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Site Remediation TruismsSite Remediation Truisms

� A “benefit” — making useful again otherwise 
unproductive land.

� The cleaned-up site must not pose a risk under its 
new use.

� Remediation will only occur if it’s economically 
feasible:

• i.e., the benefits must outweigh the costs of the 
undertaking.
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What I Will CoverWhat I Will Cover

An outline of experiences in the successful 
remediation of an industrial site in the 
vicinity of Cape Town, South Africa. 
Arsenic is chosen as illustration of the 
approach adopted.

� The site—its location, history, and the cleanup 
challenges

� Derivation of soil cleanup target levels (SCTLs)
� Cleanup strategy adopted
� Successful conclusion
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Somerset WestSomerset West
The Site as it is NowThe Site as it is Now

� Location, location, location!
Ocean front, spectacular views, 40 minutes driving t ime from 
downtown Cape Town



MH&A, Ottawa, Canada — INFOTOX, Pretoria, South Afri ca — Heartland Leasing, Cape Town, South Africa

Somerset WestSomerset West
BeforeBefore

� The Agrochemicals Area during Production:
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The ChallengesThe Challenges

� 100+ years of industrial chemical activity 
• Explosives—nitroglycerine, nitrocotton, Hg fulminate

• Fertilizers—phosphates, superphosphates

• Pesticides—DDT, dieldrin, inorganic (e.g. lead 
arsenate, sulfur-based fungicides)

� Sketchy historical records

� Lax waste disposal practices

� No clear guidelines on what is expected in 
cleanup from regulatory authorities
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Somerset WestSomerset West
Lax waste disposal practicesLax waste disposal practices

� A euphemistically termed “soakaway”
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SCTLsSCTLs
Are They Just a Numbers Game?Are They Just a Numbers Game?

� In order to develop a cleanup strategy for a 
site, one must have health-based soil cleanup 
targets to aim for—in the Agrochemicals Area, 
targets were designed to accommodate 
residential usage.

� Inherent in this exercise there is a realization, 
subconscious or not, that the higher the 
pollutant level that can be justified on health 
grounds, the more feasible remediation will be.

� The final arbiter in this situation, I would argue,  
has to be the regulatory authorities.
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... a numbers game?... a numbers game?

Residential Soil Cleanup Levels for Arsenic:

� United States (2006): 0.43 mg/kg
� Canada (2006): 12 mg/kg
� United Kingdom (2002) 20 mg/kg
� Australia (2000) 100 mg/kg

• All jurisdictions acknowledge that arsenic is a kno wn human 
carcinogen.

• Within their individual frames of reference, all fe el that their
SCLs are adequately protective of the health of the 
population they represent.

And yet there is a considerable range in 
what is considered acceptably protective.
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Soil Cleanup Target LevelsSoil Cleanup Target Levels
Equation for CarcinogensEquation for Carcinogens

Based on the approach presented in a report, 
Development of Cleanup Target Levels 
(CTLs) , prepared by the University of Florida 
for the Florida Department of Environmental 
Protection [2005]

    

SCTL = TR´ BW ´ AT
( EFdust ´ EDdust ´ FCdust ´ A) + ( EFsoil ´ EDsoil ´ FCsoil ´ A)

A = [( CSFO ´ RBAO ´ I RO ´ 10- 6kg / mg) + ( CSFD ´ SA´ AF ´ DA ´ 10- 6kg/ mg)]
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But is It Science?But is It Science?

� The fundamentals behind the targets must be based 
on science

• Properly applied, science makes explicit the gaps i n 
information and requires that, in reaching a given conclusion, 
one not only identify the gaps but also explain how  such gaps 
are to be bridged.

• The science used must be “honest science”.  There i s nothing 
to be gained by masking decisions made on the basis  of non-
scientific considerations by invoking “science” as t he 
rationale, and much to be lost.  Foremost, perhaps,  is the 
diminished credibility that an otherwise perfectly reasonable 
environmental decision would have when (as inevitab ly it 
must be) the masking is spotted.

� But the final decision, inevitably(?), will contain  
aspects that contain rationales that are more 
properly the realm of “science policy” and, even, 
pure policy.
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Science/Policy InterfaceScience/Policy Interface
(after Thomas (after Thomas McGarityMcGarity [1979])[1979])

�� Purely scientific or factual issuesPurely scientific or factual issues
•• questions of empirical fact (e.g., everything from the questions of empirical fact (e.g., everything from the 

molecular structure of benzene to the epidemiologic al molecular structure of benzene to the epidemiologic al 
conclusion that it is a humanconclusion that it is a human leukleuk ææmogenmogen ))

�� ScienceScience --policy questionspolicy questions
•• transtrans --scientific issuesscientific issues
•• insufficient datainsufficient data
•• issues involving scientificissues involving scientific judgementjudgement
•• disagreements over inferencesdisagreements over inferences

�� Questions of pure policyQuestions of pure policy
•• implicit value decisionsimplicit value decisions
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Science Policy DecisionsScience Policy Decisions

�� The cancer slope factor for arsenic is an area of The cancer slope factor for arsenic is an area of 
contentioncontention ——the value of 1.5 per (mg/kgthe value of 1.5 per (mg/kg --day) [used by day) [used by 
the US EPA], if applied uncritically, can lead to the US EPA], if applied uncritically, can lead to 
practical problems (e.g., target levels below practical problems (e.g., target levels below 
surrounding uncontaminated values).surrounding uncontaminated values).

•• Extrapolation of high dose results to low exposure scenarios Extrapolation of high dose results to low exposure scenarios 
can have uncertainties measured in orders of magnit ude.can have uncertainties measured in orders of magnit ude.

•• The New Zealand government, for example, chose a va lue of The New Zealand government, for example, chose a va lue of 
0.15 (one tenth that of the EPA).0.15 (one tenth that of the EPA).

•• Other jurisdictions donOther jurisdictions don ’’ t employ a cancert employ a cancer --slopeslope --factor factor 
approach to setting soil cleanup guidelines for ars enic.approach to setting soil cleanup guidelines for ars enic.

�� Lifetime cancer risk factorLifetime cancer risk factor
•• In guideline setting, the risk factor choice is ver y much a In guideline setting, the risk factor choice is ver y much a 

public policy decisionpublic policy decision —— values between 10values between 10 --6 6 and 10and 10 --44

commonly  deemed acceptable, depending on situation .commonly  deemed acceptable, depending on situation .
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Other Other ““ MitigatingMitigating ”” ConsiderationsConsiderations

�� BioavailabilityBioavailability of arsenic from soilof arsenic from soil
•• Observed effects of arsenic exposure arose from Observed effects of arsenic exposure arose from 

communities whose drinking water contained  high le vels.communities whose drinking water contained  high le vels.
•• Availability of arsenic in water, across the gut, i s close to Availability of arsenic in water, across the gut, i s close to 

100%.100%.
•• From a soil matrix, however, arsenic is typically o ne half to From a soil matrix, however, arsenic is typically o ne half to 

one tenth as available as arsenic in solution.one tenth as available as arsenic in solution.

�� House dust exposureHouse dust exposure
•• 80% of house dust is commonly considered to be deri ved 80% of house dust is commonly considered to be deri ved 

from outside soilfrom outside soil ——thus, in calculating risk factors from soil thus, in calculating risk factors from soil 
cleanup targets, house dust is (cleanup targets, house dust is ( ““ conservativelyconservatively ”” ) assumed ) assumed 
to be at the target level.to be at the target level.

•• Realistically, in a residential development, topsoi l is Realistically, in a residential development, topsoi l is 
brought in for landscaping, etc.brought in for landscaping, etc. ——the actual contamination the actual contamination 
contribution, therefore, would be considerably lowe r. contribution, therefore, would be considerably lowe r. 
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Factors Used to DeriveFactors Used to DeriveSCTLsSCTLs for for 
the Agrochemicals Areathe Agrochemicals Area

�� Cancer slope factor Cancer slope factor —— 0.15 per (mg/kg0.15 per (mg/kg --day)day)
•• Used the value chosen by the New Zealand government  Used the value chosen by the New Zealand government  

�� Lifetime cancer risk Lifetime cancer risk —— 1 x 101 x 10 --55

•• The Dutch governmentThe Dutch government ’’s guidelines for arsenic in soil use s guidelines for arsenic in soil use 
this risk levelthis risk level

�� Bioavailability Bioavailability of arsenic from soil of arsenic from soil —— 15%15%
•• MidMid --range of experimentally determined values in monkey srange of experimentally determined values in monkey s

�� House dust exposureHouse dust exposure
•• 15% of house dust assumed to be derived from soil 15% of house dust assumed to be derived from soil 

contaminated at the SCTLcontaminated at the SCTL

�� No consideration of groundwater exposureNo consideration of groundwater exposure
•• Underlying aquifer has high salinity, the groundwat er is Underlying aquifer has high salinity, the groundwat er is 

totally unsuitabletotally unsuitable as drinking water and for irrigationas drinking water and for irrigation
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The The SCTLsSCTLs Derived for Arsenic in Derived for Arsenic in 
the Agrochemicals Areathe Agrochemicals Area

Using the SCTL equation, the Using the SCTL equation, the ““ science policyscience policy ””
decisions, and the mitigating concepts decisions, and the mitigating concepts 
mentioned in previous slides, the following mentioned in previous slides, the following 
cleanup targets were derivedcleanup targets were derived

�� Central Tendency Exposure (CTE) scenario:Central Tendency Exposure (CTE) scenario:
2,900 mg/kg2,900 mg/kg

•• The CTE scenario represents the most likely exposur e The CTE scenario represents the most likely exposur e 
conditions that would be experienced by the majorit y of conditions that would be experienced by the majorit y of 
individuals in the area.individuals in the area.

�� Reasonable Maximum Exposure (CTE) Reasonable Maximum Exposure (CTE) 
scenario:scenario: 1,900 mg/kg1,900 mg/kg

•• The RME scenario represents the maximum exposure The RME scenario represents the maximum exposure 
situation that would reasonably be expected.situation that would reasonably be expected.
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Cleanup StrategyCleanup Strategy

�� The Agrochemicals Area is characterized by localize d The Agrochemicals Area is characterized by localize d 
pockets of high levels of contamination (e.g. arsen ic pockets of high levels of contamination (e.g. arsen ic 
levels as high as 10,000 mg/kg or more).levels as high as 10,000 mg/kg or more).

•• Likely a symptom of lax environmental disposal prac tices (e.g., Likely a symptom of lax environmental disposal prac tices (e.g., the the 
““ soakawayssoakaways ”” ))

Contamination in the remaining areas was considerab ly Contamination in the remaining areas was considerab ly 
lower than the lower than the SCTLsSCTLs ..

�� The pockets of high levels of contamination would b e The pockets of high levels of contamination would b e 
dug up and disposed of, in a dug up and disposed of, in a ““ monomono --cellcell ”” , at a registered , at a registered 
hazardous waste site roughly 55 km from Somerset hazardous waste site roughly 55 km from Somerset 
West.West.

�� Approval of this approach by the regulators was giv en in Approval of this approach by the regulators was giv en in 
February last yearFebruary last year ..
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Remediation Remediation ……

�� Some of the ~350,000 tons of contaminated soil Some of the ~350,000 tons of contaminated soil 
being prepared for transport to the monobeing prepared for transport to the mono --cellcell



MH&A, Ottawa, Canada — INFOTOX, Pretoria, South Afri ca — Heartland Leasing, Cape Town, South Africa

…… and Disposaland Disposal

�� The monoThe mono --cell at the cell at the Vissershok Vissershok Waste Waste 
Management FacilityManagement Facility



MH&A, Ottawa, Canada — INFOTOX, Pretoria, South Afri ca — Heartland Leasing, Cape Town, South Africa

The ResultThe Result

�� A net benefit to societyA net benefit to society
•• Land, rendered unproductive for its original indust rial Land, rendered unproductive for its original indust rial 

usage, has the potential to provide much needed hou sing usage, has the potential to provide much needed hou sing 
and commercial space to meet the demands of an and commercial space to meet the demands of an 
expanding Cape Town area economy.expanding Cape Town area economy.

�� And And ““ yesyes ”” , perhaps it is , perhaps it is ““ just a numbers just a numbers 
gamegame ”” , but:, but:

•• These are numbers soundly based on scientific princ ipal.These are numbers soundly based on scientific princ ipal.
•• They are, given the nature of the site and the prop osed They are, given the nature of the site and the prop osed 

development plans, protective of human health.development plans, protective of human health.
•• And, in approving the remediation strategy, the reg ulatory And, in approving the remediation strategy, the reg ulatory 

authorities obviously agree.authorities obviously agree.


