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PREFACE

The remediation of contaminatedland forms part of a comprehensiveenvironmentalstrategyfor the sustainable
managemenbf environmentalresourcesn SouthAfricaandreflectsthe constitutionalrights of all SouthAfricansto
an environmentthat is not harmfulto humanhealth.

At present, although remediation of contaminatedland is well establishedin South Africa, there is not a single
consistentset of guidelinesor legallyappliedregulationsto assesshe statusandrisk posedby contaminatediand or
to the providethe basisfor the acceptanceof remediationplans.

The Frameworkfor the Managementof ContaminatedLand was compiledin support of Part 8 of the National
EnvironmentaManagement:WasteAct (Act 59 of 2008)in order to provide ‘norms and standards’for enablingthe
identification and registrationof contaminatedsites,to provide a risk baseddecisionsupport protocol for assessing
sites,andto offer a setof guidelinesfor the submissiorof site assessmenteports.

The Frameworkfor the Managementof ContaminatedLandincludesa tiered systemof Soil Screeningvaluesfor
priority soil contaminants. The listing is not exhaustiveand it is consideredthat further chemicalcompoundsof
concernwill be addedin future. A regularreview of toxicologicaldata that underpinsthe listing will be undertaken
and updatedasinternationalresearchcontinuesto inform decisionmaking. In this regardthe documentshouldbe
regardedas‘living’ andwill be subjectto further developmentandrevisionin yearsto come.

The Framework for the Management of Contaminated Land was the product of a consultative process of
engagementith stakeholderdrom government,industry, specialistconsultantsand membersof the public, which
included national workshopsand industry sector specificforum groups. The outputs of this public processare
reflectedin the appendixto this document.
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Glossary

Acceptablerisk

Ariskthat is sosmalland consequencesoslight,or associatedenefits(perceived
or real)sogreat,that societyis willing to take or be subjectedto that risk.

Activity patterns

Timeuwosestudiesexplorehow childrenandadultsspendtheir time, andthe types,
durationandlocationof activities,includingeating,sleepingworking,andplaying.
Suchactivitiesthat occurregularlyaccordingo discreteboundariessuchasland
use,canbe groupedtogetherto form a pattern of behaviourthat canbe usedto
predictlikely exposure.

Air dispersionfactor

Describeshe dispersionof fugitive dustsemitted from soilsandis definedasthe
inverseof the ratio of geometricmeanair concentrationto the emission/fluxat the
centreof the source.

Aquifer

Groundwaterbearingformationssufficientlypermeableto transmitandyield water
in usablequantities.

Asguidancein assessinghe sensitivityof groundwaterresourceso contamination,the
followinggeneraldefinitionsshouldbe applied.

Anon aquiferis definedas:
, Havinginsignificantyield of goodquality water
or
Moderateyield of poor quality water
or

Anaquiferwhichwill neverbe utilised for water supplyor whichwill not
contaminateother aquifers

Pooragquifersare definedby yield:
Lowyield: 1 litres/second
, Moderateyield: 1 b litres/second

Asbestos

Theasbestiformvarietiesof mineralsilicatesbelongingto the serpentineand
amphibolegroupsof rock forming minerals,includingactinolite,amosite(brown
asbestos)anthophyllite,crocidolite(blue asbestos)chrysotile(white), tremolite, or
anymixture of these.

AsbestosContaining
Material (ACM)

Productsor materialsthat containasbestosn aninert bound matrix suchascement
or resin.Heretakento be soundmaterial,evenasfragmentsandnot fitting through
a7 x7mmsieve.

AsbestosFines(AF)

Includesasbestodree fibres,smallfibre bundlesand alsoACMfragmentsthat pass
througha7 x 7 mm sieve.

Attenuation factor

Ratioof chemicalconcentrationbetweentwo media,assuminghat the
concentrationdecreasesrom the sourcemediato the receptormedia.For
example the attenuationfactor from the soilgasto the indoor air is usedto assess
vapourintrusion.

Averagedaily exposure

Theaveragedailyamountof a contaminantper kgbodyweight,whicha critical
humanreceptormighttakein overthe duration of exposure.

Averagingtime

Timeperiod overwhichaggregatedexposureis averagedo derivea daily exposure
that canbe comparedto arelevantHealthCriteriaValue.In derivingSoilGuideline
Valuesaveragingime is equalto the exposureduration.

Backgroundconcentration

Arepresentativeambientlevelfor a contaminantin soil or water. Ambient
concentrationsmayreflect naturalgeologicalariationsin relativelyundeveloped
areasor the influenceof generalisedndustrialor urbanactivityin aregion.

Backgroundsources

Sourcef humanexposureto a chemicalother than the soilitself, either directly or
indirectly. Forexample ambientair, diet, anddrinkingwater.

Bioaccessaibility

Thedegreeto whicha chemicalis releasedfrom soilinto solution (andthereby
becomesavailablefor absorption)whenthat soilisingestedandundergoes
digestion.
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Bioavailability

Thedegreeto whicha substances absorbedandbecomesavailableto the target
tissue(that is, without first beingmetabolised). Theamountof chemicalavailableto
the targettissuefollowing exposure.

Carcinogen

A substanceor agentthat causeshe developmentor increaseghe incidenceof
cancer A carcinogercanalsoactuponapopulationto changeits total frequencyof
cancerin termsof numbersof tumoursor distribution by site andage.

Carcinogenic

Ofor pertainingto the ability to causethe developmentof cancer.

Chemicaintake/uptake
rate

Thedailyamountof a soil contaminantexpressedisanintake or an uptakefrom
exposureto chemicalsn soil,food, water and air.

Conceptuamodel

Arepresentationof the characteristicof a site in diagrammaticor written form that
showsthe possiblerelationshipsbetweencontaminants pathwaysandreceptors.

Contaminant

Anyharmful substancepresentin an environmentalmediumat concentrationsn
excesof naturalbackgroundconcentrations.

CleanFill

Material of definablequality and not havingharmfulenvironmentalor health
effects.Consist®f rocks,sandor soilfrom the excavationof undisturbedmaterial
or derivedfrom aknownsource.

Detailedquantitative risk
assessment

Thepurposeof detailedquantitativeriskassessmenis to establishandusemore
detailedsite specificinformationand criteriato decidewhetherthere are
unacceptablaisks.Ilt maybe usedasthe solemethodfor quantitative risk
assessmenof risks,or it maybe usedto refine earlierassessmentasinggeneric
assessmentriteria.

Dermalabsorptionfraction

Anempiricalmeasureof the proportion of chemicalcompoundin soilthat is
absorbedthroughthe skinby atypicalsoilingevent.

Dose/dosage

Theamountof a substanceabsorbedinto the body exposedo the substancgsee
ReferenceDose).

Doseresponserelationship

Relationshigbetweenthe doseof a chemicaltakeninto an organismandthe
responsgin the form of a measurecbiological,systemicor physiologicakffect) that
isdetected.

Ecologicateceptor

Anon humanorganismpotentially experiencingadverseeffectsfrom exposureto
contaminatedsoil either directly (contact)or indirectly (food chaintransfer).

Estimateddaily intake

Total‘backgroundexposureto a chemicalsubstancearisingfrom low levelsof
contaminationcommonlyfound in air, water, food, soiland consumeirproducts.

Exposure

Contactbetweena chemicalandthe externalsurfacesof the humanbody.
Quantitatively,it isthe amountof a chemicalthat is availablefor intake by a target
receptor/population.Exposurenay be quantifiedasthe doseor the concentration
of the chemicalin the medium(for example air, water, food) integratedoverthe
duration of exposure gxpressedn terms of massof substanceper kg of soil, cubic
metre of air, or litre of water overthe specifiedduration.

Exposureassessment

Theprocessof estimatingor measuringhe magnitude frequency,and duration of
exposureto anagent,alongwith the numberandcharacteristicof the population
exposedldeally,it describeghe sourcespathwaysroutes,anduncertaintiesin the
riskassessment.

Exposureduration

Thespecifiedperiod of exposurein yearsoverwhichthe chemicalintake/uptake
rate for a criticalreceptoris accumulated.

Exposurerequency Thenumberof daysper yearin whicha daily exposureeventis consideredo occur.

Exposurepathway Theroute by whichan organismcomesinto contactwith a contaminant. Direct
pathwaysincludesoilingestion,dustinhalationand dermalabsorption. Anindirect
pathwayinvolvesmigrationor transportof contaminationfrom one environmental
mediumto anotherbefore contactoccurs. Inhalationof vapoursarisingfrom
contaminatedsoil or groundwateris an example.

Exposureroute Themodeof entry of a chemicalinto the body.

FibrousAsbestogFA) Friableasbestosnaterial,suchasweatheredACM,and asbestosn the form of

loosefibrous materialsuchasinsulationproducts.
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Freephase

Chemicapresentin soil or water in its natural physicaform underambient
conditions,for example solid, liquid or gas.

Groundwater

Waterin fully or partially saturatedgeologicaformations.

Hard StandingArea

Anareathat is coveredby imperviousconstructionmaterialsuchasasphalt,
concreteor brick.

Hazard Hazardrefersto the potential to causeharm.

IndexDose Theterm usedin this Frameworkio refer to an estimateof the amountof a soil
contaminant(expressedsdailyintake)that canbe experiencedverallifetime with
minimalcancerrisk.

Intake Amountof achemicalenteringthe humanbodyat the point of entry (that is,

mouth, noseor skin)by ingestion,inhalation,or skincontact.

Longterm exposure

Exposurdo a contaminantin a mediumlastingfrom severalweeksto yearsand
often includesa reproductiveor life cycleof the test organism. Oftenreferredto as
achronicexposure.

Mean daily intake

Theaverageintake of a soil contaminantfrom other, non soil sourcesgxpresseds
anamountper day. Themeandailyintakeis estimatedfor eachroute of exposure
andarisesprincipallyfrom exposureto the contaminantin food, water, and air.

Multimedia exposure
assessment

Thequantitative estimateof total exposureto a chemicalarisingfrom all sources
(air, water, soil,food, consumerproducts),by all routes(ingestion,inhalation,
dermalabsorption).

ParticleEmissionFactor(PEF)

Therelationshipbetweenthe concentrationof a contaminantin soilandits
concentrationin air asa consequence®f dustresuspension.

Partition coefficient

Theexperimentalor calculatedratio of the concentrationsof the samechemical
speciesn two phases.

Pathway Theroute or meansthat controlsthe releaseand migrationof a contaminantto
environmentalmedia,for instancesoilto water or soilto air.

Porosity Fractionof void spacewithin a porousmediasuchasarockor soil.

Receptor Thepersonor organismexposedo a chemical Forhumanhealthriskassessmenit
iscommonto definea criticalreceptorasthe personexpectedto experiencehe
mostsevereexposure(dueto age,sex,diet, lifestyle)or the mostsevereeffects
(dueto state of health,geneticdisposition sex,age)asaresultof that exposure.

ReferenceDose/Dosage An estimateof a daily exposureto the humanpopulation,includingsensitive
subgroupsthat islikelyto be without an appreciablerisk of deleteriouseffects
duringa lifetime.

Remediation Themanagemenbf a contaminatedsite to prevent,minimise,or mitigate damage

to humanhealthor the environment. Remediatiormayincludeboth direct physical
actions(e.g.removal,destruction,and containmentof contaminantsjand
institutional controls.

Remediationobjective

Anumericallimit or narrativestatementthat hasbeenestablishedo protectand
maintaina specifieduseof soil at a particularsite by takinginto accountsite specific
conditions.

Risk

Riskis the likelihoodof harmunderdefinedcircumstancesand usuallyqualifiedby
somestatementof the severityof the harm.

Riskassessment

Aprocesdesignedo determinethe qualitativeaspectsf hazardidentificationand
usuallya quantitative determinationof the levelof riskbasedon deterministicor
probabilistictechniques.

Riskperception

Anintuitive judgementaboutthe nature and magnitudeof arisk. Perceptionof
riskinvolvethe judgementspeoplemakewhenthey characteriseand evaluate
hazardoussubstancesactivitiesand situations.

Shortterm exposure

Exposurdo a contaminantin a mediumusuallysevereenoughto inducean effect.
Oftenreferredto asanacuteexposure.
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Site specificassessment

Valuesfor concentrationsof contaminantsthat havebeenderivedusingdetailed

criteria site specificinformation on the characteristicand behaviourof contaminants,
pathwaysandreceptors,andthat correspondto relevantcriteriain relationto harm
or pollution for decidingwhetherthere is an unacceptableisk.

SiteUse A categoryfor site assessmenbasedon assumedeceptoractivity patterns

associatedvith different exposurescenariosn a SouthAfricancontext. Includes
the following:

Residentialand UrbanParkland siteswherethe primaryland useis residentialwith
associategublicopenspacedor recreationaluse.

Informal residential settlements residentialsiteswhere opengroundhasbeen
settledwithout the constructionof roadsand pavedareasof hard standing,and
where housesmaynot haveconcretefloor slabs.
Commercial/Industrial:Commercial: siteswhere the primaryactivityisrelatedto
commercialndindustrialoperationsand occupancys not for residentialpurposes.

SlopeFactor

Anupperboundestimateof the probability of aresponseper unit intake of a
chemicalovera lifetime. Usedto assesgrobability of anindividualdeveloping
cancerasa resultof exposureto a chemicaloverallifetime.

Soil

Normallydefinedasthe unconsolidatednaterialon the immediatesurfaceof the
earth that servesasa naturalmediumfor terrestrial plant growth.

SoilScreeningvalues

SoilScreeningvalue 1: soil quality values expressedismassof contaminantper
massof soil,that are protective of both humanhealthand ecotoxicologicatisk for
multi exposurepathways inclusiveof contaminantmigrationto the water resource.
SoilScreening/aluesl are applicableto all land uses,andthusrepresentan
‘acceptablerisk’ situation, with no adverseeffectson humanhealthandthe aquatic
environment.

SoilScreeningvalue2: soil quality values expressedismassof contaminantper
massof soil,that are protectiveof riskto humanhealthin the absenceof awater
resource.SoilScreening/alues? areland usespecificand havebeencalculatedfor
three keyland usesnamely,standardresidential informal residentialsettlements
andcommercial/industrialand uses.

Soilgas Thegaseouslementsand compoundsn the smallspaceshetweenparticlesof soil.

Soilvapour Thegaseouslementsand compoundsrom a soil sourcefound within the small
spaceswithin and betweenthe fabricand structure of buildings.

Source Contaminantsourcecontainsa concentrationof contaminant(s)- a substancehat
isin or on land,that hasthe potentialto causeanimpactto humanhealthor the
environment.

Threshold Thedose/concentratiornf a chemicabelowwhichno adverseeffectis expectedto

occur.

TolerableDaily Intake

Originallydefinedasan estimateof the amountof a soil contaminant,expressedn
abodyweightbasisthat canbe ingesteddaily overa lifetime without appreciable
healthrisk,the term hasbeenexpandedo applyto exposureviainhalationand
dermalcontact.

Toxicity

Theinherentproperty of a substanceo causeinjury or anadverseeffectin aliving
organismDefinedaseither cancerslopefactor (SHn mg/kg/dayd.) for carcinogens
andreferencedose(Rfdin mg/kg/day)for non carcinogens.

Uncertainty

Alackof knowledgeabout specificfactorsin arisk or exposureassessmenincluding
parameteruncertainty,modeluncertaintyand scenariouncertainty.

Validation

Theprocessf demonstratingthat aninvestigationareahasbeendelineatedor
remediatedsuccessfully.

Vapourintrusion

Generiderm usedto describethe migrationof volatile chemicalsn soilgasfrom
the subsurfacento overlyingbuildings.

Volatilisation

Thechemicalprocessby whichchemicalsconvertfrom aliquid or solidstateinto a
gasandthen disperseinto the air abovecontaminatedsoil.

Volatilisation Factor

Descriptorof rate of volatisationof a compoundfrom soilto air.
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1 Introduction

1.1 BACKGROUND

The National EnvironmentalManagement:Waste Act of 2008 (hereafter referred to asthe ‘Waste Act’),
clearlyidentifiesthe statusand risk of contaminatedsitesand providesa legalmechanisnfor remediation
activitiesto be instigatedand controlled. Thisdocumentis the NationalFrameworkfor the Managementof
ContaminatedLand(hereafterreferredto asthe ‘Framework’)and providesnational normsand standards
for the practicalimplementationof remediationactivitiesin compliancewith Section7 (2) (d) of the Waste
Act (2008)pertainingto ‘the remediationof contaminatediand and soil quality’.

Dueto variousfactors, includingthe high costinvolvedin remediationinterventions,it is essentialthat a
holistic and tiered, riskbased approachbe adopted that is founded on international best practice, to
addressremediationin a uniform manneracrossthe country. Thisis relevantirrespectiveof the sector of
occurrenceto safeguardboth humanhealthandthe naturalenvironment.

The Frameworkis basedon a review of international practicein the developedcountriesof the world and
the emergenceof remediation policy from developing countries, and an assessmentof alternative
approachesand methodologies that may find application in the development of a South African
remediation framework. The proposals have been presented and reviewed by a wide range of
governmentalindustry and civic stakeholdersThe backgroundto this processof stakeholderengagement
isincludedin AppendixD to the maindocument.

1.2 FRAMEWORKDECISIOSUPPORWVIEASURES

TheNationalFrameworkprovidesdecisionsupportmeasuredor the managemenbpf contaminatedlandin
SouthAfrica,and are basedon the followingkey criteriafor successfuimplementationof:

Nationally consistentmethods and numericalvaluesfor the assessmenbf contaminatedland that
protect humanhealthandthe environment.

A consistent policy on future land use and related activity patterns for human receptors for
contaminatedsitesbasedon remediationobjectivesconformingto the abovementionedguidance.

A contaminatedland register that providesfor transparentrecording of remediation activities and
currentlandstatus.

TheFrameworkconsistof the following components:

Section2: Protocolfor Site RiskAssessment

Section3: ReportingNormsand Standardsfor ContaminatedLand

Section4: TheDerivationand Useof Soil Screeningvalues

Section5: Applicationof Site SpecificRiskAssessment

Section6: Quality Controland Quality Assuranceof Field Samplingand LaboratoryAnalysis

Frameworkfor the Managementof ContaminatedLand 7




2 Protocolfor Site RiskAssessment

2.1 ASSESSMENWROTOCCOANDDECISIOSUPPORTOOL

In order to apply a multi tiered risk based methodologyfor the assessmenbf contaminatedland it is
necessaryto constructa simple conceptualprocessthat definesthe contaminantlinkageto the potential
environmentalreceptor. Thereare thus three essentialelementsthat needto be understoodso that risk
canbe quantifiedandthe definition of a contaminatedsite realised.

Theconceptisreferredto asthe sourcepathwayreceptormodel,where;

The sourcecontainsa concentrationof a contaminant(s)- a substancethat is in, or on land that has
the potentialto causeanimpactto humanhealthor the environment.

The pathway is the route or meansthat controls the releaseand migration of a contaminantto
environmentalmedia,for instancesoilto water or soilto air.

The receptor in general terms is something that can be adverselyaffected by exposureto the
contaminants. Receptorsncludehumansbut mayalsoincludeanimalsand plants.

Eachof the three elementscan existindependentof each other. A risk only existswhen the linkageis
completeandthe receptorsare exposedo the contaminants.Therisk canbe assessedh either qualitative
or quantitativeterms and canalsobe expressedn terms of probability,assomepathwaysmay posea very
low probability of riskto receptors.

The protocol of Site Assessmenhasbeen developedto provide a conceptualrisk baseddecisionsupport
tool for widespreaduse by proponentand regulator, and is basedon the recognitionof pathwayreceptor
linkages. Thedecisiontree is showndiagrammaticallyn Figurel.

Theconceptualmodelinvolvesthe derivationof a tiered systemof Soil Screening/alues(seeSection4 for
the derivationof SoilScreening/alueswwhich canbe usedfor comparisonwith contaminantconcentrations
measuredor soilson the investigatedsite.

SoilScreening/aluel

At the first tier for site screening SoilScreening/aluel is a conservativeconcentrationthat is the lowest of
three potential sourcepathwayreceptormodelcalculations:

Direct pathwaysfor the protection of the child receptor, taken asthe most sensitivereceptorin the
contextof potentially highexposuresanticipatedfor informal residentialsettiementsin SouthAfrica.

Indirect pathway for the protection of water resourcesin terms of human health based on the
ingestion of drinking water. The model for contaminant transfer from soil to water is basedon
simplified partitioning model with allowancefor finite limited dispersion,dilution and attenuation
within the groundwatersurface water medium, assuminga shallow water table within a typical
poroussandaquifer.

Indirect pathway for the protection of aquatic ecosystemsy applyingaquatic ecotoxicologyto the
sameassumptionsusedto define the soilto surfacewater pathway usedin the calculationof the
humanhealthrelatedwater resourceprotection.

Thelowest concentrationprovided by the three pathwayreceptor modelsis selectedasthe Soil Screening
Valuel. Thisis thus a multi functional soil quality criterion that is conservativeunder a large number of
potential exposurescenarios.

It is recognisedthat for a number of sites the sourcepathwayreceptor is poorly developedor entirely
absent. Forpracticalreasonst isimportant that riskassessmentedo not protect receptorsthat do not exist
and do not invoke pathwaysthat are unrealistic. The decisionon the status of contaminatedland does
require that the contaminantexposurerisk in one environmentalmedium doesexistto the detriment of
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another mediun. The guiddines derived for water related receptas are thus an important point of
departure, with the ecologicily driven Soil Screeningvdues (refer to Section 4) being lower than humanr
health basedvalues. It is thus an important step in the Site Assessrent Protocolto define a canceptual
model of the risk to water resourcesto decide on whether or not a realisticrisk to water resources could
exist. Fora site where there is a genuinelack of knowledge on the water resoure related pathwaysthe
default approah would be to assumea water resourceis presentandis at risk. The SoilScreenig Valuel
would, therefore, define the contaminatedstatusof the site until proven otherwiseby factual data, on soil
and water quality andtakinginto considerdion background concentratons.

The keyquestinsto be addressedcanbe summarisedasfollows:

Isthere risk to groundwater resource?

Arethere groundwateruserswith 1 km of the site?

Arethere surfacewater bodiesthat cculd be impacied by off site migration?
If no, then protection of human healthviadirect exposue criteriawill apply.

The 1 km radius for the influence of contaminated land on groundwaer usersis a default value normally
requested as a minimum requirement by the Departnent of Water Affairs for conducting hydrocensus
studieson siteswhere groundwater contamination is sugpected. It does not imply that no riskto receptors
occursoutsidethe 1 km zone but that in generalthe asaimption of short term acceptable risk would apply
unlessthere was a verylargeand mobile saurce of contamination on a site.

Figure 1: Diagammatic decsion tree for assessmenbf contaminaed land
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Theprotocolfor the protection of water resourceds describedn Section2.2, Section2.

If water resourceprotection is identified in the initial step of the protocol then the assessmentriteria for
groundwater protection needsto be applied as the remediation objective throughout the assessment
protocolinto the site specificriskassessmenphase.Thelowestof the assessmenscreeningvaluesshallbe
adoptedasthe target valuefor assessingoil quality andthe requirementsfor remediation.

SoilScreeningvalue?2

If no risk to the water resourcecan be identified, then soil contaminantlevelsshouldbe comparedto Soll
Screeningvalues2. Soil Screeningvalue2 hasthree subcategorieswhich are basedon risk to receptors
that are defined by activity patterns and associatedexposurerelated to land use. Thereare two values
derived for residentialland use and development. The most sensitiveis the child receptor, taken as the
sensitivereceptorfor informal settlements,sincethe exposurelevelsfor the child on a standardresidential
developmentdefine a slightly higher level of contaminantconcentration.Commercialand industrial land
useis defined by exposurecriteria for an adult maintenanceworker basedon outdoor exposurecriteria. If
the valuesare lessthan the most appropriateof the three categoriesof SoilScreening/alue2, then the site
isnot ariskto humanhealthandis not definedasbeingcontaminated.

If soil contaminantconcentrationsare higherthan the SoilScreeningvalue2 criteria then the decisioncan
be madeto either proceedto a site specificrisk assessmento define acceptablerisk levels,or a decision
canbe madeto adoptthe SoilScreening/alue2 concentrationsasremediationvaluesfor developmentof a
remediationplan. Foreither SoilScreeningvaluesl or 2 to be promoted asremediationtarget valuesit is
important that the assumptionsusedin their derivation are broadly consistentwith the site conditions.
When setting remediation target valuesit is also important to considerthe site specific potential for
ecologicaland aestheticimpactsnot implicit in the calculationof soil screeningvalues,and to amendthe
riskassessmenandremediationobjectivesaccordingly.

2.2 WATERESOURGEENSITIVITANDPROTECTION

Theinitial stageof risk assessmenfor contaminatedland requiresa decisionon the sensitivityof surface
water and groundwater resourceswith respectto land based contamination sources. In general the

groundwaterpathwayis mostlikely to be impactedby contaminantsin soil particularlyif the contaminants
are in a liquid form or easilymobilised by infiltration and leachingprocesses. Howeverthere are many
geologicalenvironmentsin South Africa where groundwater quantity or quality is not sufficientto be
considereda viable water resource.Therefore,the protection of water resourcequality would not always
be a key criteria in assessingontaminationrisk and setting of soil screeningvalues,i.e. excessivecaution
and resultant costsare involvedin the protection of receptorsthat do not existor for pathwaysthat are
closedto contaminantmigration. If the groundwaterconditionson site are unknownit is advisablethat a
precautionaryapproachis followed and that the groundwater pathway is consideredto be a relevant
exposureroute and that drinking water quality should be a point of compliancefor risk assessmenuntil

provenconclusivelyto be otherwise.

Theapproachbelow assumeghat a soundconceptualunderstandingof the relationshipbetweenthe soil
conditions and groundwatersurface water interactions is establishedand can be supported wherever
possiblewith factualinformation from boreholesand trial pits. Keyquestionsthat needto be addressed
areasfollows:

Is there current or potential groundwater use on the contaminated site or within the likely
groundwatermigration pathwayof the site?

Isthere a surfacewater courseon, or adjacentto the site?

Where a water resource classificationhas been applied to the local area, assessthe qualitative
sensitivityof the water resourcedo pollution risk.

Local user requirementsand quality of life considerationstogether with contaminant transfer risk will
determineaquifer statusin terms of resourceprotection. Thesolesourceaquiferisthe term usedto define
domestic potable groundwater wells where despite low yield or marginal water quality the available
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groundwaterresourceis adequateto supportthe water needsof a singledomesticdwelling and critically
the pathway for contaminant exposureis regarded as inevitable and must be assessedn any risk
assessmentfor protection of humanhealth.

It shouldbe rememberedthat the assessmenbf contaminationrisk to groundwaterand surfacewater is
basedon establishingwhether or not an exposurepathwayexistsand that a humanor ecologicalreceptor
canbe affected. It therefore doesnot require the applicationof complexresourcerelated designationsor
classificationsather a broad conceptualunderstandingbasedon conservatiorassumptions.

Frameworkfor the Managementof ContaminatedLand 11




3 ReportingNormsand Standardgor
ContaminatedLand

3.1 COMPLIANCWITHSECTION7 OFTHEWASTEACT

Section37 dealswith the consequencesf identification and notification of investigationareas. Theaimis
to investigatewhether the land has been contaminated,and if contaminationhas occurredwhether the
contaminationpresentsa significantrisk of harm.

37 (2) (a) A site assessmenteport must complywith any directionsthat may havebeenpublishedor given
by the Minister or MECin a notice contemplatedin section 36 (1) or (6) and must at least include
informationon whetherthe investigationareais contaminated.

(b) Wherethe findingsof the site assessmenteport are that the investigationareais contaminated the site
assessmenteport mustat leastcontaininformationon whetherr

(i) the contaminationhasimpactedon the environment;

(i) the substancegresentin or on the land are toxic, persistentor bioaccumulativeor are in large
quantitiesor high concentrationsr occurin combinations;

(iii) there are exposurgpathwaysavailableto the substances;

(iv) the usesof the land and land adjoiningincreasesor is likely to increasethe risk to health or the
environment;

(v)the substancehiavemigratedor are likelyto migrate from the land;

(vi) the acceptableexposurefor human and environmentalreceptorsin that environmenthave been
exceeded,;

(vii)anyapplicablestandardshavebeenexceededand

(viii) the areashouldbe remediatedor any other measureshouldbe takento manageor neutralisethe
risk.

Toprovidea clearand consistentapplicationof Section37 of the WasteAct (2008)a reporting structure for
contaminatedland has been developed. The commonly encounteredinternational practice consistsof
three distinct reporting phases.It progressesrom Phasel desktop and site walkover assessmentsvith
limited investigation and testing to a Phase 2 detailed invasive investigation and testing for site
characterisationto a comprehensivePhase3 report with an evaluation of remediation objectivesand a
proposedremediationplan, supportedby control and monitoringmeasuredor the activities.

Thereporting systemrequiresnorms and standardsof practiceto be strictly applied,but alsomust retain
flexibility to allow for decisionson the contaminatedstatus of sitesto be made in the most beneficial
manner(consideringecological socialand economicaspectsilsotakinginto accounttimeframes.In some
casesurgent priority works may require that the phasedapproachto reporting hasto move forward in a
concurrentsinglereport.
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Figure 2: A phasedapproad for the assessmentand remediation of contaminaed land

3.2 REQUIREMEN" FORPRELIMNARYSITEASSEESSMENT-SPHASH

Apreliminarysite evaluationmust considerthe following elements:
Sitedescrption —location andsize;

Nature and extent of contamination contaminans of concernor historical activities that may be
sourcesof contaminaton. Listall pest and present activities at the site that involvedthe storage,
production, use,treatment or dispose of hazardousmaterialsthat could contaminate the site;

Describethe current condition of the site and the contents and results of any previousassessment
reports;

Localtopographyandgeology,drainage, surfacecover, vegetatior;
Statusof groundwater,approximatedepth to water table;
Proximityto surfacewater;

Proximityto drinkingwater supplies;

Annualrainfall andflood potential;

Landandwater usefor the site and nearbyareas;

Any other requirements as Regulate( by the Minister under Setion 69 (u) and (v) of the Waste Act
(2008).

The reporting format has been developa in the form of a uniform checklistthat can be used for all
applicationsto the Department of Envirormental Affairs,see Tablel.
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All data may not be available,or data may vary in terms of uncertainty, it is thus important to recognise
gapsin the knowledge base and to decide whether additional data must be obtained on the site
characterisation.Thismaytriggerthe commencemenbf Phase2 Investigations.

ThePhasel report mustmakeclearrecommendationn the statusof the contaminationrisk posedby the
site. If a complete site history clearly demonstratesthat the site activities do not pose a contamination
threat then no further investigationis warranted and the site shouldbe recommendedas suitablefor re r
use.ln most casest is likelythat somelevelof preliminaryinvestigationwill be requiredto providethe level
of certainty required to enable property re developmentor transfer in compliancewith the Waste Act
(2008). A limited investigationof certain subsurfaceactivities, for example,undergroundstoragetanks,
would be necessaryo obtain a waiveron the contaminationstatusof a site at a Phasel level of reporting.
Thistype of limited investigationof soil and groundwateris alreadycommonpracticefor certainindustries
in SouthAfricaandisthusreflectedin the normsandstandardsapproach.

Tablel: GuidanceNotesfor Phasel Site AssessmenReports

Siteidentification

Streetnumber,street name,suburbandtown/city

Contactdetailsof ownersand occupiersof the site

Legaldescriptionwith erf numberandtitle deed

Geographico prdinatesirrespectiveof the sizeof the facility

Current site plan with scale bar showing north direction, local water drainage and other locally
significantfeatureson site and immediatelyoff site. Theplan shouldalsoshowthe historicallocation
of structuresthat may have affected the distribution of contamination (e.g. building, underground
storagetanks,treatment baths, etc)

Localitymap

Sitehistory
Chronologicalist of site ownershipand uses,indicatinginformation gaps,unoccupiedperiodsand, if
relevant,proposeduses
An outline of those contaminantscommonly associatedwith eachland use basedon site specific
information
Zoning- previous,presentand, if relevant, proposed,with summaryof reasonsfor changego zoning
that haveoccurred
Details of relevant building and related permits, licences,resource consents,approvalsand trade
wasteagreementswith recordsof compliance
Local usage of ground and surface water resources,including presence,rate and location of
abstractiongcurrentand historical)

Sitelayout plansshowingpresentand pastindustrialprocesses
Sewerandserviceplansidentifyingactiveand abandonedservices

Historicalusesof adjacentland

Relevantomplainthistory

Localknowledgeof site by staff andresidents— presentandformer

Summaryof literature relatingto the site

Reviewof aerial and site photographywith date and location (includingdirection of photography)
indicatedon site maps

Descriptionof manufacturingprocesses

Inventory of materialsand waste productsassociatedwith site use and their on site storageand/or
disposalocations

Detailsand locationsof current and former undergroundand abovegroundstoragetanks,with details
of integrity testing

Productspillandlosshistory

Recordedlischargego land,water andair (authorisedand unauthorised)

Onsite and off site disposalocations

Contaminantsourceareasand pathwayson site and off site

Assessmendf the accuracyof the information

Frameworkfor the Managementof ContaminatedLand 14




Sitecondition and surroundingenvironment
Topographyandsite map
Conditionof buildingsandroadways
Presencef drums,wastesandfill materials
Odours
Visualor quantifieddetailsof surfacewater quality
Floodpotential describedor mapped
Conditionsat site boundary such as type and conditioning of fencing, soil stability, erosion, and
stormwaterdischarge
Visiblesignsof contamination,suchas identifiable waste products, discolorationor stainingof soil,
bare soil patches- on site and at site boundary
Visiblesignsof plant stress
Detailsof any relevant local sensitiveenvironments— rivers, streams,lakes, wetlands, local habitat
areas sensitiveflora andfauna

Geologyand hydrology
Backgroundyroundwaterand surfacewater quality
Summaryof localrainfalland meteorologydata
Summaryof all previousrelevantinformation related to soils,geology,groundwaterand hydrologyof
the site and neighbouringareas
Regionabeologicabnd hydrogeologicasetting
Likelysoiltypesanddepthto bedrock
Anticipateddepthto water table
Sensitivityof aquifersand surfacewater to contaminants
Likelygeologicapathwaysfor contaminantmigration

Phasel PreliminarySite AssessmenReport

Reports must make clear statements with respectto the status of contamination of the site and satisfy the

following requirementsof the WasteAct (2008):
Statewhether or not the areashouldbe investigatedfurther or remediatedimmediatelyor whether
anyother measureshouldbe takento manageor neutralisethe risk.
Alternatively,if all the information availablein conformancewith the checklistfor Phasel Reporting
leadsto the conclusiorthat the site posesno riskto humanhealth or the environmentthe proponent
should motivate in writing that the site is not a contaminated site and obtain approval and
confirmationon the contaminatedstatusof the site from the Departmentof EnvironmentalAffairs.

3.3 REQUIREMENF®RCONTAMINATEBITEASSESSMEREPORTSPHASE

Phase? investigationgncludethe samplingand analysiof soil, sediment,groundwaterand surfacewater. It

is stressedthat the adequacyof the investigationmust be relatedto site specificconditionsandis a hatural
progressiorfrom the Phasel ContaminatedSiteAssessmentlt isthus a focussedand designedprogramme
of investigationandreporting.

ThePhase? reporting mustgiveinformationon:

the type, extent and level of contamination anticipated on site and the issuesraised in previous
reports;

the nature of samplescollected,the samplingproceduresfollowed, includingfield samplingquality
assuranceand quality control requirements;

the analysesundertaken, methodologiesused and laboratory quality assurance/ quality control
proceduresjncludinglaboratorycertificatesand appropriateaccreditationlisted,;

the actualextent and concentrationsof contaminantsin all appropriateenvironmentalmediaon site
basedon verifiedtest data;

any likely dispersalin air, surfacewater, groundwater,soil and dust from the detected contaminants;
and
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any potential effects of contaminantson human health, the environment, or building structuresand
property.

Phase2 Site AssessmenReportsmust list the resultsof chemicalanalysesof soilsobtained againstthe
SoilScreeningvalueslisted in Section4 of the Frameworkand clearlydemonstratethat the selectionof
guidelinevaluesis consistentwith the principlesof the Framework,together with all assumptionsand
limitations of SoilScreening/aluesused

The report must make a clear statement regardingthe adequacyand completenessof all information
usedin the assessmenand list any further studiesor investigationsthat may be requiredto verify the
statusof the site andthe risksposed.

Thefindingsof the report must satisfythe requirementsof Section37 of the WasteAct (2008)aswell as
any other regulationsin terms of Site AssessmenReportsas Regulatedby the Minister under Section69
(u) and (v) of the WasteAct and determineand state whether or not the following triggeringclauseshave
beenbreached:

A site assessmenteport must complywith any directionsthat may have beenpublishedor given
by the Minister or MECin a notice contemplatedin section36 (1) or (6) and mustat leastinclude
informationon whetherthe investigationareais contaminated.

(b) Where the findings of the site assessmentreport are that the investigation area is
contaminatedthe site assessmenteport mustat leastcontaininformationonwhetherr

(i) the contaminationhasimpactedon the environment;

(i) the substancegresentin or onthe land are toxic, persistentor bioaccumulativeor are
in large quantitiesor high concentrationr occurin combinations;

(iii) there are exposurgpathwaysavailableto the substances;

(iv) the usesof the land and land adjoiningincreasesor is likely to increasethe risk to
healthor the environment;

(v)the substancefiavemigratedor are likelyto migrate from the land;

(vi) the acceptableexposurdior humanand environmentakreceptorsin that environment
havebeenexceeded

(vii)anyapplicablestandardshavebeenexceededand

(viii) the area shouldbe remediateor any other measuresshouldbe takento manageor
neutralisethe risk.

Reportrecommendationsshould be madeto inform the regulatory status of contaminationas required
under Section38 (1) of the WasteAct:

(a)the investigationareais contaminated presentsa riskto healthor the environmentand must
beremediatedurgently;

(b) the investigationareais contaminated presentsa riskto healthor the environmentand must
beremediatedwithin a specifiedperiod;

(c)the investigationareais contaminatedand doesnot presentanimmediaterisk, but that
measureare requiredto addresshe monitoringand managemeniof that risk;

or

(d) the investigationareais not contaminated.
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Table2: Guidancefor Phase2 ContaminatedLandAssessmenReports

Investigationof site geologyand hydrology
Detailedmapand descriptionof location,designand constructionof on site wells,boreholesand pits
Siteborehole/ test pit logsshowingstratigraphy,depth to undergroundwater table
Reportedrangeof water table depthsbelowgroundsurface
Descriptionandlocationof springsandwellsin the vicinity
Location,depth and extent of imported andlocallyderivedfill
Direction(s)andrate of groundwaterflow including,where applicable groundwaterlevelssurveyedo
acommondatum
Direction(s)of surfacewater run off andidentificationof pondingareas
Preferentialflow paths(surfaceand groundwater)

Fieldquality assuranceand quality control (QA/QC)
Detailsof the samplingteam, identifyinguniqueinitialsfor eachmember
Statementof intendedduplicateand blankfrequency
Records for each sample collected, including date, time and location, samplers’ initials,
duplicate/blanklocationandtype, analysego be performed,site observationsaand weatherconditions
Chainof custody,identifyingfor eachsample:sampler,nature of the sample,collectiondate, analysis
to be performed,samplepreservationmethod, departuretime from site, dispatchcourierused

Backgroundsample,field blank, trip blank, and rinsate sampleresults and laboratory prepared trip
spikeresultsfor volatile analytes

Decontaminatiorprocedurescarriedout betweensamplingevents
Samplesplittingtechniquesandfield instrumentcalibrations(whereused)

Frameworkfor the Managementof ContaminatedLand 17




LaboratoryQA/QC

Results

All samplesshouldbe sentto a properlyaccreditedlaboratoryfor testing
Signedaboratoryreceiptof signedchainof custodyform identifyingdate/time of receiptandidentity
of samplesncludedin shipment

Recordof holdingtimes, where not consistentwith method specifications
Analyticalmethodsusedby laboratoryandlaboratoryaccreditationfor analyticaimethodsused
Inter taboratorycomparisongor analyticaimethodsused(whereavailable)

Descriptionof spikesand surrogatesused,with percentrecoveries

Instrument,method detectionand practicalquantificationlimits
Standardsolution,referencesampleand checksample(includingdaily) results
Laboratoryduplicate,blankand standardresults

Signedaboratorycertificatesof analysis

Summaryof previousresults(whereapplicable)
Site plan(s) showing all samplesand samplinglocations, giving sampleidentification numbersand
sampledepth
Summaryof all resultsin tabularform:
identifyingessentialdetailssuchassampleidentificationnumbersand sampledepth
showingcomparisorwith relevantguidelinevalues
highlightingeveryresultexceedinghe guidelinevalues
A summary table of results containing the following statistics: minimum, maximum, arithmetic
averageand 95%upper confidencdimit on the arithmeticaveragefor eachanalyte
Site plan showing the extent of soil and/or groundwater contamination exceedingthe relevant
guidelinevaluesfor the medium,locationand sampledepth

Sitecharacterization

Assessmentf the type of all environmentalcontamination particularlyin soilandgroundwater
Assessmentof the extent of soil and groundwater contamination, including identifiable off site
contaminationthat may causeenvironmentaleffects

Assessmendf the potential for chemicaldegradationor interactionproducts

Assessmendf possibleexposureroutesandriskto exposedpopulations(humanand ecologicatisk)

ReportRecommendations- Statusof ContaminationRisk

Thereport must reacha conclusionasto whether the site requiresurgent cleanup, remediation measuresover a
periodof time, the applicationof managementmeasurespn goingmonitoring or acombinationthereof.

Alternatively, if all the information availablein conformancewith the checklistfor Phase2 Reportingand Soil
Screeningvaluesarrived at by either comparisonwith the Soil Screeningvaluesin Section4 of the Framework,or
contaminantconcentrationscalculatedon the basisof site specificacceptablerisk, leadsto the conclusionthat the
site posesno riskto humanhealth or the environmentthe proponentshouldmotivate in writing that the siteis not a
contaminatedsite and obtain approvaland confirmationon the contaminatedstatusof the site from the Department
of EnvironmentalAffairs.
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3.4 REQUIREMENF®ORCONTAMINATEBITEREMEDIATIORLANS-PHASB

Theestablishmenbf a final soilremediationobjectivefor site cleanup musttake considerationof technical
feasibility,and overall risk managementstrategiesthroughout the remediationprocessand not simplythe
end point of the remediationprocess. All risk basedmanagementecisionsshouldbe fully documentedand
justified.

Thesite remediationplanshouldbe preparedasfollows:

Setremediation or managementobjectives(includingnumerical soil and groundwater targets) that
ensure the site will be suitable for its current or future proposed landuse and will pose no
unacceptablaiskto humanhealthor the environment,either on site or off site.

Documentin detail all proceduresto be adopted to achievethe remediation objective. Establish
safeguardsndcontingencymeasuredor safeimplementationof all remediationactivities.

Developa quality assurancenonitoring planthat establishes recordof activitiesthat mustbe carried
out to ensurecompliancewith the approvedactionplan.

Obtainthe relevantapprovalspermitsor licensegequired by regulatoryauthoritiesto undertakethe
proposedremediationactivitiesin terms of Section20(b)of the WasteAct (2008).

Table3: Guidancefor Phase3 ContaminatedSite RemediationPlans

Remedialactions

Forlarge projectswith complexremediationactivities,a detailed RemediationPlanshouldbe submitted asa stand
alonedocumentwith a dedicatedOperationalControlsand Monitoring Plan.Reportingto includethe following:

Remediatiorobjectives(includingnumericalsoiland groundwatertargetswhere relevant)
Discussiorof the remedial options available,assessmenbf alternativesincluding the status quo,
identifyingthe meansof riskreductionproposedin each
Rationalefor selectionof the recommendedemedialoption
Discussiomf the remediationrequiredto achievethe remedialobjectives
Riskassessmenbf proposedremediation activities and mitigatory measuresrequired to minimize
environmentalhazardsandimpactsduringremediation
Identificationof regulatoryrequirementssuchaspermits,licencesand approvals
Proposedmonitoring and testing to validate the site during, and on completion of the remedial
activities
Contingencylanif remedialstrategyfailsto reachthe remediationobjectives.
Remedlatlonplans require approvalunder Section20(b) of the Waste Act (2008) before any activities other than
emergencyactivitiescanbe instigated.
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4 Determinationof PreliminarySoilScreening
Valuesfor Assessmenbf ContaminatedLand

4.1 INTRODUCTION

Numericalcriteria for priority contaminantsof concernhavebeendeterminedso that they canbe usedto
define appropriate managementactions. The numericalvalueswill serveasinitial points of referencefor
site assessmentor authorisationof remediationactivitiesand canbe appliedwith discretion:

asconservativecleanup targets;
to inform managementctionsto reducethe potential for adverseeffects;and
to triggerfurther investigationgo determinesite specificrisk basedcriteria.

The consequence®f not doing this would leasto continuing uncertainty about the most appropriate
criteria and method to apply in the assessmenbf contaminatedland, and as a result, conflict on the
definition of a contaminatedsite andrequirementsfor statutory remediationorders.

It is acknowledgedhat althoughthe useof Soil Screeningv/aluesis commonin international practice,the
derivation of such valuesis a complex processand dependson the acceptability of certain scientific
assumptionausedin the developmentof standardequationsusedto modelrisk. Althoughthere is broad
consensusnternationallyon the conceptsof riskassessmentthe detailedmethodologyappliedis basedon
expertjudgementandis not a precisescience.

Thedevelopmentof SoilScreening/aluesto protect humanhealth via direct exposuresoutesandindirect
exposureroutesis the key starting point. Theincorporationof ecotoxicologicatriteria for water resource
protection can be achieved.lt may however be difficult to assesghe ecologicalimpact of contaminated
soils at a simple generic level and this is perhapsan issuethat is best resolved by site specific risk
assessment.

TheWasteAct (2008)and NationalEnvironmentaManagementAct (2008)requirelandto be investigatedf
hazardoussubstancearelikelyto havebeenusedin or on the land. In addition, the redevelopmentof sites
and property transfer are triggering clausesfor environmental authorisations. Investigationsare thus
requiredto assesshe presenceandquantify the risk posedby anyhazardousubstance®n or in the land.

Riskassessmentriteria are thus dependanton the activity patterns of human receptorsassociatedwith
particularland usecategories.

Theland usecategoriesor usein developmentof SoilScreening/aluesare:
Residentiabnd urbanparkland;
Informalresidentialsettlement;and
Commercial/industrial.

The land use categoriesare basedon well documentedreceptor activity patterns and are not directly
applicableto spatial developmentland use planningwithout applyingsound judgement. For example,a
mixedusedevelopment(a developmentthat includesresidentialoffice and or retail) would be regardedas
a residentialareafor the purposesof determiningthe status of contaminatedland and any remediation
objectivesthat maybe requiredto enablethe changeof landuse.

For the purposesof deriving Soil Screeningvaluesthe receptor for commercialand industrial land useis
assumedto be an adult outdoor maintenanceworker. Although this receptor is likely to be a minority
receptorin the populationgroupasa whole the exposurecriteria will representa conservativescenaricand
can be assumedto be protective of human health except under extreme and unusual conditions. For
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humanreceptorsthat spendthe majority of time indoorsin commercialproperties,the valueswill tend to
be anover conservativeassessmendf exposure.

It isimportant to consideradjoiningland usein terms of definingthe appropriate soil quality guidelineas
the migration of contaminantsmay contaminatesurroundingareaswith more susceptibleland uses.For
example,the off site migration of dust from remediatedcommercial/industrialsites should not pose any
unacceptableiskto nearbyresidentialsites.

4.2 CONCEPTUAPPROACHORDERIVATIONNDUSEOFSOILSCREENINGALUES

The conceptualapproachfor derivation of soil screeningvaluesis basedon original USEPAnethodologies,
along with considerationof more recent derivatives, particularly the CanadianEnvironmental Quality
GuidelinesKeyassumptiongor SouthAfricaare relatedto the groundwaterpathway, with typical rainfall,
infiltration and rechargeconsiderationsapplied. In addition, the humanhealth exposurecriteria havebeen
revisedto take into accountthe activity patterns and increasedrisk to residentsof informal settlements.
Thissensitivepopulationgroupis very significantin SouthAfricaand hasbeen previouslyoverlookedin the
applicationof risk basedhealthassessments the past.

Theuseof existing,publishedDepartmentof Water Affairswater quality guidelinesasthe target for water
quality usedin the equationsisto createinternal harmonisationandis not an indicationof our unequivocal
acceptanceof their scientificvalidity. Asthe derivedscreeningvaluesfor protection of the water resource
are basedon a back calculationfrom a desired concentrationin the receivingbody of water, the Soil
ScreeningValuescan be modified to be consistentwith specific water quality objectives derived for
individual catchmentson the basisof an integrated water resourcemanagementapproachthat is flexible
andadaptableto userneeds.

Thecalculationsusedfor derivationof SoilScreening/aluesare not intendedto providea standaloneseries

of regulatorystandardsfor derivingcleanup targets. Theuse of site specificquantitative risk assessment
within an overall framework of holisticrisk assessmenthat is ethically basedand takesinto consideration

societalvaluesandpracticalimplementationis advised.

The SoilScreeningv/aluescan be consideredconservativeunder a broad range of assumptionshowever, it

must be acceptedthat there are exposurescenariosthat may not be adequately addressedby these
screeningvalues. Theuseof the SoilScreeningvaluesasan indicationof a ‘safe’or ‘clean’site is thus only
validin the absenceof a specificrisk exposurescenarionot coveredin the genericequations(for example,
the screenindistsare not fully protectiveof soilbiota).

SoilScreening/aluesare not:
Defaultremediationstandards
Applicableto everysite underall circumstances
Absoluteminimumvalues
Screeningaluesapplicableto occupationakxposures
Applicableto risk of property damage

Valid unlessthe assumptionsgnherentin the Soil Screeningvaluesare broadly consistentwith
the actualsite conditions

Asubstitutefor athoroughconceptualand qualitativeunderstandingof a site’sconditionandthe risks
it might poseto humanhealthandthe environment.

Equationdor the derivingthe levelsandinput parametersare discussedn Sectior4.3.
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4.3 TECHNICARASIFFORCALCULATIOBFSOILSCREENINGALUES

4.3.1 Protectionof HumanHealth

ExposureRoutes

SoilScreening/alueswere calculatedby determiningdosagesassociatedvith the following direct exposure
routes:

Soillngestion;
DermalContact;
Particulatelnhalation;and
VolatileInhalation.
ExposureParameters

Exposurgparametersusedfor dosagecalculationsare summarisedoelow in Table4 (exposureparameters
usedfor calculationof thresholdor non carcinogenidealth effects)and Table5 (exposureparametersused
for calculationof non thresholdor carcinogenihealtheffects).

Exposureparametersfor both forms of residentialland use were basedon a child as the most sensitive
receptor, while commercial/industrialland use was basedon adult exposurefor an outdoor maintenance
worker. Although a minority receptor within the overall population, the outdoor maintenanceworker is
representativeof animportant sensitivereceptorfor SouthAfrica.

Exposuresor the childreceptorunderinformal residentialland usewere modifiedto accountfor increased
dermal contact, ingestionand dust inhalation. The modificationsrepresent preliminary estimatesin the

absenceof specificstudiesand data on activity patterns and exposuresfor informal residentialland use
settingsin SouthAfrica.

ToxicologicaParameters

Toxicologicatlatarequiredfor calculationof SoilScreening/aluesis providedbelowin Tabless (metalsand
metaloids),7 (hydrocarbonorganics)and8 (organics).

Thedata providedin Tables6, 7 and 8 hasbeensourcedfrom internationallyrevieweddatabasesand was
consideredat the time of writing to be scientifically defensible. Referencedosages(RfD) have been
providedfor assessmenbf threshold (or non carcinogenichealth effects and are an estimate of the daily
exposureto the humanpopulation,includingsensitivesubgroupsthat is likely to be without an appreciablerisk
of deleteriouseffectsduringa lifetime.

SlopeFactors(SF)have been provided for assessmenbf threshold (or carcinogenichealth effects. The
slopefactor is an upper bound estimate of the probability of a responseper unit intake of a chemicalover a
lifetime andis usedto assesgprobability of an individualdevelopingcancerasa result of exposureto a chemical
overalifetime.

CalculationMethod

Soilvaluesfor combineddirect exposureroutes were calculatedusingthe equationsprovidedin Table9.
The soil valueswere calculatedbasedon a TargetRisk(TR)of 1.0x10° for non threshold (carcinogenic)
substancesind a TargetHazardndex(THI)of 1 for threshold(non carcinogenicyubstances.

SoilScreeningvalues

Thelowest soil valuefor threshold and non threshold effects was selectedasthe Soil Screeningvaluefor
eachland useand parameterassummarisedn Table10 below.
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Table4: Input parametersfor derivation of SoilScreening/aluesbasedon protection of humanhealth (threshold or non carcinogenicealth effects)

Parameter ‘ Standard Informal Commercial/

Residential Residential Industrial

SurfaceAreaExposedskin 2100 4200 13110

DermalAbsorptionFactor _ r chemicalspecific*
ParticulateEmissiorFactor 1.30E+09** 7.25E+08** 3.22E+08**

* ReferAppendixA for chemicalspecificdata
** ReferAppendixA for further detailon PEF
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Table5: Input parametersfor derivation of SoilScreening/aluesbasedon protection of humanhealth (non threshold or carcinogenicealth effects)

Parameter Standard Informal Commercial/
Residential Residential Industrial

SurfaceAreaExposedskin 5800 11600 13110

DermalAbsorptionFactor _ r chemicalspecific*
ParticulateEmissiorFactor 1.30E+09** 7.25E+08** 3.22E+08**

* ReferAppendixA for chemicalspecificdata
** ReferAppendixA for further detailon PEF
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Table6: ReferenceDosesand SlopeFactors— Metals and Metalloids

RfD RfDy Sk Sk Sk
(mg/kgday) 1/(mg/kg/day) 1/(mg/kg/day) 1/(mg/kg/day)

Contaminant RfD,
(mg/kgday) (mg/kgday)

Notes:

Datasourcedfrom USEPAntegratedRiskinformation Systenunlessotherwisenoted.
mo acceptedvalueavailable.

* RfDdisassumedo be sameasRfDo

** Datasourcedfrom World HealthOrganisation

*** Datasourcedfrom NewJerseyDepartmentof EnvironmentaProtection
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Table7: ReferenceDosesand SlopeFactors— PetroleumOrganics

RfDo RfDi RfDd* SFo SFi SFd
(mg/kg day) (mg/kg day) (mg/kg day) 1/(mg/kg/day) 1/(mg/kg/day) 1/(mg/kg/day)

Ethybenzene o020 | o1 | |

Aromatic***

|
pyee | o3 | om | om | |
|

PetroleumAdditives***

I

* RfDdis setto sameasRfDo
** Datasourcedfrom Total PetroleumHydrocarborCriteriaWorkingGroup
*** Datasourcedfrom USEPAntegratedRiskinformation System

Frameworkfor the Managementof ContaminatedLand 26




Table8: ReferenceDosesand SlopeFactors— Organics

RfD, RfD RfDy* (mg/kgday) ‘ Sk Sk Sk
(mg/kgday) (mg/kgday) 1/(mg/kg/day) 1/(mg/kg/day) 1/(mg/kg/day)

CarboriTetrachloride 7.00x 10%* - 7.00x10% 0.052

Laoooetene | | | om | om |

S T S S O A CA—

e A S —
| |

VinylChloride 3.00x10% 0.0286 3.00x10% 15 0.0308 r

Notes:

Datasourcedfrom USEPAntegratedRiskinformation System
mo acceptedvalueavailable

* RfDdisassumedo be sameasRfDo
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Table9: Equations
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Table10: Summaryof SoilScreeningvaluesfor eachland use

Parameter
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Informal
[RESEIEL

LandUse
Standard
Residential

Commercial/
Industrial
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Parameter

LandUse
Informal Standard Commercial/
[RESEIEL [RESEIEL Industrial

| |
savenocenene | |
| |
| |
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4.3.2

Protectionof Water Resources

ExposureRoutes

Partitioning of contaminants between solid and liquid phaseswithin soils may result in impacts to
groundwateror surfacewater resources thereby givingrise to potential human health risks (ingestion of
contaminated water via the drinking water supply if this is from natural untreated surface water or
groundwaterfrom boreholes)or the risk of adverseimpactson the aquaticecosystemSoilScreening/alues
that are protective of these potential exposurerisks were calculated for protection of human health
(ingestion of contaminated water) and aquatic ecosystemhealth based on a two phase equilibrium
partitioning anddilution model.

Partition Coefficients

Partition coefficientsprovide a measurefor assessinghe potential movementof a soil contaminantfrom
being bound or sorbedto a solid soil particle (mineral or organic)to a liquid phase. Thereis currently
insufficientinformation availableto define partition coefficients(Ky values)for specificsoil typesin South
Africa. Partition coefficientswere therefore sourcedfrom the international literature, primarily from broad
basedstatistical studies of K; valuesundertakenin the USand Canada.The K; valuesthat were used for
calculationpurposeswere selectedbasedon professionaljudgement. Neutral (pH 7) soil conditionswere
assumedDatausedis providedin AppendixA.

Dilution Attenuation Factor

The Dilution Attenuation Factor (DAF)accountsfor the effects of groundwater rechargeon dilution and
mixing of the ‘partitioned’ phase.A conservativeapproachhasbeenfollowed and chemicalattenuation has
beenassumedo be 1 thereby placingthe focuson dilution potential only.

An estimated DAFof 20 is assumedfor the protection of a drinking water borehole basedon transport
pathway of 50m from contaminantsourceto point of compliance.lt shouldbe noted that site specificDAF
factors may vary from 1 to 10 000. Most commonly encounteredproductive aquiferstend to have DAF
valuesbetween10and 30.

Theabovefactor doesnot accountfor attenuation of contaminantswithin the saturatedzone.It shouldbe
noted that it wasbeyondthe scopeof theseinitial calculationsto define genericattenuationrelationshipsin
the saturated zone. Both dilution and attenuation relationships require detailed researchto define
appropriateand meaningfulvaluesfor SouthAfricanconditions.

In the calculationof DAFfactors for the protection of aquatic ecosystemst is assumedthat groundwater
mixesasa baseflowcomponentto a surfacewater body at a ratio of 1:100(1%of the volumeof the surface
water body). Thetotal DAFis thus a factor of 2000 for this pathway allowing for the dilution within the
aquiferandthen mixingwith the surfacewater body.

SoilScreeningvaluesfor Protectionof Water Resources

Theequationusedfor calculationof SoilScreening/aluesfor protection of water resourceds providedbelow
in Tablel1.
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Tablel1: CalculationMethod: SoilScreeningvaluesfor Protectionof Water Resources

Y C, (K, LDAF

The results of the calculationsare provided below in Table 12. Theserepresent soil valuesrequired to achieve
Departmentof Water AffairsWater Quality Guidelinelevelsfor aquaticecosystenprotection and domesticwater use,
and are consistentboth in terms of method of derivationand acceptablerisk level appliedin the developmentof the

existing Water Quality Guidelines. The water quality valuesused in the calculationsfor Table 12 are provided in

AppendixA. Where Department of Water Affairs Water Quality Guidelinesare not currently availablefor certain

contaminantsjnternationalliterature hasbeenreferencedandthis is alsoindicatedin AppendixA.

Tablel12: Summaryof SoilScreening/aluesfor protection of water resource

Parameter Water ResourceProtection
Protectionof HumanHealth

(drinkingwater usage) Protectionof EcosystenHealth

Metals and metalloids

Alkanes

Xylenes mg/kg 45 260
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Parameter Water ResourceProtection
Protectionof HumanHealth
(drinking water usage)

e mo | ome

Protectionof EcosystenHealth

Loownopenene mow @ a0
e mowg | me
asrnocer | mo 4

4.3.3  SoilScreening/alues

Twotiers of SoilScreening/aluehavebeendefinedasfollows:

SoilScreening/alue(SSV] representsthe lowest value calculatedfor eachparameterfrom both
the Human Health and Water ResourceProtection pathwayscalculationsas detailed under the
precedingsections SSVValuesare not land usespecific.

Soil ScreeningValue (SSVR representsthe land use specificsoil value calculatedfollowing the
methods as detailed under the precedingsections. SSV2values are land use specificand are
appropriatefor screeningevel site assessmenin caseswhere protection of water resourceis not
an applicablepathwayfor consideration.

SoilScreening/aluesl and?2 are providedbelowin Table13.
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Tablel3: SoilScreeningvalues

Parameter SSV1 SSV2
All Landises Informal Standard Commercial/
Protectiveof the RESENIEL Residential Industria
Water Resource

Metals and metalloids

|

Alkanes

MAHs

chiorpenzene |
P e T N T

1,2Dichloroethene mg/kg 0.4 620 1,200 10,000
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Parameter SSV1 SSV2
All LandtUses Informal Standard Commercial/
Protectiveof the RESEhIEL Residential Industrial
Water Resource
Trichlorobenzenegotal) mg/kg 0.069 310 650 5,300
Nitrobenzene mg/kg 2.8 2.8 29 45
1,1,2,2Tetrachloroethane | mg/kg 0.32 0.32 0.34 5
2,4,61richlorophenol mg/kg 4 210 320 1,800
VinylChloride mg/kg 0.0037 0.10 0.11 15
PCBs mg/kg 0.61 1.7 3.6 11
Cyanide mg/kg 14 620 1,200 10,000

InvestigationValuesfor Salts

In addition to the suite of metalsand organicsdetailed above,guidancehasalso been provided on saltsas
land contaminatedwith excessivéevelsof saltis alsoa major causeof deterioration of water qualityin South
Africancatchments.

Commonlyoccurringanionsare rarely encounteredat concentrationsthat may impact on humanhealth by
direct exposure pathways, but they do however have an important influence on soil quality from an
ecologicabndagriculturalperspective.

The SoilScreeningvalueslisted below shouldbe usedasinvestigationlevelsrequiringthe developmentof a
site specific risk assessmentwhere contaminant release mechanismsand migration pathways such as
leachingand soil erosionand transport are evaluatedin relation to on site dilution and attenuation factors
andthe seasonatarryingcapacityof the water resource.

Investigationvaluesare calculatedon the basisof human health considerationsfor drinking water for a
dilution mttenuationfactor of 20. Aestheticcriteriarelatedto taste are not consideredn the determinationof
SoilScreening/aluesbut couldbecomeremediationobjectivesfor specificsites.

It is important to take into considerationa number of soil related chemicalparametersthat may provide
usefulindicatorsof potential environmentalcontaminationof soilsor may control the mobility of saltsand
other soil contaminants,for examplesoil pH or Exchangeablé&odiumPercentage Thesefactors are best
assesseth SiteSpecifiRiskAssessments.

Anions SoilScreenind_evel(mg/kg)

Chlorides 12000

Fluorides 30
Nitratesnitrite 120

Sulphates 4000
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5 Applicationof Site SpecificQuantitative Risk
Assessment

5.1 APPROACHNDAPPLICABILITY

Theuseof site specificforms of risk assessments recognisedasinternational best practice. Thedeficiencies
of simplistic generic assumptionsused at preliminary levels of assessmenimay provide for remediation
objectivesthat are either, unrealisticin terms of the actual identified exposurepathways,or fail to allow

sufficientlyfor the assessmenbf risk to sensitiveor non standardreceptors,or where the contaminantsof

concernare complexin nature are thus excludedfrom preliminaryscreenindists.

The development of a consistent methodology for quantitative risk assessmentfor contaminated land
togetherwith standardequationsasa guidancemeasureis an objectiveof this Framework.

Sitespecificquantitative risk assessmenprovidesa meansof determiningthe contaminationstatusof a site.
It establisheswhether site remediation, or other action, is necessaryand helpsto determine whether a
tolerable level of contaminationcan remain in place or enable comparisonof potential impactsof various
remediationtechniques.

Internationalbestpracticefor quantitativeriskassessmentfollowsa four step processasfollows;

Hazard Identification — identification of the key physical and chemical hazards associatedwith
contaminantson the site;

ToxicityAssessment evaluationof the toxicologicalpropertiesof the contaminantsof concernon the
site that posea hazardincludingassessmentf safeexposurelevels;

ExposureAssessment identificationand exposureassessmendf humanand ecologicareceptorson or
nearthe site;and

RiskCharacterisatior- numericalquantificationof the risk.

All four componentsare interlinked and numericalrisk modelsare critically dependanton the validity and
appropriatenes®f all the input dataandrelatedassumptions.

Riskassessmenis basedon probabilitiesrather than absolutesand this shouldbe reflectedin the decisionr
making.Spuriousand misleadingrisk assessmenteports generatedto motivate for minor adjustmentsto Soil
Screening/aluesrepresentpoor professionapracticeandwill not be tolerated.

Dueto complexity of site conditionsit is not possibleto derive a full prescriptive standardfor reporting,
howevera checklistfor assessingite specificrisk assessmenteports is provided for guidancepurposesin
Tablel4locatedat the end of this Chapter.

Competentpersonsinvolvedin the specificcomponentsof the processshouldbe adequatelyqualifiedand/or
havedemonstrableexperiencewith broad understandingof healthrrisk assessmenandthe practicalrealities
of contaminatedsites. Althoughmajor reports are likely to involvethe input of a variety of specialistghere
shouldbe a principalcoordinatorwho takesresponsibilityfor the overallriskassessmenteport.

5.2 EXPOSURKSSESSMENT

ExposureAssessmeninvolvesthe determination of the frequency extent and duration of exposuresfor
receptors and should include the identification of exposed populations and particularly sensitive
subpopulations as well as potential exposure pathways. A combination of predictive models and
environmentalmonitoring should be usedto determine the levelsof exposureat particular points on the
exposurepathways. The contaminantintakesfrom the variouspathwayscanbe estimatedunder a rangeof
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scenarios. Uncertaintiesin the models can be addressedby gatheringfurther information or by including
safetyfactorsand other forms of conservatisiby professionajudgement.

ExposureAssessmeninvolvesthe estimationof the magnitude,frequency,extent and duration of exposure
in the past,present,andin the future.

Theprocessnvolves:
Estimateof contaminantreleases;
Identificationof exposedpopulations;
Identificationand estimationof exposureconcentrationsor eachpathway;and
Estimationof contaminantintakesfor eachpathwayfor arangeof scenarios.

Direct measurementof the exposureof the affected population providesthe best exposuredata but is not
alwaysavailableor practicable.

The approach has strengths and weaknessesand the limitations of exposure assessmentsieed to be
understoodand communicated.

5.2.1 Keyfactorsfor considerationin ExposureAssessments

Childrenusuallyreceivea higherexposureto soil contaminantsper unit bodyweightthan adults.

Soilingestion by small children (includinggeophagicbehaviour)is usuallyby far the most important
exposureroute.

In SouthAfricaexposureto soil contaminantsis likelyto be far higherin informal settlementsthan other
forms of residentialland useandthe adoption of default exposureparametersfrom other countriesare
likelyto underestimatethe riskfor thesereceptorpopulations.

Oneexposureroute will normallypredominateand determinethe risk.

The inhalation route will be most important for highly volatile contaminants,but if the source of
volatilesisrelativelysmall,asthey rapidly evaporateand dispersein air, they will rapidly disappearfrom
asite unlessnew sourcesare added.

Forlarge scale(regional)contaminationassessmenmore exposurepathwaysare likely to be relevant
than whendealingwith localisedsmallscalecontamination.

5.2.2  Errorsin ExposureAssessments

Factorsthat tend to resultin the underestimationof exposureincludethe following:
Overlookinga significantexposureor metabolicpathway;
Failureto evaluateall the contaminantsof concernin the soil mixture;

Comparisorof exposurerelated data againstcontaminatedmediaor exposedpopulationsrather than
appropriatebackgroundevels;

Using insufficiently sensitive detection limits so that meaningful values are reported as being not
detected;and

Relevanindividualpathwayswithin the sameexposureroute maynot havebeensummed.
Factorswhichcancauseoverestimationof exposureincludethe following:

Theuseof unrealisticalljconservativeexposureparameters;

Portrayinghypotheticalpotential exposuresasexistingexposuresand

Attributing a significantvalueto resultsthat fall below anappropriatedetectionlimit.
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5.3

Frameworkfor the Managementof ContaminatedLand

Factorghat maycauseeither underestimatesor overestimatesgnclude:
quality assurance/qualitgontrol problemswith the field chemicaldata;
computationalerrors;
useof inappropriateinput parametersfor intakeroutes;
insufficientuncertaintyassessment;
useof inappropriatenumberof significantfiguresin numericestimates;and

unthinkingand uncriticaluseof models.

TOXICITASSESSMENT
ToxicityAssessmentonsidershe nature of adverseeffectsrelatedto exposurethe doseresponserelationship
of the variouseffects,andthe weight of evidencefor effectssuchascarcinogenicity.

Forspecificcontaminantsof concernthat are not includedin the genericSoil Screening/aluesa more detailed
reviewof relevanttoxicologicalatais required.

ToxicologicalAssessmentis necessarilypreceded in any Risk Assessmentby Hazard Identification which
examineghe capacityof an agentto causeadversehealth effectsin humansand other animals. Thekeyissues
to addressn aHazardAssessmendre:

nature, reliability and consistencyf humanandanimalstudies;
the availableinformation on the mechanisnof toxic effect; and
the relevanceof the animalstudiesto humans.

The ToxicologicaAssessmenis focusedon the doseresponseof contaminantsand examinegthe quantitative
relationshipbetweenexposureand effects.

Internationallyrecognisedsourcesof Toxicologicahssessmentlatainclude,but are not limited to:

World Health Organisation(WHO).Includesthe International Programmeon ChemicalSafety (IPCS)
which produces Environmental Health Criteria monographs and Concise International Chemical
Assessmentlocuments(CICADs)Documentsdetailing internationally AcceptableDaily Intakes (ADIs),
TolerableDaily Intakes(TDI)or TolerableWeekly Intakes(TWI) may also be found in WHO/FAQJoint

Meetingon PesticideResiduesand by the JointWHO/FACExpertCommitteeon FoodAdditives.

InternationalAgencyfor Researcton Cance(IARCnonographs.

NICNA®riority ExistingChemica(PECjeports.

IntegratedRiskinformation System(IRISfor cancerslopefactors.

US Agencyfor Toxic Substancesand DiseaseRegistry(ASTDRJor generaltoxicologicalreviews and
ReferenceDoses.

The direct referenceof toxicologicaldata and opinion may be cited from peer reviewed scientificjournals
particularlyif no guidancevaluesare available accompaniedy an appraisalof methodologystatingthe level
of conservatismanduncertainty.

Occupationahealth and safety sourcesof information are a useful sourcefor toxicologicaldata and reviews
but occupationalexposurecriteria must not be usedin a generalpublic health context without appropriate
adjustment for the different durations of exposure,the inclusion of susceptiblesubpopulationsin the
generalcommunity(children)andthe differencesin methodologyin the setting of criteria.
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5.4 GUIDELINEHECKLIFDRQUANTITATIVEISKASSESSMENT

A guidelinechecklistfor the compilationof Site SpecificQuantitative RiskAssessmentgs provided below in
Table14. It is noted this guidancechecklistis particularly relevantto Quantitative RiskAssessmentbeing
applied to complex sites with multiple contaminantsand/or receptors and that not all aspectsof the
checklistanaybe deemedto be relevantfor simplersite specificriskassessments.

Tablel14: Guidancechecklistfor Site SpecificQuantitative RiskAssessmenReports

Contaminantsof Concern
Stateobjectivesof datacollectionandriskassessment.
Identify chemicalof concern(CoC).
Identify sourcesof CoC.

Identify environmentalfate andtransportof contaminants.

Toxicology

Checlaccuracyand currencyof toxicologicadata.

Isthe availabletoxicologicadatabaseadequate?

Hashumanhealth databeenappraisedor the relevantexposurepathways?

Hasthe criticaltoxic effectsand organ/bodysystembeenidentified?
Havesyngergisti@and antagonisticeffectsof multiple contaminantsbheenconsidered?
Haveuncertaintiesin the toxicologicabasisof the guidancevaluesbeendiscussed?

Hasthe doseresponserelationshipfor contaminantsbeenappraisedanddiscussed?
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Riskequationsand calculations
Haveall equationsusedin the report beenlisted?
Areall equationsconsistent?
Haveall parametersin eachequationbeenclearlydefined?
Havethe correctunits beenallocatedto the parameters?
Arethe equationsdimensionallycorrect?
Haveall unit correctionfactors,where applicablebeenincludedin the equations?

Hasall pertinentinformation beenprovidedto enablecalculationgo be checkedhroughin a stepwisemanner?
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6 Quality Controland Quality Assuranceof Field
Samplingand LaboratoryAnalysis

6.1 INTRODUCTION

Thefollowing sectionprovidesguidanceon Quality Assuranceand Quality Control (QA/QC)proceduresfor
the investigationof potentially contaminatedsites,with a focuson the samplingof soils.It is not intendedto
provide prescriptive commentson laboratory testing but rather to highlight measuresto maintain the
integrity of field samplesby applyingsimple and consistentroutinesthat allow discrepanciesn datato be
tracedand assessedThe primary objectiveis to ensurethat the minimum level of QA/QCexpectedfor the
undertakingof siteinvestigationsn SouthAfricais clearlyunderstood.

Anadditionalobjectiveof this guidanceis to standardiseandto providea degreeof consistencywith respect
to QA/QCproceduresfor site investigation.However, it is also acknowledgedthat these guidelinesmay
need to be adapted for the specificconditionsof a particular site investigation. Where deviationsfrom
standardQA/QCproceduresoccur,thesemust be documentedin the reporting of the site investigation,so
that anylimitations of the investigationare clearlyunderstood.

Gooddata quality is essentialfor practicalimplementationof this Framework. Thedata usedto determine
riskandthe statusof contaminatediand mustbe relevant,sufficient,reliableandtransparent.

In generaltermsdataquality canbe judgedtakinginto accountthe followingfactors:

Choiceof samplingpoints. Isit judgementalor random?How certainisit that contaminationhasbeen
identified?

Samplingmethod. Doesit follow good practice guidance? Doesit maximisethe integrity of the
sample?

Samplehandlingandstorage. Doesit minimisecontaminantlossesor transformation?

Sample preparation. Is it in accordancewith good practice and appropriate for the accurate
determinationof the contaminant?

Analyticaldetection limit relative to the Soil Screeningvalue. The analyticallimit of detection (LOD)
should be sufficiently below the Soil ScreeningValue to satisfactorily address quantification
uncertainty.

Analyticalmethod quality assuranceProperlyaccreditedlaboratory analyticalmethodsmust be used
whenavailable.

It is noted that total reliancecannotbe placedon the resultsof laboratorytesting. Evenif one adheresto
acceptedtest measuresand usesappropriately accreditedlaboratories,it does not guaranteethat the
analyticalresultswill be representativeof the actualsite conditions. It isincumbenton the proponentand
appointedspecialistadvisorsto provide control measuresn order to understandany possiblevariancein
the accuracyand precisionof test resultsusedin the assessmenbf a potentially contaminatedsite. It is
alsoworth noting that use of multiple laboratorieswith duplicate and sometimestriplicate testing on a
large number of samplesalso does not necessarilyresult in a high level of confidencein results —
particularly when simple QA/QCmeasureswere not applied at the commencementof investigationand
samplingitself. Thereforeit is essentiathat the potential limitations of samplingandtestingtechniquesare
consideredand that reasonablemeasurego assessarianceand its consequenced the compilationand
interpretation of test resultsare applied.

Thecharacterisatiorof a contaminatedsite is fundamentallybasedon a combinationof soundjudgement
of potential risks, identification of contaminantsof concernand a clear conceptual understandingof
possible exposure pathways, release mechanismsand fate and transport of contaminantsin the
environment. EffectiveQA/QCprotocolsdo not replacea strongconceptualunderstandingof the site being
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investigatednor can they compensatefor a deficient site investigationand samplingstrategy, such as
inappropriatedrilling/excavationtechniquesor poorly selectedsamplinglocations.However,providedthat
the other elementsof a site investigationare sound,QA/QCproceduresare an essentialpart of an effective
site investigation,ensuringthat scientificallydefensibleand validated factual data can be producedto
supportthe findingsof contaminatedsite assessmenteports.

The QA/QCproceduresoutlined below are largelybasedupon the AustralianScheduleB(2) Guidelineson
Data Collection,SampleDesignand Reporting(NEPC1999) as well asthe British StandardBS10175:2001
Investigationof PotentiallyContaminatedSites— Codeof Practice(BSi,2001).Shouldadditionalguidancebe
soughtwith respectto QA/QCreferencecanbe madeto relevantsectionsof the abovedocuments.

For specificguidanceon groundwatersamplingthe following referencedocumentsdefine good practicein
SouthAfricaandare adoptedfor the purposeof this Framework.

0 Weaver JMC, Cave L, Talma, AS (2007) Groundwater Sampling:a comprehensiveguide for
samplingmethods.Secondedition,Water ResearciCommissionPretoriaReportNo TT303.

andits precursordocument;

0 WeaverJMC(1992)GroundwaterSamplingManual, Water ResearciCommissionPretoriaReport
No TT54/92.

6.2 PRESAMPLINGCTIVITIES

In order to implement a cost effective and technicallyfeasiblesite investigation,it is necessaryto havea
properly formulated sampling strategy, based upon a strong conceptual understanding of the site
conditionsand history, as well as a clear understandingof the objectivesof the site investigationitself.
Without this preparation,it is unlikelythat anyinvestigationwill be successful.

Samplingof contaminatedland is a forensicscreeningprocessand there is the possibilitythat both false
positive and false negative results will occur.Froma health and environmentalperspectivethe aimsof
samplingare to reducethe likelihoodof a falsenegativescenariothat couldresultin an underestimationof
contaminant concentrationand hence risk that could ultimately lead to significantadverse effects. A
considerableamount of expert judgementbasedon site history information is required to determinethe
densityof sampling. Thefinal amountwill dependon anintegratedappraisalof factorsincluding:

proposeduse(s)andusers;

currentuse;

the likely shape(spf contaminationandits distribution;

the sizeof contaminatedareasto be detected,;

the numberof stagesof samplingconsideredfeasible;

the sizeof the site andfinal subdividedsites(if the siteisto be subdivided);
the distribution of useson the site andthe dispositionof structures;

the site history;and

potential remediationand managemenstrategies.

If asiteisto be subdividedthe sizeof the subdividedsitesshouldbe takeninto accountwhen planningthe

samplingdensity. While predictionsmay be able to be made on a 'macro’ scale,residentsor owners may
seekinformation about their particular areaof land and the risksassociatedwith a smallerpiece of land,
especiallyif the potential contaminationon the original site was uneven in magnitude and type. The
detection of ‘hot spots’is animportant issuefor sitesto be usedfor residentialpurposesor other sensitive
useswhere children have regularaccesdo soil or wherethere is potential groundwatercontamination.A
greatersamplingdensityis usuallyrequiredfor thesesites. Thetoxicity of the contaminant,andthe sizeand
magnitudeof the potential ‘hot spot(s)’needto be consideredin determininggrid size.An explanationof,

andjustificationfor, the samplingdensitychosenshouldbe provided.
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6.2.1

6.2.2

It isnecessaryo havesomeunderstandingf the followingissuesprior to sampling:
—  Clearobjectivesfor the samplingplan;
—  Samplingnedia(likelysoiltypes);
—  Samplindocations;
— Analysego be performed;and

—  Testinglaboratory(andthe laboratory’srequirementsfor QA/QC).

TheSamplingPlan

Samplingplansshouldbe designedon the basisof site history and site conditions,includinggeologicaland

hydrogeologicalcharacteristics. Soil contaminationis rarely homogenous,either laterally or vertically
through the soil column,and may be presentin differing geologicalstrata, discontinuouslensesor within

various fill horizons acrossa site. Professionalexperienceand judgement should be used to ensure
adequatecoverage. Thesamplingplan and decisionsregardingthe number,type and location of samples
needto be developedwith an understandingof the potential exposurepathwaysandroutes. Theproposed
usefor the site will alsocriticallyaffectthe nature of the samplingprogram.

Theobjectivesof the samplingplanare usuallystatedin termsof;
— Determiningthe presence/absencef contamination;
—  Determiningthe extent/magnitudeof contamination;
—  Determiningthe contaminantmigrationpathways;and
— Identifyingriskto sensitivereceptorswithin the contextof a particularland usesetting.
Thesamplingplanshouldconsiderthe purposeof the investigation,suchas:
determiningthe nature of contamination;
determiningthe concentrationanddistribution of contaminationboth laterallyandvertically;

identifying types and concentrationsof contaminants,for assessingpotential exposurelevels and
risks;

monitoringsite conditionsto determineif remedialaction/interventionisrequired,;
designingandimplementingremedialaction;and

determiningif cleanup hasbeenachieved.

SamplingPatterns

It is the responsibilityof the site investigatorto formulate an appropriate samplingprogrambasedupon
accurateand reliable site specificinformation asfar as practicable,and the reasoningbehindthe sampling
plan shouldbe made clearwithin any subsequentreporting. Thefollowing samplingpatternsare listedin

the preferredorder for determiningsamplingpatterns:

Sitehistory based(judgemental)sampling

Samplings localisedto known or potentially contaminatedareasidentified from knowledgeof the sitei.e.
known existing or historical sourcesof contamination. To undertake site history based/ judgemental
samplingthere needsto be a highlevel of confidencein the reliability of information about the site. With
respectto historicalsourcesof contamination,accesgo reliabledatacanbe particularlychallenging.

Grid (systematic)sampling

Thispermits the whole of the site to be coveredand for samplingpoints to be more readily identified for
further sampling.Grid samplingtypicallyinvolvesthe useof a regularor offset grid or herringbonepattern,
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with the pattern selectedbeing essentiallydependanton the site size and topography. Grid samplingis
usefulfor coveringthe remainderof the site oncejudgementalsamplinghasbeenappliedto those areasof
the site consideredmost likely to be contaminated,or if there is inadequateinformation regardingsite
history.

Stratified sampling

This involves dividing the site up into different sectionsand applying different sampling patterns and
densitiesin eachsubsection. It is sometimesa usefultechniquefor largeand complexsites.

CompositeSampling

Compositesamplingentails the mixing of two or more samplesto form a single composite samplefor
analysis.

Compositesamplingis often incompatible with health risk assessmenimethodologiesand is generally
unsuitablefor the definitive assessmenbf site contaminationdue to the inherent uncertaintiesin the

resultant data. Composite sampling should not be used for site specific health and ecological risk

assessmentbut may be acceptablefor the appraisalof stockpiledmaterial or buried dumpscharacterised
by the presenceof nonvolatile contaminants. It isalsothe preferredchoiceof samplingmethodif leaching
tests are required for waste classificationor for siteswhere it may be desirableto leavea portion of the

material in the groundin the form of an isolatecontain and monitor remediation plan. For example,a

contaminatedsoil stockpile of 100nT. The contamination may be adequately characterised for the

purpose of determining a bulk chemicalconcentrationby compositesampling.Four compositesamples
may be formed by partitioning the stockpileinto quartersand taking 5 individualsamples(greaterthan 5

meters apart) at surfaceand depth from each quarter. The five samplesare thoroughly mixed and subr
sampledto form the final composite.

Clusteredcompositesampling(where samplesfrom a stratum are taken within a 1 to 5 metre diameter
area and combined to represent a sampling point) may be acceptable.Clustered samples must be
thoroughlymixedto ensurea true averagetest result is obtained. Certaincontaminantsare highly viscous
andtend to form localisedzonesof high concentration,in this casethe use of compositesamplesmay be
highlymisleadingand shouldnot be attempted.

6.3 QA/QCPROCEDURES

TheQA/QCsamplepolicyhasbeenestablishedo providea minimum standardof QA/QCthat will allow for
the evaluationof field or trip conditionsand situationsthat may affect the resultsof chemicaltests by the
laboratory. Theseprocedureswill apply to typical projects performed by suitably qualified competent
persons.Theseincludesiteshavingsamplemediaconsistingof soil sediment,sludgeor water.

The following section describesthe QA/QC(Quality Assurance/QualityControl) policy for environmental
samplingfor chemicaltesting. The first subsectiondefines QA/QCsamplesand is followed by the basic
philosophy,a samplecollection,and sampleanalysiolicy.

6.3.1 Definitions

Fieldduplicate samplesare sampleghat havebeendividedinto two or more portionsin the field collection
processfrom project samples.Eachportion is then carriedthrough the laboratory analysis A samplemay
be duplicatedat other points in the analyticalprocess;howeverit would not be called a field duplicate.
Exampleof field duplicatedsamplesincludea soil samplethat hasbeen collectedand mixed before being

split and placedinto individualsamplecontainers.Correctlysplitting and mixing a soil sampleis especially
important becauseof its inhomogeneoumature. In caseswhere volatile analysesare to be performedon

soil, mixingthe samplewill liberatethe volatiles.Therefore duplicatesampledfor volatile analysisshouldbe

taken from the samesourcewithout mixingand splitting. Water samplesare not mixed, but poured from

the samesamplingdevice.Both soil and water duplicatesshould be taken from the location of expected
high contamination.
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6.3.2

Equipment blanks are defined as sampleswhich are obtained by running analytefree deionizedwater
through sample collection equipment (bailer, pump, auger, split tube, Shelbytube, spatula, etc.) after
decontamination,and placingit in the appropriate samplecontainers,with project samplesfor analysis.
Thesesamplesare usedto determinewhether decontaminationprocedureshavebeensufficient.Deionized
water is usedto makeequipmentblanksfor both water and soil samples.

Fieldblanksare definedassampleswhich are obtainedin the field by pouringanalytefree deionizedwater
into appropriatesamplecontainersfor analysis.Thesesamplesare packagedwith the project samplesand
sentto the laboratoryfor analysisFieldblanksare usedto determineif contaminationenteredthe sample
duringfield collectionto laboratoryanalysis.

Trip blanks are preparedin actual samplecontainersprior to the samplingevent and are kept with the
project samplesthroughout the samplingevent. They are then packagedfor shipmentwith the project
samplesand sentfor analysisAt no time after their preparationare the samplecontainersopenedbefore
they reachthe laboratory.

QA/QCSampling

The following standardsapply to typical projects as previously defined and may be raised to higher
standardsby the competent personfor specialprojects requiring more rigorous forms of quality control
appliedto specificcontaminants.

SampleCollection

Anequipmentblankandfield duplicatesampleshouldbe preparedfor everyten project samplescollected,
or for everyday of samplingor for eachproject whicheveris more. Whenthe numberof field duplicatesis
controlled by the number of project days,the number of field duplicate samplesshallbe controlled by the
onein ten rule, if it resultsin lessduplicate samples.Thisrule will generallyapply when soil boringsare
beingdrilled and convertedto wells,and only a few project sampleglessthan ten) are beingcollectedeach
day for chemical testing. The QA/QC sampleswill be treated in accordancewith project sampling
procedures,and shippedto the chemicallaboratory under project chainof custodyprotocol. For projects
involvingthe collectionof one project sample,this meansthat two QA/QCsampleswill be prepared.The
proportion of QA/QCsamplesdecreasesvith anincreasein project samplescollected.

A field blank will not be requiredin most casesas field conditions/situationsaffecting the field blank will

alsoaffectthe equipmentblank.Byhavingonly an equipmentblank,the questionis only whether sampling
contaminationor other field conditions/situationsaffected the sample,if contaminantsare found upon
chemicaltesting. Fieldconditionsrequiringa field blankwould be if there is a high likelihood of windblown
contaminationor rain affectingthe sample.Theneedfor field blankswould be decidedby the competent
person.

Undernormal conditions,a trip_blankwill not be required as conditions/situationsaffectingthe trip to the
field rarely happen. If contamination occurs,the equipment blank would show those effects. Although
similarto the field blank,a trip blank could not be usedto differentiate between samplingcontamination,
field, or trip effects. Trip blanks will be required if trip conditions are unusual. An example of such
conditionswould be an out bf town samplingeventin which the samplerin the field haslittle control over
time duration of sampleshipmentsto andfrom the field, or where environmentalconditionsduringthe trip
couldpotentiallyintroducecontamination.

SampleAnalysis

The field duplicate samplewill be analyzedfor the same chemical constituents as the normal project
samples.This includesthe same laboratory extraction procedure(s)and any cleanup that the project
samplesundergo.

Theequipmentblankfor all chemicaltests(including,but not limited to, metals,volatiles,semirolatilesand
pesticides)will alwaysbe preparedfor analysis.Exceptfor volatiles, the actual chemicaltesting will be
performedonly if a problemis suspectedn the test resultsor at the discretionof the competentperson.
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Exceptfor volatiles,there is ampleholdingtime for the extractionfrom thesesamplego wait for chemical
teststo be performed,andthe resultsreviewed.

Theequipmentblankfor volatile organicswill alwaysbe extractedand tested becausethe holdingtime for
volatilesis only 14 days(from samplingto testing). However,if a sevendayturnaroundon project samples
can be guaranteed,then, at the discretion of the competent person, the chemicaltest for volatile
equipmentblankscanwait until the resultsof the project sampleshavebeenreviewed.However,analysis
of the equipmentblankfor volatiles,if required, must be donewithin the 14 dayholdingtime.

If field and trip blanks are prepared, they shall always be prepared and analyzedfor the chemical
constituentstestedfor in the projectsamples.

6.4 FIELODTESTINMETHODS

A variety of field testing methodshave been developedasfield screeningdevicesfor contaminatedsites.
Theseinclude photoionisation detectors (PIDs),flame ionisation (FIDs),gas detectors and field portable
laboratoriesincludingx ray fluorescence(FPXRFnd field gaschromatography. Thesemethods provide
real time or fast turnaround data to assistin rapid site characterisation. Their use as the sole sourceof
analyticaldatain the assessmenis howevernot supportedby the analyticalprecisionand detection limits
availablefor much of this technology. When assessinghe application of field testing equipment the
followingissueseedto be addressed.

Theequipmentmustbe capableof detectingthe contaminantsof concern.

Theremust be adequateunderstandingof the methodsfor use of the particularinstrumentand any
limitationsthat mayaffectthe results.

Appropriatecalibrationmustbe recordedfor the contaminantsbeingtested.
Whereversite conditionsmay effect the results(hightemperaturesor highmoisturecontents).

It is strongly recommended that laboratory testing is used to provide correlation with any field
measurements.|f good correlation exists between the results of field testing method and certified
laboratory results the results of such field tests can be applied to determine extent and severity of
contamination and can be used in monitoring programmes.Risk AssessmenReportsand remediation
objectivesbasedsolelyon non validatedfield test resultsare unacceptable.
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APPENDIA:

ChemicalSpecificDatafor SoilScreeningv/alue Calculations




ChemicalSpecificDatafor SoilScreeningvaluecalculations
1. Gastrointestinaland DermalAbsorption (Gland ABS)
Metals & metalloids

Gastrointestinabbsorptionwasassumedo be 100%for all metalsand metalloidswith the exception
of arsenicfor which a gastrointestinalabsorptionof 10%wasapplied. Thismodificationof the arsenic
value to a less conservativeand more realistic assumptionwas deemed necessarydue to the
unrealisticallylow (below background)soil screeningvalue derived usinglatest carcinogeniaisk data
for arsenic.

Dermalabsorptionwasassumedo be 10%.
Petroleum& Non PetroleumOrganics

Gastrointestinalabsorptionwas assumedto be 100%throughout all calculationsfor petroleum and
non petroleumorganiccalculations.

Dermalabsorptionwasassumedo be 10%.

2. Particulateemissionfactorsusedfor eachland usewere asfollows:

Landtse PERm%kg) Keyassumption

Residentia(standard) 1.30E+09 Fractionvegetativecover—50%
Wind speed& diffusionheight—2.25m/sand2m

Residential(informal) 7.25E+08 Fractionvegetativecover—10%
Wind speed& diffusionheight—2.25m/sand2m

Commercial/Industrial 3.22E+08 Fractionvegetativecover—10%

Wind speed& diffusionheight—2m/s and 1m (semiconfined
workingenvironment)

3. Volatisation Factors(VF)

PetroleumOrganics

Volatisationfactors for petroleum hydrocarbonswere sourcedfrom New ZealandMinistry for the Environment.
Calculationswere basedon a high permeability (sandy)soil using the modified Johnsonand Ettinger Model. The
calculationsare consistentwith ASTME173995 (2002)as appliedto the VFcalculationsfor all other organicslisted
below.

Parameter Indoor Air Outdoor Air

Residential ‘ Commercial/Industrial All LandtUses
m/kg ‘ m/kg m/kg

Alkanes

C7€9 1.61E+02 2.42E+02 1.31E+04

cloci4 1.92E+03 2.87E+03 1.83E+04

C15cC36 1.16E+06 1.74E+06 4.46E+05

MAHSs

Benzene 5.85E+02 6.67E+02 5.59E+04

Toluene 3.75E+02 5.62E+02 1.31E+04

AppendixA: ChemicalSpecificDatafor SoilScreeningvalueCalculations 1














































































































































































































































































































































































































































































































































































































































































































































































































































