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ABSTRACT

Soil risk assessment models were used to determine the goals of soil remediation and to establish the soil quality standards
in developed countries. Recently, Korean Ministry of Environment prepared the guideline for soil risk assessment. Soil
risk assessment model applicable to Korean situation will be needed in the near future. In this study, three models for soil
risk assessment were extensively compared to suggest the fundamental components that required for the soil risk
assessment in Korea. The models considered in this study were CalTOX in the United States, CLEA (Contaminated Land
Exposure Assessment) in the United Kingdom, and CSOIL in the Netherlands. The major exposure routes and the intake
estimation equations suitable for Korean situation were suggested. The exposure routes suggested were intake of the crops,
underground water, indoor-outdoor soil ingestion, dust inhalation and a volatile matter inhalation. The equations for intake
estimation used in CalTOX and CSOIL seem to be applicable for the calculation of the human intake in Korea.
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Table 1. Exposure pathway of CalTOX Model

No.  Group Exposure pathway

1 All inhalation exposures indoors active

2 All inhalation exposures indoors resting

3 Inhalation exposure in shower/bath

4 . Inhalation exposures outdoors active

5 Inhalation Inhalation of air particles indoors

6 Transfer of soil dust to indoor air

7 Transfer of soil vapors to indoor air

8 On-site inhalation by animals

9 Use of ground water as tap water

10 Tap WaterUse of surface water as tap water

11 Ingestion of tap water

12 Use of ground water for irrigation

Irrigation o

13 Use of surface water for irrigation

14 Feeding Use of ground water for feeding animals

15 animal  Use of surface water for feeding animals

16 Contaminant transfer, air to plants surfaces
17 Contaminant. transfer, grnd. soil to plant surfaces
18 Transfer Contaminant. transfer, root soil to plant tissues
19 Ons-site grazing of animals

20 Ingestion of home-grown exposed produce
21 Ingestion of home-grown unexposed produce
22 Ingestion of home-grown meat

23 Ingestion Ingestion of home-grown milk

24 Ingestion of home-grown eggs

25 Ingestion of locally caught fish

26 Direct soil ingestion

27 ) Soil contact exposure at home or at work
28 Soil Dermal exposure during shower/bath

contact N . A A .

29 Dermal & ingestion exposures while swimming
30 ]ririfl?St Breast-milk ingestion by infants
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Table 2. Health Criteria Values (HCV) of The United Kingdom.
Ingestion Inhalation
HCV | 2 . -
Chem Dot D™ 5 S TDSE TDSFforasix o o TDSI for TDSI for a six  Remark
oral for an adult year-old child inh an adult year-old child
Cd 0.001 1 16 0.77 0.5 6, 7
Cu NR
As 0.3 0.002 7
Hg 0.3 2.5 0.26 0.22 0.3 6
Pb NR
Cr 0.001 3 13 2.8 2.6 6, 7
Zn NR
Ni 5 160 2.7 1.0 6
Benzene 0.29 091 7
Toluene 200 10 200 200 74 124 72 71 6
Ethylbenzene 100 5 100 100 170 130 170 170 6
Xylene 179 20 179 178 63 112 61 60 6
1. 1Dy : Index Doses derived from oral (ug kg™' bw day™)
2. IDjy: Index Doses derived from inhalation (ug kg™ bw day™)
3. TDl gy : oral Tolerable Daily Intake (ug kg™' bw day™)
4, MDI : Mean Daily Intake (ug day™)
5. TDSI : Tolerable Daily Soil Intake (ug kg™ bw day ')e)
6. Threshold
7. Not threshold
Table 3. The Soil Guidance values estimated by The CLEA Model.
Land Use Residential (mg/kg) Allotments Commercial/ industrial
Chemical With plant uptake Without plant uptake (mg/kg) (mg/kg)
pH6 pH7 pHS8 pH6 pH7 pH8
Cadmium 30 1,400
1 2 8 1 2 8
Copper
Arsenic 20 20 20 500
Inorganic Mercury 8 8 15 480
Lead 450 450 750 750
Chromium 130 200 130 5,000
Zinc
Niclel 50 75 50 5,000
1% 25% 5% 1% 25% 5% 1%  25% 5% 1%  25% 5%
Toluene SOM SOM SOM SOM SOM SOM SOM SOM SOM SOM SOM SOM
3 7 13 3 8 15 31 73 140 150 350 680
1% 2.5% 5% 1% 2.5% 5% 1% 2.5% 5% 1% 2.5% 5%
Ethylbenzene SOM SOM SOM SOM SOM SOM SOM SOM SOM SOM SOM  SOM
9 21 41 16 41 80 18 43 85 45,000
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Table 4. Exposure pathway of CLEA Model.

No. Group Exposure pathway

1 Direct soil ingestion

2 . Direct soil derived indoor dust ingestion
Ingestion . .

3 Consumption of site-grown vegetables

4 Inditest soil ingestion site-grown vegetables

5 Skin contact with soil-derived indoor dust
Contact . . i

6 Skin contact with soil

7 Inhalation of soil-derived indoor dust

8 . Inhalation of soil-derived outdoor dust
Inhalation ) . .

9 Inhalation of soil vapours indoors

10 Inhalation of soil vapours outdoors

A% FARE BEFAIGE APsket AR, B9
LAEAE HHFEAXE Table 2014 AElsdHt.
EdAFZE /Y71 (Intervention values)o|™, LAE
2e] =7 SGVellA ARG A5 AP iV E
o] A QA0 EATS YUY, EYE
o] 838 AT EGAFZES CLEA EdS o]
83t A EF EXOISEGFAA, A9, dHRE
F2)pll wet AEEAT 3 EYRHEe ArwEvt
TSR, A ZEAR] QIASEIES APdskeEtle
AREE 4= Qlth. CLEA Rdo) &) A& S35
F9 EFAHZE Table 39 AAIEo] ot A
CLEAS] &2 = EXol o] oJ&3h, Yutal A
7, ARHE, FYS 53 diEFE AEEeH, ta
AsA 107]9] =522 FE50] UtK(Table 4).
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At Al MR Az LAEZ diaiA, 200030 ]
HA) Az LEEHd tig /d7IEe] AAEI=,



AR BRI 2dll vl wta] At 57

HC50 MPRhuman
Hazardous Concentration for Human-toxicological
50% of species and Maximum Permissible
50% of microbial processes Risk

l |

SRCruman’’
(CSOIL-calculation)

SRC.co'

Integrated SRC

1) ECOTOX-SCC (Ecotoxicological serious soil contamination
concentration)

2) HUM-TOX SCC (Human-toxicological serious soil conta-
mination concentration)

Fig. 1. Integrated SRC induction process of The Netherlands.

Table 6. MPR,a, and SRCpyman estimated by the CSOIL Model.

Table 5. Exposure pathway of CSOIL Model in the Netherlands

No. Group Exposure pathway

Ingestion of soil/dust

. Consumption of contaminated crops
Ingestion . .
Intake of drinking-water due to permeation

through drinking water pipe

Uptake via dermal contact with soil
Dermal uptake during bathing

Contact

Inhalation of soil particles

Inhalati Inhalation of indoor air
alation Inhalation of outdoor air

O 0o 39 v B

Inhalation of vapours during showering

ol ke WAlH o= oF g A=l td AHY
7o) mRaE] gt B, B5E, AJsiael digh A

&&= (Serious risk concentrations; SRChyma)=

Compound T MPRhumanTCA/CRinhal current SI}IChuman soil New SRghuman soil IS{SII
g - kg bw! - d_i] g - m] [ng - kg dryweight] (g * K dry weigh] o1
1. Metals
Cadmium 0.5 N.A 4260 9340 Medium
Copper 140 1 15700 8600 Medium
Arsenic 1 1 678 576 High
Mercury -
Mercury (inorganic) 2 0.2 197 210 Medium
Mercury (organic) 0.1 N.A - -
Lead 3.6 N.A 300° 622° High
Chromium - - - -
Chromium 11T 5 60 2250 2760 Medium
Chromium VI 0.0025 - 78 Low
Zinc 500 N.A 56500 46100 Medium
Nickel 50 0.05 6580 1470 Medium
2. Aromatic Compound
Benzene 33 20 1.09 1.1 Medium
Ethylbenzene 100 770 50 111 Medium
Toluene 223 400 339 32 Medium
Xylene (sum) 150 870 25.6 156
0-Xylene 109 Medium
m-Xylene 248 Medium
p-Xylene 140 Medium

1. Reliability scores (RS) have been determined as the product of separate sub-scores for the MPRy,,., and the calculated potential exposure
(high implies less uncertainty); the RS only accounts for SRC for soil.
2. Based on exposure and Maximal Permissible Risk for intake for a child (all values) and on relative bioavailability for lead in soil in the

human body of 0.6 (revised values).
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Table 7. Direct and indirect exposure routes in soil risk assessment models.

Exposure route

CalTOX CLEA CSOIL

Indirect exposure

Consumption of (home-grown) crops

Consumption of soil attached to crops

Consumption of contaminants via drinking water
Ingestion of contaminants via bathing water

Inhalation of vapours from drinking water from shower
Dermal contact with drinking water from shower/bath
Dermal contact with contaminants via bathing water
Consumption of contaminants via consumption of fish
Consumption of contaminants via consumption of milk
Consumption of contaminants via consumption of meat

Consumption of contaminants via mother's milk

+

|
+ o+ + o+ o+

+ o+ + o+ o+ o+ o+ o+

Direct exposure

Ingestion of contaminated soil particles (outdoors)
Ingestion of contaminated soil particles/dust (indoor)
Dermal contact with soil contaminants (outdoor)
Dermal contact with soil contaminants/dust (indoor)
Inhalation of contaminated soil particles / dust (outdoor)
Inhalation of contaminated soil particles / dust (indoor)
Inhalation of vapours from contaminants (outdoor)
Inhalation of vapours from contaminants (indoor)

[
+ + o+ o+ o+ + o+
+ + + + + 4+ + +

+ o+ o+ 4
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Table 8. Exposure factor for CalTOX.

Factor Definition (unit) Remark

Cw Chemical concentration in water (mg/L)

IRy Ingestion rate (L/day)

EF Exposure frequency (days/year)

ED Exposure duration (years)

BW Body weight (kg)

AT Averaging time (days)

Ca Chemical concentration in air (mg/m°)

IR Inhalation rate (m*/hour)

ET Exposure time (hours/day)

CS Chemical concentration in soil (mg/kg)

IR Ingestion rate (mg soil/day)

CF Conversion factor (10™°kg/mg)

FI Fraction ingested from contaminated source RAFo (RBCA)

DA.vent Absorbed dose (mg/cm’-event) -

Caoil Chemical concentration in soil (mg/kg) Site-specific

CF Conversion factor (107 kg/mg) 10

AF Soil to skin adherence factor (mg/cm>-event)

(Referred to as contact rate in RAGS, Part A)

ABS Absorption factor

DAD Dermal absorbed dose (mg/kg-day) -

DA vent Absorbed dose (mg/cm’-event) Chemical-specific

SA Skin surface area available for contect (cm?)

EV Event frequency (event/day)

SA Skin surface area available for contect (cm’/event)

Colant Chemical concentration in plant (mg/kg)

CR Ingestion (kg/meal)

FI Ingestion rate

Journal of KoSSGE Vol. 12, No. 1, pp. 53~63, 2007
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Table 9. Exposure factor for CSOIL.

Factor Definition (unit)
DI, Intake of contaminated drinking water by drinking (mg/kg-day)
Qd,, Daily drinking-water intake (m*/day)

Cdy Drinking-water concentration (mg/dm?>=g/m?)

fa Absorption factor

v Uptake of contamination via vapours (mg/kg-day)
Cia Concentration in the indoor air (g/m?)

Coa Concentration in the outdoor air (g/m°)

ti or to Daily duration of exposure indoor respectively outdoor (h)
tfi or tfo Average time fractions for stay indoor respectively outdoor
1P Uptake of inhaled soil particles (mg/kg-day)
ITSPY Amount of inhaled soil particle (kg/day)

fr Retention factor particles in lung

TSP Amount of air-suspended particles (mg/m?)

frs Soil fraction in particles in the air

AV Breathing volume (m*/d)

t Duration of exposure (h)

tf Time fraction exposure

ID Uptake via soil ingestion (mg/kg-day)

AID Daily intake amount soil (kg dry/day)

w Body weight (kg)

Cs Initial soil content (total soil content in gas, water, and solid phase)(mol/kg dry soil) or (mg/kg)
DA Uptake via dermal contact with soil (mg/kg-day)
A exp Exposed surface area(m?)

fim Matrix factor

DAE Degree of coverage (mg soil/cm’=0.01 kg/m?)
DAR Absorption velocity (h)

frs Fraction soil in dust

VI Uptake of contaminant via crops (mg/kg-day)
Qfvk Daily consumption of root crops (kg d.w./day)
Qfvb Daily consumption of leafy crops (kg d.w./day)
fv Fraction contaminated food

Cpr Content of the root crop (mg subst./kg d.w. crop)
Cps Content of the leafy crop (mg subst./kg d.w. crop)

A3l AH AR digt JA=EE IHE v
CalTOX9} v|d&=9] CSOIL F 74 2doA 123}
It AXE AE T T8 AR AAHES A
ofde] F ERE U] E =220l g A==
==

332 3HEA FY AUe)

CalTOX. 7 CaxIRaxETxEFxED
ara, 1= BWxAT

G)

CSOIL(AW L)), IV=1[AV x Cia x tfi x ti+ AV x Coa x
toxfax 10 + W) @)
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Table 10. Exposure factor for CLEA

Factor

Definition (unit)

IRvapour inhalation
RV

Coutdoor air

Cindoor air

IR gust inhatation
Cooit

EF

RV

qust

IRdircct soil ingestion

Csoil
SDR

IR\'egcmble consumption

Chemical exposure rate of a contaminant by inhalation of vapour (mg - day™')

Adult and child respiration volume (m® - day!)

The average outdoor air concentration of the contaminant in the breathing zone calculation from the
concentration in soil (mg * m~)

The average indoor air concentration of the contaminant in the breathing zone calculation form the
concentration in soil (mg * m™)

Chemical exposure rate of a contaminant by dust inhalation (mg - day™)

Contaminant concentration in soil (mg - g™)

The contaminant concentration in soil (mg * g™!)

The adult and child respiration volume (m? - day™)

The fraction of locally derived soil in indoor dust

Chemical exposure rate of a contaminant from direct ingestion of soil and indoor dust (mg-day ™)
Concentration of a contaminant in soil (mg - g

Average daily soil and indoor ingestion rate (g - day )

Chemical exposure rate of a contaminant from consumption of garden vegetable (mg - day™)

Coil Concentration of a contaminant in soil (mg * g”'.DW)

CR yegetalbe Total daily consumption rate of each vegetable (g + FW * kg™' « bw * day™)

BW Human body weight (kg)

HF egetable Fraction of each vegetable consumed that is assumed to be homegrown

CF\egetable Calculated soil-to-plant concentration factor (ug * g + W - plant over ug - g' + DW - soil)
3.3.3 HRRHIA] £ EF 3 A=ETF 2F9AL 371 oA

FEHoR tFa otk 2 Bdo SolHoz I

1)
CSOIL (212]) zp:w ©) 4 ke el tjel AwRE, vl CcalToXE E% S
A=E afsle] AT WEE CsOILdME E%
ITSP" = TSPx frsx AV x tx fi (7 RS B8 A} Feks kol V1R 2k AAES.

CLEA,

L Rdu st inhalation ™

U, 9= CLEAE 71249 EQALT) EQQPEE
ol AFgaiitt.

(lel X EF X CPMIO X RV)ouldm)r
+ (Csoil x EF x CPMlO X RV x qust) € indoor (8)

33.5 EYE=E

HlEA) Fl Uig Wige] QAl-Ee Age) 7
L, AREE QIRE AlRle} ofHo], Ahfje} Alelg FrES)e] CalTOX, Dermal Absorbed Dose Per Event,
ARSI} © zcﬂ@x 2 o AFgEt 3 AA
Ak of o FHwAY (ITSP)g T AR gl DA o= C woix CF x AF x ABS 4 (12)
5] el s WSS Oslel e
Dermal Absorbed Dose-Soil Contact,
123 E2 DA x EFx EDxEVxSA
334 E (e} H‘A DAD — event (13)
BWxAT
CSXIRxCFxFIXEFxED
CalTOX, I= ) CSx CFxSAxAF x ABSx EF x ED
BWxAT =
X Absorbed Dose B AT (14)
CSOIL, 1p =4PxCsxfa (10)
w CSOIL,
CLEA, TRureer sot ingestim= Cont x SDR (11 DA = Aexp xfin xDAExV?ARx Csxtx tfx fi's (15)
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CLEA,

DA

event ~ “soi

C,, x AFx ABS, 10“’{/‘—5’} (16)
mg

CalTOX= WA EFHES B¢ QAl==7F
7he] 218 o] g3t ARelX e dF 23k oA B
FHEES AT (12) IAE AR 3 (13)9] A9
st EFRS] ot JA-EFE APdEaTh
Sk Hlare] BEYHE w22k FAS 4K, A1 o
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o] 282 QA Zzte] Qe diste] Aujel A<, ARl
7} ofglo]E AliEslsle] kS AABIHeH, £31 F
EES TV aEst(fis oAb 2Hals 74
3kt

AR 5

33.6 & 43

CalTOX C lam ¥ CRXFIXEFXED 17
allO%, 1= BWxAT a7
CSOIL, V- (Ofvkx Cpr+QfV\;beps)vaxfa (18)
CLEA,
IRvegelable consumption — Csm’l X 2 (CRvegetable x BW x
HF, vegetable x CF, vegetable vegetable type (] 9)
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