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THE RELEVANCE OF SOILS AND SOIL SCIENCE TOWARDS REA LIZATION
OF THE UNITED NATIONS SUSTAINABLE DEVELOPMENT GOALS

Luca Montanarella

European Commission, Joint Rewearch Centre, Italy

KEYWORDS
Soil, sustainable development

ABSTRACT

Soil science, as a land-related discipline has mapo links to several of the SDGs which are dertrated

through the functions of soils and the ecosystemices that are linked to those functions. Theolwihg steps
are to be taken by the soil science community wh@e: (i) Embrace the UN Sustainable Developmeral§

as they provide a platform that allows soil sciemeedemonstrate its relevance for realizing a $ushkde

society by 2030. (ii) Show the specific value of soience: Research should explicitly show howgshnodern
soil information can improve the results of intemd trans-disciplinary studies on SDGs related aod f
security, water scarcity, climate change, biodifgdess and health threats. (iii) Given the intgre nature of
sails, soil scientists are in a unique positionake leadership in overarching systems-analysexagystems;
(i) Raise awareness of soil organic matter aseg &ttribute of soils to illustrate its importantm soil

functions and ecosystem services; (iv) Improvetthasfer of knowledge through knowledge brokerdhvait
soil background; (v) Start at the basis: educatipnagrams are needed at all levels, starting imgry schools,
and emphasizing practical, down-to-earth examplg$; Facilitate communication with the policy arebg

framing research in terms that resonate with paditis in terms of the policy cycle or by considgririvers,

pressures and responses affecting impacts of laedchange; and finally (vii) all this is only pddsi if

researchers, with soil scientists in the frontlinesk over the hedge towards other disciplinegshtoworld-at-
large and to the policy arena, reaching over tetidirst, as a basis for genuine collaboration.

ADDRESSING THE SUSTAINABLE DEVELOPMENT GOALS

The broad Sustainable Development Goals (Tableeljrdended to be a guideline for all governmems&
Goals are mainly socio-economic in character (@epls 1,4,5,8,9,10,11,16,17) while others focusartjeon
the biophysical system, in which soils play a clede (e.g. Goals 2,3,6,7,12,13,14,15).

It is important to recognize that for most SDGsréhis no direct linkwith soils.Rather, soils cdmite to
general ecosystem services, defined as “servicesdiety that ecosystems provide” which requirepeoation
between different disciplines (e.g. De Groot et 2002; Dominati et al., 2014). Ecosystem Serviopsibute
to nearly all land-related SDGs, either directlyirdirectly. Tablel shows ecosystem services ag déne now
recognized in the soil literature(e.g.Dominati bt 2014).The question can be raised as to howtinpsoil
expertise can be most effective when defining estesy services. A logical way to consider soil cittions
to interdisciplinary studies on ecosystem serviseto consider the seven soil functions, as defibgdhe
European Commission (EC, 2006) (Table2). Thus, @eraiional sequence is defined starting with th&&SD
next considering relevant ecosystem services aactdmtributions that the soils can make to imprthase
services (see also Fig. 1). Most applied soil stsidtan be expressed in terms of their relevance for
certainSDGs, also indicatingwhichecosystem seriéresassociated soil functions play an importalg. Tdis
new possibility for framing soil studies,offers apportunity to increase the visibility and recognit of the
work in soil science as a much wider audience isgaddressed.

A clear framework linking SDGs, ecosystem servigad soil functions will also pave the way towardnare
relevant contribution of the soil science community on-going major global and regional ecosystems
assessments related to land and soils. The mogtusbexample is the currently on-going Land Degtiada
and Restoration Assessment (LDRA) of the Intergowvemtal Platform for Biodiversity and Ecosystem
Services (IPBES), planned for final release inye&018 (Montanarella, 2015). Similar to IPCC, these
assessments by IPBES will be the main scientifferemce for future policy development on terrektria
ecosystems at global, regional and national scale.



Overall, we should acknowledgethat services areigeal by nature, and that human efforts shoulddemed

by the realisation that every ecosystem has its, oetraracteristic dynamics and thresholds.Sustagnabl
development can only be achieved when taking ictmant processes,feedbacks and thresholds in the ec
system.

Tab. 1. The UN “Sustainable Development Goals” for thaque2015-2030.
((http://sustainabledevelopment.un.org/focussdgg)htelated to ecosystem servicgs and soil funstias discussed.)
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1 | End poverty in all its forms everywhere X X X X 15
End hunger, achieve food security and impro
2 ” : . X X 1,2,4
nutrition and promote sustainable agriculture
3 Ensure healthy lives and promote well-being foaal X x| x| x| x| x 1,2,3,
all ages 4,57
4 Ensure inclusive and equitable quality educatiod X | 7
promote lifelong learning opportunities for all
5 Achieve gender equality and empower all women and
girls
6 Ensure avalla_blllt_y and sustainable managemen x| x X X 2
water and sanitation for all
7 Ensure access to affordable, reliable, sustainae % | x 156
modern energy for all
Promote sustained, inclusive and sustaine 125
8 | economic growth, full and productive employmeg X | X | X 6' =
and decent work for all
Build resilient infrastructure, promote inclusivedan
9 . . S X : X | X 2,45
sustainable industrialization and foster innovation
10 | Reduce inequality within and among countries
1 Ma!<_e cities and human settlements inclusive, safe, % | x 245
resilient and sustainable
12 Ensure sustainable consumption and produc % | x x| X | X 12
patterns
13 | Take urgent action to combat climate change and its X X 26
impacts
14 Conserve and sustainably use the oceans, sea
marine resources for sustainable development
Protect, restore and promote sustainable use of
terrestrial ecosystems, sustainably manage fore 1,2,3,
15 combat desertification, and halt and reverse Ia?osl X XXX XXX X XX 45,6
degradation and halt biodiversity loss
Promote peaceful and inclusive societies
16 sustalnable_developr_nent, provide access to_JuEIrc X X X X 47
all and build effective, accountable and inclus
institutions at all levels
17 Strengthen the means of implementation and rexétahe
global partnership for sustainable development




Tab. 2. The seven soil Functions (SFs) as defined by tlreffean Commission (EC, 2006)

Biomass production, including agriculture and famest

Storing, filtering and transforming nutrientsbstances and water

Biodiversity pool, such as habitats, species anégen

Physical and cultural environment for humans launtian activities

Source of raw material

Acting as carbon pool

~N o |0~ WN

Archive of geological and archaeological heritage

Fig. 1. shows six major global issues, each of which esl& one or more of the SDGs: (i) food securityhiman health;
(iii) land management, including land restorati¢i) water security; (v) climate change, and (Mddiversity preservation.
Source: Keestra et al.,
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ABSTRACT

Starting during the1980ies European countries dgeal contaminated land policies nationally. Through
CLARINET a coordinated action funded be the Europ€ammission the commor®3jeneration concept has
been developed and is still well recognised as Ba&ed Land Management. The focus of discussiorthen
proposal of Union’s Soil Framework Directive froi@6 onwards inhibited further evolution in conceptsl
approaches. However during the same period Europedinies, perspectives on remedial objectives and
integrated solutions in water and land managembahg@ed reasonably for not only getting cost-eféecti
solutions but moreover to target resource efficyeaed sustainability. The need to meet new chadierzalls

for discussing how to reframe and develop a pdiieynework encouraging innovation in contaminateuila
management.

INTRODUCTION

By 2014 the proposal Draft Soil Framework Directhas been withdrawn. Still it is important to reoisg that
the European Commission emphasisetiémain committed to the objective of the protestimf soil and will
examine options on how to best achieve thix] C 153 of 21 May 2014).

In order to contribute to a European debate ComkRwynm on Contaminated Land aims to clarify concepis
map how to make environmental protection, “riskgida“sustainability” complementary in managing
contaminated land (the soil-sediment-water-systenh its services). Developing common ground for & ne
frameworkwill also be challenged to address varigesgraphical and time scales, from site to regairshort,
medium and long terms.

EVOLUTION OF CONTAMINATED LAND POLICIES

Historically land management was governed by the thlaat land and in particular soil is a privat®merty.
Like spatial planning schemes alsosoil protectiamiworks in Europe started to get developed &medtor
at regional level. Legislative issues usually wiategrated into other sectoral policies and sutéro$tarted by
focussing on agriculture for maintaining fertilélsdo grow food and feed.

During the early 80ies of the ®@entury environmental scandals due to serioushuted sites started to
receive broad public interest (Ferguson, 1999)ellikkkerkerk in the Netherlands, a former landéllised for
housing but containing hazardous wastes, severabpan countries started national programs on site
remediation seeking a maximum risk control. TheSgdneration policy frameworks also involved systtma
approaches for developing national inventories pnutocols. Remediation was advised to clean-ups site
completely and restore “multifunctional” nearbygtime sites but frequently resulted in high puldicprivate
expenditures.

During the 1990ies a"% generation of policies developed possibilities émhancing cost effectiveness by
stepwise (tiered) approaches in investigation dskl assessment. Furthermore land use considerations
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improved understanding on fate and transport ofaznimants, and exposure assessment in human hiskdth
assessment became more important for preparingidecnaking.

So far the last and®step in policy framing for Risk Based Land Managem(RBLM) was suggested by
CLARINET (Vegter, Lowe, Kasamas,Eds.; 2002). Reésigg socio-economic development of European
societies, increased competition on soil resoua@s anticipating the relationship between soil avater
managementneeds for a better integration with apatanning became evident. Accordingly CLARINET
aimed to go beyond soil protection and turned disimins towards the tertand as a general spatial concept
referring to any geographical area such as a siteregion, and integrating physical componentshsassoil
andgroundwatebeneath the surface of the land. In reframing amagement two key features were addressed:
- The time frame and requirements of assessing rigiarities and long term effects of particular
choices
- The choice of solution in assessing overall besefibsts and environmental side effects, community
views and other issues

Considering the three pillars of RBLM (see fig. fifpess for use and protection of environment dbscthe
goals in relation to a safe use of land, long-teame allows for flexibility how to achieve theseatm

RISK BASED
LAND MANAGEMENT

40 NOILD31Odd
YD WHAL-SNOT

2
Z
S
2

~ INJANGCHIANT

=

= OF SOLUTION

Fig. 1. The architecture of Risk Based Land Management (Velgteve, Kasamas, Eds.; 2002)

THE EUROPEAN POLICY FRAMEWORK IN PLACE

The general policy framework at European level basn provided through the Thematic Strategy fot Soi
Protection[COM(2006)231], which in its origin addsed four lines of action (pillars), namely awas=ne
raising, research, integration into other policasd legislation. The proposal for a Soil FramewDikective
was set out at the same time. However, being eemafttdebate for more than 7 years this legislapineposal
was withdrawn in 2014(0J C 153). Nevertheless themain three lines of action, which have been ting
through various initiatives.

Awareness raising was a particular objective thhoug the International Year of Soils in 2015. Imtdgng soil
protection to other policies has been a permaniénit €onnecting the topic e.g. to industrial idkEtHons by
adopting the adopted Industrial Emissions Direc{i&D, 2010), which improved provisions to ensurattthe
operation of an installation does not lead to eefil@tation in the quality of soil (and groundwatemd
introduced an obligatory soil status report aseaqqusite for permitting industrial activities.

Besides legislation also integrated environmentalicp like the Roadmap on Resource Efficiency
(ICOM(2011)571]) and the"7Environment Action Program (EAP, 2013) kept emjiiag soil protection and

a communication of the European Commission on fandider preparation.Outlining how Europe's economy
shall be transformed into a sustainable one by 20f0the Roadmap started shifting attention thairemment
should be understood in terms as being our natmpital providing for ecosystem services and finall
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economic prosperity. As fand and soilghe major objective is reducing the rate of lasketand achieving no
net land take by 2050. Thd" EAP set out 10 priority objectives and underpintteat Europe keeps aiming to
protect and the Unions’s natural capital as wellt@gurn into a resource-efficient, green and cditipe
economy.

Finally being part of European Cohesion Policy ah&3.1 billion were allocated in the period 2022 to
rehabilitate industrial sites and contaminated Jamdich meant more than 6 % of planned EU investmen
under the Environment theme.

NEEDS TO MEET NEW CHALLENGES BY A 4 " GENERATION POLICY FRAMEWORK

During the recent years new challenges like climetange, a world-wide financial crisis, shortagés o
resources and energy, economic recession, migratidmew social uprisings became major driversotity.

As a consequence also the focus of environmentaig®is turning again, questions how to balaneepte,

the planet and profit are under debate again amstdmability” is getting a key-word.

In terms of remediating contaminated land firstdpg&ran documents providing frameworks have alreaaynb
issued by the UK Sustainable Remediation Forum EBSUWR, 2010) and the Network on Industrially
Contaminated Land in Europe (NICOLE, 2010). In gahthere is a serious indication for a need ofl&ian

in contaminated land policy framing. At the one ¢hanmeans to keep on broadening the integratioristf
assessment, spatial planning, soil and water mamagte On the other hand future decisionshow to g@ana
land need to consider new common policies (e.gtatheble use of natural resources; EU climate areigy
targets) andwider socio-economic issues. Accorglingtk assessment, investigating and understanding
environmental impacts and risks aims to preparé wilrmed decisions, and land management, whichnmee
designing and implementing actions to reduce negatbnsequences and balance benefits, may strive fo
improving its sustainability.

Tab. 1. Contaminated Land Management 2020 - complementaryeqis for informed decisions and better solutions

SUSTAINABILITY

Origin / use economy/scienceg  ecology/policy
based on mental construct| ethical construct
Objective transparency fairness
Importantelements 0 singleta 0 multi-

rget objective

o] account 0 interdepend

ability ency

o] effectiv 0 efficiency

eness
Question Shouldweact? Howcanweact?
Supports betterdecisions betteraction
Strategy preventorlimit synergy

WHAT WE NEED TO ENHANCE

Given the background of environmental, economic smtietal development and new policy directionsirfeit
contaminated land management will need to turfoitsis from stand-alone site solutions to integratesjects
crossing geographical and time scales (site torew globe; short-, mid- and long-term), which taiored for
matching human needs to natural resources andajtecities of land. Key principles should be to poting
synergies and avoiding irreversibility.Improvingwgonance will be needed and with regard to contatath
land management involves two lines of frames:
. 1st line of governance: improving risk governancestipport risk-informed land management at the
relevant scale (e.g. municipality, river basin tevaatchment, etc.);
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« 2nd line of governance: introducing stewardship prmject governance to support sustainability of
contaminated land remediation and management.

To address future demands and imprtarel managementowardssustainabilityinnovation in environmental
project governance will need to be discussed andeyo
- fairness and appropriate consultation processes to fagilita possible consensus of involved
stakeholders,
e transparencyof generic policy principles and reasonings asl aslsite-specifically derived criteria
supporting decisions at the project level,
« efficiencyin conducting measures and meeting risk reductoaisy

Alongside another line of improvement for conveyingre sustainability in the general framework woloédto
open the discussion on the risk acceptance antahbili¢y which has a huge impact on the risk cadtiohs
prescribed by the regulators to the liable parties.

SUSTAINABILITY IN LAND MANAGEMENT

Referring to the three pillars of sustainabilityedsfig. 2) it will be crucial to discuss and clgri$pecified
objectives. Environmental sustainability sets aut(f) protecting environment and humans agairsitsrion the
long term, (ii) reducing emissions and footprintsland remediation and management and (iii) avgidin
shifting of problems and unacceptable trade offar®®mic sustainability asks for (i) decreasing direosts
amd increasing benefits (decoupling and“factor éjpcts), (i) rising property values and (iii) pessible
finance mechanims throught a project lifespan. i¥sing social sustainability is still a rather nd@main in
contaminated land management, although it implicitas already been discussed with regard to brievast

v SUSTAINABLE:
SOCIAL + fair
Sustainability + transparent

+ efficient

/

/
EQUITABLE | | BEARABLE
IS

ECONOMIC vissLe ECOLOGICAL
Sustainability Sustainability

Fig. 2. Sustainability — balancing society, environment andnomy

Sustainability cannot be quantified in absolutenerConsequently, stakeholder engagement is criac&@isure
that a sustainability assessment minimises unodigai in its consideration of project-specific issuand
concerns at all stages of remediation (projectar@terisation, planning or project design). Thisves

stakeholders to provide their perspectives on #lante of potential impacts and benefits. In additontrol,
or feedback, is integral to informing better landnmagement decisions (Joint Position Paper Commami-e

NICOLE, 2013).

Summarised, our societies and future projects meseinformed and sustainable solutions for contaated
land management and call for discussions how teldpva 4' generation policy framework.
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ABSTRACT

A country’s Contaminated Land Regime (CLR) is tla¢ional regulation applicable to the polluted lami/or
groundwater. CLR is one of the few areas of envitental law where detailed legislation is not incelat the
EU level.

Despite this, EU environmental law and EuropeanrCofiJustice (ECJ) case law address matters tleat a
relevant for national CLRs.

First, the Industrial Emissions Directive 2010/73/lBas important implications for the identificatiof the
remediation targets, as it requires the redactfom Baseline Report. This report needs to desdhibestate of
soil and groundwater at the beginning of the ati¢igj so as to allow for an assessment of the @saogcurred,
if any, upon their definitive cessation.

Second, the ECJ has generated important case lalnedfnvironmental Liability Directive 2004/35/Ce&hich
indirectly influences the allocation of the remeitia costs. Traditionally, such case law posed wmle
burden of the remediation on the responsible partly. A 2015 decision has, however, taken a differe
direction, allowing the States to impose remedgptibligations also on site owners which have nosed the
pollution.

Given this context, the question this paper aimaddress is whether and to what extent national CafRhe
Member States are receptive to the developmerit®iiU legislation and case law outlined above

INTRODUCTION

A country’s Contaminated Land Regime (CLR) is tla¢ional regulation applicable to the land, subaail/or
groundwater polluted by substances that can cagséfisant harm to the health of the environmentadr
organisms living therein. Such regulation usuafitaéds a set of rules aimed at deciding whethemtleationed
pollution or significant harm are in place or ca&agonably be expected. These legal regimes alsedaiw
the remediation targets should be identified, whoutd pay for the clean-up, and which administeativ
procedures and monitoring should occur for thespgses.

CLR is one of the few areas of environmental lavemhdetailed legislation is not in place at the [Elkl.

Important policy decisions are thus left to thecdision of the Member States. Arguably, the mogiartant of
these decisions concerns the allocation of thedyuethd costs of remediation. Several CLRs fluctbateveen
fully adhering to the polluter-pays principle oretbne hand, and mitigating it through the stewapdgtinciple

on the other. The polluter-pays principle estalgisshhat only the polluter should pay for the reragdi.

Consequently, if the polluter is not found or ig imothe condition to pay, either the remediatisrfunded by
taxpayers or it does not take place. On the contemcording to the stewardship principle, the amder —
even when not responsible for the contaminationculsl pay for at least part of the remediation.

Despite the lack of a general European frameworkarttaminated land law, EU environmental law and EC
case law regulate and address matters that anantléor the drafting, interpretation and implenagian of
national CLRs. Examining this matter might conttéoto the development of policy recommendationsttier
EU soil strategy, with a view to turning economievdlopment and environmental protection into two
compatible imperatives.
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EU LEGISLATION (DIRECTIVES AND PRINCIPLES)

As for EU legislation, the impact of both EU diiges and principles on the national contaminatad la
regimes should be taken into account.

To this end, the most relevant Directive is theergcindustrial Emissions Directive 2010/75/EU (IEDY)
introduces a new obligation, namely the redactiba Baseline Report. In order to ensure that theratjon of
an installation does not deteriorate the qualitysof and groundwater, the industrial operatoreiquired to
produce a Baseline Report describing their staterder to assess possible changes upon defigitissation of
the activities. The obligation to produce a BaselReport introduces the duty for the operator oéetivity to
investigate and disclose the contamination of and groundwater, if any. Depending on the featoifethe
specific national CLR, such mandatory disclosure ganerate remediation obligations for differenttipa,
which would otherwise have arisen much later, draiall.How is the Baseline Report obligation bshed
by the IED being implemented by the Member Stafesfdrding to the IED, an increase in the pollutievel
triggers the obligation to return the site at le@asthe state described in the Baseline Report. édew the
features of the remediation obligation as a whoéeret defined by the IED, but rather left to thecdetion of
the Member States. What is peculiar here is ttaB#hseline Report will interfere with the CLRs kguiring
the enactment of an administrative procedure umfat European level. National legislation and glinds
implementing the Baseline Report obligation do take explicitly into account its inevitable linksitiv the
national CLRS A similar approach was adopted by the Europeamr@igsion Guidance concerning baseline
reportd. However, it is likely that the (European) implettation of the Baseline Report will gradually help
shape a more consistent (national) CLRs.

Some EU principles are also important to intergimetnational CLRs and have been repeatedly invidekis
end. The best known principles that come into atersition are the polluter-pays principle, the stelship
principle, and the precautionary principle. Howevaso the recently proposed “principle of envir@mtal
harm” is likely to assume growing importance, akey tool aimed at homogenising the interpretatién o
environmental law. All these principles do not Basionverge towards a simple and consistent reigulat
While the polluter-pays principle traditionally ptiite whole burden on the polluter alone, the othentioned
principles (stewardship principle, precautionaryng@iple and principle of environmental harm) do lyna
partially different approach. As we will see in thext paragraph, the Courts’ interpretation of ¢hpenciples

is playing a decisive role in nudging the natio@aRs towards a more uniform approach.

ECJ CASE LAW

As forECJ case law, for the purposes of this papermost relevant decisions pertain to the Enviremia
Liability Directive 2004/35/EC (ELD).

Three important 2010 decisions are related to titns where there was an ongoing remediation of a
contaminated area that had been polluted by wasteithg (ECJ decisions of 9 March 2010; Cases C&®/8/
C-379/08 and C-380/08). Despite the fragmented! Isgenario they had to deal with, the 2010 ECJsilets
overall suggested an interpretation of the ELD Wwipcashes the Member States towards a rigid apiglicaf

the polluter-pays principle in the allocation opensibility.

A more recent decision has, however, taken a $liglitferent direction. In 2015, the ECJ has defeed that,

in circumstances where it is impossible to identihe polluter or to have that person implement the
remediation, EU law precludes national legislatitom not requiring the landowner to take on at least part o
the burden of remediation (ECJ of 4 March 2015 &J Ease C-534/13). The Court, deciding in relatiothe
Italian CLR, concluded as follows:

“Directive 2004/35/EC ... on environmental liabilitysh be interpreted as not precluding national lé&gisn
... Which, in cases where it is impossible to idgrtif polluter of a plot of land or to have thatrsmn adopt

! For instance, in ltaly, according to art. 242 @fgislative Decree no. 152/2006, the obligation to
undertake the remediation arises as result of xbeegling of certain risk threshold values (CSR)mB@iation
obligations in relation with the Baseline Repontstead, depend on whether there has been a datenioof
soil and groundwater due to the industrial activity
> Commission“Communication from the Commission — European Cassioin Guidance concerning baseline
reports under Article 22(2) of Directive 2010/75/©d industrial emissions"COM 2014/C136/03.
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remedial measures, does not permit the competethiodty to require the owner of the land (who istno
responsible for the pollution) to adopt preventared remedial measures, that person being requireteiyn to
reimburse the costs relating to the measures ualert by the competent authority within the limittioé
market value of the site, determined after thosasmes have been carried tut

Contrary to its previous tendency to support adrigiterpretation of the polluter-pays principle sistently
advocated also in the Opinion of the Advocate Gani€okott), with this decision the ECJ gives nevesgth
to the stewardship principle. Although the decisiiows national CLRs not to force the ‘innocemthtiowner
to directly and fully implement the remediation,dbes imply a minimum standard of obligation foe th
landowner in cases where it is impossible to hawe remediation implemented by the polluter. In such
situations, the decision implies that the ELD nmhesinow interpreted as providing national CLRs waitbhoice
between the following two options only:

a) requiring the ‘innocent’ landowner to adopt fulepentive and remedial measures,
or, at the very least,

b) requiring the ‘innocent’ landowner to reimburse twsts related to the measures undertaken by the

competent authority up to the limit of the markatue of the site following the remediation.

In both cases, the burden imposed on the landovenesither heavy, as an application of the stewdpdsh
principle (as well as of the precautionary prineiphd of the principle of environmental harm) wordduire.

CONCLUSIONS
Three main conclusions emerge from this brief agialy

First, in Europe the national CLRs will probably deeeptive to the developments in the EU legistatiod case
law outlined above. This might even lead, at Iédastome member states, to a common, although ‘ionaiff
EU CLR, based on some common principles and a dHanguage. The standardization process will priybab
focus on the following provisional list of points:
i. how the CLR defines the system to be used in omenassify a land as contaminated (whether
according to a set of limit thresholds or a casedsge risk analysis);
i. how the CLR identifies the liable party (pollut@resent and ‘innocent’ landowner; past ‘innocent’
landowner(s); operator of the activity);
iii.  what criteria the CLR establishes for dealing witimtaminated areas where nobody voluntarily takes
up the responsibility for the remediation;
iv. what tools the CLR puts in place to identify themesliation targets, for both soil and
groundwater.

Second, despite an initial reliance on the pollpi@ys principle alone, recent developments in tbeckse law
have given increased prominence to the stewardphipciple. Hence, despite not explicitly regulating
contaminated land, legislation and case law atBbelevel have the potential to nudge the nationBRE
towards mitigating the polluter-pays through thewstrdship principle. Interestingly, some CLRs contales
which differentiate the public from the private lalemain, particularly in the crucial area of theeahtion of
the remediation costs. In the former, the stewapdgtinciple seems to prevail, whereas the lagetdminated
by the polluter-pays principle.

Third, contrary to what common knowledge of envirmmtal liability might suggest, both the ELD ane th
recent ECJ case law extend the application of réatied rules to three - rather than two - differ@atrties.
Apart from the polluter and the ‘innocent’ landowntihe ELD also refers to the operator, definedAbly 2(6)
as

“any natural or legal, private or public person wbperates or controls the occupational activity where this
is provided for in national legislation, to whomaieve economic power over the technical functigrof such
an activity has been delegated, including the holofea permit or authorisation for such an activity the
person registering or notifying such an activity.

According to this definition (which is very similé the definition of ‘operator’ provided by art.o8 the IED),
the operator does not necessarily coincide witheeithe polluter or the ‘innocent’ landowner. Itwld be very
interesting to analyse the operator’s legal obidyet as they emerge from this legislation and taseand are
being interpreted by the national CLRs.
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A NEW NATIONAL RISK ASSESSMENT FRAMEWORK FOR CONTAM INATED
SITES IN AUSTRIA — LAND-USE-SPECIFIC EVALUATION OF SOIL
POLLUTION AT HISTORICALLY CONTAMINATED SITESANDOL D
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ABSTRACT

The Austrian Standard ONORM S 2088-2 “Contaming®@ds — Part 2: land-use-specific evaluation of soi
pollution at historically contaminated sites and tndfills” is part of technical guidance in it8"2jeneration
which was adopted by 1. September 2014. Technippltoaches within the respective framework were
supposed to reflect state-of-the-art approache&urope, but should respect and meet expectations of
practitioners for pragmatic solutions as well. Tisfelt to be crucial for the acceptance of nevmagpts
towards a new legal framework for historically caminated sites. ONORM S 2088-2 is intended to jpi@vi
fundamentals (i) to evaluate results from fieldestigations and (ii) to perform a simplified initi@irst tier)
risk assessment in order to identify or excludesfids chronic effects on human health originatingf soil
pollution. With regard to the exposure pathway Fémiman” a classification of 5 different land usiss
suggested: playground (oral ingestion scenariokidemtial use (inhalative scenario), agriculturaida
horticultural use (inhalative scenario), recreationse (no predefined scenario) and industry, comeand
infrastructure (no predefined scenario). With relgr land use classes characterized by predefiferdree
scenarios soil screening values are provided. Auditly, ONORM S 2088-2 includes 4 Annexes provigfar
complementary information. Annex B summarizes def@ncluding data justifying exposure parametérsjyv
soil screening values have been derived matherfigitica

BACKGROUND

In Austria remediation of contaminated sites reterseveral laws (e.g. Water Act, Waste Managemeit
which were, at the time of origin, not intended feanaging historical contamination, but aimingraégrated
environmental protection and therefore refer to fiiecautionary principle. Up to now no national ilSo
Protection Act” exists, however some provinces H&al Protection Acts” in place. Under the “Contisuaited
Sites Remediation Act” (ALSAG; enacted 1989) tapeswaste are raised with the objective to finance a
fund remediation of seriously contaminated sites.

The Austrian Standard ONORM S 2088-2 (issued 20@@) the first to describe a general protocol armkge
criteria like trigger and intervention values fayntaminated soil. These screening values can kerded as
conservative. By 2011 Environment Agency Austriablmhed the first technical guidance document
(Reichenauer et al., 2011) on site-specific humealth risk assessment (HHRA) for contaminated .sites
consequence it became also necessary to revigetiegal protocol provided through ONORM S 2088-@ &n
debate the aim and derivation processes fortriggieies.

THE DISCUSSION PROCESS

Alreadyin 2008 a shift in environmental policy foistorically contaminated sites was discussed. Assaltthe
Austrian Environment Ministry published a policypga defining new key objectives for contaminatei@ si
management by 2009. In consequencerisk assessmeded to turn towards a site- and land use specific
approach.. In 2011 Environment Agency Austria dithed its guidance on “Exposure assessment akd ris
analyses for contaminated sites” (Reichenauer,tTal.e 2011). Complementary a revision of the Aiastr
Standard ONORM S 2088-2became necessary.In adaptgngandard towardsland-use specific risk evialnat
for contaminated soil,its trigger values were dediwith reference to generic exposure scenariosratichte a
negligible intensity of soil contamination, whichrcbe regarded as “generally acceptable risk”.
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Duringthe period from 2009 until 2013 relevant staddder groups were involved to the discussion ggsdor
identifying relevantland use classes, exposurepatensiand scenarios forsettingtrigger values.Ab#ginning
of the discussion process 4 land use classes dJiviesidential use, agriculture and industry) wageeed.
However, later on a fifth land use class (playgd)uwas added. This was less due to a technicainag, but
simply mirrors a generally high societal sensifivitvhich asks for preventing and minimizing contaamt
exposure of children.

LAND USE CLASSIFICATION

In characterizing and evaluating soil contaminatéond impacts on human health and ecosystems (figll 1
data and knowledge of the site need to be usedeseribing a holistic Conceptual Site Model.As veaVeral
chemical and physical processes like adsorptiosoraiion, dispersion, diffusion and degradatiotuierfice the
distribution, accumulation and finally contaminamposure.

Site characterisation

= soil and groundwater

» future land use scenarnos
— ConceptualSite Model

i Further

Evaluation investigation
= gnvironmental guality of soil, |e.g. site-
water resounces and air specific

» impactson humanheakhand EXpOEUNE y

ecosystams assessment)

[

Risk Analysis uncerigin
acceptable?
yes
frigh wnlikaly)
yes (unacceptable risk fixely)

Reporting and Management

documentation = decontamination * monitoring

— nofurther action ® containment ® |and userestrictions

Fig. 1. contaminated sites — characterisation and evaluaifosoil contamination and impacts on human heahid
ecosystems.

The Austrian Standard ONORM S 2088-2 in itsetlition 2000 had established trigger and inteivantalues
for a generic assessment on oral contaminant expasily. Furthermore this had been focused to ptaywds
and residential areas, although aspects on condamirptake by plants were included as well. Inedéfce the
2" edition of the standard sets out for differentdiarse classes and for a prescribed generic riskaisap
characterized by land-use specific reference seenar

Finally land use classes are additionally char&tdrby typical activities (e.g. indoor inhalatiagardening,
agricultural work), with each having a different aad combination of exposure pathways, which @brral,

inhalative or dermal contaminant exposure.

ESTABLISHING GENERIC EXPOSURE SCENARIOS

In line with the policypaper published by 2009 amith respect to its key objective for site- anddarse-
specific risk assessment, it became necessarwiseréhe entire concept of the standard and toacharize
land-use-specific reference scenarios.As a firsulteof expert to stakeholder discussion some gdner
assumptions were agreed:
. It was decided not to use modelling approachescantplex scenarios combining different exposure
pathways, but to derive land-use-specific triggaugs according to a sensitivity test for identifyi
a most relevant activity and exposure pathway.
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e To recognize exposure by multiple contaminant sesitbe additional contaminant exposure by soil
contamination is limited by 20 % of the acceptatddy intake (ASI).
e The process of deriving trigger values needstadmesparent and reproducible by a documentation of
any alogarithm or exposure parameter.
« Accordingly referring to new scientific data anyokviedge based amendment for the generic reference
scenarios is feasiblein using the standard on idetenm.
With regard to the land-use class “playground” #posure pathway “oral soil ingestion* by children
wasconsidered dominant, whereaswith respecttocieasios “residential use” and “agricultural usefialation
of dust proofed most sensitive.Finally for a fewamic contaminants (dioxins and benz(a)pyren) deupizake
was considered crucial and most sensitive.

DEFINING EXPOSURE PARAMETERS

In characterizing generic reference scenarios bibenparameters are defined by national statistitzth and
the choice of sensitive data (e.g. 5% percentitebfly weight) reflects a conservative approachfokgime
budgets, which are defined by the frequency of @ivity and its duration of exposure, no robustrehces
could be identified. Therefore it was a matter apert to stakeholder discussion to establish exgosu
parameters (e.g. 90 days a year that a child pddya playground). Any other exposure parameters lik
substance ingestion rates or soil-plant transfezsrare referenced by recognized sources and rebiasttific
literature. Toxicological reference values were sgo from renowned international organizations like
WHO.

Defining exposure parameters for reference scemariought about that the user group and annualliudgets
for 2 land use classes (residential and agriculuse) were equal. Combined to the predefined agomthat
inhalation of dust had been identified being thestmgensitive exposure pathway,the results in caticig
trigger values for both land use classes were iicknfsee table 1, column 2).

PLAUSIBILITY TESTING

As a follow-up in establishing generic referencersrios and defining exposure parameters, triggéres
were calculated and the results finally became themaf expert discussion and plausibility testoemsidering
» acontrol and comparison against background vahetsonal data on agricultural and urban soils),
 trigger values from other European countries (Ge€lo, (ed.); 2007)
« complementary national legislative documents BAWP; “Federal waste management plan”, 2011),
* bioavailability data, and
e data on carcinogenic potentials for different metgecies.
In general for the most parameters the resultsgddr value calculation were confirmed. For a feavameters
(e.g. As) plausibility testing and expert discussioesulted in decisions for adapting trigger value

CONTAMINANT MIXTURES

As organic contaminants like PAH or PCB in practimi#éen are represented and expressed by a sum of
reference substances, trigger values were simgligetbaccording to a review of already existingger values
defined by national or European documents. In @algr with respect to TPH (total petroleum hydrdcas)

the trigger valuefor “playgrounds” (see table 1)smeither derived toxicologically nor referencedditmer
existing trigger values, but simply representsitttention that society is interested and willingpimvide for

not only a safe but a clean environment for chitdre

Tab. 1. Trigger values according toONORM S 2088-2:2014 —ganative summary (tables 1, 2 and 3)

) ) Trigger value
Parameter Dimension - - -
playground | residential* |agriculture**
Antimony mg/kg 5 60 2
Arsenic mg/kg 20 50 20
Lead mg/kg 100 500 100
Cadmium mg/kg 2 2 0,5
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) . Trigger value
Parameter Dimension : : -
playground | residential* | agriculture**
Chromium mg/kg 100 75 100
Cobalt mg/kg - - 50
Copper mg/kg 100 500 100
Molybdenum mg/kg - - 2,5
Nickel mg/kg 70 - 100
Mercury mg/kg 1 10 0,5
Selenium mg/kg - - 1
Thallium mg/kg - - 1
Vanadium mg/kg - - 100
Zinc mg/kg - - 300
Fluoride mg/kg - - 200
Cyanide mg/kg 5 - 5
TPH mg/kg 50 - 200
PCDD/F ng TE/kg 50 600 10
PCB mg/kg 0,2 2 0,1
PAH mg/kg 4 10 2
Benz(a)pyren mg/kg 0,1 0,5 -

* residential (e.g gardening) or agricultural usiée-specific risk analysis
** further investigation of contaminant uptake bamt

TPH ... Total Petroleum Hydrocarbons

PCDDI/F ... dioxins and furans

PAH ... polycyclic aromatic hydrocarbons (16 refesabstances)
PCB ... polychlorinated biphenyls (7 reference subsshc

In general trigger values regarding the land-uss<cl'playground” reflect low risk acceptabilityastiingent
limitation of contaminants. Hence as for the par@mehromium in comparison the land use class degdial
use” provides for a lower trigger value. Backgrousdhe fact that human health is more sensitivaires
chromium exposure via the exposure pathway “inf@aiéhan by oral ingestion.

In comparing trigger values provided in table léeds also to be recognized that the third colunctudes
trigger values for limiting contaminant uptake damis in agricultural production.

INDUSTRIAL AND RECREATIONAL LAND USE

Discussions regarding reference scenarios andidgfexposure parameters for industrial and reaveatiland
use indicated, that several exposure parameteiialgto show a high variation (e.g. dust dep&wgdsurface
conditions, climate and activities). Furthermoréerence scenarios and exposure parameters defmedh i
iterative process according to the results of exfestakeholder discussions resultedin triggeues| which
generally would have allowed for comparably higtemsities of contamination. Due to the fact, thdtaid not
been possible to characterize consistent referscerarios the expert discussion resulted in a idecithat a
derivation and tables of generic trigger valuesifidustrial and recreational land uses would noajygropriate.
However ONORM S 2088-2provides by its appendix @edoasic information how to characterize exposure
scenario site-specifically.

MANAGING SOIL QUALITY — A SAFE OR A BETTER PLACE?
How clean is clean? This question cannot be ansinayea standard. As there is no simple answeretisan
open stakeholder dialogue for establishing effecttoil management procedures and guidance documents

Moreover acceptance by involved stakeholders ial.viln contaminated land management standards or
guidance documents should providescientific andrieal knowledge ready for informing all interestzatties.
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The revised ?' edition of ONORM S 2088-2 allows for different ks of contamination with respect to land
use. This fact indicates that general acceptanceis&finformed decision is growing.However not only
playgrounds for children butany residential usdaof likely involves a high personal interest ofrars and
residents. Citizens usually not only want a “sgikce (without serious risks) but a “good” placerthdiving

to. Whereas site-specific exposure assessmentisih@dmalysis may help to limit contamination fof'safe”
place, ONORM S 2088-2 aims on good soil quality amcbducing its trigger values as target valuassite
remediation will as well support creating abettédsicp, without use restrictions or long-term maiatee
efforts.
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ABSTRACT

The risk assessment occupies a special place liteg@lation enforced in Wallonia since 2008. #shto be a
useful tool to help in decision-making to answes tfuestions: does the soil quality match with theent or

the future land-use? If remediation works are negfljiwhat levels of clean-up need to be reached?

SPAQUE, in charge of many abandoned polluted siwas, proposed a tiered-approach risk assessment
methodology, offering flexibility, rapidity or/andccuracy, depending on the environmental situatidns
methodology, described in the Good Practice Guidanpsists of 3 levels of risk assessment, from
aneasycomparison with screening values to an astigabpecific assessment. Then, examples of rextiedli
costs calculated for several polluted sites sugpdnly SPAQUE are shown. At last, someimprovemeintpon

the risk assessment field are presented, explaitiiag risk assessment cannot be considered aszanfro
framework but improves thanks to new scientificad&eeping in mind a sustainable remediation.

INTRODUCTION: ROLE OF SPAQUE AND SOIL LEGISLATION | N WALLONIA

SPAQUE is in charge of remediation of abandonedupes sites in Wallonia, the French-speaking pdrt o
Belgium, in order to return the land to economasetivities. Thanks to European and regional fulsiBAQUE

is able to follow the remediation of 50 sites. Fra@01 to 2016, 24 sites - 602 ha - were cleaneBAQUE
was also in charge of developing the risk assessmethodology for the Walloon Government, for thal S
Decree implementation. As abandoned sites are oftem contaminated over a very large area, the risk
assessment methodology had to be easy to use ohaodbut avoiding over-estimatedremediation costen
other hand.

Soil legislation in Wallonia was enforcedthrougle t8oil Decree passed in December 2008. After sull a
groundwater investigations, remediation works catntpplemented, depending on the risk assessmeltsesu
Wallonia, the risk assessment follows a tiered epgin, with increasing complexity:
1) The screening assessment using trigger values af@ablon a risk-based methodology, called also
generic guideline values or limit values;
2) The Tier 1 risk assessment;
3) The Tier 2 or detailed risk assessment.

MATERIAL AND METHOD: THE METHODOLOGY TO CALCULATET HE TRIGGER VALUES

The trigger values were calculated by SPAQUE in72R008 for the Walloon Government, following thekri
assessment methodology defined by the NationaldReseCouncil, in USANRC, 1983,in the reverse mode,
using conservative assumptions. Three trigger galegual to the maximum acceptable concentratios®il,
were established for the protection of 3 kindsexfeptors: the human health (calledyy,She aquifers (called
VSy) and the terrestrial ecosystems (called)VS$he selected trigger value which becomes theesting value

is the lower value. A trigger value, similar to riking-water quality, was also calculated as maximum
concentration in groundwater.

The trigger values for human health protection weleulated byCSOIL equatioiRIVM, 1996) available in
RISC-HUMAN model (Van Hall Instituut, the Netherlds). Theprocedure for the risk assessment for human
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health consists of comparing potential exposureltewn the site occupants are exposed to thosks ledere

no toxic effects are expected to occur.

The trigger values for groundwater protection weedculated by equations adjusted on Connor model
(Connor, 1997)to evaluate leaching and dispersionof soil pollutato groundwater.

The trigger values for ecologicalprotection wergghenexisting ecotoxicological data from availagpecific
literature.

Trigger values were calculated for 5 land-usesunadtagricultural, residential, park/commerciatiandustrial
and for 50 pollutants: metals, BTEX, PAH (Polycgciiromatic Hydrocarbons), mineral oil, chlorinated
solvents and cyanides.

Since 2015, the Walloon government has been remgaBiSC-HUMAN model by S-RISK modeN(TO,
2015, recently developed by VITO (Flanders, other diiBelgium) in order to harmonize the soil legira
in the 3 regions of the Country (Wallonia, Fland@&russels).

After the trigger values are calculated and befomeoming “screening values”, an important step mostbe
forgotten: are the trigger values reachable andati@le? The proposed trigger values must be cadparthe
background levels (for metals for example) andtlital limits of detection (LOD).

RESULTS AND DISCUSSION: THE RISK ASSESSMENT IN 3 STEPS

First, soil and groundwater concentrations measaresite are compared to trigger values. If trigggues are
not exceeded, the risk assessment stops, concltitngrisks are acceptable”, the “soil qualitycsmpatible
with the current or future land-use” and no remediiais required. No land-use restriction is needitder.
Otherwise, if trigger values are exceeded, thesassecan go to the Tier 1 risk assessment or irecthe Tier
2 risk assessment.

In the Tier 1 risk assessment, soil and groundwaiacentrations measured on site are separatelpareah to
VSy, VSy and VStrigger values, in orderto define the receptorsafbich the risk is unacceptable, and keeping
in mind that most of the time, the lowest triggafue is the ecological value (¥)S

In the Tier 2 risk assessment, some site-specif@rination is used as input data in the exposurdeid he
following usual parameters are modified: depth @fitamination, exposure duration, exposure routgargc
matter content, soil texture (sand, silt, clay)jding dimensions, etc.

In this last step, information about the developtm@oject is necessary. All the site-specific deda lead to
land-use restrictions such as no removalof soil,draking-water well, no garden with vegetables;.let
Belgium, the land-use restrictions are noted irs@il “certificate”, to preserve the environmentatbiy of the
site.

The 2 first levels of risk assessment(screeningllaad Tier 1) have the advantages of rapiditye easl don't
need to use models. In the case of remediationsydink clean-up levels in soil and groundwater ewelbped
with very conservative assumptions and could leaahtexpensive cost.

The Tier 2 risk assessment has the advantagesmyf site-specific data in order to obtain a morstaimable
remediation cost. However, the use of exposure taauseds special skills and takes more time bejetting
the answer.In the case of remediation works, tearcup levels in soil and groundwater are develdpkihg
into account risk assessment results and remexditgahnologies.

RESULTS AND DISCUSSION: INTEREST OF RISK ASSESSMENT FOR THE SUSTAINABLE
REMEDIATION OF CONTAMINATED SITES

In the following table, the estimated (and not Yramediation costsdepending on the risk assesslengitare
described and the remediation project selectedd®RIE is coloured in red.

The table 1 shows different environmental situagiand explains that the choice of the risk assessleeel
depends on the site characteristics.
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Tab. 1.Estimation of remediation cost for different coniaated sites supported by SPAQUE (the selectednative
chosen by SPAQUE in red) —costs in millions Euros

Clean-up level VS VSy (t1er 1) Site-specific | Price gap
(tier 2) ©

Chimeuse - zone 4 (9 ha) 22,9 11,8 - 48 %
Boch Kéramis (17 ha) 12,7 4,8 -62%
Cristalleries VSL 9,1 6,5 1,7 -82%
(5,2 ha)
CAM Comblain la Tour 2,6 0,4 -84 %
(3 ha)
Ancienne Base Wing 0,89 0,68 -24%

Tactique (59 ha)

PERSPECTIVES: RECENT SCIENTIFIC INFORMATION IN THE RISK ASSESSMENT FIELD

A lot of input parameters are usually proposed &fadlt in the exposure models. Replacing the defalles
by more recent values, particularly for influencipgyameters, can lead to a more realistic risksassent.

For exposure assessment, the soil ingestion reblistied by VITO YITO, 2008) — 63 mg/d and 87 mg/d for
adults and children respectively —or recently byAEBS-EPA, 201} could be used instead of old typical EPA
values— 100 mg/d and 200 mg/d. This parameter héghanfluence for metals and PAH assessment.

For toxicity assessment, the selection of the napgtropriate reference values and not the most girate
values could help to decrease the remediation Gast must be taken with the necessary updatingxidity
reference values as these could significantly nyothie results (example: new EFSA toxicity value fead
(EFSA, 2010). For exposure assessment, bioaccessibility -datavailable - could be taken into account in
order to be more representative of the “real” expesThe bioaccessibility rate, usually fixed to01%b,is
defined as the fraction of contaminant that carat&lable from soil to be absorbed during gasttestinal
digestion. For example, bioaccessibility data weeduby SPAQUE for a large-scale risk assessmadliotion

in private gardens near industrial activiti€&AQUE, 2015.

For exposure assessment, the assess or rarelydassimament data on indoor air or on vegetablesusedhe
site is often a brownfield site without existingildings or gardens. The soil/air transfer and tb#/gant
transfer are estimated by models and have highenfle for volatile pollutants and “residential wghrden”
land-use respectively.

For exposure assessment, some exposure modelsspregposure pathways linked todermal exposure and
permeation phenomena (passage of the contaminanilithrough a buried and porous water distributipe
leading to contamination of drinking water). Bas®d equations containing high uncertainties andcl
specific toxicity data for dermal contact, quessicabout both relevance and accuracy of these esgosu
pathways can be asked and could be studied aghgctime more reliable.

These points mentioned above explain that risksassent cannot be considered as a frozen framewbpikbu
constantly improving thanks to new scientific data.
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FLANDERS

Eddy Van Dyck — Johan Ceenaeme

Department of Soil Information Management, Publiadfé¢ Agency of Flanders (OVAM), Mechelen, Flanders,
Belgium

KEYWORDS
Soil remediation, policy, Flanders, transfer ofdasoil certificate, soil investigation, use of axated soil, risk
assessment

INTRODUCTION

In 1995, Flemish soil remediation was boosted lgy3bil Remediation Decree. In this decree tactibaices
were made leading to a number of new legal instnisie
- adifference between historical and new contandmatvas made: it gives a signal to pay attention to
pollution prevention, on the other hand flexibilitas guaranteed to treat the old problems;
- adifference was made between obligation to remediad liability;
e an economical driving force is linked to soil renain: land transfer. Soil quality becomes an
element of real estate price;
* a duty for local authorities to develop an invemgtof risksites was installed. A risksite is a pamck
land where an activity has or had an elevatedfoskoil contamination.

In 2006 the Flemish government decided to adapva contaminated land decree. The novelty of thigeke
consisted in the fitting of soil remediation withetplans for land management by the individual ovidrevent
new contamination and remediate historical contation are the main objectives of the Decree fot soi
remediation and soil protection from 27th Octob@0@, ratified by the Flemish government.

After 20 years of soil remediation policy Flandbees learned that most of the instruments were sstdefor

the planned purpose, namely the remediation ohtst@rical contaminated land in a period of 40 ge&ome
instruments proved to be ineffective while otheeeded an adjustment. Finally, new policies needé&o
installed in the coming years. The presentatiohgiife an overview of the lessons learned.

SOIL INVESTIGATION

There is an obligation of investigation of soilstla¢ moment of property transfer, on a periodiGadebor by
closure of certain installations who can or coultlse soil contamination.The authorities may alsihega
information as a result of its investigations isiml quality. The exploratory investigations inctud limited
investigation into the past history of the soilyall as restricted sampling operations.

If these investigations indicate the presence otaminating substances, the need for further sgistigation
depends on comparison of the concentrations witih remmediation values. During a descriptive soil
investigation the contamination will be charactedzn detail and the risk for humans and ecosystsithde
defined. The aim of this investigation is to givdescription of the nature, quantity, concentratod origin of
the contaminating substances, the possibility thase might spread, and the danger that human )gitants
and animals, as well as surface and groundwatghtrbe exposed to the contaminating substances.

After 20 years of experience the OVAM has learried good procedures for soil investigation are ss&ey to
have a level playing field. The ordering party hasknow what kind of efforts are demanded in hiscéfic
situation. Local situations can be very diverspsocedures have to describe clearly what is reduiteclear
linkage of the different investigation steps ise®&sary to save costs.

NEED FOR REMEDIAL OPERATIONS

There is made a distinction in policy dependingtbha origin of the soil contamination. "Historicadbil
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contamination is contamination originated before finst Decree came into force; this is before 20tiober
1995. "New" soil contamination originates after thecree came into force.

The remediation of new pollution is, accordinghie Decree, required as soon as the soil remediadioies are
exceeded. With respect to historical contaminatiba,decision to remediate will depend on the dataager
to man and the environment (non quantified genaitdria). So a risk-assessment approach is follbimethe
descriptive soil investigation. The remediationi@ts are determined in a soil remediation projébe Public
Flemish Waste Agency (OVAM) supervises the reméatiabperations.

LAND INFORMATION REGISTER (LIR)

The Land information register is an inventory dftaé parcels of which data are known at the OVAMe LIR
serves as a data base for policy decisions andfafgtions as an instrument to protect and infooteptial
buyers of contaminated sites.The GIR is open tthdic. The soil certificate, an extract of thegister for a
specified ground, gives all the information knownthe OVAM. The maintenance of the register recuadot
of work but the retribution that is asked for theél ertificate brings the OVAM more than 10 milticeuro a
year.

OBLIGATION FOR REMEDIATION AND LIABILITY

In the Flemish Soil Decree a remediation obligatiests on the operator, the user or the owner efiahd
where the pollution entered the soil. This meass #hat the obligation does not rest on the ownhé¢heland
contaminated by migration of contaminating substanfrom another property. If new contamination
concerned, the obligation exists automaticallythie case of historical contamination, the obligatimly arises
after the remediation order by the government.

S

The Flemish Soil Decree introduced a non-retroactivict liability rule and channeled the liabilfgr the new
contamination to those that caused the contammaRecourse against other responsible parties wever
possible. With respect to historical contaminaticahility is determined by the rules in effect bef the decree
came into force.

The user or operator of the land where the poltuéintered the soil is not obliged to carry outrémediation if
he can prove that he did not cause the contammdiimself (by his fault or otherwise) and that the
contamination did not come to existence in thequedf the use of the land. The owner needs to pifosenext

to these requirements he was not and should net been aware of the pollutionwhen acquiring theoerty.

In addition is the owner for historical contamiatinot obliged to carry out the remediation if heves that
the contaminated land was acquired prior to 1998waas since then exclusively used for a non-pradess
use although he had prior knowledge of the poliutio

The legislation with the obligation to remediatesharoved to be a strong instrument to realize &ffec
remediation works. The polluter of historical cantaation is very often difficult to find. The systeof
exemption of the obligation has to be worked oult teekeep the burden for the owners socially atakle and
fair.

EXECUTION

The various steps in the soil remediation procederd to be carried out under the direction ofralependent
soil expert accredited by the OVAM, the so-called smediation expert. This expert must for the@xion of
his tasks follow the standard procedures and coflg®od practice as established by the OVAM. Liksayi
sampling and analyses must be carried out by aedited agency.

The exploratory soil investigation examines whettiere are serious indications of soil contamimatm a
given site. This involves a limited historical exaation and limited sample-taking.The exploratowil s
investigation will be conducted:
« on the initiative and at the charge of the trarmfebefore the transfer of lands at risk. Thesesées
on which a facility is or was established or whaneactivity is being or was carried out that iduded
in the list of potentially contaminating activities
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* on the initiative and at the charge of the operdiefore the closure of a facility or the cessatiban
activity on the 'list’;

< on the initiative of the operator before a cerdate, and, thereafter, periodically, for some ocatieg
of activities or facilities that are included iretHist'.

The OVAM may, at any time, conduct an ex officigpkxatory soil investigation. The OVAM can also dean
investigation order to an owner if there are intares of a serious contamination.

After 20 years of experience we know that some haith historical riskactivities is not investigatéiarough
this kind of obligations. So Flanders is prepa@mgadjustment of the soil decree, so that the csvoethat land
will have to execute an exploratory investigati@idoe 2025. To guarantee the quality of all soieistigations
and remediation works a system of independent aaekdited soil experts proved to be very helpful.

SOIL REMEDIATION PROJECT

The soil remediation project, drawn up by the sefhediation expert, establishes the manner in wthiehsoil
remediation works are to be carried out. In thigcpss, consideration is given to the best availtdenical
solutions that already have been successfully desta in practice and whose price is not unreadenab
proportion to the achievable result in terms oftpcting people and the environment (the BATNEEC
principle).

Remediation of new contaminated soil is in thetfpkce geared to the broadest realization of tavgkies
regarding soil quality. Depending on the actualation and characteristics that are specific tosttes it may in
some well-defined instances not be possible taze#he target value by application of techniques tlo not
result in excessive costs. In these cases, soid@tion is oriented towards the realization ofettdr quality
than has been defined by the soil remediation staisdor, if this also is not possible, to the awoitk that the
soil quality should constitute a risk or could oight constitute a risk for people and the environté&or

historical contamination the aim of the remediai®to remove the risk for human and the environmen

For soil remediation projects, a special procedased on input and advice has been establishadgtakto

account the special nature of soil remediationgatsj and the fact that, in general, soil remedigpimjects are
established in the public interest, and that teg@cution must not needlessly be delayed by amadation of

administrative procedures.

In this respect, the involved owners and usersadwvised by the OVAM of the submission of a soil egliation
project. They have the opportunity to check outgbié remediation project at the OVAM and at thenmgipal
offices and are given the opportunity to raise ofig@s and remarks. If the needed soil remediatiorks are
subject to a permit, expert advice is also obtafn@ah other competent administrations and locahauities.

On the basis of the assessment of the soil reniedliptoject, the recommendations, objections and/orarks
and comments received, the OVAM will issue a com@nce certificate or request additional information
the submitted soil remediation project. This confance certificate serves as a permit for the pldmxecution
of the soil remediation works.

SOIL REMEDIATION WORKS

Following the declaration of conformity by the OVAMf the submitted soil remediation project, the
remediation works can be started. Soil pollution ba remediated via different remediation techréqoe a
combination of such techniques. These remediagchrtiques may include the removal or eliminationihaf
contamination or remain restricted to isolating anchobilizing it. Although the removal of the patants is in
many instances the most efficient solution, thig/rmacertain instances not prove the most advisatd¢hod
(unacceptable risk factors, extremely high costsavvis other remediation techniques, ...).

The results of the soil remediation works must é&gorted to the OVAM in a final evaluation reportn @e
basis of this final assessment report, the OVAM daliver a final declaration, in which the resuifsthe soll
decontamination are listed. If further follow-up @seres are deemed necessary, these will be imposed
accordingly in the said final declaration.
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TRANSFER OF LAND

Before concluding an agreement regarding the teardfland, the transferor must request a soilfazte from
the OVAM.BYy transfer of land is meant, amongst adhe

< the transfer inter vivos of the property title;

e the assumption or termination;

« the merger of legal persons, at least one of wiwitlhhe owner of the land;

« the splitting of a legal person who is owner of lded.

In the event of a transfer of land on which anwtgtiis or was carried out or a facility is or wastablished that
is included in the 'list', it will also be necesséw conduct an exploratory soil investigation ovance of the
transfer.
In the event that the exploratory soil investigatindicates that a descriptive soil investigatisalled for, the
OVAM will inform the transferor that such a desciip soil investigation is needed.If from the dé@siive soil
investigation it appears that a soil remediationjgmt needs to be instituted, the transfer may takg place on
condition that the transferor:

« has drawn up a soil remediation project in conftymiith the legislation;

e has committed himself vis-a-vis the OVAM to cariyt goil remediation works;

* has posted financial securities.

All of the above-mentioned obligations may likewlse assumed by the buyer of the land or by a paitty
legal title to proceed to the execution of transfer

The obligation to give guarantees about the soilediation as a result of a transfer of land hasguatdo be a
powerful instrument in the Flemish soil policy. Aeconomical driving force has been linked to soil
remediation. Soil quality has become an importéathent of real estate price.

RISK ASSESSMENT

The methodology for site specific risk assessmetiased on the approach followed to derive soikeriation
standards. A generic approach is followed for teeivation of soil remediation standards, while &ite-
specific risk assessments certain parameters,asishil properties, can be adjusted.

Soil remediation standards are based on the pratesct human health and on the protection of thesgstem.
Critical values for concentration in the soil amculated based on human toxicology and othersdbase
ecotoxicology. The most critical value is retairesl soil remediation standard.Soil remediation stedsl for
groundwater represent drinking water quality.

THE USE OF EXCAVATED SOIL

During construction projects, road works, instadlatof utility cables and similar operations, vokesnof soil
are excavated or stripped from the surface. Sorastithis excavated soil is re-used as filling matesih the
excavation site. In most cases, however, the exed\soil will be carried off for re-use on othecédions. Soil
can be re-used for instance for raising the prdfila terrain or filling of pits.

If groundworks are carried out on a contaminatés} shances are very real that existing soil comtation will
be spread in this way. In order to prevent thigpelision of soil contamination and to offer suffitidegal
security to the different actors involved in the ud excavated soil, the Flemish government drewlitgrtives
related to the use of excavated soil. In order #emthe predefined targets, the regulations onuiee of
excavated soil first impose a soil quality survElge nature of the excavation works and the volufreoi that
is released by them will determine the type of ergiory strategy that has to be followed. Secontlig,
regulations fixe the conditions for the use of éxeavated soil. Depending on the soil quality,dite for re-use
and the anticipated application, the excavatedcsoilunder certain conditions be re-used in-sitalsewhere.
The basic principle here is the stand-still pritejpwhich means that no deterioration of the curren
environmental condition is allowed. Finally, a kg procedure guarantees the administrative follpaof the
active soil flows.
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The OVAM is acting as the supervising authority the regulation on the use of excavated soil. The
administrative follow-up of the active soil flows carried out by different organizations (soil ngeraent
organizations, interim storage facilities and cestfor soil purification) that have been accreditgdthe
OVAM.
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ABSTRACT

Federal reports indicate that petroleum hydrocasl{asually in the form of crude oil) atdavy metalare the
most frequent soitontaminantsin Russia. Oil spillage from producing wells, stge tanks and damaged
pipelines impacts negatively to ecosystems and humalth. Crude oil constituents, e.g. BTEX, PAHepols,
are highly toxic and carcinogenic. Also heavy nmtplesented in crude oil and drilling fluid can be
accumulated by plants, thus leading to toxic reastialong the food chain. Our research is diretiquovide
the site-specific risk assessment and to improgparse actions to terrestrial oil spills under cdlidhate
conditions. A conceptual model for the land oillisigie from a disrupted pipeline was applied in soeirce-
pathway-receptor risk assessment to characterdatke and transport of petroleum hydrocarbons realry
metals under various soil and hydrological scemaridased on risk assessment results, target puiluta
concentrations in soil were determined to be addesuring remediation actions. Selected bioremigdtiat
strategies were tested at field pilot scale, inclgdbioaugmentation with hydrocarbon-oxidizing nheta
accumulating bacterial cultures immobilized ontaltophobized sawdust and amendment with a biosarfact
for theex-situsite treatment, which resulted in efficient oidadation and reduction of soil ecotoxicity.

1. INTRODUCTION

Crude oil and petroleum products are widespreddasoi groundwater pollutants resulting from spidagom
the storage tanks and damaged pipelines. Therth@usands of sites that have been seriously contded by
petroleum products in oil-producing regions arodine world [1]. Oil spillage from disrupted pipelmés a
major threat in large oil producing regions, e.gald and Siberia, which are characterized by sedsosather
extremes and especially cold winters [2]. Crude igila complex mixture that contains many toxic and
carcinogenic compounds such as benzene and pdlyeyomatic hydrocarbons. They are toxic to mostn®

of life and can also have serious consequencesuoran health. The present paper describes a riskdba
approach to the management and bioremediationudonil contaminated site under cold climate cooads in
the Perm region of Russia (Fig. 1).
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Fig. 1. Oil-contaminated site in the Perm oilfiefd regitirals, Russia.
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Harmful effects of oil spills on natural environntemave been extensively studied. However, only $awlies

so far have focused on the effect of oil exposurehaman health [3]. Among oilfield waste constitisen
polycyclic aromatic hydrocarbons, phenols, heavytatse and radioactive elements are of particular
environmental concern. In particular, heavy mepatsented in crude oil and drilling fluid can be@nulated

by plants, thus leading to toxic reactions along thod chain. This supports the need for appropniak
assessment methodology for human populations edptosspilled oils, including the workers involved the
cleanup, in order to evaluate not only possible @diate consequences for their health but also thaium-
and long-term effects, and the effectiveness optia¢ective devices used. Risk assessment is dyadeepted
strategy for contaminated land management. Thagrisiontamination problem, cost of remediation, and
scientific questions about the real threat posedrbge oil contaminated land to human health haixeed the
development of risk-based environmental assessmrétetria for soils and groundwater. The shift tekri
assessment approach and suitability for use @itgtreases the cost burdens, and has also baetorifi the
development of new remedial technologies, includimmyemediation. Many countries have developedrer a
currently developing procedures and guidelinesafsessing the risks posed by contaminated sitsholild
also be noted that for petrochemical- and crudeaitaminated sites, quantitative risk assessnemade
more challenging by the complexity of the contaminanixture [4] and the effects of weathering on the
bioavailability of risk-critical compounds. It isommon for high heterogeneity to exist in the disttion of
hydrocarbon contaminants, which impacts risk assess results and the success of further remediation
actions. For heavier fraction hydrocarbons sucpaaaffines and polycyclic aromatic compounds, lsshee to
biotic and abiotic weathering processes may resultcompounds with increased hydrophobicity and
recalcitrance [5]. These compositional changes dtigally affect the bioavailability and bioaccedip of
risk-critical compounds.

2. RESULTS

A conceptual model for the terrestrial oil-spillafyem a disrupted pipeline occurring near a riversvused in
the source-pathway-receptor risk assessments. Widsly accepted that modelling is a powerful tdot
integrating various elements in risk assessmerth sgcsite characterization, contaminant fate aadsgrort,
exposure assessment and risk calculation. Howsueh models are abstract and simplified representabf
complex systems and are based on numerous assompial approximations. It is therefore importartt th
models are validated and tested in real-life sibmat either as part of oil-contaminated land eskessments or
in remediation projects. At present, about 20 hurealth risk assessment models are developed widddw
[6]. Many of the models have comparable approathessess health hazards arising from polluted,saild
most programs apply similar EPA algorithms to chltal carcinogenic and non-carcinogenic risks [7].
However, the input parameters and scenarios caeside various models are different [8]. Moreovsational
risk and remedial standards vary significantly thylo the world. Results obtained with different ridsessment
methods are therefore often not comparable [9]udlbt, land management and remediation organization
different countries usually utilize the models deped in particular country using national language
national environmental standards. We have develapesk assessment module system “Ecological Rigk”
hydrocarbon contamination (RF State Registration 201.2618687), which realizes multimedia, multipedl
and multireceptor approach and can be used fdatitemanagement and remediation purposes (Fig. 2).
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Fig. 2. Risk assessment program for oil-contaminated s#&iations.
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The program developed was used to estimate humathhésk for a terrestrial site accidently contaated
with a crude oil spilled from the disrupted oil pime. As a result of the accident, leaked crudgenetrated
through soil and represented a potential threasodf air, groundwater and surface water contarionatAn

average crude oil concentration in 10-cm soil laféer 3 hours from the accident was 150 g/kg. {sie Eco-
Risk program, a potential risk for the oil-spilsgonse personnel from the “Priroda-Perm”, Plc. waylon the
site and preventing oil penetration into the riveas calculated. Model contaminated media were il
outdoor air. Exposure pathways were ingestion otaminated soil, dermal contact with soil and iakiah of
outdoor air. To calculate contaminant concentrationair at the receptor point, the Johnson aniddgt model
for soil was used. Estimated values for carcinogemsk and hazard index were 1.8 x™“@nd 0.4
correspondingly, which did not exceed maximal abve risk levels<10* for carcinogenic angl for non-
carcinogenic compounds), thus suggesting the laockmediate threat for the workers from contaminageil.

After the site localization, the most suitable relfladon method was chosen based on cleanup leskislated.
Selected bioremediation strategies were testedl@it grale, including bioaugmentation with hydrduoam-
oxidizing bacterial cultures immobilized onto hyghmbized sawdust and amendment with a biosurfafbant
the ex-situsite treatment [10]. The technological scheme kigesl for highly contaminated (up to 20-30 % wt.
of total petroleum hydrocarbons) soil bioremediatiavolves construction of composting/landfarmirgls;
preliminary treatment of soil in a biological shlarreactor; phytoremediation of residual contamivatby
sowing a mixture of perennial grass. To shorten hi@emediation period, the preliminary treatmeffit o
contaminated soil in a bioreactor with enhancedilaion is proposed that allows to decrease reatem time

by 2-3 weeks and to achieve maximum oil degradatis (4-6 % per day). It should be noted thatoadaictor
allows both to monitor operating parameters suckeagperature, pH, aeration rate, biofrtilizer canption,
microbial biomass density and to use a bioreactawter cold conditions. The resulting bioreactor i
containing residual oil contamination, is loadedtoinlandfarming or composting cells for further
decontamination. To enhance bioremediation, diffeteeatmentsg.g. soil tilling, bulking with woodchips or
sawdust, watering and biofertilizer addition) arecammended. Tertiary soil management involves
phytoremediation where landfarming/composting cedi® seeded with a mixture of perennial grass.
Phytoremediation allows rehabilitatation of natusail fertility and recovering soil quality for fiier
agricultural use.
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Fig. 3. Flow diagram of risk based management of cruearitaminated sites.

Results of the field trial confirmed the effectiems of augmenting a biopile with the sawdust-im s
biocatalyst and biosurfactant. As a result of Hepieatment, significant reduction (from 90% td80f soll
phytotoxicity was obtained thus indicating a gneatuction in the ecological risk presented fromgbi during
bioremediation.
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Fig. 4. Oil-contaminated site befor&eft) and after (ight) remediation.
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ABSTRACT

Despite the economic and social problems most dpired countries are facing, the need for a proprategy
related to contaminated site management is urg@ather than adapting other countries strategies or
implementing general remediation approaches, ttategty should be developed with a tailor-madepetspe

in corporating short and long-term goals. Strateghfectives might change from sector to sector [lserad
medium size denterprises (SMEs) vs. Large ent&gkisand might be highly site specific. However,
considering recent developments, contaminated mismagement strategies should be based on a more
sustainable rather than traditional approach. &spifinciples of sustainable remediation has bederikned,
practical framework sand reference materials (mahtools etc.) been published, the integratiosustainable
practices into the decision-making process is memey. The sustainable approach in contaminated site
management considers a balance between envirormecwaomic and social aspects. However, regarttiag
challenges of developing countries with prioritisedonomic goals, environmental and social beneffts
cleanups cannot be threshold or balancing crit&light modifications related to the balance oftaunability
principles might help to overcome the obstacleateel to the management of contaminated sites irggditbom
SMEs. Thus, a tailor-made approach might be moaetjpal than the business-as-usual approach foora m
sustainable implementation of contaminated siteagament strategy in developing countries.

INTRODUCTION

The outcome of economic development was and iseneased cumulative environmental impact. The tfck
required budged for infrastructure and managemeogrpms causes to a delay in the implementation of
available precautions and thus in more severe emviental impacts. As both ground and surface water
resources are influenced by soil pollution, thednfee a contaminated site management program wéhgually
emerge. A contaminated site program should consiiements of prevention, clean-up, response to and
remediation of emergency incidents in order to haJeolistic approach to the issue and prevent éutur
contamination (Kovalick and Montgomery, 2014). @mtty many developing countries suffer from
mismanagement because they lack legislative pangsienforcement mechanisms and/or budgets.Sdirshe
task is to develop legislation on brownsfields andtaminated sites that further on needs to bewstggp by a
management framework and soil quality standardesystHowever, countries that have legal instrumethts,
ambiguity of liability and lack of accountability irelation with the poor management capacity ofah#ority
prolong the development and/or implementation obataminated site management program. Therefareaa
liability system that assigns responsibility fortigétion measures and site clean-up regarding edtoss
(public, commercial and industrial sectors) is aiaé What is actually more crucial is to haveuad created

for the management of contaminated sites requizorgplex, systematic and long-term effort. This pagiens

to put an emphasis on the problems of developinmtries in implementing comprehensive contaminaiesl
management action plans.

CONTAMINATED SITE EVALUATION APPROACHES

The evaluation of contaminated sites may be cardet by using different approaches that are tailore
according to national/local needs. While some atemtmight chose to develop health based standards
(indicator, intervention, target values) regardihg intended use of land, some other countries npggfer to

use a risk based approach (human health risk dogical risk). In either case the legislative backaqd of
country has to support the contaminated site managesystem relying on multiple legislations orieect
special legislation. Current practices show a ghiftards the human health risk based approacheasiag up

of the site, even to levels needed for future nsght not be necessary if there is no exposurewsattand thus
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no risk. So, to avoid unnecessary expenditureroé tand money, it would be a wise strategy to userad
approach (NICOLE, 2002). Additionally, each countigcides on the level of reducing future liabibtiby
setting the right requirements/constrains with eespo unacceptable risks regarding national/localitions.
As significant progress has been made in evaludtiagate of contaminants and their possible riskhoman
health and the environment, different approacheg beadeveloped during the remediation decision ngaki
stage. During the prioritisation of contaminatedesi time scales for the remediation and cleanup of
contaminated sites might be set for different telels. As in the Swiss approach the remedial optichether
containment or clean-up, can be determined witpeaeisto duration of risk(SAGTA, 2008).Accordingthe
duration of remediation project can be selectedlifferent timescales, 10 years, 1 generation {2B0oyears),
100 years. Within this scope the null model apphoaehich relies on no intervention (natural attediorg
might be taking into consideration as well. Esplécien countries with low budgets, legislations Brellow
certain room to manoeuvre in balancing environmempacts of remediation, remediation costs andityua
requirements for natural resources (SAGTA, 2008).

INTEGRATING SUSTAINABILITY INTO RISK BASED LAND MAN  AGEMENT

The conventional approach in soil remediation, Whigas based on the effectiveness of the remedy,
implementability, cost considerations (capital aperating) and time constraints, does not evalaatiebalance
fully the external environmental, social and ecoiimpacts of a project (Fiorenza et al., 2009k rendous
efforts have been given to underspin the applinatibsustainability principles not only to land ragement
but also to the management of contaminated sit&&T#\, 2008; Bardos, 2010). While the debate on the
implementation on sustainable remediation indicatmntinues, it is generally accepted that theasesbility
principles are applied to all stages of the rentamhigorocess — from initial investigation throughaite closure
(SURF, 2016).

The development of a guidance document will enttideintegration of sustainability into site remeitia and
to its acceptance by all stakeholders. Additionadllg current approaches and qualitative and qatinét
metrics of sustainable remediation are comparecesatliated within time, the implementation of surethility
criteria to each countries interest will be muckiea The development of ISO/DIS 18504 Standardiénge
on Sustainable Remediation in near future will émabgulators to promulgate meaningful rules anidance
to incorporate sustainability into remediation @es The integration of sustainability criteriate evaluation,
design and assessment steps of the remedial astage of relevant legislative framework is possible
Timescale might be different for each developingrtoy but regarding the development in contaminaiéel
management, it would be wise to integrate sustdihaleriteria into the human based contaminatet si
management system. Therefore, developing countiithsno current legislation might develop theirildgtive
framework on both aspects. On the other hand, isasiitity might be a parallel consideration at mtran one
stage in those countries that already have adaptsthrted implementing a human based risk approach

Within the three pillars of sustainability, theX®licator categories that have been determinedefoediation,
indicate to the issues that may be relevant and neebe evaluated during contaminated site manageme
(Table 1). As the creation of funds will not beeasmost developing countries, the incorporatiéalbcriteria
might not be possible. However, those countries alh@ady have enforcement and implementation aregss
like air and water pollution, waste managementupational health and safety and incentives on rabéav
energy and climate changeetc can integrate somtheofenvironmental, economic and social metrics into
various stages of contaminated land managemensildf®snetrics are summarised in Table 2. Exampfes o
sustainability integration schemes to contaminaséi® management systems have been presented in
publications of meetings and conferences (Wiscobsipt. of Natural Resources, 2012; Thomas and Qakies
2014).

Tab. 1.Headline indicator categories (SURF, 2009)

Environmental Economic Social
1. Impacts on air 1. Direct costs and direct econonficl. Community involvement and
2. Impacts on water benefits community satisfaction
3. Impacts on soil 2. Indirect costs and indireqt 2. Human health
4. Impacts on ecology economic benefits 3. Ethical and equity considerations
5. Intrusiveness 3. Gearing 4. Impacts on neighbourhoods or regiong
6. Resource use and waste || 4. Employment/human capital 5. Fit with planning and policy strategigs
5.Life-span and “project risks” and initiatives
6. Flexibility 6. Uncertainty and evidence
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Tab. 2. Summary of possible metrics

Environmental Economic Social
» Greenhouse gas emissions €D » Capital cost » Transparency and involvemernt p
» Energy use and efficiency » Operation and maintenange  community
» Energy source (renewable, natufal cost » Occupational/community heal
gas, other) » Employment/human capital and safety legislative issues 1[
» Water use and reuse » Safety costs » Impacts and benefits to locql
» Waste generation, recycling afd > Liability discharge areas
reuse » Increase in site/local lang/ > Land reuse
» Land, material use property values » Jobs created
» Biodiversity (species count) » Liabilityvs.responsibility issues

MAJOR CHALLENGES OF DEVELOPING COUNTRIES

Developing a national management system for comat®d sites is urgent for many developing counties
good national contaminated site management sysianthe other side requires a well established freonie
that coordinates policy, regulatory, planning amdcfice issues. Tremendous efforts have been govditi in

the gaps in contaminated site management espeuwidhin the last decade and these experienceshared by
various countries with networks like Common For8ustainable Remediation Forum, NICOLE etc. However,
it is still difficult to establish and implementcantaminated site management system, either thrthgglack of
legislative provisions, enforcement mechanismsa@mttional budgets. Remediation of contaminattas suill
most probably encounter resistance from businessmageas especially due to liability discharges, higect
and indirect costs involved in remedial actions. ksge sale enterprises mostly have the necessary
infrastructure to implement other environmentalidigions they will soon understand the requiremeand
start acting. However, medium and smaller scalerprises still struggle with basic issues like ldeas waste
management. So, their encouragement will be lormg.t®n the other side, lack of know-how, nationadiget
and poor management capacity of the authority ma¢gu lead to a postponement of the implementatfahe
contaminated site management plan or enforcemeaei@fant legislations with all of their articles.

In the early 2020s’ the integration of sustain&pitiriteria into a risk based management systerh et be
avoidable in most developing countries that haeeddpability of managing air and water pollutioazérdous
and solid wastes. Sustainability seeks for a baldetween environmental, economic and social inspauting
remediation activities. However, if the implemenmdatof sustainability criteria is not performed ttee ideal
balance but rather to a tailor made level therstasce from the industrial and public sectors nadly Slight
modifications related to the balance of sustaiitghgrinciples might help to overcome some of thestacles
(Figure 1). These modifications shall be carried loy taking country-specific conditions into acctuAs
economic development is usually of primary impocgremphasis may be second most paid on enviroaiment
impacts and less to socialimpacts in general.

economic

o Environment

5 earable Viable

Sustainable
Social -
Equitable  Economic

environmental

social

Fig. 1. Schematic presentation of the modified sustainebteediation concept for developing countries.
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Forraising awareness on the consequences of niogtakeasures or postponing the enforcement of aatkev
legislations, tremendous efforts have to be giveralt sectors. It has to be explained to the aitiber
consulting agencies and all other stakeholdersrtbataking measures is the worst choice if thera human
health risk at the contaminated site. Additionallye approach of European stakeholders that wi# f@art in
remedial action within contaminated site managemantdeveloping countries shall be supportive, by
explaining that cost efficient sustainable remediion options are available in reducing humaretassk at
various contaminated sites.

CONCLUSION

Most developing countries have recognised the coimi@ed site specific problems for human healt hired
environment. The qualitative and quantitative cleaimgwater resources in the future with respeatliimate
change will result in more stress and consequentltye economic burden without the implementatiora of
contaminated site management system. Human basdedssessment is an essential tool in contamirsited
management. It provides a structured and transpamaroach for sound decision making. By settirgright
requirements /constraints with respect to unacbéptasks, country specific conditions can be inatgd to the
risk based contaminated site management system. ifid@rporation of sustainability criteria is also
recommended to get further into the direction dftaimable resource (soil and water) managemeneréd
approach will definitely support a more stable lelishment of the management system, by helping to
overcome problems related to fund raising and atlsenomic burdens related to remedial actions.
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SAND IN KUWAIT OIL LAKE
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ABSTRACT

During the occupation of Kuwait by Iraq in 1990/19%aq’s armed forces destroyed more than 70Wveils.
The resulting oil flowed out and formed a large temof oil lakes. This also led to the contaminatid soil,
which has been left untreated in the deserts of &udior more than two decades now. The untreated
contaminated soil has the tendency to pollute tiderground watercourses as well as affecting tbéogg and
humans health. Soil remediation has traditionafigrbregarded as an afterthought by major oil preudVith
increased global environmental standards and tbeepr ability to use suggested technology (Soil wash
method) in the harshest environments with the Kuwedi sand. Currently one of only 17 pre-qualified
companies eligible to bid for the clean-up worke-Pqualification is a demanding, investigative @ss
between international companies and Kuwait Oil Canyp(KOC); a success that few companies around the
world have achieved. During the multi-year procegh KOC, companies are expected to provide fivargef
historical financial records and up to ten yearseohnological performance. Soil washing methodgctvis the
suggested method, is expected to make it a frongnuim the pursuit of future contracts. Furthermahe soil
washing technologies have several strong advanmaggscompeting thermal and bioremediation techgieln
These advantages include cost effectiveness atabgitg, as well as its unique ability to remov# @sidues
from contaminated sites for resale in the futurezei@ll objectives of this project aimed to redude t
concentrations of contaminates to satisfactoryltewehich is a subject that has yet to be inveigiarl his kind

of work is vital for successfully meeting the renaidn objective, with a system being chosen ti#grs cost
effectiveness, feasibility and short time.

1. INTRODUCTION

The State of Kuwait sustained significant and wpdead environmental damage resulting from the Iraqi
invasion in August 1990. During the 1991 Gulf Westimates of 798 oil wells were set ablaze, 149adpu
and 45 gushing oil (Petroleum Economist 1992; Ratra Energy Center (PEC), 1999). Several oil lakes,
oil accumulation in depressions, were formed. Agpnately 12 billion gallons of seawater, which cained
substantial amount of salt was used to extingursturad 20 to 25 million barrels of ignited crude. dilhe
gushing oil and fallout from the oil fire plumesrepd over the desert surface covering vast areattsng
from Kuwait to the Kingdom of Saudi Arabia. Withiime vicinity of the oil wells, oil deposits wererfoed with
various sizes of lakes and films or oil crust sdie@ across areas same distance away from the. wealls
result, contaminations of soil and groundwater tptdce due to oil spray and combustion products foil
fires (Al-Awadhi et al., 1996). The spilled oil which accumulated in lownlgiareas within Kuwait desert,
created more than 300 large oil lakes. These smotgprise a combination of water (28 % average}, (§al
excess of 10 %), oil and sand known as “oil lalg®’ead over the surface of land. Among these lakesajor
lakes were in Burqan and between Magwa and Ahmébélelnls. There were another 23 minor lakes (ARAj
et al.,1994; Kwarteng 1998). It is fortunate that the Kitvidil Company (KOC) has succeeded in recovering
around 21 million barrels from the oil lakes sirtbe end of the Gulf War. The spilled oil was reaedeby
pumping from the oil lakes to the oil gathering teenthen exported as untreated oil (KOC, 20155 Thige
scale of contamination has created environmensakeis to the ground, air, coast and ground wateso,Ahe
depth of these formed oil lakes vary from a fewticeetres to a few metres, which constitute morentB@
million barrels of crude oil. Altogether, aroundG®illion barrels of crude oil were released to émwironment
and as a result, approximately 55 million tons @fitaminated soil remained in the lakebeds. Theendg of
such a phenomenal amount of oil over a substalatnal area represents a main environmental condén.
other petroleum catastrophe in history came neaqtealling the extent of this event (Al-Ajmst al., 1994;
Kwarteng, 1998). As time goes by, low number ofsere ring structure of polycyclic aromatic hydrdwars
(PAH) has been evaporated on exposure to high teyse. The fine soot particles in the form of wiist
became hard while smaller and shallower oil lalessaime dry thus forming tarmats.
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2.1 SOIL SAMPLING

This project has been focused on the contaminatget Ibelow the oil sludge layer, meanwhile the guds
taken by the KOC. This showing a major source fibure research, but outside the scope of this gtrojdree
different samples have been given by Kuwait Natfidtetroleum Company (KNPGyhich were classified as
high contamination (45,000 mg/kg), medium contartima (25,000 mg/kg) and low contamination (18,000

mg/kg).

2.2 ANALYSIS OF CONTAMINATED SOILS

During this project, total petroleum hydrocarbom®ls) have been found that their concentrationléesee
greater than the allowable discharge levels ircoiitaminated sand. Therefore, it is a requiremememove
these compounds from these contaminated sand Img iitable treatment methods. National Unit for
Environmental Research and Services (NUERS), RaotilEcience, Kuwait University, carried out thsttéor

the concentration of TPH in the oil contaminatedds®ased on (Environmental Protection Agency (EPA)
Method 3546, as Hexane Extractable Material).

2.3 REMEDIATION METHOD

The System and the method for remediation of oitaminated sand (OCS) provides for washing and
separation of sand and oil based contaminatiorilldsgtrated in Figure 1, the system for for reméidia of oil
contaminated sand includes feed sieve (FS) 1 fogiving a volume of oil contaminated sand. 200 kgjl f
contaminated sand is fed to the feed sieve by id goimp (SP), and the flow into the soil washingteyn
(SWS) (3) may be selectively controlled by a va®e Preferably, the feed sieve 1 is provided wittmall size

of sieve mesh (10 mm) for separating out largeiglast (on the order of 10 mm in diameter or grgatrch as
coarse aggregate (CA), metal pieces (MP), etc.fébe sieve is in communication with a soil washéygtem
(SWS) 3 for receiving the volume of contaminatedds#CS). The soil solution ratio can be about3L:1.
(mass/volume). After or during the mixing, the mole of oil contaminated sand and water in the wastank

of SWS 3 are able to create a mixture of washed seml oily wastewater. The overall washing time of
approximately 2 hours.It should be understood ttatcleaning tank 3 formed from suitable materiaiol will

not degrade under the cleaning process such adestisteel. The SWS 3 is in communication wittaads
separator system (SSS) 4 for receiving the mixtihe SSS 4 has an open upper end and an outle¢doirm
sidewall thereof, the mixture of washed sand amylwastewater is transported to the SSS to separdtéhe
treated sand (TS), which may then be collected. S&parated oily wastewater is pumped to the flatmn
tank (FT) 6 using dewatering pump (DP) 5. The wdsdand should have an oil residue volume of less 196
and, thus, may be collected and shipped for th@etkpurpose thereof. The Washed sand can be fmed,
example the production of asphalt concrete mixesomd base, secondary roads, impermeable layers for
landfills and enhancement of resistance to the tpatien of water, chloride ions and the like in coate,
etc.For treatment of oily wastewater, FT 6 is inmoaunication with the outlet of SSS 4 for receivioiy
wastewater, FT 6 is used to mix the oily wastewatih at least one coagulant for separation of dhg
wastewater into treated water and an oily sludgehdéuld be understood that any suitable coagutey be
used. For example, approximately 0.5 kg of alumirautiate (Alum) in approximately 10 litres of disd
water may be used as the coagulant. Mixing of thegalant and the oily wastewater in the FT 6 pedfiyr
occurs with an agitation speed of approximately@@ for a period of approximately 45 minutes towgeghat
the wastewater and coagulant are well mixed. Thdéngispeed may then be gradually reduced to O rpm,
followed by a 2 hours settling period. The treateder may then be drawn off and stored in treatatemtank
(TWT) 8 for reuse again in the system since theeasilde is settled and transmitted using sludg@&iofsSH) 7.
The oily sludge (accumulation of asphaltenes asihsg may then be collected by for disposal or cbkioy
thereof (9).
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Fig. 1.Pilot plan for Soil remediation system.

3. RESULT

3.1 WASHING LOW CONTAMINATION

This study was focused on investigations of removééromlow contamination sand. The washing praged
was repeated five timesa day to confirm the dataiobd. As presented inTable (1), soil washing meth

showed that around 87 % of TPH was removed froncdimtaminated sand.

Tab. 1.Mean of TPH removal during the washing processeNdhe data are expressed as mean = SD (n=5)

TPH Before TPH After
Sample ID (mg/kg dry weight) STD EV +/- (mg/kg dry weight) STD EV +/-
1 day 18,447 342 2157 156
2" day 22,050 322 2360 149
3% day 19,410 308 2010 135
4" day 18,740 305 3180 140
5" day 20,200 331 3647 197

This study demonstrated that the percentage reduofi TPHduring the pilot were non significantlyffdrent
(A one-way F (4, 20) = 76.1, Post-hoc Scheffe tgsts > 0.05). The results in this work, revealed ttag
washing system was effective in removing oil froomaminated soil and has potential capability ihamting
oil solubilisation.

3.2 WASHING MEDIUM CONTAMINATION
This study was conducted to determine the amouritRH removed from medium contamination sand. The
washing procedure was repeated five times a dayedder, Table (2) showed that around 90 % of TPld wa

removed from the contaminated sand.

Tab. 2. Mean of TPH removal during the washing procesgeNThe data are expressed as mean + SD (n=5)

TPH Before TPH After
Sample ID (mg/kg dry weight) STD EV +/- (mg/kg dry weight) STD EV +/-
1% day 44,456 396 4797 146
2" day 41,325 350 4937 84
3 day 46,244 384 4963 171
4™ day 46,870 335 4687 133
5" day 42,800 369 4287 187
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The provide a clear indication that the percentaghiction of TPH during the pilot were non sigrafitly
different (A one-way F (4, 20) = 63.6, Post-hoc & testsp = > 0.05). This work indicates clearly that the
greatest rate of oil removal from samples was aeliavith higher oil contaminated sand.

3.3 WASHING HIGH CONTAMINATION

Soil washing was performed in an effort to detemrtime amount of TPH removed from medium contanomati
sand. Also, the washing procedure was repeatedifives a day. Furthermore, Table (3) showed thatie80

% of TPH was removed from the contaminated sane fiovide a clear indication that the percentage
reduction of TPH during the pilot were non sigrafitly different (A one-way F (4, 20) = 24.1, Posth
Scheffe testg) = > 0.05). As a result, the efficiency of the pieds able to deal and reduce high concentration
of TPH.

Tab. 3. Mean of TPH removal during the washing procesgeNbhe data are expressed as mean = SD (n=5)

TPH Before TPH After
Sample ID (mg/kg dry weight) STD EV +/- (mg/kg dry weight) STD EV +/-
1° day 65,830 377 5992 128
2" day 61,220 332 6021 97
3% day 64,322 314 6211 181
4" day 64,190 356 6821 143
5" day 63,366 373 6402 151

4. DISSCUSSION

This improvement can be associated with the ineidsngth of time of the washing system. Therefthe,
washing time was believed to correspond to theimgetif the soil with the water. Urumt al. (2004) reported
that the wettability of contaminated soil and cebt@ngle between the soil and oil increase withhivagstime.
However,this project found that there was no-sigaift difference between medium contamination aigth h
contamination (M = 226,450; SD = 8,856) (Post-hahedfe testsp = 0.777) after the washing process
completed, see Figure 2.
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Fig. 2. Mean of TPH removal during the washing processteN(A) After; (B) Before; (H); High contamination)
Medium contamination, and (C) Low contamination. Tlaa are expressed as mean + SD (n=5).

The outcome of this study shown that the percentdgéPH removal was increased for low contamination
sample, this slight removal of TPH could be atti@outo the nature of weathered contaminated shik $tudy
was determined the amount of oil removed from 2§@k Kuwait oil sand using the ratio of (mass: vok)
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1:1.5. According to Chu and Chan (2003), soil waghivas carried out to clean contaminated soil with
hydrophobic organic compounds. They found thatsihié washing was able to achieve an effective optim
washing condition using a soil to solution ratio b6 (mass/ volume). However, this study shows that
decreasing the soil/solution ratio to 1:1.5 (masslme) enhanced the percentage of oil removalo Allse
volume of the wastewater produced after the waslprapesses complete was reduced to 50 %. These
experiments indicate clearly that the greatestafit#l removal from samples was achieved withteoraf 1:1.5
(mass/volume).

5. CONCLUSION

The scenario in Kuwait is somehow exceptional asdbntamination is primarily caused by crude othick
has been weathered under open environment for &5s.y€he exposure to the environment has causetiahos
the volatile substance within the crude oil to evape into the atmosphere with a heavy compounitisate
residue. Due to the complex nature of contaminatéidand the undeniable fact that contaminationdifierent
situation present of a “cocktail” of various typekpollutants, therefore, different types of renaidin deals
with different range of contaminates, limited sugxdiave been reported in remediation contaminaiéd s
Remediation of oil-contaminated soil in Kuwait wexgplied individually with different methods, witimited
success with lengthy time process and high coss. difcourages the various investigators to cartyesearch
to find new technique to reduce the concentratminsontaminates to satisfactory levels. This kifidvork is
vital for successfully meeting the remediation chjee, with a system being chosen that offers cost
effectiveness, feasibility and short time. Thisopils aimed to assess the efficiency of the newatesyy for
removing hydrocarbons from contaminated soil tceptable level.
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ABSTRACT

Since 2011, DEKONTA has been responsible, in clomaperation with the POPs Centre of the Ministry of
Environment of Moldova, to dispose approximately? 7®onnes of obsolete pesticides (and pesticides
contaminated materials) from eight different wanetes in Moldova (Gradinita, Ciobalaccia, Clocusna,
Pascani, Singerei, Oliscani, Pelivan and Paupglig. main goal of our projects has been to repaeknthste
into appropriate containers, clean-up the waretmase to transport the contaminated waste for fiigdosal

in incineration facilities in Europe.

In this paper, it will be presented the processadéguarding illustrating the challenges encoudtarel lessons
learned from the implemented projects in Moldova.

INTRODUCTION

For decades, pesticides have been used worldwiderasan to increase agricultural output, fight pestd
control tropical diseases. Now, obsolete, thesenadads are highly toxic, highly dangerous substantdet
pose a direct threat to human health. In Moldoes not uncommon for local residents to use ttsndintled
warehouses as building materials for their own shiduses and fences and even re-use obsoleteigesfior
agriculture. It is clear that obsolete pesticidgad out in the open or in ruined stores can egsiiute the
environment and are a risk to human health. Fa thason, Moldovan authorities with the co-operatid
international donors like FAO, NATO, the Czech Gowaent and others, have implemented several psject
with the aim to remove this threat from the enviremt.

Since 2011, DEKONTA has been co-operating withNfadavian authorities and has removed 752 tonnes of
obsolete pesticide waste from several pesticideelsbuses in the country.

Tab. 1. Summary of DEKONTA's Projects in Moldova

Project Date Amount (t) Summary

R diati f . tal burd Gradinita, Ciobalaccia and
emediation of environmental burdens 09/2011 to Clocusna storehouses

caused by pesticides in Moldova - 202

Funded by Czech Development Agency 04/2013 :;i(:ggse: dciipggr%gz;:dmg

Remediation of environmental burdens Singerei, Oniscani, Pelivan,
ad V! u 10/2013 to Papauti storehouses

caused by pesticides in Moldova Il - 250

Funded by Czech Development Agency, 06/2015 gizlgg:: dci?]pggr%gz;dmg

Safeguarding and Disposal of hazardous Pascani storehouse
chemical waste in Moldovarunded by 01/2015 to 3605 Project is running
the Food and Agricultural 09/2016 ' Included capacity building

Organization of the United Nations To be disposed in Poland
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Fig. 1. Location of the Obsolete Pesticides Storehousboidova.

DEKONTA's approach for the implementation of thejects was divided in six main phases: health afiety
plan elaboration, inventory, safeguarding, trantgimn, disposal and site hand-over.
A summarized description of the phases is illusttah below:
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sElaboration of the Health and Safety Plan
S| *Deskresearch on the country's legislation regardingthe management of hazardous waste
Safety Plan )
*Warehouses inspected in detail, photo documentation and drawings of buildings and their vicinity. Start of %
environmental awareness information campaign
*Documentation of the storage method. Quantities estimation.
#Sample collection, analysis and detailled inventory )
*Site set-up. Site accessibility improvement. £
*Purchase and import of packages for shipment and disposal
X sMedical checkup of satff. Worker trainning
Safeguarding |8 : et ; i ;
Repackaging of pesticides into UN appproved containers . Weighing and labelling the drums. y
~
*Notification and permits from transit and import countries. Route planning.
*Payment of financial guarantee to the country of import
»Loading of the cargo into certified vehicles. Verify the weight of the cargo.
J
w
s Delivery of the hazardous waste cargo to the disposal facility
*Verify the weight of the cargo by the disposal facility
Disposal »Issue of waste disposal certificate by the disposal facility
S
-
#Survey of residual contamination on empty storehouses, bulding structures and site surrounding (soil, water
sources and water streams)
rl L0 *Environmental risk assessment
over sInformating campaign to disseminate the results of the project to the local population )

Fig. 2. Summary of the main phases of the project.

WASTE CHARACTERIZATION AND EXPORT

The results of qualitative analyses of pesticidm@as and contaminated debris indicate presence witle
spectrum of substances. The most represented igestia solid matrices include trifluralin, B, y, 5 — HCH,
atrazine, carboxin, proparil (DCPA), diazinon, diplamid, chlorobenzilat / chloropropylat / etoxinol,
mefenoxam / metalaxyl, prometryn, propazine, simazi triazine, sulfotep and triadimefon. Acetochlor
metochlor and atrazine, dimethachlor, propazineasine/triazine, terbuthylazine and 2,4,D were tbum
liquid matrices.

According to the analyses at the wastes were asgigndes according to the European catalogue akewas
(Decision of the Commission 2000/532/EC) and cleisskhazardous character according to the European
Agreement Concerning the International Carriagpafigerous Goods by Road, the so-called ADR.

The export of the waste was done by road to theenators, the wastes were packed in plastic dafarious
sizes for the solids pesticides, in jerrycans aladtiz IBCs of various sizes for the liquid pesties and in
FIBCs (or Big Bags) for contaminated PPEs, soits @ld containers.

CONCLUSION

The projects had very positive impact in the cdodibf the environment. The most benefitted grotiphese
projects were the workers who move directly arotihvd premises of pesticide warehouses, people wharii

the surroundings of pesticide warehouses and thabitants of respective districts, who could beeasely
affected by collected toxic substances, due todlust particles, improper handling, escape of lgwind etc.

As the direct benefits in the social sphere we saa the opportunity of an additional income of loca
inhabitants from auxiliary works associated withmowal of wastes. These concerned miscellaneousl smal
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repairs (of warehouses, tools and equipment, vejickransport of material, manual help when logdind
unloading goods, guarding of buildings, forkliftevation, etc.

The implementation of these projects proved toHadlenging. The main challenges encountered were:

> Lack of information regarding the pesticides stoiedthe storehouses. Storehouses in very poor
conditions.

> Presence of strong oxidizers in the storehousemd™ent risk of fire.

> Routes for the transportation of the pesticidesukhde planned considering the countries of
transit/import. Some authorities are quicker torapp the movement of the waste through/to their
territory.

> Maritime transportation companies may refuse togpart the waste in their vessels.

The lessons learned from these projects were:

v Insisting on maximal safe conditions during the kvarhe presence of unknown substances and poses
a constant threat for the safety of the workers.

v Strict usage of PPE and safety equipment at theBue to the uncertainties regarding the idexgtitif
the chemicals present at the site, DEKONTA"s apgraa to be one step ahead and use more PPE
than the minimum required.

v Detailed analysis in the field, cross analysis (Rampectography and RTG) for the identification of
unknown chemicals.

v Elemental analysis of every drum for presenceniting elements regarding incineration limits.

v Close cooperation with analytical laboratory - itiécation of all chemicals including the metabe#t
of pesticides, specific pesticides that were testédoldova during the Soviet times

It is also necessary to mention that repackagimdisposal of the obsolete pesticides only remélvesource
of the contamination. It is common that residuahtamination remains at the site (contaminated mgld
structures, soil, water bodies and etc.) and iukhalso be addressed in future projects. As ameia soil
samples (soil probes, surface soil) collected fithm Oniscani site after the pesticides repackagutiyities
have been completed revealed concentrations alibwegikg in soil, i.e. the level when materials aassified
as hazardous waste according to the Moldavian atigok.

For this reasons, a comprehensive information cggnp® raise awareness must be carried out untihén
projects addressing residual contamination are e@mphted. Situations were locals perceive the old
storehouses, now empty of pesticides, as safecarencommon. In many cases building materials airisla of
being removed from the site and used as buildinggrizh for houses or stables.
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ABSTRACT

Risk elements distribution on agricultural soilsSiovakia is evaluated in this contribution. Theaswred results
have been obtained on the basis of soil monitosigjem in Slovakia which is consistently runningcsi 1993
year. Risk elements have been analysed in extrabti@qua regia according to uniform analyticalgeaures in
soil (Kobza et al. 2011). On the basis of the add results it may be said that the agricultuodbsof Slovakia
are not extensively contaminated except some cangded sites which are mostly situated on the itréhls
areas (anthropogenic impact) as well as on thesanader geogenic influence. Their unfavourableeskasts
often a long period and agricultural land use ofthaffected fields is not recommended.

In addition, it seems that the natural processrgfrovement of contaminated sites caused by humpadtris
very slow and on contaminated sites caused by geéogdluence is practically without significant ahge after
1990 year. It means the soils which were contamathain the beginning of soil monitoring process, are
contaminated also at present.

INTRODUCTION

Governmental soil policy of Slovakia declares tthat soil is and will be the basics of environmengablogical,
economical and social potential of Slovakia anddfee it must be carefuly protected against damébe new
regulation concerning agricultural soils is the Act220/2004 Z.z. on protection of agricultural lscand
agricultural land use (MPSR, 2004) and Act n. 58afistry of Agriculture and Rural Development db8akia
from the 11.-th of March, 2013 (MPRV SR, 2013) ffod to increase quality and to integrate decisiphere
concerning the protection of agricultural soilshwibhe aim of their protection against degradatieor. the better
realisation of this regulation in the praxis, itllwhe necessary to know the actual state of saild toeir
development using the complexed soil monitoringesysin Slovakia which has been running consistesitige
1993 year.

Recently, environmental damages on the examplsadécted contaminated sites in Slovakia are dmesitrin
this contribution.

MATERIAL AND METHODS

The obtained results are evaluated on the basisilofnonitoring system in Slovakia. Soil monitoringtwork in
Slovakia is constructed on ecological principlesl ancludes the research data of all main soil typed
subtypes, soil substrates, climatic regions, emisggions, contaminated and non-contaminated megs well
as various land use. There are 318 monitoring sitesagricultural and alpine land in Slovakia. Abils
monitoring sites are located in WGS 84 coordinald®e monitoring site represents the circular shapth a
radius of 10 m and an area of 314 ffhe standard depths of@10 m, 0.260.30 m and 0.3%.45 m on soils
under grassland and-@.10 m and 0.35-0.45 m on arable land are samjbledthe depth is adjusted to
characterize the main soil horizons. The soil nwimg in Slovakia is running in 5 years repetitiomte most
important risk elements concerning soil contamoratire included@d, Cr, Pb, Ni, Zn, Cu, Se, Co extracted
with aqua regia) and Hg (total conteri)ethodical and analytical procedures were realiaecbrding to work
(Kobza et al., 2011).
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RESULTS AND DISCUSSION

The various impacts influencing on the evaluatbsoil contamination could be described as folow

- human influence (industry, agriculture, municipaste materials, etc.);

- influence of geochemical anomalies;

- combined influence.
The human influence on contamination of soils iov8kia (former Czechoslovakia) was the most sigaiit
after the Second World War and especially durimgitidustrial period in the second half of the 2@¢htury.

The geochemical anomalies occur especially in viddcand crystalline rocks, mainly in mountainougioas,
this process is manifested in agricultural landhwiss intensity. The most extended areas of geaiché
anomalies appear in Stiavnické vrchy, Low Tatras @lovenské Rudohorie mountains. These regionsftes
characterized by high to very high concentratiohsame risk elements, especially in all soil p®f{Cd, Pb,
Cu, Zn, As).

Tab. 1. Average content of risk elements (mg*kgxtracted with aqua regia in arable layer (0 -ef) of agricultural soils
in Slovakia

Soils As Cd Co Cr Cu Ni Pb Zn Se Hg
FM 10.8 0.7 8.8 39.1 34.0 37.0 54.3 1228 - 0.2
CA 10.0 0.4 7.8 42.9 22.7 29.6 21.1 75.6 0.2 0.06
CM 10.0 0.4 7.8 42.9 22.7 29.6 21.1 75.6 0.3 0.1
HM 9.2 0.2 10.0 415 229 32.6 19.7 68.3 0.1 0.05
LM+PG 9.9 0.3 9.7 42.8 17.0 23.3 24.2 66.Y 0.2 0.97
KM 14.8 0.3 12.6 52.2 28.9 29.2 27.0 93.% - -
RM 34 0.1 2.0 195 17.0 12.0 7.7 41.( 0.3 0.03
RA 131 0.5 11.8 55.2 30.6 42.0 36.3 103|1 - 0.13

Explanations: FM — Haplic Fluvisols,CA — Mollic Fluvisols, CM — Chernozems, HM — Cutanic Luvisols, LM+PG —
Albeluvisols and Planosols, KM — Cambisols, RM — Rem<RA — Rendzic Leptosols

Measured average values of risk elements are Ithaervalid hygienic limit for Slovakia (MP SR, 20Q0MPRV
SR 2013). These ones are running in the mean maings: 3.4 — 14.8 mg.k§ Cd: 0.1 — 0.7 mg.ky Co: 2.0 —
12.6 mg.kg, Cr: 19.5 — 55.2 mg.kG Cu: 17.0 — 34.0 mg.Kg Ni: 12.0 — 42 mg.kd, Pb: 7.7 — 54.3 mg.Kg Zn:
41.0 — 122.8 mg.K§ Se: 0.1 — 0.3 mg.Kg Hg: 0.03 — 0.2 mg.ky The distribution of risk elements depends on
parent material, land use, soil type and potestiarce of elements origin (geogenic, anthropogeagp. mixed
influence). Concerning the measured values of élsknents given in the Table 1 the slightly highalues of
some elements (Cd, Cu, Ni, Pb, Zn, Hg) occur orHlagisols which could be transported from the batents
and accumulated on alluvial deposits.

Higher values of some elements are also charatitefier some Cambisols which are influenced by
geochemical anomalies occurrence especially ortadlige rocks and volcanic deposits, as well. Tfaealso
mean values of some risk elements on Cambisolalsoencreased (As, Co, Cr, Cu, Zn).

On the contrary, the soils with low to very low temt of humus and clay fraction (Regosols) are attaristic
with the lowest content practically of all risk elents, what it was already mentioned in some pusvigorks
(Linkes et al., 1997, Wilcke et al., 2005).

The significant change of risk elements was noepled during monitored period of last 20 years (Koket al.,
2014). It means that the soils which were contatathat the beginning of soil monitoring process9@ 9ear),
are still contaminated at present.

Soil contamination can create visible phenomenas{sin the surroundings of industrial areas) on+visible
effects (e.g. influence of geochemical anomaligs)the framework of the 1-st example the highestues of
some risk elements are often measurable in theilppsit on the other hand in the areas of geogarficence
high to very high content of some risk elementsuogenostly in all soil profile, resp. their conteran increase
with depth of soil.
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It may be said that antropogenically deposited/faaetals are less strongly bound in soils, becahsenical
equilibration of heavy metals in soils is alongtlag process (Chlopecka et al.,, 1996, Wilcke and
Kaupenjohann, 1997).

In addition, remarkable significance has alsoiddbn” soil contamination. It is soil contaminatjomhere the
contaminated soil-sedimentary material was covesethtest soil-sedimentary material during shoatetonger

period and these areas are often intensively et/ for agricultural production at present. Thaseccan be
presented on the following example in Horn& Niwgion (Figs. 1and 2).

Fig. 1. Gray ash layer in soil profile of Fluvisol Fig. 2. Contaminated site on agricultural land
(Horna Nitra region). (Horna Nitra region).

This structure of soil profile is a result of stgostorm in 1965 year, when the waste dam near Zeskdéa
Kostolany was destroyed and gray ash very riclrserdac was transported by rain water along theaNitrer.

This gray ash layer is located in the depth of 4b-cm (Fig. 1) with very high content of arseniedr 900
mg.kg") at present. Topsoil is agriculturally cultivatéfelg. 2) with also very high content of arsenicgn&00

mg.kg") (Kobza et al. 2012).

In addition, the ,hidden“ contamination often ocgim mining areas with its origin of the middle agdnen by
processing and cleaning mining ore the waste nadteith high content of risk elements has beenrithisted
into the country. The result of these old humaiveigs are contaminated sites situated also orcalgural land
as well as in the settlements (in the middle agemjand) — on gardens and orchards, as well. Camased sites
are also situated on the aluvial deposits of afitical land along the rivers and brooks flowingrfr@ld mining
areas. In the following table 2 the risk elematistribution is presented on Stiavnica stream.

Tab. 2. Risk elements distribution of contaminated sitetuvial deposits of Stiavnica stream (Dvorniky)

Risk elements in mg.kg (extracted in aqua regia)

Soil depth
Cd Pb Cu Zn As Ni Cr Co Hd'

0-10cm 9.94 1238.00 111.00 1191.00 12.70 10.30 24.10 9.28 0.27|

35-45cm 9.89 1941.00 137.00 1340.00 14.30 5.35 15.30 14.00 0.10

1 — total content (TMA analysator)
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Fig. 3.Fluvisol on Stiavnica stream (Dvorniky). Fig. 4.Contaminated site on agricultural land (Dvorniky).

Distribution of risk elements is a result of oldninig activity in Banska Stiavnica region and theansport
along the Stiavnica river into the agricultural dasince the middle age period. Very high contentrisk
elements (Cd, Pb, Cu and Zn) was determined on itamovg contaminated sites on aluvial deposits of
Stiavnica river (Fig. 3 and 4). These fields ao¢ suitable for agricultural use (often in opposieality),
because the quality of agricultural crops couldffected.

CONCLUSIONS

In general, on the basis of the available resultway be said that the agricultural soils of Slasa#tre not
extensively contaminated except of some contaminaites which are mostly situated in the industaisdas
(anthropogenic impact) and under geogenic influefiteeir unfavourable state lasts often a long medod
agricultural land use of those affected fieldsds recommended.
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ABSTRACT

New system of limit values was proposed as a Deoréiee Agricultural soil protection Act amendmamd it is
valid since June 2016. The system consists of éwel$ of differentiated limit values: preventiordandication
values. The prevention limit values are constructtatistically as the upper level of geochemicat an
anthropogenically diffused soil pollution and theaiain purpose is prevention of agricultural soitsni further
loading by potentially toxic substances. The indaralimit values, on the other hand, are derivedvarst case
effect — based which means that the negative sffacthuman health or environment can appear inafdgait
exceeding. Three different categories of indicationt values were specified according to expositgcenario:
a) risk of food chain contamination; b) risk of phtpxic effects; c) risk of direct effects on huntagalth. Both
prevention and indication limits are constructed delected risk elements and persistent organitutpols.
System of soil sampling, analytical methods and suess in cases of limit exceeding are a part ofnie
legislation.

NEW SYSTEM OF SOIL LIMIT VALUES

The criteria for the assessment of soil polluticerevadopted for the Czech legislation in 1994.gitesof the
fact that they were just taken from different fgreiegislative measures it was a good step foraattat time.
However, after 22 years, they do not reflect presequirements of agricultural soil protection,veall as they
are not consistent with European and world attudeprevent soil pollution.
The new system of limit values started to be coestd in 2002 already, based both on the previcurgswof
national experts (Bimetek et al. 1996; PodleSakova et al. 1996; BenesS;1988ekek et al. 2001; PodleSakova
et al. 2001; Nmetek et al. 2002; PodleSakova et al. 2002; Vactal. 2002) and contemporary international
attitudes (EPA 2002; ISO 2005; LABO 1995). Condinrcof the new system followed two basic princgple

e to comprise scientific knowledge on the toxicityadéments and substances for humans and

environment and their soil risk assessment,

* to be applicable in the legislation and state adstration.
In order to interlink these principles the systefntinit values was differentiated according to @yél of risk; b)
exposition pathway; c) analytical method, reflegtihe bioavailability of risk elements and d) qwibperties.

Tab. 1. Scheme of the system of soil limit values

LEVEL OF RISK EXPOSITION PATHWAY ANI\';‘I‘IIE_'\IKI-II—L;:I'DA\L SOIL PROPERTIES
general prevention for . two classes of soil texture for all
humans and environment | 2942 €& total for Hg elements

two classes of soil texture for Cd
three classes of pH for Cd and Ni
two classes of soil texture for Cd
indication - risk two classes of pH for Cd
elements aqua reqia. total for H three classes of pH for Cu and two
plant growth inhibition q gia, 9 | classes for Ni
1mol/L NH,NO, -

human health protection aqua regia, total for Hg -

prevention

aqua regia, total for Hg

food chain contamination

1mol/L NH;NO;

indication - persistent
organic pollutants

human health protection total content -
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PREVENTION LIMIT VALUES

The prevention limits were derived from backgrowalues of risk elements (RE) and persistent organic
pollutants (POPs) in Czech agricultural soils asetly for RE individually for light texture soils ambrmal
texture soils. The values for RE are not valid $mecific geological substrates with their highetura
(geogenic) contents The purpose of prevention dingitto protect soil from increasing of RE and PO&sents
coming from both intentional and unintentional apgtion of substances on agricultural soils. Thevpntion
limits have already been applied in legislationcases of sewage sludge and sediments utilizatids: not
allowed to apply them on soils where preventioritimvere exceeded.

Tables 2-3 shows preventive limit values as adofaetegislation.

Tab. 2. Proposed RE prevention limits in agricultural soils

Prevention value (mg/kg of d.m.)

Soil Category As Be Cd CoCr Cu Hg Ni Pb V Zn
Standard texture sotls 20 20 05 30 9 60 0,3 50 60 130 120
Light texture soil$ 15 15 04 20 55 45 0,3 45 55 120 105

Dsoils except light texture soils
Isandy soils, loamy-sandy soils, gravel-sandy soils

Tab. 3. Proposed POPs prevention limits in agriculturdsso

POPs Prevention value (mg/kg of d.m.)
Polycyclic aromatic hydrocarbons

¥ PAHS) 1.0
Chlorinated hydrocarbons

¥ PCB? 0,02
¥ DDT? 0,075
HCBY 0,02
HCHY (T a+p+y) 0,01
PCDDs/F¥ 5,0
Petroleum hydrocarbons

Hydrocarbons C10 — C40 100

Dy PAHS — polycyclic aromatic hydrocarbons (anthragérenzo(a)anthracene, benzo(b)fluoranthene, biefizofanthene,
benzo(a)pyrene, benzo(ghi)perylene, phenanthrererahthene, chrysene, indeno(1,2,3-cd)pyrene,thafine, pyrene)
25 PCB congeners — 28+52+101+118+138+153+180

¥z DDT, DDE, DDD

“HCB and HCH ¥ a+B+y) — analysed only by suspicion of their contentsdi

nternational toxic equivalent value (I-TEQ PCCDs/Rap/kg of d.m.) — analysed only by suspicion otremsed
PCDDs/Fs contents in soil

INDICATION LIMIT VALUES

The indication limits are constructed as effectolas.e. some adverse effects can be observed thhaontents
of substances in soil are higher than the limitugalconsidering the safety factor and worst casmas®.
According to the legislation, some measure musiidiee in case of indication limit exceedance, initigdsite
specific risk assessment procedure. The specifegoay of the limits must be used, according toghven land
use and exposition scenario. Where the limits atefar aqua regia and NNO;, the limit is considered as
exceeded if both extracts are exceeded.

Tables 4-7 shows indication limit values as adoftedegislation.
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Tab. 4. Indication limits of food chain contamination

Element Soil texture pH/Cagl Indication value (mg/kg of d.m.)
Aqua regia 1mol/L NENO;
As - - 40,0 1.0
- <6.5 15 -
Cd standard texture > 6,5 2.0 0.1
light texture > 6,5 2.0 0.04
<6.5 150 -
Ni >6,5 200 -
- - 1.0
Pb - 300 1.5
Hg* - 15 -

*Total content by AMA method
The exceeding of limit value is valid in the caseany exceeding, a) Aqua regia extraction, b) 1mdlH;NO; extraction
when both analyses must be done if the limit valresavailable

Tab. 5.Indication limits of plant growth inhibition

Element pH/CaGl Indication value (mg/kg of d.m.)
Aqua regia 1mol/L NENO;

<5 150 -

Cu 5-6.5 200 -
>6,5 300 -
- - 1.0

<6.5 150 -

Ni >6,5 200 -
- - 1.0

400 -

Zn i 20

The exceeding of limit value is valid in the casaiwy exceeding, a) Aqua regia extraction,
b) 1mol/L NH,NO; extraction when both analyses must be done ffithievalues are available

Tab. 6. RE indication limits of human health protection

Element Indication value (mg/kg of d.m.)
As? 40
cd” 20
Hg? 20

DAqua regia extract — valid for all soil texture egories
ATotal content by AMA method

Tab. 7.POPs indication limits of human health protection

Substance Indication value (mg/kg of d.m.)
Y PAHs’ 30

Benzo(a)pyrene 0,5

* PCB” 1,5

* DDTY 8,0

HCB? 1

HCH? (T a+p+y) 1

PCDDs/F 100

D5 PAHS — polycyclic aromatic hydrocarbons (anthragdrenzo(a)anthracene, benzo(b)fluoranthene, bierimofanthene,
benzo(a)pyrene, benzo(ghi)perylene, phenanthrereahthene, chrysene, indeno(1,2,3-cd)pyrene,thafdne, pyrene)

25, PCB congeners — 28+52+101+118+138+153+180

95 DDT, DDE, DDD

YHCB and HCH ¥ a+B+y) — analysed only by suspicion of their contentsaii

nternational toxic equivalent value (I-TEQ PCCDs/fu)/kg d.m.) — analysed only by suspicion of imsed PCDDs/Fs
contents in soil
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VALIDITY

The system of limit values has already been issuébllection of Laws and is valid since the 1shdd2016 as
Decree No. 153/2016 SB. System of soil samplinglydical methods and measures in cases of limieeaing
are part of the legislation.
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ABSTRACT

During the past 60 years the British agricultunadlustry has been undergoing significant economid an
technological changes resulting in many small taioma sized undertakings ceasing to exist therebyiging a
potentially extensive greenfield/brownfield landnkdor rural re-development. This paper initiallypéains the
UK Government's Part 2A contaminated land regir@aéted 2000) examining its relevance to and impact
upon agricultural land. Consideration is given twhbactive farmsteads within the Part 2A contexd afso
contaminated land issues affecting post site ckosardevelopment. The pre and post year 2000 isituét
discussed focussing on the principle identifiedsesuof contamination, i.e. fuel storage, fertiliagrochemical
use and particularly waste disposal (farmyard, gewand municipal). Undertaking contaminated land
management and risk assessment in accordance heitpublished "Model Procedures" (2004) is discussed
commensurate with “normal” contaminated sites aased with past industrial activity. But whilst g® and
livestock feature as Part 2A receptors risk assessnemains an un-exact science and there areawrknases

of actual impact. With regard to redevelopmentk nerceptions can differ amongst regulators. Natur
background “contamination” in agricultural soilsaitso an issue to consider. Case studies are peelsen

INTRODUCTION

Prior to the 1970s in the UK, polluted land hadthmesi been a governmental issue nor one of concethet
general public. With the expansion and intensitythaf industrial revolution from the 1800s onwardss,and
water pollution and impacts on the quality of Ilifeickly grew to become major technical and legigéatssues
as evidenced for example by the first Alkai Act §38 the Clean Air Act (1968, industrial chimneys)d
controlling discharge of ammoniacal liquor from kgas works into surface water courses. Howevespaoliéed
and derelict industrial land and whatever harbouwvidin was not considered a problem, areas readitepted
as a necessary evil and agricultural land was clg@®en and pleasant. Prior to 1959 no grants ratifig was
available to reclaim such land and serious danigeked as evidenced by the Aberfan disaster (196&n a
coal spoil heap engulfed a school with major Iddfea

Land was continually mistreated; wastes of whatéwsrardous nature and toxicity could be depositedniy
hole in the ground. However, the Part 1 of the @drdf Pollution Act 1974 (England and Wales) finstoked
waste control further strengthened over the decadesmpliance with EU Directives. The Act also aked
legislative controls for both water and atmosphpatiution together with noise nuisance. In conssme of an
explosion at a residential property in DerbyshiEagland) in 1986 potential risks from landfill gagcame a
matter for risk assessment and control through 8Va&tnagement Paper 27 (WMP27) published in 1991 and
The 1995 General Development Order. Heavy metal®sidential garden soils became an issue in tiee la
1970s when high concentrations where discovereshipam Village where new housing had been buith&
1960s on former metalliferous mining land. In Segier 1981 the New Scientist published an artici®réng
that government scientists were warning of hundefdives at risk through building housing of formgas
works sites.

With growing concern over contaminated land, tlwerffer) Department of the Environment (DoE) esthielis

the Interdepartmental Committee on the Redevelopofe@ontaminated Land (ICRCL) to offer advice todal
Authorities (LAs) publishing a series of eight gamte documents from 1983 to 1990. In 1995 the Dis& a
published a series of 47 documents, the Indud®iiefiles, each describing the particular nature @pecified
industry and the types of contaminants likely to &Sociated with the processes. The Agricultudlistry was

not included. To aid risk assessment in develogites with regard to human health one ICRCL domtme
introduced the Trigger Concentration concept, aeseof Threshold and Action values and for a ranfe
inorganic and organic elements and substancesmiples terms, a soil with concentrations below atipafar
Threshold would be considered safe and if aboveAetion, remediation measures required. These were
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withdrawn in 2004 and subsequently replaced byedsfit sets of soil risk assessment criteria forduimealth
including the Soil Guideline Values (SGVs) and oshe

THE PART 2A REGIME

There has been no real definite figure as to thebau, type and location of contaminated sites thinout the
UK. Data issued in 2005 estimated 325,000 sitegrog 300, 000 hectares. Compiling registers oépiially
contaminated sites in England and Wales had begtie itonsidered once the potential risks begattedo
light. In 1987 the Welsh Office made available titbLAs and developers an on-line database of plesssk
sites greater than 0.5hectares in area. In 1990HBhse of Commons issued the First Report on cdntead
land urging that registers should be complied withfurther delay. However it would be some timedoef
action was taken primarily due to concerns overshaublight.

Finally, in April 2000 the Environmental Protectidwt 1990 (EPA 90) was enacted through Part 2Ahef t
Environmental Act 1995 and commonly referred tattes Part 2A (contaminated land) regime. This primar
legislation was supported by the Contaminated LBedulations (2000) and both statutory and non-statu
guidance. The legislation provided a statutory llelgdinition in that contaminated land is any lamtich is in
such a condition, by reason of substances in, amder the land that — (a) significant harm is besaused or
there is a significant possibility of such harmrgeicaused or (b) significant pollution of contrdllevaters is
being caused, or there is a significant possibitifysuch pollution being caused. Part 2A solelyradses
historically contaminated land and the current liseoncerns what might have passed into grounidés@ita or
water bodies from past activities and possible tieg@mpacts, primarily upon human health albeitnfrchronic
exposure but also harm to ecological systems anmdsnpaoperty. The regime is designed to ensurenclgaof
sites which present serious risks and which wouldonlld not be dealt with either through the plawgnand re-
development process or voluntary action. The regixeludes what is termed “normal contamination” and
which encompasses natural background levels, difadlution and contamination caused other by itrchis
activity.

Given the emphasis on human health the respongifoli administering the regime was adopted by emath
every Local Authority Environmental Health Departtn¢EHD) in England (326) and Wales (22). Each EHD
formulated a Contaminated Land Inspection Strafegy which a database of low-medium and high-rig&ss
was established. Not surprisingly, database nuntiéfes as to whether or not an EHD’s area is prashantly
rural or urban/industrial and opinions have aldtedéd as to what type of site should be includexstmotably
with potentially low risk sites. Databases werangipally created through consulting historical mapsl plans.
The next step was to undertake detailed inspectibhigh-risk sites and establish whether or netlind might
meet the statutory definition, a process referedag Determination and, if so, thereby warrant ichiate
remediation. Whole databases have not been placta ipublic domain though enquiries can be subuhifbr
individual sites.

From 2000 onwards, Part 2A gathered pace albditivthe normal constraints of money, time and margyo
Most every EHD established a dedicated post, thetaboinated Land Officer (CLO). Funding was made
available from central government to undertakeidgtanspections, risk assessments and remedid®ievised
statutory guidance was issued in 2012 and whialedoiced the concept of four contaminated land caies;
CL1 embodying land likely to be determined, CL4 idiéély uncontaminated and with CL2 and CL3 as
intermediaries. To assist with CL4 categorisatisereening values have been developed for arsesizebe,
benzo-a-pyrene, cadmium, chromium VI and lead ikedd@b six land use scenarios.

In 2016 the Environment Agency (EA) issued itsdhieport on the state of contaminated land in Bxdyld his
presents the results of a 2014 survey and chaRamRA progress achieved from 2000 to 2013. Miliaf
pounds have been spent with 511 sites determinédchenst now remediated, though before the CL4 cancep
was introduced. Not surprisingly, human health hsis been the main driver with arsenic, lead anzda-
pyrene (BaP) being principle contaminants of comc&he data should also be treated with some aaasonot
perhaps presenting such a comfortable scenarioy @0 of LAs responded with some not answering all
guestions. Further still, many sites constitutavilial residential properties within a single defil area, each
property having been determined on an individugishdn some cases, determination leading to clgahas
been invoked to err on the side of caution andneaessarily robust scientific evidence, the clasage being
with BaP. Without doubt, progress has been madesant seriously high-risk sites identified and appiately
remediated. However all LAs are now facing sevanarfcial cutbacks in all services including envirantal
health Central government funding to assist LAseantake inspections and remediation has not only bee
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drastically reduced but is to be completely withanan April 2017, an action severely criticisedarHouse of
Commons’ report on Soil Health (May 2016). Theraasv grave concern as to how a LA might be ablméet
its ongoing and future statutory responsibilityaminister the Part 2A regime. The complacency agp® be
that the development process might come to theieesc

RISK ASSESSMENT

Compared to the days of the few ICRCL documentslianited landfill gas guidance, there is now a ptet of
technical and non- technical information to aid atukt the legislators, consultants, developers athdr
interested parties. The key document however ispihblished in September 2004 as Contaminated Rambrt
11 and entitled Model Procedures for the Managemehand Contamination, commonly just referred satlze
model procedures. It sets out the principles comtoagither identifying and remediating possibletPd sites
or redeveloping land as might be affected by coitation.

Contaminated land risk assessment is fundameritafigd on the source — pathway — receptor concéphrée
components must exist to constitute a contaminakadge and in the case of a Part 2A site, thagljgkmust be
significant for land to be legally determined. #& basic, there must be a single contaminant préséne upper
1.0m soil strata as could impact upon a receptoutih a viable pathway. In the case of human heaihosure

to contaminated soil encompasses direct and indin@mates through inhalation, ingestion includingibéel
produce and skin contact. A linkage will not existone or more component is absent and conversely,
remediation seeks either remove or reduce thesitieof a source, break a pathway or, if practieabdmove a
receptor or substitute for a less sensitive end @sataminant linkages are built into a Concep#itd Model
(CSM) and which represents the possible risk(sfiwia site and who or what is at risk.

When nothing is known about a site as if oftendase the very first step is to undertake a detdilesse 1 risk
assessment or a desk study as commonly referreld i®.a qualitative assessment only, not involvswjl

sampling and chemical analysis. The exercise seelsquire information on sources, receptors anbveys
through combining data collection pertaining totdvigal/current land use with a detailed site rew@ssance
(walk over survey). The latter is important to retaverall site characteristics and any particalbiotic and
biotic features as might be indicative of possitd@tamination, especially small features (e.g. $aind land
surfaces (e.g. hydrocarbon staining) which caneostown on historic maps and plans. Plausible ogntnt

linkages as might exist are thus identified anddifinary CSM formulated on which further acticare based
embodying Phase 2 intrusive surveys incorporatiegegc and detailed quantitative assessment pethaps
leading to remediation. The CSM must consider afigible sources and receptors both within the stisjee

and adjoining/nearby land.

CONTAMINATED LAND AND AGRICULTURE

From the 1950s onwards British Farming practicegabeto dramatically change as governments encodrrage
home produced food self-sufficiency. In some walyjis mimicked the Industrial Revolution with techogical
advances in mechanization, use of agrochemicalsiarécent times, farm size. As with that revaautithere
began to grow environmental concerns. In 1971a RGgmmission issued its First Report addressingalve
air, land and water pollution within the UK discump the various sources and potential impacts oicem.
With regard to agriculture, three common types grficultural wastes were identified as presentingeptial
problems namely pesticide/herbicide residues ifs sid edible crops, surplus fertiliser leachini irivers and
lakes and excreta from intensive animal productioithe subsequent years statutory and non- stgtatmtrols
have been introduced to reduce/prevent pollutioough the mismanagement of substances and deleterio
impacts on soil and water systems from wastes gnochemicals. Since 1989 sewage disposal to agrieul
land has been regulated to ensure heavy metal mwatiens are not exceeded in soils; nitrate viabker zones
have been established, Codes of Good Agricultuiattiee for air, land and water published and emirinental
permitting for intensive pig and poultry units ai@w a requirement.

With regard to agricultural land, the overridingngeal theoretical contaminant linkages within thertPR2A
regime is that natural soils may have become cantted by inorganic or organic substances to a tegree
such that there could be risks of phytotoxicityctommercial crops grown for both human and animedlifey
stuffs, health to grazing livestock and ultimataigks to human health within the food chain. Thias the
subject of an information note the (former) Minystif Agriculture Fisheries and Food (MAFF) forwaddi® all
LAs in 2000 with the intention of providing advite assist with formulating Inspection Strategienitifying
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where contamination of agricultural land might éxasd how it might be dealt with over and aboveeoth
controls already in place. MAFF considered thatthe main, any significant contamination as might be
identified would be a result of natural backgrouedels or wastes from historic metalliferous minibgt,
whatever nature of any contamination as might lleatied in land as a Part 2A assessment, simplegaarent
practices would be the key to mitigating risks. @ef Part 2A, ICRCL 70/90 had been published (1990)
specifically addressing risks from mine spoil imigak soils. It presented Threshold and Action Trigge
concentrations for arsenic, cadmium, copper, filmrlead and zinc with respect to both phytotoxoaitd risks

to grazing livestock.

The Statutory Guidance includes crops and livestagkProperty Systems Effects. Significant harm wdoul
represent a substantial diminution in yield or lassvalue resulting from death, disease or otheysjual
damage. If either is caused by a contaminant liekag20% reduction would be adopted as a benchtoark
determine land as Part 2A. The complexities of-glaiht interactions and environmental factors djesdicate
such an exercise would be extremely difficult arémly fraught with practical and scientific issuEsidence to
date for the UK indicates that metal concentrationgood and feed for a range of heavy metals haoe
exceeded maximum concentration values (McGrath 2015

The MAFF document inferred it unlikely that agriwuhl land could constitute Part 2A land and asafait is
aware, no one site in England has been determinedalsignificant risks associated with crops awnestock
from contaminants in natural soils or any likely ie in the future, particularly given the downtumLA
activity. The scientific parameters are complexgdfisafety is monitored under different legislatamd risk
assessment costs would be high since only Phassessaments would provide the finite answers and the
involving a multi-disciplinary technical team.

CONTAMINATED LAND AND RURAL DEVELOPMENT CONTROL

The UK coal gas industry was nationalised in 192dring subsequent years a myriad of small to medium
holdings were closed right up to the final demi$ehe industry in the 1970s. Hundreds were locétecural
areas. Many, many sites have been redeveloped, lsmydefore contamination was considered an issiié
later years. ICRCL publication 18/79 provided imf@tion for the redevelopment of gasworks sites. Hihglish
agricultural industry has also undergone similaraes with the number of holdings decreasing by 45&6 a

42 year period particularly smaller sites with @®0@eduction of those less than 50 hectares. Asygtamh
ceased land became available for redevelopment.

Tab. 1. Agricultural Holdings in England (x1000)

Year Total <50 Ha
1972 186.2 139.8
1988 156.6 103.7
2005 132.4 84.2
2014 102.9 57.3

Within an LA the planning department will consultet EHD on contaminated land matters and planning
applications. If there is any suspicion that araastland might be contaminated and present riskhe future
intended use, especially if a site is included o Part 2A database, the EHD will advise that doms are
imposed to ensure a phased risk assessment istaketer This approach reflects the National Planfioticy
Framework (NPPF) guidance (2012) invoking respadlitsiton a developer to ensure a site is fit forgpase
with no unacceptable risks from contamination. €hisr usually no doubt about brownfield sites wibhnfier
industrial use but opinions differ as to agricudiuland and establishments both with developerspanning
legislators. A developer does have the opportusityubmit information with an application, notalalyPhase 1
report which, if approved could offset conditiorsiriy attached, but more often than not this dod¢soocour,
especially for a site where contamination issueghtrippear to be irrelevant.

A redundant agricultural enterprise will typicallpmprise a nucleus of buildings within a set cagd and
outlying fields, the latter which might be retainasl arable or pasture land. Redevelopment wilkfoee often
encompass the buildings, either as conversionsgmwttion and new build, more often to residenéatl use
with private garden areas. An EHD would considés #s a highly sensitive end use from the humatihhdak
perspective. However there would appear to be isistency as to what extent of risk assessment dhmail
undertaken. By example, one South Cumbrian planaimtfority does not stipulate risk assessment &n b
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conversions whilst one in mid Lancashire alwaysires full detailed Phase 1 reports, incurring tgeaxpense

as might otherwise be justified. This reflects téerent perceptions towards contaminated landi Hg}
different EHD officers. Other councils however haagopted a compromise whereby a developer has the
opportunity to submit information by way of a simpjuestionnaire. This aims to ascertain the pdigilof
contamination being present from the use of bujdiand land where substances could have entereadjro
strata. Table 2 presents typical questions.

A gquestionnaire in itself represents a very basiskdstudy but without the companion walk over syrveall
answers are negative then it would be perceivedombamination issues prevail and therefore no requent
for further action. This approach does however oiythe integrity of the persons completing theuwthoent. It
would seem logical to retain the documentary apghroaut also incorporate a site reconnaissance trépor
present further evidence ideally by way of a phodpbic record.

L ]

Tab. 2.Issues relating to contamination in agriculturaida

Any fuel storage, both above and below ground?

Any filled pits, farm tip or bonfires?

Any chemical storage such as fertilisers, pestgitierbicides?,
Any foot and mouth burial sites?

Any asbestos materials e.g. roof sheeting?

Any utility services?

Any cesspits, oil interceptors or electric subistet?

Potential impact on any new development scheme fnazardous ground gases should also be considered
including naturally occurring radon if the sitelicated within a radon affected area. WMP27 intazdlithe
concept that any proposed development located wah250m radius of a former or active waste dispsisa
might be at risk from landfill gas migration and ia is still the adopted norm. In decades past hedwl of
former marl pits and ponds were created in agucaltland and which were filled in over the yeakihough
these inevitably constitute very low risk potentigls sources due to their small size, the voluntetgpe of
waste deposited and age such features should hele=$ be considered and appropriate risk assessmen
undertaken.

In consequence of NPPF and government policy tédtmgw homes throughout the country, development
schemes are now underway on many green field $dewer agricultural land. Be it for on-site reuseoffsite
disposal as surplus to requirements the qualityott topsoil and sub soil can only be determinedsampling
and testing and unless there is documentary evedeaanteracting suspicion, analytical suites shaudtlide
pesticide and herbicide parameters. Whilst not & RA issue natural contamination should ideally be
considered and possible risks from elevated backgioconcentrations if only to discount the matter a
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irrelevant. At present there is no standard practic guidance regarding residential redevelopmantoomer

agricultural land.

In conclusion, be it pollution impact on the envingent or contaminated land issues and redeveloprfent
risks from agricultural land are reasonably weltlerstood and addressed on an ongoing basis. Uneld?art
2A regime no site has been determined due to sutesgawithin indigenous ground strata. Past faresste not
likely to constitute serious unacceptable riskaedevelopment on former agricultural land providihgt a

practical and pragmatic approach is taken bothdgyslators and developers working in conjunctiomnN
pollution issues of greater importance affect sodsleast of all wind and water erosion.

-

-~ N

Fig. 2. Former barn conversion to residential use.
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ABSTRACT

The inventory of POPs polluted sites was made ipuRkc of Moldova in 2009 — 2010 years for the
determination of needed management and remediaa@ions. The methodology of environmental risk
assessment (ranking system) on regional level acdl llevel (conceptual model) for individual sites
discussed. The case studies for Danube River basia demonstrated used methodology.

INTRODUCTION

The inventory of old pesticide storages in RepublicMoldova, executed by Ministry of Environmentdan
World Bank in 2009 — 2010 years, showed a largentifyaof polluted sites (near 1500) remains aftee t
repacking and evacuation project. More that 15 t#ssivere determined as extra high polluted teyritath the
POPs concentration in soil exceeding 50,0 mg/kgyTinclude some of the world’s most harmful cherisica
including highly toxic pesticides such as HCH, DDidustrial chemicals such as PCBs, other toxictuites

like PAHSs, trifluralin, triazines, etc.
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The rapid environmental risk assessment procedase elaborated for the ranking of all polluted slbgsthe
potential danjerous for the environment on regideatl. This method is an approach for rapid cfasgion of
large number of polluted sites. Three principakdes of risk assessment were taken into accouwst: fi level
and pollution spectrum; second — risk receptorsrdth- distribution potential. First factor includes
concentration of toxic substances and pollutiorcBpen. Risk indexes for these factors are preseindable 1.
The final value of pollition risk coefficient waslculated after the determination of number of¢mabstances.
This coefficient depends of number of toxic subsgasn(table 2).

Tab. 1. Value of risk indexes for pollution level

Category Concentration / MAL Grade
Not polluted below of detection limit 0
Admissible pollution detection limig C< 1 MAL 2
Small pollution 1 MAL <C <10 MAL 4
Moderate pollution 10 MAI< C < 100 MAL 6
High pollution 100 MAL< C < 500 MAL 8
Very high pollution 500 MAL< C < 5000 MAL 10
Extreme pollution G 5000 MAL 14
* MAL for soil 0,1 mg/kg
Tab. 2. Value of risk coefficient for number of toxic suésces
No. of substances| 1 2 3 4 5 6 7 8 9 10 11 12 18 14
Risk coefficientk | 1,0| 1,2} 1,2| 13 14 1% 16 1)7 18 19 20 Pp1 (223

The formula of risk coefficient calculation for thevel of pollution is:

Ip=CIpi+ ...+ Ip)* k (1),
where Ip - grade of risk for individual toxic substances; koefficient for number of toxic substances.

Risk receptors include two factors: distance of rsceptors to polluted site; importance and vidbéity to
every receptors. The distance classification isgmeed in table 3. The every receptors is classéitin table 4.

Tab. 3. The value of risk indexes for distance to risteqgors.

Zone name Distance from receptors to polluted site Grade
Direct contact Om-25m 14
Guarantee contact 26 m—-50m 10
Probable contact 51m-100m 8
Low contact 101 m—-200m 4
Insignificant contact 201 m—-300m 2

Tab. 4. Risk indexes for different risk receptors.

Risk receptors Grade
Forests, forest plantations, forest belts 1,2
Wetlands and flood zones 1,1
Rivers and springs 1,2
Lakes 1,2
Unused lands 1,1
Agriculture lands 1,2
Multiannual plantations (gardens, vineyards) 1,2
Localities 15
Job places 1,4
Water sources: wells, boreholes, springs 1,4
pastures 1,3

Value of risk receptor indexes is calculated byrfola:
Ir=1lry*wq + ... + [F*w; (2);
Where: Iy — risk index for distance to receptors;~wisk index for type of receptors.

Risk index for distribution potential includes pamtarities of site for the distribution of toxiazlsstances to the
environment. There are several ways of dispersollyiion in the environment: wind dispersion; itvfdtion to
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groundwaters; surface runoff; dispersion by aninzald atropologic factors. The calculation of risMue is
considered balance between factors to increasecoredse of pollition potential. Value of risk inéexfor
distribution potential is presented in table 5 aattulated by the formula:

Id = |d1*ml + ...+ |d*mi (3),
where: Id — risk index for contributing and complicating fas of pollution dispersion; i+ magnitude of
distribution potential (table 5).

Tab. 5. Value of risk indexes for distribution potent{alagnitude m).

Way of pollutant migration Grade
Wind 8
Infiltration to ground water 3
surface runoff 6
dispersion by animals and atropologic factors 2

The total risk value is calculated by the formulaiat includes all three factors:

It = (Ip/100)*a + (Ir/100)*b (1d/100)*c (4);
where Ip — Pollution index; Ir — Risk receptorseamdld — Distribution potential indexes. Coefficism, b, c are
empirical coefficient. In our case a = 50, b =86 20.

The site ranking procedure in our study is notgame as risk assessment procedure. The examplaskifg
systems are presented in EU, USA and Canada Bl,,6}, The result of this ranking system is presdrdt site
of Ministry of Environment http://pops.mediu.gov.hffig. 1 a).

The environmental risk assessment on local levekf@ry contaminated site should to formulate “@ptaal
model” of the pollution fate to risk receptors. Flprocedure has following key steps: 1 — hazandtifieation; 2

— consequences identification in the case whenhdmard occurred; 3 - estimating the magnitude ef th
consequences (spatial and temporary); 4 - estimafiohe consequence probability or the exposusesssnent;

5 — the evaluation of risk importance (risk chagastic or assessment. The fate study of polluthota source
to risk receptors is a principal task of this modelthe case where is not a way of toxic substaniggation to
risk receptors there are no any risks. The riskagament can be realized by several modes: the tiedwar
modification of pollution sources; managing or éfiation of migration pathways; receptor modificatio

Four sites were studied for the local risk assessrffigure 1 b) by the elaboration of respectivenaeptual
models. The example of conceptual model for oreewgith the identification index “CH-Slobozia Mared3” in
inventory database is presented in this publicatiigure 2). The detail investigation included @lling steps:
desk-top study of existing materials about thige $dr sampling plan elaboration; field study andnghng;
determination of toxic substances; risk analysifgberation of recommendation for remediation and
minimization of existing risks.
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. i i Secundary e Way of
Primary mecanism of 5 mecanism of S Exposure
T S i SOUICes g migration
migration migration
[Populay Ecosistems
Eexposure 1”1 Grou | Acva
— Agriculture Domestic Food E:::mic = it it
Wind soil, || amimals [P] product. [ =
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e s : jon| +
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Fig. 2. Conceptual model for local risk assessment of P@Rtaminated site CH-Slobozia Mare-03.
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This site is agriculture land at present wherehim past was a pesticide storage. The samplinggsidrgeneral
results are presented in figure 3. All territorysveeparated at 14 lots with different impact frdis site.

H-Slobozia Mare-03

0
] siies bounda WPk

Fig. 3. Sampling plan and average POPs concentrationlin soi

The incremental sampling approach was used forsthdy of POPs concentration in every lot. The ayera
value shoved a high pollution level for one lot,damate pollution level for six lots, small pollutidor two lots
and admissible pollution for next 5 lots. Three @ied boreholes with depth 1,0 m shoved the thiekrod
pollution soil near 0,3 m (arable layer). The ptahisoil for lot with high pollution is collected heap with the
high near 1,0 m. Approximate volumes of soil witfiedent pollution is presented in table 6.

Tab. 6. Volume of soil with different pollution calculatéy lots

POPs
Nr | concentration, | Supface, ¥ | Volume, n?
mg/kg
1 12,75 1140 1140
2 6,54 1642 493
3 2,05 1522 457
4 1,42 959 288
5 1,18 1112 334
6 1,15 4363 1309
7 0,59 1462 439
8 0,55 5969 1791
9 0,39 4363 1309
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ABSTRACT

A basis of the interpretation methodology of raskatia for the purpose of detecting clues of comation using
remote sensing methods is described in the metbgyolvhich is one of the outcomes of thiéphase of the
National Inventory of Contaminated Sites project{M) (Doubrava et al., 2011).

For the second phase of the NIKM project (Sucha@éi3), prepared for the Operational Programmehef t
Environment (OPE 2014-2020) (OPZP, 2013), in otdesbtain an optimum number of clues of contamorati
we first of all added methodology with the stageeahterpretation (revision of the clues identified the first
interpreter through the revision of a supervisor).

The aim of this change is to achieve only about &J%e number of clues interpreted in terms oha®g.
km?) in test areas of the NIKM first stage. Given ttts¢ methodology NIKM prescribes a mandatory \asid
in-situ observation of any evidence of contaminatittained within the project (the output of remséasing),
this reduction of the number of visits has a difegiact (lowering) on the cost of the inventory.

The second methodology supplement consists ingbeotithe information contained in the Hill Shadidital
Terrain Model of the Czech Republic of th8 @nd ' generation (DMR 4G, DMR5G),provided by the Czech
Office for Surveying, Mapping and Cadast€UgK) in the form of web servicesC(UZK, 2016a, 2016b).
Already this basis alone allows us to find thefiaitil formations which may indicate (and sometinoésarly
indicate) the existence of contaminated sites &g éine understood in the context of the NIKM prajec

The third update element consists of the systemagoof attributes for objects contained in gedgiamaps.

RASTER PLATFORM FOR NIKM AND ITS UPDATES

To support the NIKM project, a set of productshtdcal and organizational measures was, inter alizgted,
which together comprised the geographic suppothefproject activities. The aim was to achieve ecueate
spatial localization of found objects of interestldo gather image documentation.

The geographic background documents also contaiariaty of other factual data necessary to soh@gept
tasks (field conditions, spatial and logical redas of findings and of their surrounding areas,)eterom the
beginning, the aim is to deliver all this suppagtinmformation to all levels of the project, i.eoffn the project
management up to individual field workers, and,nfréhe tools for managing the project activitiesthe
geographical and other information support fordfigtoups examining the findings in-situ.

The technical means to provide this support arensomserver database technologies, providing datareaps
using WMS (Web Map Service). Software tools congpisilor made applications for servers and indigldu
clients.

Equally important tools, such as is informatiorhtealogy, are also suitable geographic data. Tlebécsion was
chosen so that users can get validated backgradodriation that best displays all the necessamgrinétion.
By using it, a user could accurately locate andberly classify any found clues that are the basisupdating
the National Database of Contaminated Sites.

In the pilot phase of the project NIKM | a mappisgyvice was thus created, aiming to meet the nefepioject
management and of technical specialists. Duringpifogect performance a practical experience wite ab
mapping services was systematically gathered.

The set of data mapping services used in the NIKM project:
« A photomap from the 1930's - seamless databaseredtified (i.e. exactly geometrically corrected)
aerial images with resolution 1x1m. Unfortunatehgre is an incomplete coverage (about 50% of the
territory of the Czech Republic, part of the orgirmages lost during the war).
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A photomap from the 1950's - aerial photomap foroseh creation images of nationwide aerial
photography in the1950's(the median is in 1953yewrsed. There is alack of coverage in some areas,
which has been completed with the nearest, in tither available aerial images.

Current aerial photomagUZK - shows the current status of the Czech Repubti serves as a
reference base for the historical photomap.

Comparative image layers (binary rasters with corgp generated by filtration of the original
orthophotomap) serve for overlapping of the photoméh a strongly simplified real image of another
photomap of the same territory. The upper layetaios only the contour line and areal objects;rédss

of the layer is completely transparent. This erable to see, very well, the time changes that oedur

in the period between the taking of the older ager images.

Landsat ETM - multispectral images from a known MASatellite. They can be used to colour
highlighting the aerial photomap, or to make thectmal analysis of the area and to show the
delimitation of the contamination plume, if it'sesgiral manifestationscan be found in the image. The
test areas, unfortunately, did not contain anyesmély contaminated area where it would be possible
test the demarcation of an affected area or tachdar specific contaminated surfaces.

RETM (Raster Equivalent of Geographic Maps) - addenilitary maps in the latest available version,
shown in raster format and available from web sewi It is particularly suitable for obtaining valle
thematic information related to the subject of theentory (e.g. landfills including their basic
proportions, types of industry, the sources oflkdrig water, etc.).

Different map layers represented in various contimna prepared in order to identify as many of the
events already in preparation in cameral conditions

The success rate (a share of clues resulting irrgberds of potentially contaminated sites) varies
between 5 % and15 % of the original number of gathelues, according to the character of the area
and the state of the content of the database.

EXPERIENCE FROM THE NIKM PROJECT FIRST STAGE

Evaluation of raster background data using the autlof remote sensing (RS) was performed in 2003 2
9.4% of the Czech Republic’s area (7397°kr284 clues were identified, from which, after ewaation, 78
were registered as a contaminated site - see Taolata source: Suchanek et al., 2013).

Tab. 1. Overview of pilot inventory outputs performed iretNIKM project first stage

Features of sites (objects of interest) sets Num_ber % %
of sites

Total number of objects of interest gathered froemiete Sensing (historical
and current photomaps) and from existing databasesput data set 8 637 100
forinventory

thereofsites, entered into evidence and earmarketurther

X 284 3.3 100
evaluation

thereofsites detected using remote sensing 78 - 25.5

Positive experience and results:

Got a basic overview of the project objects ofriest before the start of proper field works.

Creation of a working background documentation thattains and displays a spatial localization of
clues of contaminated sites and illustrates thtustaf the territory in several historical perioaisd
from different perspectives.

Developed a planning basis for the managementvehitory works.

Facilitation of the task of field workers, offeritigem background information for discussion witbdb
authorities etc.

Significant streamlining of the field works. Fiekpecialists could easily prepare a work plan and
optimise logistics (transport, accommodation).
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. Documentation of the status of objects of intetelsies, sites) for future use.

Negative experience:
. High complexity in the preparation of certain do@nts.
. Historical photomap of the1930's does not havenaide coverage and a number of clues displayed
on them is considerably low, and almost exactlyriagewith clues and findings on the photomap made
from images dated from the1950's.

CURRENT AND NEAR FUTURE STATUS

Based on the above noticed experience, and giverutrent real possibilities in data security, atfptio of
geographical background documents was partly addpteneet all the positive achievements of thet gilmase
and, where possible, to make use of the newly avigiloptions. The following items are in play:
e The photomap of the 1930's will not be includedha background portfolio because of low yields and
lack of funds for its creation.
e The photomap of the1950's will be utilized in full.
«  Current aerial photomag'JZK) will be used in full.
»  Comparative image layer will not be created, indtefithat, the transparent maps or other comparativ
analyses will be used to comparative use.
. Landsat data will not be included in the standandfplio of documents, but for a more sophisticaded
hoc analyse, newer Landsat 8 data will be consilere
e  Texts (attributes, abbreviations) identifying oltgeand contained in topographic works will be mét.
e Creation of a type shape catalogue of objectstefést.

New layers
e« Sentinel 1 - showing radar data (Synthetic ApertRadar - SAR) to identify the elements of
infrastructure and water areas.
* Sentinel 2 - a new multispectral instrument, coraplr to Landsat but having a greater spectral
resolution.
. DMR4G and DMR5G - newly acquired altimetric dataonr CUZK, taken by laser altimetry
methodology (see Dusanek, 2011)

Sentinel satellites data are available for eventsd, as well as Landsat data. The altimetric ¢l are
available as WMS shaded relief represent a fundtahemprovement. Thanks to the highly detailed
measurements of the altitudes, "shadowed" formatibat reveal surface human activity stand up frioerelief
model showing these formations in a form of dethf@“ dimension”.

In this paper, we focus on the use of laser altiynfetr the inventory of contaminated sites. For pheposes of
the NIKM 2 project, the following type of objectartbe distinguished:

. Landfills, waste dumps or mine tailings

. Buried terrain depression

. Buried water streams

. Discharge hoppers

. Rock quarries, sand quarries, clay quarries, badky, small local quarries

. Underground mines (surface objects and traces afngiactivities on the ground, e.g. mouth of a

gallery or depressions)

In Figure 1 there is an example of a clue, of aa@mmated sites interpretation, using "classicatéripretation of
ortophotomaps compared with the image of thesectshje a shaded model DMR5G.

The investigated object is situated on the soutlseige of an already registered contaminated sitemer
military base of the Soviet Army in Strdz pod Ralsk (ID56466001 database SEKM). South of the site of
former garages of the tank regiment we have idedti& rectangular area with dimensions of 60x90 ith w
coordinates of the centre of the area of 50° 4458\, 14° 49'50.27" E. This area is nowadays cedearith
grown forest and is not mentioned in the currersicdption of the registered site. One interpretatiould be
that this is an area of a former fuel station oknown localization noticed in the record of theesifnother
possibility is that it is an illegal landfill padily remediated. Based on our clue identificatiosaan proceed to
field investigation within the framework of a nat&l inventory of contaminated sites.
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Fig. 1. Six visualizations of a clue - a new potentiallntaminated site close to the site ID 56466001 ¢Stad Ralskem).

THE ADVANTAGE OF THE USE OF LASER ALTIMETRY

All objects detectable as "strange shapes” on dhgral terrain relief are of NIKM 2 interest. Thegn be found
even under vegetation or in other places where fitmmphotomap even from the current map cannot tiead
actual shape of the terrain. The use of the dirgetpretation of the terrain morphology signifitigrincreases
the efficiency of interpretation and through it shsupports fieldworks. Omitting this preparationnjmabjects
can escape attention when working in the field. Wanits can be overlooked due to vegetation covee
terrain is also not possible to investigate atasoeable cost at such detail as seen from a ley@sview. An
increase in the number of clues by a third is etguedfrom about 300 to 400 primary indications). In
comparison with the first stage of the NIKMprojetie number of confirmed clues entering in the farfn
records into the database is expected to increa26%.

From the experimentally evaluated territory of flistricts, it was found that performing a carefdpection of
historical and current photomaps on average ab0Qtdues could be found in one average districtthim
revision step around 150 of the primary clues cdndckliminated. Therefore around 250 clues remsia i@esult
from a classic photo-interpretation. In the photpmevision step, the DMR5G is also used as a stgpdhe
revision, as well as a tool for finding terrain amaies that suggest the presence of other clueshwd@nnot be
found in the photomap. In this way, approximate@p lof the additional clues are found in the areard
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district. In total, out of 350 clues found withireRote Sensing works, roughly 70 % of the cluesdatected
with photo-interpretation, and 30% with visual aysé of shaded terrain relief. Utilization of DMR&@ems to
be a very important and prospective element irptie@aration of field investigation.

The success rate of DMR5G utilization for clue skarg is demonstrable in an example of the dis@ictudim
- see Table 2. The situation in four other distriekperimentally assessed is similar. The totalbamof clues
varies depending on e.g. character of the didfifiet rate of industrialization, the rate of lane ugopulation),
but the share of clues identified using DMR5G ispa&milar and stable.

Tab. 2. Share of clues localized using DMR5G on the totahber of clues identified by Remote Sensing methtits ase
of the District Chrudim)

Clues of the contaminated sites surveyed in two §ténterpretation and | Number % %
broken down by method (orthophoto vs. DMR5G) of clues 0 0
The number of clues in the district of Chrudim ga#d in the first step of 427 100 i
interpretation incl. DMR5G
The number of clues discarded with revision (theosd step of
. ) 157 334 -
interpretation)
The number of clues in the district of Chrudim afevision 270 - 100
thereof the number of detected clues gathered mvithi
. ) 169 - 62.6
interpretation of orthophotomaps
thereof the number of clues detected using DMR5G 1 1d - 37.4

VISION

Currently in the Czech Republic we do not have latte to us, sophisticated software tools that wallow us
to automatically detect clues of contaminated depiially contaminated sites. Capabilities of usédols used
in geographic information systems and remote sgnaie much broader than they are currently usemuin
country. If there is formulated social demand iis threa, we can address patrticularly the followpngmising
directions:

Advanced terrain analysis(morphology, comparison of slope gradient, edf@esghts, different lighting, ...)
based on a mathematical analysis of terrain suftaoeations has not yet been tested. However,iinciple it is
possible to create algorithms that on the origisalcalled hydrologically correct shape of thea®rican detect
artificially created elevations or depressions. @ared with other background information it is thmossible to
unambiguously identify the places where it is neagsto carry out another survey of contaminationttee
surface or just below the surface, and undergrdargd dumping contaminants in the old mining objestc.

Hyperspectral image data analysisrequires a special sophisticated sensing devicehwtlisplays Earth’s
surfaces in a number of very narrow spectral baimdsiltaneously. Where such data are availabls, pbssible

to purposefully seek certain types of potentialpntaminated sites, for which have typical certgiecsfic
spectral manifestations of some contaminants ar #tecompanying components. Such components we call
“markants” (characteristic features) and methodplod work with a detailed spectral image can beyver
precisely focused on their detection of the Earthisface. This procedure has already been testéukifirst
stage of the NIKM project. Unfortunately, a widespd use of this procedure is hampered by insuffiGgpatial
resolution (must achieve at least 5x5m or betted)lay a total lack of such data.

Comparing older and newer high-quality elevation mdels is currently the most promising analytical
procedure, since at present we already have avediagood quality of altimetry ZABAGED, which cabpe
compared with DMR4G or DMR5G through map algebfatethnically possible, the NIKM project team
provides such a comparison even before the fiekb@lof NIKM II. Based on the comparison, all forimas
that arose between the period of creation of ateuwrantour lines and performance of laser altimstrguld
secede. Filtering out as much of the unnecessdisiylayed formations (areas of settlements, newlgoatc.)
then will remain for the further processing of thmmited amount of detected anomalies that are direa
appropriate for a detailed interpretation.

An update of methodology through a systematic use attributes for objects contained in geographicmap

These attributes (textual data - abbreviated namafsthe type of building, plant, installation gtdring us
relatively useful supporting information, which clead to exclusion or inclusion of clues of contaated sites
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from or to the list of clues for further investigat. To interpret the clues, the contents of thierakter maps, for
example, old maps ZM10 (Base map 1:10 000, Landeudffice), mine maps, military maps, etc., wik@be

systematically exploited, namely from the perspectf identification of areas with potential forrtamination

of soil and groundwater. These include maps shovgogtion e.g. of industrial buildings, farms, nmgiareas,
queries, sand pits etc.

CONCLUSIONS

Based on the activities performed within tiiephase of the National Inventory of ContaminatedsSproject, in
view of the 2% NIKM's phase, the project methodology was compmletéth the stage of clues reinterpretation,
with the use of the information contained in thdl Bhaded Digital Terrain Model, and with the exdtion of
attributes for objects contained in topographicksor

In further elaborating of the methodology we wilictis on the use of procedures for the routine teteof
shapes. The solution would be a synthesis of skyendial analyses (terrain morphology, data fron8G
supervised classification of multispectral datgeoboriented classification of hyperspectral imggetc.). The
common intersection of these analyses layers wiliMade and a final clues layer serving for furtheentory
work - methodical verification of identified contamated sites — will be elaborated.
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ABSTRACT

Existing in Russia and Belarus methods of asseseaietamage caused by land contamination by chdsnica
("Method of determination ..", 1993; "The methodploof calculation ...", 2010) are not capable wilie
radionuclid pollution due to the specific effectlanng organisms . To solve this problem, estiratof costs of
reclamation of polluted area and the amount ofpostits should be estimated by the formula (1):

Damage from radionuclid pollution = The costs of reonstruction (reclamation) of lands + Loss of profis

1)

If for determining the cost of reclamation of raalitively contaminated land, the experience of sinstudies
can be used (Nedotsuk, 2007;. Ratnikov Sapozhreka¥, 2016), the estimation of lost profits ifidifilt, since

the legal regime of land use, such areas often vech@rom economic activity. The solution is toexaeiand
assess ecosystem services - the benefits peogm dlitm ecosystem - as well as losses of healthagas of
residents (Groot de RS et al, 2002; Millennium Bstesm Assessment Ecosystems and Human Well-being:
Current. State and Trends Assessment, 2005; Caskret al, 2014) - formula (2):

Damage from radionuclid pollution = The costs of reonstruction (reclamation) of lands + Loss of soil
ecosystem services + Losses from health damagesasidents (2)

Damage assesement from the radioactive contaminafitand for three stationary forest plots locatedthe
territory of the Union State of Russia and Belanss done. In these areas, each of an area of 2230@oma
long time after the Chernobyl catastrophe were@diwut monitoring studies.

As a result of measurementwas found that the deositadioactive soil contamination by cesium-1337Cs)
investigated plots in the Bryansk region and ptothie Gomel region significantly higher than norr(@lICi /
km2) - Tab. 1.

Tab. 1. Results of the plots contaminated with radionucligieslysis

Radioactive soil contamination
density of cesium-137 (137Cs), Ci/kfn] _
Plot Status of contaminated zone
Average value of | Value in mixed
16 samples sample
wy o ‘i n - Living area with the right of
1 - Belorussia" (Gomel region) 9,79 7,45 resetlement (- 15 Ci/ kn?)
"1 - Russia" (Bryansk region) 19,40 15,74 I?]e-ge_tﬂgnéei/rll(tr%rea
" . . Living area with the right of
2 - Russia" (Bryansk region) 14,45 7,29 resettlement (5 - 15 Gi/ki

Measuring equivalent dose rate, taking into acctiumbiological effectiveness of ionizing radiationl6 points

at a height of 3-4 cm and 1 m from the surfacehef $oil, leed to calculation of the maximum numbégr
working days (Table. 2), as the main limiting factd forest activities in radioactive polluted asda a negative
impact of increased background radiation on thedwbody.It should be noted that the minimum allowaldie

of working time, even on the most radioactively teoninated area (SU-1R) is not less than six months.
Considering that the number of working days in aryie 247 (5 day work week), the labor time lost dol the
presence of radioactive contamination for the ateBelarus" - is missing, for the site "Russia 4'64 days, and
for plot "Russia-2" - 12 days.
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Tab. 2.Dose measurement results at a height of 3-4 cnianaf the soil surface

The average dose The average dose
value at a height of | value at a height of Effective Permitted
3-4 cm from the soil| 1m from the surface - number of
Plot L : equivalent dose, .
surface (based on 16 of soil (based on 16 working days
N . mSv / year
measurements), measurements), *10 per year
10°mSv/h mSv / h
1 - Belorussia 0,55 0,49 4.29 255
(Gomel region)
"1 -Russia® 0,89 0,68 5,96 183
(Bryansk region)
2-Russia” 0,62 0,53 4,64 235
(Bryansk region)

For each of the plots was compiled a list of reratdin activities and using SmetaWIZARD program $i@n
4.0) their costs were determined (Table 3).

Tab. 3. The cost of remediation activities for plots, rub

1 - Belarus 1 — Russia 2 —Russia

Activity / cost, rub. (Gomel region) (Bryansk region) (Bryansk region)

Deforestation 110393,15 84231,11 108559,15

Soil displacement 91638,94 91638,90 91638,94

Recovery of forest vegetation 193933,53 94746,15 9913,10
395965,62/ 270616,16/ 320111,19/

*
Total costs, rub./Euro 544¢.57 37244 4405.6(

*Note: The calculations were carried out in EUR by exchange rate of the Central Bank of Russian Ftderan
25.06.2016

From the total list of ecosystem services provitigdthe forest ecosystems (Tsvetnov, 2016) (Fig.wExe
allocated especially protecting services, learrsind assessment of which is particularly importarg¢dnditions
of radioactive contamination (Fig. 2). It should h&ed that the inclusion of these services is nmapbrtant
while fixing the total economic value of actually potentially contaminated areas. Because the tradia
shielding service does not reduce in case of cantian, it should not be considered as degradatiocesses
in the analysis.Greatest contribution to the cdsthe damage is made by direct provisioning sesviaad
recreational services.With radioactive contamimattas prohibited to collect certain non-timberdst products
(mushrooms), which captures the degradation ofighay services, also wood processing, which oftamfl to
be clean, requires additional costs, which candresidered as additional parameters of the damausakihg
about the recreational services, we note thatribtgpossioble to consider contaminated with ragétides forest
area as a territory suitable for recreation, sddhe of this type of ecosystem services shoulthtleded in the
assessment of degradation.

The results of the economic interpretation of estmy services used in the formula (2), allowedtwdase the
amount of damage from the radioactive contaminatidand, for more than 100%.

Insufficient consideration of ecosystem servicesslof soil in assessing the amount of damage frioen t
radioactive contamination of forest areas not aelyuces this value, but also distorts the costedamation
(recovery) works. Carrying out the complex spedifigorks, including deforestration, removal and dig of
contaminated soil, its replacement with uncontateitiasoil, reconstruction of forest vegetation, unfoately,
can not fully compensate caused environmental dasjagcluding a result of migration of radionuckda the
neighboring landscapes.
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Fig. 1. Total forest ecosystem services biogeocoenose.
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Fig. 2. Soil protecting services related to radioactivetamination.
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INTRODUCTION

The success of soil investigations and remediat&signs is highly depended on a solid and congtadfusted
conceptual site model (CSM). Underestimation @&f tlontaminated area and or pollutant load can teath
inadequate remediation design resulting in profaittire, budget overshooting and residual risksde&ailed
visualization of the contaminant situation will pide the consultant an improved insight in the seur
pathways, exposure and remediation alternativesvillualso help to recognize and identify the matata gaps
and uncertainties.

The CSM is built by collecting data from the siteder investigation. The traditional approach isadect soil
samples, send them to a certified lab, and instaititoring wells at the site. About one week latgpundwater
samples can be collected from the wells and sonys dkter results are available.The whole process of
delineation and mapping of the contamination catobe a very intensive and time consuming task. ifioscl
sampling methods are characterizedlow detectiosldeand a broad and accurate analysis spectrumespite
the high accuracy and precision of the analysibatfcertified labs where the collected sampleswgnd large
portion of the accuracy is already lost during tb@mpling, handling and conservation in the field.
Environmental consultants are sometimes blindfologdhe final analytical certificate which give thea false
sense of certainty. Furthermore the number of gettimts (samples) is often very low compared to the
investigated area and volume.Since hydrogeology aomdaminant concentration can vary on a smalllesca
(centimeters), a limited data set can be problematid will result in a CSM with considerable datgps;
uncertainties and wrong conclusions (see Figur@hg. scale of measurement must be appropriatdéosdale

of heterogeneity so monitoring wells with typicahg screens (meters) are not the optimal invesigabols for
pollutant mapping.
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Fig. 1. Cross-section depicting spatial variability of gndwater concentrations in a plume (left). Visuapegrance of a
smoothly varying distribution of concentration falling contouring (right). - lllustrated handbookNAPL transport and
fate in the subsurface. Environment Agency UK (2003

Especially for chlorinated solvents (and other @ensn aqueous phase liquids (DNAPL) contaminations)
which can have very complex occurrence and migngtiathways the characterization can be very chgithen

In fact a qualitative and cost effective charaetion of source and plume zone based on convexhtimil
samples and monitoring wells alone is very difficdtiditionally, target depths for monitoring wekbse often
arbitrarilyapprehended for further delineation lzhee preliminary results, leading to wrong screeptts and

an unreliable data.To lower the uncertainty androwp the CSM a higher data density (and more ateuoa-
site sampling and analysis methods) should be aethie
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THE MEMBRANE INTERFACE PROBE AND ENISSA-MIP

The conventional MIP is a screening tool with s@uantitative capabilities to measure volatile ofgan
contaminants (VOC's) in the subsurface, developeGboprobe®. Using different push technologies, NHE

is pushed into the soil. The probe has a heatetkldod a semi-permeable membrane. The block iedtid¢a
120 C° to accelerate diffusion of the contaminati®ugh the membrane. Diffusion occurs because of a
concentration gradient between the contaminatddiadi the clean carrier gas behind the membraroanAtant
gas flow carries the contaminants to the gas pHasector at the surface. For the detection of ilelarganic
compounds, typically a combination of detectorssed (PID, DELCD, XSD, FID).

In situ screening methods like the MIP are greatoet to provide a higher data density and perfooncaled
High Resolution Site Characterization (HRSC). lis tpproach the scale of measurement matches dhe aic
the contaminant distribution and soil characterssti

Figure 2 shows different characterization methauts their uncertainty of spatial or analytical natugoil and
groundwater samples have a low analytical uncdgtaloe to the high accuracy of the lab analysis,abbigh
spatial uncertainty arises from their limited numbed density. On site investigation methods, agMIP are
frequently used in addition to traditional samplinggthods. They are used to provide a screeningewii s
(volatiles) and make on-site, real time charaction possible. However they are assumed to hakigteer
analytical uncertainty because of the lower qualityletectors that are usually applied.But duehtohigh data
density the spatial uncertainty is lower.

Sampling well Vian Ree & Carlan,
Land Contamination & Reclamation, 11 (1), 2003

Point Maobile lab
ormi- N Electronic tongues
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= BTEX, CHC
- MIP-probe JFFD SMP
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Geophysical
T methods
GROUND TRUTH
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Fig. 2. Sampling methods and the spatial and analyticatiainity.

Quantification with the conventional MIP howeverdigficult due to the use of summation detectoiac8 the
detectors have a different response for differeahmounds, one cannot correlate the detector sigithl
concentration since conventional MIP is nondiscniale. Therefore the conventional MIP system cdy gine
an indication of the order of magnitude of the eominant concentrations. In addition, the deteclionits are
much higher compared to for example the remediasimmdards which are typically risk based. Thersfor
conventional MIP is only applicable in the highemcentration zones and not readily applicable fome
investigations. Moreover, for the plume zone, assyrusing sampling wells is still needed. This neetrat for
the plume zone, only limited spatial informatiorolstained. New developments on the detector teckyydle.g.
XSD) and operation (Low Level MIP) are directed &vds lowering detection limits, but intrinsicalljet
detectors remain summation detectors.

The aim of the EnISSA-MIP is to find a better balafetween analytical uncertainty and spatial uacgy by
bringing high quality lab detectors to the field ihcrease sensitivity and selectivity of the carti@al MIP
system, the EnISSA method uses a modified GCMSsysthich is connected to the MIP. The advantages of
using a GCMS detector, are the low intrinsic dévectimits of the detector and the capabilitiesmeasure
individual compounds. Field evaluations demonsttateat the EnISSA MIP is capable of measuring soll
profiles for individual compounds with detectiomlts near 10-20 pg/l.

Since individual components are measured below sthie remediation standards, the applicability oé th
membrane interphase probe hassubstantially inateaBeth source and plume delineation are possible.
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Thecomponent specific soil profiles allow reliabdm site” decisions and a dynamic sampling stratddye on-
site information on pollutant cocktails is directigrrelated to the remediation standardsand aweddad value
to the data obtained by the sum-detectors usednwentional MIP.

A typical EnISSA-MIP profile demonstrating the addealue of the compound specific results is shown i
Figure 3. PCE is degraded to TCE and cis-1,2-D@nb further degradation is observed and vinybgte is
not detected.This results indicate the differerinesccurrence of the daughter products with depgulting in
more insight in degradation and remedial potential.
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Fig. 3. Typical EnISSA MIP profile with PCE and degradat@mompounds.

Besides the membrane for the contaminant charaatenn, the MIP system can be equipped with otlodr s
characterization tools. The electrical conductiityS/m) can be used to log particle size of thé Saind-sized
particles are generally nonconductive and will utes low EC results. Clay-sized particles, tendbe highly
conductive due to their extremely small size, reddy high surface area per unit/volume, and charge
characteristics so higher EC values generally ceflae-grained material, whereas lower valuesdat coarser
sediments.

The combined MIP-CPT probe can measure cone rasestand local friction together with the standard
EnISSA-MIP parameters. This type of probes is pdshto the soil at constant speed without hammebiyng

20 ton push truck or an anchored direct push rygidally, the cone resistance is high in sandslandn clays,
and the friction is low in sands and high in clagased on the CPT measurements, soils can befigddssi 12
categories (Robbertson 1986).

Alternatively a MIP probe with an additional Hydtie Profiing Tool (HPT) can be used to screen for
variations in permeability. This tool uses a wagtemp to inject a constant water flow in the subsctgfind
pressure transducer to measure the required peessuoraintain the flow. The injection pressurensraication

of the local permeability of the soil. A real-tindetailed pressure and flow log is generated foh gaobing
location giving more insight in hydrogeology. Coméxdl with dissipation tests or groundwater levebhdain
Estimated conductivity (K [m/day]) can be calcuthteased on an empirical model.

Since 2010 EnISSA has been deployed at more thauprtgect locations for different clients through&urope
(Belgium, The Netherlands, Denmark, Sweden, Germiarance, Spain, Switzerland,...) Those projects gabow
the benefits of EnISSA in very different contaminaiuations going from classicalcVOC'’s and BTEX tap
MTBE or MIBK, hexane, chlorobenzene, naphthalened .d@monstrated how EnISSA is capable of enhancing
the conceptual site model (CSM) resulting in acudecision making.
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CONCLUSIONS

The EnISSA MIP improves the conceptual site moéelwas demonstrated bythe comparison between EnISSA
and traditional sampling strategies, the EnISSANiNESs an optimal balance between a low spatial rtaicdy

and a low analyticaluncertainty yielding a highalesion CSM.

The EnISSA MIP uses an innovative GCMS system wischdapted to connectwith the Membrane Interface
Probe (MIP). This connection generates a MIPapfitinawith component specific detection at much lowe
detection limitscompared to conventional MIP. Tikis. major advantage compared to other on site
technologies, which in most cases measure sum-gaeasn

As was demonstrated on the pilot site, the comparisetween the EnlSSA MIPand traditional sampling
strategies, both in source and plume zone, shokadheresults were in the same order of magnitfza¢or 3)

as the groundwater samples.This indicates thaEtH8SA MIP can be seen as a quasi-quantitativeniqab
forcharacterization of volatile subsurface compaund

The use of EnISSA during site characterization detal a cost saving ofapproximately 30 % compared to
traditional approaches. Secondly, the cost persedceaneter (“information meter”) is much higher far
traditional survey. For asurvey based on the EnI&BR, the costs per information meter is aboutdes

lower compared to a traditional survey.

All this leads to a higher Return on Investigat{&0Ol).
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SUMMARY

Difficulty of remediation projects in Central Eumphas been rapidly increasing throughout the past t
decades, either because of natural background eaitplor due to complicated anthropogenic condgior his
paper describes pilot deploymentifsitu chemical oxidation (ISCO; using Modified FentoReagent — MFR)
and enhanced natural attenuation (ENA) for the ckatien of a BTEX-polluted site located at active
petrochemical facility. Together with technologyrifieation, the study tested possible ways refl time
reaction control and project safety managemenhatedge of explosive zone (EX-1). Monitored risktdas
included exothermic reaction character, corrosigenef reagent and groundwater level (against ptesen
industrial utility networks), and generation of atlle organic compounds (VOCSs). Effect of ENA (merit and
terminal electron acceptor (TEA) supplement totdhrget zone after the ISCO application) on ambieictobial
communities was also evaluated using a short tefgation test and methods of molecular microbiol@ogsed
on Polymerase Chain Reaction — PCR). Aside fronsesssful site remediation, we provide an insightieeful
tools for reaction and safety management contriogustandard as well as advanced monitoring teclasiq

INTRODUCTION

Recent political development emphasizes cost- ame-¢ffectiveness of all environmental remediations
proposed in Central Europe. Moreover, focus ofrlegenediation projects has shifted towards nuiffécult-to-
treat sites, in contrast to 1990s and early 2000s. Quiakd more intense technologies are deployed iardal
feasibly reach specified contamination limits, coomhy requiringin situ application are often based on
chemical, physicochemical, or biochemical processes

In situ techniques are used to address wide range of roovdats with a broad interval of pollutant
concentrations treatabldnfiltration of oxidizing agents into ground, i.k5CO, leads to destruction of pollutant
either dissolved in groundwater, sorbed on soilrinabr present as a free phase produactd it is used for
remediation of wide variety of contaminants

Fenton's Reagent (FR; the mixture of@®4 and F&) is a frequently used ISCO oxidant for remediatain
petroleum hydrocarbon-contaminated sites. Howesareral crucial considerations must be kept in mihén
using FR: 1) FR is highly instable with exotherrdiecomposition releasing large volumes of £) in reaction
with organic contaminants, FR can produce high art®af VOCs posing a significant threat to operatiealth
and safety protocol; and 3) potential corrosiver@sBR. Various stabilizing modifications have bedavised
for the FR in order to keep the reacting iron issdived state— mostly by lowering solution pH, which in turn
increases its corrosiveness to any subsurfacercotiens (e.g., building foundations or utility netrks).

Molecular microbiology methods (real-time gPCR, oflescent microscopy) provide vital tool to study
environmental microbial communities without any tiuation bias. Specifically, time-variation in réke
guantities of genes coding for denitrification em®s is commonly used to study presence of denitgfy
metabolism within ambient microbial communities

The site is located inside fully operational petramical plant Unipetrol RPA, Itd. (Litvinov, Cze&epublic)

and it covers the area of 53(-.nMajor pollutants of interest are BTEX (benzer@uéne, ethylbenzene, and
xylenes), naphthalene, and NOC (nhonpolar organmpounds). The target unconfined sandy-gravel agisfe

83



about 3 m thick with estimated porosity of 0.15 #@nid underlaid by isolating clays at depth of Sogs (below
ground surface). The contaminated groundwater taaehes 2-3 m bgs with groundwater flow geneiallghe
NE-SW direction and average hydraulic conductitty 2.6 x 10* ms™.

Main objectives of the study were 1) to verify ftinoality and usability of the technology in targste
conditions, 2) to reach set contamination limifstBavoid compromising the rigorous safety regatat of the
immediately adjacent EX-1 zone, 4) to define antinsige techniques for on site monitoring, evaluatiand
control of oxidation processeseél time monitoring), and 5) to evaluate response of ambiaidrobial
communities to EA. Investigated risk-factors inaddd 1) exothermic course of oxidation 2) reagent
corrosiveness (MFR stabilization with citric acida-requirement to maintain groundwater pH4.5 and
groundwater table below subsurface constructiotityunetworks), and 3) VOCs generation.

METHODS

Project design. Total of seven application events was carried lmetiveen Nov-13-2013 and Jan-28-2014,
injecting 77 m of 5 % (w/v) MFR (stabilized by citric acid). Cotete situation of pilot-testing field is shown in
Figure 1A. To simulate dynamic flow conditions (exped for full scale remediation), groundwater wasped
from well HV-8857 between particular injection et®riPumped water was cleaned on granular activasdzbn
and recycled back into target zone to increasd logdraulic gradient and to enhance remediatioagillary
fringe by flushing. Due to generation of signifitamounts of VOCs as oxidation daughter producstixg
was used to extract and clean soil air with aatigatarbon filter. One year after pilot test conidns20 nf of
nutrient (NH,", PQ?) and TEA (NQ) mixture were injected in order to reach the C:Kaffo of 100:10:1.

Field monitoring. Every MFR application event was on sigal time monitored for changes in groundwater
level and temperature using automatic sensors bgger (Solinst, CAN) and for 4@, kinetics using field
photometer MD 600 (Lovibond, GER). Along with ampliions, field measurements of groundwater
physicochemical parameters (red-ox (ORP), dissotwedien (DO), electric conductivity (EC) and pH) reve
regularly performed. Concentrations of VOCs in $ld air were regularly monitored using the photidzation
detector (PID) MiniRAE3000 (RAE Systems, USA). Bavimental DNA was collected from groundwater on
sterile micro-filters (mesh = 0.45 pm), transpordedce, and processed within one day of collection

Laboratory analyses.Pollutant concentrations were regularly analyzedri accredited laboratory. Response of
ambient microbial communities to supplement of ientts and TEA was investigated by real-time gPCRgus
primers 16S rDNA targeting the whole 16S subunipafkaryotic genome and primers nirK and nirS tinge
the denitrification genes.

Real time monitoring. An example of automatic groundwater level, tempegega and EC logging performed in
application well is shown in Figure 1B. MFR apptioa had an obvious effect: groundwater level rise,
temperature drop (mixture preparation in winterditons), and EC drop (low MFR mineralization). éftthe
initial peak, groundwater table did not exceed tlepth of utility networks. Considering conical shapf
groundwater table around application well and reddy high hydraulic conductivity, requirement tadp
groundwater table below the level of utility netk®mas undoubtedly fulfilled. Overall increase nogndwater
temperature did not exceed 5 °C, which in turndatiid that the EX-1 zone safety regulations wesyed.

VOC concentrations. Figure 1C shows the development of VOC conceminaton the output of venting filter.
Three rising curve segments display lessening sBipepness, which implies increasing filter durgbihs
reaction intensity gradually decreased over timecfgasing pollutant concentrations). Moreover, dfiel
monitoring of target zone VOC levels (directly franonitoring probes) provided information on theuatton of
residual contaminant present in aquifer and thogeseas an application targeting tool.

Hydrogen peroxide utilization. Figure 1D shows an example of® degradation kinetics from one of targeted
MFR applications. Field measurements revealed trarder-like (quasilinear) kinetics of oxidant dedgtion in
aquifer. Such data further aided with MFR applmatitargeting: quicker oxidant degradation pinpainte
persistent pollutant presence in monitored aredh \ine, HO, degradation slowed down across pilot field
indicating decrease in oxidable matter content.S8gnently, MFR oxidation zone range increased waitive
reagent being carried further from injection paointh groundwater.
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Fig. 1. A, Pilot test field; B, Example ofreal time monitoring of groundwater level, temperature, &@ (electric
conductivity) between two application even®; Venting system efficiency during the pilot teBt; Hydrogen peroxide
utilization kinetics example from targeted MFR apation.

RESULTS AND DISCUSSION

Physicochemical parametersLong-term monitoring of pH, ORP, and DO displayedponse of environmental
conditions upon MFR injection: each of the paramsetisplayed rapid changes with decreasing intgngith
distance from application point and with time. Me@sl pH was always above the corrosiveness limit
(pH = 4.5), throughout the test field (including FB857 itself). Hence, it is apparent that both safegulations
addressing the groundwater corrosiveness (grouravatel and pH) were successfully observed. Maoinitp

of ORP revealed the efficiency of ISCO technologthvgroundwater red-ox conditions in monitoring lpes
reaching values up to 400 mV (field data). Eleva@@P tended to drop back after each application and
exhibited gradually higher return-values as nuntdeapplication events rose and amount of remainixigable
organic matter in the target zone decreased. Alitiy ORP, DO concentrations increased throughdot pest
field upon MFR injections, regularly reaching vaue20 mg/L (instrument detection limit). Observeshtl of
DO demonstrated direct transformation from anaer¢ibéfore) to aerobic (during) and back to anaer¢hiter
pilot test) conditions, forcing ambient microbiadramunities to appropriate shifts in metabolic prefiees,
benefiting mainly species capable of facultativeahelism (data not shown).

Pollutant concentration. Table 1 displays pollutant concentration historyrasorded in the well HV-8857,
indicating positive effect of applied ISCO techrplo Generalized contamination contour maps are shiow
Figure 2, depicting concentrations before and dfterpilot study. Concentration gradient slopesegalty with
respect to direction of local groundwater flow.
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Tab. 1. Contamination history in the well HV-8857; * befqiéot test, 2 after pilot test

Benzene Naphthalene NOC
CONTAMINANT ug/L] fug/L] fma/L]
Concentration limit 2 500 2500 20
Mar-2004 19 300 276 19
Oct-2006 125 000 <0,5 >200
Nov-2013! 10 300 162 13,2
Feb-20142 404 36,8 2,87

Enhanced natural attenuation: Figure 3 shows changes in relative quantity ofjgardenitrification genes
(nirK, nirS) in three monitoring probes. While niggne exhibited only minimum response to TEA (NO
supplement, nirK gene showed 10-30 times incraaselative quantity. Consistently with lack of D@ea pilot
test, this indicated development of nitrate resfmnametabolism in ambient microbial communities.

CONCLUSION

The pilot study outcome can be summarized by rédagion of defined objectives: 1) effectivenesd an
feasibility of remediation using MFR in target sitenditions was confirmed, 2) contamination leveisre
reduced by several orders of magnitude within twantns of application, 3) safety regulations of EXdne
were met without reservation, 4) tools feal timemonitoring and process control were tested androptid for
full-scale application, and 5) potential of ENA &ipation for recovery of ambient microbial commuest was
observed.
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Fig. 2. Pollutant concentration level maps.
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Study of risk-factors revealed the following fings1 1) groundwater temperature increased lessali@hdue to
exothermic oxidation character, 2) throughout tiet study, groundwater table remained below theelleof
local utility networks and the environment maintdnpH > 4.5 (corrosiveness limit), and 3) amourfts o
generated VOCs (ISCO daughter products) decreagadtione as intensity of oxidation reactions dirahed.
Despite strenuous site conditions in the vicinityfeX-1 zone, ISCO technology using MFR proved tofiiéy
feasible for projected remediation.
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ABSTRACT

During the last decade plants have been increasingéd in ecotoxicological studies and environmenta
biomonitoring (Walkeret al, 2012). In order to evaluate the impact of stid@sstic or abiotic) on plants, it is
important to evaluate plant health. This can béized at the macroscopic scale (growth, numbeeafés, dry
weight, fresh weight...) or at the molecular scalsjng biomarkers. Evaluation of plants health using
biomarkers can be relevant especially if numeroiasnbrkers are combined (Amiard-Triquet et al., 2012
Nowadays, a reduced set of biomarkers is used terrdime plant health because some biomarker evatuat
methods are costly, time-consuming and have higlabiity (operator-dependent extraction step).
Thus, the two main limits of the current methods ar
» lack of sensitivity and reliability: the small nuebof biomarkers does not allow an accurate evialnat
of plant health;
» low-throughput: the small number of analyzed samjdenot compatible with large scale experiments
(i.e. biomonitoring studies).

It appears there is a need to develop an altemdst, cost-efficient and reliable high-throughmethod able
to evaluate plant health in ecotoxicological stadie
The main objectives of our work were to:

» develop high-throughput extraction method;

» develop high-throughput analysis method;

» compare this method with classic methods.

Nowadays, the extraction step is most of the tieadized by grinding with a mortar and a pestlesThethod is
really time-consuming and totally operator depend€&here is a high variability and a really lowdhghput.
A new method had been developed in the laboratsingibead mill (Fig 1.).

Method 1 Method 2 Method 3
Grinding using mortar and pestle Grinding using bead mill directly in
Y P 4 2ml microplate
V B rF &
- |’ —
—— | — _:F’ ’
| ' - | £
Cuvette @6-well plate 96-well plate

Fig. 1. Comparaison between the three studied extractidghads.
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Different parameters were compared in order toinbiae best repeatability and extraction yieldse Tdead
material (ceramic, glass, stainless steel, tungsdénide...), size (2, 3, 4, 5 and 6 mm) and nurnbeeads (1, 2,
3, 4 and 5) have been tested. Several plate chasdts had also been evaluated: shape (roundreguottom
(conical, flat, round, V-bottom), and volume (1 @dL). The selected method uses one 4 mm glaskibea2
mL 96 wells microplate, round-bottom. This highetbghput extraction method allows to grind 186 samph
few minutes.

The second bottleneck limiting biomarker use istighput analysis. Consequently, most of studiebradpwaith

plant health use a limited biomarker set. The uUseuwette is really time-consuming and totally ingmatible
with experiments or studies with a lot of samplesualyze (e.g. biomonitoring studies). Nowadayisyoplate
analysis is more and more used as it is fastercastieffective (limited volume of reagents). Howeweost of
biomarker protocols have not yet been miniaturiZegart of this development was to miniaturize bawker
protocaols.

Usually in plant health evaluation, only few biotkens assessing oxidative stress (e.g. lipid peadiad and
antioxidant enzymatic activities), and impact omtolsynthesis (e.g. chlorophylls a, b and carotenoahtents)
are used (Fig. 2).

Protein extraction Pigment extraction ‘ TCA-extraction
(PBS or Tris buffer) (Methanol or acetone)
| [
= w1 . . Lipid
(APX | | CAT | ' SOD | Chloro a & b H Carotenoids ‘ | peroxidation |

Fig. 2. Biomarker set most commonly used on plants in edodpgical studies to evaluate plant health.

However, the use of few biomarkers is not relevargvaluate accurately plant health. The first stepur work
was to determine alternative biomarkers that cteldddded in our biomarker set. We selected 21 biersto
evaluate stress effects on oxidative stress, photossis, secondary metabolism and sugar metahoBsised
on protocols found in the literature, 7 extractiorese originally required to analyze these 21 bikees (Fig 3).

Protein extraction | Protein extraction I TCA extraction Acetone extraction

[Hepes buffer) (Tris buffer)

Protein extraction Il Sulfosalicylic acid Pigment exfraction Methanol extraction

[PBS or Tris buffer) extraction [Methanal or acetone]
—

AE’X SCI)D Total G%)H ToicIASC ‘ Curoténoids ‘ ‘Tonﬁins‘ Flavonoids TAC
AT [Toripox| R lpid  [Chooa&b] | Phenolic | [Anhocyanin
peroxidafion compounds TE;\C OIEI AC

Fig. 3. Proposed set of biomarkers to evaluate plant headttout protocol optimization.

Thus, our first goal was to merge several extrasti.g. the four protein extraction protocolspider to save
time and reduce costs, without reducing assay tbatysi For each biomarker, several extraction aedction
buffer were tested. Extraction yield and assay atgi®lity were evaluated in order to have the lbesters. At
the end, 3 types of extractions were selected @ig.

89



- »

»

hd k4 W

TCA exlractian Methanal extrachan

!

il

&

‘ulr' h 4 b 4 h 4 h 4 . J

L

Y h 4
[5s] | [sps] | [apx! | [em RUBISCO folal GSH | | [Totalasc | || Garolencids [Tannins | | [ Flavoneids | [ TAC
.
In-.-a:asue | Cin' g:;ln Total BOX Epr:m Y N : A |:q‘ C.;(‘
. : s e A Chiarn 34 b | Pharciic IArJhc—::.uanms] L c
peroxiiaton | | componds |

Fig. 4. Proposed set of biomarkers to evaluate plant hagdthprotocol optimization.
Light purple box: sugar metabolism; yellow box: dedive stress; green box: photosynthesis; pink ks®condary
metabolism.

The use of this biomarker set combined with an raata@ extraction step (bead mills) presents several
advantages (Table 1). The use of bead mill impressaction step reproducibility and strongly irases its
throughput saving several days/weeks of work. Tdrahined use of the optimized set of 21 biomarkéosva

to analyze 21 biomarkers on 186 samples in 6 daggared to 45 days (7.5 times faster) requirechtdyae
only 6 biomarkers with the classical method (mdpestle and cuvette). This improved protocol alsongly
reduces analytical costs and allows to analyzen8gimore biomarkers with a 40% reduced budget.

Tab. 1. Price and time comparison between the differenmbider sets (classical set with 6 biomarkers; Zimbirkers
without protocol optimization and 21 biomarkershvrotocol optimization) and analysis methods (amdoiead mills and
cuvette/microplate)

Mortar and pestle  Mortar and pestle Beads mill
+ cuvette + microplate + microplate
o Grinding 0 0 ++
Reproducibility Analysis + t -
6 biomarkers 45 days 30.5 days 5 days
Analytical time 2 bloma_rkers 130 days 76.5 days 13 days
7 extractions
(186 samples) :
21 biomarkers 85 days 31 days 6 days
3 extractions Y Y Y
6 biomarkers 570 € 50 € 50 €
Analytical cost 5 Domarkers 9,140 € 500 € 500 €
extractions
(dHele e 21 biomarkers
6,630 € 350 € 350 €

3 extractions

In this work, we proposed a new set of biomarkeith & high-throughput method of analysis allowingedter
and more accurate evaluation of plant health. $btsof biomarkers offers an extended evaluatioaxidative
stress (11 biomarkers instead 3-4) and includes\hkiation of secondary metabolites and of enzyimedved
in sugar metabolism which could be affected by tdi@nd biotic factors. Moreover, this method praseetter
reproducibility, a higher-throughput and strongtgluces costs.
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SUMMARY

High concentrations of heavy metals are found imynagoil and sediment environments. At very high
concentrations, heavy metals can be acutely toxianicroorganisms. Treatment approaches that rely on
microbial processes may not function well in suchtaly toxic environments because processes impotta
their efficacy, such as carbon fermentation, oxygensumption, and biological sulfate reduction, dmn
significantly slowed or even completely inhibitddience, in such toxic environments, metals treatmesgents
that are not dependent on microbial activity buhea combine reduction with adsorption and preatpn of
heavy metals can be advantageous. Mefafgxan innovation which represents an entirely rfamily of
reagents for treatment of soil, sediment, indulstsiastes, and groundwater contaminated with heagtalsn
Their treatment mechanisms are based on iron, stdfides, and other iron-bearing minerals, and efoge
result in heavy metal precipitates that includefidel and/or iron. These iron/sulfide-bearing heawgtal
precipitates generally have lower solubility, amdager pH-stability, than precipitates which do imaorporate
iron or sulfides (i.e., heavy metal hydroxides)rf@@nance data showing reductions in leaching skaic,
mercury, and lead metals will be presented.

INTRODUCTION

The reduction, adsorption, and precipitation ofiyemetals by elemental iron, iron sulfides, andted reactive
minerals are an emerging scientesitu chemical reduction (ISCR) has increasingly beguliag to treatment
of soil and groundwater contaminated with chlomaabrganics. The mechanisms involved in such agijdics
are now fairly well understood and widely recogdize the environmental remediation community. ISCR
be broadly defined as a categoryimfsitu soil and groundwater remediation technologies rictv treatment
occurs primarily by chemical reduction of contanmitsa mediated mainly by abiotic processes. It &0 al
recognized that ISCR mechanisms of contaminantctexiucan be stimulated by microbial activity (¢ @arbon
fermentation), and even created solely by the égtof microorganisms (e.g., biogenic reactive mais). The
major groups of reductants operative in ISCR treatnof soil and groundwater can be broken into four
categories, including (a) elemental iron such a$ @ivder, (b) minerals that derive their reducirayver from
Fe'? such as magnetite and ferruginous clays, (c) rais¢hat derive their reducing power from reducedr$?
either alone or in combination with Besuch as pyrite, and (d) organic matter contaimgupx-active functional
groups. All the mechanims involved in ISCR degramtabf chlorinated organics are now understood ¢o b
related to the transfer of electrons from a reduigigent (the electron donor) to an oxidized spdtieselectron
acceptor). The same cannot, however, be said éoapplication of ISCR to treatment of heavy metalgact, at
very high concentrations, heavy metals can be Bctdgic to microorganisms. Treatment approaches taly
on microbial processes may not function well intsacutely toxic environments because processesrienido
their efficacy, such as carbon fermentation, oxygensumption, and biological sulfate reduction, dsn
significantly slowed or even completely inhibitddience, in such toxic environments, metals treatmesgents
that are not dependent on microbial activity buhea combine reduction with adsorption and preatpn of
heavy metals can be advantageous.

Therefore, the new reagents are composed of mtifreeducing agents (ZVI, iron sulfides), procelssmactive
minerals (iron oxides, iron oxyhydroxides), pH nfas, silicates, and catalysts. This new approach
insensitive to toxicity, and performs well even environments that have high metals concentratibitgh
concentrations of organic contaminants such agicalied solvents, high salt content, or pH levhklglf or low)
that would inhibit carbon fermentation and sulfegduction. Another unique advantage of these rdagemheir
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ability to simultaneously treat heavy metals ankbichated solventdn situreactive zones can be constructed to
prevent migration of heavy metals into sedimentsusface water.

DISCUSSION OF MECHANISMS TO TREAT ARSENIC

A main mechanism of arsenic mobilization in soilgpoundwater treated with MetaFix is reduction dé@rbed
arsenate [As(V)] anions to arsenite [As(lll)]. Trexluction step is mediated by two of the main congmts of
MetaFix (i.e., ZVI and iron sulfides). Since argerdccurs as an uncharged As(@Bpecies in the natural pH
range, its desorption follows the reduction steg #re dissolved arsenic concentration increasesatifrent of
dissolved metals such as arsenic in material weatth MetaFix zone involves their long-term sedtegon as
solid arsenic species by means of reductive pratiph and adsorption onto the surfaces of irordes; iron
oxyhydroxides and other iron corrosion productse Phimary mechanism of removal involves precipiatof
arsenic with iron and other inorganic compoundspeeially those associated with sulphide — to fonired
iron-arsenic solid phases such as arsenopyriten(@taal, 2003; Manninget al, 2002). Dissolved arsenic is
thereby transferred from the aqueous phase tohdyhigsoluble solid phase (i.e. immobilized).

Creation of reducing conditions is part of the m%ges leading to arsenic treatment with MetaFixh B&¥1 and
iron sulfides are powerful reductants (electronatejy as presented in the following redox half-tiess:

ZVI Corrosion (oxidation): Fe_ F&" +2¢
Iron Sulfide Oxidation: FeS. F&" + HS

These processes provide free ferrous iron andretectind subsequently produce stable As-Fe syftidees.
Corrosion (oxidation) of soli@VI particlesproduces dissolved iron and subsequently secoridaryminerals
are formed, such as iron oxidesd.; magnetite, F#®,) and iron oxy-hydroxides (goethite, FeOOH)]. These
mineral phases provide reactive surface areas vdrsemic oxyanions [As(V) and As(lll)] can be bowrdco-
precipitated (Manninget al., 2002; Koberet al, 2005). Similarly, oxidation of solid FeS prog&lfree iron
(Fe™) and sulfide to react with As(lll) resulting in amipitation of insoluble iron-As-S phases including
arsenopyrite.

MetaFix reagents are designed to have near nepittahnd therefore do not affect soil or groundwatkt.
Therefore, geochemical conditions created in thk sediment, or groundwater under MetaFix treatimee.
low Eh and neutral pH) are conducive to the creatibsecondary iron minerals, such as goethiteraagnetite
and As-S speciesigure 1).

Fig. 1. Eh-pH diagrams for arsenic and iron at 25°C forpted iron- and sulfate-reducing systems. Theseegadiagrams
show the relative distribution of potentially adsiog arsenic species (left) relative to represargatypes of Fe-bearing
sorbents (right) that are predicted to occur asatfon of Eh and pH.(a) System As-$&4 with SAs=10° and=S=10% all
solids suppressed to show stability fields for #upieous species. (b) System Fe-C®-hvith TFe=10-4,5C=10° and
¥S=10% Hematite is suppressed (From EPA, 2007).

LONG TERM STABILITY OF IRON-ARSENIC-SULFIDE SOLID P HASES

Considering the continuous source of dissolved inaime presence of ZVI and FeS and the overlapsgialility
field of pyrite (FeS) and AsS species, arsenopy(fieAsS) is the major solid arsenic phase createthgl

93



MetaFix treatment. Arsenopyrite is extremely ingbduunder reducing conditions (Eh<0 mV), but ihighly
soluble in oxic conditions (Craet al, 2003):

FeASS + 7HO — F€& qq)+ H3ASOs5q+ 11H + 116 +SQ”
The creation of Fe-As-S phases was demonstratedriengntally in iron + sulfide treated soil columns
(Przepioraet al.,2008). These results showed that a significant gfaithte arsenic mass immobilized in the soil
was associated with secondary iron oxides and akyixydes, which is in agreement with previous psheid
results in iron rich systems (Mannirg al, 2003 Koebeet al, 2005). These solid arsenic species are highly
stable. Long-term data showed that the ferrousdreated in the treated soil prevents arsenic rdination by:

¢ Creating protective coatings on the precipitated rduced arsenic mineral phases; and

* Facilitating precipitation and/or adsorption of any arsenic that is potentially mobilized under extrena
changes in geochemical conditions

Tab. 1. Summary of the potential arsenic mobilization psses in natural environments and the corresporatitigipated
MetaFix treatment mechanisms that prevent arsemobilization
ki

Attenuation Processes* Mobilization Processes*® Anticipated MetaFix Mechanisms
e Dissolution of metal arsenates/
Precipitation of metal . .
. arsenites due to change in pH; .
arsenates or arsenites or - - - MetaFixis a pH neutral reagent ,
e . dissolution of arsenic sulfides due to . L
precipitation of arsenic O . . therefore pH is maintained ay levels
increase in pH or shift from reducing to . y
sulfides . o below zero point charge (ZPC) of
oxidizing conditions. ) ) .
— . . > : iron oxides and oxyhydroxides (<8).
Co-precipitation of arsenic | Dissolution of host oxyhydroxide due to . S
. . iy e MetaFix treatment provides a long
as a trace component in decrease in pH or shift from oxidizing to .
. . " : . term source of free iron from
oxyhydroxides or reducing conditions; dissolution of host S .
C . . . oxidation of ZVI and FeS. This
sulfides of iron or sulfide due to shift from reducing to . S
e o enables continuous formation of
manganese oxidizing conditions. secondary iron precipitates
Adsorptionto iron Desorption at high pH for oxyhydroxides | . ATy tron preciptiaies,
. RS including iron oxides and iron
oxyhydroxides, and sulfides; complexation/stabilization . .
L . . sulfides will act as a sink for
iron sulfides, or other in the presence of DOC. Reductive S . o
. . . . . arsenic, if any is remobilized.
mineral surfaces dissolution of iron hydroxides or ’
oxidative dissolution of iron sulfides.
* After EPA (2007)

Our laboratory testing showed that arsenic wasmedain the iron + sulfide treated soil despite dions that
could, in theory, reverse the arsenic immobilizatwocesses (Przepiora et al., 2008). The obsgreesistence

of As-Fe reduced mineral phases in the iron + delfreated column under oxic conditions and extr@iie
could be attributed to development of protectiviersieron iron oxide and oxyhydroxide coatings onbEsring
grain surfaces. Similar phenomenon has been olbervenatural geologic systems where a primary or
authigenic arsenopyrite is present on earth’'s sar{f€raw et al., 2003). Based on this researeh AiiFe-S
phases will be stable in water-saturated and meelgreeducing systems, such as that created byrome+
sulfide based amendments.

METAFIX REAGENT: KEY BENEFITS

MetaFix Reagent represents a unique treatment aplprior soil, sediment, industrial wastes, and gdovater
contaminated with heavy metals. This customizedeartis designed to cost effectively address ekemiost
challenging site conditions. The reagents are ftatad blends of reducing agents, reactive mineralagral
activators, catalysts, and pH modifiers. Followpigcement of the reagent into the treatment zomeijnaber of
physical and chemical processes combine to createhgmical conditions under which common heavy Ineta
are subjected to reduction, adsorption, precipitatiand conversion to stable sulfide and iron-dalfi
precipitates. These heavy metal sulfide precipstdtave greater stability than metal hydroxide pitates,
which are formed with traditional metals treatmapproaches based on pH adjustment. Moreover, sice
reagent utilizes multiple mechanisms, it allows fobust performance in challenging environmentsh wigh
metals concentrations, high concentrations of dogaontaminants such as solvents, high salt contant
extreme pH levels. A custom MetaFix blend is depell based on a site’s specific conditions throadww-
cost treatability study to address soil and/or gowater impacts.
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The MetaFix approach offers a truly one of a kimahprietary, customized solution for challengingtate sites.

e The proven ability to address multiple heavy meta¢suding; Al, As, Cd, Cu, Cr, Hg, Ni, Pb, Se, V,
and Zn.

e Superior Cr(VI) treatment with the formation of ra@table mixed (Cr, Fe) hydroxides.

e The capability of treating comingled plumes of heawtals and chlorinated solvents.

. Low overall treatment costs based on lower readesing rates, as low as 0.1% to 4% (wt/wt), versus
other metals treatment technologies.

» The treatment mechanism is not dependent on aiafor removal of metals, therefore not susceptibl

to rebound when the matrix pH returns to ambievele

APPLICATION METHODS

» Direct push injection

e Hydraulic and pneumatic fracturing
» Direct soil mixing

* Permeable Reactive Barriers

CONCLUSION

MetaFix is an innovation which represents an elytirew family of reagents for treatment of soildseent,
industrial wastes, and groundwater contaminatetl intavy metals. Their treatment mechanisms aredbase
iron, iron sulfides, and other iron-bearing minsrand therefore result in heavy metal precipitétas include
iron and/or sulfide. These iron/sulfide-bearing \neanetal precipitates generally have lower soltjiland
greater stability, than precipitates that do nabiporate iron (i.e., heavy metal hydroxides). Tieev reagents
are composed of mixtures of reducing agents (Z'dh sulfides), processed reactive minerals (irolde&s iron
oxyhydroxides), pH modifiers, silicates, and castdy This new approach is insensitive to toxiatyg performs
well even in environments that have high metalsceatrations, high concentrations of organic conteamis
such as chlorinated solvents, high salt contenptbievels (high or low) that would inhibit micraicarbon
fermentation and sulfate reduction. Another unigdeantage of these reagents is their ability taikameously
treat heavy metals and chlorinated solvehissitu reactive zones can be constructed to prevent nogratf
heavy metals into sediments or surface water.
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ABSTRACT

Groundwater contamination byight Non-Aqueous Phase Liquidd.NAPLs) is known to increase
environmental and health risks due to their toyieihd carcinogenic compounds such as BTEX and MTBE.
Thisstudy isfocusedontheeffectsof spill volume amdecipitation on one-dimensional migration of
dieselinsubsurface. In this study, one-dimensies&divereconductedusinga 35 mm x 35 mm x
600mmcolumntosimulatedieselmigrationbehaviorin d¢gpiriver sand and Toyourasandaffectedby diesdliedpi
volume and precipitationintensityconditions. In geal, the high diesel spill volume caused deepesdali
migration at faster rate compared to the low dispdl volume. When the infiltrated diesel reachedtable
depth at capillary fringe zone, it no longer migchtdeeper until this condition changes as soorrexgpitation
infiltrates the contaminated sand layer. Once pitation started, diesel migrated downward intaisgied zone.
High intensity also led to high diesel migratiotesawith an average of 2.1 mm/min, compared to iloensity
case (0.3 mm/min). Thisshows that,althoughdiessliSIAPL (ppiesei = 0.865g/cr), precipitationcandisplace
low-density contaminantsfurther down into the satied zone,increasing the contamination degree ef th
groundwater.

INTRODUCTION

In today’s industrial society, the utilization obm-aqueous phase liquid (NAPL) is very prevalenbnf solvent

to fuel oil, this organic hydrocarbon has servedustrial evolution very well. In 2011, more than 8fllion
barrels per day were extracted worldwide (USEIA20&n extraction rate increase of 31% from 199%spite
NAPL's good deeds for society, mismanagement o thiemical may have a negative impact on humaritheal
and the environment due to its toxicity.

With the huge amount of oil that needs to be mashatie oil industry faces the inevitable risks o€idental
discharges into the ground and surface water efthar tanker accidents (M. Ha et al. 2012), pipelinptures
(Farias et al. 2008), or storage tank failures (@hand Lin 2006). If the contamination dischargeurs
underground, it will remain unnoticed until a neadrinking water well becomes contaminated (Nadinale
2000). Groundwater contamination by Light Non-Aque®hase Liquids (LNAPLS), such as diesel, is kntawn
increase environmental and health risks due ta tieaicity and carcinogenic compounds such as baaze
toluene,ethylbenzene and xylene (BTEX) andmethibtgy-butyl ether (MTBE).

Groundwater fluctuation mainly occurs due to theherge from rainfall and is also one of the contemt
migration agents (Flores et al. 2011). After thiease of LNAPL into the subsurface, it can moveulgh the
pores within the soil due to gravitational and #apj forces. During this migration, the liquid less behind
ganglia trapped and immobilized in the pores asdramable residual LNAPL (Wipfler and van der Z2601).
High leaking volume may lead to downward migratiand accumulation in the groundwater table. The
groundwater fluctuation can cause vertical dispiaat and redistribution of LNAPL within the satw@dtand
unsaturated zones.

Although it is well known that rainfall indirectlnffects the vertical displacement of LNAPL throutite
fluctuating groundwater level, few researchers h&weused on the direct effects of rainfall on LNAPL
migration. The study of these effects is necesgargrder to assess the LNAPL contamination plumemwh
subjected to rainfall. When rainfall infiltratessaturated zones, the wetting front propagation iwdtease the
soil saturation, changing the capillarity behavéord LNAPL migration behavior. The rainfall intensitan
directly affect the infiltration behavior and theetting front propagation velocity as well. Higheainfall
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intensity may increase the wetting front propagati@locity and bring the mobile LNAPL deeper intwet
saturated layer, thus extending the groundwatetacgination as it may migrate farther from the seurbe
objective of this study is to evaluate the effemftthe spill volume and precipitation intensity omgration of
diesel in the subsurface zone through a one-diroeabistudy using the Simplified Image Analysis Muth
(SIAM).

MATERIAL AND EXPERIMENTAL PROGRAM

A typical river sand and Toyoura sand was usedme@us medium in the one-dimensional study. Batidscan
be classified as poor-graded sand(SP) accordintheoUnified Soil Classification System. The rivaand
specific gravity,G, is 2.60, equivalent grain sizBgo is 0.70 mm and void ratie, is 0.69. The Toyourasand
particle densityGs, is 2.63, equivalent grain sizBg, is 0.18 mm and void rati@, is 0.66. The LNAPL used in
this study is diesel and is widely available in therld as it is a consumer fuel product, in genasal liquid
fuel. Its density used in this study is0.865 gicwith viscosity of 7 mrfis, surface tension of 0.2675 N/m, and
vapor pressure of 0.40 mm-Hg.

A 35 x 35 x 600 mm (sample: 35 x 35 x 500 mm) omeethsional column with a front transparent acrwil|
was designed to study the LNAPL migration behawiosand due to precipitation. A transparent acrylall
was used as it provides a clear view of the liqon@ement inside the sand column. SIAMwas used taiobhe
soil saturation reading.Th&implified Image Analysis Metho(5IAM)(Flores et al. 2011) is capable of
measuring the saturation distribution values fotewand NAPL in granular soils for a whole rangelafje
domains instantaneously.Two consumer-grade dig#aieras with two different bandpass filteks=(450 and
656 nm) were placed in front of the sand columaapture the images throughout the test. Fig. 1 shibe one-
dimensional column set-up used in this study. Reda8 Il dye was used for LNAPL and Brilliant BI&E&CF
dye for waterto enhance visual observation anceame their light absorbance properties. Both dywe wsed at
concentrations of 1:10,000 by weight, without amticeable change in the physical properties of watel
LNAPL. The dyes are not absorbed or filtered by garticles.

Infiltration Line

Elevation,
LNAPL \IPeristaltic cm
Source Pump -T53.0
|/ Spotlight  Digital =
] ¥ / Camera £
N 2
P c
Sand Graduated =
Cylinders -2
\_ Band-pass s
Filter =
wy
~
Stainless 50
AN Neq ==
Mesh & Valve Square Bottle
—+ 0.0

Drainage Line =
Weight Scale

Fig. 1. One-dimensional column setup.

When LNAPL occupy the soil pores, it will alter ttevel of saturation of the soil. As the flow andgnation of
LNAPL is closely related to soil saturation, ansl ¢dbndition inside the soil pores, the variation. MAPL spill
volume was studied. In this study, the two valuesMAPL volume were used to represent a high and doill
volume condition. Four experiments were conductdguToyoura sand during the study to cover thenmmim
and maximum range of LNAPL infiltration volumé&/p, and precipitation intensityi. The low LNAPL
infiltration volume condition used in this study sva85 mL (2.04 mL/cr), whereas the high was 50 mL (4.08
mL/cn?). The low precipitation intensity used in this dguwas 6.5 mm/hr, whereas the high precipitation
intensity was 63.2 mm/hr.The low diesel volumelirdtion with high precipitation intensity conditiowill be
called LH case hereafter. Low diesel volume irdtiton with low precipitation intensity condition lbe called
LL case hereafter. High diesel volume infiltratiaith high precipitation intensity condition will bealled HH
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case hereafter. Finally, high diesel volume irdifion with low precipitation intensity condition Wbe called HL
case hereafter.
RESULTS AND DISCUSSION

At the start of the experiment, the fully saturaseehd was allowed to drain by gravitational fordee to the
fact that sand has high permeability, the watemedarelatively quickly, and the stable capillarin§e height
could be seen in less than 6 hours. The high eaipyllis due to the effect of fine grain size dtstition in sand
and can be seen clearly in all cases. The satucafgitlary fringe could reach up to 260 mm of cofuhreight
for river sand and up to 350 mm for Toyoura sand.

When the LNAPL spilled from the top of the coluninmigrated downward due to the gravitational foecel
capillarity. Therefore, deeper LNAPL migration ocgun a larger spilled volume (Tab. 1), becaushas
sufficient pressure to overcome the capillary fericeorder to advance into the finer pores fillathwvater.

Tab.1. LNAPL migration depth in river sand and Toyouradan

. Migration Depth Migration Depth
=N Sl e (Toyoura Sand) (River sand)
25 mL (2.04 mL/crf) 200 mm
50 mL (4.08 mL/crf) 250 mm 300 mm
100 mL (8.16 mL/crf 400 mm

While diesel infiltrated and migrated deeper, ittha overcome the capillary force; diesel ceasemitgrate
when it reaches equilibrium at interfacial tensiétthough diesel density is lighter than water, doethe
aforementioned mechanism, capillary depression roedubefore equilibrium is reached. In our experitme
once the diesel infiltrated the sand and reacheddp of the capillary fringe, the height of theitlary fringe
was depressed for about 50 mm and 100 mm for 2104mi and 4.08 mL/crhof spilled diesel, respectively
(Fig. 2). A similar condition was also found by ®héer et al. (1998), when an unleaded gasolinsedwa 34
mm capillary depression of the water table. Theltdsom our experiment is higher perhaps due ®higher
diesel volume.

Case LH: V,=25mL, /= 63.2 mm/hr @ 1 hr Precipitation Case HH: V,,= 50 mL, i = 63.2 mm/hr @ 1 hr Precipitation
Time (hr) Time (hr)
00 12 24 36 48 80 72 84 96 00 12 24 48 8 72 84 96
£ . L L . ) —_— £ L 1 L L L s L L sl
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Em 5, (%) .Té - 5, (%)
= — = e : & eismes i
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g 100 Diesel mlgr?tlon N E
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E E
= =
= 5
(] 7]
= Water = Water
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5 S
8 5, (%) 8 S, (%)
00 12 24 % 48 00 12 24 38 48 60 72 84 96
Time (hr) Time (hr)
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WD — Initial Drainage, DI — Diesel Infiliration, PR — Precipitation, PC— Percolation WD — Initial Drainage. DI — Diesel Infiltration, PR — Precipitation, PC — Percolation

Fig. 2. Diesel and water saturation result for very heawgipitation intensity cases.

In Fig. 2, it can be seen that the infiltration waster for 50 mL (4.08 mL/cthof diesel than for 25 mL (2.04
mL/cn?) of diesel. This is mainly because the 4.08 ml¥trad a higher volume and weight, which provided
more pressure to push the diesel wetting frontfaster rate. It took about 6 hours for 4.08 mL7¢mreach its
stable depth compared to nearly 24 hours for 2.04&mr to reach its stable depth.

When the infiltrated diesel reached a stable depthp longer migrated deeper, because the two gilie
liquids, diesel and groundwater, had reached texfacial tension equilibrium. This condition chasgas soon
as precipitation infiltrates the contaminated sky@r. The infiltrating water is subjected to gtational force;
as it tries to flow towards groundwater level, illyush down any diesel that it encounters. Thebifimed
diesel will be entrapped within the saturated d¢apilzone. Since diesel solubility is low, this dition causes a
prolonged groundwater contamination risk of cargemand toxic compound release from diesel degmadat
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The infiltrated water also caused the contaminagilme to further depress into the capillary frirgeund 50
mm downward in the saturated zone. In comparisdh ather LNAPL contamination study cases, a depyass
of capillary fringe up to 50 mm was also found $orrfactant infiltrated gasoline (Chevalier et 298) and 1-
Butanol (Henry and Smith 2002). This means thagnewithout considering fluctuations of groundwatée
contamination plume can migrate deeper into thauratgd capillary fringe zone and contaminate the
groundwater.

In general, the higher the precipitation intensitiJAPL will migrate more deeply due to precipitatioln all
high precipitation intensity cases, LNy = 25 mL) and HH Y, = 50 mL), once precipitation started, a high
volume of water supplied from high precipitatiorteinsity infiltrated the sand and flowed downwarde da
gravitational force. This high amount of infiltragj water provided a high wetting front propagatiorce that
pushed down any diesel (LNAPL) within its flow paffhis mechanism helped diesel migrate easily theo
saturated zone.

In the LH case, diesel migration occurred due @ fen-wetting interconnecting bridges and high imgtfront
propagation velocity during precipitation. This e the reason why high volumes of diesel mobdiand
extended contamination deeper into the saturatpdlary zone. The layers of high diesel saturat{gf% to
30% of saturation) diminished and spread verticaityh predominant diesel saturation below 20%.

High intensity led to a high diesel migration ratéth an average of 2.1 mm/min, compared to the ileensity
case (0.3 mm/min). Consequently, a significant raduof diesel was pushed downward until it reached t
bottom of the column and immobilized at the soitqsoin the bottom layer inside the column. Sineeithensity
was high { = 63.2 mm/hr), the water remaining in the colunaptkpushing the diesel until it reached a final
stable condition, 80 mm deeper, 1 hour after tleddrprecipitation. Thus, diesel with a saturatiaue of 10%
to 15% can migrate into the saturated zone, extBadcontamination deeper, and increase the grouedwa
contamination risk.

CONCLUSIONS

This study simulated the rainfall effect on the -@i@ensional contamination migration behavior oésdil
(LNAPL) using different diesel volumes and preaibn intensity. From all experiments, it can bersthat the
rate of diesel infiltration is much faster withaxder spilled volume. The capillary fringe depressoccurs due
to LNAPL spill; further depression occurs when sabgd to precipitation. Both low and high intensity
precipitations pushed the contamination plume degjte the saturated capillary zone at least 2886 mm.
However, the more diesel contaminated the sandmitve it migrated deeper due to precipitation. Witen
precipitation intensity was lowi € 6.5 mm/hr), diesel reached a new stable comditioring the precipitation
stage. However, when intensity was highs(63.2 mm/hr), water remaining in the column kppshing diesel
until it reached a final stable condition, 80 mnepler, 1 hour after the end of the precipitationtti@rmore, the
high precipitation intensity caused more diesahtgrate downward into the saturated capillary zavith diesel
saturation around 10% to 15%. Therefore, if LNARIn@mination occurs, precipitation not only incesathe
contaminant mobility and makes it migrate furthemf the source, it also makes it goes deeper @caturated
zone.The experimental results show that althougkefliis an LNAPL fpiese = 0.865 g/cr), precipitation can
displace low-density contaminants further down itite saturated zone, increasing the contaminatoneg of
the groundwater.
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ABSTRACT

Industrialization has had a major effect on theirmment. Many contaminants were released and adietied
into the soil causing major pollution. In orderr&habilitate the polluted areas, a method has Heeeloped for
greening brownfields using environmentally friendgchnologies. This requires three phases and cmwmbi
phytoremediation, energy recovery and landscapkitaoture for the reintegration of the area in thiban
tissue. In this way, the plants used in the processive triple valences: means of soil treatmemamental
value and also energetic value. In order to apmdyrhethod, the case study of Cuprom was chosewchvidia
former industrial area located in the city of BMare, Romania. The site requires remedial actiacabse of
historical soil contamination with heavy metalpesally Cu, Pb and Zn. The potential of this aseeery high
because it has a very good location and infrastractThe ecological restoration of the contaminatitel is
necessary in order to bring the soil close todtiral state and to reconvert it for the benefithef citizens.

INTRODUCTION

National Environmental Protection Agency of Romahi&s compiled the national inventory in 2014 which
recorded a number of 1183 potentially contaminaiézs and 210 contaminated sites, a total numbale8
affected sites.
The economic sectors that have significantly cbated to soil pollution are:
- Mining and metallurgical industry: 160 potentiatlgntaminated sites;
- Petroleum industry: 861 potentially contaminatedssi
- Chemical industry: 37 potentially contaminatedssite
- Other activities (activities specific to the followy industries: energy, electrical engineering and
electronics, ceramics, glass, textile and leatieement, wood, paper, machinery, food, activities
specific to land transport, airports, activitiesesific to agriculture and stockbreeding, military
activities, nuclear activities): 125 potentiallyntaminated sites (NEPA, 2015).
Industrialization in the MaramugeCounty from Romania had a major impact on the renmhent causing hot
spots of soil pollution (Figure 1) due to the irderexploitation of land resources.
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REMEDIATION OF CONTAMINATED SITES USING GREEN METHO DS

Heavy metal contaminated sites are very commohencase of former industrial sites. These areasldhwt
be neglected, but converted for the benefit of llecenmunities. To address the problem of soil gadly one
green remediation technology that can be appligghysoremediation. Because of the large areasinidattrial
areas usually occupy, other remedial measures @egniie too expensive. If phytoremediation is condbinéh
biomass production, the entire area can becomeues®f energy and a successful integration ofrenéo
industrial area. In addition, landscape architect@omes with more advantages using the design and
redevelopment of the area to increase the valuthefstudied area. This will change public perceptmd
improve the area economically, socially and aextaky.

Because applying phytoremediation is a specificcgss for every site, standard procedures cannot be
established, but general guidelines can be takendonsideration for each location and customizedazh
stage. The main objective of remediation projeftany contaminated site is to improve the curréoiasion of
each area in order to provide a safe and healthiyaamment for every citizen.

Former industrial area Cuprom is located in Baiadyla city with 100000 citizens in northwest of Roma.
The area needs urgent measures of conversion leeohits valuable location and because it is araépiart of
the city that needs to be integrated, not rejected.

Industrialization and urbanization in Baia Mare haghative effects on the environment due to palfutdf
important areas in the surroundings. Nowadayscitiyemust deal with the historical pollution anceth is a lot
of investment to be made to decontaminate the soil.

The Cuprom industrial area is polluted with heavgtats, mostly Cu, Pb, Cd and Zn (Damian et al.,8200
Rehabilitation of the entire area is necessaryfartter studies need to be undertaken regardingadlsibilities
of remediation. The current state of the case statiybe seen in Figure 2.

Fig. 2. The actual state of former industrial site Cuprasoated in Baia Mare, Maramyr€ounty of Romania.

The activities of the former Cuprom factory had tedsoil contamination, copper having the biggesyative
effect on the environment. Copper, due to its lighcentrations in soil, may enter the food chaid #&rcan
affect human and animals' health. Because its corat®n reaches the intervention threshold, urgesasures
are needed to decontaminate the site and reingeigiatthe urban circuit of Baia Mare.
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In the case of contaminated brownfields or acthaustrial sites, where the activities continueeiease toxins
in the surroundings, efforts of restoring the cariteated soil to a better state should be madederaio create
new and stable ecosystems. Landscape architeasra special purpose to transform the space aatectable
ecosystems. Soil affected by human activities gshoble treated initially and continuously using
phytoremediation. Plants that are chosen to clearsite, extract the contaminants from soil whileyt purify it.

In this way, flora develops into a landscape ofcession (Figure 3). The presence of any kind oktatgpn
indicates remediation success, while the lackarifis a major indicator of the need of remediahsuees. An
abundance of new flora means that the new ecosystardevelop (http://www.draconaei.com/?p=1139).
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Fig. 3.Phases of restoring contaminated soil to fertagesthttp://www.draconaei.com/?p=1139)

The benefits of creating new green spaces and gse®n technologies such as phytoremediation are:
- Creating or expanding ecosystem;
- The involvement and cooperation of the local comityyn
- Testing and implementing large-scale green remedi&tchnologies;
- Flood control;
- Educational purposes;
- Improving the environment - improving soil, air agcbundwater quality;
- Creating new public areas for recreation;
- Generating models for new projects of brownfielelsabilitation;
- Industrial heritage conservation;
- Economic improvement of the area;
- ldentifying the sense of local community and souitdraction;
- Improving the aesthetics of the area (Sousa, 2013).

Local communities must be involved in every steqt il part of the redevelopment. The program'sesgcan
be associated with public participation and theureituse of the area. In this way, conflicts andisaf of
rehabilitation area because of noise, vibrationtdude equipment used, the dust created duringrtheess and
other unpleasant activities are eliminated. The levharea is easily accepted by citizens and reptesen
reference area of local identity (Soesilo and Wi|st097; ITRC, 2006).

CONCLUSIONS
More or less, all countries are affected by humetivisies, urbanization and industrial developmeBtiring

these processes, different types of pollutantsspread in soil and lead to environmental deterionatSoil
contamination is a major concern worldwide and nexgusolutions that are eco-friendly and also &ffit
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Decontamination of brownfields is extremely impottafor the benefit of the environment and local
communities. An innovative technique to clean thases is phytoremediation. When large areas ayeined to
be treated, phytoremediation is less expensive tharraditional techniques. Plants have alreadynhesed in
various applications to help improve certain contated sites. A wide variety of sites can be dezmated
using phytoremediation. Numerous projects have lkseloped where it has been applied at large soaile
pilot projects.
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ABSTRACT

The historical accumulated acid tar lagoon on ferindustrial site in Mons Belgium, was neutraliziedthe
subsurface before excavation and transportatior. figutralized hazardous waste was then transpoftdte
site to different licensed waste treatment faeiditiFor the neutralization of the acid tar an mepl mixing tool
was used. The in-situ mixing technique is not a rteghnology but for the first time applied in andatar
lagoon. Although other mixing tools have been u@@dmpetrol, Vega Refinery, Romania), the neutrafizi
chemical was injected at depth by means of an aatexndosing system. One of the evident advantagetha
reduced emissions, mainly due to the limited hawgdlof the acid tar prior to off-site transportation
Additionally, advantages in terms of heath & saffettythe workers on-site, in terms of duration loé tproject
and in terms of economics are achieved.

1. INTRODUCTION

Acid tar is a hazardous waste generated by refipirggesses, namely refining of benzole, refininguséd
lubricating oils or refining of petroleum by additi of sulphuric acid. Historically, acid tars wdrequently
dumped or stored on land in basins or lagoons inrmontrolled manner causing contamination of lanaface
water and groundwater.

The composition of acid tar is complex and veryialale. It is function of the refining process, thecess
conditions and the quantity of sulphuric acid usAdid tars composition is a mixture of sulphuricidac
hydrocarbons, water and ash. Heavy metals arepai@mtially present, such as mercury and arserase6 of
hydrogen sulphide, sulphur dioxide and volatileamig compounds vapours (BTEX) are released, edpecia
when the waste is handled.

2. THE ACID TAR LAGOON IN MONS

2.1. History of the site

In 1884, cokes ovens and a facility for the recgwdrcoke residue were in operation on site. Byl#te 1920s,
the activities expanded with a benzole refining ardr distillation plant. The coke ovens were aegnssioned
in 1928. The facility for the recovery of coke dhst received residues from neighbouring coke fatcand
stayed in operation until 1960. In 1985 all theilfées were decommissioned. During this periods tiesidual
tars from the benzole refining and wastes from o#uivities were dumped on land and covered witth s
Approximately 1 hectare was impacted and 20.006 tdrpure tar were found.

Because of the size of the whole industrial complb& site needed a phased approach. The rehadind
remediation works started in 2009 and only in 2€i& acid tar waste dump was under remediation. SFFAQ
(public company of the Walloon Region) appointedeE3for the phases 3 to 6. The works in phase Gdted
the remediation of the acid tar lagoon, while therks in phases 3 to 5 covered the remediation ofeshot
spots and highly contaminated soils.

2.2. Characteristics of the acid tar

The acid tar present on site arises from the mgjinif benzole by addition of sulphuric acid, reggitin tar with
a very low pH, with considerable impacts from suipand VOCs, in particular benzene and toluene.
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Fig. 1. Acid tar rising through covering material and spliag laterally across the surface.

The top layer of the acid tar is dusty and crustytotal a couple of inches thick. Figure 1 shdhestop layer of
the acid tar. The subsurface acid tar surfacesvini@no like manner through the covering matearad spreads
laterally across the surface. The tar becomesivelatsolid, but still viscous below the top layand the

properties of the tar becomes more liquid and dearat depth.

Due to the addition of sulphuric acid, the tars saeerely acidic and contain a high sulphur contéhé pH of
the tars is very variable. Locally pH values belbware encountered, however pH values ranging fram3lare
more commonly measured. The sulphur content oatlie tar reaches locally 15%, but values rangingf2%

to 7% are more commonly measured. The tars origifitam the refining of benzole and as a result@ionigh
concentrations in volatile organic compounds. Baezeoncentrations are reaching 65.000ppm and taé to
BTEX concentration 100.000ppm. Emissions of hydrogelphide and sulphur dioxide originate from tloeda
tar, especially when the waste is handled. Tabdairhmarizes the composition of acid tar and higidighe
heterogeneity of the material.

Tab. 1. Composition of the acid tar, minimum and maximuriuga of the main components

Parameter Unit Min — Max values
pH 0-4
Sulphur % 2-15
Benzene ppm 4.000 - 65.000
BTEX ppm 6.000 - 100.000
TPH C10 - C40 ppm 10.000 - 32.000
PAH-16 ppm 200 - 2.700

As ppm 250 - 1.200

Hg ppm 1-30

3. THE SITE REMEDIATION WORKS

3.1. The remediation plan
The remediation plan defined by SPAQUE consistsiyaif:

. Removal of the pollution source or the acid tailustiching the soil layer.

*  Verifying that the remediation objectives are mgtshmpling and analyzing the excavation at the base
of excavation and sidewalls. Further excavation rhayrequired to comply with the remediation
objectives set by SPAQUE.

. Neutralization of the acid tar on-site before tr@ors to approved waste treatment facilities.

. Emission management, control and mitigation.

. Backfilling using clean soils.
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3.2. Preliminary works
Prior to commencement of the remediation works, BigErformed a detailed study of the acid tar lagddre
study consisted of
. Mapping of the contaminated area: a thorough cheriaation of the area is performed by collecting
and analyzing tar and soil samples.
. Laboratory tests to determine the most suitablerakzation additive and the required quantity to
achieve the objective of pH, value set betweerl3.—
*  Air quality measurements during trial pit excavato

Mapping of the contaminated area consisted of lmeelogging and sample collection every 10m squggie

Approximately 50 drillings are performed and 10@npées collected. With the borehole logging, thelkhess
and extent of the acid tar is assessed. Figure®@sthe geological sections of the area.

Based on the laboratory tests and for each 10nrequal, a quantity of neutralization product iskated. As
shown in table 1, the pH of the tar is very vagahhd the quantities added to reach the objectwg from
approximately 2 to 15% (by weight).

Limon supérleur saln

Limen supérleur comiaminé

Remblal goudronneusx

Goudron pur

Limen Inférleur contaminé

Le Roeulx / Havre

| ‘ She UCE - SITA = Phase 6
f PLAN DE S|TUATI|ION DES COUPES
i

ET COUPES GEOLDG|IQUES 2/2

Fig. 2. Map with geological sections of the acid tar ateayreen, the acid tar layer. In blue, the silelay

Air quality measurements are also performed dutiia pit excavations to evaluate the measuressszcg to
ensure health and safety for the workers and retidéuring the remediation works. One of the patame
measured is the total volatile organic compound¢dT). The results for the TVOC are shown in figie
Peaks of 800ppm and 330ppm are measured at resge&m and 20m from the trial pit. As the threghtimit
value (TLV) for benzene is 1ppm or 3,25 mg/m3, diggpair breathing apparatus is required for pengbn
working in the acid tar area. The TLV is the cortcation in air to which it is believed that mostnkers can be
exposed daily without an adverse effect.
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Fig. 3. Concentration of TVOC in the air (ppm) in functiohtione and distance from the trial pit. In blue, Biistance from
the trial pit. In green, 20m distance from thel tpid

3.3. Neutralization methodology and acid tar treatrent

The acid tar is neutralized on-site before beirzmgported to approved waste treatment facilitiesfdcther
treatment. Neutralization is performed by mixing treutralizing additive with the tar using a hydi@mixing
tool mounted onto an excavator. A mobile feedecasnected to the excavator and feeds the additwve b
compressed air in the middle of the mixing tooleTheder is equipped with a weighing system allgwtim
control the quantity added into the acid tar. Fegdirshows the equipment the mobile feeder and gixial.

Fig. 4. Equipment used to neutralize the acid tar. Ordfiethe mobile feeder. On the right, the excavatuipped with the
mixer.

After reaching the pH target value, the acid taermmoved and transported to approved waste treatiaeilities.
The most cost-effective treatment method is seliectde choice of treatment depends on several pess)
such as calorific value, sulphur content, concéiotna in mercury, arsenic and benzene. The treatmen
techniques used for the acid tar are:

»  Co-incineration in cement kilns;

. Incineration with energy recovery;

e Thermal treatment by pyrolysis;

*  Thermal desorption.
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3.4. Emission management and health and safety meass

Ambient air quality monitoring is performed durirtbe remediation works and includes near-source and
perimeter monitoring stations. The near-source toaing stations are measuring TVOC, benzene, SQ3 id

the air during the working hours. If near-sourcebant air quality limits are exceeded, actionstaggered to
reduce emissions before reaching the surroundiflgs.perimeter monitoring stations are located closthe

site boundary and are measuring 24h/24 and 7d/QQ\Vbenzene, toluene, SO2 and PM10. PM10 is the
atmospheric particulate matter with a diameter @firh or less. In addition, the wind direction an@éexp is
continuously measured.

Various measures are taken to mitigate emissiaoms the neighbouring surrounding environment. Whien a
quality limits are reaching emission reduction mgas are triggered, such as:

. Reducing the size of the in-situ neutralizatiorexcavation area.

e Covering of the acid tar with compost or foam.

. Use of a water spraying system with odour contgelrd to reduce odor nuisances.

. Use of an air ventilation system to blow air awenni the receptor.

e Stop remediation when the wind is unfavourabler{dhe direction of the closest receptor).

For health and safety concerns, the hazardous piep®f the acid tar require the use of chemical acid
resistant gloves, boots, overalls and respiratoogegtion for all personnel working or entering tea. The
respiratory protection is a self-contained breagtapparatus with an independent air supply. Fi§usbows the
full set of personnel protection equipment.

Fig. 5. Left, full set of PPE with self-contained breathiapparatus. Right, compressed air bottles conné¢otéte cabin of
an excavator.
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ABSTRACT

Mining and processing activities affecting manyesitvorldwide negatively. The huge amounts of moaed
treated materials have led to considerable flowsva$tes and emissions. Alongside the many advasitafje
processed ores to our society, adverse effectaturen and risks for the environment and human hesk
observed.

The GREENLAND-project brought together “best preetiexamples of several field applied gentle reraoin
techniqgues (EUFP7-project “Gentle remediation oficér element-contaminated land — GREENLAND;
www.greenland-project.eu) with 17 partners fromcblntries and has been launched in 2011 until tideod
2014. Gentle remediation options (GRO) compriserenmentally friendly technologies that have litde no
negative impact on the soil. The main technologies phytoextraction, in situ immobilization and iskesl
phytostabilization.

Three stages of impact of Pb/Zn-ore-treatment enefivironment are discussed here: (1) On sitesentter
ores are mined impacts are the result of cruslgngding, concentrating activities, and where addlly parts
of the installations remain after abandoning theanas well as by the massive amounts of remaitepgsits or
wastes (mine tailings). (2) On sites where smeléind processing takes place, depending on the ggdidéelz,
Doerschel) different waste materials are deposité@. Welz process waste generally contains lesar@dPb
than the Doerschel process waste which additiorshibyvs higher water- extractable metals.(3) Ors sitese to
the emitting source metal contamination can be dotmareas for housing, gardening, and agricultuss.
Emissions consist mainly from oxides and sulfidgs, (Cd), sulfates (Zn, Pb, and Cd), chlorides (Bbdl
carbonates (Cd).

All these wastes and emissions pose potential agkispersion of pollutants into the food chaireda erosion
(wind, water), leaching and the transfer into fegdstuff and food crops. In-situ treatments hawe fbtential
for improving the situation on site and will be sl by means of field experiments in Spain, Poland a
Austria.

(1) In the abandoned Pb/Zn-mine in Rubiais in L{g8) plant growth at some spots across the taiimgimost
impossible due to high contamination and furthereaske chemical, physical and biological conditialespite a
precipitation of 2000 mm/a. Despite these cond#tiarfew plant species (Cytisus, Betula and Salegewiound
to tolerate these conditions and some were seldoteftirther application in field trails establishat this site.
Cytisus species are perennial, leguminous plardsaadely distributed, making them interesting caladées for
re-vegetation and phytostabilisation of highly nheantaminated soils. Salix species show a higlemtal for
revegetation and mechanical stabilisation of thale&rodible soil, and some species are able twraalate
relatively high concentrations of Cd/Zn in abovegrd parts.
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Fig. 1.View from the top on mine Rubiais in Lugo in Spa‘iel experiment in the center).

(2) On smelting waste deposits in Piekary in SA€8iL) municipal biosolid mixtures were applied getiing a
milieu where plant cultivation is possible (pretiion 800 mm/a) to reduce the erosion and leaclihg
contaminants. Welz and Doerschel process wastes treated in different ways which is reflected he t

different application rates of amendments.
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Fig. 2. Cadmium contamination in the Katowitze region indPal.
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(3) On agriculturally used land in the vicinity tife Pb/Zn smelter (BBU) in Carinthia, soil amendisemere

applied and shown to effectively reduce the conmtami uptake in feeding crops. Additionally heavytahe
excluding cultivars were selected which furtheruestl the unwanted uptake. These contaminatedpsites in

addition to the recent acute risks, also a longyteésk which should be reduced by appropriatetin sieasures.

The shown techniques and methods can contribugeremuction of these risks and to improvementhese

sites for the environment and human health.

Fig. 3. Recent emisions in the area of the former smeiteris Austria (85 m high stack is not emitting amgre) (Foto
Klaus Platzer, 2004).
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ABSTRACT

The potential of aminopolycarboxylic chelants foil $b removal and bioaccessibility stripping islivaown.
The most frequently used is ethylenediamine teti@de (EDTA) because of low toxicity, high efficenfor
toxic metal removal and relatively low price. Swishing (extraction, leaching, flushing) where ED@Ad
toxic metals forms water-soluble complexes (chelatnd used washing solution is separated fronstiid
phase is straightforward operation. However, clkslathich partly remained in washed soil are comgewrith
high degree of stability and must be further rentblog extensive soil rinsing. What makes remediatiifficult
is treatment of large volumes of generated efflsiepteferably to recycle both EDTA and process mgaté/e
are presenting the development of a new, effecie emission-free soil washing technology and esearch
on the treated soils’ overall health, functioningdgotential use after remediation. Contructiorpibdt plant
with capacity of 6t/day is in the process of camstion in Slovenia and is co-financef from LIFE40Bramme.

Calcareous soil from Meza Valley, Slovenia and iac&bils from Arnoldstein, Austria and Pribram, Che
Republic (with 1028, 862 and 926 mg Pb kg-1, retpely) were washed with 60-100 mmol kg-1 EDTA in
series of 30 batches (50 kg batch-1). Technologyufes novel reaction of alkaline substitution,cppigation
and adsorption of toxic metals on polysaccharichebchelant acidic precipitation for in average 88%TA and
complete process waters recycle (no wastewategesasrated). The pH gradient was imposed by Ca(Q@HiR
H2S04; the reagents’ excess was removed with rexteetisoil as an inert CaSO4, thus to prevent isaltibn
of recycled process waters (Figure 1). Remediatomoved 60, 78 and 71% of Pb from Meza, Arnoldsasid
Pribram soils, respectively, and reduced Pb bicssibiity into simulated human gastro-intestinalapé
(assessed using UBM) by 5.0-, 7.7- and 8.1-timespectively. Residual emissions (EDTA, toxic mgtalere
prevented by soil ageing and deposition of remediabil on reactive permeable barrier. The solidtesfrom
process amounted to 10.8 kg t-1 of soil and theeri@t/energy cost of remediation up to 20.6 € t-1.

Sustainable soil use after remediation was invatgiyfor Meza soils. The effect of remediation oih ghysical

and chemical properties and soil functions wereomand reparable (Jelusic et al., 2013; Zupand. e2@15).

Revitalization measures for restoration of soiltifiéy and plant fitness included fertilization witMn and
hydrogel amendment to improve soil water holdingazaty (Jelusic et al., 2014b). Sequential extoatidid
not reveal long-term reversal of reduced bioacbdigiof toxic metals (Jelusic et al., 2014a). &akgetable
production has been demonstrated after soil wasbfngriginally medium contaminated soil (Jelusicadt,

2014c). Use of remediated soil as a substrate fosroental plants and grasses was studied and gados
originally highly contaminated soils, unsuitable food production (Jelusic et al., 2015). Significapatial
reduction of toxic metals (Pb, Zn and Cd) contatiimaand reduction of Pb blood levels in childrexidse and
after soil remediation and have been modeled ardigted for Meza Valley (Finzgar et al., 2014; &tal.,

2015).
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Construction of a demonstration plant with proposedl washing technology began in 2015. The plant i
situated in Meza Valley, Slovenia. The plant wilie a capacity of 6 tons of contaminated soil @er. dhe
purpose of the plant is demonstration of the predasoil washing technology. The first batches apeeted to
be remediated till the end of the 2016. The cowrstsn and first year of operation is co-financedtby LIFE +
program, project ReSoil LIFE12 ENV/SI/000969 (hgeresoil.envit.si). Slovenian legislation reqes
building permit and Environmental permit for wapt®cessing for the construction of a demonstrafiéamiity.
For proposed capacity of soil remediation obtaimdighe Environmental protection consent is notessary,
although it is necessary to submit an application.

Fig. 2. Demonstration plant for soil washing technology.

Reactions and processes used in novel technology alde to absorb and neutralize fluctuations ohsnesd
parameters without operator intervention throughthg series of remediation batches, demonstratiey t
adjustability and resilience of the novel techngldgr different soils and chelant inputs. Remedias®il
retained quality and provided ecosystem servicesuding safe food production. A demonstrational
remediation plant using scale-up of the novel teébgy is under construction in the Meza Valley,\&loia.
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INDUSTRIAL SOLUTION FOR HEAVY CONTAMINATED SLUDGES WASTE
WATER TREATMENT SLUDGE AL-MADINAH SAUDI ARABIAN KIN  GDOM

AlesS Grof — Jussi Uatilla
SAVATERRA Oy, Finland

KEYWORDS
Organic sludge, microbiological risk, microbiologicontamination, fertilizers, pathogenic contartiora

ABSTRACT

The samples obtained from KSA were as follaywene was raw fresh sludge from the waste watetntreat
plant andi) one from dried sludge piles in the waste watgtment plant site.Sludge free laying in Al Madinah
Water treatment plant in amount of millions tonsrigrobiological very dangerous — its hazardous@génic
compounds are very active and dangerous for pe&@ueny drying of sludge is not effective for patbng
killing, sample analyzes exactly prove huge existeof live dangerous pathogens out of safe linnitthe case
of longer rains the pathogens will transport byewxahto eating chain, it is only limited time foolging this
problem and managing this real risk, only volumeabdfiwater is decisive to direct jeopardy humarithga

Both samples haH.coli more than EU allows in the organic fertilizers miei@ be used e.g. in agriculture. Raw
had 13000 cfu/g (colony forming units) per gramnudterial. The dried sludge (sun dried) had alser dkre
limits 6000 cfu/g. The allowed amount in EU is ma®00cfu/g. Salmonella was also detected in the dried
sludge (detected in 25g sample). Both samplesagwed Clostridium perfringersmore than >100 000 cfu/g.
Based on these “normal” analysis both material Hagé degree of microbial contamination risk famians,
animals and plants. Especially interesting wasfdet that sun drying DID NOT KILL pathogens! Thine the
dried sludge remained possible health hazard.

Fig. 1. Bacteria, worm eggs, fungus spores, worm, paramecium

Process of hygienization microbiological risky sifedoy SVATERRA Oy company was tested. The new gudg
is mixed with old sludge and if needed green waEke mixing ratios will be determined before thaltm Al
Madinah, Kingdom of Saudi Arabia. The product aftex treatment fulfils European directives on thganic
fertilizers (EU 71/2006). -The product can be usdter treatment for fertilizer, agriculture or ganing
purposes. The estimated area of the treatment igl&6*40m.
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SAVATERRA Oy prepared product fulfils the microbigical and chemical quality of the European diraxti
on the organic fertilizers (EU 71/2006, HE 71/2006)

PRODUCT CERTIFICATE:

Name of product

OSIF - Organic soil improving fertilizer

Trade name  Organic soil improving fertilizer
Raw materials Waste water treatment facility sludg

Production process
harmful

inspected

Use of the product

How to use?

pH
Conductivity
Total nitrogen (N)

Water soluble
nitrogen (N)

Total phosphorus (P)
Water soluble
phosphorus (P)
Total potassium (K)
Moisture

Density

Amount of organic
material

Coarseness
Weed seeds

Amount of metals
(average)

As
Hg
Cd
Cr
Cu
Pb
Ni

Zn

The sludge are hygienized as the first step. Alises, bacterial and all other
contaminants are killed. Nutrients remiaitact. The product is then agitated and
and approved by authorities for selling

The product can be applied for agriculture purppsad to replace artificial

fertilizers.

The product can be used for green building pepasd prevent erosion.

If the soil pH is under 5.5, calcium should Ippleed for the soil to pH levels

suitable for plants. The organic fertilizer is thmixed into soil to 20cm depth.

The nutrient level of soil is inspected before apy) the use of organic fertilizer

to have calculate proper amount of use per heofaseil. Usually amount of 13-

20 metric cubics of the fertilizer per hectare barused.

Book keeping of the use is recommended to have.

Analysis method Value
SFS-EN 13037 6,5
SFS-EN 13038 120 mS/m
SFS-EN 13654-2 3,9 kg/m3
22000 mg/kg
SFS-EN 13652 0,50 kg/m3
3000 mg/kg
SFS-EN 13650 3,3 kg/m3
20000 mg/kg
SFS-EN 13652 0,030 kg/m3
180 mg /kg
SFS-EN 13650 0,230 kg/m3
1400 mg/kg
SFS-EN 13040 70 %
SFS-EN 13040 550 kg/m3

SFS-EN 13039 60 % dry mater
Product is not sieved
Product might contain wild spreading seeds

Max. concentration Units mg/kg of dry material

SFS-EN 13650 5
SFS-EN 13650 0,5
SFS-EN 13650 0,7
SFS-EN 13650 40
SFS-EN 13650 350
SFS-EN 13650 30
SFS-EN 13650 20
SFS-EN 13650 600
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Origin of the Product Kingdom of Saudi Arabia

Technology producer company Savaterra Oy has adalle reference in Helsinki Water's sludge treatnie
Sipoo Metsapirtti sludge treatment area for 100tQ@€r year since 2008. The sludge is being treated
Savaterra according to (EU 71/2006, HE 71/200&)atels on the organic fertilizer for soil improvingterial.

List of wastewater sludge treatment:

1) Helsinki Water Company since 2008 and has lreating altogether so far <1 000 000t of the niafter

2) City of Vaasa, Finland sludge originating mixbibwaste and sludge from anaerobic digesting 1@ 000
according to EU 71/2006 legislation.

3) City of Storfors, Sweden 10 000t sludge fromobér waste water treatment plant according to E{20U6
legislation.

4) City of Kappala, Sweden 10 000t of the sludggioating from aerobic waste water sludge treatnfacitity
according to EU 71/2006 legislation.

The process for the sludge hygienisation has begsaldped and patented by Savaterra and the pdenbéen
manufactured by Kalottikone Oy which is Savaterraister company. Kalottikone has a long history as
specialised machinery house.
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Fig. 2.EU - Finland Product Certificate.
SAVATERRA Oy successfully patented this procesadas.

The product fulfils the microbiological and chenligaality of the European directive on the orgafieidilizers
(EU 71/2006, HE 71/2006). The growth yield with guot compared to normal growth peat is very good.

The objective in hygienization is to provide a peomputrient balance and environment for the repctdo of
aerobic thermophilic bacteria. Factors such as ésatpre, moisture content, structure, and propeatiae are
critical to efficient hygienization. Operating teerptures of 80 to 90 degrees Celsius are desithbslag the
aerobic hygienization process. These temperatiilidty karvae, pathogens, and weed seeds.
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Fig. 3. Hygienization line photo.

Growth on Organic fertilizer

Reference material: ydroponic cultivation
with perlite

Fig. 4. The growth yield with product compared to normalwgth peat.
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TRAIN TECHNOLOGY - AN IRON-BASED MICROBIAL REMEDIAT ION AN
EXAMPLE OF CONBINED TREATMENT APPROACH

Pavel Spaek' — Jiti Mikes? — Avi Ben Laish®

'CHEMCOMEX Praha, a.s.,
TERAMED, s.r.0.
SA.B.ILR.T.

KEYWORDS
Iron reducing bacteria, chlorinated hydrocarboreatment train approach

ABSTRACT

Iron reducing bacteria are capable of using iréh) @xides as their terminal electron acceptor. yrbelong to

the main natural drivers of iron cycle in the eomiment. During iron (Ill) respiration, ferrous ioase released.
This form of iron does not rank among the mostlstaind it is very probable that ferrous ions waact with
other compounds to achieve the origin oxidation m&mAmong mentioned compound, many anthropogenic
compounds may be classified, for instance chlogthaéthenes or some toxic metals. Moreover the same
compounds may serve as the source of reducing &euivfor iron reducing bacteria. The technologyATR

has been designed for cost effective remediatiopgses. In this contribution, a case study desugilthe full
application in operation environment will be presehin order to emphasize original remediationtsygp based

on synergetic effect integrated into the technycalisy applicable solution.

THEORETICAL BACKGROUND

Iron reducing bacteria (IRB) represent key micrddmécal drivers in different metal and carbon cggli(lunder
anaerobic conditions). They carry out such masssteamations from biogeochemical view that can have
significant potential for both intrinsic bioremetiam so for engineered remediation treatment. Msingins of
IRB prefer close contact with iron materials (ba#tural - iron bearing minerals, so artificial stwn oxidized
iron surface for dissimilatory releasing of ferroess resulting in microbial respiration - growthjor their
sustainable existence, these bacteria must mifpetieeen iron particles. Thus, a key question is Isowh
organisms can sustain growth under these conditidigoscopic results at the absorption edges atdithat
nanoparticle aggregates contain a variable mixofré&e(ll)-Fe(lll), and are generally enriched in(IHg
Geobacter bemidjiensisultivated anaerobically in the laboratory on atetand hydrous ferric oxyhydroxides
also accumulated iron particle aggregates. In sasnpbllected from field areas, IRB with a wide e&yiof
morphologies were associated with small aggregatdiating that cell surface Fe(lll) accumulatioray be a
general mechanism by which it can grow while imgtanic suspension (Luef, 2013).

reducing

article .
P equivalent

electron flow

metabolic
products

Fig. 1. General life strategy of IRB.
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Microbial metal reduction and mineral formationybmn important role in the iron and carbon geoclsémiand
organic matter mineralization in natural subsurfaogironments. Dissimilatory metal reduction is geed to
be an early form of microbial respiration (Liu 199Reduction of metals by bacteria is generallypted with
the oxidation of organic matter (Roh 2003). Therefdhe ability to reduce metals can be exploitedamly for
the bioreduction or immobilization of many toxic tas, including cobalt, chromium, uranium, and testium,
but also for the biotransformation of organic comt@ants to benign products such as carbon diodedficson
1997). A number of bacteria with their ability ®duce metal species have been isolated and ché@eadté&om
different habitats, and many publications have $aclionShewanella oneidensénd Geobacterspp. (Lovley
1991). The genuShewanellavas first described two decades ago (MacDonelb198ll members of this genus
reported so far are facultatively anaerobic, gragative, motile by polar flagella, rod-like, andngeally
associated with aquatic or marine habitats. Altlougost Shewanellaspecies belong to mesophilic,
psychrotolerant and psychrophilic bacteria in 8teewanellagenus have been isolated recently (Zhao 2005).
Since a vast majority of the world's surface isered by oceans, cold deep-sea environmen#sC) represent
a significant portion of potential microbial halrita, and thus, psychrophilic and psychrotolei@néwanella
species could be important in the overall biogeathbal processes of metals and carbon (Roh 2006).

Fig. 2. Engineered application of iron reducing metabolisrnontaminated system.

TRAIN TECHNOLOGY

TRAIN treatment technology uses anaerobic microoigyas in fixed-film on iron particles in the fornf o
biofilm to treat groundwater contaminated with vidachlorinated ethenes. Iron particles are pregan the
working vessel by direct oxidation by aerated wa#dter oxygen removal, this solution is transferiato the
anaerobic reactor and colonized by iron reducingtdsa inoculum which is added under intact coodi
(oxygen-free way). Contaminated water is treate@dnyicle suspension which enters into the spegplication
well from anaerobic reactor. Iron reducing bactdtleir consortia) have been evaluated within thector.
Technological controlling has been doing by respitric measurement, most probable number (MPN)
counting, and fluorescent staining for vitality igsition. The Figure 2 illustrates a schematic view
transformation processes between colonized pastitel contaminated system (left) and an illustnatib the
technical equipment for practical application ofAIR treatment technology on sites (right).

It is a skid-mounted construction allowing easyns$ortation and field manipulation. In anaerobiacter, iron
oxides and additional nutrients are added to grieav drganisms capable of anaerobic oxidation of tiela
chlorinated ethenes. The bacteria degrade thesparords into carbon dioxide, chlorides and ferraunsiand
that can be subsequently used to accelerationcofalichlorine elimination from ethene moleculegcBuse of
intermediate and competitive inhibition, chloriritethene feeding strategies are critical to obtgitimum
degradation over the long term. Iron reducing h@&térom particular contaminated soils were tested
determine potential DCE compound degradation. Th8mal culture from this testing was isolated and
transferred to a bench-scale biofilm reactor, wharestrate degradation rates per unit of biofilnfame area
were determined. Four pilot-scale biofilm reactasere then established, with feeding strategiesratehtion
times based on earlier testing. Consortium usetiRAIN treatment technology consists frddmewanellaand
Geobacterstrains which are non-pathogenic and origin framtaminated site where the testing field has been
established. This technical solution is protectedan intellectual property rights (CZ28242 and GZ38).
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TESTING SITE

Testing of above described remediation technologg warried out at an area in the Central Bohemieravh
contamination of groundwater was indicated in tBeéh9ears. Detected contamination was mainly ccebhte
chlorinated hydrocarbons (PCE, TCE) and productheif natural degradation. After the detailed stigation

of the site and conducting of Risk Assessment ¢imeediation works started at 2013. From geologicahtpof
view, the locality is created by sediments of BolmCretaceous Basin. Two important aquifers oadur
discussed area. The upper layer is created of LoWweonian claystones and silty marlstones with less
permeability. Static groundwater level is at a depbout 2-3 m below surface. Circulation of grouatew
occurs at the depth about 10 m below the surfageratilic conductivity of upper layer of marlstoneih
fissure porosity approximately described by K =05.in.s'. Thickness of Turonian layer is about 90 m, genera
groundwater flow direction is from south to northe velocity of the groundwater flow is about 3(pBr year.
From chemical point of view groundwater belongghe type Ca-Na/HCESO, with excessive hardness and
neutral or weak alkaline chemical reaction.

FIELD APPLICATION OF TRAIN TECHNOLOGY

After carrying out of standard clean up approachegcavation of the centre of contaminated unsedraone,
pump & treatand application of classicah situ chemical remediation preparations (lactic acidjypical
development of concentration of chlorinated hydrboas (DCEstall effec} appeared. In this phase the TRAIN
technology in pilot scale was applied.

IN-20 =

| 18019
0 ' om

Recent

2 o0
@ RWL1.20

|3
(| bentonlle grout
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3.00

HDPE screen (diameter 63 mm)

Crateceous

5.00
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=1 & SWL7.00

o = 1000

Fig. 3. Diagram of special application well (left) and TRA&pplication device at the site (right).
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Fig. 4. Situation of monitoring well (HJ-203) and applicat well (IN-20).

There were drilled several “double boreholes” om s$ite (Figure 4). The application well is casea ispecial
way for injection (Figure 3), the monitoring well & standard borehole with casing PVC 125 mm dia fo
monitoring of remediation efficiency. Injection ®RAIN suspension was carried out with pressureboiua 0,2
MPa. Schedule of applying of TRAIN technology to-2R is in the Graf (Figure 5). The samples fromlul-
203 were taken in dynamic way after 10 minutesushping 0,02 I/s.

g 8 g
2 g : é Hl-203 ——vinylchlorid
HJ-203 % % % % 5000
(ug/l) g E‘j g (E; " ——cis 1,2-dichlorethen
© i I3l
= 2000 = ——trichlorethen - TCE

26.06.2014 | 87 4540 2,5 2 V\E’}
07.08.2014 | 97 2740 56 45 3500 ——tetrachlorethen- PCE
03.09.2014 | 169 2260 0,63 0,83 ‘

17.09.2014 | 51 3560 0,99 0,55 3000 . z =z
07.10.2014 | 229 2520 0,4 0,83 & & E
24.10.2014 | 259 2430 0,28 0,28 2500 N v
04.11.2014 | 1360 2210 0,81 0,59 \ A

26.11.2014 | 2290 631 0,63 1 2000

15.12.2014 | 119 110 1,5 1,5 o y \

26.01.2015 13 35 0,21 0,11 [\ \

25.02.2015 | 22 66 2,4 2,5 000

10.03.2015 | 68 87 0,72 1,5 [ \\

09.04.2015 | 97 73 0,63 0,96 500

17.09.2015 | 186 315 0,78 0,79 _,\/J L _/’\ A
03.12.2015| 0 402 4,6 2,5 00— TS
11022016} 30 87 | 013 0 NG g e g g
06.04.2016 | 95 449 2% 3 PO YYS I IS I TN Y
20.05.2016 | 33 72 46 16 A AT AY AT A A AP AT AT AT AT AT AT AT A A AY AT A A A AT AR

Fig. 5. Results of groundwater monitoring after TRAIN teclugy application.

RESULTS
Using of the TRAIN remediation technology showsaagery promising and effective approach how to exhi

required remediation limits (very often very styizt concentration of chlorinated ethenes with lowember of
chlorine atoms (DCE and VC)
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ABSTRACT

The semi-field greenhouse experiment on growlitigcanthusxgiganteuat the soil from contaminated military
site in Kamenetz-Podilsky, Ukraine was done in2@015.The monitoring of translocation of metals: He,

Mn, Zn, Pb, As to the plants’ tissues: roots, stgamnd leaves was completed. Despite high metals’
concentrations in the research soil no evident gromhibition was observed and concentrations ofafsen the
over surfaceparts were minor. Results confirmedabidity of M.xgiganteusto growing at the contaminated
military soils. Utilization of the biomass obtathés attractive. The developing phytotechnologpésspective

for revitalizationof military contaminated sitesthe Eastern Ukraine where military operation i;igmn.

INTRODUCTION

At the time ofUkrainian Independence, in 1991, miljt sites included territory of 4500 garrisonstitey areas
and military individual sites occupying about 6dMOhectares. In the period between 1991 and 2003,
approximately 140,000 hectares of territory, 14Htamy bases and 507 separate defenseobjects wirdrawn
from Ministry of Defense jurisdiction (Analytical @port, 2003). Other has been often operated withoyt
environmental control measures. Currently numerayg military contaminated sites appeared aEthstern
part of the country as result of anti-terroristigecationmainly polluted by metals, oils and product their
decompositions. From that prospective developieghnology for abandoned and new military sites
revitalization is of great importance for Ukraine.

Taking into account the considerable territory dfitary contaminated sites and evidenceof their dteédor
modest contamination (Vygovska, 2006; Nadtogji &t 2009), application of phytotechnologysounds
promising.Sustainable remediation is developing hod$ that do not require extraordinary resources, o
resources better used elsewhere, working with eahy using supporting natural processes techredogather
than against it, achieving balance between riskgatibn and the expenditures required to achiewbrdaugh
optimization based on well-defined criteria (Lesagad Zoller, 2001; Khan, 2005). The union of
phytoremediation and production of biofuel croppasspective approach (Pidlisnyuk,2012)deliveriddigonal
benefits -phytoproducts(Trioathi et al, 2016). Thedthod permits  to restore marginal contaminsded to
agricultural use or urban land bank and simultaslomeet the demand for biomass production asnaitime
energy sources. The additional request is to #&abilhe soil and to decrease maximally extractidn o
contaminants to the above surface part of the pkanbe used for energy production (Pidlisnyukl,e2@14a).

METHODS AND METHODOLOGY

The contaminated research site waslocated ink@tyenetz-Podilsky, Western Ukraine and had thevatg
coordinates: Latitude-48.680910; Longitude-26.5802%e land was used as a military storage of forBwriet
Union Army. The control soil was taken from nearagricultural field and had the following coordinate
Latitude-48.715954; Longitude-26.577356. The radeanil had the next agronomic characteristics H0 +
0.15(in accordance with DSTU ISO 10390-2001 “Quatif the soil, pH”); Nitrogen (nitrates), mg/kg: .61+
2.3(in accordance with DSTU 4729-2007 “Determiratiof nitrates and ammonium Nitrogen”);Nitrogen
(ammonium), mg/kg: 35,2 £ 1,8 (in accordance witlsT) 4729-2007 “Determination of nitrates and
ammonium Nitrogen in the soil”);Humus (%): 2,8446 (in accordance with DSTU 4289:2004 “Determioiati
of humus in the soil”).Rhizomes M. x giganteusere obtained from the Institute of Bioenergy angs& Beat,
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Ukraine and were one year old at the time of ptenti The pot experiment was provided in the greasé.
There were 7 kg of mixture soil in each pot, and texperiments were done in parallel. In each pet th
contaminated soil was mixed with control soil usitftenext combinations: 4:0; 3:1;1:1;1:3;0:4. lcke@ot two
rhizomes ofM. x giganteuswvere planted. Analysis of heavy metals in the, soibts, stems and leaves were

carried

by Roentgen-fluorescence

analysis

usiagalyzer

Expert-3L

(INAM,

Ukraine,

http://inam.kiev.us/contact-informatiprPreparation of samples for analysis was done inrdatice with ISO

11464-2001 Statistical evaluation of data was carried out gidticrosoft Excel and Statistica software pack at
the significance level a=0.05. Extreme values vesaauded using the inner-fence test (Altman, 1990).

RESULTS AND DISCUSSION

The long-term investigation has been initiated regg possibility to usévl. x giganteudor restoration of
former military sites in Ukraine, Slovakia, USA,da&zech Republic (Davis et al, 2014; Stefanovskaal.e
2015; Pidlisnyuk et al, 2014b; Pidlisnyuk et al18D This article represents results of initial twears study at

the former military site in Ukraine.

Perennial grasdM. x giganteusis promising plant for use in phytotechnology ingt two processes:
phytoremediation and biomass production (Gomes 2Msanganwimana et al., 2014; Pidlisnyuk et al.,
2014a).The plantis a sterile inter-specific hybrid Miscanthussinensisand Miscanthussacchariflorus
(Lewandowski et al, 2015) and belongs to perengiabs with woody stems of heights of 2-4 m. Thenste
senesce in autumn, but the plant is able to regemstems in the spring from its rhizomatous rgstean. Plant
foliage dies at the end of the growing season arah be harvested at high dry matter content. pldet has a
C-4 photosynthetic pathway, and has been demoedtriat achieve high light interception and conversio
efficiency of C-4 plants, which exceeds that of €r8p plants traditionally grown in Northern Eurppy about
two-fold (Beale and Long, 1995). Itwas introducadBurope and exhibited good production propertibdewn
used for remediation of brownfield sites, formenmg sites and contaminated agricultural lands ¢Beoet al,
2012;Nsanganwimana et al., 2015).

Tab.1. Concentration of selected metals in the five vasiaf soil taken from the research site in KamenreRodilsky,
Ukraine (in mg/kg dry weight)

¢ [mg/kg dwt]

1 2 3 4 5
As 7545 165485 115435 700 7545
Cu 180+10 12020 125425 15545 255445
Fe 140 955+£5 715 135 140=14 580 139 010%13 870 131 530+£8 570 136 11541 515
Mn 5 020£1 580 5210440 5 835%115 4 3054375 7 20541 245
Pb 395+85 185+85 150+50 230=+10 450£50
Sr 795425 935+65 700+10 655+115 1 055+135
Ti 19 815+1 475 17 640=1 370 19 160+1 960 20 265+1 115 19 755775
Zn 560£30 540+0 515+£15 505+15 585x15
Zr 1910+140 15154235 1 165465 1 070+230 11154145

Concentrations of metals in the research soils fiéamenetz-Podilskyare presented at table 1. It lban
concluded that soil is rather contaminated by rsetad particular Fe, Mn,Ti and Zr.The monitoring of
translocation of Ti, Fe, Mn, Zn, Pb, As to themnia tissues: roots, steams, and leaves was coadpéttthe end
of each vegetation seasons. Results of statisgticauation of data are presented in table 2. ébigious that
despite high metals’ concentrations in the reseawih no evident growth inhibition was observed and

concentrations of metals in the over surface paeie minor.
calculated for roots, stems and leaves; coefficieas small for

The coefficient of process effectiessn C was
stems and leaves in comparisibin Mwots.

The research shows that utilization of the biomasisined is attractive and can turn the process anprofit
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making operation. The further research has adm®t concentrated on interconnection betwder giganteus
biomass quality and quantity, nature and conceatratof  contaminants at the military sites inithg those
newly appeared at the East of Ukraine.

Tab. 2. Correlations between metal concentrations in differ parts oMiscanthusxgiganteusand two sampling periods.
Significant correlations (P<0.05) are typed bold (Ridlisnyuk et al, 2016)

As I 2 3 4. ¥. d. 7
E.Sedl
2 Boots —wear 1 045
3 Stems —wear | -0.18 oI
4 Laaves—vaarl -0, 18 -0,04 011
5 Foots —waarl -0.20 000 017 0,68
6. Stams —vear 2 0,22 -0.02 952 0,16 006
7. Laaveas —waarl 027 41 0.59 0,17 -0.07 0,22
Cu
I. Soil 1,00
2. Foots —waar ] 031 100
3. Stems —wear | 0,13 018 1.00
4 Laaves —wsarl .16 0,05 2029 1,00
5. Roots —vear2 0,14 0,56 0.25 0,20 .00
6. Gtems —wyear 1 460 -4.23 040 003 033 1,00
7. Laaves —vaarl 047 042 0.32 0,35 -0.20 0,71
F= 1: 2 L 4 i f
I, Soil 1,00
2. Foots—wear 1 {.34 1,00
3, Sterns —vear ] 044 Q17 104
4. Leaves —wsarl 032 66 0,14 100
5. Boots —vear 2 068 427 047 0,18 1,00
f. Stams —w=arl 038 033 0.67 0408 (.02 1,04
7. Lzavas —vaarl 0,01 0.1 0,31 -048 -026 0,62
Mn
I Seil 1,00
2. Roots—wear ] 0,37 1,00
3, Stems —vear ] 015 D46 1.00
4. Leaves —yaarl 054 057 0,42 100
5. Roots —vear2 011 034 0.10 0,01 .00
6. Gtems —wyear 1 0. 14 019 0,78 002 016 1,00
7. Laaves —vaarl 022 024 0.46 016 -0.57 0,76
Pb
I, Soil 1,00
2. Foots—wear 1 -0.30 1,00
3. Sterns —vear] 004 034 1.00
4. Leaves —wsarl .58 030 007 100
5. Boots —vear 2 033 032 Q08 003 1,00
f. Stams —wearl 021 D35 024 .32 038 1,04
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7. Lepves —year 2 — — =5 3 s :

St

1. 5oi 1,00

2. Roots —year 1 036 1.00

3. Stems —vear | (.08 040 1,00

4 Leaves —wear 1 044 0,66 .26 100

3. Roots —vear 2 -0.15 033 026 .38 1.00

6. Stems —vezr 2 014 051 2T 0,28 049 Lo0

7. Leaves —wear 2 042 017 0.10 054 0,03 046

Ti

1. 5oil 100

2 Roots —year 1 .19 100

3. Stems —wear 1 .38 0:10 L.00

4. Leaves —vear 1 0it 3% 3,28 1.00

3. Roots —veat 2 01T 024 030 023 1.00

§. Stems —vear 2 041 067 0.49 0.18 Q.08 100

1. Leaves — yegr 2 -0.19 0,10 19 036 058 028

In

1. 50 1,00

2 Roots —yaar 1 012 1.00

3. Stems —year | 006 021 100

4 Leaves —vezr 1 023 056 033 1.00

5. Foots —yezr 2 052 040 0,17 0,03 100

6. Btems —wear 2 058 039 0,55 037 .61 100

7. Leaves —vyear 2 (5,83 005 602 D36 (.21 0.53

Ir

1.50i 100

2. Foots—vear 1 032 100

3. Btems —vear | 420 027 1.0

4 Leaves —vear 1 062 2061 0,16 1.00

5. Roots —year 2 032 431 Al 023 1.00

£. Stems — vear 2 -0.48 )38 3,23 R 1o

7. Leaves —wear 2 0.1 0,52 0,11 067 023 009
CONCLUSION

Two years observation of application developing tptechnology with second generationbiofuel crgp
xgiganteusonfirmed a high adaptability of plantto grow ae thbandoned metal-contaminated soils such as
abandoned military site in Kamenetz-Podilsky, UkeaiDespite high metals’ concentrations in theaedesoil

no evident growth inhibition was observed and cotre¢ions of metals in the over surface parts waieor.

The research shows that utilization of the bion@ssined, as an energy resource, is attractive.pfbposed
phytotechnology is perspective for revitalizatidmalitary contaminated sites including those rateappeared

at the East of Ukraine.
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ABSTRACT

Concerning the integration of physicochemical aindoigical characterization of contaminated sités, study of
soil microbial community represents an importaeipsto shed further light on the environmental csnt&o
date, the metabolic and morphological versatilitfyumgi underpins practically all bioremediationpdipations,
but often is still untapped. Fungi play importaates in soil, providing and supporting ecologicefvices for
ecosystems and human wellbeing. They can survivegin concentrations of persistent organic polligge.g.
pesticides) by possessing mechanisms for the datipad utilization and transformation of organidstrates. In
this research, we have isolated fungal speciesrongun samples from sites of Italy and Czech Rsjouwith
high concentration of hexachlorocyclohexane. Isgsldielonging to Ascomycota, Zygomycota and ananiorph
fungi have been identified. Some of them have lreported in literature for the biotransformationas§anic
pollutants, such as polycyclic aromatic hydrocagb@nd pesticides. Moreover, we have investigated th
tolerance of selected fungal species to differeamiers of hexachlorocyclohexane by using tolerandees
(Rt:Rc, T.l). For their adaptation to stressfulviemnmental conditions, fungal species isolatedmfro
contaminated sites may provide opportunities fow mmvironmentally-friendly, integrated and costeetive
approaches for environmental management and réstara

Hexachlorocyclohexane (HCH) is a toxic halogenatemhpound and was included as persistent organic
pollutants in the Stockholm Convention in 2008 wtsrldwide spread and persistence-esasidered globally to
have severe impacts on human health and ecosyéBauoset al., 2015).

Bioremediation mediated by fungi and other orgasissrconsidered to be an environmentally-friengigraach
for the detoxification of pollutants, can be inteigd to traditional physical and chemical meth@ag] holds
considerable promise for several efficient potértiatechnological applications. Fungi can toleratdreme
environmental conditions and possess extracellettenlymes, many of which are highly potent and neddyfi
non-specific to the chemical composition of the stdie (natural or anthropogenic), and may be iaeduzy
nutrient-limiting conditions. These enzymes catalgswide range of reactions that can lead to taakatown of
natural recalcitrant polymers, such as lignin, asllvas mixtures of xenobiotics including aromatics,
organochlorines, and pesticides (Harms et al., 011

In this research, we have isolated fungal speaiesirong in samples from sites of Italy and Czeap#blic,
contaminated by high HCH concentrations. Fungdhtgm was carried out from polluted soil samplsmg the
dilution plate method according to Persiani e(2008). The culture medium used was soil extraat pgepared
using soil from the sampling area (Maggi et alQ20

The analysis of the fungal community of Italianlssamples revealed that the community was richpiecies
and represented by 38 genera (Ceci et al., 2018)e Mecently, from the same area we have alsotésbland
identified 12 anamorphic fungi from soil sampleghavery high HCH concentrations &spergillusspecies, 5
Penicillium species, JAcremoniunspecies), and one of these furgnicillium griseofulvumhas been studied
on its tolerance to HCH and its potential in biasfrmation off-HCH (Ceci et al., 2015). From Czech
samples, 63 fungal species were isolated, belongirgscomycota, Zygomycota and anamorphic fungithka
latter case, fungi belong to gen&xgpergillus(2 taxa),Penicillium (13 taxa),Mucor (1 taxon),Trichoderma(5
taxa) were identified along with several taxa bglog to Sphaeropsidales order, some of them gait (Fig.
1).
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Fig. 1. Trichodermaspecies (A—E) and fungi belonging to Sphaeropsglarder (F-J) isolated from Czech samples. The
Petri dishes are shown both from obverse (halfecwa the left) and from reverse (half circle oa tight).

Some of the isolated fungi from all samples ingzted have been reported in literature for thetepigal in
biotransformation of organic pollutants, such afy@glic aromatic hydrocarbons and pesticides (Gxcal.,
2015; Harms et al., 2011). Moreover, we have ingattd the tolerance of 12 selected fungal spetiea

Czech samples to the presence of HCH isomers Ing tsierance indices (Rt:Rc, T.1.) (Ceci et al.12) Batch
tests were performed in Malt Extract Agar mediunE@ Malt extract 20 g/L, Peptone 1 g/L, Glucosed?D,

Agar 20 g/L, Distilled water) for 7 days at 25°@ydaa mixture of different isomers of hexachlorooyexane
(a-HCH: B-HCH: y-HCH: 6-HCH, 1:1:1:1) were added at the final concentrati®d4 mg/L.

Tab. 1. Tolerance indices and pH average values with gtaimdard deviation of the batch tests on fungakamice to HCH
mixture

Species Rt:Rc (%) T.1. (%) pH Control pH Test
Cadophora fastigiatd agerb. & Melin 93+0.2 58.57+0.24 5.14+0.04 5.06¥0
Harzia acremonioidefHarz) Costantin 81+1.7 85.02+0.1p 4.35+0.01 4008
Metarhiziumsp. 90+0.1 77.01+0.04 4.28+0.12 4.61+0.1(
Mucor hiemalid. hiemaliswehmer 98+0.0 58.13+0.51 3.22+0.08 4.98+0.06
PenicilliumdaleaeK.M. Zaleski 73+0.5 73.74+0.30 4.11+0.17 5.13+0.09
Phialocephala dimorphospo/.B. Kendr. 97+1.7 101.7+1.0% 4.7520.1( 4.84+0.02
Sphaeropsidales sp. 110+1.8 76.61+0.48 4.59+0409 A. N.
Talaromycesp. 96+1.3 72.60%0.34 4.03+0.14 4.26+0.13
Trichodermasp. strain 1 100+0.0 85.26+0.04 3.02+0.13 3.83+0.03
Trichoderma piluliferum). Webster & Rifai 98+0.0 95.06+0.0% 4.63+0.08 4HDP3
Westerdykellap. 93+0.6 122.540.93 5.66+0.03 5.35+0.12
é‘;ﬁ’;‘e"a latipes (N. Lundq) Malloch &) g5.33 | 57881020 4.78:0.10 4.87+0.03
Malt extract medium — — 5.30+0.08 5.21+0.01

All tested fungi showed different tolerance to H@tikture, and in the majority of the cases tolerandéces are
very high (Tab. 1).Phialocephala dimorphospoyarrichodermasp. strain 1,Trichoderma piluliferumand
Westerdykellesp. showed the best tolerance. The surface pHmessured in the centre at specific intervals
across the diameter of the Petri dish using a plargaH meter. In test conditions, the average pldesaresulted

in some cases higher than the control ones. Imaiins on HCH biotrasformation and the formatidn o
expected metabolites was analysed by gas chronagtiogrmass spectrometry (GC-MS) according to Ceal.et
(2015). Some intermediates of HCH dehalogenatiog. (Bentachlorocyclohexene) have been observed and
further analyses are in programme to shed furigbt bn fungal biotransformation.

For their adaptation to stressful environmentalditions and for their high performances of tolentested
fungal species hold promise for bioremediation &pgibns to contaminated sites and may provide dppities

for new environmentally-friendly, integrated andsteffective approaches for environmental managéraed
restoration.
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From 2006 to 2008, an inventory of contaminatedssivas conducted throughout Slovakia, establistting
number of likely contaminated sites, confirmed eomhated sites and remediated, reclaimed sites.Z0b8
amendment to Act No. 569/2007 Coll. on Geologicalrkg (the Geological Act) as amended incorporaled t
issue of environmental contamination, at leastiglfyt into Slovak law. In March 2010, the Slovaévgrnment
adopted a strategic plan for addressing the issuthe- National Programme for the Remediation of
Environmental Contamination (2010 — 2015). The axghing legal framework is provided by Act No.
409/2011 Coll. on Certain Measures Related to Bmvirental Contamination and on the Amendment ofalert
Acts. Coming into force on 1 January 2012, the Alddws the issue of environmental contaminatiorbéo
addressed comprehensively, a process that is ndas/final phase: projects involving the study, esfation and
monitoring of contaminated sites are underway. Givbat this is a very costly affair, especially whe
remediation work is concerned, the primary souafdgances are currently European Union funds.

OPERATIONAL PROGRAMME ‘ENVIRONMENT’ (2007 — 2013)

The Operational Programme ‘Environment’ (OPE) whe Slovak Republic’'s programme document for
obtaining aid from European Union funds for the ismvmental sector from 2007 to 2013. The documes w
prepared by the Slovak Ministry of Environmenttgéapacity as OPE Governing Body, and it was apgardy

the European Commission on 8 November 2007. In geofmnbudget, it is the second-largest operational
programme in Slovakia, with a total budget of o&&.14 billion.

The overall goal of the OPE is to improve the sttéhe environment and use resources frugallyitglising
and improving Slovakia’s environmental infrastruetun accordance with EU and Slovak regulations layd
making the environmental components of sustainddl@lopment more efficient. This goal is fulfilleth more
specific goals, which correspond to the followinrgpty axes and their operational objectives:

. Priority Axis 1: Integrated Protection and Ratioblillisation of Water Resources

. Priority Axis 2: Flood Protection

. Priority Axis 3: Air Protection and Minimisation ¢tie Adverse Effects of Climate Change

. Priority Axis 4: Waste Management

. Priority Axis 5: Protection and Regeneration of Megtural Environment and Landscape

. Priority Axis 6: Technical Assistance

. Priority Axis 7: Creation of a Flood Warning andrécasting System

Environmental contamination falls under Priority i&%vd: Waste Management, Operational Objective 4.4:
Addressing the Issue of Environmental Contaminatiocluding its Removal. The specific objective thfs
priority axis is fulfilled by the implementation tfiree groups of activities, focused respectively o

e monitoring and investigating contaminated sites amudiucing hazard analyses

* remediation of the most hazardous contaminated site

» finalisation of the Environmental Contaminationdrhation System

Within these groups, the following activities camdupported:

Group I: Monitoring and investigating contaminagégts and producing hazard analyses:

A. projects focused on the production of hazard aealysemediation feasibility studies and inspectiohs
contaminated sites

B. projects focused on the study of high-priority likeontaminated sites
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C. projects focused on thorough and repeated investigaf the most hazardous contaminated sitesini |
with the established priorities

D. regional studies of the environmental impacts aftaminated sites

E. projects focused on the development of monitorisjesns for the most hazardous contaminated sitdigei
with the established priorities

Group II: Remediation of the most hazardous sifewironmental contamination:

A. projects focused on the remediation of contaminatexs that present a major hazard to human haalth
the environment, in line with the established pties

Group llI: Finalisation of the Environmental Contaation Information System (ECIS):

A. implementation of the ECIS as a component of theegument’s information system

B. preparation of the Atlas of Remediation Methoda @asmponent of the ECIS

C. projects focused on public relations, public awessnand promotion of activities related to the mhiateon
of contaminated sites

Between 2007 and 2013, the Slovak Ministry of Emwment made four calls for applications for nonaygble
grants (NRGs) as part of Priority Axis 4, Operatib®bjective 4.4: Addressing the issue of environtake
contamination, including its removal. A total of pfbjects were supported, 5 of them were implentebtethe
Slovak Environment Agency (Tab. 1).

PROJECTS OF THE SLOVAK ENVIRONMENT AGENCY RELATED T O CONTAMINATED SITES
SUPPORTED BY THE OPERATIONAL PROGRAMME ‘ENVIRONMENT ' (2007 — 2013)

Tab. 1. Supported and accomplished projects related toaaunated sites implemented by the SEA (Operational
Programme ‘Environment’ 2007 — 2013)

Total eligible
Project title Project duration expenditure —
drawn (€)

Project
no.

Regionalne Studie hodnotenia dopado
environmentalnych z&azi na Zivotné prostredie pre
1. vybrané kraje (regiony) 10/2008 — 7/2010 319,485.75
Studies Assessing the Environmental Impact

of Contaminated Sites in Selected Regions

Dobudovanie informaéného systému environmentalnych
zétazi

2. Finalisation of the Environmental Contamination hnfiation 09/2009 — 09/2014 922,733.88
System

Osveta, praca s verejnadou ako podpora pri rieSeni
environmentalnych z&azi v SR

3. Awareness: Working with the Public 05/2012 — 08/2015 419,716.04
to Facilitate the Handling of Environmental Contaatian in
Slovakia

Integracia verejnosti do rieSenia environmentalnych
zétazi

4 Involving the Public in Addressing Environmental 09/2014 — 08/2015 239,694.71
Contamination

Statny program sanacie environmentalnych zazi 2016 —
2021

5 The National Programme for the Remediation |of 04/2015 — 12/2015 72,953.00
Environmental Contamination 2016 — 2021

BASIC INFORMATION ABOUT PROJECTS

1. Project title REGIONALNE STUDIE HODNOTENIA DOPADOV
ENVIRONMENTALNYCH ZA TAZi NA ZIVOTNE PROSTREDIE PRE
VYBRANE KRAJE (REGIONY)
STUDIES ASSESSING THE ENVIRONMENTAL IMPACT
OF CONTAMINATED SITES IN SELECTED REGIONS

Acronym STUDIEEZ
Main objective of the project « assess the enviremtal impacts of contaminated sites in Slovakiatividual
regions
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Specific objectives » develop a unified rubric mithods for regional studies of the impacts of
contaminated sites in Slovakia
« use this rubric to prepare evaluation repatgmal studies for Slovakia’s
individual administrative regions

Finantial tool The Cohesion Fund of the Europeamblmithin the Operational Programme
‘Environment’ 2007 — 2013

Project duration 10/2008 — 7/2010

Total eligible expenditure  319,485.75 €

Project code (ITMS) 24140110016

Project manager Jaromir Helma

E-mail jaromir.helma@sazp.sk

Web http://www.sazp.sk/public/index/go.php?id=1745

— :
F|g 1 Enwronmental Contamlnatlon in Predajna Slovakla

Information and public awareness activities ofphgject STUDIEEZ (2010) — 2 publications.
Number of accomplished information and public awass activities of the project — 2.

2. Project title DOBUDOVANIE INFORMA CNEHO SYSTEMU
ENVIRONMENTALNYCH ZA TAZI
FINALISATION OF THE ENVIRONMENTAL CONTAMINATION
INFORMATION SYSTEM

Acronym DOBUDISEZ

Main objective of the project e finalise the Erorimental Contamination Information System
« carry out an informational/educational campaigthe form of regular
informational and instructional trainings

Finantial tool The Cohesion Fund of the Europeaimblmwithin the Operational Programme
‘Environment’ 2007 — 2013

Project duration 09/2009 — 09/2014

Total eligible expenditure ~ 922,733.88 €

Project code (ITMS) 24140110017

Project manager Katarina Paluchova

E-mail katarina.paluchova@sazp.sk

Web http://www.sazp.sk/public/index/go.php?id=1746
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Fig. 2. The Environmental Contamination Information Systendentification of monitored object via Google Stré/iew
service. (Monitored object databases MV — 2A Iraggnl monitoring of pollution point sources in theinity of
environmental contamination Ml (1989)/Vojany - EWX@jany — stockpile of inflammables).

Information and public awareness activities ofpphgiect DOBUDISEZ (2009 — 2013) — the
informational/educational campaign towards stateegament staff, staff of local governments (regicarad
municipal), experts.

Number of accomplished information and public awass activities of the project — 33.

3. Project title OSVETA, PRACA S VEREJNOSTOU AKO PODPORA PRI RIESENI
ENVIRONMENTALNYCH ZA TAZIV SR
AWARENESS: WORKING WITH THE PUBLIC TO FACILITATE
THE HANDLING OF ENVIRONMENTAL CONTAMINATION

IN SLOVAKIA

Acronym OSVETA

Main objective of the project « raise the gengualic’'s awareness concerning the issue of aditigess
environmental contamination, including its rema¢idn

Specific objective * help the public to be bettdormed about the issue of environmental

contamination

Finantial tool The Cohesion Fund of thedp@an Union within the OperationalProgramme
‘Environment’ 2007 — 2013

Project duration 06/2012 — 08/2015

Total eligible expenditure 419,716.04 €

Project code (ITMS) 24140110232

Project manager Elena Bradiakova

E-mail elena.bradiakova@sazp.sk

Web http://www.sazp.sk/public/index/go.php?id222
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o,
Fig. 3. The informational and educational meeting with dates of state government staff, staff of local egoments
(regional and municipal) and experts engaged insthige of addressing environmental contaminatidBratislava, Slovakia
(13 May 2014, project OSVETA)

Information and public awareness activities of pineject OSVETA (2013 — 2015) — 6 publications, Ih§, 2
conferences, 7 courses and meetings, 10 methotliaadings for teachers, 2 school games, 3 school
publications, 3 field trips).

Number of accomplished information and public awass activities of the project — 40.

4. Project title INTEGRACIA VEREJNOSTI DO RIESENIA
ENVIRONMENTALNYCH ZA TAZi
INVOLVING THE PUBLIC IN ADDRESSING ENVIRONMENTAL
CONTAMINATION

Acronym INTEGRACIA

Main objective of the project » promote and inwihe wider public in activities relating
to environmental contamination, including itseliation

Specific objective » promote and inform the patalbout the issue

of environmental contamination

Finantial tool The Cohesion Fund of the Europearob) within the Operational
Programme ‘Environment’ 2007 — 2013

Project duration 09/2014 - 08/2015

Total eligible expenditure 239,694.71 €

Project code (ITMS) 24140110300

Project manager Ing. Zuzabarriantikova

E-mail zuzana.duriancikova@sazp.sk

Web http://www.sazp.sk/public/index/go.php?id=2466
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Fig. 4. Field trip during the training course for univeysiével instructors and doctoral candidates todbetaminated site
Quarry Srdce in Devinska Nova Ves, Bratislava, H@v@January 2015, project INTEGRACIA)

Information and public awareness activities ofphaject INTEGRACIA (2015) — 2 publications, 1 intetional
conference, 5 courses, 10 methodical trainingsefachers.
Number of accomplished information and public awass activities of the project — 18.

5. Project title STATNY PROGRAM SANACIE ENVIRONMENTAL NYCH ZA TAZi
2016 — 2021
THE NATIONAL PROGRAMME FOR THE REMEDIATION
OF ENVIRONMENTAL CONTAMINATION 2016 — 2021

Acronym SANACIE

Main objective of the project » work out the Nai# Programme for the Remediation of Environmental
Contamination in Slovakia for the period 2018021

Finantial tool The Cohesion Fund of the Europearob) within the Operational
Programme ‘Environment’ 2007-2013

Project duration 04/2015 - 12/2015

Total eligible expenditure 72,953.00 €

Project code (ITMS) 24140110302

Project manager Katarina Paluchova

E-mail katarina.paluchova@sazp.sk

Web http://www.sazp.sk/public/index/go.php?id=2467
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; N et i
Fig. 5. The integral part of the National Programme far Bemediation of Environmental Contamination 201821 are
the awareness and informational activities foraasigroup of the general public

Information and public awareness activities of pheject SANACIE (2015) — 4 press releases, 1 infiiomal
meeting with general public.
Number of accomplished information and public awess activities of the project — 5.
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For Mongolia, the assessment of contaminated sigsecially due to military related activities,redatively
new. Compared to most western countries, whersttiietured assessment of contaminated sites hasdesdt
with since the 1980-1990s, the knowledge and cdscep environmental contamination are scarce is thi
country. Consequently, prior to the inventory ofmtminated lands the introduction of the conceptd a
international practice on the identification of kuerritories were evaluated. The review of prasiin other
countries shows that most countries use a risk hraslthe basis for the definition of contaminated and for
setting assessment levels for the screening oédheentration of pollutants found in soil and (grduwater. A
risk based approach, therefore, also, been the f@sthe identification process in Mongolia. Besidormer
military sites with development of mining and intlysthe contamination issue is emerging due to the
unregulated use of chemicals, even in agricultimeconclusion, land contamination in Mongolia isnaw
research subject; however, it needs in systematinitoring and assessment to reduce potential oskhé
population. The results of preliminary site invgation of contaminated sites used under the myjlimppose
revealed that in total 6 sites are potentially @hdsites are probably contaminated. The main types o
contaminants were revealed from the laboratoryyaismhbre crude oil, benzene, asbestos and somg hesels
lead, magnesium, sodium, aluminium. About 90 pdrcefnland formerly occupied by military sites dogally
covered by construction and demolition waste.

The soil and water contamination issue in Mongdléve risen since 2000s, when the city of Ulaanibaata
experienced a drastic increase of population nimratrom the countryside. Residential area of thg was
planned for population up to 6*1@eople, which is currently doubling. At the eastistage of the soil and water
contamination mostly related to the sanitation nemonent to ensure the safety of the populatiomdvin 'ger’
districts’. Until 2008, the country has not developed itatsgy to mitigate and management of soil and water
contamination. The first policy document and redate its implementation, management plan is deedoipy
the Ministry of Environment of Mongolia in 2009, ate the Government put a direction to conduct natide
contamination inventory. The inventory is implenehtby different organizations with the support bé t
international donors. For instance, urban land waatler contamination inventory was done in 2010 loy t
Municipality of UB city with support from the UNNi2011-2013 in collaboration with Czech Republie th
Ministry of Environment is implemented the inventoof contaminated sites due to the mining actisitie
(Burenjargal, Munkhtsengel, 2008).

In 2012 with support from NATO Program on ScienaeReace and Security the country is starting itorgrof
contaminated site due to military activities, faogson these territories where former Soviet arnaieslocated.
The current paper is discussing specifically trecpss of this inventory and some results from it.

? Ger is a traditional dwelling system without sanyjitafrastructure and since 2000s this type of dwglexpanded in
Ulaanbaatar city.
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1. METHODS AND MATERIALS

1.1. Study area

In total 25 Soviet units located in Mongolia durih§50-1990 of which 15 places currently used by Ytdian
Armed Forces and the 10 places already transfeordalcal authorities for civil society use. Thdestion of
pilot project sites was made with the assistancéhefMinistry of Defence, Mongolia. The project iaities
covered major military units which were locatedregjahe railway track, due to the region are mogtuteted
and potentially exposed to probable contamination.

Sukhbaatar Construction Unit

Arvaikheer-GenStab

®UIzi'\t Unit @

Ovoot Unit

Fig. 1. Location of main military units based in Mongatiaring Soviet period (1970-1990).

Most of the military units located along the railygamainly transferred under the jurisdiction of tloeal
authorities. Currently the location, area coveragd facilities used in some of the military sites ander the
reconstruction based on archival data left by US8IRary authorities.

1.2. Methods

The review of practices in other countries shovwat theneric screening levels are commonly used tckiyu
distinguish sites where threats to human healtth@renvironment are not likely to occur and wheoefurther
investigation and assessment is needed. If coratamnts in soil and groundwater do not exceed tseseening
levels, the site does not meet the definition cbataminated site.

USEPA, Canada and Australia use these genericsled@lived with the help of a risk model for diffete
standard forms of land use. The Netherlands ord ssreening levels based on the most vulnerahieuae.
The UK only has screening levels for a limited nembf contaminants. The practices from USEPA, Carsadi
Australia are therefore the most suitable for uséntia as they are available for a wide rangearft@minant
and for different forms of land use.

Therefore, we propose to use the soil quality dinde from Canada as screening levels in our stlitlg.levels
give a sound basis for excluding sites from thecess of identifying contaminated sites and arevddrifor
several forms of land uses.

In the most cases, screening levels are well abmy@atural background levels. The natural backegidavels
of metals and other inorganic chemicals can vadelyiand this should be taken into account wheyampthe
assessment levels. Where it can be demonstratedatuaal background concentrations are elevated (e.g. heavy
metal concentrations in mineralized areas), it Wdag appropriate to develop less stringent assegserieeria.
However, care needs to be taken when establishmdetel of the natural background and its natuaaiation
as the local background may be influenced by litstoining and/or waste disposal activities. At #re of the
identification and assessment process a site carategorized as shown below using the screening/deand
response levels.
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Fig. 2. Work flow of the categorization procedure

The overall approach has followed the followingpste

Step 1. Reconnaissance and Preliminary Assessrsitepincluding the adjoining areas, throughdieisits,
review of existing documents, maps and literature;

Step 2. Preliminary investigations of the contarrgdasite and development of conceptual site plash an
sampling protocols;

Step 3. Detailed site investigation and characéon;

Step 4. Risk Assessment;

Step 5. Identification of remediation goals/objeeti and preparation of Remediation plans.

In this paper, we discuss only the results fromlipieary investigation done during the 2013-2018Idi

seasons. The steps 3 to 5 are under the progress.

2. RESULTS

2.1. Contaminated sites

In total 13 military sites was a subject to prefliany analysis. Due to absence of detailed cadastagls of
military bases for the time of their operation tksults of the on-site investigation can't revée source types
of contaminations. During the preliminary survey &ach of the sites totally 14 soil samples weredomly
collected besides the control sampling. The sampiexe located in those places where the visualssigfn
contamination have present. According to the feldsey reports, totally on the territory of Mongolimong the
former military sites at 5 places heating plants @estroyed and the crude oil used for the syssespilled in
surrounding areas.

Fig. 3.The ruin of old heating plant in Bayantumssum Fig. 4Ruins of buildings in Bayantumen
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Fig. 5. Waste refuse dump place in Choibalsan '

The social survey for reasons of contamination atmdk that mismanagement of facilities left aftex thrmer
Soviet military union was the main cause of contmtion and degradation. To define former land useé a
reasons of contamination along with the field syrsecial survey was performed. At the each locatitmtally
20 respondents were interviewed. The results o$timeey summarized as follows:

» According to former military personnel question&éeé twithdrawal of the Soviet army from Mongolia
was planned two years before and planned for thmgef 1993-1994 total Armed forces will be
withdrawn. The earlier decision was declined by Maian Government and during September-
November of 1992 all Soviet military forces locaiedviongolia force to withdraw. Thus, there were
no time limits to arrange cleaning up actions tmage all possible risks related to munitions, oflera
of heating plants, landfill activities to removendjpsites etc.

e About 30 % of total respondents related the cureewironmental status of former Soviet militaryesit
to the economic situation happened during the sooieomic transition period.

. Most of respondents judged that mismanagementeotities happened due to Russian official haven't
transferred the land to the Government of Mongdharefore, these sites were unmanaged for a long
time.

The soil and water samplings from surveys militsitgs were analysed using conventional methodedtdd
within the laboratory of Institute Geography andod&ology. The analysis revealed that the soil dayase
mainly contaminated of which topsoil and B zonepedosphere highly affected.

The main types of contaminants revealed from therktory analysis are crude oil, benzene, asbestdsome
heavy metals lead, magnesium, sodium, aluminiumoulI®0 percents of land formerly occupied by milita
sites are totally covered by the ruins and residda®onstruction materials. Contamination of a sgilasbestos
might critical in places where the residual degthigh. Even though the ruins and construction rizdtdoesn’t
count as contaminants this type of waste has atimegeffect on soil fertility, rural development éiand
reclamation programs.

The content of the revealed heavy metals doesméexk maximum allowed concentration mentioned in the
Mongolian National Standard System. However, iritariy sites Ulaan Orkhon, Arvaikheer and Choir esqre
to chemicals, namely, sodium salt, sodium formatk @uminium sulphate, caused the death of livésthe to
high concentration appearing in soil.

2.2. Geo-database on ecological health

In a framework of this project we also initiate@ thstablishment of the Geo-database on ecologeediihof the
former military sites, which will be an open accedata sharing platform for decision makers, policy
development as well as for the general public towathem to monitor actions done by the Governntent
reduce and mitigate contamination. The Geo-databastins 23 data tables and 195 fields. Each tdbta is
linked with history tables where each transactiol lve recorded with actions, time and updated uBerThe
database consists of three main datasets of camigei sites, contaminants and risk assessment.géeral
data structure is shown in Figure 6.
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taSite
Contaminated site
description data.

tgConstructions

Buildings/Constru
ctions existed

teSamplepoints
Sample taken

point/Drainage points related

existed at site, data.

tg¥Wastepoint
Waste

taMilitaryinfo
Military related
information site.

at site.

talmpactAssess

taSitereport
Field survey
reports .

ment

Impact & risk

assessment at site.

taRemediation
Remediation

works done at
site,

I 1
s

taWasteamount

Waste amount
estimated at waste
point.

taMeasurement

Parameters measured
directly at site's sample
point

LOTI

taSamples !
Collected samples
data.

LOT3

taSampleresult
Centaminant value defined
in laboratory.

talnvestigator
Investigators (Researcher,

field trip team member,
etc) data.

taMethod

talaboratory
Contaminant

defining method
used.

Laboratory basic
info.

teContaminant ref

Contaminant permitted
value defined in the
standard.

LOT2

Fig. 6. Data structure

The database has the following subsystems as Datg,dData entry, Map/GIS and Report output.

Data query Each table data has searching, sorting and disgjagierface. In most cases, each data (field) is
available to be searched and sorted. The follovargmple demonstrates contaminant searching by name,
formula and subject (Figure 7). Data will be sortadclicking on the field hame on top of the tatBzowse

button displays data in a new window in a more itktavay.

Geo-Database on ecological health

Home page

Contaminant reference data

% Contaminant’s
chemical formula

% Contaminant name
in English

% Contaminant name
in Mongolian

iz e
Contaminant data ~ Military sites ~ Impact assessment ~ GIS data

Contaminant name in l l Subject related to
English: contaminant permitted
value:
Contaminant’s chemical l l
Total 1 resords.

% Subject related to
contaminant permitted
value

iE Browse

Fig. 7. Data query interface page
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Data entering systenata entry is allowed only for registered userser€fore user registration module checks
and allows users access to system. Each usemhitedliiaccess, depending their roles in the syskzmh action
performed by a user is recorded in a transactiotopol file. Data entry form is dedicated for edahle. The
data entry main interface is presented in Figur&i8t box and check box tools are widely used.
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Fig. 8. Data query interface page

Map interface.This interface is assigned to work with map datae Tap interface has some additional tools,
commonly used for map data such as overlappingdayetrieving info data by clicking on an inteessipoint
and getting attribute data. These tools are preddny icon buttons on top of a map window the urnti¢abase
menu bar. Figure 9 presents an example of the ntafdace.

Geo-Database on ecological health

ot page o smeant dats = Contamnsiod whon * gt summat +

Ground Coordinates - UTMASH
T S  Latitute: 457711.00795T18
~—  Longtitute: 4374545 8533804

Site § .
Military site type:  Yyn yypedis enlopncnt
Military site name: ¥3p30a

Mosmsts  Mamey O Mo e e Bsmmrets bt
S —_ - — - - my | — - -
- '
—r- — —
- - - i -
. - r
7]
- . - 5
0]

R 1 5 4 L o A 8 31

Fig. 9. Map interface page

On top of the main page, there are a menu barcams iof database tools to be used when interaafithga map
such as going back to previous view, zooming, ifigng, calculating selected area size, measurimistance
between lines and printing. The left side of theesn is used as the map window to display layerse

metadata or detailed information about a layendduded. These tools/functions can be extendederuser’s
requirements.

The report output tool allows users to generatentsgfrom database. For instance, it is possiblextoact data
by selected region, or a report on selected comt@miand contaminated sites.
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2.3. Discussion

The results of preliminary site investigation reviit the contamination levels in/around formelitany sites
exist in a form of hotspots around major infrastoves, e.g. heating plants, waste dumps, constructieas.
The major contaminants here are crude oil, benzsiestos

The developed open access database is currentlynit@tive and makes more awareness of contanunatiis
needed to implement public diplomacy activitiesclduvorks would benefit increase of the local popata
participates in contaminated site management.

2.4. Conclusion

Mongolia has a widely territory and a low populatiavhich is a primary factor of underdevelopment o
contamination issues in a country. However, recesgearches and the results of the current progfotes that
contamination issue is in a critical situation.

The preliminary investigations made so far ideesifthat potential risks in currently contaminatidssto the
public are high, and thus it is necessary to dgwveloational strategy on contaminated site as agelnplement
remediation and restoration activities in thoseaareshere the direct risk to the population hasaalyebeen
defined.

The former military sites in Mongolia experiencen active demolition, however, the proper managenoént
these activities never been implemented, thus &ser@ a risk of contaminant discharge to deepetasats and
possible to the underground aquifers. Unfortunatiigre are no any surveys done in regards to sreees of
the underground water contamination. So, it is esteg to implement monitoring activities in criticaeas to
identify possible risks.
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[. INTRODUCTION

Adverse effects of PCBs on human health are soamfi and the only one option to avoid them is rengv
PCBs from the environment. Several methods for P@8gradation in environmental matrices have been
suggested. However, since physical and chemicatnrents are generally expensive, currently thearebeis
focused on the development of a less expensiveemiediation treatment. Bioremediation is considexedn
efficient, environmental friendly and cost-effeetiyprocess for elimination of PCBs using microorgars
capable of degrading toxic compounds. The main em@diation strategies are biostimulation and
bioaugmentation [1]. Biostimulation is based onamagement of growth of the indigenous pollutargrdeing
microorganisms using addition of nutrients or inghscof biodegradation. Bioaugmentation is basedhen
application of indigenous or exogenous microorgasiso polluted hazardous waste sites in order ¢telacate
the removal of undesired compounds [2]. Bioaugm@maapproaches appear to have great potential for
remediation of aromatic compounds [3,4]. The stddgls with PCB biodegradation in contaminated sedtm
sampled from Strazsky canal located in the eagternof Slovakia near Michalovce District. Strazslanal is
part of the factory Chemko Strazske — former predud commercial PCB products Delor 103, Delor 1&&dJ
Hydelor that in total produced approximately 21 566s of these products. Although production hadnbe
already stopped, surroundings of the industriagdZtky canal and Michalovce district in particulatdmg to the
most heavily PCB-contaminated areas in the worldgéHamount of waste from the production resulted in
serious contamination of soil, sediments, and watehis area [5,6]. Contaminated sediment was ehder
aerobic degradation using bioaugmentation perforimedhoculation of sediment by isolated bacteriaias
able to degrade PCBs from the same sediment. Th@stvere added to sediment individually and wittie
consortia artificially prepared in laboratory. Tosere successful biodegradation, the microorganisinst be
present that possess required genes encoding erdphrenyldioxygenase responsible for start of thgigular
degradation metabolic pathway. In our previous wtoghA gene (chromosomal DNA) was detected in used
strains [7].

Objective of this study was a) to assess prospettbioaugmentation (addition of microorganisms with
degradation activities to improve degradation dtgtiof indigenous microflora to degrade PCBs) usthg
individual bacterial strains (isolates from thecmiithonous microflora present in the contaminatstinsents)
and three consortia artificially prepared as theéuaucombination of three single strains (bacteidalates) in
laboratory (finally three pairs of bacteria in ttiferent ratios of inocula 1:1, 1:3, and 3:1); tb) determine
kinetics of biodegradation and c) to evaluate edoity of non-treated and biotreated sediments.

2. MATERIALS AND METHODS

2.1. Bacterial strains and artificially prepared casortia

Bacterial strains with PCB-degradation abilichromobacter xylosoxidans, Rhodococsps Ochrobactrum
anthropi andStenotrophomonas maltophiliavere isolated as described in our previous s{udlyrom PCB-
contaminated sediment. Colony counting during bipdéation: 0.1 ml of medium was diluted in stediistilled
water and applied to Petri dishes with PCA agatetA#88 hour of incubation at 28 °C in the dark, tbeal
colonies were counted as colony forming units peéf®FU.mi%) using Handy Type Colony Counter (BIO
KOBE, Japan). All measurements were carried otripticate.

2.2. Characterization of the sediment

Sediment contaminated with PCBs used in the follgwéxperiments was collected from the bottom of the
sewage Strazsky canal using an Uwitec sampler (@)stccording to the standard protocol in agrednagth
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the Slovak technical norm (STN) in cooperation witie Water Research Institute in Bratislava, Slavak
Sampling was provided from multiple places maimyensure the representativeness of sediment piepékt
48°51°33,8"; E 21°50°35,4"Garmin GPSmap 78) pksediment was 6.94—7.24, total organic carbon (TOC)
was 21.9 g.kg, redox potential was 197-439 mV, and organic aunteass was 1.05-7.06 %. The reference
congeners commonly monitored in the environmemteicblogy (PCB 8, 28, 52, 101, 118, 138, and 158jewv
used to represent the PCB contamination and foluatian of PCB degradation. The total content of th
detected PCBs was 30 mgkgf dry sediment.

2.3 Bioaugmentation technique

Bioaugmentation was carried out in 250 ml Erlenmdigsks closed with a cotton wool stopper. Twegtgf
dried sediment was mixed with 100 ml mineral medidfour selected bacterial strains and three batteri
consortia were artificially prepared for bioaugnientof sediment. Bacterial strains were preparelividually

by incubating in a growth medium at 28 °C and 1&® for 48 h. Upon cultivation, bacteria were cdaged at
3200 rpm for 20 min and the biomass suspensionagded into the flasks as inoculum in concentratioh g.I

! When the consortia of two bacterial strains wesed, concentration of the added suspension of seain at
the ratio 1:1 was 0.5 ¢l The inocula were applied in three mutual ratids 1:3, 3:1. Sediment mixed with the
mineral medium free of biomass was used as theriexgetal control. The flasks were incubated at 28iri
stationary position for 21 days in the dark. Prapan of sterile sediment: sediment was dried I$at160 °C.

2.4 PCB extraction and analysis

After the 21 days of biodegradation process, wiilalsks content was placed into the centrifugatiomette.
After centrifugation (t=15 min, rpm=3000), the ambwf 2 g of dried sediment was placed into Soxhlet
extractor and extracted using 60 ml n-hexane for After 4 h, a teaspoon of powdered copper wasadal the
extract and the mixture placed into an ultrasomithbor 45 min. Copper was removed by filtratiorotigh the
florisil column. n-Hexane was evaporated on a vatuatary evaporator, and the extract was dissoinesD0

Ul n-hexane. Internal standard PCB 209 was usedédimrmination of the extraction efficiency, widcovery of

85 %. All determined PCB congeners were analyzedydsy chromatography (GC) using an Agilent 5890A
device with an electron capture detector (ECD)nidieation of seven PCB congeners (PCB 8, 28,184, 108,
118, 138, and 153) was based on retention timdgwvgiantitative analysis of the results was perfmrbased
on peak areas corresponding to the congeners ichtieenatograms. Mixture of seven indicator PCB eoggs
was used for calibration. Identification of peakaswperformed according to [8].

2.5 Evaluation of ecotoxicity before and after biakeatment

Ecotoxicity of PCB-contaminated bottom sediments wtudied by aquatic tests using standard watert pla
Lemna minoras the toxicity indicator to monitor the ecotogifects of contaminated sediment at the beginning
and at the end of the 21 day-bioremediation expamtmThe test is based on the monitoring of thevtjto
inhibition of the frond (leaf) number and area. $n of dried sediment (10 g) after 21 days oficatlion
using two bioremediation strategies were placed glass pot covered with the Steinberg solutiorsistimg of
solutions and ten fronds were placed on the sallgwel. The pots with samples were cultivated moa with
the temperature of 25 + 2 °C under special whghtl{min. 6500 Lux) shining from the top. Parametier the
growth rate inhibition ofL. minor fronds, Ir, and the biomass growth inhibition lof minor fronds la, were
monitored at the beginning and then each secondudtilythe 7-th day. These aquatic tests were perdd at
the Water Research Institute in Bratislava accaratin(STN EN ISO 20079, 2008).

3. RESULTS
3.1 Bioaugmentation technique

Bioaugmentation using the single bacterial strain

Four bacterial strains isolated from long-term eomnated river sediments collected from sewaget@zSky
canal in eastern part of Slovakia were individualged in separate experimental settings. The datjoad
capability of single strain was detected in thédofeling order:Rhodococcusp. (70 %)Ochrobactrum anthropi
(68 %),Stenotrophomonas maltophil{&0%), andAchromobacter xylosoxidarf81 %).

Bioaugmentation using bacterial consortia

The most effective PCB-degrading consortium in medlit was observeldhodococcus sp. + A. xylosoxidaats
the biomass ratio 1:1 (degradation 84 %). Ineffitibioaugmentation at all was observed after apfitio of
consortiumO. anthropi + A. xylosoxidang1 %) did not exceeded the effectivity of PCB mdeigtion by the
individual strainO. anthropi(68 %). An experiment in sterile and non-steréegliment confirmed that natural
microflora present in the contaminated sedimentaBaoéd biodegradation and did not inhibit inoculdiedteria.
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Monitoring of degradation kinetics by strdin anthropirevealed that major part of degradation occurnaihd
the third week.

3.2 Evaluation of ecotoxicity of non-treated and lutreated sediments

Effectivity of bioaugmentation confirmed sedimeaokitity measurement using ecotoxicity biotest wittmna
minor. Toxicity of all biotreated sediments with usedgé strains and consortia was markedly lower tham
treated; toxicity decreased proportionally with detation of PCBs, it means with diminished PCB
concentration as can be seen from kinetics expatime

4. CONCLUSIONS

Based on the results mentioned above, it can belumed that bioaugmentation render promising resaftd
lead to a successful bioremediation of the real f@Raminated sediments under the laboratory comdit The
highest PCB-degradation using single strain wasrdehed usingRhodococcusp. and bacterial consortium
consisted oRhodococcusp. andAchromobactexylosoxidangratio 1:1) The advantage of using a particular
consortium when compared with a single strain isr@ader range of eliminated PCB congeners (lower an
higher chlorinated). The effectivity of bioaugmeita depended on the initially present or inoculab@cteria,
their amount and viability. Ecotoxicity of all sedénts after the biotreatment in the presence afaalsortia and
single strains as well, was substantially lowemtheithout treatment. However, duririg situ degradation
process, many other parameters might affect PCBadagion, mainly hydrogeological conditions, thatint
influence mobility and bioavailability of pollutesitWe believe that obtained results could be usefdésigning
bioremediation technologies for sites contaminatghl PCBs.
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SUMMARY

Remediation of human impacted environment is oftelious and ineffective. To increase the remediagpace
and efficacy, modern chemical and biological methack used. Chemical processes directly oxidizgfagignt
amounts of pollutants, whilst aerobic biodegradafioovides environmentally friendly remediationigim The
intersectionof these two approaches is the oxygddm very oxygen released into environment by chalmic
oxidation on one side, may subsequently well sémeedirect support of aerobic biodegradation. Téw factor

is the precise combination of the approaches igisifunctional technique.

Present study investigates low-cost,high efficiemdternativesof@ introduction for aerobic bioremediation
(LCCAB). The principles focus on targeted applioatof high oxygen release-potential substancesidigr
solid peroxides) into subsurface, leading to digerttaminant oxidation in the immediate vicinityagplication
point and consequent support of aerobic bioremiedidah greater surroundings. Due to wide range s u
aimedat general contamination as well as speciditutants (such as BTEX, PAH, MTBE, phthalates, or
particular forms of nitrogen compound contaminagtiadghese innovative low-cost combined technolodiage
great potential for time and budget limited progect

Utilization of the described concept provides vitphce to remedy environmental burdens even atfsitmerly
unapproachable for economic or technological remson

TECHNOLOGY

The present technology aims to significantly cdnité to the innovations within the environmentaheeliation
area. The working protocol will be specified ane thpplication device will be designed for the loesic
alternative technology of highly efficient oxygeunpply to the aerobic bioremediation processes pmdd by
verified microbial consortia. The technology is &&on the application of substances of high oxygdease
potential, such as liquid or solid peroxides. Lajpeeroxides of specific concentrations may be w@wsedxygen
introducers into the contaminated zone througlafification bore holes.

Leaving the bioaugmentation processes aside, twdn ma
approaches may be used for the biostimulation obiamt
microbial communities:The anaerobic approach, whitlay
prove lengthy due to the character of the metalyiti\way. Or
alternatively, the aerobic approach, in which tkggen serves as
a terminal electron acceptor and the target poitaia a substrate
or co-substrate (carbon source). Microorganisms ferdif
significantly by their oxygen affinity, leading tquite variable
oxidation-reduction potential preferences.Aerobic
microorganisms in the saturated zone prefer thesepae of
dissolved oxygen, i.e., positive oxidation-reductimtential. The
oxygen solubility in liquids is considerably low darfurther
decreases with rising temperature (Henry's Law)usThit is
crucial to utilize the aerobic microorganism poiginfor the
bioremediation by sufficient supply and distributiof oxygen
Ein 1 Aernhir harteria Peaiidamn throughout the entire contaminated zone.
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The main objective is to find the suitable proceseé alternative oxygen application, so that a syyes
reached between the immediate pollutant oxidatibrtha close proximity of the injection point andeth
subsequent pollutant biodegradation by aerobicahiat metabolism within the surroundings. The resithe
low-cost intensifying of biological removal of onga (e.g., oil hydrocarbons, BTEX, PAH, chlorinatalvents,
MTBE, phthalates, etc...) or inorganic (e.g., sonwd the varieties of nitrogen compounds
contamination)pollutants in the wide vicinity ofethapplication point.The ultimate goal is to design
commercially utilizable device, which will be deptx at a low-cost at appropriate sites, or offaedther
parties within the business-to-business cooperaliba thorough knowledge of the active microbiagasses is
vital to attain the objectives set forth. The atiabl support (cultivation as well as molecular rolmology
methods) for description, quantification, and vijeviability verification of the target microbiadonsortia with
great bioremediation potential is the key factordach the defined remediation limits.

The following diagram presents descriptive vistatlun of LCCAB system functions:

Tanks for Head unit
active solutions

Advanced
control unit

Fig. 2. LCCAB remediation process scheme

The key enabling contribution of this technologyllvbie the significant increase of practidal situ aerobic
bioremediation applicability due to the changedrf@and cost reduction. The on-site oxidation intgnsontrol
system and the additional nutrient supply optiol & implemented for the enhanced two-stage biediation
support. A new space for environment remediatiorgneat formerly inapplicablesites, will be openex f
aerobic biodegradation. Further, the potential ombining the direct pollutant oxidation with thetiae
introduction of significant oxygen amounts will eltthe attitude towards the remediation of subthyt
complex (the so called difficult-to-treat) sites.

INNOVATION

The innovativeness of this technology is based oy on the targeted cost reduction, but also om th
optimization of the originain situ enhanced biotechnology principle. The method of-tmst oxygen supply
relies in effective and precisely aimed introductmf agents capable to release large amounts, odecules
into the groundwater environment. The main bernisfibf economic character: The drastic reductiorthef
aerobic biodegradation technology costs will allimwits application even at sites formerly inappiage due to
economical unfeasibility.

CONCLUSIONS

The project ,Low-cost Combined Aerobic Bioremediatipresents interests of the EPS, s.r.0. companséo
its capabilities in the field of science, resear@hd innovationtoward the design of novel marketaddrvices
and productsof environmental biotechnologies.Aldgiouhe successful introduction of these advancedl an
environmentally friendly methodsdemands considerabVestments in R&D, it unambiguously enforces the
stability of the company remediation pillar. Esdlgi due to the capability to offer cost-effectiaiternatives of
standard techniques, the competitiveness of thgpaagon the market is increasing. Consequentlyntheber

of successfully closed remediation projects as agbhe overall positive environmental impact aczeasing.

154
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1. INTRODUCTION

Polychlorinated biphenyls (PCBs) are dangeroustanbes formed of biphenyl molecule with 1 — 10 ohie
substitutions. The result of long lasting productand application of PCBs — mainly in electrotechhindustry

— caused a wide contamination of all ecosystem& mMlest alarming feature of PCBs is their tendemcy t
bioacumulation in lipidic tissues (Brazova et a@012). This is the reason of effort of environménta
biotechnologists to remove them from the environm8ome bacterial species, especially those addptéte
presence of PCBs are able to use them as the carhwoe. The result of aerobic metabolism initediZy
enzyme biphenyldioxygenase are substances with rloteicity (MurinovA and Dercova, 2014).
Microorganisms naturally occurring in the soil meming a wide ecosystem, where the metabolism ywbdf
one microbial kind can be used as the substratariother and they are able to live in synergy. Siness,
microbes are competing for the substrate, onensttan be predative and repress anothers. This loehav
referred as antagonism. The aim of this study ini out and subsequently apply the most effectizeterial
consortia to the contaminated environment usingugonentation approach. From this view, it is imaottto
know the relationships between these bacteriahstra

2. MATERIALS AND METHODS

Biodegradation experiments were carried out in B0Erlenmeyer flasks with 100 ml of defined minimal
mineral (MM) medium. The sole carbon source wascttramercial mixture of PCBs — Delor 103 added maffi
concentration 0,1 ¢'l This mixture contains 59 congeners with differeleigree of chlorination; 7 PCB
congeners with mass representation about 30 % afesthentioned PCB product Delor 103 were examinated.
Bacterial biomass was added in final concentratignl* for single strains and 2 g.for consortia composed of
two strains added in biomass ratios 1:3, 1:1 add B8ll experiments were performed in duplicate. ®Raal
strains were isolated and described in our prevétudy (Dudasova et al., 2014). Cultivation lastedays on
rotatory shaker (180 rpm) at 28°C. Afterwards,daal PCBs were extracted with n-hexane. The PCBaeixt
were analysed by gas chromatograph HP 5890 wittirele capture detector. Chromatographs were evaluat
according to Mills et al. (2007).

3. RESULTS

3.1 Biodegradation of PCBs by single bacterial stias

Biodegradation abilities of 4 bacterial strainslased from contaminated sediment were examinated —
Ochrobactrum anthropi, Achromobacter xylosoxidaRfiodococcussp. andStenotrophomonas maltophilia
Biodegradation decreased in the following ord2mnthropi— 73 %,S.maltophilia— 47 %,A.xylosxidans- 41

%, Rhodococcusp. — 40 % (tab. 1).

Tab. 1. Specific growth rates (U) of bacterial straind #reir 50% inhibition concentration values (IC50P&B.

. . Biodegradation of sum Specific growth rate -1
Bacterial strain of 7 PgB congeners (%) |O(h'l) W?th glucose i ICs0(g.1)
Rhodococcusp. 40 0,063 0,86
Achromobacter xylosoxidans 41 0,120 2,90
Stenotro_phomonas 47 0,065 0.74
maltophilia
Ochrobactrum anthropi 73 0,018 9,34
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3.2 Biodegradation of PCBs by bacterial consortia

Examination of growth of bacterial strains and deieation of IG, values of PCBs were the aim of previous
studies. Specific growth rates (1) andd@alues are specified in tab. 1. Based on thesknfjs, we constructed
4 combinations — pairs of bacterial strains. Fimstsortium contained the straiAscxylosoxidans + Rhodococcus
sp.. The straim.xylosoxidandas the highest specific growth rate p (0,12 WhenRhodococcusp. left its
stationary phaseA.xylosoxidanswas in the middle of logarithmic (log) phase. Témcond consortium is
composed of strainRhodococcusp. andS.maltophilia When Rhodococcusp. was already in the end of
stationary phases.maltophiliaentered the log phase. Both strains has the sivalaes of specific growth rate
and 1G, of PCBs. The strains forming the third consortikrxylosoxidang&ndS.maltophiliawere entering the
log phase in the same time. The last consortiumb@eation ofO.anthropiandA.xylosoxidan$ias been chosen
due to their higher resistance against PCBg (t@lues:0.anthropi9,34 g.I' andA.xylosoxidan®,90 g.1.
Rhodococcussp. +A.xylosoxidans We observed 62 % removal of PCBs if strains adddalomass ratio 1:3
(excess ofA.xylosoxidang representing 21 % increasment of biodegradatiocomparison with both single
strains. The ratio 3:1 (with excess Bhodococcusp.) was less effective. Congener PCB 8 was thé bes
degraded (nearly 80 %Rhodococcusp. is an early-growing strain with early-onseattiephase of the growth
and it probably didn"t consumes all nutrients, ¢fiene, they were available for the late growikgylosoxidans
Rhodococcussp. +S.maltophilia This combination of bacteria removed 69 % of sufrthe PCB congeners if
strains added in biomass ratio 1:3 (excesS.ofaltophilig, representing 22 % increasing in biodegradation i
comparison withS.maltophiliaand 29 % withRhodococcusp.. Both strains has the similar p andylzalues.
Biodegradation of PCBs with unequal biomass ratlo3 and 3:1) were almost the same (69 % and 64t%6).
possible, that the metabolites®fiodococcusp. have toxic effect o8.maltophilia That is visible especially in
biomass ratio 1:1 (only 47 % of degraded PCBs). MWRkeodococcusp. is in minority, its metabolites are in
lower concentration and their impact is not sigmaifit. Higher biodegradation of PCB congeners witih h
degree of chlorination (pentachlorinated congere@B 101 — 71 %, PCB 118 — 65 %; hexachlorinated
congeners PCB 153 — 50 %, PCB 138 — 59 %) is thditding.

S.maltophilia + A.xylosoxidansAs with the second consortium, antagonism if sgadded in equal biomass
ratio (1:1) was observed. This equal-biomass cdiosor was less effective than both single strains.
Biodegradation was successful only if strains watded in unequal ratio, 54 % removal of PCBs waseaed

— 7 % increasing in comparison wighmaltophiliaand 13 % withA.xylosoxidansLogarithmic phases of growth
of these strains are synchronized, so there isigpestion they compete for the substrate. Whernstragn was

in excess, it overgrew the second one and ledidteegradation process.

O.anthropi + A.xylosoxidansRegarding biodegradation of PCBs, the fourth cdinsa has shown to be less
effective. In the previous combinations, biomasslesd in unequal ratio exhibits higher biodegradation
percentage, this consortium is an exception. Ifaiss was added in ratio 1:1, 58 % of PCBs were vedho
This consortium is still about 15 % less effectthian single strai®.anthropj but 18 % more effective than
single strainA.xylosoxidans

4. CONCLUSION

Based on the results mentioned above, it can beluded that use of bacterial consortia is in mastes more
effective in PCB degradation than application ofgi strains. Although, sometimes the antagonisobserved,

in every combination it’s possible to find out sobiemass ratio showing better biodegradation bysodia
than by single strain. The most effective singtaiatisOchrobactrum anthrop{73 %). Surprising that the least
effective consortium also contains this straingimbination withA.xylosoxidansAlthough 58 % of PCBs are
removed, in the context of the comparison it's sofficient. For elimination of highly chlorinatedCB
congeners, application of consortilRimodococcusp. andS.maltophiliain unequal biomass ratio seems to be
the best one. Nearly 70 % PCBs were degraded bsoctim with excess db.maltophilia It is also the most
efficient consortium of all. In the following reseh we would like to apply the best consortia te teal
contaminated sediment using the approach knowinasigpnentation.
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are hazardoussigtent environmental contaminants strongly bounddil
and, because of their relative volatility and hadfemical stability, they have been largely dispeaed detected

in all compartments of the ecosystem, including water, soil, sediments, and living organismshia past and

at present. PCBs are highly lipophilic and theipdsicumulation along the food chain makes even low
environmental concentrations a threat for the w#dhnd human health. PCBs were produced in Czémbaida

by chemical plant Chemko in Strazske until 1984whldays, Eastern Slovakia belongs to the most PCB
contaminated areas in the middle Europe. Biorentiedidgs considered as an efficient and cost-effecfirocess

for the decontamination of PCBs (Tandlich et ab1P2). It may involve bioaugmentation and/or biostiation
strategies as the introduction of PCB-degradinddr&d strains individually or as a consortium anloduction

of nutrients and oxygen (Mrozik and Piotrowska-3eg#10). Several microbial strains isolated from
environmental samples, both Gram-negative (maifilthe generaPseudomonasBurkholderia Comamonas
Cupriavidus Sphingomonasand Acidovoray and Gram-positive bacteria (predominantly beloggto the
generaRhodococcuandBacillus), are nonetheless able to degrade PCBs (Piepe8eagkr 2008). To stimulate
the degradation abilities of bacterial strains.esalvinducers have been proposed. Promising methechs to be
induction of aerobic biodegradation using biphesiytl solubilisation of hydrophobic and low solubléB3 in

the presence of surface active agents. Biosurfectare amphiphilic compounds produced by various
microorganisms, mostly bacteria. The use of bi@ants for enhanced elimination of pollutants frewil and
water was found to be an eco-friendly approach alsb alternative to less or no degradable synthetic
surfactants. This work describes stimulation oftbaal aerobic biodegradation of PCBs in the preseof
biosurfactant rhamnolipid.

MATERIAL AND METODS

PCB-degrading bacterial straidAshromobacter xylosoxidanStenotrophomonas maltophilend Rhodococcus
sp. isolated from long-term contaminated area imosundings of the former producer of PCBs ChemkdZke
and indentified according to Dudasova et al. (20dd)e used in these experiments. PCB degradatian wa
determined using the commercial PCB product DELOR (Chemko Strazske, Slovakia).

Bacterial inocula were prepared by growing thewel according to Dudasova et al. (2014) on aycathaker
180 rpm for 48 h at 28 °C. Biomass was harvestedemprifugation, added to 100 ml of MM medium dtreal
concentration of 1 g1l The composition of MM medium has been describe®bdasova et al. (2014). DELOR
103 was added to each flask as solution in DMS@ final concentration of 100 mg.| Rhamnolipids were
added to the MM medium at a final concentratiof®2@.I*, 0.50 g.t', 0.10 g.I" and 0.20 g. Biodegradation
of PCBs by bacterial strains was carried out in BO&rlenmeyer flasks equipped with glass colunilhesdfwith
SILIPOR C18 sorbent and closed with a cotton wdopper. The apparatus has been described previously
(Vrana et al., 1996). Flasks were incubated at@811 a rotary shaker for seven days.

PCBs were extracted from the liquid phase of theliom twice with n-hexane. The samples were analymed
gas chromatography GC (Agilent 5890A) with an elattcapture detector (ECD). The GC conditions vase
follows: silica capillary column (30 m x 0.25 mnd.) with non-polar stationary phase HP-5MS (0.25 ,uand
column temperature program: initial temperaturé@@hold 2 min) to 150 °C at 25 °C.mir(hold 0 min), from
150 °C to 200 °C at 3 °C.niih(hold 0 min), from 200 °C to 280 °C at 8 °C.ftithold 3 min); carrier gas H
(90 kPa) with constant flow 1.5 ml.mn injection temperature: 250 °C ; injection volun®aul using split
injection mode (split time: 2 min), detector: ECZRO0 °C, make up gas,M0 ml.min™. Identification of peaks
and their calibration were performed using standhairdure of the six indicator and three other P@Bgeners -
PCB8 (2,4), PCB28 (2,4,4-), PCB52 (2,2'5,5-),BRC1 (2,2,4,5,5-), PCB118 (2,3,4,4'5-), PCB138
(2,2,3,4,4,5-), PCB153 (2,2'4,4'5,5-), PCB18(2,24,4,5,5-), PCB203 (2,2,3,4,4',5,5',6-) anodbgradation
was then calculated (Mills, 2007).
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RESULTS AND DISCUSSION

Biogedradation of PCBs by bacterial strains

The purpose of this study was to compare the inflaeof microbial surfactant rhamnolipid on the PCB-
degradation using three bacterial isolates. Alttéxdal strains originated from the long-term PCByzoninated
sediments of Strazsky canal. Bacterial straidBshromobacter xylosoxidansRhodococcussp. and
Stenotrophomonas maltophiliavere cultivated under various conditions with thddition of different
concentrations of exogenous commercial product nwdipid to mineral medium artificially spiked witACBs.
Degradation of PCB-congeners confirmed that additibrhamnolipid increased the biodegradation oBB Gy
gram-negative bacterial straifs xylosoxidanandS. maltophilia On the contrary, rhamnolipid decreased the
biodegradation ability of gram-positive bactefnodococcussp. against the control (without rhamnolipid
addition). The effect of rhamnolipid on total PCBgtladation byA. xylosoxidanglepended on the concentration
of added rhamnolipid. Increasing rhamnolipid coniaion (0.02-0.20 g?) increased the biodegradation from
38% to 68%. In the case Bhodococcusp. the rhamnolipid addition decreased the bicattagion from 60% to
42%. The highest degradation was observed in tbe ablower chlorinated congeners (PCB8, PCB2&tiain

A. xylosoxidanin the presence of rhamnolipid 0.10 and 0.28.g.|

Bacterial growth

The number of viable bacterial cells in experimamider various conditions (addition of differenanmnolipid
concentrations and PCBs) was monitored using tlop giate method. In the case Af xylosoxidansand
Rhodococcusp. no growth was observed after 7 days of inéobaf he counts of viable cells was significantly
lower after the incubation than at the beginning.t@e contrary, in the case of bacterial st@&imaltophiliathe
rhamnolipid addition stimulated the growth of vialdells.

CONCLUSIONS

The addition of biosurfactant rhamnolipid increaskd biodegradation of PCBs by Gram-negative bidter
strainsA. xylosoxidansind S. maltophilia Rhamnolipid addition caused inhibition of the RBiBdegradation
only in the case of gram-positive str&odococcusp. Results obtained in this work indicate thatmholipid
addition at various concentrations together witlBB@ad to the stimulation of the bacterial growattd higher
biodegradation of PCBs using Gram-negative badtesimins. It was confirmed that bacterial strains
A. xylosoxidansaind S. maltophiliaare suitable degraders, able to degrade aboutd@Q¥e initial amount of
PCBs. The bioaugmentation using bacterial straiith vequired degradation ability, and amendmenhgisi
rhamnolipid to solubilize hydrophobic PCBs is caiesed as one of possible approaches for increasing
biodegradation of dangerous organochlorine polisténom contaminated site.
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ABSTRACT

Soil serves as a sink for persistent, bio-accunwdland toxic pollutants that may accumulate ifsstm high

levels and, thus, present a substantial challemgerfvironmental risk assessment/ management. Mergsoil

quality has been found to decrease particularly tduthe increasing presence of contaminants reguftom

both intentional use of chemicals (e.g., pestigidgsswell as unintentional contamination from diffte sources
(such polycyclic aromatic hydrocarbons from traffifwo main pressing issues for soil managementhan
therefore, indentified as the development of effecbut cheap remediation strategies and the ingmant of
soil quality. Addition of biochar to soils may gatially help in solving both problems.

Fig. 1. Wood-derived biochar during grinding Fig. 2.Rice hu\é,\k-derived biochar during sieving

Soils contaminated with,p"-DDE (the main degradation product of the formenlgnsively used pesticigep’-
DDT) represent old burdens worldwide that have éceffectively managed to avoid environmental analthe
hazards. In this study, biochar (BCH) addition &il fas been suggested as an effective tool foragiag o
contaminated sites. BCH role in controlling risksp,p”DDE was assessed i) in the presence and absence of
soil by means of the batch equilibrium method aaslspre sampling, ii) at various BC-to-soil ratiosl aiii) for
two types of BCH (rice husk- vs. wood-derived). @mn coefficients (log Kvalues) measured fqr,p"-DDE
and the two tested BCHs were 1.4-times higher foarthe soil and showed a higher degree of norstiitye
suggesting that BCHs are more effective sorbenitsnar concentrations. Addition of BCH to soil sificantly
decreased availability ¢f,p"DDE (i.e.,p,p"-DDE porewater concentration measured by polyetteykheets as
passive samplers) and this effect was apparent avanlow BCH dose (1%). Sorption pfp"-DDE further
increased with increasing BC contents in soil égsip to the level of 20% of BC) but the trend wastlinear.
The two tested BCHSs revealed similar affectivitysorption ofp,p”DDE. Thus, the origin of BCH can be
considered less important than its dose. The mesuljgest that BCH can effectively sequester cdntarts in
soil, thus providing a promising tool for remedasttiof contaminated sites.

Fig. 3. A biochar-soil slurry with the PE-sheet as a passampler
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ABSTRACT

Due to the wide range of structural features amgtsm — relevant properties, soils are natura¢nesirs for the
hydrophobic organic contaminants including orgamhadhe pesticides such ag,p’-dichlorodiphenyl
dichloroethyleneff,p"-DDE). Due to its high hydrophobicity (log Kow 6.2)DE tends to be strongly bound to
soil andthis sorption promotes with increasing DDE-soil &zt time (i.eaging). Thus, for the aged DDE, the
risks assessed on the basis of the total soil crat®n wouldoverestimate the actual risks to biota due to the
partial unavailabilityof aged DDE to be taken up by an organism. Generllo approaches can be used to
measure the potential availability of contaminafitsm soil: biological methods and their alternasivef
chemical extraction and passive sampling basedigebs. However, using of various chemical metiredsits

in distinct differences in a predicting of biologicuptake. Therefore, the present study was degigméollow
the strategy of combining various methods of mitraction as well as passive sampling techniquesstess
their potential to predict bioavailability to tharghworms.

EARTHWORMS XAD - RESIN PDMS FIBERS g-HPCD

Fig. 1. A graphical presentation of the experimental desigcluding methods employed in the assessmem,@wfDDE
chemical and biological availability in soil
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The study compared the ability of XAD resin, R-oggxtrine, and PDMS-fibers to mimic earthworm uptak
from a historically (> 40 years) and a laboratoontaminated soils, thus representing two extrenemastos
with regard to the length of pollutant-soil contdithe. The extent of bioaccumulation to earthworwes
estimated at fixed exposure periods (10, 21 andi&@) and at equilibrium derived from uptake curbgs
kinetic modeling. The kinetics for uptake into geessamplers were then measured over a period d&ags.

As the most reliable chemical predictor was founfiDXpresumably because of the combined skin and gut
exposure of earthworms to DDE often observed fammmunds with log K, > 5. The observed poorer
predictability of SPME may be, on the contraryatedl to its inability to consider the uptake resdidy other
pathways but skin leading to the underestimatiothefaged DDE. As the poorest predictor of earthwoptake
appeared to be HPCD in our study. Concluded, tlgregeof predictability seems to be associated tith
capability of the chemical method to mimic the baxdrm uptake via skin and intestinal tract as aslwith the
insufficient length of exposure time.
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ABSTRACT

Impact of potentially toxic elements (PTE) on trealh status of population of the Slovak Repubbs been
studied in two historical mining areas with or extion from Middle Ages (the Middle Slovak Neovaiazs,
the Slovak Ore Mts.) and one historical mining angln more than hundred years brown coal miningp&lp
Nitra region).

The contents of PTE were analysed in groundwaiekitigwater and soils. The health status of rediden
population was evaluated based on 43 health iratiealassified according to the international dfasgion of
diseases (ICD, 10th revision), including mainlysbandicators characterizing mortality on cardiawdar and
oncological diseases. In these areas the heatils sté population living in municipalities withirreased PTE
contents (As, Pb, Zn, Cu, Cd, Hg and Sb) was coatpaith that in advacent municipalities show ingIBTE
contents. A total of 138 contaminated and 155 rmmmaminated municipalities of similar socioecongmic
natural and geochemical-geological character werapared. PTE contents in soils of polluted munidies
reported considerably increased levels between 21Gotimes higher in contrast to non-contaminated
municipalities. On the other hand, PTE contentgroundwater were almost identical both in contateideas
well as non-contaminated areas and in majorityases were below limit standard values for drinkirzder.

Based on the assessment of the health status afgtiom (using 43 health indicators), no signifitdifference

in the health status of population in contaminated non-contaminated municipalities has been regort

4

Fig. 1. Contaminated and non-contaminated areas of theSRepublic
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ABSTRACT

The present article sumarizes results of a detgéedogical exploration of the environment of tite ¥rakuia -
skladka CHZJD. The survey was conducted within ftaenework of the MZP SR's geological task entitled
“Survey of contaminated sites on chosen sites@f&lovak republic “, part Survey of the environna¢turdens

on the Bratislava region site: Vrakunska cesta —Z&M landfill*. Landfill from Chemické Zavody Juraja
Dimitrova (CHZJD) was created in the period 1966979 by partly filling the waste channel and runvedy
Mlynské rameno of the Maly Dunaj with chemical veasriginating from CHZJD and with supposedly inert
material at a thickness of about 2 - 6 meters. dtea of the landfill is approximately 46 506, the volume of
the landfill material was set at 120 956 amd the volume of the made ground above the veasts6 430 r

An execution of bottleneck probes in order to measimogeochemical parameters was carried outeitfiirst
phase of the field works. Measurements were peddrmith an ECOPROBE device. Probes reached depth
approximately 2 — 2,5 m. The second phase subst#gueok place in order to implement 25 pieces of
unsupported exploration boreholes to the depth @nder the surface. Soil samples for determinatibpre-
selected contaminants were taken from unsupportedhbles. Geophysical measurements were conducted
before and during the drilling works. Geophysicalrks mapped both possible area distribution ofiwhste as
well as its depth interval. Total of 2 230 m of files were carried out. Geoelectric methods dipole
electromagnetic profiling and electrical resisgmibmography were chosen from the available methods

In the third stage 10 hydrogeological monitoringdimles, completed in the impermeable clay bedragke
constructed. Groundwater samples from wells intdlen district Vrakuiia, as well as boreholes and wells in the
possible outreach of the contamination, which idelli several boreholes and wells in the disctrictuPajské
Biskupice and municipality of Most pri Bratislaveyere sampled in this phase of the works. Soil and
groundwater samples were taken from three deptidev

Considering EOCI analysis, most samples slightlyeexled the criteria but several cases showed cimatiens
above 2000 mg/kg. BTEX group exceeded limits fbsabstances, from which toulene reached mostfsignt
concentrations (5 390 mg/kg in the sample PVYSWdhen determining BTEX compounds, it is necessary to
take into account the fact, that volatile substarere measured. Therefore it is necessary to heaird some
degree of uncertainty, which enters the entire ggecof sampling. Halogenated organic compounds are
expanded mainly in the soil air or in a dissolvdthge in the groundwater. Among pesticides the kighe
concetrations were found with hexachlorobenzeneBHihd hexachlorocyclohexane isomers (HCH).

A significant pollution of alpha HCH and its otheomers was discovered in the top layer of thefilhrf@ — 3

m), which was supposed to consist of an inert rmaterigh concentrations of PCBs (371 mg/kg), ontalo
Petroleum Hydrocarbons (47 300 mg / kg) in a cdager raise questions about inertness of the nadtétigh
levels of petroleum hydrocarbons were found maiimithe area above the groundwater level and thexefere

is no significant leaching to the groundwater. Amdmeavy metals, arsenic was dominant. The IT @iteere
exceeded in about half of the samples with pedl8atfold overrun.

In the groundwater all substances from the BTEXugrsignificantly exceeded limits. Benzene apperbdo
most critical, whose limit has been exceeded miam 80 times. Plenty of chlorobenzenes from thegraf
halogenated volatile hydrocarbons exceeded lin2i89-fold overrun of the IT criteria). These subsesare
used in numerous chemical, from which we mentiostipieles and herbicides in particular. Isomers &fHH
were the most significant pesticides found in theugdwater. They could originate as a by-produdinafane,
which was produced in the former factory CHZJD. Thest polluted samples contained concentrations of
several hundredg/l of alpha HCH, what represents more than 1 @@-éverrun of the IT criteria.
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Fig. 1. Soil contamination with C10 - C40 fraction in Fig. 2. Groundwater contamination with alpha HCH
the middle part of the landfill in the level 0 -n8
bellow surface

More than 20 herbicides exceeded IT criteria. Sofrlaem, such as chloridazon and prometryn exakéue
criteria in most of the samples including samplesaait few kilometers from the source of pollutiafthile
limits permit concentrations lesser thamd/l, concentration in some samples reached valuesits of mg/I.
Selected herbicides together with HCHs belong tmaty contaminants of the site.

The survey results confirmed a widespread containimaf soil gas, rock environment and groundwatéh
wide range of contaminants. Landfill area is highblluted and is the source of groundwater poltutiwhich
spread contamination in the groundwater flow diggct

The top layer of soil was supposed to be compo$eah inert material but analysis showed elevatedlgof a
number of contaminants in this layer. The contatim has been demonstrated in all layers of thdfih
body. A large number of substances exceeded ID I&ndriteria. Among groups that reached the highest
exceedance of criteria and also covered largelaiemg pesticides, herbicides and petroleum hydbores.
Analyzes showed almost same contaminants in thHeasoi groundwater samples. While concentrations of
petroleum hydrocarbons and arsenic in the groureiwaite not as significant as in soils, concentnatiof
pesticides and herbicides are much higher, whernpaosd to criteria. Most of the pollution is spreadthe
vicinity of the landfill, although several substasgeg. chloridazon or prometryn) spread over lpdggances
and reach into town districts of Vraia, Podunajské Biskupice and even to municipalitystvwi Bratislave.

A risk assessment makes clear that reviewed ar€&HafID landfill needs remediation as the site repns a
serious environmental and health risks. A feasibgtudy identified variant of an active remediatio achieve
the desired remediation limits as the most appad@riemediation conceptual variant.
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ABSTRACT

The project titled "Authentication using the tecluyy of permeable reactive barrier (PRB) for thmeéliation

of acidic groundwater contaminated with heavy ntel dealt with issues of permeable reactive besras one

of the possible economical alternatives to costignedial interventions. As already many times in phast
confirmed, technologies and processes designétkitaboratory are sometimes difficult to apply éalrterms.
The project aims to transfer the laboratory condgiin a pilot plant scale, and verify the effeetigss of
specially modified sorbent material technology dmting a permeable reactive barrier. To compare the
effectiveness of the technology it was carried smuteral rounds of efficiency of technology botHahoratory
and pilot scale.

Laboratory tests were performed in the laboratofythe Institute of Metallurgy, Faculty of Metalluyrg
Technical University of Kosice, which is the pripal investigator of the project. Laboratory testae to find

the most appropriate reaction carrier material tiedmaterial that would be capable of removing heaetals
from contaminated groundwater. After several attsmpas the most suitable material used CCM (caustic
calcined magnesia) with the carrier which are wsbdvings measuring approximately 1.5 x 3 cm. Thdaure
was then tested to determine the best ratio to verae much of the pollution from the used groundwat
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Fig.1. Laboratory quipment Fig.2. The dependence of the concentration of #1gnd C&* cations and pH of the
water at the outlet of the column from the timeahaf experiment (Kyslytsyna, 2016)

Great influence on the course of the clotting rieachas pH. During the experiment the observed ghsumn the
pH and the concentration dependence of Nad C&'. Caustic calcined magnesia (CCM) which was usad h
a high proportion of CaO. Therefore, during thestfihours of the experiment, the reaction part ia th
precipitation of calcium oxide CaO, which increadbd pH at 12. After exhaustion of entered CaO ,MgO
reduced the pH to values of about 10, and remafoedtant. It was subsequently realized severad tegh
different variations of flow and retention time (#ytsyna, 2016).

Proven technology at selected sites preceded bgtailed survey of the site in terms of finding rxelet
documents necessary to run the pilot plant. Lonatias examined in detail in terms of the occurresfcaurface
contaminants and their quantification in space. géephysical work were also used during executedeys.
These works helps to find the depth of impermedlalérock what is necessary for the implementatiothef
draft of semi-permeable barrier (PRB). Part of digheasurements were also hydrodynamic testing and
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measuring of physical-chemical parameters of grauater pollution. To simulate the impact of realiZzi@Bon
the surrounding environment and particularly gromatdr flow model was constructed. The model sinealat
the real state before pilot test and the scenétéo the test of PRB.

Incorporated into the model were a number of vasian order to assess the economics of the whole
implementation (compared to a model that takes watcolassical drawing at the limitation of the pdithn in
enclosed space). Pilot site has a very acidic enmient of groundwater up to 1.5 - 3, wherein theeweontains
concentrations of heavy metals which exceed thé&dlitaid down in Directive of Ministry of Environnme
(Directive of MZP 2015). The samples from the tembgy were taken on a daily basis and there wese al
regularly measured physicochemical parameters airgiwater. As we can see the real situation shoarg m
reactive material in total, which is closer to tieal conditions of application of technology in taevironment
can cause changes in the properties of the behagini-permeable reactive barriers. Under real eatdtin
conditions envisages the creation of preferentahways of groundwater flow, which may adversefgéfthe
efficiency of reaction barriers. This assumptionpegrs to be an important factor for a successfd an
economically viable operation of a semi-permeabéetive barriers.
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Fig.3. Technolgical equipment
for a pilot line

Fig.4. Removal efficiency for individual contaminants dgithe test

During the 7 day duration of the pilot plant tegtito achieve virtually complete removal of the ntoréd
contaminants - maximum efficiency values reachedd®800%. The next stage of the experiment therg ava
gradual decline in force of the aluminum (100% 4111 to 88% at 17.12.), Arsenic (from 98% to 97&ahalt
(from 100% to 37%), copper (from 98 % to 84%), ifmom 100% to 55%), manganese (from 100% to 25%),
nickel (from 100% to 67%) and zinc (from 100% td@)2 Reported results are the basis for inputs fpila
plant test. The results during the pilot plant teditbe helpful for optimization flow of water ithe technology.

Investigated combination of reaction material amel ¢arrier appears to be an optimal solution alsgfactical
application in practice, and will need to set h# technology to take account of the specific eirstances at a
given location, which can achieve the status ofrensial application of technology for use in the P&R&I on
other sites where the dominant form of pollutioaatly metals and pH of the water is characterizeddigic
conditions.
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ABSTRACT

Population growth and industrial development haktb an intensification of the phenomenon of gollution

with heavy metals. In the action to prevent and lcainthe consequences of this phenomenon is vergriamt
the knowledge of those special characteristicsodfthat decisively influence the mobility of theseetals in
soils. Statistical processing of information, caméa in available databases, can be particulargfulisn

developing maps of soil vulnerability to contaminatwith heavy metals. Having a such database tdns

level (Dumitru et al., 2000), containing 942 sitwdsere was measured, at the same time, concensaifogight
heavy metals: Cd, Co, Cr, Cu, Mn, Ni, Pb and Znvall as the main physical-chemical characteristitsoil:

clay content, pH and organic matter content, ththas presents, in this paper, the way in whichewetecuted
the maps of vulnerability for contamination withalwg metals for Cluj county (Romania). For these snagre
used, successively, correlation analysis and nweati regression analysis (for creating mathematizadels)
and 1.D.W. method, respectively the Regressionikggnethod (for drawing the maps).

By using the contents of heavy metals and alswvaihges of physico-chemical characteristics of 4R Sites, in
a first step (Rogozan et al., 2013), were deterchifiy nonlinear regression) the mathematical motiteksng

the heavy metals mobility by soil characteristics:

Cd = 2.6518 - 0.0708I - 0.479%H + 0.1386/0 + 0.008TI-pH + 0.003A-MO - 0.0444H-MO + 0.0005CF
+ +0.0329H? + 0.016 MO?

Co=-21.2361 - 0.3105| + 11.549H + 0.036%I-pH + 0.004&I? - 0.9024H?

Cr = 103.753 - 0.3441l - 22.41§H + 0.143&I-pH - 0.0032CF + 1.656 pH?

Cu=-16.882 - 0.26 2Tl + 9.599pH + 0.036E-pH + 0.00%CI2 - 0.675PH?

Mn = - 357.38 + 4.2143| + 231.9DH + 1.322TI-pH - 0.149CI2 - 20.64DH?

Ni = -23.5132 - 0.9953! + 15.649H + 0.245TI-pH - 0.000TI? - 1.494 pH?

Pb = 32.072 + 0.540H - 0.163pH?

Zn = 44.359 + 0.593C!

In these statistical model€I" variable represent clay content [%GhH" variable — soil pH andMO™" variable —
organic matter content [%]. The values @, Co, Cr, Cu, Mn, Ni, Pb andZn concentrations will be obtained
in [mg/kg].

In the second step, using the 1.D.W. method, faij €bunty were developed the maps for clay contgdtand
organic matter (Rogozan and Micle, 2013). Builbithe 54 sites, covering the whole area of the gouhese
three maps were used then, as predictors, in tgeeRsion-Kriging method.

In this last stage Regression-Kriging method waslus generate vulnerability maps of soil contartidmawith
heavy metals. The equations of these maps wergedefiom mathematical models above where, instdad o
punctual values for Cl, pH and MO, were introdutieel interpolation equations of maps for the thregsjro-
chemical characteristics at Cluj county level. Bierall shape of these equations is:

Met(x,y) = by + biZa(Xy) + BZpu(XYy) + BZuwo(Xy) + boZa(XY)Zpu(Xy) + bisZa(X,y)Zmo(Xy) +
D25Z o1 (X, Y)Zmo (X,Y) + buZci(x,y)’ + bzzsz(X,Y)z + D35Z 0 (X,Y)?

whereMet(x,y) is the heavy metal content retained in sbiha point of coordinates x,y ad(x,y), Zyn(X,y),

Zvo(X,y) are the values of all three physico-chemataracteristics (computed using the predictors naphe
same point. For two of these heavy metals (Cr,Ridhese maps of vulnerability are shown in Figurend 2.
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Fig. 2. Soil vulnerability at Lead contamination for Cluunty.

The red areas indicate a high risk of contaminati@tause they have a poor retention capacithéopollutant,
while the green areas have a good binding cappaiyenting contamination expansion.
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ABSTRACT

The use of plants and associated microorganismbéesincreasely consider as a sustainable angffestive
option to manage contaminated areas. Phytomanagdamemainly based on the ability of plants to ugtak
(phytoextraction), stabilize (phytostabilizatior) d@egrade (phytodegration/rhizodegradation) potitgalt aims
at reducing human and environmental risks whil@skating ecological restoration and restoring |aagpe.

The selection of plant species or cultivars to nganeontaminated sites is mainly based on theiitglit
stimulate organic pollutant degradation and/or ¢oluce pollutants mobility or increase pollutant aket
However, despite phytoremediation approaches ang-term techniques, only limited studies have fedusn
plant long-term ability to survive on contaminataceas. Most of studies are short-term experimeiets (
weeks/months) lead into greenhouses. Moreovert plealth is superficially evaluated using few macapic
markers (germination, plant growth, number of leavé¢ or biomarkers at molecular scale (antioxidanzyenes,
photosynthetic pigments...). This lack of concernwhmant health explains the limited success ofgahin
situ phytomanagement studies. Thus, there is a neddvielop alternative methods to evaluate plant hemngy
ability to survive on contaminated areas.

Here, we investigated sub-lethal effects of conteataid soil exposure on three plant species descebejood
candidates for phytomanagement of contaminatedsargagrassLlium perenng clover {rifolium repen}
and miscanthusMiscanthus x gigantelisPlants were grown during 8 weeks into pots dairtg a range of
contaminated soils (Fig. 1) collected around thenfer lead smelter Metaleurop Nord (Northern France)

TSl soconcentrations en Pb |

Soil [Pb] mg.kg-! | [Cd] mg.kg" | [Zn] mg.kg" PH water
Control 32 0.6 76 6.9
2B 101 1.9 150 6.6
17B 240 49 307 7.5
28B 451 8.8 587 7.8
35B 777 14.9 1000 8
33B 1079 19.2 1371 7.9

A \' e W AFT | — S,
Fig. 1.lead isoconcentration curves (left) around thenfarlead smelter Metaleurop Nord (contaminated aré0 knd),
and soil heavy metal concentrations in the stug@is (right).

We analyzed metal uptake into roots and translogatd above ground parts. Meanwhile we also mosdtor

several biomarkers (oxidative stress, lipid peratih, photosynthetic pigments, DNA degradationgaluate
plant health.
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% lipid peroxidation

Our results clearly demonstrated the ability of3h&udied plants to stabilize heavy metals in&rttoot system
(Fig. 2). The low translocation to above groundtpaupports their interest to be used to phytomanag
contaminated sites.
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Fig. 2. Lead concentrations into plant roots and leaves

However, investigating heavy metal effects on plagdlth, our results show different metal toleranamong
these plants. Despite its potential to stabilizBupants in soils, ryegrass plants exhibited highell of oxidative
stress, lipid degradation and DNA stand breaks. (Big
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Fig. 3. Effect of heavy metals on lipid peroxidation ewakd by measuring MDA formation (left) and DNA dadation
evaluated by measuring % of DNA strand breaks byatassay (right).

These results challenge the suitability of thisnpléor a long-term management of contaminated sbilghe
other hands, miscanthus plants showed little effeétmetals, event at extremely high concentratidrss
confirm this plant as good candidate for phytomamagnt. These greenhouse experiments were confiomizd
situ long-term experiments (6 years), highlighting timerest of using biomarkers to select plants for
contaminated area management.
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ABSTRACT

Pharmaceuticals belong to chemical substancesctratbe currently increasingly detected in enviromiale
matrices. Their concentrations vary in the orden@flL to pg/L and at this concentration they can chronically
affect non-target organisms because of their stholggical effect on living systems. Diclofenacdamaproxen
were chosen due to its widespread consuption,ivelathigh toxicity and detection in waterways. ke
pharmaceuticals were from model water samples rethdwy heterogeneous photocatalysis in 4L batchiorac
As a source of UV light a UV-LED system Luminus wased with a peak emission of 365 nm. As a catalyst
TiO2 (AV-01, Precheza, CR) was used at a conceotr&.5 g/L. The influence of hydrogen peroxide ghdl
adjustment on mineralization process is evaluadsh characteristics of real surface water fronerilzabe and
possibilities of pharmaceutical removal in this rxaare discussed.

Naproxen [(S) 6-methoxy-methyl-2-naphtalene acetic acid] and diclofenag2(22,6-dichlorophenylamino)
phenyl)acetic acid are members of nonsteroidatinfiimmatory drugs (NSAIDs). These two pharmaasals

are often detected in surveyed water abroad, lmantl/ in Czech Republic too. Chemical structurbshese

pharmaceuticals are described in Fig 1.

Gl
CH,
NH

Cl OH “ I
)
HLCO
)

OH

O

a) b
Fig. 1. Chemical structures of diclofenac (a) and naprqkgn

To better know the oxidation power of the methduanmaceuticals were removed from model samples.bjus
UV photolysis was removed only 17 % and 25 % ofhepharmaceutical. Coupling UV photolysis with the
effect of catalyst, the photocatalytic degradastarted. The removal rate of heterogeneous phetiyséd was

99 % and 82 %. During photocatalysis with peroxadiglition was removed 99 % of diclofenac and 86 % of
naproxen. Best results were achieved during heteiegus photocatalysis in acidic pH (100% and 92%
removal).

In Tab. 1 are shown parameters of waste waterr Afteour of heterogeneous photocatalysis, thesenpeters
decreased. On the other hand non selective mamigidooxyl radicals was confirmed. After photocgtas in

wastewater, only up to 20 % of the drugs were resdo\After addition of KO, significantly improve the
degradation of the pharmaceuticals in these waltevgas removed 76 % of diclofenac and 67 % of o&en.

Next experiments will be focused on removal of piaceuticals in acidic ph in combination with théeef of

hydrogen peroxide.
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Tab. 1. Parameters of WWTP before and after heterogengtatecatalysis

Parameter Before photocatalysis After photocatalysis

pH 7.7 7.6

COD,(mg/L) 351 250

N-NO; (mg/L) 1.6 0.75

N-NO, (mg/L) 0 0

P-PQ* (mg/L) 1.7 1.4

Assa (ZF) 122.9 76.8

CFU 3.24x106 2.24x105
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INTRODUCTION

On the site quarry Srdce has been made one ofr#tgfofessional geological supervision (PGS) ax pf
remediation program for the contaminated siteslavéakia. PGS was realized according to the requergmof
the Act 569/2007 Z.z. on geological Works.

The remediation itself consisted of removing conteted material — "gudron” (sludge, organic acittgdeum
residual products) from environment and revitalized quarry. The purpose of remediation activitiess
eliminating human and environmental risks resultiram possible exposures of contaminants by spngadi
them to the ambient environment (Fig. 1).

KONCEPCNY MODEL LOKALITY

Fig. 1. Conceptual model of locality.

ACTIVITIES OFPGS

One of main task for PGS activities was to enshe¢ temedial work has been carried out in goodityyal
effective, in accordance with the acceptation & froject, according to the approved schedule &ed t
approved budget. At the same time it was necessmeyseeing the implementation of remediation for
compliance with applicable laws, regulations amchdards.
Individual activities PGS were designed so as tetnibe objective of geological problems — compietel
removing storage of gudron from the quarry. MetHody for PGS activities considered all results from
previous geological survey and risk assessmentre@ghect to physical-chemical properties of hazasdweaste
deposited in a quarry, difficulties of terrain ahé condition of the quarry.
The key activities of PGS:

- Monitoring the effectiveness of the funds spentlation to the desired outcome of the project,

- Evaluating of remediation work development,

- Providing of feedback for timely detection obptems,

- Preparation of proposals for corrective action.
Additional activities of PGS:

- Control over implementation for required randieemmediation activities set upped by the project,

- Verification of documentation and data sets,
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- Verifying of achieved remediation limits,
- Control of the implementation of remediation fomgaiance with applicable laws, regulations and
standards (in particular Act no. 569/2007Coll., &&tree no. 51/2008 Coll.).

Activities of PGS were also oriented to check tlfifeactiveness and accuracy of the remediation bid fie
measurements, sampling and laboratory analyzeaghout the period of remediation (Fig. 2.1 — Fig)2

Fig. 2.1 Sampling of soil from the Fig. 2.z. Sampling of groundwater Fig. 2.2 Finishing of cleaning
contact zone from SW part of quarry from the borehole DS-1 works from the crevasses of quarry

RESULTS AND CONCLUSION

The locality was remediated in accordance with #pproved project. The total excavating amount of
hazardous waste (acid tars and contaminated sa#)28 400 rhof acid tars and 14 150°rof contaminated
soils including cover layers. In handling hazardaaste, it was preceded in accordance with apgécizigal
regulations.

To demonstrate fulfilling of remediation limits atively dense network of sampling places was nacgds
applied. Despite the highly heterogeneous natursoiffon the bottom of quarry it has been showrt tha
residual soil material at the quarry bottom is nl€ntrol of groundwater sampling was considerdibhjted.

On most of objects the groundwater was not reacBathpling was possible realized only in one moimitpr
well and then also in older objects situated furtheay from landfill. Due to this situation it wase the
opportunity of additional occasional sampling offace water, which originated from rainfall on tharface of
gudron.

A challenge in the implementation of remediatiorrkgowas removing of waste material from the quarajls
and crevasses. For these purposes were appliedusatechnics: excavator, hand treatment, hydraulic
purification, and best-applied application of spéeiir blasting with addition of sand as an abmradihe final
clean up works were controlling primarily sensdyiah-situ. It was observed the presence gudronthmn
surface of each key sector: the quarry walls, serfaf the quarry bottom, driveway, handling areathiw
backfilling the quarry it was necessary to recdre ‘tpurity" of the imported soil material for retivhtion of
quarry to prevent unwanted contamination. The feegy and extent of sampling adapted to the ope@atio
state of filling the quarry with clean soil: weathdays off, the availability of soil, etc.

Sequence, management and coordination by the P@&% icourse of all geological and remediation watk
the site was carried out in collaboration with doamtractor and customer (Ministry of EnvironmentSit). In
addition to participation in control days, was tiresence of PGS on the site depending also onrtigegss of
remediation works. This part is very important thiave remediation goals. It is necessary to gpdie on
ongoing activities directly from beginning only thaay is possible to ensure effective approach for
remediation.
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ABSTRACT

Soil is an essential and non-renewable resourcehmban perform a high number of economic, socia an
environmental functions as biomass production, s®uof raw materials or protection of humans and
environment (Blum, 2005). However, the soil funofitity becomes increasingly compromised due to
contaminations caused by human activities. For @kanin 39 countries, the European Environmentatmay
inventoried more than 2.5 million potentially comiaated sites, mostly polluted by metallic elemd3.8%)
(EC-European Commission, 2001).

Some of remediation techniques to restore thede (&@. excavation) are considered inappropriatabse they
generate considerable disturbances, are expensivecnomically unfeasible on a large scale (Big. 1
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Fig. 1. Annual national expenditures for management ofamiriated sites (EUR per habitant) (EEA, 2009).

For some years now, amsitu technique consisting in introducing amendmentdantaminated soils has shown
the ability to decrease the pollutant bioavailapi[Beesley et al., 2011; Yu et al., 2009). Amohg tifferent
amendments that can be used to remediate contauirsails, the biochars seem promising. Biochars are
defined as the carbon-rich products obtained bylpgis when biomass (e.g. wood or manure) is heited
closed container with little or no available airefimann and Joseph, 2009). Many studies demonstifa¢ed
ability of biochar to decrease the bioavailabibfymetallic elements in soils (Kim et al., 2014;dRiguez-Vila et

al., 2015). However, it has been shown that thelyection parameters of biochars can affect theiradtaristics
and thus their effects on the physicochemical dalbgical characteristics of soils after their amemrents(Janus
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et al., 2015). An examination of the scientifiefdture revealed that the type of feedstock, thégature, the
heating rate and the gas flow of the pyrolysisheenhajor parameters influencing the biochar chargstics.

The goal of the present work consists in evaluathgy metal sorption capacity of nine biochars inemys
solutions. Eight biochar samples were produced Hey Erench agricultural research organization CIRAD
(France) fromMiscanthus x giganteus non-wood rhizomatous perennial grass, growaroagricultural land
contaminated by metals located near a former leaglter (Metaleurop Nord, France; Fig. 2). Thesechars
were produced according to different pyrolysis paeters i.e. temperature: 400 and 600°C, heating rate: 5 and
10 °C min' and residence time: 45 and 90 min). In additioth&se eight biochars, a biochar made from wood,
already commercialized, was also used in this éxygat. It was produced by the Carbonerie Ltd. (Eegrat a
temperature of 400°C during 12h.

pyrolysis

Fig. 2. Field of Miscanthus x giganteuand its conversion into biochar.

First part of the study consisted in measuring dbehand physical parameters of the biochars. Skquant
aimed at comparing the efficiency of these différgiochars to decrease the availability of Cd, &g Zn in
spiked solutions when these metals werei) alortbénsolution, ii) mixed together and iii) mixed &thger with
eight polycyclic aromatic hydrocarbons(PAHSs). Fbistpurpose, the sorption pollutant efficiency e t
biochars has been evaluated during 7 days in agusmlutions then following by a 7 day desorptiomider to
evaluate the sorption durability of pollutants hg biochars.

The biochar characterization revealed that theHaicx produced at the highest temperature presehnihest
ash and carbon contents, pH and specific surfaeasarhese parameters can strongly affect the sorpti
efficiency of biochars. After the sorption/desoopticycles, the results showed a high efficienciidcanthus
biochars to sorb Cd, Pb and Zn, especially thoselymed at the highest temperature. When the metais
mixed with the eight PAHSs, the biochars producethatlowest temperature revealed lower sorptioitieffcy,
notably for Zn, showing competition process betwden contaminants for the sorption sites on biceh@he
desorption study revealed lowest release for thehars produced at the highest temperature. Howallehe
biochars presented low desorption, showing a stsongtion durability of pollutants.

To conclude, the first results obtained showed idhi&ie pyrolysis process highly impacts biochaareeteristics,
i) the studied biochars show a high efficiencystob the metals in aqueous solutions.
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ABSTRACT

Multiannual improper application of fertilizers itme soil leads to strong changes in the solum.altses
disorders of the soil properties that reflect tleeluction of productivity and soil fertility. Folianutrition
represents an application of water soluble feaikzdirectly through the plant leaf. Its effectiess is estimated
based on absorption and availability of componemguction of phytotoxicity, deficit of nutrientsnpact on
physiological-biochemical processes of plants, at & on the yield and quality of culture.

In order to examine the effect of foliar fertilizat on the yield of potatoes, cabbage and correares was
conducted in three variants for each culture. \fasian the experiment were: -1 Control (untreated), 2
Humustim and 3- Ingrasamant Foliar.

It was found that in the variant with foliar feiziér the yield is increased significantly compatedhe control
variant. The highest yields were achieved in pest(38.71 t/ha) and corn (10.41 t/ha) in the varigith
application of ingrasamant foliar, while in cabb#§@.96 t/ha) with aplication of humustim.

In conditions of high soil fertility with nutrientéhe application of ecological foliar fertilizenables profitable
yields. Thereby simultaneously maintain a cleanirenment and optimal and economically justified rila
production.

INTRODUCTION

Successful agricultural production is based on Ithgasoil which by its biological activity and natal fertility
can provide obtaining high quality products. Thel sbrough its physical, chemical and microbiolcgic
properties provides conditions for growth and depeient of plants. In terms of plant nutrition, drea
importance has the knowledge of water, air, heatodical and nutritional regime of the soil.

In agriculture man treats the soil as an envirortnfi@nplants in which they grow, develop and givelgs. We
distinguish: soil productivity and fertility of theoil.

Soil productivity is closely related to soil feityl and implies the ability of the soil to delivgields of a certain
plant under certain climatic conditions and undatain farming practices.

Soil fertility means the ability of soil to contially secure the plants throughout their life attaiertimes, as
well as give them food, water, air and other aniesiat the same time. It is variable and changeethe
influence on the constant changes taking plackdrsbil and on the surrounding environment. Pradozhanges
in soil fertility can be carried by anthropogenisat

MATERIAL AND METHOD OF OPERATION

Scientific research experiment is set in the arethe village Negorci, Gevgelija (Macedonia) on waface
which for years has been used for vegetable pradusitensively fertilized with mineral and orgarertilizers.
The research included crop cabbage (Brassica elerac var. Capitata), variety Sacato, potato (Sotan
tuberosum), variety volumnia and corn (Zea mayshrid 444. The experiment is inserted and attached
generally accepted normatives and methods forngefield experiments according Filiposki (2004).li&o
application of fertilizers is carried out with 0.48queous solution of fertilizers, using a dorsaahe every 10-
20 days, three times during the vegetation. Tl §ipplication of fertilizers is established atquiste leaf mass,
i.e. the phase of two true leaves. While harvesiingps measurement is performed on individualagims and
repetitions.

The experiment involves the following variants:

1. Control (variant without application of agro-technical measure - fertilizing);

2. Variant with application of foliar fertilizer — Humustim;
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3. Variant with application of foliar fertilizer — Ingrasamant foliar.

The fertilizer of the second variant, Humustim, dategorized in the group of organic fertilizers aisd
characterized by the following chemical propertiegal organic matter = 58.63%, total dry mattef2:38%
humic acids = 20.40%, fulvic acids = 2.15%, N =B4) ROs= 1.02%, KO= 7.92%, Ca= 3.70%, Mg= 1.03%.
The chemical properties of the fertilizer are giwvethe manufacturer declaration.

The third variant is performed by application of floliar fertilizer Ingrasamant foliar, from theogip of organic
and mineral fertilizers, and according to the mantirer declaration, it is characterized by thdofeing
chemical properties: N= 0 g/l,®s; =130 g/l, KO =130 g/l, ME in chelated form, plant extracts0h@/l.

Before the installation of the experiment averagmpes have been taken at a depth of 0-20 and 20r4for
determination of the chemical properties of sod #mat determination included:

. Determining of soil solution pH-reaction (in,® and N KCI), content of organic carbon and humus,
total nitrogen content, determined according toEhein method, content of physiologically availabl
forms of nitrogen, determined by Tjurin and Konoaawethod, content of physiologically available
forms of phosphorus and potassium, determinedrditapto the AL-method (Bogdandyil966);

. Determining of carbonates, hydrolytic acidity andcaunt of base cations in absorbed carbonate-free
soils according to the Kappen method and calcuiatiiothe cation absorption capacity and the degree
of saturation of the soil with base cations (Mi#rgki and Mitkova, 2013).

RESULTS AND DISCUSSION

Tab. 1. Chemical properties of the soil

Available forms in
0, 0,
Depth in| PH & mg/100 g soil el e
(et H,0 K,\CIZI CaCQ | Humus Tlc,’\ﬁa N [ PO |KO| H | § | T | v
0-20 7.35 6.71 0.00 3.30 0.20 13.61| 126.00| 65.35| 1.39 41.64 | 43.03| 96.77
20-40 7.40 6.73 0.00 2.61 0.16 12.44 | 122.33| 64.28 | 2.45 57.01| 59.44 | 95.91
Average 7.38 6.72 0.00 2.96 0.18 13.03| 124.17| 64.82 | 1.92 4933 | 51.24 | 96.34

From the obtained results interpreted in Tablechit be concluded that the soil is characterized bgutral pH
reaction and high humus. The soil is characteribgda high adsorption capacity (> 30 eq.mmol / 100g
absolutely dry soil and a large saturation of thiéwith basic ions (Ca and Mg over 90%).

The values obtained for the nutritional elementteimmense imbalance of nutritional regime in thé, s.e.
imbalance of the content of physiologically avaiéahutritional elements. The content of the thre@nmmacro-
biogenic elements is relatively high, and the situmwith the phosphorus is particularly alarminig. our case,
at extremely high concentrations of nutritive el@sein the soil, application of soil fertilizers wld have a
negative effect and would further deteriorate therent soil fertility, including negative influenaesver other
components of the environment. Having in mind tHhémate goal in vegetative agricultural production
(obtaining higher yields characterized by bettealiy), only application of foliar fertilizers ancultivation of
cultures for which other soil properties would bémarily fitting would satisfy these needs while imtaining a
clean environment (Petrov, 2014).

Tab. 2.Yield of cabbage, potato and maize expressedhaity variants

Variant Yield cabbage Yield potato Yield corn
t/ha t/ha t/ha

1 Control 79.07 29.48 9.14

2 Humustim 90.96 37.19 9.66

3 Ingrasamant foliar 90.02 38.71 10.41

From the data presented in Table 2 it can be cdeduhat the application of foliar fertilizers ihet three
cultures has a positive impact in increasing yialtfj thus the utilization of nutrients from thel soi

The highest yields were achieved in potatoes (3&7d) and maize (10.41 t/ha) with application ofiar
ingrasamant, while cabbage (90.96 t/ha) using Htimus
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CONCLUSION

Based on the theoretical postulates and the rdseastlts it can be concluded that given the hightent of
nutrients in the soil, the application of soil fizers would have a negative effect on the growiid
development of plants and more would have detdddrthe nutritional regime of soil.

Foliar application of fertilizers in terms of impad nutrient regime has a positive impact on thaddyiof
cabbage, potatoes and corn.
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ABSTRACT

The study deals with microbiological aspects ohtexsols and consequently with the use of autoclath®n
microbiota living in the environment to remove putelly toxic trace elements (PTTEs) from the soilbis
work deals with two types of atypical soils (techals) with different environmental burden. Firstdtity -
Zemianske Kostiany - represents an interesting ecosystem, which egtablished more than 40 years ago.
Long-term exposure and selection pressure of eddvabncentrations of arsenic (a range of 93—634)ppm
induced the formation of the specific adapted auttmnous microorganisms. In these highly As contaeid
soils affected by the presence of buried ashes fimwn coal combustion, not only species identifiedthe
first time in Slovakia, but also new strains of tesi@, that sequences have been deposited in Gernizdabase,
were found. Despite the stimulation of autochth@amoommunity by nutrient medium and augmentation by
native species, As leachability was relatively loan average 5.63 wt.%, 9.23 wt.% and 17.04 wt.%eftotal

As for inoculated Pseudomonas chlororaphiZK-1, Pseudomonas putid@K-5 and Aspergillus niger,
respectively. The highest As leachability was aehikthrough biostimulation of autochthonous micoddi
using liquid SAB medium (34.73 wt.% of total As ¢ent). Additionally, microbial activity was effiamt in the
biovolatilization of As from soils (~70 wt.% of thetal As volatilized).

Second locality is abandoned Sb deposit Pgpiteat soils from the surrounding mining area arastes are
enriched in a variety of PTTES, mainly with As, Slm, and Pb levels up to 1463 ppm, 5825 ppm, 1202 apd
424 ppm, respectively. The extractability of sedelcPTTES was evaluated by single extraction witdrganic
and organic extractants. The highest extractaslitvere found when organic single-extraction tegpies were
applied. The average bioleaching efficiency of edata with liquid Sabouraud medium was: Zn (55.71>98)s
(40.74 %) > Sb (14.38 %) > Pb (10.01 %). The addibf glucose to the liquid Sabouraud medium insedahe
release of elements due to activation of heterbitomicroorganisms and sequence of leaching effaienas:
Zn (64.90 %) > As (50.66 %) > Sb (14.55 %) > PIb @). The second type of biological treatment iredl the
use of the autochthonous microorganisms (AM), whastvity was combined with the inoculation @f
metalliduransor C. oxalaticugallochthonous species). At the end of the expartmwith C. metalliduransand
C. oxalaticus average As solubilization efficiencies were no&sd37.58 %, 41.33 % and Sb as 17.03 %, 26.24
%, respectively (Fig. 1).

It appears that bioremediation using microorganisgpsesents one of the possible ways of PTTES rahfoym
soils containing different anthropogenic materisith elevated concentrations of PTTESs.
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Fig. 1. Comparison of the final solubilization efficienci@%) of As and Sb from solid samples in the bioléaghprocess
using the different leaching conditions (mean valtistandard deviatiohs
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ABSTRACT

Zeolite NaY with its structure corresponds to thgunal zeolite foshazit. NaY zeolite has the follegvformula:
N2,O - ALOs - XSIQ - YHO — Nayy( AlO2)1z - (SiQ)12 - 27H0

Its structure is strong and it is necessary togoerfdealumination to be used as an adsorbent. deept
examinations dealumination is performed, extracégtructure from NaY zeolite, by using a solutioh0.2
mol/dm3 lactic, 0.2 mol/dm3 citric and 0.1 mol/imydrochloric acid. Reaction time was 2 hours atnmo
temperature. The obtained modified forms of zeddite tested with a static gravimetric method. Adson
isotherms are from Langmuir type. With linearizatiof isotherms the specific surface is determinezbaling

to the equation S =& A, - 6.023 -19[m%kg - 1G]. The determined specific surface of the modifiedns of
zeolite ranges from 43.7819 to 70.376%/km - 10 depending on the selected operating parameters of
dealumination.

The obtained modified forms of NaY zeolite can ts®di for adsorption of heavy metals from contamuhate
areas.

INTRODUCTION

The zeolites are popular collectible mineral groapsl important group of minerals for industrial avither
purposes. The zeolites are crystalline alumosdsand alkaline earth metals with three-dimensistralkctural
grid formed from tetrahedrite AlQCand (SiQ),.Zeolite NaY type belongs to the group of zeoliath a high
content of alumo silicatet oxygen tetrahedron aywti®etic zeolites type NaY, analog of natural zedloshazit.
The mesh of these zeolites are kuboktaeder arigioglithrough the hexagonal rings D6R. Educatedtsiiave
dimensions from 0,9 to 1,0 nm,. which provides ppastunity for adsorption a number of moleculesst8ms
channels are filled with water molecules that camabivith each other gaps that intersect the aluihcatst
skeleton of the zeolites. The volume of voids ipstals of some zeolites can reach half of theiralVeolume.
Most volume of voids in the crystal lattice detemmimolecular - sieve properties of the crystalsctidepend
not so much on the geometry of the channels anchleenical makeup of the crystals, but primarily the
nature and amount of cations that compensate tjetime charge of alumo silicatet skeleton. [1,2].

EXPERIMENTAL PART

Adsorption with water vapor depending on the presssi executed thermostat. Applied is a static ipnatric

method. Results are presented in Table 1, 2, 3ail@areas are specificnite haircut and are 43198f/kg 1G°

to 70,37 r/kf 10° determination. For the specific surface is usedfaiowing equation:
S=ay.An.6.023.18[ m?*/ kg . 10]

Tab. 1. Adsorption with water vapor depending on the presfaY zeolite + lactic acid — 0,2 mol dnreaction time 2 h at
room temperature

P P/a am S
KPa mol/kg m%/kg.10°
0,1370 0,0314
0,2999 0,0579 9,7368 70,3769
0,5218 0,0923
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Tab. 2. NaY zeolite previously extracted lactic acid (hal.dm®) and then with HCI (0,1 mol.dr), reaction time 2 h, room
temperature

P am S
KPa Pla mol/kg m%/kg.10°
0,1370 1,0036
0,2999 0,0775 7,0175 50,7196
0,5218 0,1192

Tab. 3.NaY Zeolite + citric acid (0,2 mol.df) during 2 h at room temperature reaction

P am S
KPa Pla mol/kg m%kg.10°
0,1370 0,0314
0,2999 0,0851 6,0576 43,7819
0,5218 0,1400
CONCLUSION

The most important use of zeolite Y is as a cragldatalyst. It is used in acidic form in petroleuefinery
catalytic cracking units to increase the yeld ofalme and diesel fuel from crude oil feedstockdngicking
heavy paraffins into gasoline gra.de napthas. Bedlihas superseded zeolite X in this use becdusebbth
more active and more stable at high temperatures tduthe higher Si/Al ratio. It is also used in the
hydrocracking units as a platinum/palladium supportincrease aromatic content ofreformulated refine
products. [3,4,5]
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ABSTRACT

Pesticides used in agriculture represent one ofattgest inputs of chemicals to soil. Currently dipesticides
(CUPs) are a group of chemicals with various physieemical and environmental properties. Their iripas
reached 2x106 tons/year and is expected to evarase. Nowadays, risk assessment associated veth th
presence of a chemical in soil is based on thé ¢otacentration although evidence has been colleittat total

soil concentration does not properly reflects thevilenmental risks as it does not allow the factdr
bioavailability/bioaccessibility to be considered.

Fig. 1. Pre-cleaned Empore disk (1/4) Fig. 2. Pre-cleaned silicon rubber

Fig. 3. Experimental setup with XAD

In this study, the total concentrations of pes#sidn soil with their bioaccessible concentratiassessed by
three non-exhaustive extraction techniques usimgests (namely Empore disk (Fig. 1), silicon rublf€g. 2)
and XAD (Fig. 3)) operating under infinite sink abtions were provided. After the optimization ofeth
extraction time and sorbent amount, soils eithethwnhatural occurring residues or spiked to desired
concentrations were exposed to the above mentisodzents and data on the total amounts and bicgibtes
fractions compared over a range of pesticideslydicg non-polar, polar and ionizable currently dise
pesticides) and soils with varying physico-chempalperties.
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ABSTRACT

Brownfield (contamined site) is in terms of GeolmjiAct defined as pollution caused by human agtivirhich
constitutes a serious risk to human health or ¢lo& environment, groundwater and soil, with theegtion of
environmental damage. It represents a wide rangeeafs contaminated by industrial, military, minitrgnsport
and farming, but also to inappropriate waste mamage. Systematic identification of contaminateasiin
Slovakia was solved in 2006-2008 as a project ofgggcal task. The aim of this paper is to focusassessing
the cumulative effects of various negative envirental impacts of contaminated sites in the coub&rsed on
the Act 314/2014 Coll on the Environmental Impass@éssment and of the assessment activities (Anhef 1
the Act ), which may be in terms of the time floex,post”, it means in earlier activities carried,onr ,a
priori“, it means assessment of future (plannedyies. Assessment of the environmental risk afitaminated
sites is done on the example of one district Baf®jgtrica, in an ArcMap 10 software, where the Hases of
selected components of the environment were cre§tadming up all the points for each brownfiele site got
resulting score which was compared with the resalitained by geological survey of SAZP (geological
characteristics of brownfields). From these soula@i® we created final assessment tables and mgpgsu

INTRODUCTION

Slovak Republic regarding the global trend of adesmh countries recognizes the principle of sustdénab
development that integrates the environment ineryegphere of social life. Among the important gties of
government activities in the environment include tblimination of environmental burdens which cause
increasing contamination of soil, surface, groungwaair pollution and negatively affect the qualénd
comfort of life in their neighborhood.

Based on preliminary studies and estimates, thezeahout 30,000 potential pollution sources. Syatém
inventory of environmental burdens (EZ), implementthe project called "Systematic Identification of
Contaminated Sites in SR" in 2006-2008 and "Regiasaessment studies of environmental impacts en th
environment for the selected (region)" in 2008-2@MWas found that 1845 site poses a significask td human
health and the environment. In particular, the sidal sites, where there was a long hidden ananinalled
release of hazardous substances in the environimghtcapacity farms; railway yards; uncontrolleddfills of
hazardous waste; unsecured warehouses pesticigsind other hazardous substances; pollution dauséhe
armed forces; extraction of minerals and othervaes during which an uncontrolled handled witlzdialous
substances. These substances persist in the emé@rnpollute its individual components and negdyiaffect
the health of the population in their neighborho®tley are "time bombs" in the environment, whichstrioe
removed or defused.

Current legislation in the field of environmentabfection covers all the basic components of thérenment
and also covers the prevention of pollution andafhg of these components.

This work tries to involve Environmental Impact Assment as an effective tool to deal with enviromsale
problems. EZ characteristic according to the metlagly of Slovak Environment Agency (SEA) were
supplemented with the environmental characteristitghe components of the environment - water,, soil
landscape, climate, population. Using methodoladigscoring, we have identified environmental burdemsich

in terms of environmental impacts have the highapict to the environment.
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MATERIAL AND METHODS

EIA as a tool for environmental impact assessmentf@ontaminated sites
Environmental assessment as required legislativ@ pryovides comprehensive environmental, technical
evaluation of the impact of buildings, facilitieadaother activities on the environment. The rolaghaf EIA is
according*Methodology, Scoping and Guidelines (1981) creativegoutline how to get the base of information
during the evaluation and application of differemtthods that ensure a certain approach, gathexiralyzing
and interpreting information to the objective p@wguThis is a whole range of partial tasks such as:

a) the selection of impacts to be evaluated,

b) prediction of impacts potential without determinthgir size,

c) an assessment of impacts in terms of their relétiyg®rtance (weights),

d) comparison and sorting of variants regarding tef&ct on environment,

e) layout and presentation of impacts of matched wisia

Impact AssessmenfRiha, 1995) may be in terms of the timeflow ex pawy, at first realized activities
(environmental burdens), or a priori, which meares assessment of future (planned) activities (réatied or
reclamation of environmental burdens).

According to°NEPA (1978), the EIA report essentially consist$onfr parts:

- Analysis,

- characteristics of the factors and componentsetthrent state of the environment,

- a description of the proposed activities,

- impact assessment of projects on the environmentu@ies a list of all of the environmental impact

assessment and their scope, significance bothithgilly and collectively in combination).

The process of EIA use a variety of methods fronous disciplines, as well as special planning famdcasting
methods in recent years, in particular are prizeiimodeling technique&rasko, 1997°Kozova et al., 1996).
Tocreate the matrix of vulnerability of environmainfactors, it is necessary to define their sevigitrange. For
that purpose we uséRoberts (1991), a five-level scale.

Tab. 1. Sensitivity range evaluation of environmental fasto

Point . Verbal rating Description of the impact extent
evaluation
Realization of the activity causes the loss of emvinental parameters with rjo
5 Critically possibility of relocation, rehabilitation, or restw. Loss is permanent and irreversiblle.
vulnerable This category includes parameters such as thealhtiendangered species, deficient
non-renewable resources, unique historical andaaabgical sites.
External pressures caused severe, long-lasting gamand possible loss of
environmental parameters. Relocation, renovationestoration will be very difficult,
Very . . : -
4 expensive and will require more than 10 years. Thiggory includes parameters sych
vulnerable X - - . :
rare species deficient renewable or difficult thaah to these resources. Actions causing
economic problems of the majority of citizens.
External pressure causes destruction or disturbafcenvironmental parameters.
3 Middle Removal or restoration is possible, although will dificult and expensive and cgn
vulnerable lastup to 10 years. This category includes envirmial parameters as protected spedgies,
collapsing or deficient resources and major chamgé@snsport infrastructure.
External pressure causes less damage and tempdismyption of environmental
2 Less vulnerable parameters. Recovering or restoring are possibfgustural or artificial tools, and will
require less than four years.
External pressure causes a temporary disruptioangfronmental parameters. These
1 Not vulnerable | parameters are the most tolerable to human ae8vitRecovery is spontaneous gnd
quick, restoring or relocation easy, using convardl tools.

‘METHODOLOGIES,Scoping and  Guidelines.  Conclusions d anRecommendations. 1981. ERL -
EnvironmentalResourcessLimited, London, 1981, pp. 11

SRiHA, J. 1995. Hodnocenivliiinvestic na Zivotni progdi. Vicekriteridlni analyza a EIA. I. vyd., Prah&cademia, 1995,
348 s. ISBN 80-200-0242-1.

SNEPA, 1978. Dostupné online na http://www.gsa.gmapics/pbs/nepa.pdf

"HRASKO, J. 1997. Posudzovanie vplyvov na Zivotnépealie. Nitra : SPU, 1997, 217 s. ISBN 80-7137-845-

8KOZOVA, M., a kol. 1995. Posudzovanie vplyvov nadthé prostredie. EIA (EnvironmentallmpactAssessineh diel,
Komentar ku krokom posudzovania vplyvéinnosti s prikladmi odpotianych postupov a metdd. Edicia Komentované
zékony v zivotnom prostredi, Bratislava : SEVT, 1995

SROBERTS, J.A. 1991. Just whatis EIR ? ed. GlobalEnuiemtalManagementServices, Sacramento, 1991, 208 p.
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In the matrix of vulnerability factors of the enmimtment is for each environmental factors as sigeed| of
vulnerability, depending on the intendedactivity pmocess caused by assessed activity. Accordingkidra
(1997) synthesis of the ecological carrying cagacé#n be obtained, for example using cartographathod of
overlaying vulnerability maps of individual compane of the environment or directly entering datt ithe
map. Another approach provides computer processfogmation (eg. Using Geographic Information Sysse-
GIS). Its purpose is to detect places in the adfiéectrea with a high degree of vulnerability. They also the
place with the most likely transmission changesvben the aquatic environment.

Tab. 2. Environmental characteristics identified for thé\Evaluation of environmental burdens
A) Geology

1. The geological environment and relief

B) Geomorphology

2. Climatic characteristics A) Climatic characteristic of districts in the retat to EZ

3. Sail A) Relation of the EZ to soil, soil types

B) Relation of the EZ to soil
B1) Quality parameters
B2) Inactivation of pollutants

C) Soil contamination

D) Cadmium contamination

E) Heavy metals contamination

F) Sulphur contamination

G) Environmental riskscaused by abiotic components

A) The relative expression of ecological stability elementd

4. Landscape - structure, stability, protected areas of the current landscape structure

B) Relation of EZ to protected areas

C) Land cover

D) Ecological quality of the spatial structure bé&tcountry

E) The ecological significance of the area

F) Relation of EZ to suitability of dumping

G) Human, natural-anthropogenic and natural stress$o
natural environment

H) Suitability of the current land use

I) The ratio of high environmental quality space papitain
the natural-residential sub-region

J) The ecologicalquality of the natural-residentisilib-
regionalstructuresbyuse

K) Relation of EZ to environment quality

L) The share of high environmental qualityspacegsgitain
the EU

5. Population and its activities

5.1. Health, well-being and quality of life A) Load districts stressors

A1) Threat of ground water pollutants

6. Water management A2) Groundwater pollution-pollution level with Cd

B) Relation of EZ to water sources protection

RESULTS
When creating environmental documentation in a mepm evaluation - assessment of the state of the

environment - need to deal with the requirementhefvulnerability and the ecological carrying czipaof the
affected area. We have chosen the following proeed-or each componentor environmental factorsofiteed
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in Table 2), have its own map (a basis for the bgraent have been drawn from the Landscape Atlashef
Slovak Republic, these rvernipi.sazp.sk) in ArcMapdhich relates the elements of the environment to
environmental load characteristics. At presenthm information system there is registered about ds&essed
activities. Example of the result is shown in figuume and two.

Legend
Lacslities Based o the risk ssesamant

Leve! of enviranmaental quality

Contaminated sites

Loading area ® i sk
iy @ gk area of hagh quality

Paotontial eesaminted site
bk

attammnet araas of anthropogenic stressors

[l darmage o forest vegetation cormpliant envirenment

1 moderate damage to forest vegetation W imddi sk

Rl ST
Baninzedrocativaad sito area alghtly disturbed

natuai-anthmpogenic factors e

P cumutation of anthrapogenic stiessed folars and slops processes B s area disturbed

st siressed factons Contaminatid s sanitizadiveeusyatod area strongly disturbed
avalanches i ek

Fig. 1. Load of the impact of human, natural and anthrepagand natural stressors
Fig. 2. The quality of the environment in relation to threvieonmental burden

The layer of contaminated sites covered by a layidh the layer loading the impact of human, natwaat
anthropogenic and natural stress factors definectltaracteristics of the various environmental éosdin the
district. This relationship was expressed by theresof the two categories of load that overlap veitlayer of
environmental burdens: accumulation of anthropagestiess factors and slope processes, which has bee
allocated -5 and slight damage to forest vegetat&signed the value -3. The layer of contaminated sovered
by a layer with the layer quality of the environrhehis characteristic was defined for individuaivgonmental
burdens in the district. This relationship was esged by the score of -4 for the deteriorated enmient, -3 for
moderately deteriorated environment, -1 for sattsfiy environment, O for high-quality environmentdrval
values achieved for each contaminated site relatirspil in the district of Banska Bystrica is letrange from -
14 to -26 points. . The interval of values obtaifmdcontaminated sites related to the water inréfggon Banska
Bystrica is in the range of -2 to -10 points. Imsnary EZ assessed in relation to the land in tis&ridi of
Banska Bystrica, the range of points ranging frém to -29. The evaluation summary EZ in the EIAqess
(Annex 11 of the Act 314/2014 Coll on the Enviromts Impact Assessment and of the assessmenttadjyi
the range of points for potential contaminatedssi$e-78 (Sasova) to -53 (Ponicka cave), for thetamninated
sites - 80 (Wankaarea ) to -62L(bietova-Podlipa) and the sanitized/ recultivatechlities from -89 (Petrol
station Partizdnskaroad) to -54 (Ponies - lan{ifillEhe results achieved during the environmentak ri
assessment of contaminated sites were differenttsesvhich were detected within solving geologitask of
Slovak agency of environment. Sites that showedigwificant risk levelwithin the geological charagstics, at
the inclusion of environmental characteristics helwanged for sites that should be priority solvegarding the
environment. Including environmental charactersgsticterms of dealing with environmental problerhewdd be
a crucial process in the identification of relatégk in the country. As it is apparent from thengiples and
priorities of the State Environmental Policy in alniwe are committed to tackling this issue in adaace with
sustainable development. The characterization efstiate of pollution in the environment in relatitmthe
environmental load process is extremely difficuilanouniversal valid methodology is available todtde to
objectively consider the cumulative efficacy of ieais negative impacts (environmental, not only ggal)
and therefore supporting documents became Act 814/Zoll on the Environmental Impact Assessmentaind
the assessment activities, Annex 11, Part B andhs study also highlights other legislation théfieets
contaminated sites solutions in order to achievintagrated Prevention and Pollution Control Act 88/2013,
which emphasizes the prevention of pollution, tduee emissions to air, water and soil, to minimizsste
generation and recovery and disposal of waste deroto achieve a high overall level of environménta
protection.
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CONCLUSION

The aim of this paper was to focus in solving thmalative effects of various negative environmeatglects of
contaminated sites in Banska Bystrica district Hase Act 314/2014 Coll on the Environmental Impact
Assessment and of the assessment activities (Abhgxvhich may be in terms of the flow of time exsp eg.
with more of the activities performed, or a pridhat is assessment of future (planned) activifié® main goal
was achieved through sub-objectives: Environmaralysis of selected components of the environmedtthe
assessment of the environmental characteristicsselected environmental indicators, evaluation of
environmental load in relation to soil, to water]and, to the population and its activities.
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ABSTRACT

The research is performed on the post-lignite ngilandscape in Horna Nitra region (central Slovgkiehere

the traditional rural landscape was significanthaeged by mining activities. Used method of undmurgd
mining has activated surface deformations in re$eat area of the village KoS. Therefore the stutkedtory is
characterized by artificial terrain depressiong tieve been gradually filled by precipitation andugnd water.
Over timesuchcreated wetlands have representetyhigluable biodiversity centers that are declasikgional
biocentres and have ambition to be included amoagndars sites. However, thesewetlands have tonowaday
fight against challenges as water pollution cauggdillegal waste landfills or desiccation caused by
inappropriate land management. The purpose ofdbearch is to increase the adaptive capacity dfligméte
landscape through operating under resilience gpiesi The research exposes a broad spectrum dftipagons
that works across spatial planning boundaries aitdhwactively engage new forms of water management
interpretation in post mining landscape.

OBJECTIVES

The research is envisioned as open-endedand hidggther two objectives. First, a conceptual frammwwof
water resilience of post-mining landscape is syithd. Then, the theoretical outcomes are validniodel
territory of Horna Nitra region (village KoS).Thesearch is conducted across spatial planning boiesdand its
scientific goal is to combine technical, spatiall @nvironmental analyses in a GIS- based outcorh&hnis
transferable to other regions.

BACKROUND THEORY

The research analyses whether the theory of sacilmgical resilience might be a valuable approashwater
management in post mining landscape. Despite thentehype in the literature around resilience theor
agreement on key aspects of the concept of watdieree is still missing. Water resilience in gealéas been
variously defined and its conceptualization in récgears has been called “fuzzy and contested”. Water
resilience concept utilized in this research drayyen the traditional knowledge, stewardship, tiestéd and
adaptive management solutions, which can help tet i complex needs of a changing environmentpgim
put, for the water sector, the idea of resiliemply moving beyond the traditional “predict-the-sicapproaches
towards much more dynamic and flexible concept.

Following notions should be used to identify systproperties that are important for addressing the&os
ecological resilience (Bieling, 2011):

1.Thresholds and regime shiftsat the heart of theory of socio-ecological resitie is the analysis of a system’s
variables, and special concern is given to theiapanhd temporal scales at which these variablés Same
variables are characterized as slow-moving, fomgta climate change, water consumption or humanegl
but on the other hand there are also fast-movingbiges as floods, water pollution, or social rexans. When

a system crosses certain thresholds that are gpémifeach variable, it shifts from one state tmther. This
process is called regime shift (Bieling et al. 20Kihzig et al. 2006; Walker et al. 2006). To aveidter-related
regime shifts, it is not enough to manage wateitdésif. On thecontrary, water management need toage
water in socio-ecological system’s perspective.
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For instance, a lake may be able to cope with piofuup to a certain point. Passing this threshatdgan
suddenly jump into a state where most of the bisnibfus far provided — ranging from drinking watarpply,
over a habitat function for a variety of speciasrécreational uses — drop out. Typically, it isywelifficult or
even impossible to reverse such regime shift (S&ahetfal. 2001).

2.Adaptive cycles and panarchy.The adaptive cycle (Holling 1973) represents fowmmonly and
subsequently occurring stages of change. The yswdiw fore loop is characterized by growth and
accumulation. In contrast, the back loop is typicapid process marked by uncertainty, novelty and
experimentation, leading to either destructive r@ative change in the system (Rockstrom, Falkenniaolke,

et al. 2014). Adaptive cycles include the answehé&question of how to deal with breakdown anc:veai.

So far, the research describes the lake ecosysiemrainly from theecological point of view. Howeaéso in
this case, the lake is part of thesocio-ecologisgbtem, and therefore, it is important to demorstra
theinteraction between societal development andystem changes. The firstexample could be seeeriodp
when water quantity and quality was affected byensification of agriculture. In the upcoming decsde
variousmeasures were taken to improve this wateiscrAs a result water managersand other groupd toa
adapt their methods, and try new approaches(Sahef#@01; Carpenter, 1999) that where capable of
facilitatingappropriate action. In water managemegmactice, adaptive cycles and therole of adapigbiould

be clearly seen as crucial step to managementsiscri

3. Adaptive co-management and adaptive governancAs core tools in building resilience of socio-tegical
systems are seen adaptive management and adaptigengnce that are closely aligned but do not méams
same thing. To understand the difference betweapta® management and adaptive governance, ieislu®
illustrate the gaps. On the one hand, adaptive geanant see each management step as an opportonity f
further adaptive learning, thereby includes undetitss, i.e. ,learning to manage by managing torrea
(PahlWostl et al. 2007). Adaptive management tloeesfocuses on methods suchas learning by doiegasio
planning and social learning, with the aim to immrdlexibility and to readdress management appresithat
might be considered as inappropriate (Pahl-Wostlalet2007). The literature on adaptive management
(Gunderson 2001; Bieling et al. 2011) is currerdlyen as converging into a literature on adaptive co
management (Olsson et al. 2004). Adaptive co-manage has in turn emerged from adaptive management
itself, by combining its iterative learning dimemsiwith collaborative management approaches as asigdd

in integrated water management, where rights, mesipiities and obligations are jointly shared. @e other
hand, adaptive governance is one aspect of thedtiead movement calling for water management $mtist to

be socially accepted. Adaptive governance has rddferent interpretations, but generally referdhie need to
move from the conventional view of institutionssdatic, rule-based, formal and fixed organizatiaith clear
boundaries to one that is more dynamic, adaptiwk feaxible for coping in disturbances (Pahl-Wostlad.
2007).

STUDY AREA

Undersurface mining for brown coal and lignite liramatically altered millions of hectares throughthe
Horna Nitra region of central Slovakia. The metldanining used in the region has changed surfacdftams
in cadastral area between Prievidza and Novaky kitthe researched territory of the village KobeTstudied
area is characterized by artificial terrain depmessthat have been gradually filled by precipgatand ground
water, all as a consequence of underground minireg 9 985. The relatively dense system of wetldradsbeen
developed ‘accidentally’ on abandoned landscapedst 1975 -1976 and is located in total area ohd0
Paradoxically, this is an example how mining industan also positively impact the biodiversity in
environmentally affected landscape. The wetlangsesent important regionalbiocentres and have @mbio
be declared as Ramsar sites and protected birdéas @hey are especially important for birds, pringadvital
nesting and migratory areas. However, despite thiortance, studies wetlands have to face manleciuges.
They are polluted at high rate as a consequendiegél waste landfills, drained because of inappiate land
management or converted to farmlands. Mining d@iwiin the region are continuing, but recultivatjprocess
of affected landscape has already started. Accgrthinmining law, the territory should be recultiedtto its
original landform that would mean transformationatgricultural land. Therefore the wetlands call $tnonger
protection. Inadequate awareness among concerakehsiders and weak law protection are being actel
loss of wetland’s resilience. In other words tlaaptive capacity is low and could be insufficiafiten the
impacts of climate change or other shocksbecome suod more apparent.
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EXPECTED RESULTS

The research aims to produce the following outcomes
. Develop conceptual framework of water resilienceast-mining landscape
. Develop scenarios of possible future land uses
. Restore the water balance of the studied region
. Protect and spread the original vegetation withaiwstructures (planting hedges and windbreaks)
. Implement system of water retention, filtration aedf-purification
. Prevent creation of illegal waste landfills
. Revive natural water cycles in the territory

SIGNIRCANCE OF THE STUDY
INTRODUCTION HESEAR?P1EOHJECHVES RESEARCH QUESTION

THE CHAPTERS
DEFINING A COMMON LANGUAGE
PROBLEM STATEMENT
LITERATURE REVIEW
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Fig. 1. Research structure (Source: author) !
Fig. 2. Location of village Kos and current state of reskawvetlands that have been changing their shapﬂasoaatlons
depending on mining extraction, ground water taolé weather conditions (Source: author)
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ABSTRACT

In recent years, nanoparticles of zero-valent {lwfVl ~ F€) have become a significant remediation material
which is increasingly used for the elimination afde amounts of contaminants in a variety of emvirental
components particularly soil and groundwater emuiments. Due to the fact that nZVI is "pure" iroml§oin
zero-valent state) it can be considered as an temwientally friendly” remediation material. NZVI is
characterized notably by ability to induce stroeducing conditions in saturated zone of the soiirenment.

In water, this material is reactive and acts asyaellent electron donor which makes it a universatediation
material for reductive degradation of many orgatoataminants. Among the wide range of substanck&hw
are well degradable by reduction mechanisms, bslomjably group of halogenated aliphatic hydrocasbo
These substances are degraded successfully by m&ehaf reductive dehalogenation. Moreover, nanigias

of ZVI have high migration ability in the soil em@hment and they can thus treat larger area ofacainated
locality. Other advantage of this material is h@fatively long-term and progressive reactivity et necessity

of further interventions or additions of other reats. In recent time, there is an effort to focnsmodification

of nzZVI or its combination with other materials (fctants, biological substrates, carbon etc). &hes
modifications can improve some properties of nZgtability, migration in the soil environment, sagpt,
reactivity etc.). In case of biosurfactants andeotlbiomaterials, these can be additionally utilizeg
microorganisms as a substrate and start out subsegiological degradation of residual contaminatidhis
combination seems to be very promising becausaritincrease efficiency of entire remediation precasd
simultaneously induces the conditions for subsegoatural attenuation.

Presented study is focused on practical applicatadrdifferently modified nZVI during remediatiomgzess in
area of industrial factory in the Czech RepubliariBg the in-situ applications, three types of eliéntly
modified nZVI (with biosurfactants and in combimati with nanocarbon) were used for elimination of
chlorinated ethenes in saturated zone of the swmir@nment on this locality. Not only progress efluction
processes, but also progress of biological actiaitya result of present biosurfactants was obsetueatder to
find out the biological activity in particular bdreles and its affecting by applied materials, antjtetive PCR
(qPCR) analysis was used. The analysis was caoig#d6 month after application and it was focused on
detection of genes encoding enzymes vinychloriductse bvcA and vcrA which are capable to degrade
chlorinated hydrocarbons. Moreover, identificatiamd relative quantification of the most frequen¢@ps of
microorganisms ehalococcoideg DHC-RT), Dehalobacter (Dre) a Desulfitobacterium(Dsb) capable to
degrade chlorinated ethenes were also carried guthb qPCR method. Substantial results relating to
remediation effectiveness of particular combinatiomith subsequent biological activity are compaeed
presented.

Strongly contaminated area was localized in thaliycof former warehouse of chemicals of appraxaaabout
450 nf. For this reason, 7 boreholes were drilled intorsaed zone of the contaminated area. 6 borelfules

— V16) were used for application of modified nZ\iprehole V10 was chosen as blank borehole. Depth of
boreholes was approx. 10-20 m under the surfacetendistance between neighboring boreholes wasoapp

5 m. Bedrock of the area is formed by low permealdgs and from previous monitoring was found diat
there is not influence between boreholes.

Into each of application boreholes, 5 kg of modifiezVl were applied. For the application, nZVI type
NANOFER STAR from LAC, Itd. (Czech Republic) waseds This amount was delivered in barrels as 25fkg o
concentrated water suspension. Before the apitatie water suspension was diluted by tap watexpprox.
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concentration of about 10 g/L and then injecte@atly into borehole. More detailed information istéd in
Tab. 1.

Graphs below (V10 — V11) show substantial resuftCBs contamination development before and after th
application. Qualitative results from qPCR method approximate degree of representation of eaclitared
species in the boreholes are shown in last Tab 2.

Tab. 1. Detailed information about applied materials

Borehole

Used materials

Adjuvants

Designation

Notes

V-11

nzVl (5 kg)?

MSJ (250 g)

nZVI+MSJ

V-12

nzVl (5 kg)?

nZvl

V-13

nanokompozi} nzVI-C (5 kg
2

CMC 255 kg)
4

nzvl-
C+CMC

V-14

nzVv! (5 kg)?

MSJ (250 g’

nZVI+MSJ

V-15

nzVl (5 kg)?

nZvl

V-16

nzvI (5 kg)?

nZvl

V-10

Blank borehole (no applicatior?)

5) served for comparison

1) nano zero-valent iron (NANOFER STAR
LAC Ltd, CZ)

2)  Nanocomposite of nZVI (NANOFER
STAR, LAC Ltd, CZ) with carbon nanotubes
(RCPTM Olomouc, CZ)

3) biosurfactant on basis of salts of higher
fatty acids

4) carboxymethylcellulose

V-11 (nZVI + MSJ) ——PCE  -m-TCE DCE —<VC =%3CEs V-12 (nzVi) ——PCE  —B-TCE DCE —==VC =%3CEs
350000 140000
)
300000 / 120000 /
250000 100000
200000 / 80000 /
2 150000 ) -
S ES
S 100000 S 40000
s0000 — 20000 —> S —
° = = 0 - ]
P I S I P I EF S S I I I I I I SEFSELLLESS P P I S S P P P I T I I SIS LSS esss
S S S S S S S S S S S S ST SIS STSTSISSSF S S S S S S S S S S S S S S S S S SIS S S
RN R G S R U S G U R SR SRR A R R O G G N R P R S R S e
R R i e R R T AT TN TNV P IFOFTIVETG TS
Date Date
V-13 (nZVI-C + CMC) ——PCE  -®-TCE DCE —=VC =3 CEs V-14 (nzVI + MSJ) ——PCE  -®-TCE DCE —=VC =3 CEs
350000 300000
FomlcuianEam Riva0] Roplcuion @ Riva0] P
300000 250000
250000
200000 -
200000
_ _ 150000 S
150000 I
2 £ 00000
S 100000 3
sneank\—Aﬁ SQW\JA
o e—— = e
P P S I I I PP PP I I ESFEE e eeess P P I I P P P I I P ESSEEEeee s
S S S S S S S SIS SIS TSI SIS S R RS
R I P R G S B SRR s SRR R R R S (R P R A AR SR e
RS AR IR P R A R A LR AR A SRR o I S R
Date Date
V-15 (nzvi) ——PCE  -m-TCE DCE —<VC =%3CEs V-16 (nzVi) ——PCE  -m-TCE DCE —<VC =%3CEs
s0000 70000
Roptcaton @ 1av206] Roplicuion 25t iy 20361
70000 }\ 0000
60000 /
50000
50000
P 40000
_ 0000 _
2 2 30000 —>
3 oo 3
T 0000 - S 2000 A\
10000 \Z/\ \ L 10000
| W—
o == —— o ——
P I I P I EF EE I I I I I I SEFSELLLESS P S I I I P I I F I I I LI SIS eess
S S S S S S S S S S S S ST SIS STSTSISSSF S S S S S S S S S S S S S S S S SFSSSFSSTSTSISSSIS S
RN R G S R U S G U R SR R R R S G U N P R S S s
R R i e R R TSNV RN TSNS IS T IV TSI TS
Date Date
V-10 (blank) ——PCE  -®-TCE DCE  =<VC =*=3CEs
Tl A Nl fe e A ol
45000
40000 A Organohalide respiring bacetria
35000 7
30000 vinylchlorid | vinylchlorid . .
25000 Borehole reductase reductase )
(Dre) (DHC-RT) (Dsb)
. (bveA) (verA)
T 20000
2
R ——y s 8 = : - -
R, V1 e T wx T T
5000 V-12 ND ND ND ND ND
Vi3 v Trer o e P
o
R N N N N N N N N N N N N N v-14 R bl =* il **
S S S S S S S S S S S S SSSSTSSSSTSTSISSSF S Vi = - +
E A U O i gl i
R A R R P R e N I AT IVETS : e e
Date Ed.: Number of asterisks means tentative quantification of detacted parameters; ND — not detocted

In the all monitored boreholes (except for blankdbmle V-10), a significant decrease in oxidatiedtrction
potential during the first week after applicatiomsvobserved. These changes were observed even rithsmo
after application. Simultaneously, highly-chloriedtethenes (PCE and TCE) were completely elimingieithg
the first week after application. The increasednaentration of DCE (cis-1,2-dichloroethene) hasrbebserved
in all boreholes but more significant is this trendboreholes, where the nZVI was applied with saype of
biosurfactant (V-11, V-13 and V-14). The increaseDICE concentration during reductive reactionsatural
effect, because highly-chlorinated ethenes (PCETaDH) are gradually degraded on more stable DCEy Ve
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significant increase in DCE concentration in cakase of nZVI in combination with biosurfactantdaused by
desorption effects of the individual surfactantsisttrend will probably last until all of PCE an®E will not be
completely degraded on DCE. Then the degradatidiGE on VC is supposed, as in case of borehole W12
14 and V-15. If the reductive capacity of the nZ¥lsufficient, it can be supposed, that all DCEI wi¢
degraded on VC and then even VC degraded up toethtowever, there will be probably need to suppuet
reduction capacity by other application of nZVI.

The aim of the nZVI modification or its applicat®im combination with other materials is endeaweointprove
and support some of its properties or increasartensity of remediation in saturated zone of teelggical
environment. The remediation of saturated zone amnimated by CEs using combination of nzZVI with
biosurfactants seems to be a very interesting amahiping approach. During the application occursardy the
desorption of CEs from the rock environment, whieim thus participate in the reductive reaction neasily,
but the present biosurfactant may also acts abstrate for the microorganisms and supports thbsexuent
biodegradation in the near area around the apicabrehole. This study reveals that higher bimalgactivity
was indeed observed in boreholes where the nZViapgdied in combination with some type of biosutfat
than in boreholes where the nzZVI was applied aldie presence of carbon nanotubes combined with ZVI
predicts the possibility of rapid sorption of caniaants in the first step and their subsequentataiu due to
presence of nZVI, however, this assumption hasaeh confirmed so far.
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ABSTRACT

Thiobacillus (T.) denitrificandelongs to group of gramnegatived. 1), chemolithoautotrophic and facultative
anaerobic microorganisms. It is widely distributaitroorganism, found in soil and water habitantsterms of
environmental, these organisms are very importahey can be used in processes of alternative rdstbb
removing nitrates from contaminated watér.denitrificanscan obtain energy by the oxidation of elemental
sulfur and certain other sulfur-containing inorgagiompounds while electrons are released. Undeki@no
conditions, nitrate and nitrite ions are reducedh®se electrons and molecules of gaseous nitrageformed.
BacteriaT. denitrificanswas cultivated in liquid S6 medium. Its contensi®wn inTab. 1.

Fig. 1. Gramnegative cells of T. denitrificans, magnifie@D0x

In this contribution, we focused on the comparisbdenitrification processes in batch reactor dadithrough
system and on the comparison of optimum conditimnsbacterial cells and denitrification processesr all
experiments, the elemental sulfur was used asrefedonor and limestone for pH control. Nitrate anitlite
ions were removed from model sample of contaminatater, which contained nitrates and monosodium
phosphate.

Tab. 1. Content of S6 medium for growth ©f denitrificans

N&S03 10.0 g/L
KH,PO, 11.8 g/lL
NgHPO, 1.2 g/L
MgSQ,.7H,0O 0.1g/L
(NH,)2SOy 0.1g/L
CaC} 0.03 g/L
FeC} 0.02 g/L
MnSQ, 0.02g/L
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49 environmental burdens coused by the storagedetidbution of agrochemicals are registrated invakia
Information System of Environmental Burdens (ISEB} of there are registrated in register A (potdnti
environmental burdens), 2 are registrated in regBt(environmental burdens) and 6 are registeredgister C
(remediated and reclaime sites). 23 sites werdlelétaxamined. The gological surveys were condugtidin
the projects ,,A Survey of Environmental BurdensSklected Localities Of The Slovak Republic* and tgtdial
environmental burdens — research in selected arfetie Slovak Republic”. 5 sites were indicativeamined
within project ,Management of sites containing PORstures or pesticides in the Slovak Republiccation
of burdens are presented in Figure 1. The restitteecsurveys are presented in Table No 1.

|§|SK/EZITV1989 4

’swgr:m 3

@ Legend =

SKIEZINZIS81@ i -
SK/EZ/DS/195 i @s E: detailed geological survey
W SKEZLVATOT @ o )
SKIEZISAI795 = (W SKEZVKIT003 42 000 O indicative geological survey
- SKIEZIVIA2S — - o
Geology s, Meters A remediated and reclaime sites
- klippen belt crystaline basement m  environmental burdens
- flysch belt quaternary sediments ®  potential environmental burdens
neogene sedimentary rocks f%i%: neogene volcanic rocks environmental burden identificator

SKIEZ/SC/813 .
i g (available on www.sazp.sk)
% sedimentary cover (devonian - cretaceous)

Fig. 1. Location of burdens.

Tab. 1. The results of geological surveys

SK/EZ/BJ/44 43

no 9 |SKEZILCI373 45 | jindane (GW) no 9

- no 10 | SK/EZIRS/762 44 atrazine (GW) no 17

SK/EZ/BR/78 44
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SK/EZ/DS/195 44 _ no 11 SK/EZ/VT/1021 45 DDT (GW) no 24
SK/EZ/HE/245 37 _ 3 .
lindane, acetochlor, ER (chloridazon-
SK/EZ/HE/251 | 45 _ no 12 | SK/IEZ/LV/438 127 | chloridazon-desfenyl, desfenyl ) 27
SKIEZIME/260 | 38 _ - 1 metolachlor (GW)
SKIEZIKAI291 | 44 — | no 13
SKIEZ/LVI428 | 14 _ no 26 p,p,-DDD, lindane (GW, S), | ER- no
SKIEZ/LVIA50 | 37 0,p,-DDD, p,p-DDE, p,p,- HR: CVRP
——  Iskiezisciei3 216 | PPT(S) (DDE) - child, | 5g
SK/EZ/IML/500 | 44 15 alfa, beta-HCH ,fensone, adult
- no butylate, benzothiazuron, CVRP (DDT,
SK/EZ/RA/733 | 43 _ no 16 malaoxon, metolachlor (GW)| DDD) child
SK/EZ/IRS/760 | 37 _ _ 4
SK/EZIRS/774 | 37 _ _ . .
methiocarb, atrazine,
SK/EZ/RVI783 | 44 _ no 18 | SK/EZ/TV/989 226 | chlorthal-dimethyl, no 25
tolachlor (GW
SKIEZ/SK/864 | 45 |_ |_ 19 metolachlor (GW)
SK/EZ/SK/875 44 .
— |ho 8 atrazine (GW) o 23
SKIEZ/SL/883 | 44 |_ | po >0 | SK/EZ/VT/1009 45 | chlorthal-dimethyl,
methiocarb (S)
SKIEZ/SVI926 | 45 |_ | po 21
SKIEZ/TV/995 | 37 |_ |_ 5 | SKIEZIKA/1742 13 |_ no 2
SK/EZ/VK/1003 | 45 _ no 22 | Legend (S) - soil, (GW) - groundwater, ID - indicataiterion,

The table shows that of the 23 sites that were @ednat the stage of detailed survey, pesticidesiroed in
environmental media over ID kriterium (limit pred@d concentration of a pollutant for the soil, keand
groundwater beyond which can endanger human healththe environment, ie. this calls for monitorioig
contaminated sites) in 7 sites. Of these, the drepsesents environmental risk (showed risk ansjyfsom the
substance chloridazon-desphenyl and at one lochoame a health hazard due to DDE, DDT, DDD (sklowe

risk analysis).
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INTRODUCTION

Alluvial soils (fluvisols) along the rivers usually belong to the most feridds used for agricultural purposés.
the Czech Republic, fluvisols cover about 6 % ofi@dtural land. However, their importance in food
production is much higher, because the 75 % ofighlvareas is the fertile arable land (Skala et2afl3).
Fluvisols arenaturally formed by transportationof sediment #sddeposition in floodplain areas during flood
events. Sediments could delivernot only significaarhounts of nutrients (organic matter, phosphorus,
nitrogen,divalent cations, etc.) and clay particlésitcould potentially serveas a secondary source of
contamination for the fluvisolsand other floode@asm Schwartz et al. 2006)Contamination of highly fertile
fluvisols can markedly limit their agricultural ug¢€éacha et al. 2013)More frequent occurrence of stronger
floods in Europe in recent yeanscreases the need for the assessment of regiladgied areas in order to
understand and predict the possible toxicologioal @cotoxicological consequences of such eventdz\atcal.
2008). The present study aimed to define the impédhe flood evenin year 2013on soil characteristics,
contamination anécotoxicityin the agricultural soilén Bohemia regions in the Czech Republic.

MATERIAL AND METHODS

A total number of twenty-three soil samples fromi@gtural soillocated in Bohemia regions (Labe, Berounka
and Olie) in the Czech Republiwere collected.Soil sampling was performed befahering years 2011 and
2012) and after flood event in year 205amples were collected from the tilled depth (0-€2@ with a
manually operated stainless-steel sp&tEl samples were characterized for physicochenpeshmeters (pH,
TOC, particle size distribution), concentrations lefavy metals (As, Cd, Cu, Hg, Ni, Pb, Zm@ayomatic
hydrocarbons  (PAHs), polychlorinated biphenyls (BELB hexachlorocyclohexane (HCH) and
dichlordiphenyltrichloroethane (DDT). Theaoxicity of soil samples was evaluated Biychytraeus crypticus
reproduction test (ISO 16387, 201&plsomia candidaeproduction test (ISO 11267, 2014) drattucasativa
root growth test (ISO 11269-1, 2012).
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Fig. 1. Distribution of sampling pointid Bohemia regioria the Czech Republic.
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RESULTS AND CONCLUSIONS

In general, the flood event did not lead to sigaifit changes insoil characteristics. The impadioofd on soil
contamination varied among localities and both €ase and increase of contamination levelswere wdder
Preventionlimit values for agricultural soils(CzeBrecree no. 153/2016 Coll.)wereexceededat ninelifiesa
after flood event in 2013. Increased soil contatmmawas mostly connected to local sources, i.endhbal
facilities. The highest increase was recorded isecaf PAHs and DDT. Moreover, flood had tendency to
increase mobility of metals (As, Cu, Ni, Zn). Atufolocalities, flood event decreasedsoil contanimdoelow
the prevention limit values (Czech decree 153/20t8.). Very low DDT concentrations (lower than 2jfkg)
were detected at three localitiesafter the flodue Tesults of this study show the importance obiiporation the
fluvisol contamination in the risk assessment fecusn flood effects.

The results ofolsomia candidaeproduction bioassay amgctucasativeoot growth test correlated with metal
content (Hg, Ni, Pb, and Zn) in soil sampl&s.crypticushowed sensitivity to organic pollutants (HCH and
PAHSs).The results of this study corroborate thafqened soil bioassays could be useful to complentie
chemical analysis.
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This study explores the process of prospectiveivatibn towards sustainable development of oridynal
contaminated site of old quarry in protected hiiassif Devinska Kobyla belonging to Little Carpatis in
Bratislava. The quarry Srdce (Heart) located iredtircontact with popular recreational locations \gasat
environmental burden after it was used as a repgsior hazardous waste products gudrons exportad the
Apollo refinery during its liquidation in the 1960s&fter ordering remediation of contaminated site the
Ministry of Environment of the Slovak Republic wegedrons and contaminated soil excavated, completel
eliminated and terrain was re-planting in 2014-20T%his research deals with the overall sustainable
development of unique surrounding areas by integgahe quarry in recreation network of Devinskablfa.
Because the site has potential not only to dispbseing the environmental burden, but is poiseddgcome the
heart of recreation in the locality where existimgreational infrastructure hardly resist publiegsure. The
design builds on previous research and landscapeplg project dealing with humanization of Devimsk
Kobyla developed by author in cooperation with DagiNGO and it offers the vision how to transform

contaminated site to attractive recreational corgributing to sustainability of whole locality

Fig. 1. The quarry Srdce during remediation of contamishaite, Source: TASR, 5. Feb. 2015
Fig. 2. The quarry Srdce after revitalization - gudrond eontaminated soil were excavated, Source: TASRD#&4. 2015

The quarry ,Srdce” (,Heart"), located really in theart of hilly massif Devinska Kobyla, was onlyfenonhs
ago deprived of the great ecological burden — thdrans. As the site is situated in close proxinityseveral
boroughs of Bratislava, the need for recreatioth@locality is great. Even more when the nearbgtera part
of Devinska Kobyla is highly protected, and manyrfs of active recreation are excluded from thefe &im in
this natural environment is then to create a Idgremsition and to better connect urban and nhtecaeation
landscape.

It is therefore essential to create a structuretaadarchy the Devinska Kobyla natural areas irtifleva urban
fringe, especially highlight the most importantylareas with the biggest potential - as the qu&ndce. The
system should connect main entry points from gatlg with few main cores for recreation, where rtegor

interest of urban population focuses. In the quarayious functions could cumulate — the centersfoort and
play activities, picnic areas. By using learningdscape design and land-art objects, also the g#dnéa nature
can be involved to these activities. It will helptronly to deepen genius loci of locality and itsfizial value,

but it will also attract broader spectrum of vis&do this locality; and the quarry Srdce will igalverflow with

life.

This would help to not only improve the qualityretreation of visitors in nature, but mostly it Mihprove the

regulation and preservation of highly protectedirafrom unappropriate activities.
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Fig. 3. The connection of trails to systematic infrastmetfor recreation; revitalized quarry Srdce asrtizn buffer zone
and center for recreation for residents and visiftaom Devinska Nova Ves, Source: author

bjects designed for Kobylauthor

F Learning landscape design-skétcheé oFrécreéthmab and interactive
Fig. 7. Learning landscape design in Devinska Kobylalieged by Daphne NGO
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ABSTRACT

The treatment of polluted soil by vapor extractltas more advantages than the conventional methaailof
remediation,e.g. by excavation and treatment ofuped soil in soil decontamination centers. Everthé
duration of the treatment of the polluted soiliftsthaseis superior to the traditional method byaeation, the
technical possibilities during the treatment argda (the construction of a building on the spadliewed, etc.),
the costs are reduced, the risks linked to the @sepvation are reduced to zero, etc. In this lartiowill be
described the option chosen for the rehabilitatidra fuel-station in Belgium, by taking into accouthe
difficulties to apply the excavation methods ane ttieatment ex-situof the polluted soil (the piddio detected
during studies down to 22 m deep), the type of plodlution (volatile fractions of aromatic oils), eéh
characteristics of the natural soil (permeabilityle size of the site and the use of the site aébabilitation
(need to build new halls of storage and maintenance

INTRODUCTION AND ROLE OF SPAQUE

In 1991, the Walloon Government (Belgium) decidedreate a public company in order to solve thefiliis
environmental issuesand to manage the brownfietiahilitation. Since its creation, SPAQUE has madag
several hundreds of sites - brownfields, landfijse stockpiles — spread throughout Wallonia. Kég strength
of SPAQUE is its ability to handle the entire presif site rehabilitation. In 2012 the Walloon Gaweent
charged SPAQUE with the rehabilitation of theBietsége Airport site. The rehabilitation of thistesiwas
supported also by ERDF founds.

SITE DESCRIPTION AND PREVIOUS WORKS

The site concerned is located within the perimeféierset-Liege Airport (Belgium). This area, eall Stapol 4,
was used, during the fifties, to receive the ihatains of the military airfield of Bierset. Marfyel-stations,
named Stapol, were built in order to stock in taakd to distribute the fuel tomilitary planes. Ti&pol 4site
was composed of five underground tanks and of dl $midding housing the pump. Each tank had a ciapad

50 m® and contained kerosene. The pollution idiedtiin the soil under this fuel station consistédeatroleum
Hydrocarbon and monocyclic aromatic oils (VOCSs).

The Stapol 4fuel station has undergone rehabditatiorks late 2012, consisting of the removal @l fianks
and the excavation of the first 3 polluted spotstanfirst 4 meters deep. These 3 polluted spote welluted
with Mineral Oils, Naphthaleneand Xylenes.

To complement the clean site at lower costs, arieti the # spot polluted with Mineral Oils and Naphthalene,
taking into account the fact that the pollution edt¢d during studies went down to 22 m deep, it was
esztablisheda device for vapor extraction and ferttkatment of polluted air. The surface of thistgpas 550
m-.

The planned redevelopment project ofthe site ctmeisthe extension of the airport hangar areas Téxjuires to
lift up of the sitelevel with 4 m so that to aligihe level of existing buildings further south. Afte
theseearthworks, the site will be used to build feals of storage and maintenance; one thereoketbult
above the site of the former station. The consgtacdf this hall had to be performed in coordinatieith the
implementation of the pumping well system provided.
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WORKS AND EQUIPMENT

The SVE works on site were executedbetween 20138atd (the duration of work was 5 months), and they
consistedof:

e The completion of drilling and equipping of vapotraction wells;

e The construction and installation of the gas treathunit.

The treatment consistedof filtration of the exteactoil vapors, in two activated charcoal columsdailled in
series.

To be efficient, the SVE system needs the followgéfegments:

e Several wells (for extraction, ventilation, obsdiva) connected to a pumping and extractionstation;

e An extraction station and pumping gas flawed. Btédion comprises an extraction line provided with
condensate separator, a gas turbine and varioesysa€cessories (fast closing valve, anti-flame
propagators, etc.), or of measurements (thermommi@nometer, samplings, etc.). This extraction line
is connected to the various manifolds from pumpivglls. These lines are equipped with control
valves, essential for good network management;

»  Two mobile activated charcoal filters, each witbagacity of +/- 2 m3 coal, connected to the extoact
station through appropriate flexible pipes;

* An exhaust stack gases treated, for returning timeheight and prevent them from stagnating near the
installation.
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Typical SVE System
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Fig. 1. The location of the pollution and wells on site Fig. 2. Typical SVESystem (EPA source-USA)

ADVANTAGES OF SVE AND CONCLUSION

This technology has been proven effective in reaty@oncentrations of volatile organic compounds Q&P
and certain semi-volatile organic compounds (SVO@shd in petroleum products at underground stotagk
(UST) sites.

Some advantages of the SVE method are: provenrpafice, readily available equipment, easy instaliat
minimal disturbance to site operations, cost coitipef easily combined with other technologies, tenused
under buildings and other locations that cannodmmvated. On the other hand, the effectiveneSd/& is less
certain when applied to sites with low permeab#ityl or stratified soils.

The efficiency of SVE treatment is now proved ae,sand the costs of this methodare lower thantfarsthe
excavation of polluted soil, transport to a specifeatment center, and treatmentof the pollutéld Based on
estimations, the SVE treatments have to be donagltinree years. The initial cost of the instatiation site
(wells, gas treatment unit, etc.),is around 480.808hd the cost of the treatment is around 60.0p@r€year
(including furniture, electricity, active coal, étc

LITERATURE
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ABSTRACT

In order to preserve the natural ecological balaf@uatic ecosystems, there is a strong neegrésention of
loading the surface and groundwater from contanunaby material derived from fishponds. For thigmse,
chemical and microbiological tests of raw and thehmprocessed waste material were conducted fitmeet
fishponds in Republic of Macedonia.

It was found that raw waste material was not comataed with harmful compounds, heavy metals and
pesticides, but contained a lot of microorganisrhgcty makeit unusable.In thermally processed wastterial
there were hardly any harmful microorganisms armdttial number of bacteria was reduced to a mininitins
suggests that thermally processed waste mateoial fishponds can be used as a supplement to aféodhland

for other purposes.

EXPERIMENTAL RESULTS

Waste material (sediment) from the basins of thregt ponds in the Republic of Macedonia was ctdldand
chemical and bacteriological analysis were perfatm@nalyses were performed on samples of raw and
thermally treated sediment in the months of Jualy, dhd August. Chemical and microbiological anelygere
carried out according to the standard methods. Heatment of the sediment was conducted af@d@ér 10
minutes.

Tab. 1. Chemical analysis of raw sediment from three fistgso(A, B, C) (ppm)

Constituent A B C
onstituents June July | Augus Jung July Augyst  June Jyly  August

Organic 1130 | 1024 1050] 1622 1699 1741 1704 1736 08,
Substances, %
pH 7.40 7.71 7.72 7.61 7.50 7.5( 7.38 7.92 7.4
NH,4 0.001 0.004| 0.006] 0.0007 0.0004 0.0007 0.0p04 04.000.0006
H,S 0.007 0.006/ 0.008 0.0008 0.00p6 0.0p1 0.001 G.000.0007
Chloride 0.0007| 0.0008 0.0008 0.0002 0.0004 0.0p020004| 0.0006 0.000f
Nitrites 0.0008| 0.0012 0.001 0.0009 0.0008 0.0p1 00®.| 0.003| 0.0004
Nitrates 10.0 9.0 6.0 5.1 6.0 5.9 2.8 3.5 50
Carbonates 37.0 30.5 30.5 30.0 40(5 377 38.0 35.30.7
Sulphates 0.0009 0.0007 0.0007 0.0006 0.0009 0.000802 | 0.0006 0.0004
Phosphates 0.008 0.008 0.00p9 0.0068 0.0054 0.p@QA008| 0.0005 0.0006

According to chemical analyses raw and thermalhatied waste material did not contain harmful compsu
heavy metals and pesticides above the permittedtijea. The presence of lead, zinc, mercury, cadmi
arsenic, chromium and phenols was not determinab.(T and 2).
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Tab. 2. Chemical analysis of thermallytreated sediment ftbrae fishponds (A, B, C) (ppm)

. A B C

Constituents June July | August| June July | August| June July | August
organic SUbslancer g5, | gs.24| 8406 86.22 860D 87.04 8882 8723 5847
pH 7.52 7.48 7.46 7.55 7.46 7.47 7.15 7.35 7.42
NH,4 0.0001| 0.0001 0.0002 0.0001 0.0002 0.0002 0.000»00Q | 0.0002
H,S 0 0 0.0001 0 0 0.000fL 0 0.0001 0
Chloride 0 0.0003 0.0001 0 0.0001 0.00p2 g 0.0p0200a1
Nitrites 0.0006/ 0.0008 0.0008 0.0007 0.0008 0.000@.003 | 0.0006/ 0.000F
Nitrates 6.0 5.2 4.5 5.0 6.0 5.8 2.9 3.50 5.20
Carbonates 39.0 42.0 35.( 30.p 40(5 377 38.0 36.837.5
Sulphates 0.0002 0.0004 0.00p2 0.0005 0.0007 0.0003001 | 0.0002 0.0003
Phosphates 0.0008 0.0004 0.0009 0.0p60 0.0051 D.p@0007| 0.001§ 0.0008

Tab. 3. Microbiological analysis of raw sediment from thifishponds (A, B, C)

. . A B C

Microorganisms June | July | August| June July | August| June July | August
Salmonella (in 25 g) 0 0 0 0 0 0 0 0 0
Staph.pyogers  (in| 0 0 0 0 0 0 0 0
0.19)
Strept.pyogenes (i 6 10 12 0 5 4 4 5 0
0.1g)
Escherichia coli (in
0.01g) 12 10 6 8 7 3 8 5 3
Sulfite-reducing
bacteria 2 6 5 1 0 3 0 2 1
(in 0.019)
Coliform bacteria (in
0.01g) 4 3 9 11 7 6 12 9 6
Proteus (in 0.01g) 0 0 0 0 0 0 0 0 0
Pseudomonas
aeruginos 0 0 0 0 0 0 0 0 0
(in 0.01q)
Yeasts (in 1 g) 1420 1230 144 980 810 12110 198 512 340
Molds (in 1 g) 1120 168( 1232 1560 1150 95D 480 620 850
Anaerob|c bacterig 0 0 0 0 0 0 0 0 0
(in1q)
Aerobic  mesophilid gqqq | 112001 169700| 98000 | 10500 11870p 89000 | 45000 64004
bacteria (in 1 g) 0
Total bacteria (in 1 g 100000™%% | 107000 159000| 122000 13400121000 98000 10200p
Contaminants (in1 g 54000 57000 | 87000 | 24000| 28000 1900p 59000 388000 32(00

Fresh sediment contained a lot of harmful micronigras, coliform bacteria and bacteria of the tygelerichia
coli, as well as high number of total bacteria,demit unusable. This situation indicates thatwlzeste material,
in addition to unused food contained a lot of fisbes (Tab. 3).

In order sediment to be used for feeding the fisth ather animals, it is necessary to be recycleauth heat
treatment. Thermally treated sediment containedafeasts (<134/g), aerobic mesophilic bacteria (€&
total number of bacteria (<5520/g) and contamingnisl20/g). With the heat treatment, despite hakrahd
other species of microorganismswere eliminated el ccordingly, the sediment after heat treatmtam
chemical and microbiological point of view can bsed as a supplement in animal food, especially to
complement the protein part of the food.

The bacteriology of pond sediments is largely driby type of diet added to ponds, ambient tempezadnd
limiting levels of oxygen (Smith, 1998).Disposalpiind sediments to natural systems possess aroeméntal
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threat (Funge-Smith and Briggs, 1994;Smith, 1996)ara waste of valuable nutrients (Lin and Yi, 20DDack
of scientific documentation on quantitative andlgative aspects of pond sediment hampers wideptolo and
promotion of pond sediment use in agriculture (Graxsd Boyd, 1998).

CONCLUSION

Sediment from fishponds after its heat treatment loa freely used as a supplement in animal foodaand
fertilizer for various crops.Howeverit is necess#&yfind practical ways to fulfill and to asses® thconomic
effects of its application.
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ABSTRACT

The concentrations of heavy metals (Cd, Cr, CuNtePb and Zn) in surface sediment samples celtbftom

the main rivers of the Mitidja Est plain were sedlito evaluate their distribution and contaminatmrel. The
sediment samples have been subjected to acid idigasting the standard procedWSEPA MethodN3050B
and concentration of heavy metals were determinedtbmic absorption spectrometry. The contamination
status by heavy metals in sediment was evaluatsédban enrichment factor (EF) and geoaccumulation
index(Igeo). In addition, the risks associated widavy metals accumulation in sediment were assassag

the potential ecological risk factoEE{). The results showed that the mean concentratbmsetals in mg kg
were Cd (3.8), Cr (100.5), Cu (39.6), Fe (44932M)(51.4), Pb (54.6) and Zn (291.7). The concéitns of

the studied metals decreased in the order of F&m> Cr > Pb > Ni > Cu> Cd. The results revealeal th
sediment in this study were very strongly contangdaby Cd, moderately contaminated by Zn and Pb and
uncontaminated by Cr, Cu, Fe and Ni. All studiedatseshowed low potential ecological risk with thaeption

of Cd. These finding suggested that Cd, Zn and Bl be attributed to the anthropogenic activitieslevicr,

Cu, Fe and Ni came mainly from lithogenic sourchs.Tesults of this study are importantfor the depeient of
any future management strategies to protect thatamognvironment.

INTRODUCTION

The Mitidja plain has undergone these last threeades urban and industrial growth that could geeera
increased concentrations of certain pollutants sicheavy metals in the environment. Indeed, Ban@g9?2)
reported that the main rivers of the plain arerofd@en to waste water that are little or not treatdich may
weaken the quality of the aquatic environment. €fere, a good knowledge on heavy metals concentrin
sediments, but also the contribution of both thirgh and human activities, is crucialfor the masragnt of the
contaminated sites.The geochemical methods thrapgiying quantitative indices such as enrichmentofa
(EF) and the geoaccumulation index (Igeo) are widiskd to search the influence of natural and aptigenic
sources on the degree of sediment contaminatiohdayy metals.The aim of this study was to assess th
contamination status of heavy metals, using thelyemical approach.

MATERIAL AND METHODS

Seventeen sites in the study area were selectdtidastudy of heavy metals concentrations in sedtisnef the
main tributaries of the Mitidja East plafRig. 1).The digestion of sediment samples was performedrding to
the method 3050B recommended by the US EnvironrhePtatection Agency (USEPA, 1996).Several
guantitative indices have been proposed in therriatonal literature to assess the level of sedimen
contamination. These include enrichment factor (&f9 the geoaccumulation index (lgeo). Besidestihes
indices that allow obtaining information on sedirnenntamination, ecological potential risk index(ERas
calculated.
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-Assessment according to enrichment
factor (EF)

This index is defined as the ratio between
the element concentration and the
conservative element concentration in the
sample and; the element concentration
and the conservative element
concentration in the reference material.

Sy e
A Sampling sites
Tributaries

I Rivers
g% [ ] Limit of Mitidja Est

EE= Cny/(Fe) sediment

" (Cn3/(Fe) reference material

Fig. 1. Localization of sampling sites

-Assessment according to Geoaccumulation indexYlgeo

This empirical index compares a given concentratiersus a concentration considered as reference \al
geochemical background and can be calculated tisanfpllowing formula:

Geoaccumulation indexg) = log, [ Ceediment ]

1.58 reference material
-Assessment according to potential ecological osfficientE}

In addition to compare the measured concentratidtheometal in the sediment to the correspondifgevan the
reference material, the potential ecological riskfticient takes into consideration the toxicityctiar of each
metal.

RESULTS AND DISCUSSION

The mean concentrations of metals in mg keere Cd (3.8), Cr (100.5), Cu (39.6), Fe (44932M)(51.4), Pb
(54.6) and Zn (291.7). The mean EF valuesindictitatithe Cr, Cu and Ni have minor enrichment (EIf; b

and Zn have moderate enrichment (2 < EF < 5). TheeSults for Cd (20<EF< 40) are the highest antbeg
metals and it has very high enrichment. The meanigesults showed that the surface sediments were
uncontaminated with respect to Cr (-0.42), Cu @pe (-0.28) and Ni (-0.41). The mean value ofltfeo of

Pb (0.82) suggested that the sediments of the sitgly were uncontaminated to moderately contanunaye
this metal, and moderately contaminated with reispEZn (1.30). In relation to Cd (4.51), the sedints were
strongly contaminated by this element. Risk assessimased on the potential ecological risk coeffitishowed
that all elements have a low ecological risk whik £xception of the CcEf: = 3207.The concentrations of Cd,
Pb and Zn increase as a result of some anthropogetivities in the study area.

CONCLUSION

The application of enrichment factor as well asgheaccumulation index revealedthat the conceatratdf Cr,

Cu and Ni were derived mainly from natural procedther elements Cd, Pb and Zn in the sediment were
primarily from anthropogenic activities. Among #tle elements, Cd was the most potential ecologieabus

risk metal.
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ABSTRACT

Groundwater influenced by surface water contaimowarpollutants as different substances and migarusms.

Any water beneath the surface of the ground with:

1. significant occurrence of insects or other micrgamisms, algae or large-diameter pathogens such as
Giardia lamblia or

2. significant and relatively rapid shifts in waterachcteristics such as turbidity, temperature, cotidty, or
pH which closely correlate to climatological or fae water conditions (GWI — MPA, 2003).

Microscopic particulate analysis is the methoddentify that kind of risk. Ones of the relevantigators are
algae. Producer’s organisms are organisms thatcleame from surface water. These organisms ddalmng

to an extremely risky from the point of human healiowever, decomposition of organic matter mayolbee
secondary source of risky microorganisms and ingtwaind water are able to survive for several wemks
months. In this study thettention was paid tselected algae species that were exposed to varpas of
radiation. Radiation under certain conditions dowg necessarily mean inactivation of the autotrophi
organisms, but under certain conditions, the pmseaf light and nutrients can promote growth and
reproduction. As a model organism was used unieellalga Desmodesmus subspicat(R. Chodat) E.
Hegewald& A. Schmidt, strain SAG 86.01 from the tQré collection of cyanobacteria and algae from the
Slovak Academy of the Science Growth and reprodnatif the algae in the different kind of model nzedave
identified inhibition or stimulation of the growthThe principle of the test was cultivation BEsmodesmus
subspicatus monospecific algal strain in the model defineeldm with nutrients and using of different types of
physical impact (FAR solar radiation (400 —700nby, radiation (100 -280 nm). As the model media wased
groundwater with different degrees of contaminatideionized water and the defined composition @fliing
water. The initial biomass concentration in altéelssamples was 4.3x3¢ell.m?,

Duration of exposure was 72 hours by the tempexa80+1°C, the cell density was measured every 24
hours.During the test were the samples exposednbydifferent types of radiation: FAR ((Source - TL-
36W/54-765 Philips (400 -700 nm)) and UV (Sourc&VTUVC TL-D 36W G13 Philips (100-280 nm)). The
concentration of biomass changing was evaluataetbinparison to the biomass grown of the controluceh.
The growth and cell viability was expressed depegdin the concentration and the type and duratfon o
radiation exposure. The different type of radiafiocombination with sufficient nutrients in modeéter results

in inhibition/stimulation of the growth ddesmodesmus subspicatd$ie comparison of growth of the cultures
with various media after irradiation FAR indicag®wth stimulation in groundwater with the highedlption
(Fig. 1).

UV rays have a direct impact on photosynthesis. [@ke is estimated this impact to a depth of 10vi&ers
(Holzinger and Lutz 2006) .Thus as expected UVatiol caused the partial destruction of the cell {lipid
peroxidation degradation of polysaccharides) whiesulted in in inhibition of biomass (Mallick andao¥m
2000, Takéova, 2013).For the successful elimination of th@Mhgrown biomass in technological treatment of
water for human consumption, it is necessary toamsefficient process of radiation such as pipéesyswith a
higher contact time - targeted photoreduction — ROS
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Fig. 1. Change of the concentration of algae biom&sshodesmus subspicatsccording to the aqueous matrix and

durationof FAR radiation exposure.

A model specie®esmodesmus subspicatgsknown for its wide ecological valence. It istlibuted in more
than one temperature zone and is predeterminedalavy testing according to different requiremetsysical
methods of hygienic treatment of water for humanscmonption in water supply are used in Slovakia. The
current trend of ground water treatment represaulistribution to the consumer without disinfection

The nutrient-enriched water can cause under cectiditions increasing of biomass, which can beediom

for secondary pathogenic microorganisms. Such aegiare is possible in groundwater are not infludnog
surface water. When water is enriched by nutrighis, possible under certain conditions, expediedease of
the biomass, which can cause growth of the secgngdathogenic microorganisms. For this reason it is
necessary to pay particular attention not only géimic and conditionally pathogenic microorganidmasalso
autotrophic, which are the creators of biomassaamlbecome nutrients for decomposers and consumers.
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ABSTRACT

Carbon capture and storage (CCS) only deals wéhptioblem of reducing hazardous emissions of ©Qhe
atmosphere. The problem occurs when the storageesigafilled. In this study, we used heterogeneous
immobilized alga system - Fe-ZSM-Pt for captureGab, in the chemical transformation of a compound of
energy recoverable. The result of photodegradagffect of the prepared composites were differemnabal
compounds depending on the variability of cond#ion

INTRODUCTION

Emissions of CQ mainly from the anthropogenic sources, caus@ggrimpact on climate change. Thus the
demand for active solution of these problems Ikistireasing. Existing methods of G@apture are just partial
solutions and generally problems take place innewe step. Therefore the essential question; wieatve able

to do with accumulated G@&an be raised. One possible way of,@@atment is through the active solution in
the form of photochemical reduction and subsequenversion of C@into organic products (e.g. source of
alternative energy). Recycling has sense from thiatpf minimization of the next energy source detha
because just energy of photons is used. In our, cdge modified zeolite Fe-ZSM5-PT via oxidative
polymerization method was prepared, which is a gdertsitive agent for photochemical reaction ingresence
of UVA-VIS radiation. Zeolite matrix captures G@anks to hexagonal structure of ZSM5. Photorédndhen
occurs in an anaerobic water environment in thegree of UVA-VIS radiation.

EXPERIMENTAL PART
The photochemical reduction of CQ in presence of modified zeolite Fe-ZSM-5-Pt

Lowering of CQ emission in the water environment through photadgtic processes can be also assigned
among other recycling technologies. Useful orgardmpounds can be made as a part of renewable energy
sourcesde Richter a kol., 2013).

In our experiments, the photodegradation (UVA-V#$)CO, with addition of modified Fe-ZSM5-Pt was used.
The decrease of the concentration of,@Oreaction mixture and parallel increase of orgally bonded carbon
(TOC) caused by radiation (picture 1.) were obs@rve
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Fig. 1. Change of the concentration of €@ solution (Fe-ZSM5-Pt, water, GPDexposed to UVA-VIS radiation in the
closed system.

In the work ofCik et al. (1999) the forming of reactive oxygenragiation of UVA-VIS on Fe-ZSM-5-Pt was
observed.

0, (H, 0)
PT+lv—PT - [PT"+e&] —— O, k=1,9.10°dnt.s* (1)
alebo
O, Hy O) o~
PT+kh—PT —— [PT"---'0,"] - PT"+ O, )

Consequently, the forming of hydrogen through dgoasition of water during this reaction was alsofirared.

H, 0 HT
PT*—PT ' +e& = H k=2,3.10°dnt.s? (3)
H+ H — H, k=1,0.10°dn?.s? (4)

Analogously, the equations (3 and@k et al. (1999) can be also implemented for oactien conditions as the
same type of catalyst was used. Released hydrdgening as a gas phase during radiation can be seen
picture 2.

The reaction system was isolated, that means thetaege of substances with environment was none. Th
impact of radiation upon reaction component wasedamformly and only in the direction of one axisdugh
water filter in order to prevent the overheatingsgétem. In case of blank experiment made by deéchwater
the overheating of system was not observed. Onother hand, the overheating of reaction system was
predominantly caused by chemical reaction. Reacj@tem was exposed to intense stirring in ordg@réeent
the creation of concentration gradients.
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18000 4
16000 L 0,0004
14000
£ 12000 L 0,0003 ~
§. 10000 s”
£ 8000 L 0,0002 =
3 =
T 6000
4000 L 0,0001
2000 1408 1238 1088 960 949
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Fig. 2. The change of concentration of €&nd forming of Hin gas phase over reaction solution (Fe-ZSM-5-Rtewand
CO,) exposed to UVA-VIS radiation in isolated system.
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Fig. 3. The change of the GQlegradation conditions (pH, temperature) durirdjation exposition in suspension (reaction

system was made by 100ml of water with content@dn3g of modified zeolite Fe-ZSM-5-Pt and doped wit, with
concentration 5.92 @Y).

Iron complexes presented in zeolite ZSM-5 (Fe-Z9Meach remarkable redox activity. Heterogenic lgata
Fe-ZSM-5 was successfully used for selective olxtiabf methane into methanol at room temperaturthén
presence of NO as oxidizer (Dubkov et al., 1997ghtselective and active center of Fe-ZSM-5 is giby
active iron atoms which are dispersed in complegsh complexes can be in the form of isolated,ions
binuclear complexes in zeolite matrix (Battistorakt 2003). The evolution of OH radicals was atsentioned

by Cik et al. (2006), who worked with modified zeolifee-ZSM-5-Pt. During radiation caused by metal
halogenide lamp (with intensity of radiation of 60W2) at ambient temperature, following reactioas take
place:

O+ — 0O, (5)

2 0,"+ H — HO, (6)
0,"+HO, + H — O, + H,0, 7
HO, + HO, — H0, + O, (8)
H,0, + € — 'OH + OH (9)
H,O, + H' — ‘OH + H,0 (10)
H,0, + O, — ‘OH + OH + O, (11)
OH + PT"— ‘OH + PT (12)

Created hydroxyl radicals enter into the reacti@chanism and attack soluble forms of {€&g. HCQ , CO,)
depending on the temperature and pH of the solufmcture 3). The possible theoretical mechanism of
photoreduction of Conto modified zeolite Fe-ZSM-5-Pt is shown in piet 4.

fasnn P LI e i P AL

Fe-ZSM-5-Pt — | Fe-ZSM-5-Pt —» | Fe-ZSM-5-Pt

CO;
E

C*+4H' > CH,

Fe-ZSM-5-Pt

C* + OHE+ 3H™ = CH;0H

hv H E—

H
e s
Nttty 19 S

Fe-ZSM-5-Pt —» | Fe-ZSM-5-Pt

Fig. 4. Theoretical mechanism of photoreduction of,@0to Fe-ZSM-5-Pt catalyst.
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The possible evidence of this mechanism is EPRtspe€ singlet oxygen by means of spin trap TEMRe T
existence of singlet oxygen was increasing withhbigexposure time as shown in picture 5.
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Fig. 5. The increase of singlet oxygen as a function pbexre time (CQ TEMPO-radicals trap, FE-ZSM-5-PT).

T T
3zo00 3220

| Fe-Z5MS-Pt + CO; + Hh,O |

_-_-_‘_--_‘_-‘_-_-"_‘“—-—.l.

Live alzae cultu;e Ch. kessleri

Drv alzae culture Ch. kessieri |

UVA-VIS ‘ | TVA-VIS | | FAR ‘
360 min. 480 min. 30 min, 60 min. 90 min. 30 min.
* 1_penthancl = 2-ethyl —hexanal *acid acetic » ethanol * acid acetic =ethyl ester acetic
= 2osthyl-1- + D-ethyl-1- s ethyl ester. » acid acetic »ethyl ester. = oxalic acid
hexanol hexanol acstic = ethyl ester. acetic
* 1-undecanol * bemzotiazol acefic * acetons 60 min.
= 1-dodecanol * 2 4 dimethyl - *hexanal bl
» dpdecanal 120 min. * (£)-2-heptenal L
5 3 180 min. = oxalic acid
» 2-butanone hexanal * 1-dodecanal i
»2-athyl-1- e i Eﬂsauc_sl :formc:ﬁi
hexanol ol "ﬁ;{ﬂ:;‘ilc;li' oy
= (E34-(1.66- * apetone
trimethiyl.2- + 1-oeten-3-one i 120 min,
cyclohexene-1- » 2.2 6-rimethyl- A aneC ethyl ester acetic
Chlorophvll 1) -3-buten-2- ookt »ethyl ester. « formic acid
one E3A-(2 6.6 ':’[‘ezhm . *acetone :
‘ UVAVIS ‘ « (Er40.66 trimethyl-2- TEERIE = loweer aromafics
trimmethyl-1- cyklohexene- flﬁlof‘da *higher aromatics
120 min. 300 min. cyclohexens-1- 1-51)-3-butene-2- SRS
. v athan vi¥-3-buten-2- one a2 £
£ 08 i I e  E1Q66 e 180 min.,
2-ethyl-1 J-methyl-3 S *p- ionon o
hexanol hexene-2-cl trmetnyl-1- - B :
*1R-(1-alpha2- * J-pentene-2- cyclohexene-1- 3{2’6’6. *2-heptenal
beta,3-alpha). one 210 min. 31 3-buten-2- Bt Al
S-methyl-2-(1- * S-methyl-2- acid acetic oue b i S A
J-methyl-24{ athyl-2 E -v1-3-butene-2- « (E)-2-octenal
methylethsl) pentanons rathyl ester one L
cwelohexanol acetic 240min. +2.2.6-tramethyl- (EEN2 4
2 FARERIE, » ethanol eyclohexamone heptadicnal
. 48031m.m. rthe lower »ethyl acetate A2 h6 «f- ionen
i i e acid scetc trimethyl-1- +1_dodecanol
. E—E?:?n{?-l:sll 'l-ccteu-E-cl e tities wethiyl ester cyclohexén-1- AR
et *2-butanone aromatics acstic T3 brtene-2-
+ 2oethyl-1- 1. octen-3-pne = yii-3-butena-.
hexancl 3 }p;m_hg.-lfm;n :?z\e:mnaln Tl one 240 min,
+ 2 butanons * - fonon 360 min. i a;::tonﬂept =l carbmjs.— = sthyl ester acetic
» fi-methyl-2- L4420, » hexanal B e ald_eh:,;ée.i:g__ﬁ- = oxalic acid
heptanone o + 2 heptenzl B trimethyl-1- + formic acid
* 3_potanens u_-:.‘;_h 1a « 2-butanons (E}-4-(2.6.6- cyklohexens » acetaldehyde
R = l-poten-3-one trimethyl-2- *thelower +the lower ammahcs
cyclohexyl} &5 imaficlia: cyclohexene-1- ArCatics SRt
-3-buten-2- heptanons = vl}-3-Butene- « the higher E
W -fars <-one aromatics
4256 Tty || feagss
trimethyl-1- +2-octen-1-0l trmethyl-1-
cyclobexane-1- “Er4{2.66- cyclohexene-1-
vi)-3-buten 2 trimethyl 2 S
cne cyclohexens-1- :
1)-3-buten-2- fiie et
e aromatics
+the higher
aromatics

Fig. 6.Summary of identified products of photodegradatb€O; in heterogenic system Fe-ZSM-5-Pt and algarella
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CONCLUSION

The combination of zeolite matrix with biologicaystem can offer considerable advantages. Inorghogt
matrix enables immobilization of bio-component, @hiis the main condition for the usability in vars
applications (e.g. mechanical, chemical and phauottal stability). It can be assumed that the @aatf such
photo induced system is predicted in the creatiowide spectra of derived compounds. The additibalgae
into heterogenic system was specifically aimed edling to the presence of content ratio of activéurs
photosensitizer and chlorophyll a. Our assumptibintensified combined effect of algae immobilization Fe-
ZSM-5-Pt carrier was confirmed. The results obtdity the SPME-GC-MS technique for the algae culture
were identified as products of photodegradatiorectffon cell membranes depending on the conditidns o
photodegradation of COn UVA-VIS radiation. In particular, there wereghier alcohols (C10-C18) and esters
of fatty acids (linoleic acid, palmitic acid). Imse of combined photocatalyst Fe-ZSM5-Pt + dryealgature,
lower signals for ethanol were obtained. On theeotiand, interesting results for ethanol were olethin case

of heterogenic system Fe-ZSM-5-PT + chlorophyll a.
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ABSTRACT

The aim of the paper was to investigate the efiicyeof fungal strains applied in bioleaching of memically
interesting metal - aluminium from e-waste. E-wagsed in this study was composed from pulverizetl ol
computer printed circuit boards (PCB). For leachixgeriments, three strains of the gengspergilluswere
used. Bioleaching was carried out as stationaryesys at laboratory temperature for 28 days. Maximum
mobilization of aluminium from e-waste was 62.36%.

World production of e-waste ranges from 30 to 50iom tons per year. Moreover, it increases anyuiai 3-5
% (Bas et al., 2013). Recycling of e-waste is ingair due to recovery of economically interestingatgesuch
as aluminium, copper, iron, platinum, silveranddgas well as due to prevention of release and dprgaut of
toxic elements in the environment such as antimbayium, cadmium, cobalt, chromium, lithium and ocugy
(Kiddee et al., 2013).At present, e-waste is preegdy mechanical, hydrometallurgical and pyrorhagital
techniques. Disadvantages of these methods in¢ligdeinput and operating costs, production of hag®unts
of toxic wastewater and release of harmful compstndhe atmosphere (Cui et al., 2008).The bioleactvith
various microbial species could be a proper altar@dor e-waste recovery. Advantages of such neiholude
low input and operating costs and production ofdoamounts of harmful wastewater(Wu et al., 2008).@im
of the study was to investigate the efficiency ppleed strains of microscopic filamentous fungigimating
from different types of the environment to recovefyluminium from e-waste.

Aluminium occurs in PCB mainly in elemental formorFexample, the concentration of aluminium in used
waste was 8208 mg.RgTuncuk et al., 2012).Various authors investiggiieaching of aluminium with organic
acids from PCB found out that low pH values forigént solubilisation of aluminium are required &dl et
al., 2001; Kolenik, 2013). The results in this study confirmed trexessity for using of low pH values for
efficient aluminium extraction from PCB. Using tAe niger— Sobov fungal strain, the highest concentratibn o
leached aluminium (63.36 %) was recorded (TabThjs strain was able to change pH values to thesbw
values from all applied fungal strains. The lowgdtvalue reached by this strain was 2.1 (Fig. he $train was
isolated from theDystricCambisol (contaminated andded)of former mine site of Sobov, Slovakia. Fod
contains high contents of iron and aluminium. Téeasid highest extraction efficiency was recordeith wsing
the A. niger— ZemianskeKost@ny strain reaching 13.44 % (Tab. 1).Lower leaclgffigiency was caused by
higher pH value during bioleaching (Fig. 1). TAe niger— Zemianske Kostany strain was isolated from
technosol containing brown-coal derived ashes & Zbmianske Kostany site. The substrate contains high
contents of arsenic. The lowest efficiency of aliomn mobilization (9.2 %) was recorded during baalking
with the A. niger — Galgikovo strain (Tab. 1). The strain was isolated frtdme flooded forest soil in the
Galikovo site. No toxic elements were determined @gbil and pH value ranged 7.7.

Tab.1. Efficiency of aluminium extraction fromcomputeiinted circuit boards after bioleaching Agpergillusnigerstrains

Efficiency of

Strains used in bioleaching aluminiumextraction

Aspergillus niger Sobov 62.36%
Aspergillus nigerZemianskéKostd’any 13.44%
Aspergillus niger Gab¢ikovo 9.2%
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Fig. 1. Changes in pH evolution duringbioleaching ofcompuptinted circuit boards withspergillusnigerstrains
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ABSTRACT

In the territory of Serbia 394 potentially contaatied and contaminated sites have been identifiad udan
areas. From a total number of sites, 189 belongsdstry, while 181 are municipal waste dispos&ss The
presence of heavy metals in urban soils is onehefrhost common environmental contamination problem
usually caused by industrial discharges. Systengtamination of urban soils in Serbia has been dimee
1999 to determine the contamination level and pi@erisk to population health. This paper repartsurban
soil contamination near municipal waste sites amldistrial facilities in the period 2010-2015. Tlesearch was
done in eleven cities and nine municipalities. Bmalysis shows that the degradation of urban saifs be
attributed to many factors including: the impactsudoanization and industrialization, unsupervisetnmunal
waste sites, partially uncontrolled agro-chemiaalctices and low levels of communal hygiene. Tlsallte of
analysis for 200 samples show that in the majarfitgamples the prescribed limit values for Cd, ®b, Zn, Ni,

Cr, Co, As and Hg are exceeded. Intervention vadwe®xceeded in a small number of samples forZGuNi,

Cr and As. The implementation of environmental @ctibn measures is only possible when stimulated by
scientific-technological research carried out iis field.

INTRODUCTION

Due to a rapid urbanization, most of the urban saie&erbia are built close to roads or indusaiaas, where
they are under the impact of pollution sources sashindustrial emissions. The current knowledgehef
pollution of urban soils was reviewed with specierence to heavy metals and this study has dernated a
serious problem of heavy metal contamination iraarareas.

RESULTS AND DISCUSSION

An important aspect of soil contamination is theelego which the contaminants are present in tlieasal those
concentrations are expressed in units of the maseavy metal per units of the mass of soil (mg/Kd]
Samples were collected from 0-30 cm depth.The &%kes are collected nearmunicipal waste sites amdest
of 101 samples are collected near industrial féedon the territory of Serbia (Figure 1). Percgataf samples
that have exceeded the prescribed limit value® fogavy metals are presented onFigure 2.
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Fig. 1. The total number of samples  Fig. 2. Percentage of samples exceeding the limit values
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The high concentration of nickel found in sampledeélieved to be of geogenic origin, which is sfiedor
Western Serbia. [4] Results of soil analysis shagv differences between samples collected near ripalic
waste sites and industrial sites. According tortsilts of exceeding limit values, near municipabkte sites Cu,
Hg, Pb, and Zn were found in greater number of $asnwhile Cd, Co, and Cr near industrial sites.[1]

Intervention value Intervention value

u Limit value u Limit value

Percentage (%)
Percentage (%)

As Cd Co Cr Cu Hg Ni Pb Zn As Cd Co Cr Cu Hg Ni Pb Zn

Fig. 3. Percentage of samples exceeded prescribed values Fig. 4. Percentage of samples exceeded prescribed values
collected near municipal waste sites collected near industrial sites

The intervention values for soil remediation indécavhen the functional properties of the soil famtans,
plants, and animals is seriously impaired or iglamger of being so. They are representative ofetel of
contamination above which a case of soil contannats deemed to be severe.Samples collected near
municipal waste sites exceeded intervention vafae#\s, Cr, Cu, Hg, Ni, Pb, and Zn (Figure 3), vehitear
industrial sites, intervention values are excedded\s, Cr, Cu, Ni, Zn (Figure 4). [1] The highgmrcentage of
exceeding intervention values were found in sampddiected near municipal waste sites. Of the totathber of
samples that have exceeded the limit values far ile@oils near municipal waste sites, even 40¥hefsamples
exceeded the intervention values.

Fig. 5. Waste disposal sites in Western Serbia (photo:i&efnvironmental Protection Agency)

CONCLUSION

The dominant contaminants in the analyzed urbae sear municipal waste sites are Cu, Hg, Ni, A, vihile
Cd, Co, Cu and Ni are dominant in soils near ingissites.Results of this study show a bit beiimtus of
urban soils near industrial sites. A possible exati@n lies in the fact that open dumping and ldimtj have
represented the predominant method of waste maradeim Serbia during the past decades. This pectic
resulted in over 3085 illegal waste disposal ditistributed all over the country.[5] In most cas#sgal dumps
are located in rural areas. They are primarilydbesequence of the lack of resources to improve)tiadity of
waste collection systems and of poor waste manageonganization at the local level.[3] Accordingthe State
of the Environment Report for 2014, on the teryitof Serbia has so far built seven sanitary lalsjfdnd two
are in the process of obtaining permits, which wastder as a progress in waste management pr{&lice.
multidisciplinary approach in the assessment otammated urban sites is needed to ensure thah wdits are
well understood. The implementation of environmeptatection measures is only possible when stited|dy
scientific-technological research carried out iis tfield.[2] Contamination of urban soils is our rimadiate
concern relating to potential impact on human tealhe health risks of exposure to urban soil aoimants
such as heavy metals have not been yet observedandanented. Further analysis ofsoils in urbansaisa
needed to assess the potential impact on enviraiahmedia and human health.
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ABSTRACT

Use of soil is in practice carried out in multiftiomal manner, in other words, from the aspect®ttcological
and technical functions. These two basic group® tendencies for the same land area so the questienges
whether it is possible to harmonize relationshipwieen two of them. As a result of use of soil frive aspect of
its technical functions, soil suffers great conssmes which vary from temporary exclusion from crop
production to its permanent destruction.

Among the many damages to soil, contamination df wih heavy metals draws the most attention. The
distribution of heavy metals in the soil, their iy and solubility depends on the standdard props of soil
(soil reaction, content of colloidal particles lretsoil clay content, the content of organic matfesoil). Heavy
metals in the soil do not dissolve like many otheltutants, so the decontamination of soil is big ilong-term
process with great investments that lasts eveddoades.

Contaminated surfaces of about 750 ha. In the etudbils were taken average samples at depths26f O-
cm.Extraction of traces of total content of heavgtais (BAS ISO 11047: 2000, AAnalyst 800, Perkiméi
(2006), software, WinLab32, version 6.4. Rev. 6).

In all tested samples the content of total cadm{@ah) is below the maximally allowable concentrat{®&MAC)
and far below remediation value. When it comeshi dorrected limit value, the content of total cadmis
below this value only in mullock dumps.

In order to take measures to reduce the concenmtrafi heavy metals in the soil, and through it langs, it is
necessary to accurately determine the source bftjpn and therefore take measures to protect algui@l land
compliant with the requirements of national ledisia. Therefore, it is very important regular arsady of
farmland, particularly beside large industrial ptarsettlements and roads, taking measures fail@siation,
among other things, proper selection of plant sge@nd genotypes that are more tolerant to inadease
concentrations of toxic elements in the air andllan

INTRODUCTION

Use of soil is in practice carried out in multiftienal manner, in other words, from the aspect®gtcological
and technical functions. These two basic group® terdencies for the same land area so the questienges
whether it is possible to harmonize relationshipwieen two of them. As a result of use of soil frime aspect of
its technical functions, soil suffers great conssmes which vary from temporary exclusion from crop
production to its permanent destruction(Kraisnile®012).

Republic of Srpska has about 0.85 ha of agriculso# per capita, of which about 0.60 ha is argpleughland,
gardens, orchards, vineyards, meadows) i.e. abdQtté of ploughland and gardens. Currently, oblyus 0.20

ha per capita is cultivated. The above data shewttie degree of utilization of the natural resesrin Republic

of Srpska is low with a trend of reduction. Throaghthe world, the surface of 0.10 ha of arablel lpar capita

is considered the lower limit (Agricultural Developnt Strategy of Republic of Srpska until 2015).nAal
losses of soil, in Republic of Srpska, in the pescef its destruction, amount to more than 1,50€adnes
(Nature Protection Strategy of Republic of Srpska)Bosnia and Herzegovina, according to NEAP'sadat
2003, 900 ha disappears in open pits and 300 tamps annually.

Among the many damages to soil, contamination df wih heavy metals draws the most attention. The
distribution of heavy metals in the soil, their iy and solubility depends on the standdard props of soil
(soil reaction, content of colloidal particles lretsoil clay content, the content of organic matfesoil). Heavy
metals in the soil do not dissolve like many otheltutants, so the decontamination of soil is big ilong-term
process with great investments that lasts eveddoades Tunguz et al. (2014).
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MATERIALS AND METHODS

In the area of Gacko plain there was a disturbafitee land and to its destruction due to changéand use, or
permanent loss of land due to the constructiomefrhal power plants. Contaminated surfaces of abBsitha.
In the studied soils were taken average samplésphs of 0-20 cm.
Soil samples in undisturbed condition were takeamfrindividual genetic horizons, in three repetitipiy
cylinders of Kopecky.Extraction of traces of totaintent of heavy metals (BAS ISO 11047: 2000, A4sal
800, Perkin Elmer (2006), software, WinLab32, venss.4. Rev. 6).

RESULTS AND DISCUSSION

The surveys covered limestone-dolomite soils, soflddlumps in the process of re-cultivation and ouakl
dumps.

FBiH legislation that was used according to the lawAgricultural Soil (Official Gazette of FBiH, n®2/09)
i.e. Instructions on determining the allowable amtoof harmful and dangerous substances in soilraethods
for their investigation (Official Gazette of FBildp. 72/09) treats pollution i.e. contamination ofl by heavy
metals in terms of growing the crop plants, i.eagi$cultural soil, based on textural characterssti

If the concentration of heavy metals in the soikignificantly higher than normal, it indicates tamination
either from anthropogenic sources or their natgeaichemical origin. Control of their levels in theils occurs
through comparisons with maksimally allowableconicion (MAC) for unpolluted soils.

In Serbia, the criteria for the assessment of soiltamination with heavy metals (MAC) are giventire
Regulations on permitted amounts of dangerousamahfblh substances in soil and water for irrigatiomda
methods for their investigation (Official Gazetté RS, no. 23/94) and the Regulation on the progfam
systematic monitoring of soil quality, indicatomsr frisk assessment of soil degradation and metloggoior
development of remediation programs (Official Geezef RS, no. 88/2010).

The limit values for the maximally allowable contration (MAC) of heavy metals in soils represent a
significant foothold in the assessment of soil aamnation by these mainly toxic elements.

Limit values, remediation values are valuethat paimt to significant contamination for heavy metaisthis
case camdium (Cd) and depend on the clay contelibraarganic matter in the soil. Data on the tetaitent of
cadmium (Cd) are shown in Tab. 1.

Tab.1. Mean values of the total content of cadmium (Cdj/km, corrected limit values and remediation valfesall soil
types, soils of dumps in the process of re-culiivatind mullock dumps

Soils and dumps Cadmium Corrected limit value | Remediation value
(Cd) (mg/kg) (mg/kg)

Soils 1.28 0.77 11.52

Soils of dumps in the process of re-cultivation 51.8 0.66 9.96

Mullock dumps 0.40 0.62 9.36

The maximally allowable amount of cadmium (Cd) e soil is 3 mg/kg (Official Gazette of RS, no. BBLO;
Scheffer and Schachtschabel, 1998). The averagertdasf cadmium in soils of Central Serbia is 0.80&/kg
(Report on the state of soil in the Republic oft®r2009).1t is believed that in addition to geetical origin
Cd is often found in soils rich in Zn ore, carb@wtphosphorites, black shales and clays.

CONCLUSION

In all tested samples the content of total cadm{@ah) is below the maximally allowable concentrat{®&mAC)

and far below remediation value. When it comesh® dorrected limit value, the content of total cadmis
below this value only in mullock dumps.

In order to take measures to reduce the concenmtrafi heavy metals in the soil, and through it langs, it is
necessary to accurately determine the source bftjpn and therefore take measures to protect algui@l land
compliant with the requirements of national ledisla. Therefore, it is very important regular arsay of
farmland, particularly beside large industrial ptarsettlements and roads, taking measures fall@siation,
among other things, proper selection of plant sme@nd genotypes that are more tolerant to inalease
concentrations of toxic elements in the air andilan
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KEYWORDS
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Areas contaminated by heavy metals were identifielI-Gharbia Governorate (District) of Egypt. Thiidy
area occupies the Middle part of the Nile DelteEglypt (30°4520 - 31°10°50 E; 30°35°10 - 31°10°03 N;
altitude 0-12 m above sea-level). The soil tempeeategime of the study area is Thermic and thlensoisture
regime is Torric. Sediments were mainly depositethe Upper Pleistocene, which is evidenced bydgposits

of the Neonile, which are mainly composed of mediand fine silts. Heavy metal analysis used several
techniques, including remote sensing and Geographiformation Systems (GIS) as the main reseavokst
Digital Elevation Models (DEM), Landsat 8 and camtenaps were used to map physiographic units.

Satellite images show that the study area is affdain and includes high terraces (12.04% of amreagerately
high terraces (22.41%), low terraces (21.67%), hitgtantation basins (2.05%), low decantation basins
(12.26%), high overflow basins (12.68%), low ovewl basins (10.71%), riverlevees (5.38%) and swales
(0.77%). Thirty soil profiles were sampled in diff@t physiographic units in the study area. Geodtem
analysis of the 110 soil profiles samples was coteth using X-ray fluorescence spectrometry (XRF).
Vanadium (V), nickel (Ni), chromium (Cr), copperyCand zinc (Zn) concentrations were measured. i\grd

Cr concentrations exceeded recommended humarhtssdéity valuesin all horizons of the soil profjlegile

Cu had a variable distribution. Most Zn concentriagi were under recommended concentration limitavifde
metal risk was calculated using the Contaminatmetdr (CF). CF was variable and suggests thatisdite
study area ranged from low contamination to veghhtontamination classes in terms of the analysetdlm
The spatial interpolation method (IDW) was usedhwi? neighbouring samples for estimation of eadd gr
point. A power of two was used to weight the netapesgnts. In terms of the distribution of heavy alstin the
different physiographic units, the swales unit eimtéd the highest concentration, as this is in KlfiZayat,
which has many factories. V, Cr, Ni, Cu and Zn @mnications are significantly inter-correlated. Tehare no
significant correlations between major elements laealyy metal concentrations, except for V, Ni and\Z and

Ni have significant positive medium and strong etations with Fe, respectively. According to thelgsis of
major elements, these deltaic soils are predomiynasiticeous, with slight enrichment of the alumina
component.

We recommend that heavy metal contamination beiestudithin entire soil profiles and not just topisp
because these metals affect soil and crop qualilycan cause ground-water pollution. Protectioriragahis
hazard is vital for sustainable land managemerdciBe measures and efficient methods to improvieaswoi
water quality must be conducted, in order to préwsil and water pollution and to avoid the needdostly
remediation in the future.
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