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CLEA — period of development and debate, and continuing S

1992 19E7 2000 2002 2005 2006 2008 2009
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Partial Probabilistic Approach Deterministic Approach
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Model Limitations

€ Vapour Saturation Limits NOT Considered

€ Linear Relationship between ADE and Saill
Concentration

€ Leading to Unrealistic GAC (Not Capped by Sail
Saturation Limits)

€ Background Consideration — the 50% Rule
€ Integration Methods
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Model Limitations

Simplified versus Integrated Approach

Hazard RBCA CLEA
Index GAC
Simplified Approach Integrated Approach
2 GAcsim
1 GACSim / GACint
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HI calculated using Range of HI Sum of HQ for Sum of HQ for HI corresponding
simplified approach expected using oral and dermal Inhalation to GAC,,,= 1
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Model Limitations

Background Exposure: 50% Rule

Decreasing soil GAC as ADE,,,, Increases

50% Rule
TDI

TDI/Z l IIIIIIIIII+III

A

No Adjustment Required No Adjustment Required

{ TDSI=TDI-ADE,,, | 50% Rule: ADE,,,=TDI2 | 50% Rule Divide ADE,,
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Model Limitations

aoe, GAC/SGV Exceeding Soil Saturation Limits
TDSI or
» Cs
GAC1 Coar GAC2 GAC3
ADE ADE
NAPL A t TDSI or ID
bsen NAPL Present | inear Partitioning Capped for Vapour
Pathways
GAC2 > Cg,7 under the linear partitioning
GAC1 < Cgr GAC3 > Cg,7 With the ADE capped for vapour pathways
GAC3 > GAC2
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Estimation of Human Exposure

Calculation of Average Daily Exposure (ADE)
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Calculation of Background Exposure
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Calculation of TOTAL Exposure
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General Equation to Calculate Generic Assessment Criteria for Soil

GACint X Z;:IZZ;Ri N GACint X thzlzjyvle;V _
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MDI MDI
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Equations to Calculate Generic Assessment Criteria for Soil

(Assumption: Oral TDI or Index Dose = Dermal TDI or Index)

Scenario 1: Oral 40z, >50% Oral TDI°, Inhalation 40z, <50% Inhalation TDI

6,3 YR GAC YL YL Ry YR,

. . . 1
DI’ -GAC, Y. 3" R, IDI' - ADE,,,,

CLEA solution: the Goal Seek Function
AIP: Solution of a Polynomial Equation
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Equations to Calculate Generic Assessment Criteria for Soil

(Assumption: Oral TDI or Index Dose = Dermal TDI or Index)

Scenario 2: Oral 4p£;,, <50% oral TDI°, Inhalation 40z, >50% Inhalation TDIi

GACint X th:l Z:lzl RZ) n GACint X Zi':l ZZ:I R; + Csat Zi':l Zi:l Ri

. i S . :1
DI’ =ADEyy,  TDI'=(GAC, xY. > Ri+c,> > R)

CLEA solution: the Goal Seek Function
AIP: Solution of a Polynomial Equation
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Equations to Calculate Generic Assessment Criteria for Soil

(Assumption: Oral TDI or Index Dose = Dermal TDI or Index)

Scenario 3: Oral 4p£;, >50% oral TDI°, Inhalation 40z, >50% Inhalation TDIi

GAC.

it X ZZ:I Z’::l Ri + GA C;nt X Zi'zl Zj;:l R; + Csat Z;:l Zizl R\J/ _ 1
TDI ~GAC, x> > R’ TDI'~(GAC, Y ¥ R'+c,> > R)

CLEA solution: the Goal Seek Function
AIP: Solution of a Polynomial Equation
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Analytical Integration Procedures

TABLE 6. Summary of Integration Procedures in Presence of NAPL

Solution to Equation 9b (outside the 50% Rule)

o~ e—f—hc

(d-g)

Solution to Equation 10b (Limiting oral background exposure)

2de — 2df — diic

. ; . 2
2ae—2af +db—ahc \f, 2ae —2af +db —ahc
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GAC,, = o = ab (14b)
Solution to Equation 11b (Limiting inhalation background exposure)
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)
GAC,, = ab fb ab (15b)
Solution to Equation 12b (Limiting both oral and inhalation background exposure)
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Validation

HERA-Soil Model

TABLE 9. Comparison of the GAC;,; Derived from the CLEA and HERA-Soil model

Residential with Residential

CocC Garden without Garden Allotment Commercial
CLEA HERA CLEA HERA CLEA HERA CLEA HERA
Ethylbenzene 63.32 63.32 70.66 70.66 01.18 01.17 7507.27 120833
Mvlene 3255 3235 3340 3340 17342 17337 383331 36381
Naphthalene 8.71 8.71 0.22 022 2344 234 11I7.31 49361
Carbon 0.089 0.080 0.0899  (0.0890 0.83 0.83 15.04 15.04
Tetrachloride
Cadnuum 28.88 2888 30.16 30.16 38.67 58.68 20430 20430
Nickel 11045 110.40 11316 11317 24665 24666 08013 080,17

Note: umit: mg'kg
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Summaries

€ AIP accurately Solves GAC under the 50% Rule on the
Background Exposure than the Goal Seek Function
Implemented in the CLEA model.

€ AIP providing additional functionalities of risk assessment
models (Background Exposure, Vapour Saturation Limits)

€ Reducing the speed of the simulation time if Applied within
the CLEA model

€ Improving GAC in less-sensitive land use (ie Commercial)

€ To be implemented in an upcoming RA Model: SG-QRA
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