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ABSTRACT

This study focused on the different tools which are used for the assessment of health risk due to contaminated soils
in worldwide scenario. Some of the tools are useful for contaminated lands only but there is also availability of
tools which have the features to assessment of risk for contaminated soil and water both. In this study, numbers of
tools are studied with their features, developed by different countries to contaminated land management and
remediation. England, Denmark England, United Kingdom, Netherland, Italy, Germany, Belgium and United
Sates of America were also developed their different models for this problem. Addition to these models, some were
also developed by different private agencies for land contamination problem exiting in lower middle income
countries. DESYRE- (DEcision Support sYstem for REhabilitation of contaminated sites), SYRIADE (Spatial
decision support sYstem for Reglonal Assessment of degraded Land) and GLOCOM (Global Partners in
Contaminated Land Management) etc. were some of the Decision support system which were developed by the
coloration of different counties. The paper has contained the overview of different tools used for contaminated
land management.
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INTRODUCTION

Land contamination is a major environmental andaistfuctural problem in industrial countries, wjbtential
detrimental effects on human health, valuable watmources, sensitive ecological systems, propang
infrastructure. The effective management of contet@d land typically involves multi-agency reguwatiand
multidisciplinary expertise Land that is contamathicontains substances in or under the land teadaually or
potentially hazardous to health or the environmentoth. Land can become contaminated when hazardou
substances are not used, stored or disposed odafeavay. Contamination is not always limited tepacific site.
Hazardous substances may seep through the soigiotondwater, or be carried to nearby land and muetes in
rainwater or as dust. Hazardous gases can al$otgpdhe air. The contamination can take a varityforms
therefore its impact also can be in variety of wdyspending upon the type of contaminant presethénsoil, its
concentration and the pathway through which it heacthe target and consequent risk level one cagligirthe
harm which may be caused to human health, cropgpty and ecological system. Land contaminantaugelboth
chemicals and pathogens. These contaminants mag @avariety of health problem starting with mipooblems
like headaches, fatigues, skin rash, and eye tioitato major health issue. Risk assessment isptoeess of
estimating the potential impact of chemical, phakienicrobiological or psychosocial hazard on acéffgrehuman
population or ecological system under a specifio$eonditions and for a certain time frame.
Risk assessment gathers and organizes the infanmati

« Risks at a point in time and changes in risk oireetto be estimated and whether action is necessary

» Health guidance values to be estimated for enviemtal hazards that can be used and which will satetyu

protect public health.

» Assessment of new types of risk.

» Assessment of different types of risk.

« A comparison of the potential health impacts ofmas environmental health interventions.

 The identification and comparison of different fast that affect the nature and magnitude of risk.

* Risk based standards setting for regulatory exmolsmits and cleans up levels.
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Key factors in risk assessment:

Hazard Assessment Exposure
* Interactions with other agents in the * Duration of exposure
environmental. » Frequency and consistency of exposure
« Immediate or delayed onset of health effect < Patterns of exposures
« Severity of health effects « Past, currents and future exposure
» Reversibility of health effects » Timing of exposure
» Presence of a clear threshold for effects » Exposure route (ingestion, inhalation or dermaltaot)
 Potency of agents e Cumulative and non cumulative exposure

« Failure of exposure control
Population
« Genetic variability
« Individual host characteristics (e.g. age, body
weight etc.)
» Population characteristics

Environmental

« Intervention strategies (e.g. containment of coiated soil)
« Transport mechanics

* Factors affecting persistence (e.g. volatile natdrehemical)

Risk assessment of contaminated sites is somewiffatedt from risk assessment in most other fiel@ibe
evaluation of risk from soil contamination is natually a preventive approach; the source is alrehdye. In
principle this makes the assessment easier bectaises about exposure can be verified at the Hitgaractice,
however, this advantage is rather limited due ® tomplexity of the source, the difficulties of feeming
experiments and (very often) the need to prediciréuexposure.

An analysis of the potential for adverse effectssea by a toxic chemical at a site and to deterrfineneed for
remedial action or to develop cleanup levels whemsedial action is required.

Remediation of Contaminated Soil

An action including removal, chemical, physical bislogical treatment of soil, groundwater or otearironmental

media, intended to restore or improve the land tmmdimpacted by chemical contamination.

Where an unacceptable risk is found to exist ih@ésessary to reduce the risk to an acceptable. [&hid may

involve

a) Returning to the initial stages of the risk assesgrprocess collecting further information and datducing the
uncertainty and reassessing the potential risk ftwarpollutant linkage: or

b) Apply risk management option to breaking the palhttlinkage. This may involve sources reductiorthpay
management or protecting or reducing the exposutteeaeceptor.

The selection of appropriate remedial measureshensite must be made on a site specific basis ahdoev

dependent on the range of factors including .Thareaof the pollutant linkages present

» The contaminant (s) present » The nature of the pathway linking the contaminant
» The receptor and the receptor
» Costs e Time implications

 Local issues

LITERATURE REVIEW

Risk assessment is the process of estimating thentm impact of a chemical, physical, microbidtzd or
psychosocial hazard on a specified human populati@cological system under a specific set of digé and for
a certain timeframe. Risk assessment is intendegrovide complete information to risk managergcdpally
policymakers and regulators, so that the best plessiecisions are made’ [1] Pollutants enter theirenment
directly as a result of accidents, spills durirgnsportation, leakage from waste disposal or stosigs, or from
industrial facilities [2] Computer based tools thaddress integration and evaluation of economicjasand
environmental information through multiple functadties in the light of stakeholder’'s preferencesd an a
sustainable use and development perspective [3hpQterized systems that help decision makers uetsiring and
evaluating decisions by providing easy-to-use aeljrated tools for information elaboration ancptéiging [4].

The decision process for assessing and managirigmorated sites is controversial and difficultpiart because of
its diverse aspects (economic interest, environateastoration, social acceptance, technologicpliegtion, land
planning, and other influences). For these reastmsng recent years, many studies and regulatppfiGtions
have emphasized defining the decision processherassessment and management of contaminated ites.
example, the risk-based land management approactioped by CLARINET [5] highlights three main gaals
fitness for use (proper land use which is accepiedoncerned people), protection for the envirorimand long-
term care (taking into account intergenerationééat$ of present choices in light of sustainabjlikccording to
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Geol [6], Health risk assessments are necessargefi@rmining cancer risks and noncancerous hazesstciated
with contaminated sites.
DATA COLLECTION

A risk assessment tool can be any methodology, hmdeoftware package designed to qualify or qdarnhkie risk
posed by a contaminant in evaluating a source-gatiraceptor linkage. A tool may comprise a suiteisi based
screening values, a methodology with recommendeprescribed algorithms, or a computer based packzae
allows site specific risk assessment to be carigd There are number of risk assessment toolshiénae been
developed commercially and many that have beenlaeee specifically to support the approach to coiated
land of a particular country or region.

CLEA

Contaminated Land Exposure Assessmi&ht Origin — England, Developer — UK Environmentaftotection
Agency, 2002

CLEA is an exposure assessment model for estimatilg and adult exposure to soil contaminants tfarse
potentially living, working and /or playing on caminated sites over long periods of time. The saféws currently
designed to calculate soil guideline values (SG¥is)l as such is not a fully site specific model. BLE a
probabilistic model.

A limited number of contaminants are present indatabase, for which accompanying documents aiiéableato
describe the derivation of the SGVs and the dédimiof health criteria used to describe the toyicit a compound.
New chemicals cannot be added to the current versi8.0.2 though work is ongoing on a revised wersirhe
model includes ten exposure pathways such as ingesitsoil and dust, dermal contact, ingestionedetables and
inhalation of vapors and dust. CLEA calculates riskels for both threshold and non-threshold conmaisu
assuming that the exposure duration is equal tcattegaging time. Risks levels are always calcula@sdazard
guotients.

JAGG

Regneark til risikovurdering aford, Afdampning,Gas ogGrundvand[8], Origin - Denmark, Developer- Danish
EPA, 2002

JAGG is used for assessment the risk from contamngoils to human health and environmental recepithe
model is navigated by a series of buttons, opeekugl spreadsheets. Five different fate and tratspenarios can
be considered, soil, indoor air, outdoor air, lélhghs and groundwater.

P20-RTW

Publication 20 (Marsland & Carey 1999) RemedialgEss Worksheet [9], Origin -England, Developer +$fiand

& Carey 1999

P20-RTW is a tool used for the site specific agsess of risks to groundwater resources from comated soils
and groundwater. The system is intended to deweloyedial targets for soil and groundwater and i8gzded by a
series of Excel spreadsheets. The user is reqtarggut all the physical and chemical parametetpired. For a
soil source the model includes the assessment rbfigraing, dilution in an underlying groundwateody and
prediction of a receptor point concentration at istasht point. For groundwater sources the modebipte
groundwater concentrations at a distant point.

RAM

Risk Assessment Model, Origin - New Zealand, Depetc Environmental Simulations International Ltd
Environmental Simulations International Ltd has eleped this proprietary system. The aim of the rhasle¢o
assess the potential risks to water resourceagénwith the P20 methodology developed in the UK.

RBCA Toolkit

“Risk-Based Corrective Action” ToolkjiL0], Origin - Commercial, Developer - ASTM StandaBuide for Risk-
Based Corrective Action, 2003

The RBCA Tool Kit for Chemical Releases is desigt@dneet the requirements of the ASTM Standard &iod

Risk-Based Corrective Action. It has the abilibygenerate generic risk-based screening levels (RBBr on-site

exposure, assuming default exposure factors aadpsitperties. Alternatively the user can evaluatsebne risks
and/or site-specific target levels (SSTLs) for bothsite and off-site receptor locations baseditmspecific sall,

groundwater and air parameters. In addition todstestate air, soil, and groundwater exposure modie¢stoolkit

allows transient groundwater modeling analysesdip lyou estimate not only how high but how soonosxpe

could occur. An array of default transport paramsets provided for various soil types and a cheimilzaabase is
included in the model.
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RISC

Risk I ntegratedsoftware forClean-ups [11], Origin - Commercial, Developer LyRnSpence, 2001

RISC is a multimedia risk assessment tool primauged for human health risk assessment (both intifyag
risks and calculating clean up targets) but is @eenough that the component environmental fadet@msport
models can be used independently. The programmHasili databases for chemical properties and siatized soil

types.

RISC can assess more than one contaminant at aatithecan assess impacts in both soil and groundwate
number of pathways can be selected e.g. ingestfogoib and vegetables, dermal contact and inhalatd
indoor/outdoor air.

RISC-HUM AN

Risc-Human v3.112], Origin — Netherlands, Developer - Dutch Na#fb Institute of Public Health and the
Environment, 2004

Risc-Human v3.1 is a software system designedvestigate human exposure (to contaminants withth tiee soil
and groundwater via up to 15 exposure pathways)audlculate risk levels. Risc-Human has an iitldstabase
of over 120 chemicals with on-site contaminant emiations being added in a number of forms: conagan in
soil, concentration in groundwater and concentratio contact media, for example concentration idoor air.
Adult and child exposure scenarios can be condgideséth both exposure rates and exposure timesnpiaty
different between the two.

ROME

Rea®nable M aximum Exposure[13], Origin — Italy, Developer - Italian Nation&lgency for Protection of the
Environment, 2002

ROME, developed by the National Agency for Protattf the Environment (ANPA), is a risk assessnteot for
human health (sanitary risk) and water resourcesu(glwater and surface water). The model adopiskabased
tiered procedure that takes into consideration swaplified types of assessment (generic Tier 1 sitel specific
Tier 2), derived from the standard ASTM RBCA (RB&sed Corrective Actions). The end use of the site,
residential/green area or industrial/commerciall$® considered.

A chemical/physical and toxicological database 1d8 compounds and default environmental and exposur
parameters are included. Different sources carohsidered: shallow soil, deep soil, groundwater fa@e product.
The human health receptors are defined as childadoll for residential purpose and workers for stdal purpose.
The environmental receptors are defined as grouteaveand surface water. ROME quantifies human rési can
calculate as clean-up levels or Site Specific Tiargeels.

UMSs

Umwelt (Environment),Mensch (HumanHealth)Schadstoff (pollutant)14], Origin — Germany, Developing
Authority - Umweltbundesamt (UBA — German protection agencd)42

UMS is a tool used for assessing the risk from amimated soils to human health receptors. Ninfergifit land-
use scenarios are defined within the model. Ead¢heohine scenarios incorporates an in-built selaaif receptors.
Contaminants are selected from a chemical datalb@asghich new chemicals can be added and toxicitta ds
either specified or the default values adopted. d8otrations in the appropriate media are specifi@deach
exposure pathway. The exposure pathways are pieedebased on the selected exposure scenarioxfonEe
dust ingestion and air/dust inhalation are actimthyays in the residential building. Extensive fatel transport
modeling is not carried out and appears to hava beglaced by a number of empirical factors, foaragle, the
concentration in indoor air is assumed to be aofacf 100 times less than the concentration ingbié air. The
model calculates a risk index, which is in turndite calculate a risk value. Three ranges of rekie are specified
to determine whether action is required on the Sit®undwater cannot be modeled as a receptornitid UMS
module. However, there is a second module, which Imeaused in conjunction with UMS:

VLIER-HUMAAN

Origin - Belgium (Flanders), developed in Nethedaffil5], Developing Authority - Smith and Goldsbogb, 1994
Vlier-Humaan v2.0 has the same layout as RISC-HUMANe system is based on models similar to the lDGtc
Soil and HESP models, adapted for Flemish use asijded to investigate human exposure to contarsneithin
both soil and groundwater. Vlier-Humaan has aruilhbdatabase of chemicals with the ability to aclew
chemicals. On-site contaminant concentrations canatided in a number of forms: concentration in, soil
concentration in groundwater and concentrationontact media, for example concentration in inddor &lier-
Humaan assesses exposure in indoor air from bdlthaisd groundwater sources, with or without a basetnor
crawl-space present. Adult and child exposure ates can be considered, by inputting differentasype times
between the two. Two output screens provide r@cquiint concentrations, child/adult doses andstisk
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PROJECTSFOR DEVELOPMENT OF DECISION SUPPORT SYSTEM

Projects for Decision Support System are used $esasthe risk or to provide the facility for renaidin option
selection for contaminated soil, contaminated land some of them also applicable for groundwatatasnination.

DESYRE - DEcision Support sYstem for REhabilitation of contaminated sites [16]

It is unlikely that any single person will have tkikowledge to perform all the analysis requiredupporting the
overall decisions pertaining to the managementaafl Icontamination. It is also apparent that theee raany
specialist underpinning decisions (e.g. what riskels are acceptable, what to sample, when to samiat
technologies should be used, etc.) that need todue before general decisions on the reuse of mimated land
can be made. In order to facilitate this compl@cision process several attempts have been madedity

specialist expertise into decision support toold.[1

The uses envisaged for a decision support syste88)Dnclude identifying realistic management cheiead
integrating information into a coherent framewornkitable for analysis and decision-making, discegnkey
information that impacts decision-making from basitormation. Moreover, DSS is expected to guararfty
transparency (i.e. all parameters, assumptiongdatal used to reach the decision should be cleadyrdented) and
to ensure that the decisions-making process iselbcumented. The integration of risk analysis etedfor human
health and ecosystem) with socio-economic evalnatand with criteria for technology comparisonuedamental
to obtain the whole useful information for develupa correct decisional process.

SYRIADE - Spatial decision support sY stem for Reglonal Assessment of degraded L and [18]

The overall objective of the system is the rankafgootentially contaminated sites for priority afvestigation,
when no information on characterization and riskstig specific methodologies is available. This whg system is
intended to address not only the requirementsefSthil Thematic Strategy, but also a general adahary goal of
regional authorities, i.e. to manage their contatad sites in the most cost-effective way, by catre¢ing on those
areas that could be pose a risk to human healttheneinvironment.

SIERRA - Sino Italian Environmental Regional Risk Assessment Project [19]

SIERRA Project was funded by the lItalian Ministor £nvironmental Protection and developed in caltabion
with the Chinese Research Academy of EnvironmeBta¢nces (CRAES; Beijing, China); started in 2008 a
lasting 3 years.

GLOCOM: Global Partnersin Contaminated Land Management [20]
GLOCOM is an exchange program funded by the MatigieCActions - International Research Staff Excheng
Scheme, within the Seventh Framework ProgrammeoplBe
The project's Partners are:
 University Ca' Foscari of Venice, Italy
« Umea University, Sweden
» Chinese Research Academy of Environmental Scie@@aa
* Beijing Normal University

The general objectives of the GLOCOM exchange pnogare as follows:
« Increase harmonization of methods for risk assestieued management of contaminated sites in Chila an
EU,
« Develop solutions for management of contaminatexs sh China;
« Strengthen quality of research by developing irddomal collaborations.

This will be performed through the organizationsefveral exchange activities in the fields of coriteted soil
characterization, environmental risk assessmentdaeision making processes. These exchange agsivaim to
increase quality and mutual benefit of the transfeknowledge between the involved researchers fidsnand
China, in particular through the organization ofrkahops and training sections and the co-partigpatn
conference and scientific publications, with the aif identifying common ground for future research.

TIMBRE - Tailored | mprovement of Brownfield Regeneration in Europe [21]

Brownfield regeneration plays a key role in susthie land use management. The 7th Framework Progeam
project TIMBRE (Tailored Improvement of BrownfieRegeneration in Europe) starts from the observatizat
many useful and innovative remediation technologiesvell as methods to support risk assessmentlacidion
making processes for an optimized brownfields' negation have been developed, but are only ramghlied using
their full potential. Identified obstacles for affegtive regeneration are (i) the abundance ofteggias, tools,
documented case studies and remediation technelagigilable at the EU level as well as (ii) thefidifities in
adapting them to cultural, regional and site-specd#quirements. TIMBRE's main objective is to m@ne these
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barriers by providing brownfields' owners, locattarities and stakeholders with a web-based prob#ard target-
oriented customizable decision support toolbox. Tiesearch activities within TIMBRE focus on the
methodological approach and designed activitieEIMBRE.

RESULT

As the result of this study was the compilatiordifferent risk assessment tools for the contamihéed. Table -1
Presents Decision support system for risk assegssheontaminated site developed by different cdast

Table -1 Decision Support System for Risk Assessment of Contaminated Site Developed by Different Countries

Mode Name Country
CLEA England
JAGG Denmark

P20 RTW England
RAM United Kingdom
RISC United Kingdom
RISC HUMAN Netherland
ROME Italy
UMS Germany
VLIER HUMAAN Belgium
CONCLUSION

On the basis of this study, following conclusiom ¢ drawn -

* RISC model have maximum number of features whieh wmeful for a decision maker to assess risk due to
contaminated land and water both.

* ROME model has maximum 118 contaminants databasesfoassessment.

* CLEA model have a formulation for the assessmentisif due to contaminated land through maximum 8
pathway of exposure of contaminant.

* This study concluded that not only the three aftabof risk assessment i.e. contaminant, pathwdyeceptor
are important but also soil properties are alseelagreat role in the risk assessment process.
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