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Abstract: Degraded post-railway areas are a significant spatial and environmental problem in the centers of
large cities, limiting their development and aesthetics. These areas often contain historical pollutants that can
pose a threat to human health and the natural environment. Revitalization of such areas contributes to the
rational management of urban space and limits the sprawl of development into suburban areas. Transforming
unused areas into modern service spaces, such as the Arkadia Shopping Center, promotes the socio-economic
activation of a given district. The Arkadia project shows that properly conducted reclamation allows for
the safe and effective use of degraded land. Additionally, such investments increase the value of nearby
properties and improve the quality of life of residents thanks to new service, commercial and recreational
functions. The transformation of post-railway areas responds to the contemporary challenges of sustainable
urban development and environmental protection. Good revitalization practices, as in the case of Arkadia,
can serve as a model for other cities struggling with similar spatial problems. The project is an example of an
effective combination of engineering, planning and environmental activities. Analyzing the transformation
process of this area allows for a deeper understanding of the benefits, challenges and conditions necessary
for the success of similar revitalization projects.
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1. Introduction

The revitalisation of degraded areas in cities has a very significant impact on their
development [1]. The subject of revitalisation of post-railway areas has been addressed in
many studies in Poland and abroad. The process of revitalisation of post-industrial areas in
Skierniewice, with an emphasis on environmentally friendly elements, was discussed already
in 2018 [2]. The authors proposed actions aimed at transforming degraded areas into public
spaces that will support social integration and improve the quality of life of residents. The
process of revitalisation of post-railway areas in Krakéw, with particular emphasis on the
Bagry-Biezanéw area, was an issue described in 2019 [3]. A spatial development concept
was proposed at that time, taking into account functional, aesthetic and social aspects. The
aim of the study was to transform the degraded area into a public space that would serve
residents and tourists. In Germany, the subject of revitalisation of post-railway areas was
discussed in 2017 and concerned the city of Leipzig [4]. The author analysed the spatial and
functional changes that aimed to transform the degraded areas around the railway station into
a modern urban space. The aspect of revitalization for improving the quality of life of residents
and the attractiveness of the city was additionally emphasized. The process of transforming
abandoned railway lines into green corridors in Zhangjiakou, China [5]. The authors studied
the ecological and social benefits resulting from such revitalization, indicating the improvement
of the quality of the urban environment and the increase in the attractiveness of public spaces.
In the USA, the issue of transforming degraded railway areas was addressed, among others,
in projects in Boston, Gainesville, Minneapolis, New York and Washington, identifying six
typologies of such projects [6]. Legal and policy issues related to the preservation and reuse
of abandoned rail corridors in Texas and the challenges associated with land acquisition,
environmental protection, and conversion to recreational or transportation routes are areas
of research in this area [7]. Moreover, sites such as post-industrial, post-military, post-oil,
and post-harbour areas are particularly significant in terms of current urban needs [8]. This
subject is gaining increasing attention in the context of ongoing urbanization and the growing
demand for new urban spaces. Post-harbour zones, in particular, stand out due to their aesthetic
appeal, environmental potential, recreational opportunities, and strategic locations. As a result,
various development strategies have been proposed for these areas — ranging from residential
developments, waterfront parks, public spaces, and service zones that generate employment, to
land reserves intended for use during emergencies like pandemics [9] or refugee crises [10]. The
complexity and importance of effectively managing these port and post-port territories have
even led to the emergence of a dedicated scientific discipline: port geography [11]. It should
be noted that the selection of redevelopment technologies, including the transformation of
degraded areas, along with the optimization of construction schedules is carried out using
artificial intelligence [12, 13].
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2. Definitions of terms

2.1. General notice

The term “reclamation”, as used in the Arkadia project documentation, corresponds to
the term “remediation” introduced in the Environmental Protection Law Act of 27 April
2001 (Journal of Laws 2024, item 54). Additionally, the term “reclamation” has been used in
regulations issued by the Ministry of Agriculture concerning soil quality. The definitions of
these terms are provided below.

2.2. Reclamation

)

During the implementation period of the project (2002-2004), the term “reclamation’
appeared in legal acts pertaining to the restoration of environmentally degraded areas. It was
defined as the process of rehabilitating land adversely affected by human activity, aiming to
restore its original function, utility, and natural value to a condition as close as possible to its
original, undisturbed state [14].

2.3. Remediation [15]

The Act of 27 April 2001 — Environmental Protection Law (Journal of Laws 2024, item
54) introduced the concept of remediation defined as follows.
31b The concept of remediation — means the subjection of soil, earth and groundwater to
activities aimed at removing or reducing the amount of substances causing risk, controlling
them and limiting their spread, so that the contaminated area ceases to pose a threat to human
health or the state of the environment, taking into account the current and, if possible, planned
future use of the area; remediation may consist in self-cleaning if it brings the greatest benefits
to the environment.
The concept of remediation appears in the following legal acts:
— Environmental Protection Act of 27 April 2001,
— Act on the prevention of environmental damage and its remediation of 13 April 2007
(the so-called “damage” act),
— Amendment to the Environmental Protection Act, adopted in August 2014,
— Regulation of the Minister of the Environment of 1 September 2016 on the method of
conducting the assessment of ground surface contamination (Journal of Laws 2016,
item 1395).

2.4. Water permeability (filtration) coefficient of soils

The tables defining the permissible level of contamination provide it depending on the
water permeability/filtration index, which is determined in the laboratory based on the water
permeation time test. The index depends mainly on the physical properties of the soil — the
soil’s ability to let water through the system of interconnected pores. The filtration coefficient
(k) (Darcy’s constant) for specific soils are as follows (Table 1) [16].
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Table 1. Filtration coefficients for selected soil categories

Filtration
No. f soil

° Type of sof coefficient
1 Medium: fine-grained sands, loess 1075-10~4
Poor: silty sands, clayey silts, sandstones, massive rocks with 6 1n-5

2 107°-10

a sparse network of small cracks

3 Semi-permeable rocks: clays, siltstones, silts, sandy loams 10-8-1076

For the area under the Arkadia Shopping Center, the indicator was 1 x 107. (permeable
soils) [17].

3. General characteristics of the investment
Arkadia shopping center

Arkadia Shopping Center (hereinafter: C.H. Arkadia or Center) was built in the years
2002-2004 at the Zgrupowania A.K. “Radostaw” roundabout, at the intersection of Jana
Pawta II, Stonimskiego and railway tracks on an area of over 15 ha. The designers of the
facility — built in the concept of combining American shopping centers with the European
tradition of urban passages with cultural and recreational functions — were companies from
Western Europe, including:

— Jamie PETT, Gordon GODAT — RTKL, main concept of exterior and interior design,

— Guillaume SADOUX — BEG INGENIERIE, adaptation and implementation.

The contractors were Polish companies including:

— Korporacja Radex S.A. Consortium — Warbud SA — skeleton (steel and reinforced

concrete structures), — GW,

— Rossi — Teramtex (Kielce) — roof, insulation — as a subcontractor of the consortium,

— Defor (Poznan) — skylights, curtains — as a subcontractor of the consortium,

— POL-Aqua - roads and Plaza,

— Hadart — fountain and green areas, Plaza,

— Ineo (Polish-French company), Elektromontaz (Krakéw) — electrical installations,

— Korporacja Radex S.A. — project coordinator,

— Karmar S.A.

The construction of the Arkadia Shopping Center at the turn of the 20th and 21st centuries
— offering a broad spectrum of commercial and cultural services — on the border of the
Srédmiescie and Zoliborz districts, along the route connecting Praga via the Gdariski Bridge
(Zygmunta Stonimskiego Street) with Jana Pawla IT Avenue, Okopowa Street, and Powazkowska
Street, represented a significant milestone in the post-transformation urban development of
Warsaw. Today, it serves as the primary service facility in the northern part of the city.

The development plan capitalized on the existing transportation infrastructure, with the main
entrance situated at the A.K. “Radostaw” Roundabout. The layout of the facility follows a trian-
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gular plan, adapted to the site’s spatial constraints, with shopping arcades forming the triangle’s
sides and a central open plaza — resembling a traditional marketplace — occupying its core.

A noteworthy feature of the facility is Arkadia’s extensive “green roof”’, covering an area
of 47,000 m? . This roof is layered with soil, enabling rainwater retention, reducing dust and
atmospheric pollution, and providing additional thermal and acoustic insulation. It is equipped
with an automated irrigation system, including moisture sensors. The soil layer supports plant
growth and creates a habitat conducive to insect life.

The service values of Arkadia Shopping Center after the facility was opened in 2004 were
characterized by the following parameters:

— A shopping and service gallery with an area of 130,000 m?, including approximately

230 shops and 25 restaurants,
— A multifunctional entertainment complex with an area of: 30,000 m2, including Multiplex
Cinema City with 15 screens,

— A hotel and office complex with an area of 70,000 mz,

— An administrative and office complex with an area of 40,000 m2.

A complex of underground car parks with an area of 180,000 m? (6,000 parking spaces).

Usable area of the facilities: — buildings: 270,000 m?.

Total area of the facilities: — buildings: 310,000 m?.

During the operation of C.H. Arkadia is being gradually expanded. In 2014-2017, additional
space was built in the “western wing”, an additional floor was built on part of the building, and
additional entrances to the parking lots were made from Stonimskiego Street. The front of C.H.
Arkadia is shown in the Fig. 1 [18].

2024/04/07

Fig. 1. Entrance to C.H. ARKADIA from the roundabout of the A.K. “Radostaw” grouping [18]
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4. Soil pollution study

4.1. General description

Given that the Arkadia Shopping Center investment was located on land previously used for
over a century as a railway siding — where bulk materials, including fuels, were transshipped —
the investor was required to conduct investigations as part of the geotechnical documentation.
These investigations were carried out by the French firm Solen, following approval of the
research scope by the Environmental Protection Department of the Warsaw City Office. Based
on the findings, an application was submitted to the Mayor of Warsaw for approval of the
reclamation project titled "Reclamation of the Land Surface within the Planned Multifunctional
Development Complex in the Area of the Babka Roundabout and Gdariski Railway Station."
The conducted research, along with the Reclamation Project and accompanying drawings,
form the foundation of this study.

4.2. Research procedure

The research procedure is following:

I. Soil classification

During the tests, the level of contamination was compared with the draft regulation of the
Minister of the Environment on soil and earth quality standards of 11 February 2002, prepared
on the basis of the Act of 27 April 2001 — Environmental Protection Law, in which standards
were given for the following groups of land:

1. Group A — including land subject to protection under the provisions on water protection

and nature protection.

2. Group B — including (among others) agricultural land, forest land, areas designated for
housing development, cultural facilities, leisure facilities and recreational and leisure
areas.

3. Group C - including (among others) industrial and communication areas, areas for
development other than those listed in point 2, mining areas.

In accordance with the issued decision on the conditions of development and land
management, the area subject to the test was classified to Group C. For further qualification,
a water permeability test was performed on the soil and it was determined that it is permeable
soil with a permeability index 1 x 107 [19].

II. Test procedure

Stage I — due to the historical use of the area for the reloading of bulk and petroleum
products, the occurrence of contamination with petroleum substances and heavy metals was
assumed.

Stage II — assessment of the soil contamination status was performed based on two stages
of reconnaissance work. In the first stage, a regular drilling grid of 60 x 60 m was made, with
a total of 37 holes with a depth of 3.0 to 5.0 meters. The soils did not show contamination with
heavy metals. Macroscopic observations were carried out in the drill cores and samples were
taken for laboratory tests.
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In 20 samples, the content of heavy metals was determined: arsenic, cadmium, chromium,
nickel, lead, zinc, mercury, and:

— testing of 16 aromatic hydrocarbon compounds,

— volatile organic chlorophyll compounds,

— PCBs compounds (a group of halogenated organic chemical compounds derived from
biphenyl).

4.3. Research results from stage II

Anthropogenic soils (embankments) composed of demolition materials were identified
at depths of 2 to 3 meters, in which no contamination by heavy metals or hydrocarbons was
detected. Comparable results were observed in soil tests conducted down to 5 meters below
ground level, except for a section of the plot measuring approximately 10,000 m?. In this area,
at depths between 2 and 4 meters below ground level, elevated concentrations of aromatic
hydrocarbons, including naphthalene and BTEX compounds, were detected, ranging from
2,000 to 3,000 mg/kg — significantly exceeding the permissible contamination threshold of
10 mg/kg dry soil mass. Contamination levels varied across the affected zone, with higher
contamination observed over 6,000 m? (zone I) and lower contamination across 4,000 m? (zone
II). The total estimated volume of contaminated soil amounted to 10,000 m?3. The location of
the contamination is depicted in a segment of the map covering the tested area (Fig. 2).

S —

Fig. 2. Fragment of the map showing the location of contaminated soil [20]
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The above-standard contaminations concerned aromatic compounds: Toluene, Ethylbenzene
and Xylene, which are referred to as BETEX in the soil layer below 2.0 m above ground level.

The criterion for contaminated soil was the level of aromatic compounds: Betex >10 mg/kg
dry mass. The density of the tests carried out is shown on the attached map in Fig. 3.
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Fig. 3. Location of samples taken for testing [20]
The study results are presented in Table 2 below.

Table 2. Detailed research results

Permissible standard

Level found in the accordmg'to the draft
No. Type study (mg/kg) regulation of the Notes
y g Ministry of National
Health (mg/kg)
1 Arsenic 5.1 25 Below the standard
2 Cadmium 3.0 8 as above
3 Chrome 12.6 100 as above

One attempt133;
4 Cooper 2 attempts 54-57. 60 as above
In the rest < 20

Continued on next page
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Permissible standard
Level found in the accordmg'to the draft
No. Type study (mg/kg) regulation of the Notes
y g Ministry of National
Health (mg/kg)
5 Nickel <113 70 as above
1 attempt 125;
6 Lead 4 attempts > 50; 200 as above
others —4 + 25
. 1 attempt > 200;
7 Zinc others > 100 200 as above
8 Mercury 0.1-0.6 4 as above
9 Aromatic In most trials — 5; 10
hydrocarbons (PAH) In one trial 100.
Aromatic compounds
BETEX* 2000-3000 Above standard
Including: 0.1 Accepted criterion:
10 Benzene 2700 200 Contaminated soil
Toulene 110 Betex > 10 mg/kg
Ethylbenzene 300 dry matter.
Xylene m+p

* BETEX — Sum of volatile aliphatic, naphthalene and aromatic hydrocarbons (benzene,
toluene, ethylbenzene, xylene).

4.4. Comment

The tests included all pollutants specified in the 2002 draft regulation, which are also
listed in the current Regulation of the Minister of the Environment of 1 September 2016 on
the assessment of pollution of the earth’s surface (Journal of Laws 2016, item 1395). The
concentration of aromatic compounds was found to be 300 times higher than the permissible
limit. Reducing the level of contamination was a necessary condition for allowing the
development of service facilities in the area. Notably, within this group, benzene levels were
low — important given that benzene is particularly hazardous due to its well-documented
carcinogenic effects on humans, confirmed through epidemiological studies. It is included in the
list of hazardous substances maintained by the Chief Sanitary Inspector [21]. Other hydrocarbon
compounds present were less harmful. For instance, toluene, an aromatic hydrocarbon that
can be harmful at high concentrations, is nonetheless commonly used as an organic solvent in
the cosmetics industry [22]. According to the Environmental Protection Act (Journal of Laws
2014, item 1101), the contamination was classified as historical, indicating that it occurred
prior to 30 April 2007.



276 F. RACO, A. NICAL

5. Design and implementation of remediation

The remediation approach was based on established knowledge of the structure and
degradation mechanisms of aromatic hydrocarbons. These compounds — moderately volatile
and water-soluble — undergo decomposition into less toxic substances (such as catechols [23]
and diol oxides [24]) through the activity of aerobic bacteria [25]. The remediation was carried
out on-site (in situ), directly at the investment location. Based on detailed research, the extent
of contamination was accurately delineated, and the affected areas were isolated. In zones
with excessive contamination, the topsoil layer (0-2.0 meters) was excavated and temporarily
stored in a designated heap. During excavation, additional field testing was performed using
a PID OVM 580 photoionization detector to measure vapors of organic compounds. Soil
from deeper layers (2—5 meters) was also removed and placed into prepared heaps. Samples
from the base of the excavation were collected and submitted for laboratory analysis. The
remediation area was prepared for soil heaps up to 15 meters wide, sealed with 2.0 mm HDPE
foil. A system of perforated PCF pipes for leachate drainage, along with aeration pipelines,
was installed on the lining. These aeration lines were connected to a suction-pressure pump
equipped with a carbon filter. Soil was stacked in heaps up to 1.5 meters thick and 15 meters
wide. During this process, active bacterial strains capable of breaking down hydrocarbons —
such as Pseudomonas, Bacillus, Rhodococcus, and Paracoccus denitrificans — were introduced.
To minimize leachate generation, the heaps were covered with HDPE foil following mechanical
processing. Collected leachate was drained into a container-based pre-treatment unit employing
stripping tower technology, where hydrocarbons were removed from the contaminated leachate
using a stream of compressed air. Throughout the remediation, comprehensive documentation
was maintained, recording the substances introduced and the duration of aeration for each
heap. Regular testing was also conducted to monitor contamination levels. After six months,
pollutant concentrations had decreased to acceptable levels. The successful completion of the
remediation was confirmed by laboratory tests, which were submitted to the President of the
Capital City of Warsaw. The remediated soil was subsequently used to level areas designated for
green space. The remediation process, conducted through “remedial measures”, also complied
with the requirements of the Act of 13 April 2007 on the Prevention and Remediation of
Environmental Damage (Journal of Laws 2020, item 2187).

6. Soil remediation legal provisions in force in 2024

6.1. List of legal acts

Information on the applicable principles of remediation is included in the following legal acts:

— Act of 27 April 2001 — Environmental Protection Law (Journal of Laws 2024.54) [15],

— Act of 13 April 2007 on the prevention and repair of environmental damage (Journal of
Laws 2020.2187) [26],

— Act of 14 December 2012 on waste (Journal of Laws 2023.1587) [27],

— Regulation of the Minister of the Environment of 1 September 2016 on the method of conducting
the assessment of ground surface contamination (Journal of Laws 2016 item 1395) [28],

— Act of 17 May 1989 — Geodetic and Cartographic Law (Journal of Laws 2015 item 520,
as amended) [29].
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6.2. Administrative proceedings

The remediation undertaken in 2001 — being the first of such scale in Warsaw — must
be considered in the context of the current regulatory framework. While the permissible
pollution levels have remained unchanged, the procedures and stages for pollution assessment
by administrative authorities responsible for issuing relevant decisions have evolved. At present,
the remediation process is overseen by the Regional Director for Environmental Protection,
who is responsible for approving the scope of research, endorsing the remediation project, and
confirming the completion of the remediation process. The initiation and implementation of
remediation require the following administrative decisions:

Option I: in situ remediation (on site) presented in Figure 4.

Carrying out tests by a laboratory with specific accreditations.

4

Submitting an application forthe establishment of a remediation plan for historical
contamination of the earth’s surface, with a projectthatincludes (amongothers) the following
information:
- names of substances causing risk along with the results of soil and earth contaminaton
tests;
- assessment ofthe occurrence of a threatto human health orthe state of the environment;
- assessment of the geological structure necessary to assess the project.
- planned method and dates of carrying out remediation.

4

Decision of the Regional Director for EnvironmentalProtection approving the research project
and the remediation project, taking into account the opiions of:
- the state provincial sanitary mspector - in relation to the a tofthe ¢ of
a significant threatto human health in a given area;
- the state district sanitary inspector - in relation to contamination in water intakes intended
for consumption;
- the director of the district mining office - in relation to contamination caused by the
operation of the mining plant; - the director of the regional directorate of the State Forests -
in relation to poliution on landsmanaged by the State Forests NationalForest Holding;
- the director of a nationalpark - in relation to pollution in the area ofthe nationalpask and
its bufferzone;
- the director of the regional water management board of the State Water Holding Polish
Waters - in relation to pollution in the protective zones of water mtakes;
- the district governor in relation to pollution of landsused for agricultural purposes.

@

| Reporting construction works to the district govemor. |

7

| Maintaming documentation from tests of extracted waste. |

P

Maimtaming records of generated waste in the form of waste generation cards and waste
transfercards.

| Sendmng the finalreport for approvalby the Regional Director for EnvironmentalProtection. |

q

Py

| Sending a report on generated waste to the marshalofthe self-goveming province. |

Fig. 4. Administrative decisions in the initiation and implementation of remediation [20]
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Option II ex situ — waste removal to a hazardous waste treatment plant.

In the case of ex situ remediation — waste removal to a disposal plant — the investor or
direct contractor is obliged to complete all steps, except the last one, i.e. “Sending a report on
generated waste generation to the marshal of the self-governing province”.

The direct contractor performing remediation is the waste producer and is obliged to submit
an appropriate report to the Marshal’s Office

Note: The entity performing remediation is the waste producer and is obliged to have the
required decision of the marshal of the self-government voivodeship for the production and
transport of waste.

7. Conclusions

The transformation of the degraded post-railway area into the Arkadia Shopping Center
demonstrates a successful integration of environmental remediation, urban planning, and
construction logistics within a complex urban redevelopment project. Through a comprehensive
site investigation, high levels of historical contamination with aromatic hydrocarbons (BETEX)
were identified, far exceeding regulatory limits. The in situ bioremediation method implemented
— including the use of aerobic bacterial strains and advanced leachate management systems
— proved effective in restoring the soil to environmentally safe conditions within reasonable
period of time, enabling further urban development in accordance with Polish environmental
regulations. This project also reflects the growing importance of sustainable urban land reuse,
particularly in dense metropolitan areas like Warsaw. The Arkadia development not only
reclaimed environmentally degraded land but also introduced extensive green infrastructure,
such as a 47,000 m2 vegetated roof that provides environmental, acoustic, and thermal benefits.
The average price per square meter after the completed remediation increased by approximately
50%, taking into account the general increase lower than 50% in the value of residential space
at that time in Warsaw.

An essential aspect of the Arkadia redevelopment was addressing the interests and concerns
of local stakeholders, particularly surrounding communities. From the early stages, public
consultations helped shape key planning decisions — especially those related to accessibility,
noise reduction, and the integration of publicly accessible green areas. Despite the technical
complexity of remediation, efforts were made to communicate risks and timelines transparently
to nearby residents and business owners.

Overall, the Arkadia project serves as a model for urban regeneration initiatives, show-
ing that environmentally and economically sustainable redevelopment is achievable when
remediation, planning, and construction are effectively integrated. Future work should explore
probabilistic and simulation-based approaches to further enhance planning precision in dynamic
market conditions.
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Przeksztalcenie zdegradowanych i nieuzywanych terenéw pokolejowych
pod centrum handlowe Arkadia w Warszawie

Stowa kluczowe: Centrum Handlowe Arkadia, obszar zdegradowany, rekultywacja, remediacja,
badania, skazenie gruntu

Streszczenie:

Transformacja terenéw zdegradowanych i nieuzytkowanych, w tym dawnych obszaréw kolejowych
w centrach duzych miast, stanowi jeden z najwazniejszych i jednocze$nie najtrudniejszych elementéw
nowoczesnego planowania przestrzennego. W kontekscie szybko postepujacej urbanizacji i rosngcych
potrzeb mieszkaricow w zakresie nowych przestrzeni ustugowych, rekreacyjnych i handlowych, umie-
jetne przywracanie takich obszaréw do uzytku staje si¢ priorytetem wladz miejskich, inwestoréw oraz
specjalistéw z zakresu inzynierii Srodowiska i budownictwa. Przyktad Centrum Handlowego Arkadia
w Warszawie jest wyjatkowym dowodem na to, jak skutecznie mozna potaczy¢ wymagania techniczne,
przepisy ochrony srodowiska i nowoczesne podejscie do zagospodarowania przestrzeni miejskiej. Dawna
bocznica kolejowa, funkcjonujaca przez ponad sto lat, byta obszarem mocno zdegradowanym, zawieraja-
cym w gruncie liczne zanieczyszczenia ropopochodne i aromatyczne, ktérych obecno$¢ stanowita realne
zagrozenie zaréwno dla ludzi, jak i dla ekosystemu miejskiego. Proces remediacji poprzedzono szczegé-
fowymi badaniami laboratoryjnymi i terenowymi, ktére pozwolity doktadnie zlokalizowaé obszary o
najwyzszym stezeniu substancji szkodliwych. Do najwazniejszych zidentyfikowanych zanieczyszczen na-
lezaly zwiazki z grupy BETEX, czyli benzen, toluen, etylobenzen i ksyleny, ktérych stezenia w niektérych
prébkach przekraczaty wartosci graniczne nawet kilkaset razy. Dla poréwnania, wedlug obowiazujacych
wdéwczas i obecnie przepiséw, dopuszczalny poziom tych zwigzkéw w glebie wynosit10 mg/kg suchej
masy, podczas gdy w rejonie przyszlej Arkadii wartosci siegaty 2000-3000 mg/kg. Przygotowany
i zatwierdzony projekt remediacji zakladatprowadzenie oczyszczania metodg in situ. Oznaczato to, ze
proces neutralizacji zanieczyszczerfi odbywalsie na miejscu, bez koniecznosci kosztownego i czasochton-
nego transportu skazonego gruntu do specjalistycznych skladowisk. Kluczowym elementem bylo tu
zastosowanie bakterii tlenowych, takich jak szczepy z rodzaju Pseudomonas czy Bacillus, ktére posiadaja
zdolno$¢ biodegradacji weglowodoréw aromatycznych do zwiazkéw prostszych i mniej szkodliwych.
Dodatkowo gleba byta systematycznie napowietrzana, a odcieki zbierano i oczyszczano przy uzyciu no-
woczesnych technologii fizykochemicznych. Caly proces bylsicisle nadzorowany przez wyspecjalizowane
laboratoria i dokumentowany w celu zachowania pelnej transparentnosci oraz zgodnosci z wymaganiami
prawnymi. Wyniki koricowych badan potwierdzily, ze poziom zanieczyszczen zostalobnizony do wartosci
bezpiecznych dla zdrowia i Srodowiska, co umozliwito przystapienie do wtasciwych prac budowlanych
i aranzacji terenu. Sam projekt architektoniczny Arkadii od samego poczatku zaktadat potaczenie funkcji
handlowych, ustugowych i rozrywkowych z elementami ekologicznymi i przyjaznymi dla mieszkaincow.
Oproécz rozbudowanej oferty sklepéw i punktéw gastronomicznych, na terenie obiektu przewidziano
liczne udogodnienia, takie jak przestrzenie wypoczynkowe, pasaze o charakterze miejskim, a takze
imponujacy zielony dach, ktéry pelni wiele waznych funkcji srodowiskowych. Dzi¢ki niemu mozliwe
jest m.in. retencjonowanie wody opadowej, ograniczenie efektu miejskiej wyspy ciepta, poprawa jakosci
powietrza i redukcja hatasu docierajacego do wnetrza budynku. Centrum Handlowe Arkadia jest row-
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niez przyktadem efektywnego wykorzystania istniejacej infrastruktury komunikacyjnej. Usytuowanie
gléwnego wejscia przy rondzie Zgrupowania AK , Radostaw” oraz tatwy dostep do linii tramwajowych
i autobusowych sprawiaja, ze obiekt jest dobrze skomunikowany z reszta miasta, co redukuje nat¢zenie
ruchu samochodowego i sprzyja ograniczeniu emisji spalin. Dodatkowo rozbudowany parking podziemny
minimalizuje konieczno$¢ parkowania pojazdéw na powierzchni, co pozwala zachowaé wigcej przestrzeni
dla pieszych i zieleni. Z urbanistycznego punktu widzenia, Arkadia stata si¢ waznym impulsem dla
rozwoju pétnocnej czesci miasta, wplywajac na poprawe jakosci zycia mieszkaricow i wzrost atrakcyjnosci
okolicy zar6wno dla inwestoréw, jak i dla nowych mieszkaricow. Dzi$ ten rejon Warszawy to nie tylko
miejsce zakupdow, ale takze przestrzen spotkarn, rekreacji i aktywnoSci kulturalnych. Przyktad Arkadii
pokazuje, ze rewitalizacja terenéw pokolejowych i poprzemystowych wymaga zintegrowanego podejscia,
faczacego nowoczesne technologie remediacji, staranne planowanie przestrzenne, odpowiedzialne projek-
towanie architektoniczne i $cista wspétprace z organami administracji publicznej. Inwestycja dowodzi, ze
nawet mocno zdegradowane tereny mogg stac si¢ przestrzeniag nowoczesna, funkcjonalng i przyjazng dla
ludzi oraz Srodowiska, jesli tylko odpowiednio si¢ je przygotuje i zagospodaruje. Podsumowujac, Arkadia
jest przyktadem udanej rewitalizacji, ktéra moze stuzy¢ jako wzorzec dla innych projektéw zaréwno
w Polsce, jak i poza jej granicami. Udowadnia, Ze inwestycje na terenach wymagajacych specjalistycznego
podejscia Srodowiskowego sa mozliwe i optacalne, a przy tym przynosza wymierne korzysci spoteczne,
gospodarcze i ekologiczne. W dobie wzrastajacych oczekiwarn dotyczacych zréwnowazonego rozwoju
miast oraz dbalosci o jako$¢ zycia mieszkaricéw, takie projekty jak Arkadia wyznaczaja kierunek,
w ktérym powinny podazaé kolejne inwestycje urbanistyczne.

Niniejsze opracowanie w znacznym stopniu powstalo w oparciu i przy wykorzystaniu pozycji pt. ,,18.
CENTRUM HANDLOWE ARKADIA W WARSZAWIE, NAJWIEKSZE CENTRUM HANDLOWE
W POLSCE I W UE, MATERIALY DYDAKTYCZNE Dla studentéw I i II stopnia szkétinzynieryj-
nych, politechnik, studiéw podyplomowych oraz poczatkujacych menedzeréw budownictwa. TOM IV
L, UWARUNKOWANIA SRODOWISKOWE PRZY REALIZACJI PRZEDSIEWZIECIA” dr inz. Janusz
Sobieraj, Warszawa, kwiecien 2024 r.”
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