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Abstract in English

The assessme of the risk posed by a polluted siteveedshumans anthe environment

is an important issue. The methodology to define a conceptual model of the site of study
and to perform the risk assessment can differ significantly for each country thus, the
compaison between different methods to approach polluted sites, can highlight which
are the aspects that should be included or modified in the risk assessment methodology
to ensure reliable outcomes.

The aim of the study was to compare the Italian and Sweghgloaches to deal with
contaminated sites and evaluate the respective results. The two risk assessments were
performed for the property of Bollnds Bro 4:4, located in Bollnas (Sweden). The site
presented a diffused contamination by both inorganic andnirgaollutants as a
consequence to the storage and maintenance of train coaches. Soil samples were taken on
site to perform leaching test and determine the-spexific soil to liquid partition
coefficient (Ky) of metals. Two software were used: Rigi 2.0, to determine the
threshold concentrations for risk (CSRs), i.e. the Italian remediation goals, and the
Software for sitespecific soil guidelines by Kemakta AB to calculate the Swedish site
specific soil guidelines.

The outcomes of the two risk assessits were different both considering the value and

the driving exposure pathway, but confirmed the critical pollution of the property. The
Swedish sitespecific guidelines were found smaller than the Italian CSRs for the majority

of the contaminants, but was not possible to define which approach would have
determined the highest remediation costs, due to thdegaily-binding character of the
Swedish guidelines.

The Italian risk assessment is very detailed, but time consuming. The Swedish
methodologypn the contrary, is quick and simple, but is lacking in-sjtecificity, due

to the limited number of editable parameters. Both the approaches have strengths and
weaknesses, but further studies, focused batkhe physiechemical and toxicological
propeties of the pollutantandthe mathematicainodels adopted in each country, are

required to perform a deepened comparison between the two methodologies.



Abstract in Italiano

La valutazione del rischio posto dalla presenza di un sito contaminato su womo e
ambiente & una problematica importante. Il procedimento per definire un modello
concettual e del sito ed eseguire | 6anali si
Paese in Paese. Per questo, il confronto tra diverse metodologie di approcciotad un s
inquinato puo essere usato per identificare quali sono gli aspetti che andrebbero inclusi

in una procedura di analisi di rischio e quali invece tralasciati, per ottenere risultati
realistici e affidabili.

Lo scopo del lavoro e stato quello di comparerd appr occi o i taliano
contaminato con quello svedese per poi valutare i risultati corrispondenti. Le due analisi

di rischio sono state eseguite per la proprigdlinas Bro 4:4 situata nella cittadina di

Bollnds (Sezig. Il sito in analisi erac ar atteri zzato da undest
contaminazione, costituita sia da inquinanti organici che inorganici, conseguente alla
manutenzione delle carrozze di treni, poi tenute in capannoni. Dei campioni di suolo sono

stati raccolti sul sito per eseguium test di cessione e determinare il coefficiente di
partizione suoleacqua (k) dei metalli presenti. Due software differenti sono stati

utilizzati: Risknet 2.0, per calcolare le concentrazioni soglia di rischio (CSR), ovvero gli

obiettivi di bonifica taliani, e il Software for sitgpecific soil guidelines by Kemakta AB

per calcolare le linee guida sispecifiche svedesi.

Le due analisi di rischio hanno fornito risultati diversi, sia in termini di valore numerico

che considerando la via di esposiziateterminante per il contaminante, ma entrambe

hanno confermato la criticita della contaminazione del sito. Le linee guidspgitifiche

svedesi sono risultate piu basse delle CSR italiane per la maggior parte dei contaminanti,

ma non é stato possibilerminare quale tra i due approcci avrebbe comportato i costi

di bonifica piu elevati, dato che le lingeida svedesi non costituiscono valori legalmente
vincolanti.

Léanal i si di rischio italiana  pi¥a dettag
metodologia svedese €, invece, semplice e veloce da applicare, ma la simulazione risulta
molto meno sitespecifica a causa del numero limitato di parametri che possono essere
modificati. Entrambi gli approcci hanno punti di forza e debolezza, ma soessaec

ulteriori studi, incentrati sui modelli matematici e i parametri chinfisici e



tossicologici utilizzati in ciascun Paese, per poter fare un paragone piu approfondito tra
le due metodologie.
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1 Introduction

Risk assessment is the formal process of evaluating the consequences of a hazard(s), i.e.
a situation or a chemical, biological, physical agent that can cause adverse effects or harm,
and their related probabilities (Gormley at al., 20Phillips et al., 2008 In the
environmental contest, risk assessment is used in order to assess the risk associated to a
polluted site and the consequent remediation required as well as a possible future hazard
that has not occurred yet (Saponaro, 2015; NATURVARDSVERKET,;2868nley at

al., 2011). When dealing with an existing polluted site, the risk assessment methodology,
as part of the remediation procedure, is based on the use of models that can connect the
hazard due to the contamination with the exposure and migrnaéithhways and the

receptors (Saponaro, 2015).

Different countries have consequent different approaches to assess the risk, therefore the
outcomes of the risk assessment and the practical actions adopted might differ
significantly. Because of this heteroggpe a comparison between different
methodologies can be useful to highlight their positive and negative aspects and it can
help further develop a more efficient procedure to assess the risk.

The polluted area Bollnds Bro 4:4, in the Swedish city of Ballnwhere train coaches

were stored and maintenance wbds beeronstantly performed for one century, is an
example of a site that requires a risk assessment to evaluate the possible harm posed by
the existing pollution. Previous reports and analysisopmed at the site, reported
contamination both in soil and groundwater and a risk assessment with the consequent
possible actions to manage the risk was performesimdish ConsultantSWECQO in

2015, without considering the buildings presatthe sie.

1.1 Aim of the study

The aim of thighesisis to compare the Italian and Swedish risk assessment procedure
both considering the methodology itself and the softweser] and performing a risk
assessment for the site Bolln&s Bro 4:4 with the two diffeqgmtoaches. Even if analysis
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were executed in the previous years and a risk assessment was performed by the Swedish
company SWECO in 2015, it is interesting to perform a risk assessment using different
inputs after collecting samplasthe sitdéo checkif the contamination is as heterogeneous

as it appears from the previous reports. Moreover, due to the importance in evaluating the
risk posed by toxic metals, it is of interest Hetualmobility of these species in the site

of study to properly determenthe risk.

The questions that have to be answered in this study are:

1. Whatare themajordifferences between the Italian and Swedish risk assessment
procedure?

2. Which conclusions can be drawn from the analysis on toxic metals in the samples
collectedat thesite of study?

3. Which conclusiorcan be drawn from the outcomes of the two risk assessments?

4. Which are the differences in the results of the two risk assessments and how can
they be explained?

5. Which are the strengths and the weaknesses of the two apesaaad, how, if
possible, could they bmerge®
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2 Background

2.1 Risk assessment

Risk assessment methods can be broadly divided in two types: qualitative and
quantitative. The qualitative approach is usually simple andeftesttive, but it results

as sgnificantly subjective (Gormley at al., 2Q1llinkov et al., 2002 Consequently, it is
possible to obtain different outcomes if the performer of the assessment changes, due to
the individual interpretation of the inputs and the outputs of the problemmtiQize
methods, on the other hand, are more complicated than the qualitative ones, but more
reliable since based on a large amount of data and on the judgment of experts in the topic.
However, quantitative methods can be simplified if the model is geadvin the form of

a software. In this case, it is possible to modify the inputs and the consequent outcomes
of the assessment with the manipulation of a reasonable number of parameters. A possible
issueof the quantitative methods can be identified in stieng dependence on the

selection of the data to perform the assessment (Gormley at al. L 2@Kidv et al., 2009

Environmental risk assessments consider three possible classes of hazards: sanitary risk
related to human health, ecological risk foeansystem, and thiesk for water resources
(Saponaro, 2015). The ecological risk is the farthest from standardization of the procedure
(Saponaro, 2015) and due to the ecosystem complexity the modelling results difficult.

It is possible to identify threeifferent types of risk assessments, depending on the
complexity of the approach and the instruments used to reach the aim of thBWdy (
2008;Saponaro, 2015):

- Level 1: Tables with nosite-specific values;
- Level 2: Analytic model for transport and/ite specific parameters;
- Level 3: Numerical model or direct measurement with probabilistic methods to

estimate the risk.

A level 2 risk assessment, is an acceptable compromise between the other two levels but
usually requires simplifications when dragithe conceptual model of the site of study,

in particular about (Saponaro, 2015):
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- Geology and hydrogeology of the site (isotropy etc.);
- Geometry and chemical features of ga#lution sources;
- Lack of change of input parameters in time;

- Pollutant fate antransporimechanisms

2.2 Problem formulation

A clear definition and description of the problem and its boundaries is of fundamental
importance when performing a risk assessment, because it affects the outcomes and the
consequent future actioras the site(Gormley at al., 20L;1Nickson, 2008 When the
schedule for a risk assessment is strict and the time is lacking, ovedastails and

saung time collecting less information could appear easierthistapproactmight lead

to issues in the revision pke of the procedure (Gormley at al., 2011). It is important to
assess the uncertainty of the problem formulation so that the outcomes can be clearly
contextualized in the frame of assumptions adopted by the performer of the risk

assessment without ambigyi

Uncertainty is a critical aspect in the risk assessmidnttgds States Environmental
Protection AgencyUSEPA Gormley at al., 2011) and is usually caused by the lack of
complete data. This factor can be decisive both in the formulation of the prabtein

is the reason why fully gathering information is a crucial part of the process.

During the formulation of the problem, it is recommended to include in the discussion the
stakeholders or the publizodiesthat could be directly or indirectly affecteby the
assessed risk (Gormley at al., 2011). The early participation of the interested parties can
make the decisions taken during and after the risk assessment more efficient and punctual
(Gormley at al., 2011). If doing so, it is also possible to afutigkre bureaucratic issues
between the different involved parti@ghichwould cause delays both in the phasesi

assessment and in the remediation actions.

Basic gener al i nformation about the risk
to whom (or which part of the environment), where and when. The problem formulation

phase can be divided in sstages: problem framing, conceptual model development,
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risk assessment planning, risk screening and prioritizing (Gormley at al;, igkon,
2008).

2.2.1 Conceptual model development

In order to formalize all the aspects cited above, a conceptual model, i.e. a schematic
representation, of the site is necessary to represent the features and the boundaries of the
environmental problem under evaluati@@ormley at al., 201;1Nickson, 2008 The
complexity and the details of the model to be defined usually vary case by case, but the
more detailed the model is, the closer the assessment is to the real situation. However, it
must not be forgotten that a aaptual model will never be able to represeatfectly

the siteand imprecision will always affect the outcomes. Hence, an increased effort in the
conceptual model development can only increase the reliability of the results of the risk
assessment but wilever remove the intrinsic imperfection of a schematic representation

of a complexeality.

The development of a conceptual model is highly dependent on the quality of the data
and information gathered about the site of study. Therefore, it is funddrneentdlect

the historical data available for the area in order to identify the proper methodology to

follow when performing the investigations and the location of the sampling points. The

investigations that can be executed must be divided in two clalisss investigations,

that give quantitative outcomes, and indirect investigations, that produce qualitative

information (Nickson, 2008Saponaro, 2015).

The complexity of the model is strictly connected to the one required for the risk
assessment. Aoaceptual model is used to define the hypothetic connection and
relationship between the source of the hazard (polluted site) and the pathways of exposure
and migration to the receptors, i.e. humans and environment respectively (Gormley at al.,
2011;Nickson, 2008;Saponaro, 2015). The source of the hazargl,a polluted site,

greatly bear on the results of the risk assessment, in the sense that a wrong or superficial
description of the considered site can lead to misleading results and inefficient risk
management actions. The distinction between migration and exposure pathways is based

on the different receptor considered. When humans are considered, we talk about
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exposure because the quantity of the pollutant that reaches the receptor and its contact
time, in addition to the chemical properties of the chemical itself, determine the
consequences on human health. In the case of hazard to the environment, the term
migration pathway is used because no exposure is calculated in the risk assessment
(Saponaro2015).

When developing the conceptual model, it is important to be informed about all the factors
that can affect the risk (Gormley at al., 20Mickson, 2008 All the natural and human
processes that can influence the hazard must be taken into achoairgctivity in the
nearby areas, the annual precipitations and the geochemical properties of the soil are
examples of the information required. If any affecting factor is not considered from the
very first stage, problems may arise during the assessrh#re risk and the definition

of the consequent practical actions (Gormley at al., 2011).

2.2.2 Planning the assessment

The stage of planning the assessment is focused on the definition of the required data and
the methods to collect them (Gormley at al1 20 In this context, the selection of which

are the most important data in order to perform the risk assessment for the site provides
opportunity to save time focusing the effort on the most critical aspects of the assessment
and it leads to more punctualtcomes.

In the last years, the request for public participation in the risk assessment and for a
procedure characterized by full transparency has become stronger along with the increase
in the environmental awareness between citizens (Gormley atHl, ,R€ts and Brooks,

2005. Participatory risk assessment is an effective solution to the lack in the public
participation (Gormley at al., 2011). This type of risk assessment involves people in the
problem formulation, management options and final swhsti communicating
information in a comprehensible and rgpecific language (Homan et al., 20®etts

and Brooks, 20056
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2.2.3 Risk screening and prioritization

A first partial screening of the risk characterizes the stage of conceptual model definition
(Gormley at al., 2011). The screening can be used to identify which are the most relevant
risks that have to be analyzed and assessed, but also those aspects that can be overlooked
when performing further investigations. In this way, it is possible to managsftines

of the assessment in an efficient way saving time and resources. In this phase, the
performer of the risk assessment can understand if a quantitative risk assessment is
possible for the site, i.e. the available data and information are enolfghpoe analysis

is required. However, not all the risks need a quantitative risk assessment, since they
might be considered negligible looking at the data already available (Gormley at al.,
2011). Therefore, risk screening is useful to focus the assetsem#érose risks that are
affected by an uncertainty that could greatly affect the outcomes of the study and the risk

management.
Risk screening can be based on different factors (Gormley at al., 2011):

- The importance of a hazard, the susceptibilityhef teceptor or the accessibility
of a pathway

- The probability of an event, considering the historical occurrence and the
changing in the circumstances

- The reliability of the links identified between the hazard and the receptor

Screening the risk, decidig wi t h Af il tersd which are the
is only a first step that is followed by the prioritization of the risk. This process must be
transparent due to the intrinsic subjectivity of the procedure, in order to clarify on which

basis the outcomes of the assessment are founded (Gormley at al., 2011). Once
transparency is ensured, it is also possible to compare results of different assessment in

an effective way. Risk ranking can be performed in many ways: considering the relative
strergth of a dangerous chemical, the likelihood of a pathway to be relevant for a specific
receptor, the necessary exposure to ensure critical hazard to a receptor and so on (Gormley

at al., 2011). All these qualitative approaches use a conceptual modentify itlee

connections between sources of the hazard, pathways and receptors.
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The process of screening and prioritizing the risk must be revised during the whole
assessment. In fact, it is probable that some risks that are classified as not relevant, at th
starting point of the study, gain more importance in the next steps with possible influence

on the outcomes of the assessment.

2.3 Assessment of the risk

After a first stage of problem formulation in which planning and scoping are performed
along with thecollection of data to identify the dimensions and features of the site
contamination and also all the information needed to predict the fate of the contaminants,
the risk can be assessed (USEPA). Usually, the assessment can be divided in four stages
(Gormley at al., 2011):

- Hazard(s) identification
- Assessment of the potential consequences
- Assessment of the probability of these consequences

- Risk and uncertainty characterization

Either performing a quantitative or qualitative risk assessment, the assessthemnisk
follows the same steps as reported above.

2.3.1 Hazard(s) identification

When a chemical, physical or biological agent or a situation can cause, under specific
conditions, harm, it can be identified as a haZRitdllips et al., 2008)A hazardcan be

of different magnitude, spacing from a local context,,highway traffic pollution, to a
global oneg.g.,0zone depletion. The identification of the hazards greatly affects the next
steps of the risk assessment and, therefore, it is importadérttfy all the possible
threats Gormley at al., 2011

Given a hazard, the consequences that can occur are intrinsic in the hazard itself and all
the possible ones must be taken into account with the related probability to assess the risk.
The magnitud of the consequences must be defined without neglecting not only the
spatial but also the temporal scale of the@nit{o et al., 2007 Gormley at al., 2011

Phillips et al., 2008
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2.3.2 Assessment of consequences probability

Given all the consequences thag $ikely to occur due to a hazard, it is important to
associate to each of them a probability or frequency (Gormley at al., 2011). For example,
in the case of a polluted site, the actual odds that an individual comes in contact with the
polluted soil musbe consideredviodels are used to reproduce the migration of pollutants

in the environment and estimate the-sife exposure of humans to these dangerous
compounds. When estimating the exposure on site, the frequency at which the receptor is
in contact wih the haardous chemical is considerdthe carcinogenic risk, expressed as

a probability, is itself an example of this concept and is direct consequence of the
probability that the pollutant reaches the recefillips et al., 20085aponaro, 2015).

Once it is established the probability of exposure to harmful chemicals occurs, it is
important to calculate the odds of adverse effect due to the exposure. Obviously, the
occurrenceodos I|likelihood of consequences
different due to the variety of factors involved. In fact, the probability of harm depends
on the properties of the chemical itself, on the vulnerability of the receptor and on the
extent of the exposure. As an example, it is unrealistic that the exposine same
pollutant concentration would lead to the same consequences in the case of an adult and
an infant. Usually the likelihood of harm is represented in a simplified way using-a dose
response relationship that relates the magnitude of harm to a@qpaisure for a given

type of receptor (Gormley at al.,, 2011). Thesdationship is obtained using
eotoxicological tests that use as receptor small mammalians and extrapolate the results
for humans using factors,g.,safety factor, to adapt the outcesto the different receptor
(Norrstrom, 2015; Saponaro, 2015).

2.3.3 Risk and uncertainty characterization

At this step, the information and the results obtained from the previous stages are gathered
to determine the definitive likelihood of harm that an\atgtior a compound could cause
to a specific receptor in defined exposure conditions and with the relatedotissis and

uncertainties.
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A common way to characterize the risk is to compare the contaminant concentration in
an environmental matrix with a giéline value and then define what this would mean in
terms of how likely adverse effect could occ@rifto et al., 2007Gormley at al., 2011).
Further considerations can be made about the validity of the guideline for the studied site
and consequent aotis to properly characterize rigkg.,site specific guidelines (Elert,
2016;NATURVARDSVERKET (2) 2009.

In order to characterize the risk posed by dangerous chemicals, ecotoxicological tests, as
mentioned before, can be performed using for example ptieglicted neeffect
concentration (PNEC), determined using laboratory animals or gathering data from
similar cases affecting populatio@r{tto et al., 2007Gormley at al., 201, 1Phillips et al.,

2008. In the case of hazardous chemicals, an importatindiion must be highlighted
between toxic and carcinogenic compounds, due to the differentefsense effect on
humans andnimals(Phillips et al., 20085aponaro, 2015).

Considering a doseesponse relationship, in the case of a toxic agent, shibicevalue
is defined as that dose at which response, i.e. adverse effects, on the target occurs. When
the acceptable dose has to be modified with respect to humans, a reference dose (RfD) is
determined, that is always smaller than the threshold dogactinthe RfD is usually
derived from the no adverse effect level (NOAEL) using uncertainty factors (UFs) that
are based on the data and the procedure performed to determine tizhiRips et al.,
2008) For example, if animals are used, a normal U, but it can vary according to
the number of studies and the type of animal (Saponaro, 2015). Then another modifying
factor (MF) can be used which is based on
data (USEPA, 1993).

00000 aQ

Y QO ':'Y“@ i‘) “O ':'Q“Q 7 ’Q

The doseresponse correlation for carcinogenic and mutagenic chemicals is considered as
a no threshold one, i.e. adverse effects on human health are likely to occur also at very
low exposure valueéCritto et al., 2007Phillips et al., 2008JUSEPA, 1992). Since
response at low doses of carcinogenic compounds cannot be directly determined either
by epidemiologic studies or laboratory tests with animals, it must be derived from the
correlation found higher doses. A common way to extrapolate this relationship is the
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linearization of the doseesponse curve, which is considered a valuable solution as long
as other information suggest a different correlation. The slope of the linearized part of the
curve is called slope factofSF), with (mg/kg/day) as unit Phillips et al., 2008;
Saponaro, 2013JSEPA, 1992

The doseesponse correlation for carcinogenic and -narcinogenic substances is

reported inFigurel.

Non-carcinogenic compound

Response

Carcinogenic compound

SF

RfD Threshold Dose (mg kgt d?)

Figure 1: Carcinogenic and nowarcinogenic compounds desesponse correlation (Saponaro,
2015).

Uncertainty is present in all the stages of a risk assessment and in the case of
environmental issues its precise quantification is an aptodlem. Distinction must be

made between epistemic uncertainty, due to lack of information, and aleatory one,
consequence of the inherent variability of natural systems. The first step when dealing
with uncertainty is its own identification. Even if itégearly possible to reduce only the
epistemic uncertainties collecting more data or performing further analysis, the
identification of uncertainties can improve the quality of the whole study and insert the
outcomes is a welllefined backgroundJncertainty factors, as those reported before for
human health risk, can be adopted to express the uncertainty and to provide a margin of
safety(Critto etal., 2007;Gormley at al., 2011).
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2.4 Risk management
The risk management is not a part of the risk assesdwaeritis briefly discussed here
as the following step of the remediation process, when the risk is assessed as not

acceptable.

Once risk is estimated as relevant and not tolerable, the denisiker must choose one

of the risk management options to temate, mitigate, transfer, tolerate or exploit the risk,
keeping in mind that the total neutralization of the risk is usually impossible. In order to
select the best strategy to adopt, all the positive and negative aspects in an economic,
environmental, tédmical and social contest must be taken into account. As a consequence,
the following decisiormaking can result complex due to the tradis between these
aspects. Also because of this, the involvement of public and stakeholders in the selection
of the kest option, can lead to positive effects in the efficiency of this stage (Gormley at
al., 2011Phillips et al., 2008Saponaro, 2016

After the appraisal of the options, the risk must be practically addressed in order to meet
the objectives defined in ¢hrisk management strategy. All the actions put into practice
must be clearly and unambiguously motivated. When this stage is completed, surveillance
covers a fundamental role in monitoring possible variable circumstaictse site
(Gormley at al., 2011)

The risk assessment procedure described and the considerations reported above are
general. The approach to the risk can vary in different ways in different countries, as it
will be observed in the following chapters where the procedures performedyianthl

in Sweden when dealing with polluted sites will be analyzed.
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3 Risk assessment in Italy

The Italian risk assessment procedure for polluted sites is regulated, as part of the

remediation process, ltyo official documents (Saponaro, 2016):

- Legislativedecree (D. Lgs.) 152/06Part IV
- Legislative decree (D. Lgs.) 4/2008

Important definitions are present in these documdhtsgs. 152/06 Saponaro, 2016):

- CSC (threshold concentration for contamination): these concentrations are those
above which a sitgpecific risk assessment must be performigdmust be
specified that they are different for sqénd the associated land usa)d
groundwater and that are not rFissedl

- CSR (threshold concentration for risk): these concentrations are calculated as
reault of the risk assessment and represent the acceptable level of pollution for the
site. If they are exceeded, remediation or securing actions must be adopted

- Potentially polluted site: a site where one or more concentrations are found above
the CSC

- Polluted site: a site where one or more concentrations are found above the
calculated CSR

- Remediation: reduction of the pollutants concentration to a value below or equal

to the CSR in soil and groundwater

Usually, the CSRs are higher than the CSCs, so dugd, but in the case of the
(Polycyclic Aromatic Hydrocarbon$)AHsand As it is the opposite. Therefore, even if
the CSRs for PAH&ind Asare calculated through a risk assessment, the remediation

targets areisually replacetty the CSCs (Saponaro, I3).

A schematic representation of the whole Italian methodology, from site characterization

to soil remediation, is schematically representeéigure?2.
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Figure 2: Schematic representation of the redsessment methodology in Italy (Saponaro, 2015).

As explained before, in order to perform the risk assessment, a characterization of the site
IS necessary. In the following paragraph, the Italian procedure will be shortly described
as fundamental prelimary step of the risk assessment.

3.1 Site characterization

The characterization of the site has the two following main daijrthe determination of
the pollution of the sitéconcentration and spatial distribution of pollutarasyl 2) the
acquirement of th sitespecific values for thphysicatchemicalparametersf soil and

groundwatethat affect the transport of pollutants.

When dealing with the definition of the features of the contamination the aspects that

have to be addressed are:

- Identification ofthe primary sources of pollutions (thaustbe removed)e.g.,
leaching tang, etg
- Identification of the secondary sources of pollutions, i.e. the environmental

matrices that are contaminated.
The secondary sources of pollution can be constituted by:

- surfacesoil (down tol m depth from ground surface);
- deep soil (from 1 m below ground surface to the groundwater level);

- groundwater.
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The two firstmatricesorm the unsaturated zone, the third one the saturated zone (APAT,
2008).

The dimension of the ploition, the potential pollutants and the concentrations are
fundamental information that must be gathered to properly characterize the secondary
sources of pollutionAPAT, 2008;Saponaro, 2015).

The first step of the site characterization is constitutgd tie environmental
investigations. These researches are different in the case of previously measured
concentrations above the CSC and when there are no certainties about the level of
pollution (APAT, 2008; Saponaro, 2015). When values above the @$Goi and
groundwatemwere already found at the site, the Plan of Characterization (PdC) is drafted,
whereas preliminary investigations are performed if concentrations above the CSC were
not detected yefl he soil CSCs to be considered are different deperafirtge land use

that must be distinguished between residential/recreational and industrial/commercial.

The PdC must contain many informatioAPAT, 2008; Saponaro, 2015). The first
fundamental part of the PdC is the historical reconstruction of the dith isttonstituted

by all the data about the studied area, i.e. site evolution in the past (constructions,
pavements etc.), incidents, analytic set (list of manufacturing processes, raw materials,
by-products and leftovers) and works performed (substitatiaf pipes etc.). Also the
collection ofenvironmentahistorical data about the site itseffust be present in the
drafted PdC(i . e . stratigraphy, depth of the aquif
chemical data about soil and groundwht@rpreliminary conceptual model that defines

the potential sources of contamination, based on the historical reconstruction, the features
of the environmentamatricesaffected by the activity in the area, based on available
historical data, and the possible migoatpathways to receptors, must be included in the
PdC as well. The last part of the PdC is constituted by the Plan of the Investigations (Pdl).
The PdI defines the environmentahtricesto be analyzed, the typology, the depth and

the points of the perfored investigations, the sampling procedures and the parameters

and/or compounds to be analyzed and the way the analysis must be performed.

The D. Lgs. 152/06 defines two main strategies to decide the location of the sampling
points APAT, 2008;Reteambiete, 2016; Saponaro, 2015):
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- Areasoned | ocationo: the sampling iIs pe
historical data and the information gathered by the preliminary conceptual model.
The aim of investigations is to verify the hypothesis of the modeitadbdension,
level and presence of pollution. This approach is suggested for complex sites
where it is possible to identify the most vulnerable areas and the probable sources
of contamination;
- Asystematic |l ocati ono: t he ng atatigtici n g po
calculations or randomlye.g.,using a grid. This choice is recommended when
the dimension of the site or the historical information about it are not sufficient to

identify the most vulnerable areas and the probable sources of contamination.

According to the features of the site, both the two approaches can be adopted as
represented iRkigure3. In particular, the presence of buildings and/or activdtdabe site

affects the number and the location of the samploigtp. Moreover, the use of indirect
investigations, as soil gas sampling, can guarantee a better location of the sampling points.
Samples can also be taken in the nearby of the site to determine the background level of

contaminants in the saihatricesReteambiente, 2016; Saponaro, 2015)

Site boundary . .
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Figure 3: Possible criteria in the location of sampling points (Saponaro, 2015): a) reasoned
location, b) random location, c¢) systematic location with grid, d) systematic random location.

When te characterization of the site is completed and a definitive conceptual model is

developed, the risk assessment can be performed.

3.2 Conceptual model

In order to properly assess the risk associated to the pollution at the site of study, the

values for the equired input parameters must be fixed.h e document nCr |
met odol ogi ci per | applicazione dell 6anal.i
APAT (2008), reports the procedure to develop the conceptual model for a polluted site.
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In particular, itis of interest to determine the geometry of the polluted area and the source
representative concentration (CRS). The secondary source of pollution, both in the
saturated and unsaturated zone, is assumed to always have a minimal areal extension of
2500 nt (50 m x 50 m) with the exception of specific cases as gas stations (APAT, 2008).

The procedure to determine the geometry of one or more sources of pollution inside a

contaminated site can be summarized as follows:

- Subdivision of the area of interest in pgbns according to the sampling criteria
adopted, i.e. Thiessen polygons for reasoned sampling and regular cells for
systematic sampling;

- Determination of the spatial continuity of the source of pollution;

- Neighborhood analysis
This procedure must be perfed for each polluted matrix (APAT, 2008).

The source of pollution is identified as the area constituted by the contiguous cells or
polygons where the CSC is exceeded at least for one contaminant. If more sources of
pollution are identified, the risk asssment must be performed for each of them (APAT,
2008).

The cells or polygons where C < CSC might have to be included to determine the polluted
area and the CRS. In particylarcell or polygon is included in the source of pollution if

all or the majoriy of the cells or polygons surrounding it have a C > CSC. The
cells/polygons that are included in the polluted area with this procedure have to be
considered clean when doing theighborhood analysi®r a neighboring cell/polygon.

The most ambiguous cagewhen the number of surrounding cells/polygons with C <
CSC and of those with C > CSC is the same. The conservative solution contemplates the
inclusion of the analyzed cell/polygon in the source of pollution (APAT 2008; Saponaro,
2015).

The concentratin of each contaminant in each sampling point must be checked to
distinguish the subareas of pollution. Usually the cells whelieaganic contaminant
exceeds the guideline are all merged together. If it is possible to prove that the primary

sources of gllution that caused the presence of the contaminants found on site are
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different, independent secondary sources must be identified for each polRRATE, (
2008;Saponaro, 2015).

Once the shape of the secondary source(s) of pollution is determineegtdnggle that
better includes all the cells/polygons where C > CSC is used as input for the assessment
of the risk. More specifically, two rectangles must be drawn (Saponaro, 2015):

- for the sanitary risk, with one side parallel and the other one perpéardic the
main wind direction;
- for the risk posed to groundwater, with one side parallel and the other one

perpendicular to the main groundwater flow direction.
A uniguesecondary source is defined as (APAT, 2008):

- a continuous secondary source that migbse risk to the same receptor in the
same area of exposure;

- a patch worked secondary source that it is impossible to divide in different
polluted sourcesHigure4).

C = C5C for contaminant X

C = C5C for contaminant Y

secgnda

C = C5C for contaminant X and ¥

ECON

C=C5C

Figure 4: Example of single secoar; source of pollution from patch worked contamination.

When dealing with the features of the polluted site, the representative value to be

considered in the risk assessment is (APAT, 2008):

- the most conservative value, i.e. the lowest or the highesndieygeon the

considered parameter, if less than 10 data are available;
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- inthe case of 10 or more data, the Lower Confidential Limit at 95% (LCL95%) if
the lowest value is the most conservative, or the Upper Confidential Limit at 95%
(UCL95%) if the highestalues is the most conservative.

In the case of the CRS, for example, the concentration to be adopted will be either the
greatest one or the UCL95% depending on the number of availableAtstd,(2008;
Saponaro, 2015).

3.3 Risk assessment
A risk assessmeigan be performed before, during or after the remediation or securing of

the site.

The aim of a risk assessment can be of two main types (Saponaro, 2015): to determine if
the presence of pollution could pose harm to the receptors or to define thevebjetti

the remediation required for the site. In the former cai@raardd approach is applied,

in the latter a@backward approach is adopted. An example of the second procedure is
constituted by the CSR themselves that, fixed an acceptable levsk ofapresent the
remediation target in each environmental matrix. The two different approaches are

schenatically represented iRigure5.
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Figure 5: 6Forwardd andfibackwara risk assessment

According b the adopted standards, the risk assessment is always performed only

considering the secondary sources of pollution (APAT 2008).

3.3.1 Identification of receptors

In order to calculate the human health risk three classes of receptors must be
distinguished: radents, workers and attenders for recreational purposes. The first and
the third type of receptors are further divided in children and adults. While workers are
usuallyconsidered as receptors only on $#te exception could be a polluted abandoned
site sirrounded by a mall or industrial areas to which might be associated a risk to the
off-site workers) residents and attenders are taken into account -ase@ffeceptors as

well. These distinctions, summarizedliablel, are imprtant because different exposure
scenarios take into account the different exposure frequencies of the classes (high for
resident and low for attenders) and also the bodyweight of the receptor (greater for adults
and lower for children) APAT, 2008; Sapomro, 2015). The subdivision of human
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receptors in the different classes mentioned above, reflects the different susceptibility to
the chemicals that they come in contact wilgre 6). It must be specified, however,

that the ordr of receptors proposed in Figure 6 can vary significantly depending on the
site-specific parameters adopted (Saponaro, 20M&@refore, when different receptors

are found on or of§ite the risk must be assessed for the most sensible one independently
from the location. For example, if a worker is considered as a receptor but also residents
off-site are likely exposed to the pollution, the risk must be assessed for a child resident

off-site because more sensible than the worker.

Tablel: Classes of human receptors considered in the Italian risk assessment.

Receptor Sub-classes Location of the receptor
Resident - Child - Onsite

- Adult - Off-site
Worker - Adult - Onsite
Attender for recreations - Child - On site
purposes - Adult - Off-site
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Figure 6: List of human receptors from the most to the less sensible to exposure to hazardous
chemicals.

When water resources are consideigoundwaters the receptousually considered
(Saponaro, 2015).

3.3.2 lIdentification of migration and exposure pathways

As previously explained in the report, the distinction between migration and exposure

pathways is due to the different receptors considered, i.e. water resources and humans.
Considering groundwater, the possible migration payisveae:

- Soil leaching, when the source of pollution is in the unsaturated soil;
- Transport of pollutants to the PQ@oint Of Conformity) when the source of

pollution is in the aquifer.

The exposure pathways of interest in the assessment of human rsdakinerinamed

fidirecd, when the receptor comes in contact with the secondary source of pollution, and
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findirecH, when the contact occurs after the migration of the contaminant to the receptor.
The direct exposure pathways considered are accidental orgestisoil and dermal
contact with soil, while the indirect ones are inhalation of particulate matter and inhalation
of vapors (indoor and outdoor). Moreover, the distinction between source of pollution in
soil, deep soili.e. the unsaturated soil at gotiegreater than 1 m, and groundwater affects
the exposure pathway$dble2). The indirect exposure pathways have to be considered
when also offsite receptors are detected because the transport of pollutants through air

or partculate matter can cover a long distance beyond the borders of the site.

Table2: Exposure pathways.

Exposure pathway Type of | Location of the source| Exposure
pathway of pollution

Accidental ingestion of soi| Direct Soll On site

Dermal contact with soil | Direct Soll On site

Inhalation of particulate Indirect Soll On site

matter Off-site

Inhalation of vapors Indirect Soll On site
Deep soil Off-site
Groundwater

The identification of the pathways that are relevant for the castidy & important
because it bears on the calculation of the concentgatibpollutant at the PO&nd the

Point Of Exposure (POEJhe POC is the point where the original conditions (ecological
and chemical) of the site must be guaramtéisually, the ®C is located at the legal
boundary of the site downstream the groundwater flow The POE is the point where a

human receptor is exposed to a certain pollutant (Reteambiente, 2016).

The probability of the exposure to occur is assumed to be equal to B sutk contact
between receptor and pollutant (Saponaro, 2015).

The assessment of the risk requires-sgecific values, when available, to perform a
realistic simulation. The features of the casenario that can be modified by the

performer of the ris assessment are reportedable3.
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Table3: Features of the polluted site that can be modified withspegific values.

Risk object Site-specific features

Exposure pathways (also fite)

Typeof receptors

Exposure parameters (bodyweight, exposure t
Humans .
exposure frequency and exposure entity for each exp
pathway)

Outdoor and Indoor environment parameters

Leaching from contaminated soil

POC>o0r=0

CRS

Saturated and unsaturated zone hydrogeological prop

Groundwater

Humans and Groundwater

3.3.3 Pollutants concentrations at POE and POC

The concentration at the POE and POC can be directly determined but, when this is not
feasible, models are used to simulate the migration of pollutants thhe source of

contamination to the POE and the POC (Saponaro, 2015). When a different exposure or
migration pathway is considered, the calculation of the concentration at the POE or POC

varies as well.

In the case of direct exposure pathways, the guration at the POE is the same of the
source of pollution and is previously determined during the characterization of the site.
When indirect exposure is considered, the methodology to determine the concentration at
the POE leans on the use of models. iRbalation of particulate matter and vapors
outdoor, the box model is considered (Saponaro, 2015). In order to simulate the migration

of particulate matter and vapors-gite, the gauss model is applied.

The simulation of the migration of pollutants rmbe as realistic as possible and in order
to achieve a reliable approximation of the process all the environmental parameters that
are affecting the transport of pollutants in the atmosphere and in the soil have to be
quantified. For example, physical faees and hydrogeology of the soil as well as climatic

information must be analyzed. If a precautionary approach is adopted, the concentration
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at the POE and POC can be assumed equal to the one of the source of pollution (Saponaro,
2015).

3.3.4 Dose calculation for health risk

Once the pollutants concentration at the POE is determined, the chronic daily intake
(CDI) for a generic pollutant and an exposure pathwayan be estimated using the

following general formula:

6 . 6YO000 ¢

© OO & 020 Y QQz0

where:

- Cpogji = Concentration of the pollutant at the POE in the environmental
compartment associated to the exposure pathway

- CR = contacrate, i.e. the daily volume of polluted environmental matrix taken
[m3/d]

- EF = exposure frequency, i.e. yearly contact frequency between the receptor and
the polluted environmental matrix [d/year]

- ED = exposure duration, i.e. years of exposure [year]

- BW = bodyweight, with an average value of 70 kg for the adults and 15 kg for the
children [kgw]

- AT = averaging time, i.e. time gap in which the negative effects of the contact

with the pollutant occur [d]

The AT has a different value according to the tayioif the chemical considered. If the
pollutant has systemic negative effects, i.e. carcinogenic, mutagenic and teratogenic, the
exposure is averaged using the average lifetime of an individual, i.e. 70 years. The AT
for chemicals with local toxic effectse. effects that are limited to the organ that absorb

the compound, is instead stablished as equal to the actual exposition, i.e. posed equal to
ED (Saponaro, 2015; APAT, 2008).

When the CDI of a pollutant which has both toxic and systemic efiegishbenzene, is

estimated, the calculation has to be repeated twice, one for each property.
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3.3.5 Health risk calculation and assessment

The estimated corresponding dose for each exposure pathway must then be integrated
with the toxicological properties of the hdlnt that are expressed by the dosgponse

correlation.

The information required when assessing the risk posed by a chemical with toxic
properties is th&fD or the Acceptable Daily Intake (ADI) expressed as mg of pollutant
per kg of bodyweight petdlay. The RfD is estimated considering the threshold value,
beyond which negative effects are reported, and dividing it by a safety factor between 1
and 10000 which takes into consideration the approximations adopted. In fact, as
explained before, the dosesponse correlations are drawn with ecotoxicological
experiments using laboratory animals or with historical data about disease in the

population (Saponaro, 2015).

For a contaminant j with local toxic effects, the Hazard Index (HI) is defined as:

0 Of0
Q0

00

Where:

- CDi;, is the chronic daily intake gfthrough the exposure pathwiay

- RIfD;j; is the reference dose ptonsidering the exposure pathway

In the case of more pollutants, the overall Hl is calidgx and is expressed as the sum

of the Hls for each single chemical:

00 00

In the case of substances with systemic effects, the-rdepense correlation is

established considering the added probability, with respect to thehamacterizing the
Anormal 6 conditions, that the chemical p OS¢
daily intake extended to the whole lifetime of the individual. In the practical uses, the
doseresponse curve is assumed as linear. The conseqoktige simplification is the

adoption of the SF (kg*d/mgpoiutan), Whose values are reported in Italy by the-ISS
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ISPESL (Istituto Superiore della Sanita Istituto Superiore per la Prevenzione E la
Sicurezza Sul Lavorajatabas¢Saponaro, 2015).

Fora contaminant j with systemic effects, the risk (R) is defined as:

Y 6 0@ YO

Where:

- CDi;; is the chronic daily intake gfthrough the exposure pathwiay

- SHis the carcinogenic potential passociated to the exposyrathwayi

In the case of more pollutants, the overall R is called With the assumption of an

additive interaction between substances:

All these parameters should be calculated for all the receptors but it is clear tthet, if
most sensible receptor is considered when assessing the risk, the ones left will be ensured

as well.
According to the D. Lgs. 152/06 the conditions to be respected are:
00 »p
Y p T "Qé @O
Y p Tt

For systemic effects, the acceptable incremental risk is 1 case out of one million people
for one single substance while 1 out 100 000 people when the receptor is exposed to more
contaminants. This variation takes into account that the exposure to multipldcwezar

chemicals is more likely to cause adverse effects on human health.

Both the single and cumulativeonditionson HI and R has to be respected. However,

mathematically speakingyhen the receptor is exposedéssthan ten contaminants the
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respect of e condition onR; ensures that the one &twix is satisfied(APAT, 2008;
Saponaro, 2015

3.3.6 Groundwaterrisk assessment

The environmental risk assessment is not defined in IthkyriBk posed by the pollutants

to the environment ign fact assessed innaeasier way than the health riske and
considering only groundwatethe risk is estimated comparing the concentration of the
pollutantin groundwateat the POC with a value established as acceptable by the experts
or the controlling authority. In Itglit is compulsory to have a concentration of the
pollutant at the POC below the CSC value defined by the D. Lgs. 152/06 for groundwater.
If a well for human use is present, the POC is located there.

3.3.7 After risk assessment

If the risk is assessed as malerable, risk management actions must be put into practice.
At this point of the procedure, with the links between source of pollution,
exposure/migration pathways and receptors that have been clearly defined, actions to
reduce the risk at acceptabledégan be aimed at (Saponaro, 2015):

- The removal or reduction of the concentration of pollutant at the source;

- The interruption of one (or more) exposure/migration pathway(s).

These two aims can be targeted using remediation techniques or securingutenpoll
Once these procedures arencluded a continuous monitoring of the site is usually

performed to detect eventual variations in the current safe situation
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4 Risk assessment in Sweden

The Swedish Environmental Protection Agency (SEPA) indicatessthassessment as

a procedure constituted by several steps to determine if a site is contaminated and if
remediation to reduce the associated risk is needed. SEPA defines a contaminated site as
one in which the detected contaminant levels are above thkgroand concentrations
(NATURVARDSVERKET (2) 2009.

The main steps of the Swedish riskesssnent are reportedhigure7 (Norrstrém, 2015;
Gustaffson, 2016).

Problem formulation

-

MIFO 1 No risk

-

No risk

MIFQ 2 / simplified isk ment

No further actions

\am

Detailed risk assessment No risk

=

Soil remediation

Figure 7: The risk assessment methodplan Sweden (Norrstrom, 2015; Gustaffson, 2016).

MIFO, in Swedish, stands for Methods for Inventories of Contaminated Sites and is the
procedure to collect data and to define the requirements that the info of a contaminated
site must meet. The MIFO is dded in two parts that together comprise the complete

guidance for the inventory of contaminated sites (SEPA, 2002).
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4.1 Problem formulation 1 MIFO phase 1

The problem formulation is the first step of the risk assessment that determines the scope
of the stug. The aim of this stage is to get a first impression of the contaminated area and
if it can pose a possible risk considering the current and the planned land use. The phase
one of the MIFQO, i.e. a preliminary survey of the site without sampling, is iedlurdthe
process of formulating the problem (Norrstrom, 2015; SEPA, 2002). The sources of
pollution, the features of the contamination, the transport and the exposure pathways and
the protected areas that might be affected by the pollution are qualtakbseribed. If

new and relevant information becomes available during the risk assessment it might be
necessary to revise the problem formulation and the conceptual model
(NATURVARDSVERKET (2) 2009.

The problem formulation must include the followingss NATURVARDSVERKET
(2), 2009:

- Contextualization of risk assessment in time and space

- Description of the sources of pollution and pollution characteristics
- Description of the migration and exposure pathways

- Description of targets to be protected

- Descrption of future and possible scenarios

- Conceptual model formulation

- Identification of lack of information

4.1.1 Contextualization of the risk assessment

When contextualizing the risk assessment, the time horizon is fundamental, considering
the present situatio but also the impact associated to other important facilities and
buildings nearby the site both in the mediumi(3MO0 years) and long term (10@000

years).

The spatial distribution, i.e. the boundaries of the site of study, and the pollutionssource
that can be primary @econdary, has to be includ@EPA, 2002). The present and future
land use must be evaluated as well, with the consequent level of protection required for
health and environment. The environmental impact, with the individuatiotheo
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consequences of the polluted site on the current or future use of adjacent areas, has to be
consideredJATURVARDSVERKET (2), 2009.

4.1.2 Description of the source(s) of pollution

The first aspect to be evaluated is which contaminants are presentemtsedsp be found

at the site. The potential sources of pollution as well as the form in which chemicals are
expected to be detected must be identified. The more the historical information about the
previous activitiesat the site the more detailed is thenowledge about the expected
pollutants. Then, the chemical and physical properties of these contaminants are used to

qualitatively assess:

- If pollutants have degraded and, if so, which are the properties of these chemicals;

- If pollutants can accumulate the living organisms and, if possible, which would
be the magnitude of the phenomenon,;

- Which part of the environment would be impacted by the pollution, i.e.
environmental compartment and level of the food chain, in the site of study and
its surrounding

- If toxic effects are expected to occur and if they are likely to occur directly, in the

short term or after a long exposure.

Great effort must be aimed at those substan
environmental and/or health risk thiaey can pose. The chemicals that are present in the
environment to an extent that the exposure to background levels might poseearisk,

mercury, lead, cadmium, silver, PCBs (polychlorinated biphenyls) and dioxins, as well

as PBT (Persistent Bioacculative Toxic) and vPvB (very Persistent and very
Bioaccumulative)  chemicals are examples of prioritized  substances
(NATURVARDSVERKET (2), 2009.

The form of the chemical can greatly affect its properties and toxicity might occur. An
example is the inorgeéc arsenic which can be present in the pentavalent and trivalent
forms, the former less toxic than the latter. Moreover, contaminants can be present in both

inorganic and organic forms, as mercury which can be found as methyl mercury.
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4.1.3 Description of expsure and migration pathways

The migration and exposure pathways are qualitatively described according to the
available data. The chemical and physical properties of the pollution and the
hydrogeological features of the site have to be determined intordaalitatively assess

the likelihood of a specific pathway to be relevant for the case of study

(NATURVARDSVERKET (2) 2009.

The considered exposure pathways are different acaptdi the use of the site. Two
main types of landuse are definedNJATURVARDSVERKET, 1997:

- Land with sensitive use (KM).g., residential areas, land for agriculture or
groundwater extraction etc.

- Land with less sensitive use without groundwater extraction (MKM).

Before, a third type of land use was included: less sensiBeewith groundwater

extraction (MKM GV), but was removed after revision (Norrstrém, 2015).
The exposure pathways for KM and MKM scenarios are reporfealile4 (Elert, 2015).

Table4: Exposure pathwayscaording to the different landse.

Exposure pathway KM MKM
Intake of soll X X
Dermal contact with soil/dust X X
Inhalation of dust X X
Inhalation of vapour (indoor and outdoo| X X
Intake of drinking water X X
Intake of plants X

The exposure pralbility is not considered in the Swedish procedure that assumes the

phenomenon certain to occur, i.e. probability equal to 1 (SEPA, 1997).
The main migration pathways considered are:

- Leaching from soil to groundwater and surface water
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- Transport in groundater
- Transport in surface water

- Plant uptake.

4.1.4 Description of targets to be protected

The areas that might be affected by the pollution and that can be located both in the
contaminated site or in the surroundings, have to be identified. The peopleghabei
exposed to the pollution in the field or in the nearby areas must be identified and
characterized. The present and future land use of the site is the factor that affects the most
the groups of people to be considered. When dealing with the envinopnagection, it

i's necessary to gather i nformation about
features of the pollution in order to evaluate which are the environmental functions that
have to be protected. The complexity of the ecosystem canthe@ksesessment of which

are the areas of protection difficult. The natural resources that are possible target of
protection are groundwater, surface water and land ecosystem. As for the exposure
pathways, the critical targets to be considered are differdeen the landise changes, as
reported inTable5 (Elert, 2015).
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Table5: Critical targets to be taken into consideration according to the {asel of the polluted
site.

Humans KM MKM
Residents X

Workers X
Visitors X
Neighbours

Others

Environment KM MKM
Soil ecosystem X X
Groundwater X X
Surface water X X
Animals X X

4.1.5 Description of future and possible scenarios

The knowledge of the different events that can be directly or sitlireaused by a
contaminated area as consequences of short or long term variations is a useful resource

in the assessment of the risk.

4.1.6 Conceptual model formulation

The problem description must be summarized in the conceptual model that describes the
possble causal links between sources of pollution and receptors. At the beginning the
level of detail of the model can be low and the more data are collected, the more precise
the structure of the model becomes with the identification of the actual causalTlivk
complexity of the model can vary from the simple comparison with guidelines to more
complex approaches. In Sweden, generic guidelines are used as first instrument to assess
the potential risk posed by a polluted sNATURVARDSVERKET (2) 2009.
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4.1.7 Ildentification of lack of information

The development of a conceptual model is the best way to identify if some critical
information is missing and which are the aspects the most affected by uncertainties. If
present, the lack of data must be declared apthmed, requesting further investigations
(NATURVARDSVERKET (2) 2009.

4.2 MIFO phase2

All the hypothesis about the contaminants expected on site and the exposition of humans
and environment due to the supposed distribution of the pollution, are verifieflited

in the phase two of the MIFO. The phase two of the MIFO consists in a preliminary
investigation of the site, and is performed in the case of sites for which supplementary
inspections are required after phase one (Norrstrom, 2015; SEPA, 2002).

The first step of the MIFO 2 is constituted by the analysis or creation of a geological map
that describes the features of the surface and that should be used as basis for planning the
sampling criteria and to assess the migration of pollutants. Then, &rgapmogram is
established which includes (SEPA, 2002):

- Media to be sampled and motivation of the choice;

- Location of samples and boreholes with motivation of the choice;

- Sampling method and motivation of the choice;

- Method for samples preparations andlgsis to be carried out with motivation

of the choice.

Then the sampling and the field investigations can be performed in order to gain more
information about migration and actual contamination of the site. The number of samples
can vary from case to caseith the principle that is better to have many instead of few.
Those samples that are not selected for analysis are saved until the whole investigation is
performed. Samples of soil, groundwater, surface water and sediments are taken to be

further analyed.

At the end of the MIFO 2, a comprehensive risk assessment can be performed, filling the
form E, in order to preliminary establish the risk expected on the considered site. The

graph reported ifrigure8 is used to evaluate éfrisk, with one to four horizontal lines
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for all the media at the site: groundwater, surface water, sediments and buildings and
other constructions. On each line four points must be reported corresponding to hazard

assessment (H), contamination level @nsitivity (S) and protection value (P).

COMPREHEMNSIVE ASSESSMENT - RISK CLASSIFICATION
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Figure 8: Diagram for schematic risk assessment (SEPA, 2002).

Hazard assessment consists in the evaluation of the potential harm that can be posed to
human beings and environment by aremore substances. Contamination level is the
amount of each pollutant in all the environmental compartments where it is present.
Sensitivity is related to the risk that the pollution might pose to humans, while protection
value is referred to the envinorent (SEPA, 2002).

On the vertical axis of the graph reportedFigure 8, the potential for migration

determines the position of the horizontal lines for the considered compartments

4.3 Simplified risk assessment
The simplified rsk assessment is performed at the same stage of the MIFO 2 and consists

in comparing the concentration levels of the contaminants fatirte sitewith the
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corresponding generic guidelines or standards for environmental quality. If this is not
sufficient,a more developed approach is adopted in the detailed risk assessment, where
the level of contamination is compared to sipecific guidelines determined modifying

the inputs to better represent the conditions at the polluted area (Norrstrom, 2015;
Gustafson, 2016 NATURVARDSVERKET (2), 2009.

The generic guidelines are established for all W@ possible landises, i.e. KM and
MKM. The basic principle to define the generic guideline values is to adopt the lowest
concentration between the one based amdn health and the one to protect the
environment JATURVARDSVERKET, 197).

The procedure to determine the generic guidelines is schematically repdfigdre.

(r . (- ™
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ol intal CD Integration of exposure Protection against free - q
= N Groundwater protection Surface water protection
Dermal contact with @ pathways phase
dust/scil g
Inhalation of dust ( @ - _ . L _
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Guideline for health, soil environment and o I
against spreading (lowest value) . < ¢ >
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v
Guideline not lower than =
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Legend: e O ) Background content
Health risk
Spreading
Generic guideline for land

Figure 9: Schematic representatiori the methodology to determine the generic guidelines for
simplified risk assessment (NATURVARDSVERKET (3), 2009).

The Swedish generic guidelines for polluted land are used to indicate a level below which
the risk is considered acceptable. Therefore, negaffects on humans, environment or
natural resources are guaranteed to not occur. However, if the contamination level
exceeds the guidelines, risk is not always implied, due to the possiblspessic
variations from the scenario adopted to deterrtiieeguidelines. The generic guidelines
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represent a recommendation, i.e. not legally binding values, and are not the remediation
goal (Elert, 2015NATURVARDSVERKET (3) 2009).

4.3.1 Human health based guideline

When chronic exposure occurs, as in the case gk assessment, the average daily
exposure is estimated per kg of body weight and the reference soil concentration (C) is
calculated, i.e. the soil contamination resulting in an exposure that correspond to the
Toxicological Reference Value (TRV). The VRorresponds to the TDI (tolerable daily
intake) for norgenotoxic substances whilst it is equal to the risk based daily intake for
genotoxic compounds. The risk level used for genotoxic chemicals is a lifetime excess
cancer risk of 1 in 100 000 (2 The chronic exposure for narenotoxic substances is
based on the estimated exposure of a child with a body weight of 15 kg. In the case of
genotoxic chemicals, for which the average daily exposure corresponds to the integrated
lifetime exposure, a timeeighted average of the exposure of a chiké {ears) and of

an adult (764 years) is used, with the body weight of a grown up assumed to be 70 kg
(NATURVARDSVERKET, 197).

A reference soil concentration is calculated for each exposure pathway. Sincgdudis v
represents the level of soil contamination that gives an exposure equal to the TDI or risk
based daily intake considering only that specific pathway, an integrated value has to be
estimated. The integrated human health based guideline for soil idatadcusing the

following formula:

1w

a

0 0 Q=
QQ
Where G is the reference soil concentration for the | exposure pathway. As explained

before, the exposure pathways to be included are different in the case of KMK&hd M

areas.

The integrated health based guideline calculated as shown, corresponds to an estimated
total exposure equal to the TDI or the risk based daily intake, but humans are also exposed
to other sources than the polluted area, i.e. background expdberefore, since the
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background exposure is included in the acceptable daily intake, i.e. TDI or risk based
daily intake, a downward modification of the integrated guideline must be performed.
Through this procedure, the sum of the calculated exposurdhmsite of study and the
background exposure do not exceed the acceptable daily intake. The assumed background
exposure adopted for lead, cadmium and mercury is 80% of the acceptable daily intake,
90% for PCBs and dioxins and 50% for the other contartsndklert, 2016;
NATURVARDSVERKET (3), 2009.

The acute toxicity of the contaminants, in the sense of acute adverse effect as a
consequence of the ingestion of relatively small amount of polluted soil, must be
considered as well, if characterizing thelptant. Examples of these contaminants are
arsenic and cyanide. The biggest risk is posed to children that can swallow relevant
amount of soil and that have a low body weight. The guideline for acute toxicity is
calculated to protect a small child with ady weight (nanid) of 10 kg that swallowed 5

g of soil (mwi) with the formula reported below:

. YO 0 G a"Q
03 & ﬁQ

Where the TDAE (mg/kg) is the tolerable dose for acute effects for the considered
contaminant JATURVARDSVERKET (3) 2009.

The lowest between Gecratep and Gitoxicrry is ad@ted as health based guideline

CHEALTH.

4.3.2 Guideline for protection from diffusion

Three guidelines are determined considering three aspects that affect the spreading of the
pollution: the presence of the contaminant in free phase, in groundwater andaae surf

water.

The impurities in free phase can lead to a fast spreading of the contaminant in the
surrounding area and the concentration of contaminant in the saiefGasg that can

pose issues related to the presence in free phase is calculated as:
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Where:

- Csalis the solubility of the contaminant in water [mg/I]

- Kagis the soil/lliquid partition coefficient [Akg]

- dva n dthedvolumetric water and air contentpestively F]
- Jodry bulk density [kg/m

- H is the He#firyds constant |

It is important to protect groundwater downstream the polluted area, when it is considered
a critical target for the considered site. The acceptable concentration of pollutant in soil
(Cew) in order to not pose risk to groundwater is calculated as:

0 a"Q
00 z 30 nQ

Where:

- Curitgw iS the criteria for the protection of groundwater [mg/l]
- DFgw-pretectiS the dilution factor pore wategroundwater |

- CRuwatermob the factor for pollution distribution between soil and water [kg/I]

The value for protection of groundwater is usually based on drinking water standards
from WHO (World Health Organization). When &rking water standard is missing, it

can be calculated considering the TDI associated to the consumption of drinking water.
In practice, the €itgw is determined as 50 percent of the drinking water standard. In the
case of KM, an imaginary well at whigmoundwater must be protected is posed on site,
while for MKM scenarios the groundwater protection is ensured at 200 m downstream
from the site (Elert, 2015; Elert, 2008 ATURVARDSVERKET (3) 2009.

The protection of surface water must be considereceisaalculating the concentration
of contaminant in soil (& site) to which correspond an acceptable presence of the same
substance in the surface water using the following formula:
0 aQ
00 z00 0Q

O
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- Curitswis the criteria for the protection of surface water [mg/l]
- DFswis the dilution factor pore wataurface water-|

- CRuatermob the factor for pollutiordistribution between soil and water [kg/I]

The GiritswvValue is set in order to not cause negative effects on plants and animals and it
is usually below drinking water standards. Therefore, the protection of surface water
environment will often ensure thheiman health to not be harmed by the consequences
associated to the exposure to drinking wal8kTURVARDSVERKET (3), 2009.

The strongest assumptions in the protection of surface water is the complete mixing.
Therefore, the model results reliable onlythe case of small basins or streams (Elert,
2015).

The lowest between fgeerHase Cow and Er siie IS the guideline associated to the

protection against the spreading of the contaminaat{{J.

4.3.3 Guideline for protection of soil environment

The gudeline for protection of soil environmentqk:d is determined for KMandMKM,
respectively kv and Eukm. The objective of this benchmark for KM is to guarantee the
preservation of the ecological processes naturally occurring in the soil meatix,
metabolism of nutrients and soil respiration. In the case of MKM the aim of the guideline
is to ensure that the land will support the ecological functions required in that specific
land useg.g.,cultivation of ornamental plants, grass and other vegetéflemt, 2016).

The guideline values are based on d@sponse ecotoxicological studies on soil species
with the No Observed Effect Concentration (NOEC) as primary data, i.e. concentration
of the chemical at which no adverse effects are observed. Whegtedata are not
available, safety factors are usé&ANTURVARDSVERKET (3) 2009.

In the case of Sensitive Land Use, the guideline is established in order to protect the 75
percent of the terrestrial species. Due to the use of the NOEC to determingléhiagu

it Iis possible to state that the preservati
that 25 percent of them will be negatively affected, hence, the resulting protection may

be even greater than expected. If Less Sensitive Land Use ideraakithe guideline is
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determined so that the 50 percent of the terrestrial species is protected from adverse
effects NATURVARDSVERKET (3), 2009.

4.3.4 Final Guideline Value

The lowest betweendgaLtH, Eonsiteand GreLeaseis the generic guideline for peattion

of health, soil environment and against spreadingués). This value is then compared

to the background concentration of the contaminaggsé¢ s o t hat t he gui de
result lower than the level due to natural and diffuse anthropogsaurces
(NATURVARDSVERKET (3) 2009. The final value is the actual generic guideline of

a specific contaminant for polluted soil.

4.4 Detailed risk assessment

A detailed risk assessment can be performed in the case the evaluation of the risk in the
simplerisk assessment is not considered fulfilling the quality standard required for the
case of study. This could be the case of an extensive and complex contamination that
affects multiple media or the deviation from the generic conditions of KM and MKM
scenaios. If the uncertainties about the risk are considered very relevant in the
determination of the outcomes of the results of the risk assessment, it is necessary to
perform a detailed one. A possible method to perform a detailed risk assessment is to
detemine sitespecific guidelines to evaluate the level of pollution without using generic
data as inputs. In fact, a major effort in modelling and measuring characterizes the
detailed risk assessmeNMATURVARDSVERKET (2) 2009.

When dealing, for example,ith the spreading of the contaminant, studies on leaching,
sorption, degradation, transformation and transport of the contaminant via groundwater,
air and sediments must be performed. The risk posed to soil environment can be made
more sitespecific by bidogical and ecotoxicological tests. The interaction that might
occur between chemicals when assumed must be taken in consideration as well using, for
example, safety factors and it has to be analyzed with biological surveys and
ecotoxicologial experimentNATURVARDSVERKET (2), 2009.

Due to the amount of analysis required and to the lack of the instruments to perform a

complete detailed risk assessment, thespexific guidelines determined in this study
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will not be based on exotoxicological or biologjitest. For the same reason, degradation
and transformation of contaminants, as well as interactions between them will not be

considered.

4.4.1 Site-specific guidelines

The operation of comparing the levels of pollution with the generic guidelines can be
quickly performed once all the necessary data about pollution are collected. However, it
is possible that the assumptions in the model for the generic guidelines are not fitting the
actual situation in the site of study. Therefore,-sgecific guidelines canebcalculated
changing the inputs of the model. The features that can be madpesitéc are reported

in Table6 (Elert, 2015).

Table6: Features of the polluted site that can be modified withspegiic values (Elert, 2015).

Risk object Site-specific features

Humans Exposure pathways

Exposure parameters (time on site, ti
indoor/outdoor, consumption)

Transport parameters (leakage into hou

uptake in plants)

Soil environment Not easy to be convied in sitespecific due to
KM & MKM

Groundwater Leaching from contaminated soll
Poll uted areads si z
Infiltration

Distance to well

Aquifer properties

Gradient
Water flow
Surface water Leaching from contaminated soll
Poll uted areabds si z
Infiltration

Distance to well
Water discharge (for rivers)

Water turnover rate (for lakes)
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In the determination of the health based guidelines, the inputs that can be modified to
reproduce a specific situation are the exposure pathways considered and the exposure
paameters. Depending on the land use, some exposure pathways can be in fact removed,
but only after a detailed analysis of the circumstances. Exposure parameters as the time
of exposure can be changed while usually others as ingestion of soil, watemasdiga
defined to protect critical targets and should not be modified

The most important parameter for the spreading of metals isqtHe &rder to calculate

the sitespecific guidelines for spreading protection, a-sfecific Ky can be determined
using soil samples from the site of study. For organic pollutants, dlcarikbe estimated

with the soil organic carbewater partitioning coefficient () and the fraction of
organic matter in soil ¢) . The Henryds const anwata ( H) as
partitioning coefficient (Kw) are two other parameters of the pollutants that can be
changed with sitspecific values. If the transport to groundwater and its protection are
considered, the dilution factor (DF) as well as hydrogeological propertiks sbile.qg.,

depth of the aquifer, porosity, groundwater flow, are relevant. For the protection of
surface water, the discharge and tauer rates in streams and lakes respectively can be
modified to obtain more realistic guidelines. In the case ofti#eline for the protection

of soil environment, due to the ecotoxicological studies on which the model is based, it
results difficult to fit it to sitespecific conditionsNATURVARDSVERKET (3) 2009

Elert, 2015).

Once the sitespecific guidelines arealculated, they are compared with the concentration

of pollutants detected on site to estimate if risk might be posed to sensitive targets.

4.5 After risk assessment

Once risk is likely to occur due to the exceeding of thespexific guidelines, the
remediation actions have to be put into practice in order to prevent harm to people and
environment. Since the guidelines are not legally binding, the remediation targets are
discussed between the entity responsible for the site and the municipality, as thell

techniques to reach the acceptable levels of pollution (Elert, 2016).
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5 Differences between Italian and Swedish procedure

As it appears from the previous chapters, there are many clear differences and some
similarities between the ltalian and the 8wes h r i sk assessmentods me

summarized iMable?.

A parallelism can be made, when considering the procedure to assess the risk in the two
countries, between the CSCs and the generic soil guidelines and the CSRs site

specific soil guidelines respectively. In fact, the CSCs and the generic guidelines are not
stespeci fic and are gener al i t ahfurtbes $tepid d 0 c o n
necessary. The CSRs and the-sjpecific guidelines, on the othkand, arecalculated

for the site andusedto setthe maximum level of acceptable pollution. However, the

Italian CSCs are not riskased, differently from the Swedish generic guidelines.

Moreover, while the CSRs are the remediation goals for the stady, the sitespecific

guidelines are not legally binding and are different from the remediation goals.

I n both the procedures, these fithreshol do
guidelines, are established considering two default land use ®snar
residential/recreational or commercial/industrial in Italy and KM or MKM in Sweden,

that can be modified. In Italy is defined also a CSC for groundwater, that is valid for both

the land uses.

Considering the exposure pathways and parameters, itohas highlighted that the

Italian procedure does nobntemplatehe intake of water and plants for health risk, that

are instead included in the Swedish .omtowever, the groundwater CSCs, that
correspond to the Italian drimig water standards, ensuteetprotection of human health

from the intake of wateilhe exposure pathways, in the Swedish case, are established by
default according to the land use of the site, as well as the targets to be protected, and the
exclusion of one of them can be done aflsite-specific guidelines are determined. In

the Italian procedure, the exposure pathways as well as the targets are established case
by-case and they armcluded according to the secondary sourdssil, deep soil
groundwater) and type of the pollutioMoreover, in the Italian risk assessment, the
inhalation of vapors and particulate matter-gife are taken into account as possible
exposure pathways, while neglected in the Swedish procedure. The exposure time instead,
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is modified very rarely in thétalian methodology, while it is usually changed in the
determination of the sitspecific guidelines.

The possible receptors are different in the two procedures. In fact, five classes of human
targets are identified in the Swedish approach whilst onigethn Italy. The main
difference is that the Swedish guidelines are calculated using the bodyweight of a child
whilst the Italian procedure contemplates the protection of the most sensible human
receptor. Therefore, if only workers are pointed as targety, the adults and their

average bodyweight are considered.

In the Italian risk assessment, the protection of groundwater must be ensured at the POC.
The POC iausually locatedn thedowngradients i tlegd Isoundaryln the Swedish
methodology the dtance at which groundwater has to be protected is 0 m for sensitive
land use and 200 m downstream the site for less sensitive land use. If a well for drinking
water purposes is present, the groundwater must be protected at the well too. It is however
possble to decide in which location the groundwater should be preserved from pollution
giving satisfying motivations.g.,protected groundwater area. In addition, the Swedish
model identifies more environmental targets than the Italian one. In fact, pstusfadce

water and groundwater, but also soil environment is taken into account as a critical entity.
Moreover, the protection against the spreading of the contamination must be ensured.
Biological surveys and ecotoxicological studies can be performasdstss the adverse
effect of pollution on animal species and vegetation in the Swedish assessment, while in

the Italian one they are not performed.

When considering the genotoxic risk, the two methodologies differ significantly one from
the other. Inle Italian approach the acceptable additional risk is equai®toia single
contaminantand 10° for the cumulative riskAs explained befordf there are no more

than 10 pollutants on sithe respect of the first condition satisfies the secondedis w

The Swedish procedure considers tolerable an additional risk equal®tforl@ach
contaminant, but the background exposure, as well as the acute ecotoxicity of the
compound, if present, are considered to reduce the guideline for human healtkid-or to
chemicals, the Italian approach consists in ensuring th& HI1 while the Swedish

guideline is determined through the concept of TDI.
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In the Italian regulation, the PAHs are not divided in classes but each of them is
independently analyzed as agisncontaminant due to the dangerous effect that they can

have on humans and environment. In Sweden instead, the PAHs are divided in three
classes: high (PAHH), medium (PAHM) and low (PAHL) molecular weight PAHSs.

The aromatic hydrocarbons are classifrethree blocks, >G&10, >C16C16 and >C16

C35, according to the Swedish regulation, whilst in Italy the subdivision in classes, either

the TPHCWG or MADEP, is applied only if the
or C>12. The classes of aliphaticdngcarbons differ as well in the two countrigétie

symbols A>0 and fAi<o indicates the hydrocartk

or smaller than the following number.

Table7: Differences between Italian and Swedish riskeasment procedures.

Risk assessment methodology
Aspect
ITA SWE
AThreshol do - CSC (generic) - Soil generic guideling
concentration - CSR (sitespecific) - Site-specific soll
guideline
Riskb as e d fi t | Risk not considered in CSC | Risk considered in gener
concentrations guidelines
Remediation goals CSRs (legally binding) Different from generic an(
site-specific guidelines
Exposure pathways Determined by the sourcg Fixed for KM and MKM (can
location (pollution secondar be exluded only for site
source, site use) specific guidelines)
Intake of plants No If KM
Intake of drinking water | No In KM
Exposure time Usually not modified Fixed for KM and MKM (can
be modified only for site
specific guidelines)

In the case of PAHSs, for which the CSR is lower than the CSC, the remediation goal becomes the CSC
itself.
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Table7: Differences between Italiamd Swedish risk assessment procedures.

Risk assessment methodology

Aspect

ITA

SWE

Human receptors offite

Yes (inhalation of vapors an

particulate matter)

No

Land use Residential/Recreational KM
Commercial/Industrial MKM
Receptors Residents Residents (KM)
Workers Workers (MKM)
Visitors Visitors (MKM)
Neighbors
Others
Protection of groundwater - At POC (site border) | At:
- At drinking water well - 0m(KM)
if present inside th¢ - 200 m downstrean
site (MKM)
- drinking water well
(if present)
Environmentatargets Groundwater Groundwater

Surface water
Soil environment

Animals

Biological surveys an(

ecotoxicological tests

No

Can be performed for sie

specific guidelines
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Table7: Differences between ltalian and Swedish risk assessment procedures.

Risk assessment methodology
Aspect
ITA SWE
Genotoxic risk for humans| If number of contaminants { Guideline for human healt
1¢° that consiérs:
- Ri<10° for all the } - R<10°
contaminants - Acute toxicity
If number of contaminants > 1 - Background exposur,
- Ri<10° for all the }
contaminants
- Rmix<10°
Toxic effects on humans | HmixO 1 Guideline for human healt
based on TDI
PAHs and aromatiq No categories: 3 categories:
hydrocarbons - Every single PAH - High molecular
- Sum of PAHs weight (PAHH)
- Medium molecular
weight (PAHM)
- Low molecular
weight (PAHL)
- Aromatic - Aromatic
Hydrocarbons C£10 Hydrocarbons >C8
+ Aromatic C10 + Aromatic
Hydrocarbons CI1 Hydrocarbons >C10
C22 (in case o Cl6 + Aromatic
petroleum Hydrocarbons >C16
hydrocarbons C35
exceeding of CSCS)
Interactions betwee| No Not present but can be adde
contaminants

2 Once again, the ltalian regulation for genotoxic risk does not change with the number of contaminants
consideredbut for less than 10 pollutants the respect of ttie Rathematically sufficient to guarantee the

Rmix as well.

3According to the MADEP classification.
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All the differences here reported are significant in the sense that they surely affect the
outcomes of the risk assessment procedures in both the Italian and Swedish methodology.

5.1 Comparison between Italian CSC and Swedish generic guidelines for soil

In addition to the different considerations and assumptions of the Italian and Swedish risk
assessment methodology, it is reasonable to expect different limit values for the same
pollutants in the two cases. In fact, if the CSCs are based on the internaigedted

values and are not ridkased, the generic guidelines, on the other hand, are determined
using models that require assumptions which can be dissimilar from the international
ones. Moreover, the contaminants for which a limit concentration isliskedband that

can be included in a risk assessment can change in the two methodologies. The soil CSCs
and the soil generic guidelines are reported, for those contaminants that are regulated both
in Italy and Sweden, iffable8. It must be specified that the Italian regulation includes
more pollutants than the Swedish one that however considers some chemicals that are not

regulated in Italy€.g.,Barium).
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Table8: Italian CSCs for soil and Swisth soil generic guidelines.

Italian CSC (mg/kga.m)

Swedish generic guideline

Compound (Mg
Recreational/ Commercial/ | KM MKM
residential industrial

Antimony 10 30 12 30

Arsenic 20 50 10 25

Lead 100 1000 50 400

Cadmium 2 15 0.5 15

Cobalt 20 250 15 35

Copper 120 600 80 200

Chromium total 150 800 80 150

Chromium (VI) 2 15 2 10

Mercury 1 5 0.25 2.5

Nickel 120 500 40 120

Vanadinium 90 250 100 200

Zinc 150 1500 250 500

Cyanide free 1 100 04 15

Trichlorobenzenes 1 50 1 10

Hexachlorobenzee 0.05 5 0.035 2

Dichloromethane 0.1 5 0.08 0.25

Dibromchloromethane | 0.5 10 0.5 2

Bromdichloromethane | 0.5 10 0.06 1

Trichloromethane 0.1 04 12

1,2-dichloroethane 0.2 5 0.02 0.06
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Table8: Italian CSCs for soil and Swedish soil generic glins.

, Swedish generic guideline
Italian CSC (mg/kga.m.)
(Mg/kga.m)

Compound : :

Recreational/ Commercial/ | KM MKM

residential industrial
1,1, X trichloroethane 0.5 50 5 30
Trichloroehere (TCE) 1 10 0.2 0.6
Tetrachlorogtere (PCE) | 0.5 20 04 1.2
PCB-7 0.06 5 0.008 0.2
Benzene 0.1 2 0.012 0.04
Toluen 0.5 50 10 40
Etylbenzene 0.5 50 10 50
Xylene 0.5 50 10 50
Looking at the values of the Italian and

land uses, it is possible to notice that in the largeontgjof the cases the Swedish
guidelines are lower than the Italian CSCs. The fact that the generic guidelines, as well
as the sitespecific ones, are not legally binding and neither the remediation goals, can be
a possible explanation to this differencalfowing lower concentrations to be adopted as
limit. In the case of the sensible land use, the smaller values adopted in the Swedish
system, if compared to the Italian CSCs, might be a consequence of the fact that in the
Italian regulation residentialnd recreational land use are put together whilst the KM
scenario excludes the recreational purpose. Therefore, if the CSC for sensitive land use
has to be respected, the acceptable pollution level is increased considering the possible

lack of residents i recreational area.
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6 Software to assess the risk

Software are a very useful tool to eagiproduce the conceptual model of a polluted site

for which a risk assessment must be performed. In fact, the possibility to manipulate and
to change the inputgpameters and to quickly evaluate the variation in the outcomes of
the program, enable the user to simulate different scenarios and then choose the one that

fits the most the features of the site.

The software used in a risk assessment, as well as itsleadtyppusually varies in
different countries. However, it is common that the software is presented in the form of

an excel file, as thenes used in Italy and Sweden.

6.1 Risk-net 2.0

Risk-net is a softwaréased on an Excel filased to perform a risk asssment according

to the Italian regulation (D.Lgs. 152/06 and D. Lgs. 04/08) and the indication by -APAT
ISPRAguideline(lstituto Superiore per la Protezione e la Ricerca Ambient20£)8)

The software allows the user to calculate both the risk usiigaor war d o0 appr oz«
starting from the concentration of pollutants detected at the source of pollution, and the
remediation targets, i . e. CSRs, wi tRh a HfAba
andHI.

The structure of the software consists in a rsaieenn which different boxes are present
and clicking on the cells inside them, new windows are opened to insert inputs, show

outputs etc.

6.1.1 Main screen

In Figure10is reported the main screen that is shown to the user aterra@pRisknet.

In this screen it is possible to have access to the input and output windows using the
command buttons. The user can define the type of assessment, insert the general
information on the projeand the options of calculation T h e bamd oins Aoed t

modi fy the view of the main screen, while t
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RE

>
»3

Figure 10: Main screen of Risket 2.0.

I n the fADescrizione Progettoo dial omgt box, i
the project, i1 .e. site, data, | D/ area and c

the settings and assumptions of the case of study are shown.

The ATipo di Analisi o dialog box is where
tobepefor med. | f a Afiesr malropd eapp rficCadic ol o Ri schi
ACal col o ObiettivicdbnsBaoani fi aaib bisappked.ar @8 Ra p
The simulation can be run also if both the options are selREAONNet, 2015)

ALmiti e Opzioni di C aé toemtceptabledliinits,d.evd®d t he u s «
HI.

Al nputo is used to insert the i1¥)ssha necess
next to the command button if it wakcked, in order to remind the usehich inputs

have already been edited.

The AOut puto dial og box sgiventheinputhiesertedirmmar y C
the program.

AComandi 0 contains the following command bu
- AApPpTr i Fileo: to |l oad a previously saved
- A Sal v ao shve theidputs and the outputs of the performed simulation;
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- ANuovoo: to reset the program to the sta
- AReport o: to obtain an Excel file wher
simulation are reported;

- A E s coiexit fromtthe software (not saved data will be lost).

In the following paragraphs, the dialog boxes and #t@mmmand buttongill be further
described.

6.1.2 ATi po di Analisi o

As already explaingdRisknet can be used to perform a risk assessmdoptinga

Af or waear idcac kwar.do approach

I f ACal col o Obiettiwvi di Bonificao is selec
the pollution source, according to the acceptébdndHI, are calculated in three steps
(RECONnet, 2015)

1. Calculation ofthe CBf or each substance (with a fAba
2. Check of the cumulative risk due to the presence of more contaminants (the
program calculate the risk associated to the CSR of each contaminant and the total
risk summing tle individual ones);
3. Reduction otheindividual CSR by the user in order to obtain a total risk equal

or below the limit.

The CSRs that respect the acceptéibiés of risk, both individual and cumulative, are

the remediation goals for the site of study.

ACal col o Ri s c ltulatedhe risk assosiated to the source Irepresentative
concentration (CRS), defined by the uskrs f or AnCal col o @biettivi
individualand cumulative risk are determined and the values obtained has to be compared

to the acceptable leveigr health risk RECONnet, 2015)
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6.1.3 ALimiti e opzioni di calcol oo

Clicking on the button A Aguwell)ttoadefind the ~ 0, a
acceptable R and HI values. The standards determined by the Italian regulatiossca

by default, but the user can modify them for the simulation.

Lireith di acoettabilta Hj
Aeeettabilits Risehio ed Indice di Pericole
Default dviduales  Curmulabivo
. Rischia 0% | 107
hdice di Pericalo 1 1
Irdviduale  Cumulatio
Rischia 10° | 10°
ndice di Paricols 1 1
Cusiom redviduale  Gurnutaio
Risthia
Indice di Pericale

Figurell: The wi ndow opening from the AAccettabil it
HI values.

6.14 A0Opzioni o

The program considely defaultthe equatias and the criteria defined by APASPRA

(2008) but the user can activate and define other calculation options by clicking on the
AOpzioni 0O button. The nOpzi digurelPlpresemtal c ol 00
different optons agyRECONnNet, 2015):

- AEsauri mento sorgenteo: to consider the

- "SAMoO (Soi l Attenuation Model): to tak
contamination during the leaching, due to the mass redistribution;

- A DAF 0 : siderahe dilation in the groundwater, selecting the direction of the
dispersion;
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- AVolatilizzazioneo: to consider the vol
pollution in the upper soil is not reaching the soil surface;
- AGN: t o consi cacentratibrefoinsieettexposutegatbways
- AUnitso: to specify i f the dimensions o0f
cm or m.
- A C g aistdbadopt the concentration of pollutant in soil gas for indoor and
outdoor volatilization;
- ADAF 0 : ustthe toaiablpgical parameter for the child receptor
Opzioni di Calcolo S |
\Eaunmento Sorgente. 5 | par | voratiizzazione | csat | units | c soirces | aar |
Ezaurimento Sorgente
Volatilizzazione Outdoor & Indoor
I¥ Suolo Bupericiale (ad s uthizza valore minors tra VFsst e WFss?)
¥ Suclo Profondo [ad es. ulilizza valore min fra WFsambt e WFsamb2)
Liscraziang in falda
[ SBuolo Buperficiale (Utlizza valore minore tra LFss1 e LFas2)
™ Suolo Profondo (Litlizza valore minore tra LFsp1 & LFsp2)
[ Considera leventuale presenza di fase separata nel bilancio di materia
e : Cuntmua
e ———————
Figurel2z The window fiOpzi oni di calcol oo from AOp:
6.15 Al nput o
I n the fAlnputod dialog box it is potosi bl e toc

of the concptual modelthe contamiants and the required input parameters
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fiModello concettuale

I n the window appearing after HRgurel®kheng t he
user selects the migration and exposure pathwaysaich secondary source of pollution,
I.e.surface soi{0-1 m from ground surface), deep soil and groundwater. For each matrix,

the exposure pathwapnd the typsof receptor (on sitegff-site or both) to be takento
accounfareadded with v and thecell is colored in yellow by the program. If the target

for an exposure pathway is not selected, the cell is colored in red to highlight the

incomplete information.

For the exposure pathways in which the receptorsitdfare considered, the program

allows the user to distinguish between transpamugh dispersion in air (ADF) and in
groundwater (DAF). In the ecae of ALi sci v aeachiogh wardsn fald
groundwaterae nd A Cont ami n aoatanvnatien in gnountlveaten), & the célic

i P O C 3s0selectedthe concentration estimated by the software due to the leaching

from soil and the concentration in groundwatatefined by the userespectivelyis

compared to the CS(n the verticabf the pollution source un the first case anthat

sourceof pollution in the second oneJhis calculation is performed only if groundwater

is considered as a receptor in the window i
APOC=00 an,d AP OICh»a®td0 cas e o0 nbyyhe@rd@drtiledc i s co
risk assessme(RECONnNet, 2015)

There are other command buttons present in the window:

- AContinua: to go back to the main screen;

- fAHelpo: to open the manual;

- AStampa: to print the screen,;

- ASeleziona tutt@ to select all the migration and expospeghways;

- fADeseleziona tutte to unselect all the migration and exposure pathways.
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comandi Sito: o Risk-net

[ cominua | vee | sumpa [ Modetlo Concetuale [

Bersaglio

Sorgente Esposirione On-Site Off-site
Eont=itn D st W [ngestion=di Suslo & ContattoDermico ¥ on-5ie Mo OFf-Ste |
W Indazicne Vapori Cutdoor [¥ On-Ste ‘ I OffSite (8DF)
_ Volstilzzazioe . . .
Suolo Superficiale W [ndazione Vapori Indoor [+ On-Gite Mo Off-Sta
Erozione venio
W [nalazione Palver: Dutdoor ¥ On-Ste ‘ I Off Site (ADF)
W [naazione Falveri Indoar ¥ On-Ste Mo Off.5te
i
Dlavem=to ‘ ¥ Ledvaziore in Falda ‘ ‘ ¥ POC-0 I POC = 0 (DAF)

I¥ Inalaziore Vaporl Cutdoor ‘ ¥ on-Ste ‘ T offSite (ADF)
Wolatiizzazions
Suclo Profondo ‘ W tnaazicne vapor Indoor ‘ ¥ On-Sie | Ne Off-Ste
Dlavzmenta ‘ W Ledvaziore in Fakia ‘ Wroc=0 ‘ [~ FOC = 0 [DAF)
I¥ Inalaziore Vapar Outdaor ‘ [¥ On-5te I Off Site (ADF)
| Falda l Valztlzz=zions ‘ W Indazione Vapori Indoor ‘ [ On-Gite I~ offgite
Direth -—
s ‘ W Contaminazonein Foda ‘ ¥ roc-o POL = D (DAF)
Figurel3> The window showed after clicking on the

Since some of the command buttons are the same for mwenappws, they are not

described in the following paragraphs.

fiSelezione contaminanti

In thiswindow (Figure14) the user has to add the contaminants that must be considered

in the risk assessmenthere are some command but@howed on the screen:

~

- A>> Contaminanti 06: to open the window f o
- ABanca dati o: t o access t he dat abase a

contaminants.
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Comandi it Risk-net
Continua => Contaminanti Banca Dati s Selezione Contaminanti

Defauk (I32-INAIL, 2015)

Suoclo Superficiale Suolo Profondo Falda

Contaminanti Contaminanti Contaminanti

Benzens Sirene Benzene

Efilbenzens Taluens Etilberzens

Stirens Hilzni Stirenz

Toluene Clorura di vinile Toluene

Hileni Diclorometana Hileni

Clarura di vinils Tetraci orastilens (PCE) Clarura di vinile
Diclorametana Tetracloroetilen e (PCE)
Tetraclaroetilene (PCE )

Figurel4. A Sel ezione cwntaminanti 06 windo

When accessing the window to insert the contaminantthé first time, the user has to

specify which database will be usadhe window reported iRigurel5. It is possible to

select the databasedof Dt hbg I58(Istibujo \Baperiere ( A Dat a
Sanita)INAIL (Istituto Nazionale Assicurazione Infortuni sul Lavor@Q015) or an
external one (,inDe foempbasmedifighie texeel fileo IDthe external

database is used, thecdéand Ky, that dpend on the pH of the soil, and ti@&SRs for
hydrocarbons are no longer automatically calculated. The choice can be changed later
clicking on fABanca Dati 0. |l f the database
(RECONnet, 2015)
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Seleziona Database [-Eh.l

Seleziona Database

& Database di Default (ISS-INAIL, 2015);

" Databasze Esterno
({File "Banca Dati_RCNT)

Carcande i DB esterno verra dsafvaala
funzicne di calcolo automaions del Koc & Kd
funzicne del pH e delle CSE per gil Idrocarbur,

B contne |

Figure 15: Window for database selection.

Once the database is chosen clicking on th
contaminants automatically appeaisSigure 16). It is possible to select different
contaminantsfor surface soil deep soil and groundwat er
Superficialedo, ASuolo Profondoo and fAFal dagd

window contains all the chemicals present in the database, whilst the one on the right

reportsthose thahave been consideredsofarhe user has to click on
add a contaminant selected in the left column. To remove a pollutant, it must be first

selected in the right column and then the c
ACerdog 1t is possible to insert some |l etter:
the database. The button fA>> Databaseo allc
presentin the databgse whi | e ARi muovi tutt opantdWithet es al

the buttons ASposta suo0 and fASposta gi %o,

can be moved upwards and downwards respectively.
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i R’
Selezione Contaminarti ﬁ
Suolo Superficiale ‘ _ Falda

Suolo Profondo

Cerca | . . -
Contaminanti Inseriti

Stirene
Antimonio = FHESTEIES Toluene
Argento Xileni

Arsenico Cloruro di vinile
Berillio Diclorometano

Boro Tetracloroetilens (PCE)
Cadmio
Cianuri >> Database
Cobalto -
Cromo totale
Croma VI << Rimuovi
Ferra
Fluoruri
Manganese Rimuovi tutto
Mercurio

Michel

Mitriti

Piombo

Rame

Selenio Sposta gill
Solfafi hd L

! >>Inserisci |

Sposta su

Figure 16: Window for insertion of contaminants.

The other command buttons are:

- > El enco SS0: to insert for the deep s
surface sojl

- A>> El enco SPo: to insert for the groun
for deep soil;

- AContinuao: to complete the gndgobaekdur e of

to the main screen

- ABanca Dati o0: to access the database to

I n particul ar, when <clicking on thhat ABanca
shows the database of loaded in the softwiigrfel7). Here it is possible to check the

chemical, physical and toxicological properties of the contaminants present in the selected
database.
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Coatinua Carica DB Defaut Carlca DB Esterso Risk-net
Basca Dati

Ricerca Modifica D8 Defsult Apri D8 Esterno

nELr Kd & Kox - 1{pi) Stamps

170 | saeas | | Pmsomd | [Come]  [noa] TR T ocrow | JCremian ] [ Sou Oir. AR
iue-am "‘: 8 ]w ‘ oo | wn | ey [ | _‘“K:M . ,_"“:_',, at ‘::.':’.‘ Iar A ]w Aoaa IWI aaend
| [phvele] L bdim] el JoHec Joieag)
Y VeEa0y 1
4 1 1

v
|2 st
10787

'
'
= 03600
' e 2566401
1 7 Sege02
' 3000 |t
1 o 6601
Vo oamEwy | v smEm 1 aWEDD 1 IMEN | 1| 2eE0s
1 HipH) 3
) g
1
£36t 19642
5064 57EL g Xe08
NpH)
¥ 12901 | 2
3 £0E
oe-00
9 1 -0 | 10
256840,
= 7 160800
1.06€403
o #3000
98eE-41 1
5340 1
w0 1
2586401 1
8278040 1
6 40640 '
RI0EO 1
35300 1
auE v yor 1 s

Figure17: Window withthe Risk et 6 s dat abase.

The command buttonggsent in the window are:

- AModi fica DB Defaulto: to moddINAf. t he pa
(these variations are valid only for the current simulation);

- AApTri DB esternoo: t @igwed8 andtledmmeodifgort er nal
add compounds (no empty rows must be left because the program stops at the first
empty row). Once the user has completed the modifications, the database must be
saved without changing its name (ABanca

- ACari ca DB e ddaegternaladatabaseé;o | oad t
- AKeKe—-> f (pH) 0: dta Ksthatare pHdépendeidt;
- ARi cercabod: t o @Eigueet9 andrsearchwa condaminantth s
name (ACerca Nome Compostoo)vice(CASyi th t he

numberer c@i CNume r oandCshoW. ifS . cléejnical, physical and
toxicologi cal properties. Clicking on i

database window.
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Risk-net
Bamca Dati Esteima
I=trursony: Non alfmimens ne msenme neove colanme; IF File = deve chiamare ‘Sanca Dadl A0
Pesn [ ™ Frasuome 8 Costamedl
I | Composh Humern CAS | Clsss Hualscolan= Rif. A pOne Rif. Heriy A
Iy mis) maL) [mes Hig) [adin)

1 Ackn para-fisloo 180-21-0 Adm soFtanoe 168514 Z.800=03 L] 1.21EH2 & HAIE-m
I  Acrianmde TREE1 Alre sosanzs 71.08 2E5E-08 4 1.20E402 18 5E3E-0E
3 Alsclr 154970804 Frintarmaci 477 2AQE=02 4 2ABE-05 4 & SE-07
4 Akdin 3H9-00-2 Frizdarmaci 490 1.80E-81 1 2LITEN4 4 E5TE-03
5 | Aluning T420-08-5 Conpost Isorgesic OE 5. 54E=04 ] 3.74E-1D 23

E Anina B2-53-3 Ammine aromabiche =wAR JE1E=]4 L] 4.5E-M 2= 4.45E-05
T Ankiding mp- 518-50-3 AT G DiTea b e 13330 1.30E-05 & 5.12E-03 ] 1.75E-D
3 Anmiding, 0o S04 Avrmine sromatche 1517 1 ME=05 Li] S18E03 L] 1 75E-08
S Anbmonis T440-35-0 Compash lsorgasici 13 80 1 HIE=0E 18 |

10 Ao TA40-23-4  Compost IBonganic 14780 1 HIE=06 23

M Arsenico T440-38-2 Composti lnonganic T4.58 4410=00 1= 23

12 Abrezing 151 2-24-8 Friadarmaci 21570 JB0E-H 4 B.EIES & 1ATELT
13 Beszeea 71-43-2 Ammatici Fa1e 175603 1 F53EM 4 2 2E-01
14 Beszoiolanracsns BE-EE2 Aromabcl pHcicia 2283 DA0E-§T 1 4.EEE0E L 1.3TE-04
15 Ballo|ojprana 58-13-3 Aromalid pelicieic 282 5] 1.62E-83 1 S.EEE-08 ] 4 B3E-[E
W Bescojbjfucraniens 2¥3-58-2 Ayromatici pelicicic 2323 1.300-53 1 BETE-OF 5] 33003
7 | Beszog h [perikns 151-22.2 Aromatici pelicicic Z7e.3] T ODE-E4 z 1 S5E07 & 3 00E-05
16 Bescolkifuoresisne 2T-06-8 Ammatici prlcidic i 6 ODE-04 1 J.0GE-06 4 3 45E-05
‘18 Berllio T440-81-7 Comnpost lnorganici 20 1.4IE=06 18 2.ESE-2D 23

30 Bom T440-43-E ‘Conpasti ongasic 13.B41 4.1TE-04 21 1.24E-07 =

1 Bromodclorometano FhTd A ahic: siogenab cancerogen 1636 8. T4E-03 i 5 O0E +1 & BEIE
23 Codmio 440219 ‘Compash Isargasie 1124 B.E1EH]S 12 B.92E-18 3

33 Caruri (sl 57-12-5 Compaet I0rgasic =708 1 HIE=05 23 TAEHIE 23 10E-06
24  Clordam oT-T4-g Friotarmaci .00 AGOE-ET 1 1.98C-03 & 129003
25 Clorofensds, 2- HE-E7E Fenedi chorsrati 12280 2 ME-02 1 Z11E+DE T 1 BOE-0Z
26 Clommebans 74513 Aratici ciorured cancamgeni 5058 S.AE=03 4 +.26E+C} 4 355E-01
27  Clorongrobanzani 180-30-5 HErobenzenl 15750 Z2E0E=02 5 3.00E-12 E 6E0E-04
38 Ciorun & vinks 014 Aiatizi cErunes i 258 2 TEE-05 1 I BEE (3 2 1.11E+80

Figure 18: Window with the external database.
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Ricerca composto

Composto da carcare. | | T“m’ Avanzats
Composio da cercare. Dpzioni
:-g:':a il | i Cerca Mome Compesto
Eirading Cerca | " Carca Humara C.4.5.
E |
Proprieta composto
Composto |E.!r|zene Cal. Carc. UE I:l
Humero CAS [72-45-2 Classe Cancer. EFA D
Classe |A.n:|rn=|l:i|:i 5F Ing. [mgadayl-1 ll_
SF Inal [mgikgitay}-1 [|_
Peso Wokecolars [gimok) |T3.1 | LR | RID Ing. [mberday] l'_
Soukil Impitr] [1.86+03 [ AT il [mogiey] I
Pressione o vapore [mm Ho) |9_EE+I]1 |l ABE [edin ]
Costants & Ranry [adim] |2.3E-01 [1 A [Py |:|
s
Hineied: {pH) ke [miLigl |1 CSC Resid=nziale: Suoke [mokg|
log Kow [adim] [2.13 fi CSC Induelrizle; Suok: [mgikgl
Cosft T ada femziaad] [@.8E-03 [1 CSC: Fakda [mgi]
CoefF. Diff. Acqua [onZfsss] [9.8E-D6 E
Chiudi

Figure 19: The window for the search of the contaminant.

fiDefinizione RO

| f the user decides to apply a Af oCRBardo ap

has to be defined for each contaminant considered. Clicking on tlerbutti De f i ni zi on
CRSO0 t he figuredOoappearsmand the CRS are inserted as mg/kg of dry
substance and mg/l for soil and groundwater respectively. It is also possible to insert the

soil gas CRS (mg/@ in the homonymous colum if available,for the volatilization

indoor and outdoofRECONnNet, 2015)

83



Comandi

Stampa

Suolo Superficiale
Contaminard

Banzena

Prof, scil-gas
18 D, (ml

CRE

| SonE=10_|

0s

Elilpenzens

Sfiranz

Toluzng

Elen

Clorura i dinile
Digaramatans
Tetradoroetilens (PCE)

2.00E+00

| 300E=10 |

LO0E=0 |

IEEET

1.20E=00 |

[ T0E=00 |
| sD0E1t |

1

Suolo Profondo
Contaminant

Strang

Prat. soll-gas
09 et ()

CRS
[mglkgs.a)

Risk-net

Concantrazione rappresantativa alla sorgents (CR5)

1

GRS soll-gus
[mg'em)

Toluene
| srant
L Clonsre divnile
| Dicioromatane
L Tetracioroetiens (PCE)

Frof. soll-gas

Contarninant] CRS CHE soil-g

[man] maind]

Benzena

Ellpenzens

shrene

Taolueng

Alenl

Chanura diwinile
Tetraniornatiians (PCE]

Figure 20: Window for the definition of the CRS.

fiRecettord
Clicking ARecettori 0 Fgoe2insaapehedb ut t on,

and it allows the user to select the receptors on site or next to it.

on the

lt i S possible to choose receptors bet we e

Recreational) and Al ndustriale Commerci al ed

- A Adul tdudtp for (reareational or residential conditions (the difference is
determined by the exposure parameters);

- ABambi n o:ofor (ec@eatiomadoy residential conditions (the difference is
determined by the exposure parameters);

- A Ad| ubrtrecr@adimal or residential conditions (the difference is determined
by the exposure parameters). Selecting this option, the exposure for genotoxic
compound is averaged on the 6 years of the child and the 24 of the adult, whilst
for nongenotoxic chemicals the exqare of a child is cautiously considered,;

- ALavorat or e Ad ulfdriodostrial Arccammercialondikoas:. )

If the leaching to or the transport in groundwater are considered, the user has to select

from the box AProt een(RECGENNKR2EHr sa | dricao be
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- ALi miti Tabell ari o to assess the risk t
D.Lgs. 04/08;
- Al ngestione di Acquao to assess the hea

drinking water (option not contemplated by the actual reguiati

This procedure must be done also for the receptorsitefffrom the button on the upper
right corner of the window. If the exposure pathways are not taken into adoowmt

site or oftsite receptorgt is not possible to visualize tlverresponohg window.

The command buttorii D e f asasl theodoptions for calculation according to the
guidelines by APATT SPRA (jiuset.edicA and ALiIi miti Tabell ar

FS-ct g di Espoazons H—H,.'

B *

esidenzilz
Ricrealtive Bt Bl Hambirn

y

EEw ON-SITE
——

Indhestriale
Commuerale

Lavsorabore Aoulko

Prosecions Fisores lonca

& Limiti Tabsedlari ™ Ingestions di Acqua

o |

Figure2l: The window fAiRecettori o.

oParametri Esposiziorte

The following step consists in the definition of the exposure parameters for the site of
study that can be modified in the window t
Esposi zi oned command Huourd2p).olheuserrmasttoninsertthai n s cr
parameters for the exposure pathways considered, both on site-gitd.off
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The definition of the exposure parameters affects the consequences for the individual
targets. The parameters to be inseaed that varyor adults, childen and workersgre:
frequency and exposure duration, daily contact rate (for inhalation, ingestion or dermal

contact), bodyweight and the time used to average the exg&t@ONnNet, 2015)

Only the parameters for the considered exposure pathwaysdlaeenserted, with gray
cells in correspondence of unnecessary dat
default | SPRAO, the default values are i mpl

choose between recreational and residential values.

Figure 22: The window for exposure parameters.

oCarattaistiche Sit®

The parameters about the geometry and the features of the site must be defided in

to determinethe transport factors. This is possible clicking on the condniariton
ACaratteristiche Sitoo anddrigaedhphelvaluegfi t he wi
each parameter can be ssigecific or the default one defined by APASPRA. All the
parameters are divided in folables A Z cantau rlanos ( Unsat urated zone

(Saturated zone) , AAmbi ente Outdooro and AA

The parameters required to perform the calculations, fomthgicesand exposure
pathways considered, are highlighted in the violet cells, whilst thoseecessary are
located in the light gray cells. The dark gray cells contain the data already calculated or
determined by literature. If the values in the violet cells is modified by the itiser
underlined, otherwise the defaolie by APAFISPRAIs adopted RECONnet, 2015)
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The box ASelezione tessiturao is used to in
of study I f the ALente tra sorgente e p.c.0 op
presence of ens of soil with high watr contenand a popup window appears to insert

i nformati on about t he | ens. For t he par ar
Infiltration) the user,tomakethespmgranccalculatditke opt i o
valug otherwise the value can Imanuallyinserted.The value for the dispersivity in
groundwater (ADispersivit”o) can be manuall
the POCThe thickness of the mixing zone (ASpes:s
be a usewralue or the defatibne, calculated from the features of the soil and the aquifer.
Thedefaultwi nd s peed ( iV edrresponds to 2 dneabovevseil rsurface,)

therefore, if data at a different height are available, the corresponding value at 2 m can be
calculatedc i c ki ng on t Thedispewsior factors if tBesatmosphere and the
difference between indoor and outdoor pressurebeamanually inserted by the user as

well (RECONnet, 2015)

The command buttoit De f a u | tis use@oRrRekt dhe default Waes as defined by
APAT-ISPRA.

I n the case of wunrealistic parameter val ue:

For the parameters that are not chedigthe softwareino checko is report

A different error message is shown if the format of thki® is not correct or the value

itself is not present, when closing a window.
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Comandi Risk-net
Caratteristiche Sito
Zona Insatura UM, DeFaulelZFRA Default AETH | Ralurs | Chack
Ly Profenditd del top della sargente nel suele superficiale rispette al po. m 0 o 0.0 ok
L. s Profanditi del top della sargente nel suclo profonde rispetto al p.c. m 1 1 1.0 ok
d Fpessore della sorgente nel suolo superficiale (insatura) m 1 1 1.0 ak
Fpezzor: della zargents nel zucle profonds (inzatura] m z H 2.0 ok
Profonditd del piane di falda m 3 E 3.0 ok
Fpessore della 2ona insatura m 2,812 2,45 ok
Frazicn: di carbanic arganico nel suzle insaturs superficiale g-Cig-suolo 0,01 0 o, ak
Frazione: di carbonio organico nel suola insaturo profondo g-Cig-sualo 0,01 wil 0.0l ok
Tempo medio di durata del lisciviato anni 30 30 ok
pH adim. (X3 £3 6.8 ok
Dienzity del susls gtem® 17 1.7 ak
Porasiti efficace del terrenc in 2ona insatura adim. Taxrit ak
Contenute volumetrico di acqua adim. ak
Contenute volumetrice di aria adim. LOAMY SAHD = ok
Contenute valumetrico di acqua nelle Frangia capillare ad!m. T e ———— ok
Contenuto volumetrico di aria nelle frangia capillare adim. ok
Fpezzor: Frangia <apillare m Tea iwmalat LORHY SAHD ok
Infiltrazione cfficace cmianno 30 [#] Caicoiaie al:
P Fiowasith cmianno 1290 ok
LT Frazicne: areals di fratkure sutdoor [sole per lizcivi adim. 1 1 1.0 ak
Zona Satura I [ pefaulisPRa | pofauasti | Salace | Check
W Estensions della sorgente nella dirczione del flusso di falda m d5 d5 45.0 ok
S Estensione della sorgente nella direaione ortogonale al flusso di falda m a5 a5 ok
d. Fpessor: acquifere m - - 2.0 ok
K. Conducibilith idraulica el terrens sature mis T.90E-0% ak
i Gradiente idraulico adim. 0,0 ok
Welociti di Darcy mis 740E-07 ak
*Yelociti media effettiva nella falda miz 220E-0% 2, Z0E- ak
Forositd efficace del terreno in 2ona satura adim. 0,35% 035% 0,353 ok
Frazicn: di carbanic organice nel susle saturs g-Cig-suclo 0,001 o001 0,001 ak
Diistanza recettare off site [DAF) m i A ak
Dispersivith longitudinale m 0 ak
a, Dizpersivitd trazversale m A [ Caentati ok
a, Diispersivity verticale m 0,5 ok
2er | Spomsor de sore & mivcdions ol m . 2w o
LDF Fattore di diluizione in falda adim. _ ak
Ambiente Outdoor I [ botauisrra [ Dotaurastd | Salmre | Check
I3 Altezza della 2ona di miscelaaione m z z 2.0 ok
W Eztenzions della zorgents nella dirzzizne principale del venta m 45 45 45,0 ok
5. Estensione della sorgente nella direzione ortogonale a quella del vento m ok
u... Welocith del wento mis 225 ok
P. Portata di particolato per uniti di superficic aQifeme =7 6. 90E-14 ok
T ealdeme Tempo medio di durata del flusse di vapore anni 30,0 ak
POE ADF | Ciztanza recettore off site [ADF] m ak
oy Cosfficients di dispersions trazversale m nachesk
e Coufficiente di dispersione verticale m o chock
Ambiente Indoor [ Dofaul1sPRA | DufauledSTH | Salace | Check
io On-Site
Profendits Fondazieni du p.c. m 0,15 15 0,15 ak
Spessore delle Fondazionitmuri m 0,15 15 015 ok
Frazione areale di fratture indoor adim. o0 0,0 0,m ok
Rapporte tra volums indoer &d area di infiltr: m H H 2.0 ok
Contenuta volumetrico di acqua nelle Fratture adim. o1z u iz n.i2 ok
Contenuto volumetrico di aria nelle fratture adim. 0,26 0,26 0,26 ok
Tasze di ricambic di aria indear s 1,40E-04 1,40E-04 1.40E-04 ok
Tempo medio di durata del flusso di vapore anini 30 30 30.0 ok
Differenza di pressione tra indoor « autdoar afieme s o no chack
Permeabilith del suclo al flusso di vapare m? 100E-12 1,00E-12 ok
Fuperficie kotale coinvolta nell'infiltrazione m? THOE+0] T,M0E+01 ok
Perimetrs dells Fendazionilmuri m FADES] FA0ESN ok
Wiscosith del vapore gifcm =] 1,51E-0d 1,51E-0d ak
Edificio OFf-site
Y Profenditd Fondazioni da p.c m 0,15 015 ak
| I—Y Spessore delle Fandazionidmuri m 0,15 15 ok
n Frazione areale di fratture indoor adim. o0 0,0 ak
L. Rapporta tra volums indaer 2d area i infilkraci m z H ok
Contenuta volumetrico di acqua nelle Fratture adim. 01z [RE] ok
Contenuto volumetrico di aria nelle fratture adim. 0,26 0,26 ok
Taszo di ricamb a3 indeor s 1,40E-04 1,40E-04 ok
Tempo medio di durata del flusse di vapore anni k) 30 ak
Differenza di pressione tra indoor « autdoar afieme s [ no chack
Permeabilith del suclo al flusso di vapare m? 100E-12 1,00E-12 ok
Fuperficie kotale coinvolta nell'infiltrazione m? THOE+0] T,M0E+01 ok
Perimetrs dells Fendazionilmuri m FATE+] FACESN] ok
Wiscosith del vapore alfcm- =) 1,41E-0d 1,4E-0d ok

Figure 23:

Wi ndow

AfCaretter.]

88

st

che

used

t

(0]

‘N



6.16 A" Out put o

The AOutputd box i noperhtlee wimdwswithasumenayofthes us ed

input and those reporting the outputs, both final and not.

fRiepilogo Inpud
Clicking on the button fARi e pigure@gappedrspn put 0,

showing exposure and migrati pathways, receptors, limits for risk, features of the site
and exposure parameters that will be used in the simulation to determine the CSRs and
the Risk.
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Figure24¢ A Ri epil ogo I nputo window.
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fiContaminanti Indicato

After t he wuser has clIntamikaetd ndnhc aher ibauttome AR
appears is used to select the matrix to be consideuefdce soifl A Suol o Superfici
deep soil (ASuol o Pr of o rrigwe2y. Clekind ongneofu ndwat e
the three buttons, a windowith all the chemicals considered for timaatrix and their

related propertiesis shown Figure26).

Froprets Contemmnant ﬁ
Fiogniela conbaminant

Saigky Sugaricias
Sk Prafondo

Fakli

Figure 25: Window for selection of the rmix for which the contaminants must be shown.

Risk-net
T i HiLF il ] B [tk Saplo Sapaiicisle
Lhrbawl: |15 5-0NAIL, NS
icacun | s —u [EA——— | e W
[ }1‘"” }lmﬂ! +h |M| | | l |-“ Jair] Keod Uk M Ay L
K Geows T332 . 1 1 e i
T b '8 [

2 amn
™ e {LF- 1 A TR o Lo 1 4 e 1
= Tewes 1REELY v ammea d AL 1 THEE '
Xy 13 1 1
2l 1

G T 1 faiG 1
:‘i.‘:-cw.' - il .': i 2 TIE+ i
L ) 1D 3 FiT

Tam.on

Figure 26: Window with the contaminants and the related properties considered in the selected
matrix.

AOutput Intermedi

The window reported iRigure27i s s hown on the screen after ¢
Il ntermedi 6 and it all ows to s htheMransgo® ex pos
factors and the sheet for the assessment of the level of pollution in groundwatecH

matrix (RECONnet, 2015)
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Output [rtermadi i |

Maodedlo Concetiuale

Vie Adtive |

Fattori di esposizions
EM |
Fattorl di Trasporto

Suclo Superficiale |

Sual Prafondo |

Falda |

Lisciviarinne e trasporto in
falda (funzions del tempo)

Steady State vs Transitoric

Concentrazioni 8l punto di
espasizions (POE)

Calcaly Cpoe |

Continua .|

Figure 27: Windows with the command buttons for the intermediate results.

The buttoni Vi e Attiveo shows the summary of
as reported irFFigure 28. In this window 1 is possible to check the receptors and the
pathways affecting each matrix (soil, air, groundwat&rjows connect the secondary
sources of pollutionsurface sojl deep soil and groundwater) with the mechanism of
transrt and the exposure pathway cepending to each ahe environmentahatrices
(soil, air, groundwater)A green arrow indicates the pathways related to volatilization,
the violet ones the transport and leaching that impact the groundwattrearedl ones
the direct contacts (soil ingiésn and dermal contadf)at affect the soil. On the right side
of the window, the receptors on site andsifé are listed with the corresponding scenario
(residential or industriallRECONnNet, 2015)
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Sorgenti Meccansma Viadi
Secondarie di trasparto esposizions
O suoe 0 svow
SUPERFICIALE | —
- D Ervsime o ciatn demin
Jtmastica ]
E ] vestiizasisre
nel =[] sra
D SUOLD B m I asivnm
FROFONDO AT . D gl 4 partilan

[
FALDA

i L asfore
@ ISP
ntaka FALDA
Utz
Trasperio iy il adila
m kakia

Risk-net
Hiapilogo Modalks Conoemueb

(On-5ite

Receftori 080w Goem - BarcEn
petenziali

[ resigeasiale

On-3#te

[ resicesziale

Cuidaor ad Iradoar

Dn-Sibe

O risorsa ldrics

Off-Site

Figure 28. Schematic repesentation of the conceptual model of the simulation.

Wi th the

button nAEMO,

t

i s

possi ble to che

calculated exposure factors for both genotoxic andermtoxic substances in the opened
t hat the

window (Figure29) . ANAO indicates

into account.

comandi Risk-net

Espisizione (EM)

Ingastiona suale [mgiky x giomal]

Fattori di Esposizione

Off Site

EMipgs.c Cancerogena 1.8TE+ID [LEY
EMing 5 1c Hon Cancerng 1. 3BE-H1 MNA,
Contatte Dermico ! ABS [mgdikg x giorno])]

EMipgsc Gancerngens 4 B4E+Q0 M,
EMig8 mc tion Cancerng 1.58E+1 A
Inalazione aria outdoor [MEkg « gionma)]

EMeanc Canceropens 1.HE0 1.94E-1
EMiaoinc Hon Cancerog. 1.0FE+00 1.07E=0D
Inalaziona aria indoor [m*{kg x gioma]]

EMrc Cancerogens 1.8M4E-01 1.94E-H
EMg i m Hon Cancerog 1.0TE+IO 1.07E=+0D
Ingastione di acqua [Lilkg x glarna)]

EMingwc Canceropens A A
EMing.n ne Hon Cancerog A M,

Figure 29: Exposure factors calculated in the simulation.
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Clicking on one ofhethreec o mmand butt ons unadercaldulétedt t or i d
transport factors are showarfthe selected matrixgure30). The excluded migration
pat hways are identified with ANAO. | f t he

pollution is activated, the factors fatich the transport is limited are reported in red.

Risk-net

Earel & Trasporke Savs Sapert dals

Waa s

Figure 30: Transport factors calculated in the simulation.

The windowthat appears after clicking on the buttbhrSt eady St atéee vs Tr
(Figure 31), shows thevariation in space and time of the pollution in groundwater
according to the Domenico equation. The wuse
percorsoo the migrati on spriatelsailarytrangpbrieim c hi n g
groundwaer) and the contaminant considerbdthe two tables in the lower part of the

window, the variation of the concentration of the pollutant in groundwater with respect

to space and time can be observed. The concentration is calculated both for unsteady (re
points) and steady conditions (blue points)

used to convert the linear scale to the logarithmic onevi@edrersg RECONnNet, 2015)
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Risk-net
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Figure 31: Variation of contamination in groundater.

fiCalcolo God

I f the risk assessment is, pelfokiGaagownt hha
Cod button a window appears on which are r e
each polluted matrigigure32). Moreoverthe CRSas total and soil ga®ncentratioh

the saturation concentrationséfand the concentration outdoon(Gooy), indoor (Gadoor),

in groundwater (ds) bothon siteando i t e are reported. ANAO
migration pathwg is not activated.

Risk-net
Centus HiLK stmpa Concentratice al purs & espesizons (Cpoo)
Suob Superficiale onsite oftsite Suclo Profondo o aste it st
O Cisigee  Cou - Sk adonr  Elide €Ot tOtesiges  Can | Cotdesr  Cindone T, ooy bdolde
amease Contanmass
= o esl  fmpmy  [mgrg ea) fmm)  gmet] | impml  [rou mokgeal  fmgw’)  mosgusl [ owT  (momt  pmet] moml  imatl
teeieee & T W W e T T o i
fmeiee S ~ - Toben Rl A ~ ~
tree . [ “ ey 139691 x seeaz " ~
Teaeme Py [ TS e e a0 ey (9 -
- o = “ “ Oxcmronats #0650 = 18481 “
Corve @ vede 1% LY “ Tetacheoationn (FCE) ot - "0 130000 L ~
teerias 1o " “
Tetracionethae 01 -0 - - “

Figure 32 Concentrations at the POE.
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6.1.7 ARi schi oo

In the case of a Addloirovairdg® aon stkhesBRissokReind
accesses the window reportedrigure33that s used to visualize the calculated risk for
each of the thrematrice§f " Suol o Superficial eo, ASuol o Pr

summary of the outputs.

'a T ™
Mischio o Y

Spslo Qupsrcik

CalcalaFathia
Fepiags upat

SHunks Froloedn

Caicaty Rsrhia
Pl g Oul il

Falda

Catoaia Fisia
R e (el

HAFL

S ireg HAPL {Ciea|

Figure33: A Ri schi od window.

fiCalcolo Rischio

Clicking on one of the thee @A Cal col o Ri schi o@wihdow t on s ,
reported inFigure 34 in which the R and the HI are reportethe CRS established by

the user is reported in the second column of the tablesfidwenR and HI are determed

after calculating the R and HI for each exposure pathway and then considering the most
conservative value, i.e. the highest, between exposure outdoor, indoor and the intake of
water (if this option was activated). If the respect of the CSC at the POGelexted,

the risk associated to the hydric resouiiRew) is reported as a ratio betweendcand

the CSC. In order to take intocount the presence of many pollutants, the cumulative R

and Hl are reported at th®ttom of the window and kydrocarbos classified according

to MADEP (Massachusetts Department of Environmental ProteadiohiPH WG(Total

Petroleum Hydrocarbons Working Group) speciatitrere inserted, the cumulative risk
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for the hydric resource related to the total hydrocarbons, istegpbas well. When the

condition of acceptability is not satisfied, the cell is colored in orange. If the user wants

to determine the maximum acceptable CRS, a corrective factor (f) can be applied inserting

a value in the fourth column of the table to obtaumulative R and HI below the limits.

The button ARicalcola con fattore di corre:
(RECONnet, 2015)

Risk-net

Hisctine Raaks 5 puediciaks

Figure34¢. A Cal col o Rischi o0 wi ndocwfacesoinitrixt he val ues

fiRiepilogo Outpui

This button is clicked by the user to show the summary of the calculated odigut® (
35). Once thecontaminant to be consideredsslected from the scroll bar in the upper
left corner of the windowthe R andHl is reportedfor each exposure pathwaill the
transport factors used in the current simulation to determine the results areligted

box AFattori di Trasportoo.

96



Risk-net

Akpilogo Colgit Rbchie: Suslo Supedicls

Blnzine
CAS 15
LTIt Tabarar
e CRE A C5C - Resrerone 1 MED  watias
Ceneentrazicni in sorgants I (mght s e E
500 40 5000 i === ) 1.HEE L
Shchie roicr diGwkel R e ki Pespiiveh Cortarinmi
Rizchic e lndice di Pericalo lax | ANEL LOCE 8 AATE Czal 1BEE  mpigua
Solubdi 175E+A =y
Fiachic Camcamgena Iredbos & Pericodo & Rt Risorss Mrkoa Frstmin i den EMEMT
" ; d & G Ewitnr & Traspario
Lraa BMEE  ptsghs
L LIIEG  mpwmpi
WP BAIEAY  mpmimpigl
PEF BEHE T  rwiimisi
PEFIn BMET s
o Ha PG
oF Ha P A
] EMEAT)  orfeac
(= ZMELd  oveer
Coas of 1HEE otme
vt el ENEL]  wvoer
RR-LLLL) 4. HELA  pupw s
LILE 1EIEDT i meard)

Figure 35: ARi epil ogo Outpmmar wi oadowhevi obht phhtes sfuor

assessment, f@urface soimatrix.

AScreening NAPL (650

This command i s described

6.1.8 "N Obi etti vi di Boni fica

i n t

he

( CSR) 0

AObi

| f a fAbackwardo riskliacliemg ment t he

ettivi

pbatf on

Bonifica (CSR)O0 it is pos &igueBéeFromberepthee n t he
user can check the remediation targets (CSRs) calculated for each of thedtriees

(surface soijlde@ soil and groundwater) and access the summary of the outputs.
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[ cxe e |

Suolo Superficiale

GCalcola CER

Riepilogo Output

Suolo Profondo

Calcla GSR

Riepilogo Qutput

Falda

Calcola CSR

Riegilogo Output

Idrecarburi

Calcola C 3R |drocarburi

NAPL

Sereening NAPL (Crea)

Figure36. The window ACSRO to access at the calcul e
risk assessment.

fiCalcola CS®

Clicking on the #fCselaamdses th€driow rdpartediignra , t he
37 where the CSRfor the selected matrix are shown. The individual G8Reach

contaminant, calculated from the maximum acceptable R and Hyiilei b ac k war d o
approach, are listed the second column of the table. TieportedCSR is chosen as the

most conservative value, i.e. the lowest, between the CSRs determined for each exposure
pathway. However, the individual CSRs are not the remediation goals because they may

not satisfy thdimits for cumulative R and HIIf this is the case, the user has to insert a

corrective factor (f) to reduce the CSR and the associated risk, calculated clicking on the
button ARicalcola con fattore di correzion
chemicals or different for each of them. The CSRs that respect the individual and

cumulative limits are the remediation values for the site of stiidiie hydrocarbons
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classified as MADEP o TPH WG where inserted, the cumulative risk for the hydric
resoure related to the total hydrocarbons, is reported as(REICONnet, 2015)

If the CRS defined by the user is bigger than the CSRdhtaminantell is colored in

orange.
Risk-net
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Figure37z fiCal col a CSRO wi ndated C8Rs andthe cerputativée FHahd t he c a
R forsurface soll

fiRiepilogo Outpui

Once the remediation targets are determioedd,i c ki ng on t he fARiepil o
the user can visualize the summary of the outgtitgue 38). Thecontaminant that is
considered is selected from the scroll bar on thddfipf the window and the CSR for
each exposure pathwesr eport ed bel ow. The box fAFattori

transport factors that were used to obtain the outputsedimulation.

99



[ Caaman< Eir I Risk-ret
| cormnwa | nerf sumes | : O criao Ot 54 S Supsricale
Banzens
| poreee =] CAS Tk
Sk Superiiok Liriti To bellari
CERIndwrinls  CERComuisha  CSR Cusubiva A Sanb. Resinsae 1 EM  mphgaas
C.un[:grﬂramnl.ﬁu:-ﬁla o Bschio L TE s 8 b Ty Ty CEC ks - Induste e ZIOE+N] myhgss
1.0 1MEDE 5T .0 e 1.0C01  mgl
: . ) A i ki 0§ Pedicoks A i e Praprivid Comtaminanis
Riechio o Indioe di Perieos [CSR
" 1 I LhENT EAEDS 1. i Caal 1HE] mpkgua
ELoTLL ] 1.TSEHD  mpl
CAR indraduali T I HEn amEN -
|mgfaT.0]
€40 1E.48 EIE 1E.04 E.12 1E+ID 1E12 Fattori di Trasgario
O Gl LFs QWEAY A kg
st ¢ becko | | VFsE 1BIEDS  WwAw A
Conetm Dewann | Fasasp BAED] el
Vapori Tudoer | -
4 P 5 AT
B £ BWEAL  ppraTe
Do Cytioor | 1 PEFIn BEE-Z  pwAvingii)
anindosy | [ hat LA
Felad ey | aE WA [ p——
g Do GEE)) o
.rn:?cﬂ ] | Lo oF ETEM o
+ Chi
Viaper Duacces | D of 1TREQS e
[ S — D ofl EETEQ] s
rraaves |  oubfrer AMED  FwisTe)
0 N 1LEED  imgntiimgint

Figure 38: The window that summarizes the outputs forstivéace soimatrix.

fiCalcola CSR idrocarbud

If the user has inserted hydrocarbons according to the MADEP or TPH WG classification,

clickihgonthebuton A Cal col a CSR I drocarburio it is
the classes
- Aldrocarburi C>120 (hydrocarbons with mo

C<1206 (hydrocarbons with | ess than 12 C
- Al dr ocar bur ydrodarbds)kirl groondwatero t a | h

The CSR is defined selecting the class MADEP or TPH WG that poses the greatest risk.

In order to do so, the software determines, based on theirGR@edby the user, the

fraction (f) of each sukrlass,e.g.,i Al i f aQ 6 Cc i e &0H.in the pnaceclasses

Al drocarburi C>120, Aldrocarbur iFigee84 20 and
where the window for hydrocarbons CSR is reported. The calculated fractions are applied

to each sulzlass to identif which is the one with the lowest CSFhe CSR for the three

main classes is calculated as CSR/the two small tables (green for TPH W&&d violet
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for MADEP) where the CSR are reported, the most criticalctasgs is specified for each
ofthethreemaclasses n t he r ow .ihelowestC8R valueisthightgatéd
in orangeg(RECONnet, 2015)

From the scrollbar on the top left of the screen, it is possible to select which matrix has

to be considered.

Risk-net
SR HILP Ftampa Caloole €37 idrocarburi
Baleziona Matrics ) PAE— - | Suclo Superficiale
Caleolo CSR per speciazione TPH WG |
Classifica tioms TPH WG Frazioni Frazioni Fraziosi CSR CERIT fmgpleg e5]
CAS
gy 52} FCet2 (555 Fictali kg se) [ [ HC tat
AN CEE 1,2E+01 FXT 0] — 193E00 FRL] T IREHIZ = 7
Afalid ~CE-C2 Aon inserit — [
Aifale C-3-10 A st — ) —
AliEIN G2 =] 3.00E-01 — EITEN PR FA4IET — ERE=
Nl G~12-18 non insexit — [ —
AfaiE T TAEDT — BTSEDT FRFE] VZELDE — 1.4DE+DE 5.TEEDS
Aliae - V0N sl — M =
non insexit [
F AEIEDT — ZABEDT AIEESTT ZUEEATT — e+
= [ =
non it — e —
200EDD — AZEEDT Z03ELE TTIESD — EZED3 2T
Ammatici G =21-35 00 NS — [Ty —
Clazal CHS (mg'ka 55 Mracarbun Cetz [Z3E] HE tat
Mrocarbur C<12 DOE+H C58 fmplkg s5.b JDE+T 57+ J9E+01
Mrocarbur C>12 SO+ Clasca crifica Arpenic G 8L Ampman G 21621 Ammabe C =010
Mrocarbur totall BOE+
Calcolo CSR per speciazions MADEP
Clossifica rioms MADER CRS (mg/hg 55 Frazioni Frazioni Frazioni SR CSRIT (g =5]
Fic=12 [[E5F] Fiotali {maikg 550 Cetz 12 HC tot
Alfata BE-CE ABE+0 22801 — 28801 BETED ZR4E-D1 = 2.BEE-M
Amabci O - C10 TAEDT 35ETT — TTED ADE+ 1.18E-02 — 1LE+02
Alfaied G0 - €18 LANE+DT FRENT] E11E-01 TA4EDT AHEIS +44E-0E ZODE-D5 ]
Aliaha C18- 036 GOE+00 - 271 1110 6.55E+ 00 = 200E-]1 [ =
Amabcl G - G2 2O0EDD 5. 00E-02 TTIEDT L43EE 1ZEEHE 338E+03 1.78E+D3 e
Classi CRS jmg'lg es.} Idracarhwri Ced2 =12 HE sat
Idrocarbur C=12 408+ R Spaciazions MADER it maniene auelatie CE5R img/kg ea.b 2EEH 20E+K 29E+01
Mdrocarbur C=12 1.BE+01 G AN [ AR C -7 E Rgesd i bages critics AN A28 Alllave £19 - C3§ Al C8-CE
rocarbur 1wtk 455401 corleppie nie ow' T3 che nel C=12

Figure 39: Window with the CSRs for the hydrocarbonsdarface soil

fAScreening NAPL (650
The button fASey@eins ngs & PtLo ( €ChAquebus Phase mo b i |

Liquid (NAPL) in the saturated and unsaturated @éidure 40). For each contaminant

the screening value, according to the standard ASTM E2081, is calcatatedlows the
user to determine the residual concentration of pollutants i (REECONnet, 2015)

Different information is present for each contaminarthis window

4The standard ASTM E2081 assumes thathe case of a contaminant that is in the liquid phaszoat
temperature, the separated phase that is present when.the €ceeded, is immobilized until the
mechanical adsorbent capacity of the soil is reached (residual saturation) and the leaching can occur. In
Risk-net, the residual capacity of soilfiged by default at 0.04 according to the standard ASTM E2081

00.
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- Physical phase at room temperature (L=liquid, S=solid, G=gaseous);
- Csag

- Density;

- Type of NAPL, i.e. LNAPL (Light NAPL) and DNAPL (Dense NAPL);

- Screening concentration for mobilization of NAPL (only for liquid contaminants).

The contaminant$or which the physical state or the density are not present in the

database are indicated with ANAO.

The command button Al drocarburi o shows t he

classes of hydrocarbons.

The button fARiI cal c oloathe sgeening values siccardmgtothea | c ul a

residual capacity of soil defined by the user in the cells on thietopf the window.

RISK-NeT

Convwrnmy WAL

at ¥ Fwrads B g ]
Cowwm Pas s ol 2 ~ bl S AR, (00 Valor spiel 2l extarazions resdas (Aazensics V. ISPRA 2000)
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Figure 40: Window for the screening of NAPL.

6.19 AiConfronto concentrazioni o

I n the <casded orfi sak HfAafsosrewsasrme n tFiguré¢dhappearsto d ow r e
the user after clicking on the button AConf
in the two scrollbars, the matrix and the contaminant that have to be@muksThen the

software reports the expected concentration for each matrix, based on the CRS defined
before, and the corresponding CSR for the three pollotdcesi.e. secondary sources

(surface soil deep soil and groundwater)Moreover, the weightistribution of the

contaminant in the soil phases is shown. Th
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or migration pathways that were not considered or the cases where the CSR exceed the
Csat In the latter case, it is necessary to remove theideration of the Csat for the
determination of the CSRs from the options for calculation in order to show the limits for

the compartments.

r
I Selntione mavice = l [ee——" Z|I Suolo Profondo
—— .”‘m
| LISCIVAZIONE € TRASPORTO IN FALDA
Calcola - Panert
- N NA ma)
= . = et R e S8
cas can g = .
2IEN A oW 25 N | puptons
~ -y [ | I
Carsiats B et B8 Coname geruco
2 1B ™ LTS A Imadg)

RG] | siesn atm wme et

Cokowts  Lavl  gagner Conclote  Limid  agear
SEE04 | OTEG Om-Atelmp) m T

Cakcouto  Lw e AN AT
s A5 =
Tt 50w e v ? 3
{
) b T Caeolts  Lemi g o0, 1
cas o g 4 ST ™o
29001 3401 iroem) \ \ s
cas i
L s L
VOUATIIZZAZIONE O 0002 | VOLATIIZZAZERE WOOOR

Figure4l: A Confronto concentrazioni o0 window.

6.2 Software for site-specific soilgeneric gudelines by Kemakta AB

The software developed by Kemakta AB is used in Sweden to calculai¢etbpecific
soil guidelines implementing an Excel file themodel used by SEPA to determine the
soil generic guideline3.he excel file consists in nine gtg each of them with a different

purpose.

6.2.1 Conceptual model

The first sheet of the excel file is nand f c on c e p tFigusel42) and the | 0 (
parameters affecting the release, the transport and the exposueported in itStarting

from the left, the first column lists the possible sources of pollution, followed by the
release mechanism and the exposure pathways. On the right side of the sheet the objects

of the riskare reported. The cells witl v are those that must be castesied in the generic
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scenario (KM or MKM). The boxes with red text inside, as those of the exposure

pat hways, are directly connected to the p
Moreover, these cells are those that strongly affect the determinatidhe soil

guidelinesA separate case is constituted by the
watero cells that, even if they are not con
affect the outcomes. In fact, the user is not allowed tovene v from these two boxes

because the protection of surface water and its ecosystem must be always guaranteed in

the Swedish procedure (Elert, 20 MATURVARDSVERKET (3) 2009.

It is possible to add more paranterswill s i n t

not be considered by the model and has tedparatelyassessed.
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Conceptual model for contaminant release, transport and exposure Maturvirdsverket, version 1.00

Thiz sheetis used ta develop and document the conceptual model of the site. Guidance to how
thiz is done iz given in the repart from Mature rdsverket Riskbedomning av farorenade
omraden [rapport 2377], so www_naturvardsverket.sefebh. The purpose is to given an
initial qualitative assessment of contaminant saurces, release mechanisms, transport pathw ays, _ .
exposure pathw avs and risk objects present at the zite. Some of the exposure pathw ays are SEESLE
handled by the Excel program [red text). The risk aszociated with the other pathw auz (black

text] needs to be assessed outside of the Excel program. The conceptual model can be uzed as
a basis for discussions between the parties involved.

User seenario: --- namnlast ---
WORKING COPY Generic zcenario: KM
Release Exposure
Sources ! mechanism ! pathways 1 Risk object N
Surface zoil | Leaching ta [ Diermal contac? [#) Humanz Environment ™ Matural resourdes
conkamination warer =il
Dieep sail = Intake =oil =
contamination Releaseto V[ Living on site: Soil N = Groundwater g
groundwater -Adules [l BCOSYShEm
Inhalation of [ -Children =]
Contamination [#] dust
bl Releazeto V[
groundwater lewel surface water Regularly activd
Inhalation of ™ [¥] on site:
WApoUrs -Adults [
Groundwater [ Evaporation [¥] -Children ] Surface water Surtace water ™ 2]
contamination ecosystem
Intak.e drinking2
Wind erosion ‘E| waker Wisitors: N
Contamination [¥] -Adults =
in sediments -Children [wl
‘water erasion, ™ [ Intake fruit, Y [w]
landslide berries mushrooms
Contamination [« wegetables Meighbours:
infree phase -Bdults [ Sediment Other I}
Free phase tranggprt -Children ] ecozystem ]
Intake of fish  [w]
Contamination
in Facilitie= Uptakein plantglﬂ Other |
-Storage tanks ¥ Irrigation ¥
-Pipes E
-Dizpozal sike  [w] Cither ™
“Trenches | Intake of milk, [#]
-Other | meat, egqgs Cither [+
Diermal contact [
Ongaing with sediment=
activity [#
Cither AT
Cither |
Figure 42 AConceptual model 0 sheet ofditespekiicsd of t war e
guidelines.

105



6.2.2 flnputo

This sheet allows the usernmdify and manipulate the inputs to the model.

Firstly, in the upper part of the sheEigure44), a generic scenario has to be chosen (KM

or MKM) so that the input values can be compared to those associated to the generic
situaltonand a work mode selected becFigue43n nAwor Ki
There are no forced warnings the first working modewhilst they are presemn the

second one, with alsmompulsory comment©nce the generic scamais selected, the

default input values are reported in the orange esltscannot be modified by the user

The own scenario to be modified can be naaed described in the ban the top left

of the sheet and, after it is saved clickingtioei Ad dv/ Sea v e «dil helog, & d O
appears as sel ectedsdanarhieo M lmaxit istp@tsibbestocec rod | U
choose thauser scenaridco modify, i.e.to modify the values ithe white cells. If no

scenario is created, ont§M or MKM can be slected, otherwise all the scenarios created

and saved can be modified, allowing the user to evaluate diff@realations.

The variation from the standairtputvalues is reported in the third sheet of the file named
AComment sO0 wher etoadd consgleratidnsto exglainghe mdrivations

behind the changes in the inputs.

The contaminants for which soil guidelines must be determined (no more than 23) can be
insertedusingthead ol | bars in the big box néndaet aminai
selected are both the one provided by the database and those modified by the user, as it

will be further explained in the chapter.

I n the pink cells below the box fAiContaminan
the v that can be removed onlyifn t he sheet AConceptual mo
excluded. On the right of the box AExposure

where it is possible to modify the exposure time and the consumption of plants. In the

box fAScenari o septeecrisfoi,c tnhoed etly ppearoafm base scert
or MKM) in order to define which value of exposure parameters, as daily soil ingestion,

exposed skin surface and hours per day of exposure to vapors and dust, has to be adopted

to define the soil guideies.
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The boxes ASoil and groundwater parameterso
the features of the soil and the dimension of the site of sasfectively The length and

the width of the site are calculated considering a rectangle thati@scthe polluted area.

In particular, two sides of the rectangle have to be perpendicular and the other two parallel

to the groundwater flow. In the same box, tiser can add thguideline for contaminated

soil below groundwatersurface putting v . This choice affects the spreading to
groundwater and surface water and the intake of drinking water
(NATURVARDSVERKET (3) 2009) The depth from groundwater surface at which
contamination is present must be specified with a value greater than zero but &ower th

the thickness of the aquifefhe pollution of soil beneath groundwater surface is not

considered in the general scenarios (KM and MKM).

Below, five boxes ar@resent to edthe parameters aboailtetransport model. In the first

box on the leftthe diution to indoor and outdoor air is automatically calculated in the
yellow cell by the programas 1/DF for vapor transport to indoor and outdoor @ice

the other parameters are insertedall the other cases, the dilution is calculated the same
way (NATURVARDSVERKET (3) 2009) The pollutant to be considered must be
chosen in thesaollbar. It must be highlighted that the choice of the compound has no
effect on the calculation of the guidelines but enable the user to see the dilution factor

calculatedor the chosen compound.

The box about groundwater contains the information necessary to calculate the transport
of the pollutant to groundwater, i.e. percolation, hydraulic conductiityizontal
direction)and gradient and the aquifer thickness. dlstance tahe well is present as

well, butit is considered only ithe intake of drinking water igken into account as
exposure pathway. In the yellow cell is calculated the dilution in the groundwater at the

well, using the other inputs.

The trarsport model for surface water considers either a lake or a river/stream. In the box
ATranspdsurmadel water o it is possible to st
Then, the volume and the turnover time of the lake or the flow rate of the stream a

inserted. The dilution is calculated in the yellow cell through the input values.
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If the user has calculated more precisegttecific dilution factors, it is possible to insert
theminthe boi Tr ans poirus emodcillsut i on foseavalable 0, cl i

and marking them witl v . The dilution factors are once again calculated as 1/DF.

I n the Dbox fTircaanlscpuolratt emdo dweal tse r fl ow ratesbo
contaminated soil and in the aquifer are calculated and reported in theltow gells.

| f the wuserds i nputs are consistent, t he
(NATURVARDSVERKET (3), 2009)

The values tobe usal for the substancewhen consideringhe protectionof soil
environment have to be selected between the K the MKM ones, in the box
AiProtecti on of Ifaherivhlueseshould beouseth & subsiance must be

modified and saved as it will be explairetthe end of this paragraph

The box AAdj ust ment of gui del | moas invtleel ue d 1 s
determination of the soil guideline, i.e. protection of groundwater and adjustment for

acute toxicity or high background. The first two aspects can be excluded in this sheet,

whilst the protection of groundwater can be neglected only remdke ¥, in the sheet
fiConcept udNATURMARRSVERKET (3) 2009) The distance to the

protected groundwater must be specified so that the dilution can be automatically
calculated in the yellow cell. If the user has a more reliable dilution factor, ibean

inserted in the corresponding cell.

Since the surface water protection is always considered by the program, assuming that
the pollution will always reach a surface water resource in the future, it is not present in

the sheet Alnput o.

Below the boxes fothe transport model, it is possible to save, modify and remove

scenarios.

At the bott om difured3iodigsed®, the usdr has theupbssibilify to

create new substances modifyinge tparameters of the chemicals available in the
database of the programhe user can also create a completely new substance simply
reaching the end of thear ol | b ar ARCreate substance from
s u b s t. ahe came of the compound che edited by the user and in the case of a

chemical present in the databasay.,lead, in thesuggestesh a me wi | -modppear 0
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eg,eadmod. I n order to add the compound, the
and on @A Remove edstunbdhedaaonlcleboa rt ofi Sdeelleectt subst an
parameter to be changed with a user value can be selected and the reference, already

present or just created, that justifies this variation can be inserted.

The | ast box of t heeusesth madify ainbdelparametergp,| | ows t
diffusivity in pure air or water, wind speed, exposed skin area, bodyweight, years of

exposure etc.

If an input value is considered as not realistic, the corresponding cell is highlighted in red
to let the user how. However, the program will still calculate the guidelines with the

input inserted by the user.

Wark mode
# Waorking copy - No forced warnings, reports is marked draft copy

¢4 Report - Forced warnings, compulsory comments

Figure43: AWork modeod box in the Alnputd sheet.
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Input for calculating soil guidelines Maturvirdsverket, version 1.00
WORKING COPY

[~ Choice of generic scenaria [hrown cels)
[ Descrintion of soenans
Scenario name: Get generic scenario: " =
Dascriotion:
' Standard scenario For senzitive land-use, Maturedrdsverkets | C oo e oo (dats 1o white ceils)
generic guidelines for contaminated soil
Get saved User scenaric ™
[ Contamimants
comama_____ [ commiz[ 7] wmmnm[ [+
cormsl T[] cwams_________ ] wmmnl [
S I comme________ [l cmmml [
[ Exposure pabreays [ Exposure paramebers
[] Intake af sl i vl Intaka of soil KM
[#] Dermal contact soll st I Exposure time child 3EE 365 dayfyr
[] Inhalstion of dust =l Exposure time adults dayfyr
Dermal contact mad sailidust
[¥] inahistien cf vapaurs vl Exposure time child daylyr
[ 0 Expozure time adults dayfyr
[#] intake of plants I A -
n ation af duss
[ Estimate concentration b fish O Exposure time child EE FEG| dayfyr
KM Exposure time adults 3E6 3E6 | dayfyr
Fraction indoors 1 1]-
rialatian of vappu
- Scenrks specilc mccdel p RpoEUrE e child TEE[ 566 daufyr
Exposure time adults 3ER 365 | dayfyr
) Use K-k In the mocel & Fraction indoors 1 1]-
saka af pl
) s M vl 0 the madd o "Consumption, child 025]  025] katday
Consumption, adults 04 0,4 kgiday
Fraction grown on site 0,1 01]-
r Soik and l]l'!J'hdrIMCl’ DAATET
Er
[ Contaminated ste
Conc. mobile organic carbor] 0,000003 JE-0E| kgtdm® KM
DOiry denz=ity 15 1,5 kgtdm? The site's length 1 a0 B0 m
Halt arganic carban 0,02 0,02] kafka The site's width | 1] B0l m
Water content 032 0.32| dm*tmf | [ Gukdeline for sal below O
Fraction pare air 0,08 0,0 dm?tdm e
Tatal paraszity 04 dm?*tdm| m
r Transpark medel - Yapour bo indoar and outdoor air ——  Tmansport model - Groundwater
K KR
Air wolume indoors in buildin 240 240|m? Percolation 100 100 mmfyr
Air turnover in building 12 12] 1Mday Hydraulic conductivity 1,00E-05| 1.00E-05) mi=z
Surface under building 1] 100 m® Hydraulic: gradient 0,03 0,03 mim
Diapth to contaminant 0,35 0.25|m The aquifers thickness ji] 0| m
Dlilution to indowar air saknas - Distance to well 1] ojm
Dilution to outdoar air saknas Dilution to groundw. [well] 4 times
[ Transpart model - Surface waber KM [ Transport modeks - User dlltion factors Kl\'ﬂ—‘
g e & [ Pare air ta indoar ar o “E000 [?mes
X [Pare ak ko autdoar air b “EO0QOD| times
O Rbver [ strosm i} ) .
[ Pare water ta wel o] 14| times
Lake wolume 1000000 1000000 m? [ Pare water ta surfaca S 4o00]times
Turnower time of lake 1 1| years
S R 0.03171| ms [ Transport modets - Caiculated waber flow rates
The calculated dilution 4000 times Flow rate contaminated zoil mihyr
Flow rate in the aquifer miyr
[ Protection of sall environment KM
KR
@ Uz KM-walue in susstance database - @
) sz MEM-ualue in substance datshase: 8] [w] Seil envirmnment considensd in final value [w]
r Adjustment of guideline vk
KM edjustmant for peotection of grounchwaten: KM
[#] Pratecticn of greundwates [¥ [ e dibsticn factor - O
(B LT TR c Distance to protected G 1] 0jm
[i#] Adjustmient for figh background canc. [+ ] 3 \\\\\\\ 14| times
Dilution in protected G 4 times
Scanaric name: - Chicsa scanana o ba mmovwed
N - namnlést - Add neviSave — _Remm
Change scenania name in top of shest changed & FCSTCEID

vcall 4L

Figure 44: Upper part of the sheet #dAl nputso.
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 Create, - remove or change ussr-defined substance

Create substance from existing: | Arzenic - | Create
-

. substanc
Specify namea of user WAFSEI'IiC-I'I'IIJd | —
Selsct user substance to be | - | » Rf:;;tﬂ"re
removed: SRR
Select user substance to be | - |

Zelact substance parametar | Substance group [trueffalze] - | Save
) E— e

Edit substance parameter:

Referancs: 0 hav 2009 -
Save Reset
Edit reference: bl reference reference
 Changs model parametsr
Save
Salact model paramater: | Relationship KDOC-Ko: ! change
—_—
Standard value: 024 -
Edit model parameter: - Reset all

Figure4d5: The bottom part of the sheet Al nput 0.

6.2.3 AComment®

In the third sheet of the excel fil&ifure 46), the changes applied by the user in the
Al nput o sheet are repor t erdhe geoggiescemaio. Owi t h
the right of the sheet, the user can write down a comment to explain the modifigation.

the line is highlighted in red, the comment is considered compulsory.
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Comments
WORKING COPY

User seenario: --- namnlast -
Generic scenario: KM

Isused to write comments to Output repart.
<< in column K Indicates row with compulzory comment.

Contaminant Guideline Governing For guideline valud
Deviations in input sheet Iser scenaricGeneric scenario

--- namnl&st ---
Intake of soil considered considered
Diermal contact med sailfdust considered considered
Inhalation of dust considered considered
Inhalation of vapour considered considered
Intak.e of drinking water considered considered
Intak.e of plants considered considered
Estimation of concentration in fish not considered  not considered
Scenario specific madel parameters ER-value EM-value
Time on site child - intake of soil 365 365 dayfyr
Time on site adults - intake of soil 365 365 dayfyr
Time on site child - dermal contact soilfdust 120 120 dayfyr
Time on site adults - dermal contact soilfdust 120 120 dayfyr
Time on site child - inhalation of dust 365 366 dayfyr
Time on site adults - inhalation of dust 365 365 daufyr
Fraction indoors - inhalation. dust 1 1 =
Time on site child - inkalation of vapour 366 366 dayfyr
Time on site adults - inhalation of vapour 365 366 dayfyr
Fraction indaors - inhalation. vapaur 1 1 -
Consumption plants - child 0,25 0,25 kogfday
Conzumption plants - adults 04 04 kogfday
Fraction plants from site o1 o1 -
Concentration mobile arganic carbon 0,000003 0,000003 -
Diry density 15 15 kgtdm®
Content arganic carbon 00z 00z kafkg
‘water content 0,32 0,32 dm*tdm?
Fraction pore air 0,08 0,08 dm*tdm?
Length of contaminated site &0 &0 m
‘width of contaminated site 50 50 m
Soil guidance value for soil below Ghw-surface FaLsD FaLsO
The co i depth below G (2 m
Air volume indoors in building 240 240 m’
Air turnover in building 12 12 Wday
Surface below building 100 100 m*
Diepth to contaminant 0,35 0,35 m
Percolation 100 100 mimiyr
Huydraulic conductivity 0,00001 0,00001 mis
Hydraulic gradient 0,03 0,03 mim
The aquifers thickness 10 10 m
Distance to well a a m
Lake volume 1000000 1000000 m!
Turnower time of lake 1 1 ur
Flow rate in stre.am mits
User dilution Factor - indoor air times
User dilution factor - outdoor air times
Uszer dilution factor - groundwater times
User dilution factor - surface waters times
Effects in soil environment KM-walue KM-yalue
Soil environment considered in integration health  performed performed
Adjustment for protected groundwater performed performed
Adjustment far acute togicity performed perfarmed
Adjustment for high background level performed performed
Digtance to protected groundwater o o m
Deviati: in model p User value Standard value
Fielationzship KOOC-Koe 024
Diffusivity in pure air o7 o7 mtday
Diffusivity in rent water 0,000036 0,000036 mtday
Leakage of =oil air till building 24 24 m3tday
wind speed 1 1 mis
Fielationship dry weightffresh weight leaf vegetabl onr onr
Fielationship dry weight{fresh weight root vegetat 0.z02 0.z02
Fraction consumption of leaf vegetables 05 05
Fraction consumption of root vegetables 05 05 -
Average intake of soil, child 120 120 magtday
Auerage intake of soil, adult &0 &0 mgitday
Eody weight, child 15 15 kg
Body weight, adult o o kg
‘fears az child B B ur
‘ears az adult T4 T4 ur
Inteqgration time life-time exposure a0 a0 ur
Soil exposure skin, child 2000 2000 maim?
Soil exposure skin, adult 2000 2000 mgim?
Expozed skin area, child 05 05 m*
Expozed skin area, adult 05 05 m*
Concentration of dust in indoaor air 0,0075 0,0075 mgim?
Concentration of dust in outdaor air o,m om mgim?
Fraction dust indoors from site 05 05 =
Fraction dust outdoars from site 05 05

Figured6:. The upper parsto osfhetehe fACommen

6.2.4 nOutput repord

This sheet reports the calculated guidelines for the substances inserted by the user and

according to input values:or each calculated guideline, the main factor affecting its
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determinationis reported intkeo | umn AN Govemguing! i neo. Bel ow,
applied in the Alnputod sheet are | isted it
scenario, the deviation in model parameters and the new substances edited by the user.

On the right it is possible to add compuls@bl) or voluntary (frv) commentén Figure

471 s il lustrated the sheet AOutput reporto f
Lead and Cadmium are inserted as pollutants to calculate the guidelines.

The program, whe calculating the final guideline, applies rounding so that the showed
value is a even power of ten of 10, 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70 and 80.

Qutput report User scenario: User scenario Naturvardsverket, version 1.00
WORKING COPY Generic scenario: KM
Description

Standard scenario for sensitive land-use, Naturvardsverkets generic guidelines
for contaminated soil.

Caluclated guidelines

Substance Guidelines Governing for guideline Comments (obl = compulsary, frv = voluntary)

18 madkg Hi und
50 ma'kg In £ SOUrces
0,50 mg/kg In ts+other sources

User scenario  Generic scenario

User scenario KM

User value Standard value

Figure4d7. A Out put reportodo sheet, with guidelines fc¢

6.2.5 fnDewation substances

In this sheet, the different properties between the-meelified substance and the
corresponding original one, are reported. Next to the column with the parameters, the

commentsan be added and, if the line is colored in red, thesls®ild add a comment.

It is also possible to show a list of all the parameters of the chemical modified by the user.
I n order to display the Iist of properties,

substanceo the .voice Ano substanceo

In Figure48is reported the example in which the user has changed trabu¢ ofbarium,
creating the -mothdt ance ABari um
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Deviation substance data . Naturvardsverket, version 1.00
WORKING COPY User scenario: User scenario

User-defined subslancm
Delete
Default substance: Barium - comments
User def sub Default sub
Deviations Barium-mod Barium User comments
Kdvalue 1100 20 i y @

Figure48 A Deviation substance datad sheet with a

6.2.6 NAGuidelinesd

The sheet Rigone49drepbrts m desaid the(partial determination of the soil
guidelines, allowing the user to understand which are the factors that adjusted and
determined the findbenchmarkvalue.Inthetabé A Si ngl e pat hway <conc
guideline for each contaminant considered is reported for all the exposure pathways. On

the right the unadjusted integrated health guideline is calculated and in the table
AAdj ust ment so t he r epliedaccoslidg tatbacgrolind expdsureo ns ar
and acute toxicity considerationalso the guidelines calculated for protection of soil
environment and against release and transport are shown. The adjusted guideline for
protection of health and environment is tltempared to the background concentration

of the pollutant, reported in the homonymous cell. The final guideline is shown in bold

in the column #AFinal gsuhiedeet| itnheed .t aConl et hfeT hrei
exposure pat hway bstance, bow oetevarst eachfexposure gathviay, ¢ u

terms of percentage, was in the determination of the integrated unadjusted health

guideline.

The cells colored in gray correspond to the most important factor affecting the guideline
calculation. Inthecasef t he col umn ABackground concent
orange if this value is used to adjust the final guidelline final guideline value might

differ from the one highlighted in gray or orange, due to the rounding applied by the
program as gfained before. For example, kiigure49it is possible to see that the final

guideline for Pb is 50 mg/kg, but the real-notinded value was 52 mg/kg, as reported in

the gray cell under AExXposure other sources
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Soil guidelines  "WORKING COPY

Single pathway concentrations (mg/kg) Unadjusted Adjustments (mg/kg) | Integrated
Substance Intake of |Dermal contac| Inhalation | Inhalation | Intake of | Intake of Health Exposure Acute Health
soil soil/dust dust vapours  |drinking wate|  plants valug ther sourcey toxicicity value
Arsenic 438 33 360 not relevant 0,83 09 0,39 0,39 100 0,39
Lead 440 16000 27000 not relevant 1400 1300 260 52 data missing 52
Cadmium 25 9100 270 not relevant 8.7 39 24 0,48  |data missing 0,48

a version 1.00] The infl of exp ep Y WORKING COPY WORKING COPY]
Soil Release and transport (mg/kg) Adjusted | Background|  Final The relative effect on the unadjusted health value
Emironment| Free phase | Protection of | Protection of| integrated ideli Intake of Jermal contaq Inhalation | Inhalation | Intake of | Intake of | Intagav | Resen 1| Reserv 2
risks surface wate] quidline (markg) (markg) soil soil/dust dust vapours frinking wate| plants fish
20 not relevant 22 360 0,39 10 10 Arsenic 8,2% 1.2% 0,1% 0,0% 471% 434% 0,0% 0,0% 0,0%
200 not relevant 130 3600 52 15 50 Lead 59,2% 1.6% 1.0% 0,0% 19.0% 19,.2% 0,0% 0,0% 0,0%
4 not relevant 12 16 0.48 02 0,50  |Cadmium 9,6% 0.0% 0,9% 0,0% 27.8% 61,7% 0,0% 0,0% 0,0%

Figure49: A Gui delinesodo sheet with As, Pb and Cd as

6.2.7 AConcentration®

The sheet fAConcentrationso is used to estir
media, using the same transport model adopted Her determination of the soll

guidelines. The actual concentration of the pollutants added as inputs has to be inserted

i n the column Al nput of measured soil conce
air and water, groundwater, well water, surfaeger, indoor and outdoor awegetables

and fish as well as the release to surface water, can be determined and shown in the
corresponding column. IRigure50the calculatiosare performed for As, Pb and Cr with

us er 0 esoncentrgions.

Estimation of concei WORKING COPY Naturvardsverket, version 1.00
Input of measured | Pore water | Groundwater | Well water | Surface wat Release to Pore air Indaor air | Outdoor air | Leaf vegetables Root vegtables Fish
Substance soil concentrations | concentr concentr. concentr. concentr. surface water concentr concentr concentr concentr. concentr concentr.
mylkg mgl | g mg! mgl kgl g’ | g’ | moin® mylky mylky K
Arsenic 10 0,033 0.0023 0.0023 0,0000083 0,0083 0 0 0 1.7 0,03 not relevant
Lead 25 0,014 0,00096 0,00096 | 0,0000035 0,0035 0 0 0 045 0,13 not relevant
Cadmium 15 0,075 00052 00052 0,000019 0,014 0 0 0 38 24 not relevant

Figure50: A Concentrationso sheet with As, Pb and Cr

6.2.8 fnUser references

The substancefor which the guidelines are calculateahd their properties are reported
with the associated refnce in the only table present in the sheet. The user and generic
scenarios6 names and the default Fgord user 1

51).
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References for WORKING COPY Naturvérdsverket, version 1.00

user specific
substance data

Loslighet
Contaminant o Ke Ko Ko H BCF e BCF e P ol RISK, fu [, [ RFC
Arsenik NV 2009a NV 2009a NV 2009a NV 2008a NV 2008a NV 2009a NV 2008a NV 2009a NV 2008a NV 2009a NV 2008a NV 2009a NV 2008a NV 2009a
Bly NV 2008a NV 2008a NV 2008a NV 2008a NV 2008a NV 2009a NV 2008a NV 2009a NV 2008a NV 2008a NV 2008a NV 2008a NV 2009a NV 2008a
Kadmium NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a NV 2009a

Figure51: fUser ref er e PramdC assdnederéd substadndes. A s

6.2.9 fGeneric guidelineé

The generic guidelines for KM and MKM scenarios determined by SEPA are reported in
this sheet that can be used to quickly compare thesgéeific values with the general
ones(Figure52).

MNaturvardsverket, version 1.00

Naturvardsverkets generic quidelines for contaminated soil (mg/kg DS). KM = kénslig markanvéndning Sensitive land-use
and MKM = mindre kanslig markanvandning Less Sensitive land-use {table published 24 october 2008).

Amne Substance KM MKM Comment

Antimon Antimony 12 30

Arsenik Arsenic 10 25

Barium Barium 200 300

Bly Lead 50 400

Kadmium Cadmium 05 15

Kobolt Cobalt 15 35

Koppar Copper 80 200

Krom totalt Chromium total 80 150 If fraction of chromium (V1) is greater than 1% of the total
chromium content should alsothe risks with chromium (V1) be
assessed

Krom (V1) Chromium (V1) 2 10 Mote 2

Kvicksilver Mercury 0,25 25

Malybden Malybdenium 40 100

Nickel Mickel 40 120

Vanadin Vanadinium 100 200

Zink Zinc 250 500

Cyanid total Cyanide total 30 120

Cyanid fri Cyanide free 0.4 15 Mote 2

Summa fenol och kresoler Sum Phenol and Chresols 1.5 5 Note 2

Summa klorfenoler (mono - penta) Sum Chlorophenols (meno-penta) 0.5 3 Note 2

Summa mono- och diklorbensener Sum mono- dichlorobenzenes ] 15 Note 1, 2

Triklorbensener Trichlorobenzenes 1 10

Figure52 fiGeneric guidelineso sheet
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7 Case of study

The site for which the risk assessment is performed is Bollnas Bro 4:4, locdtedawn
of Bollnas, in the Centref Sweden(Figure53).

sweotn RWEGIANT
— o

Bollnds Bro 4:4 | )
Se—mneesEs T

¥
|

ity

Figure 53: Location of Bollnas and of the site of study, Bollnas Bro 4:4 (Engstrom and Orne,
2015; Ezilon Maps).

7.1.1 Geology

Drilling test conductedn 2015 showed that the property so8 covered with filling
materal with a depth variatingoetween 0.5 and 4 meters. The material is mainly
constituted by sand and gravel but also some residues from the activities pedbtheed
sitg e.g.,coal and ashes. The natural soil nearby the site is mainly silt and tilhs@&ted
glacial sedimentThis information visible in thgeological map of Bolln&seported in
Figure54 (Engstrom andrne, 2015.
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7.1.2 Surface water and groundwater

No surface water resources are located in the propertythetblosest one constituted

by theLjusnan river, at 300 m east of the site, that flows into the Varpen lake. Bollnas
Bro 4:4 is crossed in the southern area by a culvert for stater(Figure55 a) that has

two outlets: the firstocated where Ljusnan flows into the lake and the second in lake
Varpen (Figure 55 b). Previous investigations found that the culvert drains the
groundwater from the southern half of the property transupit towards the outks
(Engstrém an@®rne, 2015.

The site slopes to the south whereré¢hthe nearest residential buildiage The waer

table was detected betweeb @nd 3 m beneath surface. The groundwater levels and the
plausible direction of groundwater flow are rejeor in Appendix 3. Due to the
heterogeneity of the filling material used the site the groundwater flow can vary
significantly, butthe main direction is deemed to be the south. In the surrounding area,
the flow direction is soutisoutheast, as in thewthern part of the site, due to the presence
of the culvert. However, some flow towards the east might occur in the northern part of

the propertyEngstrom an@®rne, 2015.
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Varpen

51

Figure 54: Geological map of the area of Bollnds. Thiéng (striped area) covers the entire
property of Bollnas Bro 4:4 while the natural soil close to it is constituted by silt (yellow area)
and moraine (blue area) (Engstrom and Orne, 2015).

119



) stad sparken
| it/ /

v“ /\. v"I
N

Figure 55: &) culvert for stromweer collection crossing the site of Bollnas Bro 4:4; b) outlets of
the culvert (Engstrom and Orne, 2015; Google Maps).

7.1.3 Past and present activities

In Bollnas Bro 4:4 SJ (Swedidivansport Administrationcoaches and locomotiveave
beenstored repairedand painted for about one century. Impregnation with creosote, coal
storage, use of trichloroethylene for cleaning purposes occairtbe siteand oil tanks
were located in the areErigstrom andrne, 2015. The past activities performed the

site arereported inFigure56.
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Asphalt
production

Paintings and
Tricholorethylene
cleaning

Workshop and Cleaning of trains

Tricholoroethylene cleaning
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and storage of
impregnated
planks

Engine
garage with
tanks

Cleaning of trains

Cleaning of trains

Figure 56: Historical map of the property Bollnas Bro 4:4 with the activities performed on site
(Engstrém and Orne, 2015).

At the presentime, the area is open to the public ahdan be classified as MKM with
stores, offices, a glass blower and a recreational building for young people. The current

activities on the pragrties are reported iRigure57.
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Youth club with
skateboard ramp

Rooms for stocking of various
material

Company that
produce wind shelters .

Café with
| outdoor
seats

Figure 57: Map of the Blinas Bro 4:4 with current activities (Engstrom and Orne, 2015).

7.1.4 Targets to be protected

People that regularly work in the area or that come to visit it, as well as the residents
living nearby the site, may be affected by the contamination. The closegephouse is
located immediately north of the property, while a residential area is located at 150 m
from thesoutherrborder of the sit¢éEngstrom andrne, 2015.

No wells for drinking water purposes or areas of groundwater protection are locaged clo
to the polluted site. The river Ljusnan and the lake Varpen are the protected resources for
surface watergngstrom andrne, 2015 SGU).

Due to the compact covering present on the
protected when considag the soil environmerEngstrom andrne, 2015.

122



7.1.5 Future land use

The municipality of Bollnas intends to keep using the site for offices and working areas,
to save the recreational buildimgnd a small structure at the gates of the property, the
building where the glass shop and the coffee house are located a small part of the edifice
wherethe wind shelters company is, due teitthistorical value. Moreover, it is planned

to build anew and biggerecreational arefor youngsters andisitors, with green spaces

but nocultivation Engstrom andrne, 2015 (Figure58).

Future land planning in Bollnds Bro
4:4 and surroundings

Figure 58: Future land planning for the property Bollnas Bro 4:4 (picture by Bollndés Kommun).

7.1.6 Previous studies

Four studies have begerformed in the property Bollnés Bro 4:4:

- "Limited environmental engineering surveying of the property Bollnds Bro 4: 4".
SGI on behalf of Bollnds municipality TSF Real Estate Group. -22633.

- "In-depth environmental engineering surveying of the prgotinas Bro 4: 4".
SGI on behalf of Bollnds municipality TSF Real Estate Group. -28986.
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"Additional studies". Sweco on behalf of Bollnds municipality 201126.

envi
Bro 4:

- AAddi ti onal

propertyBo |l | n?2 s

ronment al
4 olinéds Bumieipalkity 2018.1-26e h a | f

techni

The last report includes the information gathered in the three previous ones.

cal

The analysis performed in the previous studies reported high levektas, oil, benzene

and metals, wit lead above all, in soil.

PAHSs, oil, aliphatic hydrocarbons,

trichloroethylene and metals are found in great amount in the groundwatelve

polluted subareas were identified by Se@in the property. Ikigure59 are reportedhe

sampling points were pollutants are detected at levels beyond the generic guidelines for

contaminated so{MKM) as well as the twelve stdreas.

Aromatic C16-C35, PAH-L and PAH-H are 1-3

Aromatic C-10-C16, PAH-M, PAH-H.
times the guideline

T

Bollnas Bro 4:4

ff 'f//o;l Arsenic l Aliphatic C16-C35 ]
= Oil index ~\'7'. 3\ —
PAH-M 1-3 © \% AL ©
times the e \
guideline ® \"’__ = r
e P el
y P
o Y

-

PAH-H 1-3 times the
k& guidelines
T

T
| Oil index LL

) T/ o~

Aromatic

PAH-H,PAH-M, aromatic

C10-C16, Pb, Cu

— i

Aliphatic C5-C16,
aromatic C10-C16

C10-C16
i 7

Zn, aromatic
C10-Ci6

~ Pb, Cu, Zn.
/30 DN , Cu,
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N7 . uideline
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y ,5‘/ aromatic are 1-3 times the
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Figure 59 Sampling point where pollutantgerefound above the generic guidets (MKM) for
contaminated soil and the twelve contaminatedangas (Engstrom and Orne, 2015).

In Appendix4, 5, 6 and ‘are reported the results of the sarldgroundwater sampling

performedat the siten the previous surveys
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7.2 Materials and methods

7.2.1 Literature study

The literature study was the first important step to have the overall view necessary to

write the report.In order toillustrate the risk assessment procedure in general, the

research of valid literature on the web wagessaryThe desription of the Italian and

the Swedish risk assessment procedures required the consultation of material provided by

the supervisors of both Politecnico di Milano and Kungliga Tekniska HogsKOTe).

The reading of articles about leaching tests amdalné f at e i nin tlseo i | res
fiLeaching testandfiMetals in soib sectionsThe report on Bollnas Bro 4: 4 by Sweco

(Engstrom anddrne, 2015 was fundamental twlentify the features of the site. In fact,

the characterization of the siaelopted for theeport isbased orthe one developed by

Sweco.

7.2.2 Samplingat thesite

The report by Sweco (Engstrom adche, 2015, was used to choose the location of the

soil sampling pointanalyzed in laboratory (see Appendix e location to perform the
sampling were chosen in correspondence of the sampling points where high
concentrations of metals had been found in previous studiéact, the name oéach
sampleis the code used for theorresponding previous one. The only exception is
constituted by the sarfgs taken inside the building in the south of the ditethis case,

it was decided to take samples inside the building for two reasons: firstly, no sample from
inside the structure was analyzed in the previous studies; secondly, the building is planned
to beconserved and renovatednly soil samples were taken on site at different depths
according toliose at which high levels of metals had been previously fdorbe case

of the sample taken in the building, the sampling point was chosen in oradeidEnmage

the electric wires crossing the area beneath surface and close to the furnace where metals
were treatedThe operations @are performed with a scraper. The sampling points and
their location are reported respectivelyTiable 9 and Figure 60 (Engstrom andrne,

2015. The code name of the sample was determined by the sampling point and the depth,
e.g.,Building Surf., Building-0.2 M etc.
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Table9: Sampling points for analisof soil polluted by metals.

Sampling point Number of samples Depth (m)
Building 2 Surface
0.2
1517 1 Surface
0.35
0.65
1522 2 0.35
0.65
1513 2 Surface
1.10
S7 4 Surface
0.5
0.8 (twice)
1506 3 0.4
0.6
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@ soil sampiing for report
»0  Screw drifing /
»8 Scew drifing for groundwater samping
»0O sampling tank )
O Testpits

QO Test points indoor air

20181008
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Figure 60: Soil sasmpling points location (Engstrom and Orne, 2015): the red points are in
correspondence of the samples used for the laboratory analysis performed in this study.
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7.2.3 Assessment of the risk
The wo softwarepresented beforeere used for the assessment ofrtble Risknet 2.0,
for the ltalian procedure, and the Softwaredibe-specific soilguidelines developed by

Kemakta AB, for the Swedish one.

In the Swedish caseéf was unnecessary to perform a comparison between the
concentrations found on site aneé treneric MKM guidelines, because the procedure was
already completed by Sweco (skéependix4, 5. Themetaldé ¢ on c edeteated t i on
in the soil samples taken on site the laboratory analysis performed in this studsre
insteadcompared to the genic guidelines foKM and MKM scenario(see Appendix 2)

Then, sitespecific guidelines were determined considering the future land use of the

polluted aredor the pollutants of interesit the site

As first step of the Italian risk assessment, the &R8e contaminants fourat the site

were compared to the CSC of each contaminants to determine which pollutants should be
taken into account as inputs in Ris&t 2.0to determine the CSREhe data collected in

the previous surveys and reported in Apglig 4, 5, 6 and Tvere used together with the

concentrations calculated in the analyzed samples.

7.2.3.1 Assumption$ Risknet 2.0
The inputs for the assessment of the risk were edited when the default settings were

considered not fitting the features of thie if study.

AOpziond

The limitation constituted by the consideration of thgi@the determination of the CSRs
and the risk was removed in Riskt in order to obtain outputs that corresponded to the
actual inputs (i.e. CRS). However, thea@vas ircluded in the process of the CSRs

identification, as explained below.
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fiModello Concettual@

IntheAModel |l o Concettualed the | eaching in g

groundwater were assessed on the vertical of the pollution, i.e=ROC

No df-site receptors were considered, because adopting the residential/recreational

scenario for the simulation

fiSelezione Contaminanti
The data collected in the previous studies were used to compare the concentrations
detected on site the CSC in ordepo select the pollutants to be taken into account in the

assessment of the risk.

For the organicompoundssome arrangements had to be miadabtain concentrations

to compare to the Italian CSAErst, it was necessary to convert the Swedish classes of
organic compounds in the two main Italian c
check if the CSC for recreational land use was exceeded. In order to do so, the classes

AAl i pha€8¢, >A E5i-ghadiciAAl CghadicAAr€mat i c>
Ci100 and AALCABGA®t wer eCIn@r ged together summi
detected and comparing the final value with
he cl asses -@GA60phaAl ccEBAKIICHAATr €Ehl®8 0 cen d 10
AAr oeratldC350 was compared to the CSC of hy
AAromatiCds0Clw@ds considered in both the <ca:

—+

properly divide the value in Ci02 and C1216, consequently adopting a conservative
assumption. Since th€SC for recreational purposes were exceeded in soil, the
hydrocarbons were inserted in Ris&t 2.0 using the TPHCWG classification. The
concentrations fLors utnbe wwed icompaRAH t o t he
whil e t-NesamPAdHa#dbdunmhi PAHasses were merged t
resulting concentration compared to the CSGnoenopyreng chosenfor the most

strictly mediunthigh molecular weight PAH regulated in Ita§ince for groundwater the

only chemical parameter regulated is the Toydrbcarbons, all the classes named before

are summed up to compare the resulting value to the CSC. Due to the concentrations

above the CSC, the TPHCWG classification was adopted. Both for soil and groundwater,
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the Swedish classes were adapted to obtasetbbthe TPHCWG method as reported in

Tablel0:

Tablel10: Adaptation of Swedish classes for hydrocarbons to TPHCWG ones.

TPHCWG

Swedish class

Aliphatic C 56

Aliphatic > C5C8

Aliphatic C >68

Aliphatic > C5C8

Aliphatic C >810

Aliphatic > C8C10

Aliphatic C >1612

Aliphatic > C16C12

Aliphatic C >1216

Aliphatic > C12C16

Aliphatic >C1621

Aliphatic > C16C35

Aliphatic >C21C35

Aliphatic > C16C35

Aromatic C >810

Aromatic > C8C10

Aromaic C >10612

Aromatic > C16C16

Aromatic C >1216

Aromatic > C16C16

Aromatic C >1621

Aromatic > C16C35

Aromatic C >2135

Aromatic > C16C35

As it is possible to see, some Swedish classes are repeated more tharggAtiphatic

> C5-C8, due tohe impossibility to divide therin more TPHCWG classe3his means

that a conservative assumption was adopted, overestimating the concentration of
hydrocarbons for the specific TPHCWG claBse classes Aliphatic 66 and Aliphatic

>C6-C8, were both chosewith a fraction of Fhexane greater than the 53 %. This choice

was a conservative one due to the more hazardous properties of a mixture with a larger

presence of4mexane.

I n the

del Territorio e del Mare (2015)rde contaminants were inserted:

- Elementary mercury: to assess the risk associated to volatilization;

case

of

Hg,

foll owing

t

he

gutelad el i nes

- Methylmercury: to assess the risk associated to direct contacts (i.e. soil ingestion

anddermal contact);

- Merculy chloride:to assess the risk associated to the leaching in groundwater.
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Due to the lack of a groundwater CSC for Mercury chloride, the same CSC, i.e.1 pg/l,
was inserted in Risket to allow the calcutens of the corresponding CSR.

Both Xylene and {Xylene were inserted in the software, with the same CRS, because the

first has a soil CSC and the second a groundwater CSC.

In the case of groundwatesven if data about concentration of PAWgre once again
available divided in three classes (PAHPAH-M, PAH-H) it was decided to compare

the PAHs detected one by one. In fact, the number of organic contaminants individuated
in groundwater was much gtea than in soil (see Appendi& and 7. Moreover,
Indenopyrene was inserted as contaminant in-Reskeve if the chta available in

groundwater were referred todeno(1,2,&,d)pyrene.
The contaminant considered for the thmestricesare reported ifable11.

Table11: The contaminant inserted in Riglet toassess the risk faurfaceand deep soil and
groundwater.

Chemical compound

Matrix
Inorganics Organics
Surface soil - As - Aliphatic C 56 (n-hexane
- Cu >53%)
- Hg - Aliphatic C > 68 (n-
- Pb hexane >53%)
- Zn - Aliphatic C > 810

- Aliphatic C > 1012
- Aliphatic C > 2-16
- Aliphatic C > 1621
- Aliphatic C > 2135
- Aromatic C > 810
- Aromatic C > 1012
- Aromatic C > 1216
- Aromatic C > 1621
- Aromatic C > 2135
- Benzene

- Indenopyrene

- Naphthalene
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Table11: The contaminant inserted in Rislet to assess the risk feurface and dep soil and
groundwater.

Chemical compound

Matrix
Inorganics Organics
Deep soll - As - Aliphatic C 56 (n-hexane
- Cd >53%)
- Co - Aliphatic C > 68 (n-
- Cu hexane >53%)
- Hog - Aliphatic C > 810
- Pb - Aliphatic C > 1012
- Zn - Aliphatic C > 1216

- Aliphatic C > 1621
- Aliphatic C > 2135
- Aromatic C > 810
- Aromatic C > 1012
- Aromatic C > 1216
- Aromatic C > 1621
- Aromatic C > 2135
- Ethylbenzene

- Indenopyrene

- Naphthalene

- Toluene

- Xylene

- p-Xylene
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Table11: The contaminant inserted in Rislet to assess the risk feurface and deep soil and
groundwater.

Chemical compound

Matrix
Inorganics Organics
Groundwater - Cd - Aliphatic C 56 (n-hexane
- Fe >53%)
- Mn - Aliphatic C > 68 (n-
- Ni hexane >53%)
- Pb - Aliphatic C > 810
- Zn - Aliphatic C > 1012

- Aliphatic C > 1216

- Aliphatic C > 1621

- Aliphatic C > 2135

- Aromatic C > 810

- Aromatic C > 1012

- Aromatic C > 1216

- Aromatic C > 1621

- Aromatic C > 2135

- Benzene

- Benzo(a)anthracene
- Benzo(a)pyrene

- Benzo(b)fluoranthene
- Benzo(ghi)perylene

- Benzo(k)fluoranthene
- Bromodichloromethane
- Chrysene

- 1,2Dibromcethane

- 1,4Dichlorobenzene
- 1,2-Dichloropropane

- Indengyrene

- 1,1,2,2Tetrachloroethant
- 1,1,2-Trichloroethane
- Trichloroethylae

- Trichloromethane
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The database used was the default one, but dhaliie for theCu, Zn, As and Plwas
changed with the stspecific and representative valugasuredvith the laboratory

analysisand reported in. the chapter AResul tso

fiDefinizioneCR®

In order to define the CRS in the thneatrices it was firstly necessg to perform the
neighborhood analyste identifythe geometry of the polluted area. ArcMap was used to
draw the Thiessenbtés polygons for the case o0
by literature (see Appendi, 5, 6 and Yand those used to perform laboratory analysis

in this report, forsuface and deep sailThe network of piezometers was used for
groundwateinsteadT he Thi essends polygons fFigure t he si
61. Due to the impossibility to clearly distinguish different primary sourcgsbiition

for the contaminants, only one unique source of pollution was identifiedCRIZ&efor

each contaminant was defined as UCL9&B&n thenumber of available data was above

10 or as the maximum concentration otherwi$he number of data was estabied

including all the polygons where the concentrabbthe specific compound or chemical

parameter (i.e. the classes of hydrocarbava$ found above the CS@ that were

included in the polluted areafter theneighborhood analysi$heneighborhood malysis

for the threamatricess reported irFigure62 Figure63 andFigure64.
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Figure61: Subdivision of the p clfotsurtaceand deept e

soil (1) and groundwater (2).

Inorganics Organics

Legend

I:I Clean
- C>CSC

C>CSC (Analisi
Vicinato)

Legend

l:l Clean

Vicinato)

Figure 62 Theneighborhood analysi®r surface soil On the leftnapthe inorganic compounds
were considered, on the rigbhethe organics.
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Figure 63 The neighborhood analysifor deepsoil. On the leftmapthe inorganic compounds
were considered, on the righhethe organics

Inorganics Organics

Legend

Legend

I:I Clean
- C>CSC

[] ccscanaisi

Vicinato)

Clean
C=CSC

C>CSC (Analisi
Vicinato)

Figure 64: Theneighborhood analysifor groundwaterOn the left map the inorganic compounds
were considered, on the right one the organics.

In some cases, thpolygonsthat were added to the secondary source after the
neighborhood analysiwere lacking the data about tlgencentration of the specific

chemical. Therefore, the level of pollution was assumed toiléh@t polygon
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The resulting polluted area for the threatrices was obtained merging the cells obtained
for the neighborhood analysisf organic and inorgao compounds, because it was not
possible to determine whether the sources of pollution were different for the two-macro
classes of pollutants. The contaminated ar@zafound to cover all the property of Bollnas

Bro 4:4in all the threanatrices

fiRecetorio

Thereceptors on site wetbe default ones for recreational land,usei . e . .filksdj ust ed
scenario was preferred to the industrial/commercial one becauseonservative when

assessing the risk posed to children that are constantly attendisgeti¢o off-site

receptors were considered

fiParametri Esposizione

The exposure parameters adopted for the simulatiEne changed inserting those for
recreational land use (APAT, 2008he exposure frequency and the inhalation rate of
outdoor air ifalation were edited. Moreover, since the indoor inhalation is not considered
by default in Risknet, the same values of outdoor inhalation were adopted for the
exposure parameters. In fact, it was considered unrealistic and improper to omit this
exposurepathway, due to the future use of the site, that will bring many people, both

young and adults, to spend a lot of time inside the buildings of the property.

fiCaratteristiche sitd

The thickness of the pollution in the deep soil was defined eqliahtdie to the average

depth of the groundwater levfeom the ground level of 2 m.

The fraction ofSoil Organic Carbon$OC insurface soilvas assumed to be equal to the
average valudetween those obtained for the samples studied at the labofasary
Apperdix 2) taken at maximum 1 m beneath ground lemel3,86%. The conversion of
theLoss On Ignition I(Ol) value to the SOC wasgdormed adopting a factor ofal,The
fraction of SOC in the deep soil was defined as half of the orseifface sojlconsdering

thatusuallythe amount of SOMSoil Organic Matterflecreases with depth.
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The soil pH that was adopted was the average value obtained by the soil samples studied
in laboratory with CaClliquid solution i.e. 6,11 This solution was preferred tastlled

water because it was considered more representative of the real conditions on site.

Sand was the chosen texture of the unsaturated zone, due to the lack of data about the soil
parameters required by Rislet and because it was the coarsest texdvailable in the

software.

The average precipitaticat the sitevas assumed to be of 550 cm/yeéatofld Weather

and Climate Information)lhe cracks areal fraction outdoor was posed equal to 1, i.e. site
without pavement. In fact, the value for pava@as (0,1) would have resulted in an
underestimation of the risk. Both the parameters were required to calculate the percolation

and thus the leaching of pollutants.

For the saturated zone, the dimensions of the pdllatea wex assumed to be those of
the rectangle that best included tkie, i.e.300 m in the direction perpendicular to
groundwater flow and 180 m in the parallel ¢regyure65).
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Figure 65. The blue arrow represents the plausibleedition of groundwater flow and the red
rectangle the schematic geometry representing the dimensions of the polluted site for
groundwater matrix (Engstrém and Orne, 2015).

The average thickness of the aquifer was estimated to be 8 m. This value wasechlculat

assuming a depth of 10 m to bedrocks and of 2 m to groundwater level for ground level.

The hydraulic conductivity was assumed to b& afs, i.e. permeable materie to the

coarse texture of the soil

The hydraulic gradient was estimated using dla&a, collected by Sweco (2015) and
reported inAppendix 3, about groundwater levels. The representative value for the

hydraulic gradient was assumed equal.@92 m/m.

Due to the lack of data about the main wind directi@polluted area to be consicel
was safely determined adopting the longest segment of the polluted area as the side of the

sourcerepresentativeectangleparallel to the wind directio(Figure66) with a resulting
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surface 0f325x190 M. The average wind spd was assumed to be ab3n/s (Word

Weather and Climate Information).

e s SWECO DS

N

25 50 Meter A

Figure 66: The red rectangle represents the schematic polluted area for soil (Engstrém and Orne,
2015).

7.2.3.2 Inputsi Risknet 2.0

The numericalinputsedited h Risknetand the CRS for the selected contaminanés
reported inTable12 andTablel3respectively
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Table12: The numerical input to Risket edited for the risk assessmefithe site of study.

Parameter Edited value
Thickness opollutionin deep soil im

Surface soibrganic carbon 3.86%

Deep soilorganic carbon 1.93%

Soil pH 6.11
Precipitation 55cmly
Cracks aredor outdoor 1
Unsaturated zone texture Sand
Thickness of the aquifer 8m

Hydraulic conductivityof thesaturated¢one | 10°m/s

Hydraulic gradient 0.002 m/m

Pollution source length alonggroundwater 180 m

flow direction

Pollution source width perpendicular tq 300 m

groundwater flow

Pollution sourceength alongvind direction | 325 m

Pollution sourcewidth perpendicular to win¢ 190 m

direction

Daily frequency of exposure air inhalation| 3 h/day

indoor and outdoor (both adult and child)

Indoor and outdodnhalation ratechild 1.9 m¥h

Indoor andbutdoorinhalation rate adult 3.2 mh
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Tablel3: The CRS for the contaminants considered in the risk assessment.

CRS
Chemical compound Surface soil
Deep soil (mg/kg)| Groundwater (pg/l)
(mg/kg)
Inorganics
As 23 27 -
Cd - 2,8 54
Co - 26 -
Cu 4982 851 -
Fe - - 6130
Hg 20 14 )
Mn - - 10800
Ni - - 53,7
Pb 3146 351 365,5
Zn 851 3178 3800
Organics
Aliphatic C 56 (n-hexane
-53%) 10 10 10
Aliphatic C >68 (n-
hexane >53%) 10 10 10
Aliphatic C >810 10 10,6 10
Aliphatic C >1012 10 62,75 406
Aliphatic C >1216 10,5 217,5 1620
Aliphatic >C1621 112,4 195 3680
Aliphatic >C21C35 112,4 195 3680
Aromatic C >810 1,6 7,68 10
Aromatic C >1012 4,1 55,75 22,2
Aromatic C >1216 4,1 55,75 22,2
Aromatic C >1621 3,74 5 2
Aromatic C >2135 3,74 5 2
Benzene 0,27 - 57
Benzo(a)anthracene - - 0,11
Benzo(a)pyrene - - 0,14
Benzo(b)fluoranthene - - 0,22
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Tablel3: The CRS for the contaminants considered in the risk assessment.

CRS
Chemical compound Surface soil
Deep soil (mg/kg)| Groundwater (pg/l)
(mg/kg)
Organics
Benzo(ghi)perylene - - 0,11
Benzo(k)fluoranthene - - 0,12
Bromodichloromethane - - 1
Chrysene - - 0,44
1,4-Dichlorobenzene - - 1
1,2-Dibromoethane - - 0,1
1,2-Dichloropropane - - 0,5
Ethylbenzene - 0,82 -
Indenopyrene 26,48 10,36 0,24
Naphthalene 11,55 42 -
1,1,2,2Tetrachloroethant - - 0,5
Toluene - 0,11 -
1,1,2-Trichloroethane - - 1
Trichloroettylene - - 45
Trichloromethane ) ] 1
(chloroform)
Xylene - 7,3 -
p-Xylene - 7,3 -

7.2.3.3 CSR determin#on i Risknet 2.0
The first individual CSR for the contaminants inserted in Risk was determined
choosing the lowest CSR between those proposed by the software for each of the

exposure/migration pathways.

The second step in the determination of thalfCSRs, consisted in checking the actual
presence, above CSC, of those contaminants, for which the groundwater protection
resulted decisive, in groundwater. The second smallest CSR was associated to those
pollutants that were not found in the groundwabatrix above the corresponding CSC.

If another CSR was nalvailable the contaminant was excluded from the list of pollutant
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for the specific matrixThis procedure was considered acceptable, even if the risk posed
by the leaching was overlooked, dueth® permeability of the soil matrix and the
shallowness of the groundwater level. Therefoaeknowledged these favorable
geological features for leaching, was realistic to assume that the leaching towards
groundwater was not relevant if the polluteuats notdetected in groundwaterh& CSR
determined with this procedure wteencompared to the CSC and if the former value
resulted smaller than the latter, the CSC was adopted as remediation goal and the

contaminant excluded from further assessments

The CSR obtained was then compared to theptoposed by the software. If the CSR
resulted above thesg the maximum concentration of the contaminamta(Cfound on

site was adopted as new CSR, as suggested by the ltalian guidelines (Ministero
d el | @merelella Tutela del Territorio e del Mare, 2015).

The individual calcul ated CSRs were then
assessment and the calculation of the risk. A corrective coefficient was used to adjust the
CSRs in order to satisfy the canon on both the single and cumulative ridke last

check consisted in comparing the final CSRs with the corresponding CSC. In the case of

the hydrocarbons, the CSRs of the classes were summed up to compare the cumulative
value to the CSC of hydrocart®@<12 (HC<12) and hydrocarbons C>12 (HC>TIRg

CSRs obtainedafter this last confrontatiorwere the remediation goals for the

contaminants of conceat the siteof study.

7.2.3.4 Assumption$ Software forsite-specific soilguidelinesby Kemakta AB

The gendc scenario on which was based the assessment of kiferrtbe site of study,
was aKM one The motivation of this choice is thagyven if there are ngpeople
permanently livingat the site they are supposed to stay more ondhes due to the
recreaibnal useexposing a larger fraction of the skin, for example wearing shorts during

summer.
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fiConceptual model

Dealing with theexposure pathwaythose included in the calculation were:

- Dermal contact with soill;
- Intake of soil;

- Inhalation of dust;

- Inhalation of vapors;

- Intake of drinking water.

The intake of drinking water wasialuded as well, even if there mveenot sensible
groundwater reservoirs close to the sitel wells for drinking water purposehie to the
importance of groundwater as a nesme If the sitespecific guidelines result strongly
influenced by this exposure pathway, the values will bzateulated excluding the intake

of drinking water.
Since no cultivation is or will occuat the sitetheintake of plants was excluded

The frgets that were considered as relevant in the assessment of the risk posed by the

pollution are:

- Adults regularly active on site;
- Adults and children visitors;

- Adults and children neighbors;
- Groundwater,

- Surface water ecosystem;

- Surface wate

- Sediment eosystem
The neghbors were taken into accouhte to the vicinity of residential houses.

The soil environment was excluded from the
had been covered with filling material making the formation of an environment

impossible.

Groundwater wasonsideredliue to its intrinsic importance as a resource.
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Alnputd

The contaminants that were i nser tspatifici n t
Kq was estimated, i.e. Pb, As, Zn, Ba,. Gdoreover, other pollaints of interest at the

site of study were included in the risk assessméasing the selection on the data
collected by Sweco (Append& and 5. The chemicals added as inputs i@eorted in
Tablel14.

Tablel14: Chemicals inserted in the Swedish software forsikecific soil guidelines as inputs.

Pollutant
Inorganic Organic
- As-mocf - Aliphatic > C8C10
- Cd - Aliphatic > C106C12
- Co - Aliphatic > C12C16
- Cu-mod* - Aliphatic > C16C35
- Cr - Aromatic > C8C10
- Hg - Aromatic > C16C16
- Ni - Aromatic > C16C35
- Pbmod - Benzene
- Zn-mod - 1,2-Dibromomethane
- PAH-L
- PAH-M
-  PAH-H
- Trichloroettylene
- Trichloromethane (chloroform)
- Xylene

The adopted exposure parameters were those associate&kh sitenario, where more

specific and reliable information about the site of study was lacking.

The exposure time for adults for intakesoil, inhalation of vapors and dust was fixed at
200d/y (i.e. the value for MKM scenario) because this value cornedpdo the number
of workdays spent on site. For dermal contact with soil in adults, the MKM value of

90d/y was used. The exposure time for children, associated to dermal contact with soil

5Chemicals for which aite-specificKq value was inserted.
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and dust, is assumed to be the KM one, i28 d/y, due to the ga spent in the area
during summer. For the inhalation of dust and vapors by children, it was assumed that
they will be present in the recreational building/d during the weekend andHd the
remaining days of the week, i.e. 20 hours per week and/@ @& averageSince in the
model a day of exposure consists i@ the exposure time obtained for the case of study
was 130d/y. This valuewas determined multiplying the average daily exposure time for
the days of the year and then dividing the resythe number ofi/d required to consider

a day of exposure (&d). The fraction indoor was assumed to be 1 because, egeseii
areas will be presertt the siteboththe workersand the youngstemsill spend a large
amount of time inside building$/oreover, the inhalation indoor is more likely to be a
relevant factor in the exposure, due to the lower dilution of air if compared with the

outdoor area.

The content of organic carbon in soil was posed equal to the average one obtained from
the laboratoy analysis concerning the L{Qle. 7.33% The conversion to the LOI value
to the SOC was performed adopting a factor.8f The water content adopted was the

average obtained considering the soil samples analyzed at the laboratory5%e. 11

The widh and the length of the pollutedeawere determined defininthe rectangle
represented ifrigure 67, drawn considering the main groundwater flow directemg

are of 300 m and 180 m respectively

The percolation in the area wastimated to be much lower than the default value (100
mm/year) due to the presence of many buildings and the covering layer of asphalt. In

particular, a value of 20 mm/year was adopted in the simulation.

The hydraulic conductivityK) value was assumetd be of 1 m/s as the default value
of the software, due to the coarse texture of the filling material in the soil that characterize
it as a permeable onEhe adopted K corresponded to the more permeable material found

on site, i.e. sand and gravelr Bafety reasons.

The hydraulic gradient was estimated using the data, collected by Sweco (2015) and
reported inAppendix 3, about groundwater levels. The representative value for the
hydraulicgradient was assumed equal td02 m/m.
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The aerage ticknessof the aquifer was estimated to be 8 m. This value was calculated

assuming a depth of 10 m to bedrocks and of 2 m to groundwater level for ground level.

The distance to well adopted was the same as for the MKM scenario, because the

protection of groundwtar at the sit@s not considered a primary issue.

In the transport model for vapors, the recreational building in the north of the site was
considered. Assuming a height of 4 m, the air volume was estimated to be around 7200
me. The reliability of this viue is proven by the fact that the same air volume was assumed
by Sweco. The surface under the building was calculated as 2300 m

The target for surface water was decided tohieesmall bay of lake Vagm, where the

southern outlet of the culvert thatosses the site is locatdeiqure67). Usingthe data

provided by Peter Stromback of Bollnas Municipalityh e ar ea of t he @As ma
calculated to be 220000°nwith an average depth of 4 m and a surface of 55600 he

turnover time of the bay was calculated assuming that the outflow was constituted by the
river Voxnanodés flow rate, in the south of |

| aked by t he Vox dsithedwsnovertimewas@2tyess. of 38 m

R

K =

|3 Gt
r‘——'—\_‘ v
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ntamitlriaasac e el I %
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Figure 67 The fdAsmall | akeod us e dspetific guidelines with thé c ul at i
Swedish software (Engstrém and Orne, 2015).

The Ky of the metals that were listed before was changed with thepsiEfic one,

reported in the sectiol Kd e t e r mi nfiaR el squobétulaiéd with the harmonic
mean

148



Once the sitespecific inputs were inserted in the software, the guideline the
contaminants of intereat the siteof study were calculated and compared tdelels of

pollution found on site.

7.2.3.5 Inputsi Software forsite-specific soilguidelinesby Kemakta AB
The numerical inputs edited in the Swedish software for the calculation of tspadiéic

guidelines are reported rablel15.

Table15: List of the numerical inputs edited in the Swedish software for the calculation of the
site-specific guidelines.

Parameter Edited value

Exposure time adulfs Intake of soll 200 dly

Exposure time adults Inhalation of dust 200 dy

Exposure time adults Inhalation of vapor | 200 d¥

Exposure time adults Dermal contact with} 90 d
soil/dust

Exposure time children Inhalation of dust | 130 d¥

Exposure time children Inhalation of vapor | 130 d¥

Soil organic carbn 3.66 %
Water content 115%
Site length 180 m
Site width 300 m

Air volume indoor 7200 nd
Surface under building 1800 nt
Lake volume 220 000 rA
Turnover time of lake 0.002y
Percolation 20 mmy
Hydraulic gradient 0.002 m/m
Thickness of the adfer 8m
Distance to well 200 m
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7.3 Results

7.3.1 ltalian risk assessment

The outcomes of the Italian risk assessment are shown in this section.

7.3.1.1 CSR determination

The CSR firstly calculated(CSR (1)) with Risk-net for surface soil deep soil and
groundwaterare reportedn Table 16 to Table 19. The final CSRslisted in the last
column on the right, were referred to the single contaminant without considering the

cumulative effect

Considerig the values obtained fogurface soijl soil ingestion resulted the most
dangerous exposure pathway in five cases (i.e. As, Aliphatic -2C1&liphatic >C
Aliphatic >C2135, Aromatic >C2135, Indenopyreneyhilst the CSRvas due to indoor
vapor inhalatia in four cases (Aliphatic >G8, Aliphatic >C810, Aliphatic >C1012,
Aliphatic >C1216). Protection of groundwater was determinant for the remaining 11
contaminants (Cu, Pb, Hg, Zn, Aliphatic €%, Aromatic >C8L0, Aromatic >C1612,
Aromatic >C1216, Aromatic >C1621, Benzene, Naphthalene).

For the pollutants of interest in deep sdik CSRs werbased omgroundwateprotection
for 17 parameterg¢As, Cd, Co, Cu, Hg, Pb, Zn, Aliphatic €6, Aliphatic >C6&8,
Aromatic >C810, Aromatic >C1a12, Aromatic X12-16, Aromatic >C1&1, Aromatic
>C21-35, Indenopyrene, Naphthalene, Toluene) andndoorvapor inhalationfor 7
parametergAliphatic >C810, Aliphatic >C1012, Aliphatic >C1216, Aliphatic >C16
21, Aliphatic >C2135, Ethylbenzene, Xylene).

For groundvater, the CSRs corresponded to the CSC for all the pollutants of concern.
However, as showmable 19, the risk posed by volatile chemicals f@porinhalation
might be an issue during the process of remediatidhe CSCs.
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Tablel16: Individual CSR foisurface soil

CSR (mg/kg)

Exposure/migration pathway

Compound . Vapor Dust Vapor Dust CSR(1)
Soil Dermal Groundwater

_ . inhalation | inhalation _ inhalation | inhalation

ngestion contadt outdoor outdoor protection indoor indoor
Arsenic 4.26E01 4.50E+00 - 463E+04 | 1.68E+01 - 463E+04 | 4.26E01
Copper 3.13E+03 1.12E+05 - [5.86E+09] | 1.07E+03 - [5.86E+09] | 1.07E+03
Lead 2.74E+02 | 9.78E+03 - [5.13E+08] | 1.18E+01 - [5.13E+08] | 1.18E+01
ElementaMercury - - 4.82E+00 | [1.26E+07] | 1.58E01 460E01 | [1.26E+07]
Methylmercury 7.82E+00 2.79E+02 - - - - - 15801
Mercury chloride 2.35E+01 | 8.38E+02 - [1.26E+07] | 1.58E01 - [1.26E+07]
Zinc 2.35E+04 | 8.38E+05 - [4.40E+10] | 2.67E+03 - [4.40E+10] | 2.67E+03
Aliphatic C 56 469E+03 | 1.68E+04 1.07E+04 | [2.80E+10] | 3.40E+01 8.17E+01 | [2.80E+10] | 3.40E+01
Aliphatic C > 68 4.69E+03 1.68E+04 1.07E+04 [2.80E+10] | 1.45E+02 8.17E+01 | [2.80E+10] | 8.17E+01
Aliphatic C > 810 7.82E+03 2.79E+04 8.05E+03 [2.10E+10] | 1.33E+03 6.12E+01 | [2.10E+10] | 6.12E+01
Aliphatic C > 1012 7.82E+03 2.79E+04 8.05E+03 [2.10E+10] | 1.30E+04 2.86E+02 | [2.10E+10] | 2.86E+02
Aliphatic C > 1216 7.82E+03 2.79E+04 8.05E+03 | [2.10E+10] | 2.05E+04 6.30E+02 | [2.10E+10] | 6.30E+02
Aliphatic C > 1621 1.56E+05 5.59E+05 1.61E+05 [2.10E+10] | 1.63E+07 8.78E+05 | [2.10E+10] | 1.56E+05
Aliphatic C > 2135 1.25E+05 447E+05 1.61E+05 [2.10E+10] | 1.63E+07 8.78E+05 | [2.10E+10] | 1.25E+05
Aromatic C > 810 3.13E+03 1.12E+04 3.21E+03 [8.37E+09] | 5.17E+01 153E+02 | [8.37E+09] | 5.17E+01
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Table17: Individual CSR foisurface soil.

CSR (mg/kg)

Exposure/migration pathway

Compound . Vapor Dust Vapor Dust CSR (1)
Soil Dermal Groundwater
_ . inhalation | inhalation _ inhalation | inhalation
ingestion contact protection _ )
outdoor outdoor indoor indoor

Aromatic C > 1612 3.13E+03 1.12E+04 3.21E+03 [8.37E+09] | 1.29E+02 5.39E+02 | [8.37E+09] | 1.29E+02
Aromatic C > 1216 3.13E+03 1.12E+04 8.43E+03 [8.37E+09] | 2.58E+02 6.05E+03 | [8.37E+09] | 2.58E+02
Aromatic C > 1621 2.35E+03 8.38E+03 4.32E+04 [8.37E+09] | 6.47E+02 159E+05 | [8.37E+09] | 6.47E+02
Aromatic C > 2135 2.35E+03 8.38E+03 1.37E+06 [8.37E+09] | 5.16E+03 141E+08 | [8.37E+09] | 2.35E+03
Benzene 1.16E+01 3.68E+01 9.84E+00 [2.56E+07] | 1.73E02 7.48E-02 [2.56E+07] | 1.73E02
Indenopyrene 8.75E01 2.13E+00 2.30E+03 [1.82E+06] | 2.28E+01 1.33E+06 | [1.82E+06] | 8.75E-01
Naphthalene 1.56E+03 4.30E+03 5.17E+00 [5.88E+06] | 9.01E01 3.24E+00 | [5.88E+06] | 9.01E01
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Table18: Individual CSR for deep soil.

CSR (mg/kg)

Exposure/migration pathway

Compound Vapor Vapor CSR(1)
Groundwater | _ _ _
orotection inhalation mhalanon
outdoor indoor
Arsenic 8.42E+00 - - 8.42E+00
Cadmium 5.68E01 - - 5.68E01
Cobalt 3.41E+00 - - 3.41E+00
Copper 5.35E+02 - - 5.35E+02
Elemental Mercury 7.90E02 4.82E+00 | 4.74E01
Methylmercury - - - 7.88E02
Mercury chloride 7.88E02 - -
Lead 5.91E+00 - - 5.91E+00
Zinc* 1.34E+03 - - 1.34E+03
Aliphatic C 56 (n-hexane > 53%) | 1.05E+01 1.07E+04 | 8.17E+01 | 1.05E+01
Aliphatic C > 68 (n-hexane > 53%)| 4.00E+01 1.07E+04 | 8.17E+01 | 4.00E+01
Aliphatic C > 810 3.39E+02 8.05E+03 | 6.12E+01 | 6.12E+01
Aliphatic C > 1012 3.25E+03 8.05E+03 | 1.48E+02 | 1.48E+02
Aliphatic C > 1216 5.14E+03 8.05E+03 | 3.25E+02 | 3.25E+02
Aliphatic C > 1621 4.07E+06 2.04E+06 | 4.52E+05 | 4.52E+05
Aliphatic C > 2135 4.07E+06 2.04E+06 | 4.52E+05 | 4.52E+05
Aromatic C > 810 1.30E+01 3.21E+03 | 7.92E+01 | 1.30E+01
Aromatic C > 1012 3.24E+01 3.21E+03 | 2.78E+02 | 3.24E+01
Aromatic C > 1216 6.46E+01 141E+04 | 3.12E+03 | 6.46E+01
Aromatic C > 1621 1.62E+02 3.71E+05 | 8.20E+04 | 1.62E+02
Aromatic C > 2135 1.29E+03 3.75E+08 | 7.31E+07 | 1.29E+03
Ethylbenzene 6.60E01 3.07E+01 | 3.28E01 | 3.28E01
Indenopyrene 5.70E+00 4.81E+06 | 6.97E+05 | 5.70E+00
Naphthalene 2.25E01 7.54E+00 | 1.67E+00 | 2.25E01
Toluene 1.05E01 8.05E+04 | 6.12E+02 | 1.05E01
Xylene - 161E+03 | 1.81E+01 | 1.81E+01
p-Xylene 1.11E01 161E+03 | 1.61E+01 | 1.61E+01
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Table19: Individual CSR for groundwater.

CSR (magl)
Exposure/migration pathway
Compound Vapor Vapor CSR(1)
Groundwater _ _ _ _
orotection (CSC) inhalation ?nhalatlon
outdoor indoor

Cadmium 5.00E03 - - CsC
Iron 2.00E01 - - CSC
Manganese 5.00E02 - - CSC
Nichel 2.00E02 - - CsC
Lead * 1.00E-02 - - CsC
Zinc* 3.00E+00 - - CSC
Alifatici C5-C6 (- | 3.50E01 CSsC
hexane > 53%) 1.34E+01 1.75E-01

Alifatici >C6-C8 (n | 3.50E01 CSsC
hexane > 53%) 8.55E+00 111E01

Alifatici C >8-10 3.50E01 3.57E+00 4.64E02 CsC
Alifatici C >10-12 3.50E01 3.92E+00 5.10E02 CSC
Alifatici C >12-16 3.50E01 5.45E+00 7.08E02 CsC
Alifatici >C16-21 3.50E01 9.58E+00 124E01 CSsC
Alifatici >C21-C35 3.50E01 9.58E+00 124E01 CSsC
Aromatici C >810 3.50E01 4.76E+02 6.50E+00 CSC
Aromatici C >1012 3.50E01 6.47E+02 8.96E+00 CSC
Aromatici C >1216 3.50E01 2.35E+03 4.14E+01 CcsC
Aromatici C >1621 3.50E01 6.97E+03 3.10E+02 CsC
Aromatici C >2135 3.50E01 2.99E+05 3.12E+04 CsC
Benzene 1.00E03 1.80E+00 2.54E02 CsC
Benzo(a)anthracene 1.00E04 7.71E+00 7.74E01 CSC
Benzo(a)pyrene 1.00E05 9.72E+00 8.35E01 CSC
Benzo(b)fluoranthene | 1.00E-04 1.25E+02 1.16E+01 CSC
Benzo(ghi)perylene 1.00E05 3.62E+04 2.06E+03 CSC
Benzo(k)fluoranthene | 5.00E-05 1.36E+02 1.24E+01 CsC
Bromodichloromethane| 1.70E04 1.05E+00 1.85E02 CsC
Chrysene 5.00E03 2.99E+01 3.21E+00 CSsC
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Table19: Individual CSR for groundwater.

CSR (mg/l)
Exposure/migration pathway
Compound Vapor Vapor CSR (1)
Groundwater _ _ _ _
_ inhalation inhalation
protection (CSC) _
outdoor indoor

1,2-Dibromoethane 1.00E-06 1.28E01 3.84E03 CSC
1,4-Dichlorobenzene 5.00E04 3.60E+00 5.91E02 CsC
1,2-Dichloropropane 1.50E04 2.83E+00 4.38E02 CSC
Indenopyrene 1.00E04 2.44E+02 1.94E+01 CSC
1,1,2,2 5.00E05 CSC
Tetrachloroethane 1.68E+00 5.92E02
1,1,2Trichloroethane | 2.00E04 251E+00 5.50E-02 CSsC
Trichloroethylene 2.70E01 1.44E+00 1.98E02 CsC
Trichloromethane 1.50E03 9.48E-01 1.43E02 CSsC

The CSRgalculatedfor surfaceand deep soikfter checkingthe actual presence of the
pollutantin groundwaterand consideringthe CSC valugare reportedn Table 20 and
Table 21 respectively(CSR (2)) In the same tabdethe chemicals that wemxcluded
from the risk assessment due to the lack of another 2SR been marke@e. As, Co

and Cuin deep soil).
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Table 20: CSRs forsurface soilafter checking theontaminantpresence in groundwater and

considering the CSC

CsC
Compound CSRD) CSR() residential CSR<CSC
(mg/kg) (mg/kg)
(mg/kg)
Arsenic 4.26E01 4.26E01 2.00E+01 yes
Copper 1.07E+03 3.13E+03 1.20E+02 no
Lead 1.18E+01 1.18E+01 1.00E+02 yes
Elemental Mercury
Methylmercury 1.58E01 4.60E01 1.00E+00 yes
Mercury chloride
Zinc* 2.67E+03 2.67E+03 1.50E+02 no
Aliphatic C 56 3.40E+01 3.40E+01 1.00E+01 no
Aliphatic C > 68 8.17E+01 8.17E+01 1.00E+01 no
Aliphatic C> 8-10 6.12E+01 6.12E+01 1.00E+01 no
Aliphatic C > 1612 | 2.86E+02 2.86E+02 1.00E+01 no
Aliphatic C > 1216 | 6.30E+02 6.30E+02 5.00E+01 no
Aliphatic C > 1621 | 1.56E+05 1.56E+05 5.00E+01 no
Aliphatic C > 2135 | 1.25E+05 1.25E+05 5.00E+01 no
Aromatic C > 810 5.17E+01 5.17E+01 1.00E+01 no
Aromatic C > 1012 | 1.29E+02 1.29E+02 1.00E+01 no
Aromatic C > 1216 | 2.58E+02 2.58E+02 5.00E+01 no
Aromatic C > 1621 | 6.47E+02 6.47E+02 5.00E+01 no
Aromatic C > 2135 | 2.35E+03 2.35E+03 5.00E+01 no
Benzene 1.73E02 1.73E-02 1.00E01 yes
Indenopyrene 8.75E01 8.75E01 1.00E01 no
Naphthalene 9.01E01 3.24E+00 5.00E+00 yes
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Table 21: CSRs for deep soil after checking tbentaminantpresencein groundwater and
considering the CSC.

CsC
Compound CR 1) SR (@) residential CSR<CSC
(mg/kg) (mg/kg)
(mglkg)
Arsenic* 8.42E+00 - 2.00E+01 -
Cadmium 5.68E01 5.68E01 2.00E+00 yes
Cobalt 3.41E+00 - 2.00E+01 -
Copper* 5.35E+02 - 1.20E+02 -
Lead* 5.91E+00 5.91E+00 1.00E+02 yes
Elemental Mercury
Methylmercury 7.88-02 4.74E01 1.00E+00 yes
Mercury chloride
Zinc* 1.34E+03 1.34E+03 1.50E+02 no
Aliphatic C 56 1.05E+01 1.05E+01 1.00E+01 no
Aliphatic C > 68 4.00E+01 4,00E+01 1.00E+01 no
Aliphatic C > 810 6.12E+01 6.12E+01 1.00E+01 no
Aliphatic C > 1012 | 1.48E+02 1.48E+02 1.00E+01 no
Aliphatic C > 1216 | 3.25E+02 3.25E+02 5.00E+01 no
Aliphatic C > 1621 | 4.52E+05 4.52E+05 5.00E+01 no
Aliphatic C > 2135 | 4.52E+05 4,52E+05 5.00E+01 no
Aromatic C > 810 1.30E+01 1.30E+01 1.00E+01 no
Aromaic C > 1012 | 3.24E+01 3.24E+01 1.00E+01 no
Aromatic C > 1216 | 6.46E+01 6.46E+01 5.00E+01 no
Aromatic C > 1621 | 1.62E+02 1.62E+02 5.00E+01 no
Aromatic C > 2135 | 1.29E+03 1.29E+03 5.00E+01 no
Ethylbenzene 3.28E01 3.28E01 5.00E01 yes
Indenopyrene 5.70E+00 5.70E+00 1.00E01 no
Naphthalene 2.25E01 1.67E+00 5.00E+00 yes
Toluene 1.05E01 6.12E+02 5.00E01 no
Xylene 1.81E+01 1.81E+01 5.00E01 no
p-Xylene 1.11E+01 - - -
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The CSR¢2) obtained for thsurface soieredifferent fromthosecalculatedm the first
step in six casesndoorvapor inhalation was the new exposure pathwaystidihe CSR
for Hg, Aliphatic >C68, Aliphatic >C810, Aliphatic >C1612, Aliphatic >C1216 and
NaphthaleneThe CSR (2) resulted lower than the residential CSC fqrHg Pb,
Benzene and Naphthalene that were thus removed from thethispollutantsaccounted

for in the risk assessment

In the case of deep soil, As, Co and Cu were excluded from the assessment due to the
lack of CSR(2). The CSR (2wasdifferent fom the CSR (1) for Hg, Naphthalene and
Toluene only. Fiveparameterswere removed from the input (i.e. Cd, Hg, Pb,
Ethylbenzene, Naphthalene) due to a CSR (2) smaller than the residential eSE&.

Xylene was no longer considered because not deteajedundwaterThus only Xylene,

provided with a soil CSC, was included in further calculations.

The CSR (3) were then obtained considering thec@lculated by Risket. InTable22
the contaminants for which the CSR (3) watequal to the Gaxin surfaceand deep soll

are reportedror all the other contaminants CSR (3) was equal to CSR (2).

Table22: CSRs that wersetequal to Giaxin surfaceand deep soil.

Compound CSR (2 mg/kg) Csat (Mmg/kg) CSR (3)(mg/kg)
Surface soil
Aliphatic C > 1216 | 6.30E+02 6.78E+00 6.3E+01
Aliphatic C > 1621 | 1.56E+05 2.30E+01 1.2 E+03
Aliphatic C > 2135 | 1.25E+05 2.30E+01 1.2 E+03
Aromatic C > 1621 | 6.47E+02 3.42E+02 5.00E+00
Aromatic C > 2135 | 2.35E+03 1.41E+02 5.00E+00
Deep soil
Alifatici C >12-16 3.25E+02 3.39E+00 1.40E+03
Alifatici >C16-21 4.52E+05 1.15E+01 2.00E+03
Alifatici >C21-C35 | 4.52E+05 1.15E+01 2.00E+03
Aromatic C > 2135 | 1.29E+03 7.05E+01 4.70E+01
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The final CSR (CSR (4))Y,0 cgalskulastsed stmemd u @l
with a corrective coefficient, are reportedTiable23 andTable24 for surfaceand deep

soil respectively.
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Table23: Final surface soilCSRs teatisfy both individual and cumulative risk.

Risk for groundwater (-

160

Compound CSR (3)(mg/kg) | Corrective factor (-) | CSR (4)(mg/kg) R () HI (-) )
Copper 3.13E+03 7.00E+00 4.47E+02 - 147601 4.18E01
Zinc 2.67E+03 2.00E+00 1.34E+03 - 5.85E02 5.00e01
Aliphatic C 56 3.40E+01 4,70E+00 7.23E+00 - 8.85E02 2.13E01
Aliphatic C > 68 8.17E+01 4,70E+00 1.74E+01 - 2.13E01 1.20E01
Aliphatic C > 810 6.12E+01 4,70E+00 1.30E+01 - 2.13E01 9.82E03
Aliphatic C > 1012 | 2.86E+02 4,70E+00 6.09E+01 - 2.13E01 4.70E-03
Aliphatic C > 1216 | 6.30E+01 - 6.30E+01 - 1.00E01 3.07E03
Aliphatic C > 1621 | 1.20E+03 - 1.20E+03 - 1.73E02 7.37E05
Aliphatic C > 2135 | 1.20E+03 - 1.20E+03 - 1.97E02 7.37E05
Aromatic C > 810 5.17E+01 4,70E+00 1.10E+01 - 7.17E02 2.13E01
Aromatic C > 1012 | 1.29E+02 4,70E+00 2.75E+01 - 5.11E02 2.13E01
Aromatic C > 1216 | 2.58E+02 - 2.58E+02 - 1.36E01 1.00E+00
Aromatic C > 1621 | 5.00E+00 - 5.00E+00 - 2.84E03 7.73203
Aromatic C > 2135 | 5.00E+00 - 5.00E+00 - 2.73E03 9.70E04
Indenopyene 8.75E01 1.42E+00 6.16E-01 9.94E07 - 2.70E02
Total risk
Cumulative Risk Outdoor 9.94E-07 5.19E-01
Cumulative Hazard Index Indoor 4.62E-13 9.95E-01




Table24: Final deepsoil CSRs to satisfy both individual and cuntiuvkarisk.
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Compound CSR (3)(mg/kg) | Corrective factor (-) | CSR (4)(mg/kg) R (-) HI (-) Risk for gro)undwater -
Zinc 1.34E+03 2.00E+00 6.68E+02 - - 5.00E01
Aliphatic C 56 1.05E+01 8.00E+00 1.32E+00 - 161E02 1.25E01
Aliphatic C > 68 4.00E+01 8.00E+00 5.00E+00 - 6.12E02 1.25E01
Aliphatic C > 810 6.12E+01 1.00E+01 6.12E+00 - 1.00E01 1.80&02
Aliphatic C > 1612 | 1.48E+02 1.00E+01 1.48E+01 - 1.00E01 455E03
Aliphatic C > 1216 | 1.40E+03 1.00E+01 1.40E+02 - 4.31E01 2.72E02
Aliphatic C > 1621 | 2.00E+03 - 2.00E+03 - 4.42E03 491E04
Aliphatic C > 2135 | 2.00E+03 - 2.00E+03 - 4.42E03 491E04
Aromatic C > 810 1.30E+01 8.00E+00 1.62E+00 - 2.04E02 1.25E01
Aromatic C > 1612 | 3.24E+01 8.00E+00 4.05E+00 - 1.46E02 1.25E01
Aromatic C > 1216 | 6.46E+01 8.00E+00 8.07E+00 - 2.59E03 1.25E01
Aromatic C > 1621 | 1.62E+02 - 1.62E+02 - 1.97E03 1.00E+00
Aromatic C > 2135 | 4.70E+01 - 4.70E+01 - 6.43E07 3.65E02
Indenopyrene 5.70E+00 - 5.70E+00 8.17E12 - 1.00E+00
Toluene 6.12E+02 1.00E+01 6.12E+01 - 1.00E01 5.84E+02
Xylene 1.81E+01 1.00E+01 1.81E+00 - 1.00e01 NA
Total risk
Cumulative Risk Outdoor 1.19E-12 2.72E-2
Cumulative Hazard Index Indoor 8.17E-12 9.56E-1




No contaminant had a final CSR below the CSC, so the c&@8Rlatedvereusedasthe
remediation goals. lfable25the CSR for HC<12 and HC>12 for bathrfaceand deep

soil are reported.

Table25. Comparison between the CSR for HC<12 and HC>1Z&urfaceand deep soil, and
the correponding CSC

Hydrocarbons CSR (mg/kg) CSC residential (mg/kg)
Surface soil

HC<12 1.37E+02 1.00E+01

HC>12 2.73E+03 5.00E+01

Deep soil

HC<12 3.29E+01 1.00E+01

HC>12 4.36E+03 5.00E+01

7.3.2 Swedish risk assessment

In this chapter are reported the resultthef Swedish risk assessment.

7.3.2.1 Sitespecific guidelines
The sitespecific soil guidelines, calculated using the Swedish software and adopting the

inputs decribed before are reportedTiable26.

The sitespecific guidelines for #hpollutants considered in the Swedish risk assessment
resulted lower than the generic KM ones for 12 compounds out of 24. The benchmarks
calculated for Pb, Zn, Aliphatic>G810, Aromatic >C18C35 and Trichloromethane
were more than 3 times lower than th€M generic ones. In the case of Benzene and
Trichloroethene the difference was of one order of magnitu@@38 mg/kg vs0.012

mg/kg and M6 vs 02 mg/kg respectively). The values determined for Aliphatic >C10
C12, Aliphatic >C12C16 and Aliphatic >C8-C35 were the only ones that were found
above the KM and MKM generic guidelines. The sipecific benchmarks for Arsenic

and Cadmium corresponded to the generic KM guidelines.
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Table26: Sitespecific soilguidelines calculated wh the Swedish softwar€he cellsvherethe
site-specific guideline is below the generic MKM one are colored in yellow, those that are also
below the KM generic benchmark are colored in red.

Site-specific Site-specfic
Compound guideline Compound guideline
(mg/kga.m) (mg/kgam)
Arseniecmod 10 Aliphatic > C16C35 2500
Cadmium 0.50 Aromatic > C8C10 18
Cobalt Aromatic > C16C16 5.0
Coppermod Aromatic > C16C35
Chromium total 100 Benzene
Mercury 0.40 1.2-dibromoethane
Nickel PAH L
Leadmod PAH M
Zinc-mod PAH H

Aliphatic > C8C10 250 Trichloroethylene
Aliphatic > C16C12 | 1000 Trichloromethane

(chloroform)
Aliphatic > C12C16 | 1000 Xylene

Since the intake of drinking watesassignificant in the determination of the sigpecific
guideline for 1,2dibromethaneand Cd onlyit was not necessary to recalculate the site

specific guidelines excluding the cited exposure pathway.
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7.4 Discussion

7.4.1 ltalian Risk Assessment

7.4.1.1 CSR determination
The process to determine the CSRs for the contaminants of ccaicracase study
consisted in four steps that were necessary to identify the remediation goals that satisfied

both individual and cumulative risk.

Groundwater

As expected, the CSRs for gralwaterprotection werghe CSCs, thus one of the three
matricesvas immediately removed from the assessment as secondary source of pollution.
However, the presence of many organic volatile compounds that were found to pose risk
due toindoor and outdoovapor inhalation, might be an issue. In fact, even if ensuring
the remediation of the matrix to the CSCs, the time required to reach these levels in
groundwater might be relevant. The risk posed by vapor inhalation indoor resulted
particularly high for Aliphatic C5C6, Aliphatic >C68, Aliphatic >C810, Aliphatic
>C1012, Aliphatic >C1216, Aliphatic >C1621, Aliphatic >C2135 as proved by the
corresponding CSR that resulted lower than the CSC. Considering the CRS and CSC
values of the contaminants found irogndwater reported ifiable 27, it is possible to

identify which contaminants require a significant effort to respect theaf 8@ site
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Table27: CRS and CSC for groundwater.

Compound CRS (ug/l) CSC (ug/l)
Cadmium 5.4 5
Iron 6130 200
Manganese 3655 10
Nichel 10800 50
Lead * 537 20
Zinc* 3800 3000
Aliphatic C 56 (n-hexane >53%) 10 350
Aliphatic C > 68 (n-hexane >53%) | 10 350
Aliphatic C > 810 10 350
Aliphatic C > 1012 406 350
Aliphatic C > 1216 1620 350
Aliphatic C > 1621 3680 350
Aliphatic C > 2135 3680 350
Aromatic C > 810 10 350
Aromatic C > 1012 222 350
Aromatic C > 1216 222 350
Aromatic C > 1621 2 350
Aromatic C > 2135 2 350
Benzene 57 1
Benzo(a)anthracene 0.11 0.10
Benzo(a)pyrene 0.14 0.01
Benzo(b)fluoranthene 0.22 0.10
Benzo(ghi)perylene 0.11 0.01
Benzo(k)fluoranthene 0.12 0.05
Bromodichloromethane 1 0.17
Chrysene 0.44 5
1.2-Dibromoethane 1 1
1.4-Dichlorobenzene 0.1 0.001
1.2-Dichloropropane 0.5 0.150
Indenopyrene 0.24 0.1
1.1.2.2-Tetrachloroethane 0.5 0.05
1.1.2-Trichloroethane 1 0.2
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Table27: CRS and CSC for groundwater.

Compound CRS (ug/l) CSC (ug/l)
Trichloroethylene 45 2
Trichloromethane 1 015

The CRS of Fe resulted 30 times bigtem the CSC, and the presence of the metal above
the CSC in most groundwater samples defined it as a problepadititant These high

levels ofdissolved~e might be due to the redox conditions angti@ dissolved oxygen.

In fact, the amount of F& soluble, decreasess the dissolved oxygen increase
Therefore, more investigationabout the groundwaterredox conditionsshould be
performed. Mn and Ni had CRSs much higher than the CSC, but they were found at levels
above the acceptable limit only ondéherefore, they are not of primary concern at the

site. The same conclusions can be drawn for Benzeng Ba®Tetrachloroethane

In the case of PAHs (i.e. Benzo(a)pyreBenzo(ghi)perylene, Benzo(k)fluoranthene,
Chrysene) and 1;Bichlorobenzengwhich had aCRS one order of magnitude greater
thanthe CSC, theiwise presenceverthe entiresite area might make the remediation

more difficult.

The comparison between the CRS of the TPHCWG hydrocarbons subclasses and their
CSC was not relevant and refem in the table just for completeness. Considering that
the Total hydrocarbons parameter was found exceeding the CSC only once when
performing theneighborhood analysist wasclear that these contaminants were not a

relevant issue for groundwater rerragbn.

The presence of volatile compounds might pose harm to humans due to vapor inhalation
outdoor and primarily indoomparticularly those for which a CSR below the CSC was
calculatedi.e. Aliphatic C5C6, Aliphatic >C638, Aliphatic >C810, Aliphatic XC10-12

and Aliphatic >C1216). Moreover, the time required to remove the pollutants to
acceptable level might be significant for thepeeadat the site possibly compromising

an immediate use of the site for the established purposes. Therefore, dasateaen

the building preserat the siteshould be taken to assess the actual risk posed by these
chemicals. The overall critical contamination of groundwater, combined with the

presence of the culvert that crosses the site discharging the collectedirwéte
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neighboring lake and river, requires an emergeatipnto stop pollutionspreading. A
possible solution could be the installation of a hydraulic barrier downstream the

groundwater direction avoiding tipellutantsspreading beneath the property.

Pollutantswith CSC agheremediation goal irsurfaceand deep soil

As presented i n tsii2g whitiRtake into tascaunthe potuant C S R
presence in groundwater, caused some chemicals to be excluded from further calculations

in deep soil ad to change the individual temporary CSR (1) of other substances both in
surfacescsiland deep soil . The Ao nelagdoigmmdwaterf t he t
protection for these contaminants was justified by the shallowness of the groundwater
leveland the permeability of the soil that both enhance the migration of pollthehts

aquifer. The compounds that were excluded due to a CSR lower than the CS$@f thus

as the new remediation goal, and thmésk-driving exposure/migration pathway are

repoted inTable28. The removal of As, Co and Cu from the list of input chemicals for

deep soil was a consequence of the-valatility of these inorganic pollutante/hichhad

a CSR for groundwater protection only.
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Table 28: Contaminants that were excluded from further calculations in-Réskdue to a
CSR<CSC andsk-driving exposure/migration pathway.

Compound Exposure/migration pathway
Surface soil

As Soil ingestion

Pb Groundwater protection
Zn Groundwater protection
Naphthalene Vapor inhalation indoor
Benzene Groundwater protection
Deep sall

As Groundwater protection
Cd Groundwater protection
Co Groundwater protection
Cu Groundwater protection
Pb Groundwater protection
Ethylbenzene Indoor vapor inhalation
Naphthalene Indoorvapor inhalation

The main issue that caused a CSR value below the CSC wegnita@ninanteaching
towards groundwater. This is consistent with the hydrogeology ditiathat, with the
permeable soil and tiehallow aquifer, posegoundwatein danger . The fact thatdoor
vapor inhalation poses a harm to humare$ onlybecause ofroundwatepollution, but
to the organic pollution in soil as well, proves again that direct measures of vapors in the

buildingsat the sitearerecommendetb assess the actual risk.

Surface soil

The CSR (3), i.e. the final individual CSR, was eitlelated to soil ingestion,
groundwater protection or indoor vapor inhalation, in the cassudfce solil Soil
ingestion indictes that the harm posed to humans, especially children, in recreational

outdoor spacesvhere they would be in contact with saibuld be relevant. Therefore,
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not only the indoor exposuredcsitical at the sitebut the removal angplacementf the
surfacelayer of soil might be required to properly use the green at¢las site.

The final CSRs that respected both individual and cumulative risk were calculated using
a corrective factor for the mostitical compounds. The spatialistribution of the
pollution and the CSR value were considered saoif the CSR was close to the CSC or

the contamination largelgpreadjt was chosemot to further reduce the CSR to avoid

excessive remediation costs.

A corrective factor of # wassetfor the CSR of HC42 to reduce the cumulative HI that
would have resulted much higher than the acceptable limitX).eEven if the presence

of HC<12 in soil is a relevant issue at thige due to the spatial spreading of these
contaminants, the reduction of the CSR#hefsingle classed hydrocarbon$&rought to

a CSR for HC<12 that was one order of magnitude greater than the CSC. Therefore, the
remediation goal for these organic pollutants was not excessively strict. The same
conclusion could be drawn for HC<12RS:35 mg/kg), obtained summing up the CRSs

of the TPHCGW classes, which does not represent a challenging obstacle to the

remediation.
The CSR of Zn, instead, was halved to avoid fiskgroundwater exceeding 1

Cu had its CSR reduced by a factor of 7 beeaafghe high HI. This remediation goal

seems possi bl e to achi eontmithiosvithtumacceptalele al mo s t
levels of Cu. A problem might be posed by the high concentrations at which the pollutant

was foundat thesite, with a maximum cocentration detecteof 10000 mg/kg, i.e. more

than 20 times the CSR. The only efficient way to reduceddgentrationso acceptable

levels consists in the removal of the first layer of soil or in covering the soil surface to

avoid directexposure

Indenopyreneds CSR was ¢ oR toeeducetd® causdddoil a f act
ingestion, dermal contact and dust inhalation outddbe reduction of the levels of
Indenopyrene irsurface soiimight be problematic due to the great difference between

the (RS and the CSR, Zbmg/kg and B2 mg/kg respectively, and the spreading of the

pollution at the site The removal of the upper layer of soil might be the most efficient

solution, but the process could be economically unsustainable due to thar&atpat
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would be involved However, it must not be forgotten that the concentrations obtained
summing up those of the two Swedish classes {RAd PAHM) was conservatively
used as the one for Indenopyrene. Therefore, the levels of this pollutant were

overesimated.

The remediation of As to acceptable levels ,(GSC) insurface soidoes not represent

a problem as well. In fact, the CRS (23 mg/kg) resulted slightly above the CSC for
residential purposes (20 mg/kg) and the areal extension of the pollutir relevant.
However, since As does not pose harm by inhalation of vapors, covering the ground
surface should be sufficient to protect the attenders of the site and avoid excessive costs.

Moreover, it would allow the use of tisée inthe short term.

Hg, on the other hand, requires a remediation goal much lower than thef GR$ace
soil (1 mg/kg and 20 mg/kg respectively). However, only few santdsig above the
CSC, so theeplacemenbf the surface layer of soil should be sufficient to solve the

problemcaused byhis pollutant.

Pb was the mosfitical metalat the sitebecause present at high concentration in a large
portion of thesite Therefore, the removal of tlseirfacelayer of soil, that appears to be

the only shorterm-solution, mightoe very expansive.

The solution to deal with theurface soilpollution might thus consist in both a
replacementf the upper soil layer, where high levels of contaminants were detected, and

a coveringwvhere no riskrom vaporinhalationwas calculated

Deep soil

More contaminants required corrective factors in deep soil thamrface soito setthe
final CSR.

The corrective factor of Zn was halved to ensure afdaskroundwatebelow 1, as for
surface soil Zn was found in a limited number of sampgl points, but at high

concentrationsup to30 times the CSC for residential areas).

The CSRs of the two smallest aliphdtiaction (i.e., Aliphatic C56 and Aliphatic >C6

C8) and those of the aromatics with less than 16 carbons atoms were redudendsy 8
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to ensure the respect of the cumulative HI and avoid the harm posadduwy vapor
inhalation.For the same reasongarrective coefficient of 10 wassedfor the CSRs of
Aliphatic >C810, Aliphatic >C1012 and Aliphatic >C1246, Toluene and Xylen The

CSR for HC>12, of 4360 mg/kg, resulted much higher than the CSC 50 mg/kg (two order
of magnitude), thus the remediation goal is not satietl. The same occurred for HC<12

but the difference was less relevant (33 mg/kg vs. 10 mg/kg). Howevey, saaiples
showed levels of HC<12 far above the CSC, as proved by the value of the CRS for the
chemical parameter (147 mg/kg). Even if the presence of hydrocarbons in deep soil was
not ascritical as inthe surface sojl ensuring the CSR might be quite dbaging
somewhere ghe site.

The CSR of Toluene did not respect the groundwater riskabudiscussed beforte
calculatedisk was considered nagliablebecause no trace of the compound was detected

in the groundwater samples. Both the CSRs otidioé and Xylene were significantly
greater than the CSC and, even if the CRS of Xylene in deep soil was greater than the
CSR (73 mg/kg vs. 18 mg/kg), both the contaminationgre localizedn few sampling

points.

The satisfactiorof the remediation goalsf Cd, Hg and Pb, that consisted in the CSC,
was not a big issue if considering the limited areal extension of the pollution. Since these
chemicals are metals, it might however dydical to satisfy the CSR in significantly
polluted samples.His may ocar in the case dfig and Pb that were detected in deep soil

at levels much greater than the CSC.

As, Co and Cu, that were not detected in groundwater, do not pose risk even ifgiresent
the siteat values above the CSC. Therefdhey are not remediatictargets in deep soil.

The CSC was the remediation goal of Indenopyrene and Naphthalene as well. The
presence of Indenopyrene in deep soil resulted quite significant and the CRS (10 mg/kg)
was one order of agnitude bigger than the CSC {0ng/kg). Howeer, it must be
recalled that the contaminant was used to represent the sum of two Swedish classes of
PAHs. Therefore, it is likely that the harm posed by this compooad been
overestimated. In the second case, the contaminant was not found at leve{geateh

than the CSC except in one sampling point where a concentration of 42 mg/kg was

detected. Therefore, the removal of the contaminated soil in the small area around the
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sampling point might solve part of the probleetatedto the presence of Naplatlene,
also due to limited number of other polluted samples.

Due to the heterogeneity of soil pollution in deep soil the possible remediation techniques
are stabilization (even if it is not a remediation process since it does not remove the
contaminants)o prevent metals from leaching in groundwater, and soil vapor extraction
(SVE) to remove organic volatile compounds ametallicHg. In order to avoid organic
compounds disturbg the stabilization process, SVE should be performed first. However,
even ifthe coarse soil texture that characterizes almoshalsite isadequatdor SVE,

two mgor problems remain. The first one is the presence of people, both attenders and
workers,at the siteat the current time. The second one is the shallowness ofjtifera

that might be a problem when extracting vapdherefore, the most realistic solution to
allow the property be used for the planned purposes in the short term would be to
continuously monitor the air inside the existing buildings epdacethe sal with clean

one where the pollution reaches dangerous levels.

7.4.2 Swedish Risk Assessment

7.4.2.1 Sitespecific guidelines

The calculation of the sigpecific guidelines for those pollutants that were considered as
relevantly harmfulat thesite showed that fohalf of them the sitspecific guideline
resulted smaller than the generic KM one. Therefore, the harm posed by these substances
(i.e,, Co, Cu, Ni, Pb, Zn, Aromatic >C1635, Benzene, 1;RibromoethangPAH-L,
Trichloroethylene Trichloromethaneand Xylene) resulted more significant than in the
default scenario implemented by the Swedish software by Kemakta AB in the case of
sensitive land use. The remediation effort that will be put into practice by the municipality
and the authorities should target thesgcal pollutants to avoid possible adverse effects

on human and environment.

The sitespecific guideline resulted below the MKM genevialuesfor 9 out of 24
chemicals included in the risk assessment, (As, Cd, Cr, Hg, Aliphatic >C&10,
Aromatic >C8-C10, Aromatic >C1a8C16, Aromatic >C16C35, PAH M and PAHH).

The harm posed by these contaminants might be an issue if the land use of the site was
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classified as MKM, due to the greater danggused byhese substances when compared
to the default MKMconditions.

Considering Cu, Zn, As and Pb, for which thewasreplacedwith the one calculated
performing the leaching test, the resulting-specific guideline was lower than the KM
generic one in the case of Cu, Pb angvidmist below the MKM bencamark for As. This
fact proves that the mobility of these four metishesiteis an issue and poses greater
harm than in the generic scenario. Moreover, it must be noticed that Hspesiéic
guideline for Cu, Zn and Pb resulted below the KM gergrideline even if the exposure
parametersised in the assessmevere lessonservativehanin the KM scenario€.g.,
lower time of exposure). The sigpecific guideline for Asnatcheghe generic KM one,
due to the adjustment for background conceioimathat set the value at 10 mg/kg
corresponihg to the background concentration itself. In fact, the harm posed to human
health by As is so serious that fh@lutantshould not exceed the natural levels found in

the environment.

The sitespecific guidahes most lowered if compared to the KM geneatueswere
those of Benzene and Trichloroethene. The features of the scenario used to represent the

sitecaused these two contaminants to be the mostiaffesctd posing the greatest harm.

The exposure tagy or pathway thatdrove the sitespecific guideline, showed in the
AOut put reportd sheet Tablé29foreaeh conbaminantar e, i
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Table29: Exposure target or pathwagriving the sitespecific guidelines.

Governing the

Governing the

groundwater

Compound o Compound o
guideline guideline
_ , _ _ _ Protection free
Arsenicmod High soil background| Aliphatic > C16C35
phase
Intake of _
. _ Protection of
Cadmium groundwater+other | Aromatic > C8C10
groundwder
sources
. . _ Protection of
Cobalt High soil background| Aromatic > C10C16
groundwater
Protection of _ Protection of
Coppermod Aromatic > C16C35

groundwater

Chromium total

Protection of

Benzene

Protection of

groundwater

groundwater groundwater
Protectionof _ Intake of
Mercury 1,2-dibromoethane
groundwater groundwater
. _ . Protection of
Nickel High soil background PAH L
groundwater
: . Protection of
Leadmod High soil background PAH M
groundwater
. Protection of Protection of
Zinc-mod PAHH

groundwater

Aliphatic > C8&C10

Protection of

groundwater

Trichloroethylene

Protection of

groundwater

Aliphatic > C10

Protection free phase

Trichloromethane

Protection of

C12 (chloroform) groundwater

Aliphatic > C12 _ Protection of
Protection free phase Xylen

C16 groundwater

The majority of the sitespecific guidelines (15 out of 24) werelated to groundwater
protection. The groundwater resource was included in the protected targets, even if there
was no sensitive groundwater resource in the vicinity of the site, disentriimsic value

and the consequent possible harm that can be posed todmmdamvironment. Of these

15 chemicals, 10 are orgagsicThe presence of organic pollutants in groundwater is a

174



serious issue due to the toxic and carcinogenic propertiessef tbenpounds.herefore,

the actual impact on groundwater reservoir beneath the site, but also on the neighboring
river and lakemight pose harm to humaand environment. In fact, the presence of a
culvert, crosmg the propertiescollecting pollutednfiltration water, and discharging it

into the river and the lake, can batical. Even if it is true that the dilution oceurg in

the two water bodies is enough to reduce significantly the levels of pollution, in the
immediate surroundings of the disahiag points the hazard might be high. The only
solution to assess the situation is to perform direct measurements at the discharging points

of the culvert.

The background concentration was determinant for As, Caaridi Pb. The guidelines
were adjustedni order to consider the background exposure, but the unadjusted values
for Co, Ni and Pb were lower than the final guideline due to groundwater protection. In
the case of Pb, the relevance of this target was expekttedo the significant mobility

of the metalunderthe soil conditions found at the site. The relevancgrotindwater
protection in the sitspecific guidelines was not a surprise due to the permeability of the
upper layer of soil,where the highest levels of pollution were detected, and the
shallowness of the aquifer. Both these factors exposed groundwater to the pollution in

soil.

The protectiorfrom free phasgpossible only in the case of organic compouddsye
the riskonly for Aliphatic >C10C12, Aliphatic >C12C16 and Aliphatic >C1&35, i.e.
those chemical for which the sigpecific guideline resulted higher than the KM and

MKM genericvalues

The intake of groundwater, i.e. the adverse effects on human baakbd byngestion

of polluted water, was the exposure pathway that enmided the most the sigpecific
guidelines for Cd and 1;RibromoethaneThe exposure due to other sources of pollution
loweredthe Cd final sitespecific value, showing that the background exposure to this

metalmight pose harm to humans

As in Swederthe remediation targetsave to baliscused theremediationgoals might
be higher than the sHsgpecific guidelines lower than the corresponding KM generic
values due to the fAambi guous o0 &ashatfwhyhetsveen of t he

a KM and MKM one. In this case, it might be excessivedfer tosuch lowtargetlevels
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due to the conservative assumptions made in the study. On the other hand sihecgite

guidelines lower than the MKM generialuesmight be adopted deeremediation goal

because of the conservative assumptions the risk assessment wambhbséatt, these

val ues, bet ween the KM and MKM generic gui it

planned for theite,with coexistence of working and recreatiomahes

Metalshave to be removed in the areas where children might come in direct contact with
them. More sitespecific analyses about contaminafatte in soil areadvisory with
particular attention on chemicals for which the-specific guidelinavaslower than the
generic KMvalue Direct measurements @ssesshe exposure to vapors should be
performed in the buildingat the siten order to ensurevorkerssafety.A direct survey

of the pollution levels at the two discharging points of the culvert is necessaejl ae

properly assess the risk posed to husreard environment.

7.4.3 ltalian CSR and Swedish sitepecific guidelines for soil
The sitespecific guidelines for the contaminants of concern asiteeresulting from the

two approachesyeredifferent

Themathematical models as wellthe physb-chemical and toxicological features of the
contaminants of the two methodologies, are not considered in the discussion of the results,

because this was not the aim of the study.

The CSRs, for botlurfacesoil anddeep soil, and th8wedishsite-specific guidelines
are comparedin Table 30 for the contaminants of concenmcludedin both the risk

assessments.
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Table 30: Pollutants for which both a CSR in soil aadSwedishsite-specific guideline were

calculated.For each contaminant, tHewest value is colored in yellow.

CSR (mg/kg) Swedish
Swedishpollutant Italian pollutant Surface Deep site-'spe.cific
soil soil guideline
(mg/kg)
Arsenicmod Arsenic* 20 10
Cadmium Cadmium 2 0.5
Coppermod Copper* 447 50
Mercury Mercury 1 1 04
Leadmod Lead* 100 100 15
Zinc-mod Zinc* 1336 668 80
Aliphatic > C8C10 Aliphatic C > 810 13 6 250
Aliphatic > C16C12 | Aliphatic C > 1012 61 15 1000
Aliphatic > C12C16 | Aliphatic C > 1216 63 140 1000
Aliphatic > C16C35 | Aliphatic C > 1621 1200 2000 2500
Aliphatic > C16C35 | Aliphatic C > 2135 1200 2000 2500
Aromatic > C8C10 Aromatic C > 810 11 16 18
Aromatic > C16C16 | Aromatic C > 1612 28 4 5
Aromatic > C16C16 | Aromatic C > 1216 258 8 5
Aromatic > C16C35 | Aromatic C > 1621 5 162 3
Aromatic > C16C35 | Aromatic C > 2135 5 47 3
Benzene Benzene 01 0.0035
PAH L Naphthalene 5 5 18
PAHM + PAHH Indenopyrene 0.62 5.7 6.8
Xylene Xylene 1.8 6

The Swedish sitgpecific guideline resulted the lowest one for most the pollutants. The
values obtained for all the heavy metals were lower than the Italian CSR, showing that
the harm posed by thesentaminantss consideredritical by the Swedish authorities.
However,the Italian CSRgalculated afirst (CSR (1))were much lower than the final
remediation goadndcaused either the exclusion form the risk assessfiig¢hey were

not detected in groundwater and no other CSR was avaitatttegreplacement wittthe

CSCastheremediation goalThe only exception was Zwhich did not posesignificant
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risk and had a CSR above the CS8hilst the metatesulted as not a primary issue at the
sitebased orhe Italianapproachthe sitespecific conditions resultad significant risk

in the Swedish procedurgven if in both cases groundwater protecti@sdeterminant,

the estimated harm resulted more relevant in the Swedish appmuadbeinfluenced by

the permeability of the soil textur&rsenicwas thenorganic pautantwith the smallest
difference between the tvautcomesin the Swedish case, the harm posed by As resulted
particularly significant and the sispecific guidelines wasetequal to the background
concentrationThe intake of drinking water, not cadsred in the Italian methodology,
was critical for As andCd in the Swedislapproachdue to the adverse effectsia this

exposure pathway

The CSRs for all the Aliphatsand the Aromatiswith less than 12arbon atomsvere

lower than the sitspecifc guidelinebased orthe Swedish methodologindoorvapor
inhalationwas the most relevanéxposure pathwafor some pollutants ithe Italian
approachas well as groundwater protectiand soil ingestiorOn the other handh the
Swedish approach tliecisivefactor was either the presence of free phase or groundwater
protection. The outcomdsr these contaminants wepartly causedy the same critical
pathway(i.e., groundwater protection), but the relevancénaorvapor inhalation was
negligiblein theresultingSwedishguideline This occurred even if thedoorexposure

time was greater in the Swedish model than in the Italian one. A possible explanation
might be the presence of an input concentration in the Italian model that, if high, causes
a greater risk posed by volatile compoundse volatilization model and the toxic
properties of the classes of compounds could be pointed as reasonable motivations too

and should be further investigated.

The sitespecific guidelines of Aromatsowith morethan 12carbon atoms were lower
than the Italian CS& The difference between the two approaches either greator
small due to the diverse hazard posed by the same substascemaeor deep soiin
the Italian caseHowever, groundwater protectiovas decisiven both the assessments

for all the classeexcept for Aromatic >C2385 in surface soil

Benzene and Napht hal enewemthe GS&,| thua it is not medi at
surprising that the Swedish s#pecific guideline were lower than thee values.

Groundwater protection was the orggithwayof concern related to these contaminants
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in the Swedish approachith drinking wateras the second most important, but not
decisivein thefinal guidelines In the Italian casandoorinhalation of wapois wasthe
majorissue for Naphthalen&vhilst groundwater protectiowasdecisive in the CSR of
Benzene, as in the Swedisipproach The Swedish sitgpecific guideline for
Naphthalene was lower than the Italian C8&the contaminant represetite Svedish
class of light PAHs (PAH L). The mix of lomolecularweight PAHs in the Swedish

classmight be at the basis of the different issues ¢thasedhe two final values.

The ltalian CSR for Indenopyrengassmaller than the Swedish s#pecific guidahe,
obtained summing up the values obtained for PAH M and PAH H. Since Indenopyrene
was selecteds representative of PAH M + PAH BImore conservative outcome in the
Italian approach was expectéthn in the Swedish on@&hilst the intake of soil resel

the primary issueelated to Indenopyreni@ surface sojl groundwater protection was
decisivefor the CSR of deep so#s in the Swedish case.

Indoorvapor inhalation determined an Italian CSR lower than the Swedistpsitific
guideline,based orgroundwaterprotection.The CSR obtained for-Kylene, that was
inserted to determine the risk posed to groundwater, was even lower, but it was not

considered due to the absence of the compound in groundwater.

Even if the Swedish skigpecific guidelinesvere lower than the Italian CSRs for most
the contaminants, it must not be forgotten that the formenegetiated byhe parties
involvedin the risk assessment and are not legally binding valdate the latter are
compulsory remediation gafbr thesite. The same reasoning can be done for chemicals
requiing the CSC as themediatiorgoal Therefore, it is not possible to determine which
of the two approaches would result in the greatest remediation costs

7.4.4 Comparison betweeitthe Italian and the Swedsh approach to contaminated
sites

The Italian and Swedishpproaches for contaminated sites vary a lot. The different
assumptions and inputs required to estimate the hazard posed by a contaminated area to
humans and the environment influence the riskssssent outcomes. The strengths and

weaknesses of the two approaches are briefly reporiEabile 31.
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Considerations about ecotoxicity of pollutants for terrestrial and aquatic living beings,
present in the Swedish approach, i$ cansidered in the Italian one, which limits the
assessment of the environmental risk to the impact on groundwater pollutant
concentrations. Therefore, even if the implementation of a model for the evaluation of the
adverse effects on living beings is teaging, it might improve the environmental risk

assessment.

The development of the conceptual model of the site requires a much greater effort in the
Italian risk assessment than in the Swedish one. This is shown by tlseftware as

well. The number oparameters required by Rislet is huge if compared to the limited
amount of editable values in the software by Kemakta AB. Therefore, the risk assessment
with site-specific conditions appears more realistic in the Italian approach. At the same
time, thedetails required to develop the conceptual model for an Italian risk assessment
entails a great amount of data and information that might increase significantly both the
costs and the time required to perform the process. Furthermore, a greater number of
parameters means a higher possibility of criticism from the authorities about the values
used. This would cause the procedure to last longer or to be repeated, delaying the
remediation actions at the site. On the other hand, the Swedish approach, exten if n
significantly detailed, allows the performer to rapidly repeat the calculation of the site

specific guidelines as many times as necessary, by using different input data.

The different complexity of the two approaches is reflected in the selection of the
contaminants of concern as well. First, whilst in the Italian procedure the contaminants
found above the CSC (even if only once) must be considered, the pollutants considered
in the Swedish approach are selected giving motivations that might be othetheha
detection of levels of chemicals above the generic guideline (e.g. ecotoxicological

studies). Moreover, a greater number of chemicals is regulated in Italy than in Sweden.

One aspect that clearly affects the outcomes is the fact that in the fiskiasssessment
a CRS is required, differently from the Swedish methodologyn€&ighborhood analysis
in the Italian approach, that both defines the CRS and the area of the secondary sources
of pollution in the matrices, might cause the overestimatichefictual risk posed by

the pollution. The possibility to distinguish more secondary sources ensures a more
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realistic assessment, but once again implies a greater effort and longer time to perform

the assessment.

The exclusion of groundwater protectionthe Swedish generic lessnsitive land use
(MKM) scenario can be negotiated. However, the importance of water resources should
not be underestimated; because with population growth and increase in water demand,
polluted groundwater reservoirs might atféhe daily life of people in the future. Whilst
in Sweden water demand is not an issue, in developing countries or densely populated

countries, it is of primary importance to ensure good quality groundwater resources.

The exposure pathways are another eint that distinguish the Italian risk assessment
from the Swedish one. The intake of plants and groundwater drinking are not considered
in the Italian approach. The intake of plants is an interesting exposure pathway, that can
be relevant in rural arsaEven if the implementation of a realistic model is challenging
due to the different variables that affect the process (e.qg., type of plant, age of the plant,
climate, human ingestion rate, etc.), it might bring a positive contribute to the reliability

of the assessment. The exposure consequent to the intake of drinking water is substituted,
in ltaly, by ensuring the respect of the drinking water standards in the aquifer. Therefore,
the remediation of groundwater to the CSCs can be problematic due ltovtharget

concentrations.

The assessment of the risk posed by pollution to thsi@freceptors of the lItalian
approach should be included in the Swedish assessment. In fact, even if it is generally
unlikely that oftsite inhalation of vapors and dusiwe the CSR values, it is also true
that the harm posed to people in the surroundings of the site must not be underestimated

(e.g., a school or a hospital might be sensible targets).

The ltalian approach considers pollution sources in three differentasafsurface soil,

deep soil, and groundwater). Contaminants in surface soil or deep soil in fact pose

different risks, as shown by the outcomes of the two risk assessments performed in this
study. For example, the harm posed by metals (with the exoeytldg) to humans, due

to ingestion of soil or dermal contact, is negligible if the chemicals are not in the surface

layer of the soil. This ensures more reliable outcomes that do not overestimate the actual

risk.
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A great advantage of the Swedish procedu i s t he already cited
possibility to choose, with proper motivations, the contaminants to assess and the

remediation goals, allow a more s#ipecific remediation procedure.

In Italy, the legallybinding character of the callated target values and the great number
of regulated substances might make the remediation unsustainable, both in terms of costs

and time required to reach the remediation goals.

The evaluation of the risk in terms of R and HI is possible in the ItaB&rassessment,
while it is not provided for in the Swedish methodology. The possibility to check the risk
posed by each contaminant though the single exposure pathway allows the performer of

the assessment to fodilie remediation on the critical issues.

The two countries adopt different approaches to deal with the carcinogenic risk, but the
outcomes are almost the same. In fact, even if an incremental risk & d@nsidered in
in the Swedish approach for a single contaminant, instead ®fag0in he Italian
regulation, acute toxicity and background exposure accounted for in the Swedish

approach lower significantly the resulting guidelines.

The cumulative risk and hazard posed by many pollutants is not considered in the Swedish
methodology and shédibe included.

A last consideration involves the leaching of metals. Whilst in-Retkhe k provided

by the database is a function of pH, in the software by Kemakta AB just one value can be
edited. In the case study, a leaching test was performetetonilee a sitespecific Ky for

the metals of concern. As explained in Appendix 1 and 2, the fate of metals in soil is not
related only to soil pH, and other parameters (i.e. SOM, and particle size distribution in
particular) are important as well. Therefpa ky based on leaching tests is more reliable

than a value based on soil pily.

The outdoor areal cracks, required in the Italian model and not present in the Swedish

one, can be either 1, for unpaved surfaces, and 0.1 for paved surfaces.
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Table31: Strengths and weaknesses of the Italian and Swedish appach

legally binding

Country | Strengths Weaknesses
- Detailed - Too complex
- Risk calculation - Often cause an overestimati
- Threematrices of the risk
- Off-site receptors - High tme and financia
> - Site-specific conceptual modeg demandhg
é - CRS as input - No ecotoxicological aspect
- Protection of groundwatein - CSC difficult to be reached
both generic scenarios - Groundwater CSC are drinkin
- Cumulative R and HlI water standals
- Met a hatsdas KpH) - Areal cracks not realistic
- Simple - Not very sitespecific
- Quick to be applied - Not definedremediation goals
- Intake of drinking water - No risk calculation
- Intake of plants - Groundwater protection nc
- Ecotoxicological aspects considered in MKM
- Input pollutants object o - Limited number of editabls
E discussion parameters
"';J - Site-specific guidelines are n( - No pollutant concentration a
n

input
No distinction between surfag
and deep soil

No cumulative risk
No off-site receptors
Me t a hmnst@s f(l§H)
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8 Conclusions

The evaluation of the adverse effects that a polluted area might cause on humans and the
environment constitutes a serious issue. Risk assessment is the procedure to estimate the
actual entity of such theoretical negative impautl determine the remediation goals at

the site of study. The approach to a contaminated site significantly differs from country

to country, thus the comparison between diverse procedures is fundamental to identify
the most efficient, reliable and realcstine.

The study focuses on the Italian ahé Swedish methodology. The two assessments of
the risk were performed for the site of Bollnds Bro 4:4, in the Swedish community of
Bollnds. Due to the hazard posed thye heavy metalsletected in the propertgoil
samples were taken on site to determine thespigeific Kj to be inserted in both the

Italian and the Swedish risk assessment software.

The remediation goals determined by applying the Italian methodology showed that the
levels of pollution in grondwater must be reduced to the corresponding CSC of each
contaminant. The CSRs in surfaseil were driven by soil ingestion, indoor vapor
inhalation and protection of groundwater, whilst only the two last exposure pathways
resulted decisive for deep s@BRs. The remediation goal of 10 pollutants matched the
CSC itself, due to the low CSRs. Arsenic, Co and Cu were excluded from the calculation
of the final CSRs of deep soil, because not posing a relevant risk. The CSRs of some
contaminants of concern ioviswere adjusted with a corrective coefficient to respect the
cumulative R and HI. The remediation goals of the tree matrices indicated the
combination of stabilization and soil vapor extraction as possible remediation solution.
However, the risk posed Isurface soil contamination could be reduced substituting the
upper layer of soil with a new, clean one. The great groundwater pollution requires,
instead, an emergency action to stop the spreading of the contamination and the closure
of the culvert that rosses the property collecting contaminated water. Moreover, direct

measurements to assess the quality of vapors in the building of the site are required.

The Swedish sitepecific guidelines determined for the site of study resulted below the
generic KM \alue for half of the contaminants of interest, and below the MKM value in
9 more cases. Therefore, the contaminants that were proved to pose a higher risk than in
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the KM generic scenario, should be the main object of discussion between the involved

partiesto determine the remediation goals that can ensure the safety of people and the
environment. The main guidelifd¥iving exposure pathway was groundwater protection,

but high background concentration and free phase protection were present as well. The
resuts of the Swedish risk assessment suggested to perform analysis at the discharging
points of the culvert and to remove the soil in the areas where children might come in

direct contact with it.

The Swedish sitgpecific guidelines resulted smaller thare thalian CSRs for the
majority of the contaminants. However, due to the different nature of the two outcomes,
the former are remediation goals whilst the latter are object of discussion, it was not

possible to determine which procedure would have reqtheetighest costs.

The Italian and the Swedish methodologies showed strengths and weaknesses. The Italian
risk assessment is more detailed, but also more time and resource consuming than the
Swedish one. The simplicity of the Swedish approach reducesetiism of the
conceptual model and limits the sgpecificity of the assessment, but allows a quick
simulation of different scenarios. The Italian methodology contemplates the presence of
off-site receptors whilst the Swedish procedure includes theeirgbkirinking water
(substituted, in Italy, by the respect of the drinking water standards in the aqnlifets,

and ecotoxicological considerations The #Afl exi bilityo in the
contaminants and the remediation goals that chaiaetéhe Swedish approach to

contaminated sites is opposed to the-fewally-regulated, Italian procedure.

Further studies, focused on tipdysicchemical and toxicological properties of the
pollutants as well as thenathematical models used to reprodube transport of
contaminants in the environmeand the consequent exposure of living beings to harmful
substances, are required to perform a complete critical comparison between the Italian

and Swedish methodologies to assess the risk.
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APPENDIX 11 Site-Specific Parameterdor Risk Assessment

1 Introduction

In order to perform anore reliablerisk assessmenthe pollutantsmobility must be
determinedThe mobility of metals in soil is terms ofKg, i.e. the soito liquid partition
coefficient. Theradre, themeasurementf sitespecific Kq for the relevant metals found
at thesite is a fundamental step.

In this appendixthe background abouhe fate of metals in soil is reported.

2 Met al sé fate i n soil

2.1 Metals in soil

Metal fate andransportin soil is affectedby boththe physiochemical properties of the
metal itselfandthe soil matrixpropertiegdDube et al., 2000). The soil is a complex and
heterogeneous media, with both chemical and physical properties that can vary a lot in
space and time affang the fate of substances present in the media. In particular, when
dealing with the presence of heavy metals, it is fundamental to estimate and evaluate the
adsorbing capacity of the soil because it has consequences in agriculturalasgues,

uptake @ pollutants, for water quality and in remediation of polluted sites (Bradl, 2004).

Since the retention process of metals on soil is often unidentified, it is common to use the
term sorption which indicates the loss of a metal ion from the aqueousdontiiguous

solid phase (Bradl, 2004). Sorption includes all the processes that remove metals from
the soil water and the most important is adsorption, i.e. tdev@nsional accumulation

of metals on the soil surface due to intermolecular interactiomgeebatthe two phases
(Bradl, 2004). Functional groups are, in particular, fundamental for adsorption. Soil
organic matter has usually a lot of these functional groups that are able to release their

protons in the solution, allowing the adsorption of metaki(Bradl, 2004). Carboxyl
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groups and ferric oxides are the most important functional groups for positively charged
heavy metals and negatively charged ones, as As, respectahng et al., 2013;
WSDE, 2003).

There are different parameters thah eafluence the sorption and the distribution of
metals in the soil metal concentration, soil pH, soil type, i.e. both texture and composition,
the liquid to solid ratio (L/S ratio) and the ionic strength of the soilwater (Bradl, 2004;
Dube et al., 2000; BDE, 2003).

In general, it is proven that the higher the pH, the lower the mobilization of most metals
(Bradl, 2004; Dube et al., 2000; Hayan et al., 2013; Yujun et al., 2001). At higher pH, the
number of negative charges increases, enhancing the adsaoptpositively charged
metals on the soil surface (Bradl, 2004; Hayan et al., 2013; Yujun et al., 2001). When the
pH decreases, the competition between hydrogen ions and metals present in the solution
for the soil surface increases, which causes a hayheunt of soluble metals (Hayan et

al., 2013; Yujun et al., 2001). These considerations are not valid for heavy metals that
form complexes with oxygen, as Cr and As, that are found in the soil solution at basic pH
values in the form of chromate and argenaspectively (Norrstrém, 2018inzhong et

al., 2013.

The presence of organic matter in soil significantly affects the solubility of heavy metals
(Bradl, 2004; Dube et al., 2000; Yujun et al.,, 2001). SOM includes all the organic
constituents in soidnd the most important substances when considering adsorption of
metals are the humic ones (Dube et al., 2000). The presence of the already cited functional
groups and the usually negatively charged surface, defines SOM as a fundamental factor
in metals réention (Bradl, 2004; Dube et al., 2000). However, it must be said that the
SOM charge is greatly pdependent (Dube et al., 2000).

The texture and the type of the soil can affect the leaching of metals as well (Bradl, 2004;
Dube et al., 2000). The amouwftheavy metals adsorbed on clay is for example higher
than on coarser soils, because of the weak pH influence on Cation Exchange Capacity
and the great surface available (Bradl, 2004; Dube et al., 2000). A high presence of clay,
which is characterized bg negatively charged surface, should ensure an increased

fraction of metals adsorbed on the solid phase (Dube et al., 2000; Yujun et al., 2001).
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The ionic strength, i.e. the correlation between the charge of ions in solution and their
concentration, caimpacts the solubility of ionic species as metals, with greater solubility
at higher ionic strength (WSDE, 2003).

2.2 Methods for s0il characteristics

When performing laboratory analysis on soil samples, it can be relevant to determine the
characteristics athe solid matrix to understand which are the processes that may affect
the fate of contaminants.

2.2.1 Soil texture

The particle size of the soil can be relevant for the adsorption of metals. Therefore, the
texture of the soil must be determined, for examgldgoming sieving, to identify the

possible influence of particles size on the release of metals.

2.2.2 pH

The pH of the soil, as explained before, is one important factor that can determine the
partition of metals. Usually, the samples are added in a lighidien as distilled water

or CaCp solution, waiting one day for equilibrium to be reached and then measuring the
pH of the solution. The use of Ca@® estimated to be more representative of the actual

conditionsat the sitdrom where the samples aikéen.

2.2.3 Soil organic content

In order to assess the soil organic matter content, different procedures can be performed
and one of these consists in the determination oféightloss on ignition (LOI) (Bojko

and Kabala, 2014). This method is in fact ipemsive, easy to perform, rapid and it
requires no specialized knowledge (Sutherland, 1998). The organic matter of the soil, rich
in functional groups that can enhance the adsorption of metals, is determined putting the

soil samples, previously dried at8L.0C, in an oven at 600 °C for some hours (5 to 17)
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for the determination of the LOI. The LOI (%) can be calculated with the following
formula (Sutherland, 1998):

VU O—————pmp
()

Where W is the sample weight after drying at 105 °C anghdthe sample weight after
combustion at 600 °C.

The high temperature is used to ensures that the organic matter present in the soil sample

is combusted ithe oven, leaving the mineral fraction only (Bojko and Kabala, 2014).

The distinction between soil organic matter (SOM) and soil organic carbon (SOC) should

be highlighted. The LOI procedure indicates the fraction of SOM of which, on average,

58% is orgaic carbon, 40% oxygen and 2% hydrogen. However, this representative value

for SOC is shown to be too high according to analysis performed in the last 120 years.
Therefore, the usual factor to convert SOC
to 1.72, should be substituted by a factor equal to 1,9 that corresponds to the assumption

that 50% of SOM is carbon (Pribyl, 2009).

2.3 Leaching test
The process by which soluble species are dissolved from aesgligoil, rock or waste,
into a fluid by diffusion or percolation is called leaching (WSDE, 2003).

Leaching tests are used to evaluate the leaching behavior in the environment and can be
performed on field or at a laboratory.

The most used field tests consist in lysimeters or pilot landfills. Anlgtar is a container,
of variable dimensions, that is posed in the unsaturated zone to analyze the factors

affecting the leaching, as well as percolation and evapotranspiration (WSDE, 2003).

The leaching test performed at laboratory contemplates the tbetacen one or more
samples of the studied material and a liquid that is then analyzed to identify the substances
that are present in it and consequently likely to be released in the environment. There are

two main types of laboratory leaching tests:gi@nextraction/batch tests or multiple
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extraction/flowaround/flowt hr ough test. The first ones
second ones fAidynamico (WSDE, 2003).

In the static tests, a sample of material is mixed with a fixed amount of solutioruiitho
renovating it, for the time required to reach equilibrium (hours to days). The leachate is
analyzed or at the end of the test or at various times to determine the kinetics of the
leaching (variation in concentration over time). The single extractios aes based on

the assumption that the equilibrium is reached by the end of the test, even if this may not
be the actual situation. (WSDE, 2003).

The liquid solution used in dynamic tests is instead continuously or periodically renewed.
The time requiredor these tests is longer than for static ones (days to months). The
multiple extraction leaching tests provide information about the kinetics of the release of
chemicals from the solid matrix. The three main types of dynamic tests are: serial batch
tests,flow-through tests and flovaround tests. In a serial batch test, the leaching fluid
and a portion of the soil sample are mixed at a fixed L/S ratio for an established time. The
leachate is then removed and replaced as many time as requested-thrdimi and
flow-around tests, the leaching fluid is continuously flowing through and around the solid
matrix respectively (WSDE, 2003).

The results obtained from the leaching test are usually aimed at two objectives: either the
assessment of the property loé tused material or the simulation of the leaching occurring
at thecasestudy. Examples are the classification of hazardous waste or the assessment of

the release of contaminants from polluted soil.

There are different factors affecting the leaching éinatconnected to the leaching fluid,

the particle size and the scenario evaluated (WSDE, 2003).

2.3.1 Leaching fluid

The fluid used to extract compounds from the solid matrix has the greatest influence on
the leaching because the solubility of the constimentthe liquid determines their
partition between the solid matrix and the solution. While the solubility of inorganic
compounds is affected by pH and redox potential, in the case of organic chemicals

polarity and partitioning coefficient are fundamerfi&lISDE, 2003).
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The volume of leaching fluid can affect the results of the test, in terms of concentration
and number of species found in the leachate. The L/S ratio expresses this relationship
between the solid matrix and the liquid. A lower amount of $essble compounds and

a higher amount of more soluble ones is likely to be found in the leachate, if a small L/S
ratio is used. A higher L/S ratio, instead, usually implies more species to be released in
the leachate (WSDE, 2003). It is broadly acknowledidpat, for example, a L/S ratio of

2 is representative of the shéerm leaching, while a L/S ratio of 10 can simulate the

leaching in the long period.

2.3.2 Soil material

Since the soil surface exposed to the leaching fluid affects the leaching, ther sheall
particles, the larger the contact between soil and liquid phase during the test. If the soil
that has to be analyzed is very heterogeneous, it can result difficult to take a representative
sample. Moreover, impurities and big particles should beveohbefore performing the

test (WSDE, 2003).

2.4 Heavy metals extraction for total concentration

The traces of heavy metals are a serious environmental issue and the determination of
their presence in a monitored site is really important in order to ev#lttadackground

levels are exceeded. In particular, if the leaching of metals from soil is studied in
laboratory, the total amount of chemicals must be established for the calculation of the
solid to liquid partition coefficient (K.

The most diffuseanethods for the determination of total heavy metals content are the
spectroscopic techniques, but the drawback of these procedures is that the soil sample
must be firstly converted in a liquid solution. In order to do so, sample digestion must be
performal through a strong acid and heating up the soil samples. Heating systems that
can be used for this purpose are shaths, heating plates or pressure digestion blocks.
The adoption of microwaves, both in closed and open systems, can significantly reduce

the time required for the process (Sastre et al., 2002).
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The use of open systems enhances the acid evaporation, reducing the problems that might
occur, due to the high acid concentration,

On the other handplatile compounds, as Hg, are lost.

A possible procedure for the extraction lefavy metals, recommended by EFSA,
contemplates the use of nitric acid and a heating system to perform the digestion. In fact,
nitric acid is strong enough to solubilize hgametals present in ashes and soil with an

SOC up to 38% (SOM around 70%). The soil sample is heated at around 130 °C for a
couple of hours until the digestion is complete and the resulting solution can be filtered

and then analyzed for the determinatdnome t al s6 content ( Sastre
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APPENDIX 21 Laboratory Analysisand Leaching Test

This appendixeports abouthe measurements performed in order to characterize the soll

at the case study atite sitespecific Kq for Cu, Zn, Asand Pb.

1 Materials and methods

1.1 Laboratory analysis

The analysis on the soil samples colleceéddhes i t e wer e perfor med
laboratory. After sieving at 4 mm to remove coarse materiafotlosving analyss were
performed pH, moisture content and LOledching test for metals and total metals
concentrationsPart of the equipment used to perform the laboratory work are reported in
Figure68.
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Figure 68 Part of the equipmenised to pgorm the laboratory analysis=rom the topleft,
clockwise: calibrated combination electrode to determine solution pH; recipient for absorption
of moisture of heated soil samples; high precision scale to weight soil samples; Acrodisc paper
filters to filter the solution for total concentration of metals; plate for digestion of SOM; centrifuge
for leaching test.

1.1.1 Soil texture

The texture was roughly estimated combining the information gathered by Sweco in the
last report and the consistency of the solidemak Part of the soil samptawvas rolled to

form a cylinder angwhenever it wasot possible, the soil was proven to be coarse, i.e.
sand/gravel.

1.1.2 Soil pH determination
For each sample, 6 g of soil were put into two plaggselsand 15 ml of deiozed water

and 0.01 M CaGlwere added. Theesselsvere closed with lid and shaken by hand for
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30 s and let rest for 18 and half hours. Theygtsmeasuredavith a calibrated combination

electrode in the clear part of the solution.

1.1.3 Loss on ignition

The prcelain crucibles, with the salreadyused for the moisture contemiere put in

oven at 600 °C for six hourgfter cooling down theywere weightedwith a high
precision scale. Then, the LOIl was calculated with the formula described in the
ABackdo oumapt er .

1.1.4 Leaching test for heavy metals

The procedure adopted in this study consisted in a two stage batch leaching test using
0.001 M Cad as solution (EU standard ISO/TS 21288 The first test was performed

with a liquid-solid ratio (L/S) equala 2; 30 g of the sieved soil and 60 ml of 0.001 M
CaCbwere added to an acwashed bottle anshakedor 6 hoursThenthe samples were
centrifuged at 400@oundper minute(rpm), for 10 minutes. The supernatant was then
removed with a pipette, the pktas measured on one part of it with a calibrated
combination electrode. The rest of the supernatant was filtered through a filter with the
pore sizeof 0.45 um. The sampleasacidified withSuprapure concentratétNOs. The
samplswere stored in a refrigei@ at 4°C until analyses with ICHMS. .

The second leaching test was performed with a L/S o4 The bottleswith the 30 g

of soil used for the first tesivereshakedon a shaker for 18 hours after the addition of
240 ml of 0.001 M CaGl The samms were centrifuged at 4068 for 10 minutes The
supernatant was filtered through a filter with the pore @ife45 um. The samples were
acidified with Quprapureconcentrated HN@The samples were stored in a refrigerator at
4°C until analysis with I€-MS.

1.1.5 Extraction with nitric acid for total metals concentration
1 g of soil was mixed with 15 ml of Suprapure 65% HNUThe test tubes were left open

and heated on a plate at around 120 °C until a brown fumeeesWhen the fume
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became colorless, thest tubes were removed and the solution filtered with a Acrodisc

paper filter and diluted with distilled water to the volume of 50 ml.

1.2 Data processing

The metals considerednd for which the concentration in soil and the-specific Ky
were calculaed, wee those found above the generic guidelines (MKM) in soil in the
previoussurveys (Appendi® and 3: Pb, As, ZnandCu. As previously explained, it was
not possible toneasure Hgoncentration in soil samples due to the laboratory procedure.

1.2.1 Soil pH variation

The variation in the pHalue before and during the leaching tests was reportdtein
i Res ul t dotassesh thepetfeets of different L/S ratios and contaciotirde. The
pHtrend and the variation range were useeMaluatef some netals cald have changed

chemical form.

1.2.2 Calculatonof met al s6 total concentration
In order to estimate thenetal total concentration on dry soil matter, necessary to
determine the K the concentratioim the soil extractvas converted using thiellowing
formula:

a"Q
™ipd Q'Q 5

0 0 T8 TT P
— )

Where:

- Cmgigis the concentration of the metal on dry matter;
- Cugn Is the concentration obtain@dthe sol extract

- VsowtioniS the volume oéxtractsent to the laboratory, [I];
- Wasoilis the weight of soil [kg];

- Mnis the moisture content of soil [%].
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1.2.3 Comparison with drinking water guidelines
The concentration of metals in the leachate, for L/S ratio & ee@mpared to the drinking

water standards in order to have a first idea of the pollution released in soil water.

1.2.4 Kd determination

The Ky for each metal was calculated using the formula:

5
0 - FQQ
(0]

Where:

- Csoilis the total concentration of metal on soil dry matter [mgig
- Cuwateris the concentration of metal in the leachate (assumed to be the same as in

soil water).

Since two different L/S ratiowhere used, the vas estimated both for L/S ratio 2 and

L/S ratio 8. In addition, the for a L/S ratio 10 was obtained using the concentrations

corresponding to L/S ratio 2 and 8 with the mass balance expressed by the formula below:
0 w 0 w a'Q

0 , —
w a

Where:

- Cyois the concentration in the leachate at L/S ratio 10 [mg/I];
- Vo= V2 + Vgis the volume of leachate at L/S ratio 10 [l];

- Cais the concentration in the leachate at L/S ratio 2 [mg/l];

- V2is the volumeof leachate at L/S ratio 2 [I];

- Cgis the concentration in the leachate at L/S ratio 8 [mg/l];

- Vgis the volume of leachate at L/S ratio 8 [l].

In the study, the mass of soil used for the leaching test was equal to 30 g, therefore V
60 ml, Vs 240 ml and V10300 ml.

The Ky values obtained for each metal in the samples weeraparedwith the

corresponding pH and LOI in order to evaluate the influence of these two parameters on
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the mobility of the pollutant and the consequences of different L/S ratiespHthat
was selected as representative of the soil sample to interpolate the data, was the one

measured at the beginning of the laboratory analysis with distilled water.
In order to determine the representativyfd¢ each metal, the harmonic mean wasdi
considering the values obtained in the analyzed soil samples

g

P
B &

O

Where H is the harmonic mean of the real positive numhesg,x €., X

The harmonic mean was chosen because it enhances the lower values instead of the higher
ones. Therefore, the obtained representatives i€onservativel¢wer the Ky higher the

leaching) and ensures more safety in the assessment of the risk (Elert, 2015).

Adopting the most precautionary approach, thec&responding to a L/S ratio 2 was
chosen to substitute the default one in the software. In fadtidesing this value means

to assess the leaching in the short period, i.e. a greater release of pollutants in soil water.

2 Results

2.1 Soil texture

The soil texture for the analyzed soil samples was constituted by filling material, i.e. sand
and gravel, exqd in the case of the sample 151B10 M, where clay was the main
constituent. The soil texture of the samples is report@alire 32.
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Table32: Soil texture of the samples analyzed at laboratory.

Soil Sample Soil Texture

Building Surf. Filling

Building 17 0.2 M | Filling

1517 SURF. Filling (mainly gravel)
1522 -0.35 M Filling

1522 -065M | Clay

1513 Surf. Filling
1513 -1.10 M Sand
S7 Surf. Filling
S7 -05M Sand

S7 -08M() | Filing
S7 -08M(ll) | Filling
1506 Surf. Filling
1506 -0.4 M Filling
1506 - 0.6 M Filling

2.2 Soil pH variation
The pH values measured before and in the two steps of the leaching test are reported in
Table33.Thevariation of soil pH in each sample is reportedFigure69.

199



Table33: pH values before and in the two steps of the leaching test.

Soil pH
) o After leaching| After leaching
Soil Sample Distilled _ ) _ )
. 0.01 M Cadi L/S ratio 2 with| L/S ratio 8 with
water
0.001 M CaCG | 0.001 M CaC
Building Surf. 6.75 6.48 6.99 6.78
Building 7 0.2 M 6.69 6.46 7.36 7.59
1517 SURF. 6.6 5.47 7.37 7.09
1522 -0.35 M 791 7.04 8.04 8.08
1522 -0.65 M 7.79 7.18 7.64 7.8
1513 Surf. 6.33 5.08 6.36 6.47
1513 -1.10 M 6.58 5.43 6.54 6.47
S7 Surf. 6.94 6.18 7.53 6.89
S7 -05M 6.99 5.98 6.76 6.61
S7 -08M(l) 7.43 6.28 6.89 7.08
S7 -0.8 M (ll) 7 5.8 7.23 6.98
1506 Surf. 6.34 5.06 7.12 6.55
1506 -0.4 M 7.75 6.94 7.55 7.72
1506 -0.6 M 7.32 6.22 6.84 7.13
pH variation
9
8
7
6
T 5
!
3 m Distilled water
2 m0.01 M CaCl2
é mL/S2
<N & & & N & Q& L/S 8
S S S S g . SOOI R
N NN N R A NP B RS
RN
Soil sample

Figure 69: Soil pH variation before and during leaching test in the analyzed samples.
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In all the soil samples the soil pH measured using distilled water rebigtesr than the
onewith 0.01 M CaC}. The greatest variation, of3l occurs in the samples 1513 Surf.
and 1506 Surf..

Considering the pH in the two phases of the leaching test, the solution pH was found to
increase in half of the samples and to de@@agthe remaining ones passing from L/S
ratio 2 to L/S ratio 8. The pH variation is in general smaller than in the case of the two
first analysis, with taB maximum difference equal to6d. in correspondence of sample

S7 Surf..

The soil pH detected in easlample reached the highest value four times when distilled
water was used before the leaching test, in samplesilb18® M, S7i 0.8 M (1), 1506

- 0.4 M and 1506 0.6 M, five times after the leaching test with L/S ratio 2, in samples
Building Surf., 187 Surf., S7 Surf., Si70.8 M (Il) and 1506 Surf., and four times at the
end of the leaching test with L/S ratio 8, in samples Buildif2 M, 15221 0.35 M,
15227 0.65 M and 1513 Surf.. In all the soil samples the lowest pH was detesftae b
the lezhing test using 01 M CaC# as solution.

2.3 Loss on ignition
The LOI for the samples analyzed in laboratory is reportdciie 34.
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Table34: LOI of the soil samples analyzed in laboratory.

Soil Sample LOI (%)
Building Surf. 8.51
Building 7 0.2 M | 5.83
1517 SURF. 0.50
1522 -0.35 M 10.71
1522 -0.65 M 2521

1513 Surf. 3.85
1513 -1.10M 3.07
S7 Surf. 101
S7 -05M 5.06

S7 -08M(l) 4.92
S7 -08 M (ll) 5.56
1506 Surf. 0.57
1506 -04 M 2520
1506 -0.6 M 2.64
Average 7.33

The LOI varies significantly in the analyzed soil samples, with the lowest valuB%f O
found in correspondence of sample 1517 Surf. antitieest one in sample 1522.65
M for which the LOI reached the Z9.%.

The fraction of SOM was found to decrease with depth in the sampling points Building
and 1513, whilst the samples taken in the sampling points 1522, S7 and 1506 showed an
increased LOI with depth.

2.4 Leaching test
The conentration of the toxic metals of interegtthe sitei.e. Cu, Zn, As, Pb, found in
the leachate of the twstep leaching test are reportediable 35.
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Table35: Concentration of Cu, Zn, As, Pb in tleathate after the twstep leaching test at L/S
ratio 2 and 8.

Soil Sample Cu (pa/l) Zn (pgll) As (ng/l) Pb (ng/l)
L/S ratio 2

Building Surf. 46648 33481 5.96 10.68
Building 7 0.2 M | 49743 32129 5.30 35.27
1517 SURF. 2452 11007 155 1418
1522 -0.35 M 1371 5174 181 194
1522 -0.65M 37.74 76.46 0.25 3.95
1513 Surf. 14748 68389 10.71 53695
1513 -1.10M 33748 82229 8.55 25945
S7 Surf. 4901 17300 129 2091
S7 -05M 28556 129254 9.57 43567
S7 -08M(l) 58.65 14887 14.56 3565
S7 -0.8 M (ll) 45568 113157 12.58 900.89
1506 Surf. 36.17 71.05 147 29.60
1506 -04 M 3441 99.59 0.75 5.62
1506 -0.6 M 127.32 32568 10.92 59.46
L/S ratio 8

Building Surf. 10329 14401 3.79 3477
Building 7 0.2 M | 99.85 11209 155 10.22
1517 SURF. 13.70 4901 0.59 574
1522 -0.35 M 27.85 8171 2.56 9.47
1522 -0.65M 27.00 56.20 0.24 13.87
1513 Surf. 57.06 22673 494 13180
1513 -1.10M 50.00 12732 291 2541
S7 Surf. 16.72 67.25 0.21 213
S7 -05M 48.66 23332 2.68 46.38
S7 -08 M (I) 14.95 4223 2.75 6.51
S7 -0.8 M (ll) 63.14 187.98 2.76 91.10
1506 Surf. 17.34 63.08 0.56 8.46
1506 -04 M 104.83 39.15 1.39 6240
1506 -0.6 M 42.79 13915 6.03 13.99
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The concenation of metals in the leachate was found to be greater after the step with L/S
ratio 2 than with L/S ratio 8, in most the samples. In the sample Building Surf., Pb
concentration in the leachate was higher for a L/S ratio 8 as in samplé D322 M.
Thepresence of As, Cu and Pb in the leachate was more significant at L/S ratio 8 in the
case of sample 15060.4 M. 15227 0.35 M was the only analyzed soil sample in which

all the four toxic metals were found at higher concentrations in the leachatehafter t
leaching with L/S ratio 10.

The highest encentrations detected were 497.43 ug/l, 1131,57 pg/f61l4g/l and
900,89 pg/l for Cu, Zn, As and Pb respectively whilst the lowest @sedted 13.70 pg/l,
39.15 ug/l, 0.21 pg/l and 94 ug/l. The greatestvels of metals in the leachate were all
found at L/S ratio 2, while the lowest ones corresponded to a L/S ratio 8, with the

exception of Pb.

25 Tot al met al s6 concentration in soil
The concentration of Cu, Zn, As, Pb detected in the samples sent to tmalelete for

the determination of the total amount of contaminants in soil, is reporieabla36.
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Table36: The concentration of Cu, Zn, As, Pb in the solution samples for total concentration of
metals in soil.

Soil Sample Cu (ug/l) Zn (ugl/l) As (pg/l) Pb (ug/l)
Building Surf. 4880 7558 597 9623
Buildingi 0.2 M | 4953 5778 212 7013
1517 SURF. 147 313 7.9 61
1522 -0.35 M 4319 7784 271 5758
1522 -0.65 M 77446 18856 283 67235
1513 Sirf. 846 2091 66 2284
1513 -1.10M 720 1449 102 689
S7 Surf. 407 2116 5.9 177
S7 -05M 1237 4591 69 1383
S7 -0.8 M(I) 424 774 82 347
S7 -0.8M(ll) 1570 2614 76 3048
1506 Surf. 253 879 13 214
1506 -04 M 43525 7403 190 44782
1506 -0.6 M 421 1261 106 278

The highest concentrations of Cu, Zn and Pb in the leachate, of 77 446 ug/l, 18856 ug/l
and 67235 ug/l respectively, were all found in the sample 15255 M, whilst the
greatest presence of As, 597 ug/l, was detectedrmregpondence of the sample Building
Surf.. The lowest values for Cu, Zn and Pb (147 ug/l, 313 g/l and 61 ug/l) were all
detected in sample 1517 Surf., the one for As corresponded to the soil sample S7 Surf.

instead.

The corresponding total concentratwithe four metals on soil dry matter is reported in
Table37.
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Table 37: The total concentration of Cu, Zn, As, Pb in the soil samples expressed in terms of
mg/kg of dry matter.

Soil Sample Cu (mg/kgam) | Zn (mg/kgam) | As (mg/kgim) | Pb (mg/kgim.)
Building Surf. 248 384 30 489
Buildingi 0.2 M | 250 292 11 354
1517 SURF. 8.1 17 043 3.37
1522 -0.35 M 246 444 15 328
1522 -0.65 M 5134 1250 19 4457
1513 Surf. 48 119 3.7 130
1513 -1.10M 43 86 6.1 41
S7 Surf. 22 115 0.3 10
S7 -05M 70 259 3.9 78
S7 -0.8 M(I) 23 42 4.5 19
S7 -0.8M(ll) 88 146 4.2 170
1506 Surf. 13 46 0.71 11
1506 -04 M 2833 482 12 2915
1506 -0.6 M 26 77 6.5 17

The highest calculated toxicet al s concentrations on soi
1250 mg/kg, 19 mg/kg and 4457 mg/kg for Cu, Zn, As and Pb respectively, corresponded
to the sample 15220.65 M The lowest concentrations calculated for Cu, Zn and Pb (8,1
mg/kg, 17 mg/kg and 373mg/kg) were found in correspondence to the same soil sample,
i.e. 1517 Surf., with only As for which the lowest level of pollution was determined in
sample S7 Surf as it happened considering the concentration in the solution reported in
the previous talel.

2.6 Comparison with drinking water guidelines
The comparison between the concentration of the metals considered in the analysis that
was detected in the leachate, at L/S ratio 2, and the drinking water standard is shown in

Table38, where the values in red are those above the guideline.
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Table38 Comparison between the concentration of Cu, Zn, As, Pb in the leachate at L/S ratio 2
and the drinking water guidelin@he concentrations above the guideline arparted in red.

Soil Sample Cu (pa/l) Zn (pgll) As (ng/l) Pb (ng/l)
Drinking  water

quideline 2000 1000 10 10
L/S ratio 2

Building Surf. 46648 33481 5.96 10.68
Building 7 0.2 M | 49743 32129 5.30 35.27
1517 SURF. 2452 11007 155 14.18
1522 -0.35 M 1371 5174 181 194
1522 -0.65M 37.74 76.46 0.25 3.95
1513 Surf. 14748 68389 10.71 536.95
1513 -1.10M 33748 82229 8.55 25945
S7 Surf. 4901 17300 129 2091
S7 -05M 28556 129254 9.57 43567
S7 -0.8 M(l) 58.65 14887 1456 35.65
S7 -0.8 M(ll) 45568 113157 1258 90089
1506 Surf. 36.17 71.05 147 29.60
1506 -04 M 3441 99.59 0.75 5.62
1506 -0.6 M 12732 32568 10.92 59.46

The drinking water guidelines were exceeded twice for Zn, four timessfand twenty

times for Pb, whilst the levels of Cu resulted@ys below the guideline limit.

2.7 Comparison with generic KM and MKM guidelines
In Table39 are reported the Swedish soil generic guidelines for Cu, Zn, As andtRb, bo
for KM and MKM scenarios, to compare them to the concentrationsilatdd in the

analyzed samples.
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Table39: Comparison between the concentration of Cu, Zn, As and Pb detected in the analyzed
soil samples and the generic geiiles for KM and MKM scenarios. The cells with
concentrations above the KM guideline are reported in yellow, whilst those exceedingMot

and MKM are colored in red.

Soil Sample cu “n As Pb
(mg/kga.m) (mg/kga.m) (mg/kga.m.) (ma/kgam)

KM guideline 80 250 10 50

MKM guidelines | 200 500 25 400

Building Surf. ;

Buildingi 0.2 M 11 354

1517 Surf. 0.43 3.37

1522 -0.35 M 15 328

1522 -0.65 M 19

1513 Surf. 48 119 3.7 130

1513 -1.10M | 43 86 6.1 41

S7 Surf. 22 115 0.3 10

S7 -05M 70 259 3.9 78

S7 -0.8 M(l) 23 42 45 19

S7 -0.8M(ll) |88 146 4.2 170

1506 Surf. 13 46 0.71 11

1506 - 0.4 M _l 482 12 _

1506 - 0.6 M 26 77 6.5 17

Pb was the toxic metal that wasifal in concentrations above the generic guidelines most

of the times, but in 5 samples out of 8 only the KM guideline was exceeded. Cu, with five
samples in which concentration was greater than the MKM standard, resulted as the metal
that could pose signdant harm considering both land uses. The samples Building Surf.,
Building i 0.2 M, 152271 0.35 M, 15227 0.65 M and 15061 0.4 M presented
concentrations of Cu, Zn, As and Pb above either or both KM and MKM guidelines. The
soil sample 1522 0.65 M, in particular, presented concentration of Cu, Zn and Pb above
MKM standards, of 5134 mg/kg (25 times the MKM guidelines), 1250 mg/kg (more than
twice the MKM guideline) and 4457 mg/kg (more than 10 times the MKM guideline)
respectively, and could thus be peihias the most hazardous one. The generic guidelines
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for KM and MKM scenarios were not exceeded in samples 1517 Surf., 1513 Surf., 1513
i 1.10 M, S7 Surf., ST 0.8 M(l), 1506 Surf and 1506 0.6 M.

2.8 Kgddetermination
The concentration of Cu, Zn, As, Rbthe leachate of a leaching test with a L/S ratio 10,
calculated using the values reported able38, are reported iffable40.

Table40: The derived concentrations of Cu, Zrs, Rb in the leachate of a leaching test at L/S
ratio 10.

Soil Sample Cu (ug/l) Zn (ug/l) As (ug/l) Pb (ug/l)
Building Surf. 17593 18217 4.23 29.95
Buildingi 0.2 M | 17936 15393 2.30 15.23
1517 SURF. 15.86 6122 0.78 742
1522 -0.35 M 2502 75.72 241 7.96
1522 -0.65M 2915 60.25 0.24 11.88
1513 Surf. 75.14 31817 6.10 21283
1513 -1.10M 10749 26632 4.04 7222
S7 Surf. 2318 8840 0.43 5.89
S7 -05M 96.04 44517 4.06 12424
S7 -0.8M() 2369 63.56 511 12.33
S7 -0.8M(Il) 14164 37670 472 25306
1506 Surf. 2110 64.68 0.74 12.69
1506 -04 M 90.75 51.24 1.26 51.04
1506 -0.6 M 59.70 17646 7.01 2308

The hi ghest met al s 6 concentrations for
correspondence of fowlifferent samples. In sample Buildiingd.2 M Cu concentration
resulted 176 pg/l, whie the highest level of Zn, 445 ug/l, corresponded to sample

S71 0.5 M. The soil samples 15060.6 Mand S7 0.8 M (ll) were those for which the

maximum concemations of Asand Pb were calculated, i.e. 7.01 pg/l and @639/l

The lowestconcentrations of As and Pb, 0.43 pg/l an895ug/l respectively, both
corresponded to sample S7 Surf.. In the cdgeuothe smallest amount, of 8. pg/l,
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was associateid sample 1517 Surf., whilst for Zn sample 15@64 Mwas the one with

the lowest concentration of metal, equal ta281ug/l.

The Ky values for the considered metals in the soil samples are repofiadla¥1 and
the trend fo the three L/S ratios is shownkigure70to Figure73.

Table41; Kd values for Cu, Zn, As, Pb at L/S 2, 8 and 10.

Soil Sample Ka (Vo)

Cu Zn As Pb
L/S ratio 2
Building Surf. 531 1147 5092 45774
Buildingi 0.2 M | 502 907 2014 10031
1517 SURF. 330 157 280 238
1522 -0.35 M 17960 8574 8523 169069
1522 -0.65 M 136030 16346 74438 1128004
1513 Surf. 327 174 350 243
1513 -1.10M 127 105 711 158
S7 Surf. 453 667 248 461
S7 -05M 244 200 406 179
S7 -0.8M() 392 282 307 528
S7 -0.8M(ll) 192 129 336 189
1506 Surf. 369 652 484 380
1506 -0.4 M 82324 4839 16390 518842
1506 -0.6 M 201 236 592 285
L/S ratio 8
Building Surf. 2400 2665 7996 14056
Buildingi 0.2 M | 2503 2601 6896 34613
1517 SURF. 591 352 738 588
1522 -0.35 M 8838 5429 6025 34660
1522 -0.65M 190120 22241 78160 321415
1513 Surf. 845 526 759 988
1513 -1.10M 855 675 2091 1609
S7 Surf. 1327 1715 1532 4526
S7 -05M 1433 1110 1451 1682
S7 -0.8 M(l) 1538 992 1623 2893
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Table41: Kd values for Cu, Zn, As, Pb at L/S 2, 8 and 10.

Ka (I/kg)

Soil Sample

Cu Zn As Pb
L/S ratio 8
S7 -0.8M(ll) [1386 775 1530 1865
1506 Surf. 769 735 1263 1331
1506 -04 M 27025 12309 8910 46714
1506 -0.6 M 599 552 1073 1212
L/S ratio 10
Building Surf. 1409 2107 7177 16318
Buildingi 0.2 M | 1393 1894 4645 23229
1517 SURF. 510 282 556 454
1522 -0.35 M 9837 5859 6400 41213
1522 -0.65M 176114 20745 77387 375052
1513 Surf. 642 375 615 612
1513 -1.10 M 398 323 1506 566
S7 Surf. 957 1305 753 1639
S7 -05M 726 582 958 628
S7 -0.8M(I) 970 659 873 1526
S7 -0.8M(ll) | 618 387 894 671
1506 Surf. 632 717 956 887
1506 -0.4 M 31219 9405 9805 57107
1506 -0.6 M 429 435 923 734

211



Cu

200000
180000
160000

__ 140000

(=]

120000
100000

A

=
©

80000
60000
40000

—0—L/S 2

i

—0—L/S 8

=@=L/S 10

Figure 70: Trend of Kd values for Cu at L/S 2, 8 and 10.
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Figure 71: Trend of Kd values for Zn at L/S 2, 8 and 10.
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Figure 72: Trend of Kd values for As at L/S 2, 8 and 10.
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Figure 73: Trend of Kd values for Pb at L/S 2, 8 and 10.
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The peaks in the &alues of Cu, Zn and As, of 190 120 I/kg, 22 241 I/kg and 78 160 l/kg
respectively, were all found icorrespondence of sample 152P.65 Mat L/S ratio 8,

whilst the greatest for Pb resulted in sample 152,65 but at L/S ratio 2. The lowest

Kaq of Cu, Zn and Pb, equal to 127 I/kg, 105 I/kg and 158 I/kg, were determined in sample
15137 1.10 Mat L/Sratio 2. In the case of As, the lowest\alue of 280 I/kg was found

at L/S ratio 2 as the other metals but in sample 1517 Surf..
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In the case of Cu, most of the samples showed the highasLKS ratio 8 and the lowest
ones at L/S ratio 2. The only exations were samples 1522.35 Mand 1506 0.4 M

in which the opposite occurred. The same happened for Zn, withyt@ri€sponding to

a L/S ratio 8 resulting the greatest in all the samples excluding samplé 1622 M

The Ky values for As reachetie highest values at L/S ratio 8 in most the samples as well
with only samples 152P 0.35 Mand 1506 0.4 M showing a higher Kat L/S ratio 2.

Pb was the only analyzed metal that had four soil samples in which the calcuated K
resulted higher at L/Satio 2 than at L/S ratio 8, i.e. Building Surf., 152@.35 M, 1522

i 0.65 Mand 1506 0.4 M. For all the metals, thedkassociated to a L/S ratio 10 was
always between the values at L/S ratio 2 and 8.

The representative 40f each metal calculated usitfte harmonic mean, at L/S ratio 2
and 10 are reported fable42.

Table42: Representative Kd values for Cu, Zn, As, Pb at L/S 2 and 10.

) Representative Ky (I/kg)
Soil Sample
Cu Zn As Pb
L/S ratio 2 353 294 556 390
L/S ratio 10 844 669 1220 1112
Final value 353 294 556 390

2.9 Kd and soil pH

The correlation between soil pH and & Cu, Zn, As and Pb is shown igure 74 to
Figure77. In the case of Plihe highest K found in correspondence of sample 1522
0.65 M at L/S ratio 2, was excluded from the graph in order to make the trend more

visible.
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Figure 74: Variation in Kd values for Cu with pH at L/S 2 and 10.
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Figure 75: Variation in Kd values for Zn with pH at L/S 2 and 10.
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Figure 76: Variation in Kd values for As with pH at L/S 2 and 10.
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Figure 77: Variation in Kd values for Pb with pH at L&5and 10.

All the four toxic metals analyzed showed an overall increasingakie at higher pH

both at L/S ratio 2 and 10. This trend wass, however, not always satisfied. In sample 1522
i 0.35 M with a soil pH of 7,04, the &significantly decreased f&@u, As and Pb at both

L/S ratio 2 and 10 and for Zn but only at L/S ratio 10. A peak in thef ldll the metals
occurred at pH 6,94, in sample 1500.4 M, with the exception of Zn at L/S ratio 10

with an almost regularly increasing trend. Cu was théctmetal for which the K

variation with pH at L/S ratio 2 and 10 resulted the most similar.
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