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Analysis on the Risk-Based Screening Levels Determined by Various Risk
Assessment Tools (I): Variability from Different Analyses
of Cross-Media Transfer Rates

Jae-Woong Jung + Hyerim Ryu * Kyoungphile Nam*

Department of Civil and Environmental Engineering, Seoul National University

ABSTRACT

Risk-based screening levels (RBSLs) of some pollutants for residential adults were derived with risk assessment
tools developed by United States Environmental Protection Agency (USEPA), American Society for Testing and
Materials (ASTM), and Korea Ministry of Environment (KMOE) and compared each other. To make the comparison
simple, ingestion of soil, dermal contact with soil, outdoor inhalation of vapors, indoor inhalation of vapors, and
inhalation of soil particulates were chosen as exposure pathways. The results showed that the derived RBSLs varied
for every exposure pathway. For direct exposure pathways (i.e., ingestion of soil and dermal contact with soil), the
derived RBSLs varied mainly due to the different default values for exposure factors and toxicity data. When
identical default values for the parameters were used, the same RBSLs could be derived regardless of the assessment
tools used. For inhalation of vapors and inhalation of soil particulates, however, different analysis methods for cross-
media transfer rates were used and different assumptions were established for each tool, identical RBSLs could not
be obtained even if the same default values for exposure factors were used. Especially for inhalation of soil
particulates pathway, screening level derived using KMOE approach (most conservative) was approximately
5000~10000 times lower than the screening level derived using ASTM approach (least conservative). Our results
suggest that, when deriving RBSL using a specific tool, it is a prerequisite to technically review the analysis
methods for cross-media transfer rates as well as to understand how the assessment tool derives the default values
for exposure factors.

Key words: Risk assessment, Risk-based screening level, Default values for exposure factors, Analysis of the cross-
media transfer rates of contaminants
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inhalation unit risk(IUR), 1:107* lifetime excess cancer
risk oral(CRo), 1:10™* lifetime excess cancer risk inha-
lation(CRyyna), oral reference dose(RfD,), inhalation
reference dose(RfD;), dermal reference dose(RfDyps),
reference concentration(RfC), tolerable daily intake(TDI)
2 tolerable concentration in air(TCA)), 3) T84 =
S0 A} (exposure factors) (o]: FF(body weight), =ZH]
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H7HAH (@735 A3835.(2009.8 20)EHEH-, 2009)
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Table 1. Physicochemical properties and toxicological values of soil contaminants investigated in this study

Physicochemical properties

Pollutant ) Daﬁ) D,” de) KOCQ) GIABS'® ABS dl 1)
Type (unitless) (cm%s) (em?s) (Likg) (Likg) (unitless)  (unitless)
Benzene voch 2.3E-01 9.0E-02 1.0E-05 - 1.5E+02 1 0.5'2
EB VOC 3.2E-01 6.8E-02 8.5E-06 - 4.5E+02 1 0.5
Phenol svoc? 1.9E-05 - - - 1.9E+02 1 0.1
B(a)P SvVOoC 1.4E-05 - - - 5.9E+05 1 0.13"
As NVP) - - - 2.9E+01 1 0.03"
Hg VY 4.7E-01 3.1E-02 6.3E-06 52E+01 1 -
Cd NVI - - - 7.5E+01 0.025 0.001'>
F NVI - - - - 1 -
Toxicological values
SFOM) SFabsl 5) IUR'® SF;”) CRinhall 8) RfDOZI) RfDabSZZ) RfCiB) Rﬂ3i24) TCA2
Pollutant o ke-dayy! (meke-day)! (ugim’y' (mgkgdayy! (ug) (mgke-day) (mgke-day) (mght) (mgkgday) (ughn)
Benzene 5.5E-02 5.5E-02 7.8E-06 2.7E-02 20" 40F-03  40E-03  3.0E-02  86E-03 -
EB 1.1E-02 1.1E-02 2.5E-06 8.8E-03 - 1.0E-01  1.0E-01  1.0E+00  29E-01 770"
Phenol - - - - - 3.0B-01  3.0E-01  20E-01  5.7E-02 20"
B(a)P 73E+00  7.3E+00 1.1E-03 3.9E+00 2330 - - - - -
As 1.5E+00 1.5E+00 4.3E-03 1.5E+01 - 3.0E-04 3.0E-04 1.5E-05 4.3E-06 1
Hg - - - - - 1.6E-04  16E-04  3.0E-04 86E-05 02"
Cd - - 1.8E-03 6.3E+00 - 1.0E-03  2.5E-05  1.0E-05 29E-06  233%
F - - - - - 6.0E-02  6.0E-02  13E-02  3.7E-03 -

1) Volatile organic compound

2) Semi-volatile organic compound

3) Non-volatile inorganic

4) Volatile inorganic

5) Dimensionless Henry’s law constant

6) Diffusivity in air

7) Diffusivity in water

8) Soil-water partition coefficient

9) Organic carbon-water partition coefficient

10) Fraction of contaminant absorbed in gastrointestinal tract

11) Dermal absorption factor

12) These values are adapted from ASTM (2002).

13) These values are adapted from ORNL (2010).

14) Oral slope factor; All values are adapted from ORNL (2010).

15) Dermal slope factor; All values are determined by dividing SF, value by pollutant-specific GIABS.

16) Inhalation unit risk; All values are adapted from ORNL (2010).

17) Inhalation slope factor; All values are determined by multiplying IUR by inhalation conversion factor (70000 kg-pig / 20 m*-mg).

18) 1:10™ lifetime excess cancer risk inhalation

19) These values are adapted from Lijzen et al. (2007).

20) This value is calculated route-to-route extrapolation (i.e., This value is derived by multiplying CR, by inhalation conversion factor (70
kg /20 m*x 100/ 75).

21) Oral reference dose; All values are adapted from ORNL (2010).

22) Dermal reference dose; All values are determined by multiplying RfD, value by pollutant-specific GIABS.

23) Inhalation reference concentration; All values are adapted from ORNL (2010).

24) Inhalation reference dose; All values are determined by multiplying RfC; by inhalation conversion factor (20 m*/ 70 kg).

25) Tolerable Concentration in air

26) This value is calculated by route-to-route extrapolation (i.e., This value is derived by multiplying TDI by inhalation conversion factor
(70 kg /20 m*x 100/ 75).

HoMe] =S ARSI oH, FAXCEE EYAF 7k eaEAe] A 2 A28 (indoor and outdoor
(ingestion of soil), EYZ+(dermal contact with soil), inhalation of soil vapors)?} BIZFAZ] &< (inhalation of
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Table 2. Screening value for the ingestion of soil derived using
USEPA (1996a), ASTM (2002), and KMOE (2009) approach

(unit: mg/kg)
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Table 3. Screening value for the dermal contact with soil derived
using USEPA (1996a), ASTM (2002), and KMOE (2009) approach

(unit: mg/kg)

Carcinogenic effect

Carcinogenic effect

Pollutant Pollutant
USEPA ASTM KMOE USEPA ASTM KMOE
Benzene 3.10E+01 6.19E+01 2.55E+01 Benzene 1.55E+01 3.92E+00 1.28E+01
EB 155E+02 3.10E+02 1.27E+02 EB 776E+01  196E+01  638E+01
B(a)P 2.33E-01 4.67E-01 1.92E-01
(@ 33E-0 67E-0 92E-0 B(a)P 4.50E-01 2.95E-01 4.81E-01
As 1.14E+00 2.27E+00 9.33E-01
- ; As 9.49E+00 2.40E+00 7.80E+00
Pollutant Non-carcinogenic effect
olu ~ . .
USEPA ASTM KMOE Pollutant Non-carcinogenic effect
Benzene 2.92E+03 5.84E+03 2.40E+03 USEPA ASTM KMOE
EB 7.30E+04 1.46E+05 6.00E+04 Benzene 1.46E+03 3.70E+02 1.20E+03
Phenol 2.19E+05 438E+05 1.80E+05 EB 3.66E+04 9.24E+03 3.01E+04
As 2.19E+02 4.38E+02 1.80E+02 Phenol 5.49E+05 1.39E+05 4.51E+05
. + . + . +
He LI7ER02 0 2.34E+02 9.60E+01 As 1.83E+03 4.62E+02 1 50E+03
cd 730E+02 1.46E+03 6.00E+02
F 438F-04 8 T6E+04 3 60E-+04 cd 4.57E+03 4.62E+04 3.76E+03

fugitive dusolth. 2 ZellA Algsh= fel 8587k <
& 2 (equationsy?} 7[E} 5L [REAKE ] HAISKITH

3. 23 3 nE

3.1. EFMF 0| CHSE RLYEY MHEI|E

Al AZE o]83l] =& EGAFC ik LAES
AH71FES Table 20 YERRICE £ <A519] H7id)
LAEA Bl diiA, et 9 RIS =S 11
A7 ASTM A|3lel] wet AHE S HES A~
o] 7P =31 1 T8-S USEPA A, $Eluet AH
o] {oller, 7 RS olgsle] =& AEriE 1t
o] ztol= 3l oLt o]9} o] AdrIEe] o)}
she olfie 2 ARlelM ARgske 8419 Al =
SHE P EREFHES] 7Egte] A2 bdZ7] wio|th
USEPAS} ASTM AZolAE 4391 AlFa} =301we] 7)
Bgoz 77t 70kegd 3508 ARESHE WHH(ASTM,
2004; ORNL, 2010), -2Uz}t Aol = 60 kgZ 365
AL AREIITHEAR, 2009). 3, USEPASH $-2juet
A= ARle] EREFE 7IEICE 100 mg/days
ARRBIARHEAR, 2009; ORNL, 2010), ASTM Ao]]
A= 50 mg/dayS ARESHTHASTM, 2004). Al A3 B
T Y3 ERF AEVIEAS AR Wil =&
AR 71EgkS SYsHAl ARSI ofd RS AMESlE
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3.2. EUTE0| st @¥EY MEIE

Al AFE o83l EEF EFET tigk LAES
AE71ES Table 39 YERHRITE 723 Eol tigh
AEEFFAGTE GEA UA ot ol 2
HEol Uit LUEY AE7Ee =58 5 it E
FaFl st LEES VT EF A, EEE v}
ZA R 2y AFepot ARgshE 712gkell Aozt AL,
o|Z Il 7t XS o83t =& YT Tl oF
3] ouje] zjolrt WASIGTE LAESY] HdHEG H
ol gk 7Y Aot o & olfe, Ak 4%
A} =ENisrto] gk b $x1o] AHfolle E
I AEshe AsEvA 2 EYEANTT o s, 7
Aol A ARgshe 1 7[R gEC] 2] "]tk
USEPAS} 9-8jue} ZFleMe FAA 44 AiHA7
EREATFY 7)1Egko & 742t 5700 em®@ 0.073 A}
L3P HE7EE, 2009; ORNL, 2010), ASTM A|Ho|A=
3,160 cm®¥} 0.55 ARE3aL ATHASTM, 2004). ©]9} 2+
o] USEPA®} ASTMOIIX] ARESl= FAA] AdR1 A|sEHZ
o] B olfire EYH IS AAFSE AR EE
AR} wjioltt. USEPAdME EQT HESh= A4
B2 L (face), HHh(forearms), =(hands), Fo}&]
(lower legs) & (footyS 7Fd3lH, ASTMOM = ESF
7} HESh= AAN-Z 72 (head), ¥=(hands) 2 Z8}
(forearms) S 7F 3 FTHUSEPA, 1996b, ASTM, 2002).
FEUztell A= USEPAS] Z|3lel] HAIE ESA|sEAZ] 9

or 2
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Aoll it LHES AH7|ES Table 40 VERNSITE
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olgalo] =E3 AH7ES oF 20~808) o] 2Jo]7}
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Table 4. Screening value for the outdoor inhalation of soil
vapors derived using USEPA (1996a), ASTM (2002), and
KMOE (2009) approach (unit: mg/kg)

Carcinogenic effect

Pollutant
USEPA ASTM KMOE
Benzene 1.20E+00 2.30E+00 2.28E+01
EB 6.12E+00 1.06E+01 2.06E+02
Non-carcinogenic effect
Pollutant
USEPA ASTM KMOE
Benzene 1.21E+02 2.03E+02 5.35E+03
EB 6.55E+03 1.13E+04 5.14E+05
Hg 1.03E+01 1.40E+01 3.84E+02

EEEELEER ll_l_l_l_Ll_l_l.Ll_l_Ll_l_u.l_u.
al = 4 Defryad Heg m

VE, =5—— %%, x .
= “Ipp _mw®  7.7.31336000sec/year K., -
![LFW-.'--‘.‘Illllllllglr'l":plllrl‘lpl!:
Phasell Phase |
Phassell:

Complete atmospheric mixing in an unit hg
{Default value = 10 cm/s)

Phasel:
Volatilization by gffusion

{Jury Model)

Surface soil

Fig. 1. Graphical expression of volatilization factor equation of
ASTM (2002).

33.1. 71223 SaEAe] viA] 1t o)Fol| digh sl
zfo]

(1) ASTM

ASTM ARelx = EONAM ] AT (VRS 2 (1)
3} o] F&H3, 4 (1) QPEZHo] EYFEHIA
diffusionl] 2J&ll ¥Lw= ©A (Phase )9} 3 0 9E
o] tj7] FolA b= TA(Phase IDE Fig. 13}
o] FEE

VE = 1 Xpx 4'D€ﬁ:vad . Hef}’ (1)
¥ DF., * Nm-1-31536000sec /year K -p,
o]7)A,
VF = volatilization factor, surfacial soil to ambient
air (g/em?)

DF,mp = dispersion factor for ambient air (cm/s)
ps=bulk density (g/cm’)
Desrvaa = effective diffusivity — vadose zone (cm?s)

T =exposure interval (year)
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H.r= effective Henry’s law constant

K= soil to water partition coefficient (cm?/g)
ojc}.

ASTMeIAE= diffusionel] ©Jal] A|3EroA] ti7]= $Pa
o] doJu= flux(Phase NE E=EF3= 2O Z Jury
Volatilization Model& A2}l Ut} Jury Volatilization
Model>- USEPAS] A9 3lofl 7iel md&, »=Z7|7t
S o] AT £ AL BASal 7gshH
(USEPA, 1996b), S BEA] FEIMAT (Detivaa)y =&
Az, FEAEV T (Hey), ES-E HAITK) 2 E
¥ SHIE(p)e] TR o] FOIHTHASTM, 2004). ©]
o, Fefslol & H2 QHEH MHATE FaEILH
TFE WA (liquid-phase partition coefficient)® 1}
o] AHSt SIS ARSRIthE ot SHdEA o
28 Al 4=(liquid-phase  partition coefficient)= HpS
Koot ppd] w02 WA APZETHASTM, 2004).

ASTM AZeXe f3igh 33 WollA 7224 9=
Zo] kA &3 (steady well-mixed dispersion)S
7F8% “Box Model™s ©]83le] 7k~ QA& &
AH(Phase 1S 3ASHTHASTM, 2004). ©] wj, ASTM
AZNAE unit box WellA 7kt @ A=4e] it &
EE dispersion factor(DF,,,)& X &3}, 7|Egoz
10(g-cm?/s)/(g/em’)yS AFE-SHHASTM, 2004).

(2) USEPA

USEPA A|ZollX= 3 Al (Volatilization Factor; VF)
£ 2 2% o] 3, A 2 LEEH] Bt
Hol| A diffusionol] 2J3] 3A== TA|(Phase 1)} 3]0k
H e@Edo] 7] FollA gilE= T (Phase 1)E
Fig. 29} 2o] F-EETHUSEPA, 1996a).

2

(3.14><DA><T)1/3><104(’"_2]

cm

VF=0/C 2
Q7Cx 2xpyxD, @

71A,

VF = volatilization factor (m*/kg)

Q/C=inverse of the mean concentration at the
center of a 0.5-acre-square source (g/m>s per
kg/m?)

D, = apparent diffusivity (cm?/s)

T = exposure interval (s)

pp=Dbulk density (g/cm®)
ojc}.

PI’_l_eals.;_a.!.l Phasel.

. : 1314 xD, xT)'"
VF(m’/kg) = Q/C % ——— —————
H i: (2xp,xDy

. lf):(m: C]I\:‘IE

Phase II:
Atmospheric dispersion determined by Q/C value

§ 5 8

Surface soil

Phase I:
Volatilization by diffusion

Fig. 2. Graphical expression of volatilization factor equation of
USEPA (1996a).

USEPA AZellA= ASTM A3 w7 FA2. diffusion
of 93 3lte] Yoju+= flux(Phase NE E=ZF3h= 4o
2 Jury Volatilization Model> AFE3}aL QATHUSEPA,
1996b). ©] W Fojsljol & He LEEHS FiHATE
a2 (effective diffusivity)’} oFd 2R7] ERHA
TE ARSI e Aolw, 2] ShAlTE fras
MAFE PFEHNAIG=(liquid-phase partition coefficient)
2 o] AFgE 4= ATHUSEPA, 1996b).

USEPA A3l Xe 3 2@EHo] 7] FolA &
2+=]=(Phase 1) =5 AFYS wl] Box Modeloll E°17}
© 29e] F, 35 9 oiy] £ ol tigk 71Eak
< A 7P A vl thds A 133 7]
3] 54 Widshx] Rk olfH(USEPA, 1996b)=
199635 E] Box Model W4l Q/C(inverse of the mean
concentration at center of square source) %= &S}t
o A= ARESIaL JITHORNL, 2010). Q/C= 2.¢
EdoA s 7d eEERY] flux B 7] F
EARRE 7Y QAR AFEA 7P 210
w2} AAE= ZHo]tHUSEPA, 1996b).

Eklund et al(1991) W= W] 507} BA|elA] Eoke
AEAY th7]29] emission fluxE AZ3}$3L, USEPA
M= o] AL ABE vEEOZ 207 Superfund LG+
AefA e @HZ el e 7] F 7YY LEEEY =
£ Bd¥sl] QICE Feh= 21s A ) ol ArIst
Atk (USEPA, 1996a).

2
0/C=Ax (—lnAS’EfiB) 3)

1714,
Q/C=inverse of the mean concentration at the center

of a 0.5-acre-square source (g/m>-s per kg/m?)
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A, B, C=constants based on air dispersion modeling
(unitless)

Age = areal extent of the site or contamination (acres)
oJt}.

USEPASIME 2] (3)S o]&3dl] 207 Q2 G3HA|ol|A
QICE A3l eH, o] T 49 90%l sideh= AA
(Los Angeles)olX12] Q/C(68.81 g/m*s per kg/m’)Z 7]
Bgrog AHASIYTHUSEPA, 1996b). USEPACIAE o]
27 =23k Q/Cat Jury Volatilization Model2 WFE:
OS2 VFE T8k 2l 4 3 #ol ArseH,
wind tunnel Al8S B3l 2] (3)°] A3 2dS HS3)

SATHUSEPA, 1996b).

3) Feut

Syl AR = 7122 398 A S (volatilization
factor)eh= TEHEIS ARRSR=T, 1 2lo] ojEA &3
A=Al g drdo] AFEle] A AR, AXE A
& ASTMO] R AAGolA] A7 ES ==317] 25h
SR 217 SUSITHASTM, 2002; 783, 2009).
USEPA®} ASTM A|Zo|x= A|3pHelA tj7|2e] gkt
< s, syt AelMe A 5 94 A=
oA AEHZHA] el ofaff LAEAo] ol FdtaL Ak
A7) A58t LEEdoe] BF U712 FdEciar 714
St} w8k giv|2 FdkE 0 AEEe nigel <3l unit
box Wollx ddsHAl Etethal 7F33HASTM, 2002;
S, 2009). vt AN ke edEd
3k IS Fig. 300 AdF o E FHBIITH

SEvEE ARdME 3 e dEdo] 7] FollA
e s AHsh] S8l 9 31 el 7R
LFEAS] S FS(wind speed above ground
surface in ambient mixing zone; Ug), W7] £33
(ambient air mixing zone height), 2392 Z(width
of source area parallel to wind direction; W) 2 2%
Qo] ZloJ(depth to subsurface soil sources; Lg)®] S
23S v Aol 5 i) &% =
ole] 7jEgkoZ 7k} 240 cm/s9} 200 emE AASIAL )
Ak, 2 A9 F3k e Gl 2lolo] 7R AAISHA]
SEUTHET, 2009). olol] B AollM= L @e] 3
zo)e] 71EgeZ ASTM Aol BAlE 215 AMSs)
qom, 2 ke Z+zt 4,500 cm¥} 100 cm©]THASTM,
2004). 2002130 WA ASTM A|ZolME 29 Z
o gk 7B E 1,500 cmZS ARSI AITHASTM,
2002), 7FF F] ASTM ARoME 4,500 cmS AR
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Phase ll:
Atmospheric mixing in an unit box by wind

Phase I:

Surface soil
Diffusive transport
from source to

ground surface

Fig. 3. Graphical expression of volatilization factor equation of
KMOE (2009).

3P (ASTM, 2004), USEPASIME 7] Q AHZS 45
mx 45 m% 7F83}aL O E (USEPA, 1996b), & <
NAE 4,500 cmE 2FHL] Foll gt 7|Egko = ALE
3}3iT.

3.3.2. =2RMA; 718Gk Aol

7hrd SAEHe] ARlglel Uigt LAEY AHTE
S ==38F o] USEPA AE# ASTM AHoM= AlFo]
70 kgQl “g1o] BHF 24A1F B3 307 SFEZL =
ZEa 7PSHRITHASTM, 2004; ORNL, 2010), -$-2
Uzt A3ellMe AlFo] 60 kel AlSlo] alFol 1.1443F
AT AEH =FHcka 7Pet) Bgt, eeuEt
AHelME EAE =E7|7HS WHdekx] far 3 5ot
o] doful= s 7Hdekar UTHEMER, 2009).

vl AelA ARk AT 484 1995
dof] M7k ASTM Aol ®HAIE Al 227 &
USIHASTM, 1995; 745, 2009). 121} USEPASIA]
199630l 7FE A3 (USEPA, 1996b)7 ASTMON A
1998 A(ASTM, 1998)0l] 7HEl Ao A= Jury Volatili-
zation Model& AFS |2 AASIIT Wby 7124 @
HEZo] 2Fel Uigh ArIFES =& St
7} 71gellA 7R Hale] AREAA BAE FEAlS
2PgAel] gk AP EZE dasitiar & 4= Qlot

3.3.3. S T/ Aol

7Y QAEA] ol B Stz S dEA]
U8 AV Aok 2y IS4 oral slope
factor(SFo)=, BIISAS oral reference dose(RfD,)=
Rk AT 2], L9EEY] FUsEs &
Fah= WL o) 77 glom Al AHe Az T

Lo



ChRh Sla) A7) g ol wh
o 2 FAEAS FHIIT}E USEPACIM= EEds
A7 PRI UEACE A IURY RICE AMSSHY
(ORNL, 2010). TURZ} RfCi= USEPA®] Integrated Risk
Information System(IRIS) & /33| #|&7]&A A|A|
sl= FARJALE USEPAE of& SIS Wi¥sA| &l
AREEIAL ATHORNL, 2010). IURT RG] 99
Zhugm®)! & mgm’o =, IAVF FHske 3] &
FERY] FEE VTR EEH S54RI,

A, ASTMOX = RS dSARIALS} HIEekE =
Aotz Zkzh SEeF RfCGE AHE3la JUTHASTM,
2004). SF2] ©9= SFo] ©919t FUsHmg/kg-day) ' =,
2l (4E B9 =Edd

to ¥k

SF,=IURx BW/IRx 1000(ug/mg) 4)

of7)A,

SF;= inhalation slope factor (mg/kg-day)™

IUR = inhalation unit risk (pug/m®)™

BW=body weight (kg); USEPA’s default value of

body weight (70 kg)

IR =inhalation rate (m%/day); USEPA’s default value

of inhalation rate (20 m*/day)
oI},

Selet Aot WIEASIAASH HEIEYS
Az Z47b SFS RME AREStaL YThEHAE R,
2009). RfD] ©¢l= RS G919}t 5D 3Hmg/ke-day)
2,4 5)F 58l ==dt

RfD,= RfC,;xIR/BW (5)

o714,
RfD;=inhalation reference dose (mg/kg-day)
RfC = inhalation reference concentration (mg/m?>)
BW=body weight (kg); USEPA’s default value of
body weight (70 kg)
IR =inhalation rate (m%/day); USEPA’s default value
of inhalation rate (20 m*/day)

oIk,

34, 7124 ouse] AUEI it eHsg M
&

A ARE olgal] BEF Tl 0 @RAe] ANE
Qo jF SAEY HEIES Table 591 Ui,
USEPA 22 ol 47153 ASTM A3 0|88
AR7)Ee 2 AolE Hol ggkorkLs olsh, Sl

o N

S5 QYEF A1) Aolol Bk AT (1): WA 7o FHY SN WE Ao] 19

Table S. Screening value for the indoor inhalation of soil vapors
derived using USEPA (1996a), ASTM (2002), and KMOE
(2009) approach (unit: mg/kg)

Carcinogenic effect

Pollutant
USEPA ASTM KMOE
Benzene 1.33E-02 1.79E-02 5.19E-01
EB 2.30E-01 1.56E-01 3.53E+00
Non-carcinogenic effect
Pollutant
USEPA ASTM KMOE
Benzene - 1.35E+00 1.21E+02
EB - 1.25E+02 8.82E+03
Hg 9.57E-01 6.38E-01 3.01E+00

U} 23S o83 HA¥7)13ES USEPAY ASTM R3S
o] &3t MH7|IFED} 4508 HE =T o]9} 2ol A
AZE o83l &3 AdriFel o7t MAshs A
2 7Rd LAEZAL] AFel Uigt AErES =&
g wio} v AR ZF At 7R e dE L] A

o] digh slAe gelsiy, AMgshe =EAke] 7R
 AMSShe EARAAY] FH7F Adelslr] wioeltt.

34.1. 7k% eG54 wiA] 1t o)Fl gk 32¢]
zfo]

USEPA AFexe 723 LAEHe] A2 olF
< F43}7] 93 Johnson-Ettinger ModelS ARE-3IC},
Johnson-Ettinger Modek2> F-A]50]2Q1 QIAHLFY o],
A& vy crack®] i 2 =27 S)E Aok st
22 dub¥Ql A 7| (generic soil screening levels)yS
TEshes R ARk A T AL 2
Tolxe= 919 FAIS0IAR] QIAFE USEPACIA AlEst
= 7183E ARt AlltelRen, Bl FE
USEPA®IA A F3H= website(http://www.epa.gov/athens/
learn2model/part-two/onsite/InE _lite.htm])E ©]-8-3} H Tt}
ASTM AFelA= B oA B Yol 2d&E4o]
EY 3597, EY U 371 9 ESdAe) BE dE=E
A8, o] W B W} 7] Ak LGEAR 3

Feitha 7Pgeit) Elal B 3] ) 29 Ee Ay
717h 9 &t AE v EAE Bl AuE

a1 7Pgete, o] w A TE UReM LE9E
AAIGe] Z1EZOZ 2,78 x 10X(g-cm?/s)(g/em’yS
F&-3ict. v, vl ARexe ESF 371 W] 7R
LAEE 1%t AR FdETaL 7Hgsiar Sl ol

o digt 5t ol FuwdS AF= A et

Er}.
ml

N,

d

=

o

|
¢

rol
ny

1o o ol
jin
i
kS
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20 AAQE - 7Y - FAELD
342, =E3AA; 71 ZJo) AHE o]gdle] =& AHVIET = oF 1008 A= B
7kvd A5 AEdel tig LIRS A¥rE ko, ASTM A|HS o] g3l =53 A¥V|Eah= oF
< =& u] USEPA AZ# ASTM A HdlA= AFo] 10,0008 Aol zjol7} Ggit}, o]} o] A XS o]

=
70 kgl “g<lo] aFel 24117t B2t 3007 L A=Al 83 Ad7|Ee 2ot U o= v 22 Al 7}
F43HARHASTM, 2004, ORNL, 2010), % A] o]fr wiEolt}.
gt AFAE AFo] 60 kel AdQlo] k7ol 22.86

ARE ERI4ARE T HOFA AlY] =2ARES AlLld 3.5.1. BlabAZ] Aol gl sj4e] o]
ARh A=A =FHThaL 7Pggiet. Tk SEuet (I) ASTM
AT = ST =27RES wHgekA] 9ol B B3t ASTM Aolx= Edelx 7193 F94 7Fsgh vk
Zo] dojue= AL 7PEsa JTEEE, 2009). W29l T (total respirable particulate concentration
originating from surfacial soil source; VF,)& 2] (6)%
3.43. FAQA; T2l Ao o] sEFsH, 2 (6) vkl o8l BlLHA7E Bk

7Ry oEde] ASkEel Ui WA KES BEY A WAsKe DA (Phase 9k AL th7] ol 3
wst oA Slevg QPR AEY) g A AlERs @(Phase INE Fig. 4%} o] FRE},
MRS AT W, A AR 09EE
& =gelde] BRE Mz gel AHgsb) o

Qs EEERe AE7IE] Jolr} WARITH3.338 Ha). , = Bl "
L : Phase ll

|9}

3.5. HIMRIR| Eolol thet @iEet Mur|E Phaso L
A ARE olgalel =29 HiEA) F0) tiF 03 i im0

EF 287122 Table 6o UERAITE ‘ASTM AF > phose I

USEPA AF] > f2jye} 39| sAUl2 LB A é é g Particulate emissionfflux by wind erosion

7Keo] s EEERE, 2t RS olgdlel =2 A Surtace s

= = LA ] o ARN
7T ol 2 Aot s st AHE ©f Fig. 4. Graphical expression of particulate concentration equation
B3l =E39 vikiA] FYol tigk 47|15 USEPA of ASTM (2002).

Table 6. Screening value for the inhalation of particulates derived using USEPA (1996a), ASTM (2002), KMOE (2009), and Lijzen et

al. (2007) approach (unit: mg/kg)
Carcinogenic effect
Pollutant
USEPA ASTM KMOE RIVM
Benzene 4.24E+05 4.52E+07 3.52E+03 6.40E+05
EB 1.32E+06 1.41E+08 1.10E+04 -
B(a)P 3.01E+03 3.21E+05 2.49E+01 7.47E+04
As 7.70E+02 8.20E+04 6.38E+00 -
Cd 1.84E+03 1.96E+05 1.52E+01 -
Non-carcinogenic effect
Pollutant
USEPA ASTM KMOE RIVM
Benzene 4.25E+07 4.53E+09 8.23E+05 -
EB 1.42E+09 1.51E+11 2.74E+07 2. 46E+07
Phenol 2.84E+08 3.02E+10 5.49E+06 6.40E+05
As 2.13E+04 2.27E+06 4.12E+02 3.20E+04
Hg 4.25E+05 4.53E+07 8.26E+03 6.40E+03
Cd 1.42E+04 1.51E+06 2.74E+02 747TE+04
F 1.84E+07 1.96E+09 3.57E+05 -
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Pe
VE =—te ©6)
r DFsmb

o17]A,

VE,=total respirable particulate concentration originating

from surfacial soil source (g/cm®)

DF,m, = dispersion factor for ambient air (cm/s)

P.=areal total respirable particulate emission flux from

source (g/cm>-sec)
oltt.

ASTM ARelxe A vikiA] dYE PE ==
k71§18l 24 (7) (Cowherd et al., 1985y ARE-3}aL
Jen, A (e LAudF AAo] EAjsh= HHo] 1
& (V), BEFEUn) 2 Tm FToMe FU)e] &
T F3EH

U NS
0.036><(17V)><(7’") % F(x)x0.001

_ t
P.= 3600574 )

o714,
V = fraction of vegetative cover (unitless)
Up=mean annual wind speed (m/s)
U,=equivalent threshold value of wind speed at 7
m (m/s)=2.5x 1{%} W« U
Z,=roughness height (cm)
U* = friction velocity (m/s)
F(x) = function dependent on U, /U; (unitless)
=0.18 (8x>+ 12x) x exp(—x?)
x =ratio between U, and U, (unitless)= 0.886><(%)

m

0.036 = respirable fraction (g/m’-hr)

0.0001 =unit conversion factor (m*cm?)
oJt}.

Ui AHoxje] dAmpaES S U} AH 3 vlgke] v}
Zho| dofu= #0](Z)0] e EE=], AR
&2 ESYAEY  HWZk(aggregate size distribution
mode)?} #o] UtH(Cowherd 5, 1985). ASTMOIA =
BRI HNgo g 2mmE AAlSlaL o, o] u
o] QAL oF 0.86 m/s°|THFig. 5). T3, ASTM
e LFFA 2o EAeHA] eF=thal 7Pt
=, V=0) BHFEHU)S 4m/isEhal 7Hg3IT o]oh 2
< 7H8E B9 =& P A2 6.9x 10 emysolTh
(ASTM, 2004).

7Y e dEEe] AOFel g S =5

CleFet a7} ol W) £E S QESE AlEe] Aold] Tk AT (1) vHA 1 oS Sl WE Aol 21

Threshold Friction Velocity (crisec)

1 10 100
Aggregate Size Distribution Mode (mm)

Fig. 5. Relationship of threshold friction velocity to size
distribution mode (Cowherd et al., 1985).

w9} iR IR]|Z2 ASTMOA = BIAFHA]7} unit boxol| 4]
3] EEthE Box Modets ARESIH, Eikwe
71EZEO 2 10(g-em¥s)(g/em’yS AFEFITHASTM, 2004).

(2) USEPA

USEPA A|HoA= BIZFARA] A A S(particulate
emission factor; PEF)E 2] (8y} o] &3, 2] (8)
< kgl osf BAFAR)7E Bl lse YA
(Phase 1)¢} BIAHARZ} T 7] FollA] ERikel= ©HA| (Phase
E Fig. 67} Zo] F+EHc}.

PEF=0/Cx 360057 ®)

0.036><(1—V)><(%)3><F(x)

t
o714,

PEF = particulate emission factor (m%/kg)

V = fraction of vegetative cover (unitless)

Q/C=inverse of the mean concentration at the
center of a 0.5-acre-square source (g/m’-s per
kg/m®)

U, =mean annual wind speed (m/s)

U,=equivalent threshold value of wind speed at 7

m (m/s) = 2.5xIn 20 e

ZO

Z,=roughness height (cm)

U* = friction velocity (cm)

F(x) = function dependent on U,/U, (unitless)

=0.18 (8x’+ 12x) x exp(—x?)

x =ratio between Uy, and U, (unitless) = 0.886x(§)
olct. ”

USEPA Aol HIFAA7E EdellA BA8k= flux
(Phase )S E=Z3= 4] ASTMOA ARSShH= 43 &
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Phase Il Phase |

..... -"

PEF (mthg)=QIC:

0036« (1Y)« (UnfUP < F)

Phase lI:
Atmospheric dispersion determined by Q/C value

Phase I:
Particulate emission by wind erosion

Surface soil

Fig. 6. Graphical expression of particulate emission factor
equation of USEPA (1996a).

A3tATHA] (7)) 2ol Eol7be AAEY] 71Egko]
ASTM} “Jo]SICHUSEPA, 1996b). USEPASIX= B9
HAe] HRIGEOZ 0.5 mmE ARSI o] - AW
48 0.5 m/s0 W Fig. 4) RS 53l 0.625m/ss
AnpEEgEre] 71Rgro 2 ARSSlaL Jlom EFAke vt
o Alole] wiEo] Yoju= Eol(Z)E 0.5 cmEkal 7HY
SICHUSEPA, 1996b). ©]%A] =&3F Uxe 11.32 m/s7}h
2=

USEPAIIME 71224} e dEde] AolEdel tigh A
WH71E T3 A 7R 297 Superfund 2GR0l 2]
AFAZTEASE RO E 2] (8)S o83l vl
7} B dAEkE fluxE ARkksIglom, o] W odd
2 ojH] 24go] 2l AA S HIES 0.52 7SI
USEPASIA= o|EA =&9 297 2AF-AellAe] vt
WA flux T A9 90%l NFsl= A1 (Minneapolis)©ll
9] AFTFFL(4.69 m/s)Tt Q/CAK(93.77 g/m>-s per kg/
m’)S HIEO 2 PEFE =333 o™, 1 #e 136 x 10°
(m*/kg)°ICHUSEPA, 1996b). 34AIGE AlLrEE wjo} v}
AR QICHE 2] 3)& ol 83l ARKE 4 lom,
A 7Pdzdel wel 1 ko] TRETHUSEPA, 1996b).

EZ% PEF 32 ti7] T vRRIA] 5 0.76 pg/m’a}
A8-Eh= ZELOZ(ORNL, 2010), ASTM A|ZolA A3}
E 7] F BR] % 7127250.0069 pg/m)ET) oF
1008 =T} o= A USEPA X33 ASTMONAM 7HsH=
7] & BlHR] sxe zle|7p WAlshs 7P ZHEA”]
olfi= T ARolA 7= EYRIES HAWgte] M=
t27] wiEoltt. EY9E HRIgke A|spAdxe] A
T GRS pAH, AR E oA Hlkk
A A fluxell FIS HIEITE ESY FHRIgE o)jel=
A& A L9WE F Ao Aehs WA H
S5 HAA] Y fluxel] FEFS PRV 1 FEe 9
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473

AnpEEET RO ke Ao g AlgFct. USEPA oA= 3
ARS8 diet vIXPIAIZ wind tunnel A13-S F30
21 (8] At 219s AF3IATHUSEPA, 1996b).

3) 2yt

SEye} ARl viabax] Fdell thgk AwrE=S
=28 o) O] F EAEe F WA T BEYIA 719
3 HlAbAR)7E 9 B1eR EAar 7@,
2009). Sy} AFelM 7gshes gizieh Augrle] &
Aehs & AR 242t 709 57.5 pg/mol™, ti7]9}
AWE7)el EAskE F WA F EW0lN 7193 vlgk
Hz)e] Hl&-& ZHt 50% 2 80%ekal 7P EER
2009).

71 L AEA] F9d uist HEEs =5
oF IR BlA] FYel digh AEIE Al
Al A E 295 Foll et SAIAY] RS
AE G AR wE, ol

ol zpo|7F WARTh(3.3.34 Fan).

3.53. =210k 71Egke] Ale]

USEPAS} ASTM AolAe= Alge] 70kgll 43910]
ALfe xRt slFol 2417 FF 30T BIAFARY] =%
Hoha 7Pgeh, 9% vliIAe 25 o] ZRsith
I 7F4STHASTM, 2004; ORNL, 2010). L&} <2
gl AHME ATl 60kedd AdAol sFl A
11477, A19] 22.86A1KF &< HIXFAA]]| =ZHokarl 7}
Ao, =27hs WA edar PA B9t ==o] o
o= A& 7Hgslal ik =gk, SEuEr AReA =
Y ¥R F 75%5o] ol Zsokar 7g st
E7EH, 2009).

a8y gk 7EA] frfallor & AL, SEuEre] A3
TYS =7t 7REgkS ARSSkaL BikA] FE] o)
M= FYeHA 7Hdsh= U[9= National Institute of
Public Health and the Environment(RIVM)2] X]%]-2
olg3le] =& AVE A fElvet AFS o]8s
o =&3 Ad7|1E Alols BYthe ARl vdd
= AHE olgsle] =& olgwldl 2 sl sk A
H71EY] 75, fEivet ARE o8t B35 A
T & AolE HolA] FkOoLt(108) o), wilAl, Wz
(a3l 2 vlAo] A9 vgd= S o]8sle] =E&3
7S fElver ARS o8sle] EE3 VISR



CeFe a7} ol Wl EE SQESY Auslee] Aolo] The AT (1): vHA 7k o ERA sl e o] 23

ok oF 77-3,00080 EQkh. o]¢} o] FUZ 23t V)
Eas ARRIE E2E AE7E Zolrt sk
o= AMEShe FAIAE AE tE27] wiiteldt. 92
et AZeMe Bdsddatet videbsdRIAE 22t
SF¢} RMDE AMgsk= wFAEHERE, 2009), UEH= A
HolM= Z2E CRypa(1: 107 lifetime excess cancer risk
inhalation)Z} TCA(tolerable concentration in airyS A&
S (Lijzen et al., 2007). ©]&gt 2ol ol Yid#
E RIVME] AE71EAS ARgsaA] o sk 549
2S5 AMESIA] @31, USEPASIA AMgshe SA0IAIE 1
2 ARERIES ¢ A3 o] oFE ekt AA ]
9= AR S0 & IR o]83le] ==F H]
2R F4ell digh LAEY AErEe SElver AR
of o3 =&¥ FETh Xt USEPAY] #} FARES:
& 4= Ut(Table 6).

webA] efuet L @RA|eA ] HIGEAR] FSdel thgh
A¥7)1ES =& o] USEPAL} ASTM AI3S 2831
W A fEvlMe] B ARGk of9A 473
3 AR AAslor . BEYYE HNIgkS viA A3
k= A ARl 28-S =5 4 oy A3lEhd
FdeFolA] X3t IV ES 5 f7t JoRE E
FNEE AL 5 ASS Tl FEER FHE ARG
davt ok B USEPA A& ARBsIY 28 71
A5 g g gr|Rdegs 5 953 ks =28
et e, ASTM RS &8317] flsixle =y
M= G unit boxollAe] BIAFAA] FhkEETT 10
em/sQ1A] HESJoF & Zo|t}. viAEhe g Eue} 23
<= 283P] lixe ti7] 5 F HAEe] 50%7t AR

ol 7191gh BlAbAR|Q1A|ol] Tk Eiklo] dgsitt.

4. &8 =

QAT AH7 )= (risk-based screening level}> 2 A
o T 3 AT} =E2R0IAE, S0 Tl sk B
T 7R 71EgkS ARSSte] o A1) Sl &
A ofRE ddsiar, ol et F7HEQ) 2AF B HrPF
La3AE A8 gk Aok, 18y A¥rles &
Z317] S8l AMeskE QQAI=EIARY FAE30A; 71
# LAEHY wiAl 7t olF LS sMske Wo]
USEPA, ASTM, $-2jue} oA ARg-8tal = Axdwt
o} Zdolal] wizel FYg FAEE} TUS FE8AE
7Pt EEEe AE7IE Al vt 2 A3S
olgsle] &S AAVIE T TEAVT LIRS AF

HESe FEEFF 2 EFES el tigh A7
ztol7F U= olfie Ot AI=EARte] 718Gk Ab
olo} ARgSR= F/9R1Ak] Afolof] ZIQIgithal & 4= UTh.
=, 713 ARgsle SAAE FYsAl e wYE
AE7Ee] EEHER vzt AN 7S B2
of ARgSP 2 #A7E "4 =k 18y 29
9] wjA] 7t ©]F(cross-media transfer)ol] thdk 3f4jo
FAJD 7Y SHEA FY 2 uikiiA F
A7 A= ARSSRE AIERIRe] 71kl T
B opE} LAEH o5 Mske WHY L )
Sl Al 7o) 2h Aehe golslr] wiEel], =
Aol gk 7Egks FYsAl ARSEaL A T
7ee] EEEA gt Wk 58 ARS ol
LAEY MHVES E=3P] Halixle= ARgstaL
= ARelA gt 7P3ES Bl QA=EIAR F
A} 7GRS =3I =Alel gk Adg HES;
oz}, ojut PR WAS B LHEER
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Screening Equations for Residential Adults

Table S1. Ingestion of soil
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Approach Carcinogenic effect Noncarcinogenic effect
USEPA SLoy g = TR x (365 x LT) x BW st = THQ x (365 x ED) x BW
" EFXEDxSF,xIRSx 10 6(’%%) - EF><ED><R1 x IR, x 10 6(5’-)
g /D, mg
ASTM STy - Risk x (365 x AT,) x BW Sy - TR x i;ésxxRi J;) x BW
EFx ED x SF,x IR, x RAF, x 10’6(’%) EFxEDfoTU"x 10 "(ﬁ)
KMOE SLey g TR x (365 x AT) x BW sL,. . = THO x RfD(365 x ED) x BW
EFx ED x SF, x CR,x FI x 10’6(”;—gj  EFxEDxCR.x FIx 10’(’(k_g)
g mg
USEPA ASTM KMOE
Definition
Symbol Default Symbol Default Symbol Default
Soil screening level for the ingestion of soil :
Carcinogenicg effect (mgkg)g Skea ing i Shea ing i Sk ing )
Soil screening level for the ingestion of soil :
Noncarcinoginic effect (mggkg) Sk ing i Sk ing i Sk ing )
Target risk (unitless) TR 10 Risk 10 TR 10
Target hazard quotient (unitless) THQ 1 THQ 1 THQ 1
Lifetime (years) LT 70 - - AT 70
Averaging time for carcinogen (years) - - AT, 70 - -
Averaging time for noncarcinogen (years) - - AT, 30 - -
Body weight (kg) BW 70 BW 70 BW 60
Exposure frequency (days) EF 350 EF 350 EF 365
Exposure duration (years) ED 30 ED 30 ED 30
Oral slope factor (mg/kg-day)’ SF, csh SF, csh SF, csh
Oral reference dose (mg/kg-day) RfD, csh RfD, csh RfD, cs
Soil ingestion rate (mg/day) IRS 100 1R 100 CR, 100
Relative oral absorption factor (unitless) - - RAF, 1 FI 1

1) Chemical-specific
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Table S2. Dermal contact with soil

Approach Carcinogenic effect Noncarcinogenic effect
SI. _ TR x (365 x LT)x BW ST _ THQ x (365 x ED) x BW
USEPA ca_der SF, 6 kg ne_der 1 of kg
EF x ED x x SAx AF x ABS ;x 10 (—) EF x ED X ————— xSAx AF x ABS ;x 10
CIABS m RfD,x CIABS mg
Risk x (365 x AT_) x BW THQ x (365 x AT,) x BW
ASTM SLey der = o k SLyc der = o k
EFxEDxSF,x SAx Mx RAF;x 10~ (_g) EF x ED x xSAxMxRAF{,xlij(—g)
mg RfD, mg
- TR x (365 x AT) x BW _ THQxRfD,, (365 x ED) x BW
KMOE SLca der — o k SLca der — of k
EF X ED x SP;, x SA x AF x ABS x 10”(—3') EFx EDx SAx AF x ABC x 10”(—3')
mg mg
B USEPA ASTM KMOE
Definition
Symbol Default Symbol Default Symbol Default

Soil screening level for the der-

mal contact with soil : Carci- SLea der - SLea der - SLea der -
nogenic effect (mg/kg)

Soil screening level for the der-

mal contact with soil : Noncar- SLic_ der - SLyc_ der - SLyc_ der -
cinogenic effect (mgkg)

Target risk (unitless) TR 10 Risk 10 TR 10
Target hazard quotient (unitless) THQ 1 THQ 1 THQ 1
Lifetime (years) LT 70 - - AT 70
g\ézrraﬁmg time for carcinogen i ) AT, 70 ) i

Averaging time for

. - - AT, 30 - -
noncarcinogen (years)
Body weight (kg) BW 70 BW 70 BW 60
Exposure frequency (days) EF 350 EF 350 EF 365
Exposure duration (years) ED 30 ED 30 ED 30
Oral slope factor (mg/kg-day)’ SF, csh SF, csh - -
Oral reference dose (mg/kg-day) RfD, csh RD, csh - -
l(?;:g/nkzl_ ;:;;Tpnon slope factor i ) ) ) SE,. cs)
Dermal absorption reference
dose (mg/kg—rgay) i ) ) ) RfDus cs®
Fraction of contaminant
absotbed in gastrointestinal tract GIABS csh - - - -
(unitless)
Skin surface area (cm?) SA 5700 SA 3160 SA 5700
Absorption factor (unitless) AF 0.07 M 0.5 AF 0.07
Relative dermal absorption ABS, csY RAF, csb ABS cs)

factor (unitless)

1) Chemical-specific
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Table S3. Outdoor inhalation of soil vapors

Approach Carcinogenic effect Noncarcinogenic effect
P TR x (365 x LT) P THQ x (365 x ED)
USEPA O URxEFx - x EDx BT x l(ﬂ) x 1000(&%) T L EFw L X EDx BTx l(ﬂ)
VF, 24\hours mg RfC VF, 24\hours

ASTM SLey s = Riskx (365 x AT,) x BW : SLye s = THQ x (365 x AT,)) x BW :

SFx EF x VF, x EDx IR % 1000[% : ’&’] BW>VFss b x ED 1ooo[ﬂ : "—gj

m g RfC m g
KMOE SLea oinmw = % SLyc oinmw = %m
USEPA ASTM KMOE
Definition
Symbol Default Symbol Default Symbol Default

Soil screening level for the outdoor inha-
lation of soil vapors: Carcinogenic effect SLea_oinby - SLea oinky - SLe oinhw -
(mgkg)
Soil screening level for the outdoor inha-
lation of soil vapors: Noncarcinogenic SLic oinhy - SLic cinhy - SLec oinhy -
effect (mg/kg)
Target risk (unitless) TR 10 Risk 104 TR 10
Target hazard quotient (unitless) THQ 1 THQ 1 THQ 1
Lifetime (years) LT 70 - - - -
Averaging time for carcinogen (years) - - AT, 70 - -
Averaging time for noncarcinogen (years) - - AT, 30 - -
Body weight (kg) BW 70 BW 70 BW 60
Exposure frequency (days) EF 350 EF 350 - -
Exposure duration (years) ED 30 ED 30 - -
Inhalation unit risk (ig/m’y’ IUR cs? - - - -
Reference concentration (mg/m’) RfC csh RfC cs?
Tnhalation slope factor (mg/kg-day)’ SF; cs? SF; csY
Inhalation reference dose (mg/kg-day) RID; csh
Exposure time (hours/day) ET 24 - - ET, 1.14
Daily outdoor inhalation rate (m’/day) - - IRy 20
Hourly outdoor inhalation rate (m*/hour) - - - - CR, 0.83
Volatilization factor: soil to outdoor air VF, cs? VFg cs? VF csh

1) Chemical-specific
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Table S4. Indoor inhalation of soil vapors

Approach Carcinogenic effect Noncarcinogenic effect
USEPA Johnson-Ettinger Model Johnson-Ettinger Model

Risk x (365 x AT,) x BW THQ x (365 x AT,) x BW

SLoy i = SLye i =

ASTM o SF,x EF x VF, x ED x IR ;, x 1000[%3-"—8'] - BWx VEsew bR x ED x 1000[0—”{3-’5]
m 8 RfC m 8
KMOE Sheo i = ST RTT SLoe i = %M
USEPA ASTM KMOE
Definition
Symbol Default Symbol Default Symbol Default

Soil screening level for the indoor inha-
lation of soil vapors: Carcinogenic effect - - SLca_iinhy - SLca iinhv -
(mg/kg)
Soil screening level for the indoor inha-
lation of soil vapors: Noncarcinogenic - - SLic iinhy - SLuc _iinhy -
effect (mg/kg)
Target risk (unitless) - - Risk 10 TR 10
Target hazard quotient (unitless) - - THQ 1 THQ 1
Lifetime (years) - - - -
Averaging time for carcinogen (years) - - AT, 70 - -
g\;rra;)gmg time for noncarcinogen i i AT, 30 i i
Body weight (kg) - - BW 70 BW 60
Exposure frequency (days) - - EF 350
Exposure duration (years) - - ED 30
Inhalation unit risk (ig/m?)" - - - - - -
Reference concentration (mg/m?) - - RfC csh
Inhalation slope factor (mg/kg-day)’ - - SF; csh SF; cs)
Inhalation reference dose (mg/kg-day) - - RD; cs)
Exposure time (hours/day) - - - - ET, 22.86
Daily indoor inhalation rate (m®/day) - - IR ir 15
Hourly indoor inhalation rate (m*hour) - - - - CR; 0.83
Volatilization factor: soil to outdoor air - - VFgesp csY VF, csh

1) Chemical-specific
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Table S5. Inhalation of particulates

Approach Carcinogenic effect Noncarcinogenic effect
SL _ TR x (365 x LT) SL _ THQ x (365 x ED)
ca_inhy ne_inhy
USEPA T JURXEFx = x EDx BTx l(ﬂ) x 1000(}£) R B xEDxETxl(ﬂL)
PEF 24\hours mg RfC PEF 24\hours
Riskx (365 x AT ) x BW THQ x (365 x AT,) x BW

ASTM SLcaiinhp = 3 ne_inhp = BWx VF 3

SFyx EF x VF, x EDx IRy, x 1000["1 : ’&’] Xy  EFx EDx Looo[ﬂ : ’ﬁ’]

m 8 RfC m &
_ TR x BW _ THO x RfD;x BW
KMOE SLea inp = SF;x ITSP x fr x fa SLuc inhp = ITSP x frx fa
_ CRipa X BW _ TCAxBW
RIVM SLea iy = TTSP x fr % fa SLoc_inhy = TTSP fr % fa
ASTM KMOE RIVM
Definition
Symbol Default Symbol Default Symbol Default Symbol Default

Soil screening level for the indoor
inhalation of soil vapors: Carcino- SLca_inhp - SLea_inhp - SLca inhp - SLeca inhp -
genic effect (mgkg)
Soil screening level for the indoor
inhalation of soil vapors: Noncarci- SLuc inhp - SLuc inhp - SLuc inhp - SLuc inhp -
nogenic effect (mg/kg)
Target risk (unitless) TR 10°¢ Risk 10 TR 10 - -
Target hazard quotient (unitless) THQ 1 THQ 1 THQ 1 - -
Lifetime (years) LT 70 - - - - - -
Averaging time for carcinogen ) i AT, 70 i ) i )
(years)
Averaging time for noncarcinogen ) i AT, 30 i ) i )
(years)
Body weight (kg) BW 70 BW 70 BW 60 BW 70
Exposure frequency (days) EF 350 EF 350 - - - -
Exposure duration (years) ED 30 ED 30 - - - -
Inhalation unit risk (ig/m’)" IUR csh - - - - - -
Reference concentration (mg/m?’) RfC cs? RfC cs? - - - -
1:10* lifetime excess cancer risk B
inhalation (ig/m’) i i i ) i - R €S
Inhalation slope factor (mg/kg-day)” - - SF; cs” SF; cs? - -
Inhalation reference dose (mg/kg-day) - - - - RfD; CSY - -
Tolerable concentration in air (ig/m?’) - - - - - - TCA  CSY
Exposure time (hours/day) ET 24 - - - - - -
Daily indoor inhalation rate (m’/day) - - IR, 20 - - - -
Daily inhalation amount of
particulates (k/day) - - - - ITSP 833E-7 ITSP 8.33E-7
Retentlor? factor of soil particulates in ) i i ) f 075 f 075
lung (unitless)
Relative absorption factor (unitless) - - - - fa 1 fa 1
Particulate emission factor (m*/kg) PEF 1.36E+09 - - - - - -
Particulate concentration (g/cm®) - - VF, 6.9E-15 - - - -

1) Chemical-specific
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