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Determination of Target Clean-up Level and
Risk-Based Remediation Strategy
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ABSTRACT

Risk-based remediation strategy (RBRS) is a consistent decision-making process for the assessment and response to
chemical release based on protecting human health and the environment. The decision-making process described
integrates exposure and risk assessment practices with site assessment activities and remedial action selection to ensure
that the chosen actions are protective of human health and the environment. The general sequences of events in Tier |
is as follows: initial site assessment, development of conceptual site model with all exposure pathways, data collection
on pollutants and receptors, and identification of risk-based screening level (RBSL). If site conditions do not meet
RBSL, it needs further site-specific tier evaluation, Tier 2. In most cases, only limited number of exposure pathways,
exposure scenarios, and chemicals of concern are considered the Tier 2 evaluation since many are eliminated from
consideration during the Tier 1 evaluation. In spite of uncertainties due to the conservatism applied to risk calculations,
limitation in site-specific data collections, and variables affecting the selection of target risk levels and exposure factors,
RBRS provides us time- and cost-effectiveness of the remedial action. To ensure reliance of the results, the
development team should consider land and resource use, cumulative risks, and additive effects. In addition, it is
necessary to develop appropriate site assessment guideline and reliable toxicity assessment method, and to study on
site-specific parameters and exposure parameters in Korea.

Key words : Risk assessment, Target clean-up level (TCL), Environmental acceptable endpoint (EAE), Risk-based
remediation strategy (RBRS)
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Fig. 1. Conceptual site model based on exposure potential pathways (modified from ASTM, 1995).
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Table 1. Target Clean-up Level Equations for carcinogenic contaminants
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2 xEE TCL AF44]
. ey = TRxBW x AT x365(days/year)
27 71 # TChw = SF,xIR, xEFxED
Lol s TCL TRxBW x AT x365(days /year)
Z = =
el g SF,xIR,, xEFxED
Ter,, =~k
gw VFgy
4937 VF,=—  x10°L
(GJ T 3
1+ air-air —gw m
P R wpe
Aeeeny Fn "
249 F4
ff
H|:Dzvs/ng:|
ER L
A7) VF,, = i x10°L
£f ff
ff
ER LB (Dzrack /Lcrack)n
TCL . = TCL,,
_ s LFsub
A2 45 3
2 z]o = —
3] A4 LF,, = Ps «10° cm_—kg
U,wBgw L-g
[ews+Ksps+Heas](l + W)
TCL . = TCL,,
s VFsub
A& 3
H _
A91F7) VF, = P x10° Sm_ke
UairﬁairLs m —g
[ews+ Ksps+ Heas] 1+ T eff
HEZYE = WD,
2399) 9]
ff
[0, TK.,p,+HO, ] ERL 3
}é"’ﬂ“'g‘7] VFsub _ ws sMs as L B < 103 cm kg
D DA m e
1+{ WS S}_'_{ WS S }
I
ER LB (Dzrack /Lcrack)n

Journal of KoSSGE Vol. 12, No. 1, pp. 73~86, 2007



Y 79 - A - 3HEE

Table 1. continued

TCLy,; =
soil RFo—c+RFd—c+RFi—c

EFxEDxSF x 10 0 ke xIR i x RAK
mg

o= AT xBW x365days/year

76)( k_g
mg
AT xBW x365days/year

EFXEDxSF_ x10 xSAxMxRAF,

. . RF, =

R e s

EE 379 9AEY 59
*5% 97 o]

RE. = EFxEDxSF;xIR; x (VF x VF)
ie BW x AT x365days/year

eff;

2W DI H 3
A9 1A VE,, = —Ps s x10° ¢m kg

airsair

3
P.W «10° em_—kg

Uair6air m3 —-g

49137 @A) VF, -

AT,: averaging time for carcinogens (years)

D:ff: effective diffusion coefficient in soil based on vapor-phase concentration
D, : effective diffusion coefficient between groundwater and soil surface
ED: exposure duration, FAAY 30 years, Ak AR A 25 years

EF: exposure frequency, SF7%1% 350 days/year, A3J/AFIAS 250 days/year
ER: endosed-space air exchange rate, 0.00014 s

H: Henry’s law constant (cm>-H,O/cm?-air)

I: infiltration rate of water through soil (cm/year)

IR,;: daily inhalation rate, AW 15 m’/day, A1¢] 20 m?/day

IR,,: daily water ingestion rate, —zrﬂ?f]‘l? 2 L/day, Akl ARIAS 1 L/day
Ks: soil-water sorption coefficient (cm’-H,O/g-soil)

Lg: enclosed-space volume/infiltration area ratio (cm)

L: depth to subsurface soil source (cm)

Lewex: enclosed space foundation or wall thickness (cm)

Lgw: depth to groundwater including capillary zone (cm)

LF,: leaching factor from subsurface soil to groundwater ((mg/L-H,O)/(mg/kg-soil))
M: soil to skin adherence factor (mg/cm?)

P.: particulate emission rate (g/cm’-s)

RAF,: dermal relative absorption factor

RAF,: oral relative absorption factor

RF,.: risk factor of oral ingestion for carcinogens

RF,: risk factor of dermal adsorption for carcinogens

RF,.: risk factor of inhalation for carcinogens

SA: skin surface area (cm*day)

SF;: inhalation cancer slope factor (kg-day/mg)

SF,: oral cancer slope factor (kg-day/mg)

TCL,;: Target clean-up level for air (mg/m?-air)

TCL,,: Target clean-up level for groundwater (mg/L-H,O)

TCLgy: Target clean-up level for subsurface soil (mg/kg-soil)

TCLgi: Target clean-up level for surficial soil (mg/kg-soil)

VF,,: volatilization factor from groundwater to air ((mg/m*-air)/(mg/L-H,0))
U.i: wind speed above ground surface in ambient mixing zone (cm/s)

U,y groundwater Darcy velocity (cm/year)

eff
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W: width of source area parallel to wind, or groundwater flow direction (cm)

8- ambient air mixing zone height (cm)
ps: soil bulk density (g-soil/cm®-soil)

n: areal fraction of cracks in foundation/walls (cm’-cracks/cm’-total area)

0, volumetric air content in vadose zone soils (cm3-air/cm3-soil)

O, volumetric water content in vadose zone soils (cm*-H,O/cm>-soil)

1: averaging time for vapor flux, 9.46 x 10% s
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