu, Ni, Mo, As) (Abu-Allaban
et al. 2003; Cadle et al. 1997).

It is established that Fe is distributed mainly in
coarse aerosols, while metals Pb, Zn, Mb, As are distrib-
uted mainly in fine aerosols. The resuspension of road
dust can be considered as a source of the crustal ele-
ments Fe, Al, Mn and As. Road dust becomes enriched
with large amounts of Zn due to brake or tyre wear.

The brake wear metals Cu, Ni, Mo, Zn can be con-
sidered as a component of coarse aerosols.

We propose the calculation of total metal concen-
trations using the model we developed based on the ex-
perimental measurements:

o(x) = ¢+ coe™, (1)

where: ¢ is the concentration of background, ¢ is the
concentration of metals on the road for the road length
unit, g/m3; x is the distance from the road, m; k = 0.030
stands for coarse particles and k = 0.015 1/m, for fine
particles.

The spread of metal pollutants on roadsides can
be calculated knowing the emission of fuel combus-
tion products and the percentage of metals in the total
amount of pollutants emitted on a highway.

We recommend calculating only the concentra-
tions of Mn, Pb, Zn, Cu, Ni, Mo and Cr since these val-
ues are considerably higher than the background ones,
while the concentrations of the other metals are on the
level of background values.

The major amount of pollutants falls out in the
range of 30 m from a highway. The deposition of these
pollutants on a roadside is conditioned by coarse PM,,
particles, the concentration of which on the road for the
road length unit can be calculated with the help of re-
gression formula (2). The emission factors are presented
in Table 1 (COST 346 2005):

PM,, = 2.2 + 7(dies.exh) + 3.1(pet.exh) +
4.4(resusp.soil) + 9(tyre &brake) + 2.5(roadsurf.).  (2)

The correlation coefficient R? between the model
and experimental data, when multi-linear regress equa-
tions system was solved is 95%.
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When calculating the deposition of aerosols PM;,
on a roadside, the data of Table 2 can be used (I$metamy
j atmosfer tersaly... 2011).

Concentrations of particular metals can be found
knowing what fraction this metal amounts to in the
total emission (ISmetamy j atmosferg tersaly... 2011).
These data are presented in Table 3.

Thus according to the method of calculation of
pollutant concentrations proposed by us, we can with-
out difficulty evaluate the pollution of fine and coarse
particles and determine the concentrations of the main
heavy metals on roadsides. The only required data for
this are the fleet of vehicles on a highway, which can be
easily obtained.

Some cases of the spread of pollutants in Lithuania
are given in the works of authors (Brannvall, Spakauskas
2007; Martinénas, Spakauskas 2010; Martinénas et al.
2006) and they can be successfully applied, the more
so because they reflect the true climate conditions of
Lithuania.

Table 1. Emission factors for PM,, particles

Emission factor,

Source Vehicle category mg/km

LDV 13.9
Exhaust

HDV 79.3

, LDV 0.8

Resuspension

HDV 14.4

LDV 6.9
Tyre & brake wear

HDV 49.7

LDV 3.1
Road surface wear

HDV 29.0

LDV - light duty vehicles;
HDV - heavy duty vehicles

Table 2. PM,, emission factors for tyre, brake wear
and road abrasion

Emission factor, g/km

Transport category Tyre  Brake  Road

wear wear  abrasion
Motorcycles 0.0028 0.0020  0.0030
Passenger cars 0.0064 0.0033 0.0075
Light duty vehicles 0.0101  0.0052  0.0075
Heavy duty vehicles and buses  0.0270  0.0130  0.0380

Table 3. Heavy metal fraction of tyre, brake wear
and road abrasion in total emission

Heavy metals Tyre wear ~ Brake wear Road abrasion
mg/kg mg/kg mg/kg

As 0.8 10.0 0

Cd 2.6 13.2 1

Cr 12.4 669 40
Cu 174 51112 12
Ni 33.6 463 20
Pb 107 3126 15
Zn 7434 8676 35
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4. Conclusions

1. Biodiversity impact assessment used in road develop-
ment projects in most developed countries satisfies
the main protection of biodiversity requirements of
the Convention on Biological Diversity, the Habitats
Directive and national biodiversity strategies.

2. The Lithuanian legislation on the environmental im-
pact assessment, provides minimal requirements on
biodiversity conservation. However, legal acts do not
comply with international practice used in road de-
velopment projects.

3. Biodiversity impact assessment used in road develop-
ment projects in Lithuania comply only with mini-
mal requirements applied in developed countries. To
meet the international requirements on biodiversity
conservation, it is necessary to amend the Lithuanian
legislation on environmental impact assessment and
issue the guidelines on biodiversity impact assessment
in road development projects.

4. The models for calculation of the spread of pollutants
from roads were proposed considering the pollution
of various metals, which have an especially harmful
environmental impact. They can be applied for evalu-
ation of the present air quality near roads and forecast
of the air quality near newly projected roads as well.
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