J. Soil Groundw. Environ. Vol. 20(4), p. 51~65, 2015

< Research Paper >

Ciefet Al A& =2 s

http://dx.doi.org/10.7857/JSGE.2015.20.4.051
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

Risk Assessment of Volatile Organic Compounds for Vapor Intrusion Pathway
Using Various Estimation Methodology of Indoor Air Concentration

Jae-Woong Jung - Tackwoo Nam * Kyoungphile Nam*
Department of Civil and Environmental Engineering, Seoul National University

ABSTRACT

Indoor inhalation of vapors intruded into buildings is an important exposure pathway in volatile organic compounds-
contaminated sites. Site-specifically measured indoor air concentration is preferentially used for risk assessment. However,
when indoor air concentration of VOC is not measured, the indoor air concentration needs to be estimated from soil
concentration or measured soil gas concentration of the VOC. Some risk assessment guidance (e.g., Korea Ministry of
Environment (KMOE) and American Society for Testing and Materials (ASTM) International guidance) estimate the
indoor air concentration from soil concentration while other guidances (e.g., United States Environmental Protection
Agency (USEPA) and Dutch National Institute for Public Health (RIVM)) estimate it from measured soil gas
concentration. This study derived indoor inhalation risks of intruded benzene in two benzene-contaminated residential
areas with four different risk assessment guidances (i.e., KMOE, USEPA, ASTM, and Dutch RIVM) and compared the
derived risks. The risk assessment results revealed that indoor air estimation approach from soil concentration could either
underestimate (when the contaminant is not detected in soil) or overestimate (when the contaminant is detected in soil
even at negligible concentration) the indoor air inhalation risk. Hence, this paper recommends to estimate indoor air
concentration from soil gas concentration, rather than soil concentration. Discussions about the various indoor air

concentration estimation approaches are provided.
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A7, C,, Cun H, Ksy 6, 6, 2 p= 2 EY 55
(soil concentration) (mg/kg), AW3 7] &% (indoor air
concentration) (mg/m?), F-2+ & 2]/d<=(dimensionless
Henry’s laws constant), EXEH]A|S(soil partition coe-
fficient) (L/kg), B2 YR F=-E(waterfilled porosity)
(LL) ¥ 37|12 2K F=E(air-filled porosity) (L/L)
oM, o= EYE7] F&d tigh Ale7] T HlE=
Aojwl= 7 A5 (attenuation factor) (unitless)]Th.

& 4 (1elA "““51'{1"@77

n
Pp

phase partitioning) S ©]83] EFsEZHEH ESF
7] FEE d&3lke 2o, ae A EYET] sEEF
H AU37] $EE dSshke EA dRFM=
HES A IAFE 012, AE] BS 0012 H&
Skl ITHKMOE, 2015). AWe7] & L9832 v&=
£ dSshe d3AF HAe vls 2787 (United States
Environmental Protection Agency, USEPA)O]‘/]- w) =7y
FA]¥3%}3] (American Society for Testing and Materials
(ASTM) International), Z12]31 U[Y&= Dutch National
Institute for Public HealthRIVM)oA ALg-sl= =il
ze)7} At USEPASIM = EFe] At @S o8
3 EY7] T LEEHY FEE dSsA ¥l EXE
7] T T LEEHY] TEE A5 &, 1 gl 14
(Johnson-Ettinger Model JEM))S- ©]-83] F-X|5o]&oz
AR)E Hol AUET] TEE dSRIES sl
(USEPA, 2002; USEPA, 2004). ASTMolM= $-2lve}
o} Zo| FHMIZ EYFT] T LAELATES 53t
S AATE JEMS o83l FA5olFos AYsies
3}l JTHASTM International, 2010). RIVMOIAE A
£ vig EAS AlESRtA @ Aske] de A&
(buildings with a basement), €}HUXQ] 7 (slab-on-
grade buildings), "F+ ¥ ¥F7ro] U= HE(buildings
with a crawlspace) Z2}7] Th2 R4S o] 83l 7HAIGE
TE3) ARSSI=S Slal ltk(Bakker et al., 2008). ©]
Folld & F SlRol, sY LAFANNE 2 713
A st SR ARS o8l diSg AdlET] &
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2.1. USEPA

USEPA AFlolM= =9 FHE =9 Eol
HIES 71 SEEORR] A 3o xEko] Q=
2 7Pgeh, o] wf AE XT3 3EHe] Ay
FEE ol 4 (2)F ©83ie] dSHTHUSEPA, 2015).

C,=C, xa @)

A7IM, Ciu CSF o= 22 AU37] T LE9EEFE
(hgm’), EFE7) F LABAEE(ugm’) B 7
(unitless)°]t}.

E¢e] 3R] @3S o8 EYET] T LHGEEY
FTEE A5k vt daAzh= 2] USEPA A
HolMe EYE7] 5 LEELATEE AS3IESE sl
AUTHUSEPA, 20152). 71 o=, EY] 3380 &3S
ol8st EYET] & o5
o], EollM Q9EHo] B4
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LAEH] ASH Aol EYEY) W 98- &
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2015a)
TS, USEPA AFollA A3t 71A14(0.03)2 AR

3= Z2 Preliminary remediation goal(PRG) F<

E33b7] Sleid Allerle] L9Ed S8 EENE E
WollMe] HEsEE A4 wjo]th(USEPA, 20152). 5,
Selvel dYAFM AR8She A o] EdERE
R 2 A7) SE&EsEE S Sl HHo=
7R gk obd Zlol. tial USEPAS] 4%, Eds7]
T 2HEA] v 393 § JEMS o83 1Al
g FASolHeR dSsle® slal 3t JEMS By
717y FAHCE AE UIRE Y= o] (convection)
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L& (Table S1)ell HAI=o] ATHUSEPA, 2004). USEPA
e TES ERRETAR] 23E(slab-on-grade buildings)
I} AsHe] A= 73E(buildings with a basement)Z

ek ek,

"
[ DY -4y ] « exp( Qw;/'mek)
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S2)0ll HAIE o] JATHASTM International, 2010).
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oz PG Aotk webA ASTME] ARJolrE ¢
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2.3. RIVM

UEt= RIVM Z-eMe 58S bis 52400 ot
& BEYAR] 718 (slab-on-grade buildings), Z|3}Hde] )
Z3E-(buildings with a basement), "FF+ & F7to] )
71 (buildings with a crawlspace)® T3l 2k}l
gt AUlF7] % d52S EE2 AlFSh(Bakker et
al., 2008).

SHBOAR] AEL 7ZFAE k1] gt uldo)
IYE Ad T SHEE A AES A=
2l9] AE0|t} Dutch RIVMOIAE O&EtE nigo
(crack)®] §1= Hl(intact floor), @=# o Eo] U=
S (floor with a perimeter seam gap), @7Ho|L} £9]
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)= Bl (floor with gaps and holes) & 35/<] Bl
o7 tA] FEet 2t vige] B4 e AWl E
T &S AFFTE Dutch RIVM A M %
USEPA A3} Ul ESF7] v=5 A5 As
A3t AR SfE viEe] Fol fls AY EYET]
© 272 &EfEe] IS FAARE etk 7P,
ol A A7) sE= ol 2 (5)E olE3l A=
Hth(Bakker et al., 2008).
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A7IM, Cu Ju Ap Vi B owie 22 AWT7] F5(y
m’), AUE JEs= 2LHEZ flux(contaminant flux
through the floor into the indoor space)(g/m?-h), B}t
™ & (surface area of the floor) (m?), AWF7F F3
(volume of the indoor space) (m’) ¥ AF7] A&
(air-exchange rate for indoor space) (1/h)°]t}. 4] (5)e
A Uy B owE Ak A3 AkE] tigk A A
FA}LE (Table S3)0l 8AIE]] ATt

T WAle S 5ol = vlEh(floor with a peri-
meter seam gap)Z} 22 74-9-olH, o= HEHE SRR
uie Edloll 5ol EAlE] 1 55 B3l LEEH] AU
2 FY=e 2e 7Pk =], USEPASH ASTM A
Hol|A A3l JEME o83l AW37] s&E 53t
), 5ol §le v sYsHl 2 (5)F o83l Aus7]
SEE dS3ith AU RS (we EEE woe
Sl vl 288k W SYSHAl Table S3°]
vy, ARAS AR, AUE MRS .dEd
flux(Jy)E =2 "ole 5ol gie vig] 283k %
Wtk 22 ol A (65 AREEIE A (6)°] dAE
theh go] Bl 71EgR HFALE(Table S4)ll *8A1%0]
AtH(Bakker et al., 2008).
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ia .
Vip vy

0;171,\1, m*: /\EIIH%Lyl lEC(g/m3)o_]_ Jjg} wa‘f_ 71—71—
At vies Bl FHET LEED flux(g/m®-h)e}t A
sHA HS Fal FYdsEe L9EA flux(gm*h)olth.
A9t Api= 22 ASH vz Blo] A mel 1,0k
we Z22F AWK 23 Fom’) 2 e
B FAE(U/helth 2 (10004 J; J R owiE ARk
23 QA tigh 8o B 73RS HEALE (Table
S6)ll FAE|o] Ut
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m), VHE W g7l AR AEshs

(contaminant flux from the crawlspace into indoor

space)(g/m>-h), B W& m?), 2WHFZE F3jm’) 2 A

WE7] 33E(/mpelth A (10elA g, 2 wE Akt
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3.1. CHA B2X| =A}

WAoo g AdE AT FA I8t “Site A%} “Site
B2} @the FARXGeH, Wipol] eade EAEHA o
Ou} FRoA FYE AR s WAl o]
A Aoz AT EF U] wiAle] AUzl <
Sk izl *‘HF‘QOH gk S dE7E el F Al
A EY 9 B U iidlEE ZALE 86190t B
kAL A ]L EOW%EA} AZ(KMOE, 201322 &8
& WAl WE AleAF AR 75 288 & 4 AR
o] AFHAAMFEH HAHLANEZFA] 1 m (PO E Als
£ AFS Bl olF 7 Al wre] Bie 7
Ao tisEs AAstal, ofF o83l FA] A9 =
SIS 95% AlFHAIEYE A3t Site AlA
= & ARelN A Ao EY qqu Gkl
o] BEF AZHA] st} Site BolME F 307130l
A A8 3R AT iAo Z:%Q?iﬂ
7t HEAHY AEE TR B 0.0064, 0.583,
0.143 mg/kge |t EFHREFTEE EZ3P7] 9air &
Ao = USEPA ol w2} ProUCL softwareE /\]-
Bt} spdo, AA AsAAAR T s=7F A
2] 71 4l mRel A9elE ProUCLS Ol%f& EH

HEE B A BAE Egado] Atar ¢eiA Sl
o] 79, USEPAYIXE F7MXEXH7) BrFs3slchd

Zh(medianye EFEE A3, $0gk0] = oﬂ
o =25 ES APIAE AP ITHUSEPA,
2013). & ZAPIAME 37 AT s57) mgeR
AESHALFHILEFE 0.583 mgkg), F7HQA AlRANF7}

2

wsssion, A4 ARe) Fg0l 215 e
7] W] WAle] PP wErEE B

webA Site BO] EF WAl =EFsEe SEve}
oA ArfsiaL J= WAl AR 0.1 mg/kg‘li 73751
SIYTHKMOE, 2013b). a2 HEE Hus=rl =
T2 1001E 2P =E st BATES 7Fo—
Aol s eistedol S} (Missouri Department of
Natural Resources(MDNR), 2006), Site Bl HAZH
FHIEE710.583 mgkg) =EF55(0.1 mgkg)®] 109 W
oIt
BTN B, 2 RAGIN FRee] 71 Asit
A 2molA AeE A 24
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Table 1. Soil and soil air benzene concentration and geological
properties of Site A and Site B

Parameter Site A Site B
Soil concentration (mg/kg) NDV 0.1
Soil air concentration (ug/m®) 59 62
Soil texture loamy sand  loamy sand
Soil bulk density (kg/L) 1.55 1.46
Annual precipitation rate (m/year) 1.45 1.45
Source-building separation (m) 1.85 1.85

1) Not detected

g & HEE HuesE A AAY =EF5EE AMES)
Ak AR 7)) mlvRl A9 FAAZE B3 vk
TE B A BAA xpF A 28T 5 o] Ha
TEE =EFEE AAske Ao] ulHSItHUSEPA,

13). Site AoXe= ESF W wlAle] AESHA] FUAT
BT FEME 59 pgm¥t ASEA). A, Site
Bollx= wlAle] EFETr} 0.1 mgkeolaL, EXe7] &
T 62 pgmPoISt. T3, Avls® oSS ff3) Zast
EYEARMIARI BA, 88dE Tl g ZAE $33}

$ATH(Table 1).

3.2. Cies X[&E 0|25t ALHE7| Wl sE ofF %
2z AP

E B U Al 28 E B BEGEARIR =
AFA ¥ (Table 1)E wlgoz Syl PR
USEPA, ASTM, Dutch RIVM A%<
FEE JS3ITE Uk, LGRA] Uil bkt =4
Eo] EAEIaL Qo] "l dv= DESAAIAE =535
7] o#¢] USEPACIIA AASH Edllol] Eol
7 S EYRR] AESARIAL 71EgkS A8t
(Table S1). ZEEARIA} Lo HAEo)F A}, 2d&
A Bol QA 9 =ERIRk] - 712t AL A
Aol 54 2 vt A3 HEAE =220} 7
S dds) ghe AAsItK(Table 2). 4713 $2luet &
&A% 2 USEPA, ASTM, Dutch RIVM Aol @A

Z

O
7] FEE dPAF ST 2Hg2lel] tiddst] ==
= Table 33 T}

$2Ugt Aol M= 4 USEPA AZ(USEPA, 2002)
< A8 FELHEY BY ATE 012 HEskar
% ZAATE 001 ZL3EE dlar 9
o] L H S A9 LANES A

B X

(o
=
e
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Table 2. Input value of parameters used for the estimation of the
indoor air concentration and corresponding risk of intruded
benzene in this study

Parameter” Unit Input value
D, cm?/s 0.088
1.55 (Site A
Pe glem’ 1.46 ESite B;
D, cm?/s 9.80E-06
P m/year 1.45% (Site A & B)
’ unitless 0.349
TS °C 10
Tr °K 298.15
Hr atm-m>/mol 5.54E-03
AH, cal/mol 7342
Rc cal/mol-°’K 1.9872
R atm-m>/mol-°K 8.205E-05
Tg °K 353.24
Tc °K 562.16
Ag cm? 1.00E+06
Ly cm 1,000
Wz cm 1,000
Hg cm 244
ER 1/h 0.25
Lg cm 200
L cm 15
AP g/cm-s* 40
Kerack cm 4,000
Zcrack cm 15
Terack cm 0.1
Ks cm/h 438 (Site A & B)
Mw g/cm-s 0.01307
Pw g/em® 0.999
g cm/s? 980.665
0, unitless 0.049 (Site A & B)
M unitless 0.4273 (Site A & B)
Lerack cm 10
Acrack cm? 400

1) The description of the parameters can be found in Table S1.

2) This precipitation rate was set at 30-year average measured at
the Seoul meteorological station because the Seoul station is the
nearest station from the Sites.

3} 200 cm= AR, FEUElME AE 0.15mE
RES} AE FRV|FoE HAsmE, 22y} AF
S o83l AWEY] v= d= A ZAFE 001 F
B3ttt Fa= vt ZRelA AATE J8gH
AES Fd3E USEPAIME M ES} AES T glo]
AT 71k @8 H M AR efom AR
AW 7E Alof|ut ARE)S 0.030F  A|A|SR=T](USEPA,
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2015a), 7 LAEZL] A 371 AR 94 4
oL} 0.03& 71%%%& aE AR AU T
£ )¢ Ajgris Hez, a1 ARsis aEd &
FAEH] 1A
factor)S F 107~10709] oA X
(USEPA, 2015b).

Site AY] 7 -ty AFlolv ASTM ARS <&
3 =E3h wiAle] AuUEY] s 003tk Elveket
ASTM A= Edfsme] 3daula @] () #3l
EYF7] FEE A3 Wil EYET] 5% 09
A= o SEH, o]Z I3l AuF7lel= widle] Ex|s}
A %= Aoz oIS 2R HAR Site AdlA=
WA By 357} 59 ugmPeE HEET] wlEo,
EoM 29EAe] HEHA &S A YRS A
B3l EFT7] 5 5P HAawrte] BehaAdol
H]—/Kgﬁ‘l- 2= 931‘:}‘

" USEPAY YIE#HE= RIVM A|ZollA= A=3)
EUdF7| 5o JEME o83 =53 X503 7h
ATE Fall AUE7] v55 oS3 (Bakker et al.,
2008; USEPA, 2004), ©]ZA =& 7HIAIG~= 3.5E-
040]2, 719 we} ofiSE WAl A7) == 0.021

ng/m*e] ATk,

Site BollA= wlAle] EQkE7]

AL JEMS o] &3l &3 FA5: 11—‘1 AT} 3.6E-
040]7] wiiZell, USEPAL} WET= RIVM A3 (HS3H
EGFE7] w50 FASCH ATE w8l Ausr

15)rs Olﬁﬂ &3k WAle] AUEr] sE=
0.022 ug/m3§ ZFc} Hl
AP ME ESFLFER] dua] IS o83

Z=71¥.Zk(semi-generic attenuation

A Fe}

AZET7} 62 ng/m®]

_—

EYE7] F5E A53hH, olF o]&4l l g EFE]
FEE 9F 20200 pg/m’o g, A= EFEY] FEo| 1
3 oF 3308 EUTh 2EL ASTM Xl%ﬂr TEvEt A

YRS o83l A5 AUEY] == 22 745y
m7} 202 pg/m’eZ AolsldEt), ol d= F&71
FTEE nigo g AUEY] 2= Ctﬂ—éf)‘—:f W
ASTM A3} f-Ejue} degx|xlo] M= thz7] wfio]
t}. ASTM ARoME ESyY] F55 niEoz 2yF
7] 55 5T W JEMS ol&sle v, v |
Fo7] w0 7Z4AIG 0.01S F3) A

rﬂi X

A= EY

Y37 552 o=3}h ASTM R3S o83 7%,
JEME olgalo] al2gh EE7] SRl tjg AT
o] HI&E, TGS 3.6E-030130Tt. o] A=

USEPA%} RIVMOI W& JEMS ©]&3t o= Axele
Tt 1 A=, Seluet dPRFE o83l A3
AE7] FEE 202 ugm’E ASTM RS o]83) 9

F59l 745 pg/m*HT} 288 EQ)

1 %
¥

o
;"‘E
>
N
>
=
2, of
N
=
=
=z
2
o

o= OﬂZQiﬂa | wize] sli= A %1% Ao 1}054
At} ¥HE, USEPA Aol vldd= <
£33 49 odSH AT TS
olZ QI3 2HE WIS =} Hl%%HoHEt 74%
6.2E-08%} 6.7E-04°|13L(Table 3), ol& $-2jue} A=A
el HAIE & 7Fss IefElE <=2l 10°~107°%
&4 7Fs st B 1K B uke (o))

Fl
o
P
N
A
EW
9,
iﬁ
0

Table 3. Estimated indoor air concentration, cancer risk and noncancer hazard quotient of intruded benzene

Site A
Guidance
Indoor air concentration (ug/m?) Cancer risk Noncancer hazard quotient
Korean 0 0 0
USEPA 2.1E-02 6.2E-08 6.7E-04
ASTM 0 0 0
Dutch RIVM 2.1E-02 6.2E-08 6.7E-04
Site B
Guidance
Indoor air concentration (ug/m®) Cancer risk Noncancer hazard quotient
Korean 2.0E+02 6.0E-04 6.5E+00
USEPA 2.2E-02 6.5E-08 7.0E-04
ASTM 7.5E+00 2.2E-05 2.4E-01
Dutch 2.2E-02 6.5E-08 7.0E-04
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Site B2} 73-% USEPA A[3olL} W= RIVM A3
< o] 83IME wolle gFH AUTY] F=UT 0.022 py
m¥o|om, o]F o] &3l =& LSl HIUek
== 217} 6.5E-087 7.0E-04%(Table 3), $-2lueke]
587 g ey Hldkeiai=el Hisl @ict. vk
M ASTM A|ZL o]&3a) =3 ATV T 745
pg/molom, o] 3t WL} HIULR ==
¥z} 22E-059} 0.24%(Table 3), $2jviet dah=|zle] 3
& 7hFssh v Ei=el 1 mRkel}lont &8 7hsdt
HRFIEIE 221 10°5~107°5 =3t ¢k, vt
2} APAAE 01838 53 AFY) FEE 202 pg/m’
o|en, o]Z Qg US|} viIelElEE 22t
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Table S1. Definition and default value of parameters used for the attenuation factor estimation using USEPA guidance (USEPA, 2004)

Parameter Definition Unit Default value
D Effective diffusion coefficient cm?/s chemical-specific
D, Diffusivity in air cm?/s chemical-specific
6, Soil air-filled porosity unitless n-6,

n Soil total porosity unitless 1-py/2.65Y

o3 Soil bulk density g/em® site-specific

D, Diffusivity in water cm?/s chemical-specific

6, Soil water-filled porosity unitless site-specific!

I Infiltration rate m/year 0.1444 - p?

P Annual precipitation rate m/year site-specific
Hrg Henry’s law constant at the system temperature unitless chemical-specific
AH, 75 Enthalpy of vaporization at the system temperature cal/mol chemical-specific

n’ Constant unitless chemical-specific

78 System temperature °C 10

Tr Henry’s law constant reference temperature °K 298.15

Hy Henry’s law constant at the reference temperature atm-m>/mol chemical-specific
AH,, Enthalpy of vaporization at the normal boiling point cal/mol chemical-specific

Re Gas constant cal/mol-°’K 1.9872

R Gas constant atm-m*/mol-°K 8.205E-05

Ty Normal boiling point °K chemical-specific

Tc Critical temperature °K chemical-specific

Ap Area of the enclosed space below grade cm? 1'18 _%ﬁ;ggé(bgggggt)
Obuitding Building ventilation rate cm’/s

Ly Length of building cm 1,000

Wy Width of building cm 1,000

H, Height of building cm 3 626 4ib‘z‘;%“§;t)

ER Building air exchange rate 1/h 0.25

Ly Source-building separation cm Ls-Lg

Ly Soil sampling depth below grade cm site-specific

Lr Depth below grade to bottom of enclosed space floor cm 15
Osoit Volumetric flow rate of soil gas into the enclosed space cm’/s site-specific

AP Soil-building pressure difference g/em-s? 40

k, Soil effective vapor permeability cm? site-specific
Xoack Floor-wall seam perimeter cm 4,000

U1s Vapor viscosity at system temperature Pa-h 6.0E-09
Zerack Crack depth below grade cm 15
Verack Crack radius cm 0.1

k; Soil intrinsic permeability cm? site-specific

kg Soil relative air permeability unitless site-specific

K Saturated hydraulic conductivity cm/h soil texture-specific

Ly Dynamic viscosity of water at 10°C g/em-s 0.01307

D Density of water g/em® 0.999

g Acceleration due to gravity cm/s? 980.665

Ste Effective total fluid saturation unitless site-specific

o, Residual soil water content unitless soil texture-specific

M van Genuchten shape parameter unitless soil texture-specific
Lerack Enclosed space foundation or slab thickness cm 10
Arack Area of total cracks cm? 400
D yuck Effective diffusion coefficient through the cracks cm?/s D"

1) Adapted from USEPA (1996), 2) Infiltration rate equals to the recharge rate (USEPA, 1996) and recharge rate in Korea is 0.1444 X

annual precipitation rate (Ministry of Land, Infrastructure and Transport, 2011), 3) Slab-on-grade
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Table S2. Definition and default value of parameters used for the indoor concentration estimation using ASTM International guidance
(ASTM International, 2010)

Parameter Definition Unit Default value
C; Soil concentration mg/kg site-specific
K, Soil to water partition coefficient L/kg chemical-specific
6, Soil water-filled porosity unitless site-specific
Ky Soil (sorbed)/ water partition coefficient L/kg chemical-specific
Os Dry soil bulk density kg/LL site-specific
Hy Effective Henry’s law coefficient unitless chemical-specific
K, Organic carbon / water partition coefficient L/kg chemical-specific
Joc Mass fraction of organic carbon in soil unitless site-specific
o, Soil air-filled porosity unitless site-specific
& An exponent unitless site-specific
Oy Convective flow through basement slab cm’-air/sec 0
Lok Enclosed-space foundation or wall thickness cm 15
Ap Slab area cm? 700,000

Dok Effective diffusivity in soil-filled foundation cracks cm?/sec chemical-specific
D, Diftusivity in air cm?/s chemical-specific
D, Diffusivity in water cm?/s chemical-specific
n Soil total porosity unitless site-specific

n foundation crack fraction unitless 0.01

Degyaa Effective diffusivity in vadose zone cm?*/sec chemical-specific

DF,, Dispersion factor cm/sec 2.78E-02
L Thickness of surficial soils cm 100

J. Soil Groundw. Environ. Vol. 20(4), p. 51~65, 2015
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Table S3. Definition and default value of parameters used for the estimation of contamination flux through the floor into the indoor
space (J;) and air-exchange rate for indoor space (vv;) for slab-on-grade buildings (intact floor) using Dutch RIVM guidance (Bakker et
al., 2008)

Parameter Definition Unit Default value
—Fy-C,,
Ji  Contaminant flux through the floor into the indoor space g/m*h Il Irh
T |
. . ~F, 04,
vv;  Air-exchange rate for indoor space 1/h vyt ——t
AP,
Fr  Overall flux from the soil-floor column m/h L L
L
APy Air pressure difference over the soil-floor column Pa 1
L, Length of soil layer m site-specific
K,  Air conductivity of soil m?/Pa-h KdM
coarse sand 107!
medium sand 107'%°
. e fine sand 107"°
2
kK, Air permeability in soil m silty sand 107125
silt 107133
clay 107!
n Dynamic viscosity of air Pa-h 6x107°
Ly Floor thickness m 0.1
K;  Air conductivity of the floor m%Pa-h Kem
very good 107'83
_ . . . ) good 10773
Ky Air permeability of uniform concrete floor m average 107163
bad 107159
C,,  Soil gas concentration g/m’ site-specific
D, Effective gas diffusion coefficient in soil air m?/h %
D, Diffusivity in air m*h chemical-specific
&s  Soil air-filled porosity unitless site-specific
grs  Soil total porosity unitless site-specific
D -
D, Effective gas diffusion coefficient in the floor m%h "g—ljf
very good 0.006
i . . . good 0.015
&  Air-filled porosity of floor unitless average 0.045
bad 0.135
very good 0.012
. . good 0.030
gy Total porosity of floor unitless average 0.090
bad 0.270
very low 0.17
low 0.33
v,  Basic air exchange rate of indoor space 1/h average 0.50
high 0.67
very high 1.00
F;  Air flux through the floor into the indoor space m/h Fr
Ay Floor area m’ 50
V;  Volume of indoor space m’ 150
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Table S4. Definition and default value of parameters used for the estimation of contamination flux through the floor into the indoor

space (J) for slab-on-grade buildings (floor with a perimeter seam gap) using Dutch RIVM guidance (Bakker et al., 2008)

Parameter Definition Unit Default value
4,
Fr Overall air flux from the soil-floor column m/h Fmep;;—:k
27 AP -k Xepae
Florack Overall air flux through the perimeter seam gap m/h . 1n[2 :rark]
rae Ferack
A prack Total area of crack m? 0.0275
Ay Floor area m? 50
coarse sand 107"
medium sand 107103
fine sand 107'!°
. .oy . . 2
K Air permeability in soil m silty sand 107123
silt 107133
clay 107
AP Air pressure difference over the soil-floor column Pa 1
n Dynamic viscosity of air Pa-h 6x107°
Lerack Length of the crack m 30
Zerack Depth of the cavity below soil surface m 0.1
Verack Width of crack m 0.001
Cu Soil gas concentration gm’ site-specific
D.yack Effective diffusion coefficient in floor cracks m?h D,
F; Overall air flux from the soil-floor column m/h F¢
L Length of soil layer m site-specific
D,,- s,
Dy Effective gas diffusion coefficient in soil air m%*h "';1_ e
D, Diftusivity in air m?h chemical-specific
&us Soil air-filled porosity unitless site-specific
&rs Soil total porosity unitless site-specific

J. Soil Groundw. Environ. Vol. 20(4), p. 51~65, 2015
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Table SS. Definition and default value of parameters used for the estimation of contamination flux through the floor into the indoor
space (Jy;) for slab-on-grade buildings (floor with gaps and holes) using Dutch RIVM guidance (Bakker et al., 2008)

Parameter Definition Unit Default value
Fy Overall air flux from the soil-floor column m/h Kf'%)
APy Air pressure difference over the soil-floor column Pa 1
L Length of soil layer m site-specific

coarse sand 107"

medium sand 107'%%
fine sand 1073
. oy . . 2
K Air permeability in soil m silty sand 10723
silt 107133
clay 107!
Ly Floor thickness m 0.1
-2
K, Air conductivity of the floor m?*/Pa-h an"%?
Jor Fraction of openings in the floor unitless 0.0001
n Number of openings in the floor unitless 10
Cu Soil gas concentration g/m’ site-specific
Fy Overall air flux from the soil-floor column m/h F¢
Dy Effective gas diffusion coefficient in soil air m?h see Table 3
Fep Air flux through the holes and gaps m? F¢n
Af Floor area m’ 50
Ay Area of openings in the floor m? 0.005
Dy Effective diffusion coefficient in gaps and holes m? D,
Dy 6,
D, Effective gas diffusion coefficient in soil air m*h o Fus
D, Diffusivity in air m*h chemical-specific
Eus Soil air-filled porosity unitless site-specific
&rs Soil total porosity unitless site-specific

J. Soil Groundw. Environ. Vol. 20(4), p. 51~65, 2015
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Table S6. Definition and default value of parameters used for the estimation of contaminant flux from soil through basement floor (Jp),
contaminant flux from soil through basement walls (J;,) and air-exchange rate for indoor space (vv;) using Dutch RIVM guidance
(Bakker et al., 2008)

Parameter Definition Unit Default value
~Fr, C,
J Contaminant flux from soil through basement floor g/m*h Took dnek
e e -1
FT,bu : Caa
Jpw Contaminant flux from soil through basement walls g/m*h pl L LA L Ly
e " 1
W, Air-exchange rate for indoor space 1/h LARE A AR LY 'AV;F""W‘A""‘
AP,
Fry Overall air flux through the soil-basement floor column m/h L +L#-
s K
Fry, Overall air flux through the soil-basement wall column m/h Frg
APy Air pressure difference over the soil-floor column Pa 1
L, Length of soil layer m site-specific
K Air conductivity of soil m%Pa-h K/M
coarse sand 1071°
medium sand 107'%°
Ky Air permeability in soil m? sljlr'lc; 222(; 11?),:;55
silt 107137
clay 1071
n Dynamic viscosity of air Pa-h 6x107°
Ly Floor thickness m 0.1
K; Air conductivity of the floor m*Pa-h Kim
very good 107183
Ky Air permeability of uniform concrete floor m? a\%:g;el(l)()zz‘s
bad 1075°
Cyu Soil gas concentration g/m® site-specific
Ly, Wall thickness m 0.15
Ky, Air conductivity of the wall m?/Pa-h Kpw/M
Ky Air permeability in the wall m? 107
Dy Effective gas diffusion coefficient in soil air m?h ’Tfs
D, Diffusivity in air m*h chemical-specific
Eus Soil air-filled porosity unitless site-specific
&rs Soil total porosity unitless site-specific
Dy Effective gas diffusion coefficient in the floor m?%h Dy
Very good 0.006
& f Air-filled porosity of floor unitless AS::;;O'(?(I)ZS
Bad 0.135
Very good 0.012
ey Total porosity of floor unitless A(j;)rzzeogf)go
Bad 0.270
Dy, Effective gas diffusion coefficient in the wall m%h D¢
vr Basic ventilation rate for indoor space m’/h 125
Af Floor area m’ 50
Apyy Area of walls m? 60
Vo Volume of indoor space (including basement) m’ 250

J. Soil Groundw. Environ. Vol. 20(4), p. 51~65, 2015
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Table S7. Definition and default value of parameters used for the estimation of contaminant flux from crawlspace into indoor space (J..;)
and air-exchange rate for indoor space (vv;) using Dutch RIVM guidance (Bakker et al., 2008)

Parameter Definition Unit Default value
Jei Contaminant flux from crawlspace into indoor space g/m*h F,* Cy
w; Air-exchange rate for indoor space 1/h vv,,hfF‘—\ji-Af
F Overall air flux from crawlspace into indoor space m/h 77{“%7%
Jof Fraction of openings in the floor unitless 0.0001
n Number of openings in the floor unitless 10
n Dynamic viscosity of air Pa-h 6x107°
AP;, Pressure difference between indoor space and crawlspace Pa 1
Ly Floor thickness m 0.1
Cy, Soil gas concentration g/m’ site-specific

very low 0.17
low 0.33
Wip Basic air exchange rate of indoor space 1/h average 0.50
high 0.67
very high 1.00
As Floor area m? 50
V; Volume of indoor space m’ 150

J. Soil Groundw. Environ. Vol. 20(4), p. 51~65, 2015
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