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¥ 2. VPH EF&4

Carbon numb

Analysis Fu

Retention Time

Compound A Fol2 Aejo] 2

er nction (minutes)!

5 n-Pentane = 2.24 43 57, 72

6 n-Hexane 2| vk 3.65 57 41, 43, 56

6 Cyclohexane = 555 56 84, 41

7 2,3-Dimethylpentane A== 5.21 56 43, 57, 41

7 n-Heptane = 5.92 43 71, 57, 100

6 Benzene EEES 6.17 78 52, 51
yEEs54 Fluorobenzene = 6.47 96 70

8 n-Octane = 8.63 43 85, 57, 71
NAxEEEZE Toluene—-dsg = 8.93 98 100, 42

7 Toluene gk 9.06 91 92

9 2,3-Dimethylheptane = 10.23 43 84, 85

9 n-Nonane = 11.38 43 57, 85
JEE=E2 Chlorobenzene—ds 11.60 117 119, 82

3 Ethylbenzene gk 11.77 91 106

8 m-Xylene FigeieEs 11.91 91 106, 105

8 p—Xylene ks 11.91 91 106, 105

8 o-Xylene s 12.73 91 106, 105

9 Isopropylbenzene Ao 13.44 105 120

10 n-Decane = 13.99 57 43, 71, 85

9 1-Methyl-3-ethylbenzene k= 14.42 105 120

9 1,3,5-Trimethylbenzene EleiEs 1453 105 120

10 Butylcyclohexane = 15.38 83 55, 82

10 p-Isopropyltoluene Pl 15.81 119 105, 134

9 1,2,4-Trimethylbenzene k= 16.08 105 120
WEEFEZ 1,4-Dichlorobenzene-d4 = 16.08 152 115, 150

11 n-Undecane = 16.21 57 43, 71, 85

12 n-Dodecane | k= 17.96 57 43, 71, 85

10 Naphthalene Ao 19.63 128 -
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2 1
Cyclohexane 3 0 0
Cs5-Cg A= 4 100 600
2,3-Dimethylpentane
n-Heptane 5 200 1200
n—Octane
2,3-Dimethylheptane 1 1 6
n-Nonane 2 5 30
n-Decane 3 2 150
Co—Crz A= 4 100 600
n-Undecane
n-Dodecane 5 200 1200
Butylcyclohexane
Isopropylbenzene 1 1 5
1-Methyl-3-ethylbenzene 2 0 2
3 25 125
Co—Cyp W= 1,3,5-Trimethylbenzene 4 100 500
1,2,4-Trimethylbenzene
5 200 1000
p—Isopropyltoluene
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Fluorobenzene

Chlorobenzene-ds

1,4-Dichlorobenzene-dy

Benzene

Cs~Csg A=

Ethylbenzene
m-& p—Xylenes
o—Xylene
Toluene

Toluene-ds (WA Z+==2)

Naphthalene
Co~Ciz A=

Co~Cyo k=

£ 5 VPHY HA-EF £4 279 o
R z7
WA §-2(H A 7] 4]) 40 mL/min (He)
2R 15 ~ 20 min
2] AZF 11 min £ 0.1
oA 25 A
g ex 260C (4 min)
A AL 260°C(7 ~ 15 min)
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A=dy F5 EPH ¥4

R ] 20 mg/kg
A4 AARATRY) > 099 T 7HAFRE) Y w14t < 25 %

EPH tiAlZ+E4 358 40~140 %

3 dARTEL 3TE 40~140 %

£ 2. EPH-AWSa3sL 254

Carbon number Compound Retention time (min)

9 n-Nonane 3.14
10 n-Decane 4.55
12 n-Dodecane 7.86
14 n-"Tetradecane 11.10
16 n-Hexadecane 14.05
18 n-Octadecane 16.71
19 n-Nonadecane 17.95
20 n-Eicosane 19.14

fAZzEEE 1-Chloro-octadecane 20.13
22 n-Docosane 21.35
24 n-Tetracosane 23.40
26 n-Hexacosane 25.29
28 n-Octacosane 27.04
30 n-"Triacontane 28.69
36 n-Hexatriacontane 34.82
40 n-Tetracontane -




¥ 3. EPH-U&=

B3les RFER

Carbon number Compound Retention time (min)

10 Naphthalene 7.66
11 2-Methylnaphthalene 9.49
12 Acenaphthylene 11.93
12 Acenaphthene 12.46
13 Fluorene 13.89
14 Phenanthrene 16.54
14 Anthracene 16.66

A ZEFE4 Ortho-Terphenyl 17.95
16 Fluoranthene 19.92
16 Pyrene 20.51
18 Benzo(a)Anthracene 24.08
18 Chrysene 24.21
20 Benzo(b)Fluoranthene 26.94
20 Benzo(k)Fluoranthene 27.02
20 Benzo(a)Pyrene 27.66
21 Indeno(1,2,3-cd)Pyrene 30.25
21 Dibenzo(a,h) Anthracene 30.36
21 Benzo(g,h,i)Perylene 30.76

® 4. EPH - 3F&8429 & ¥4

A= B2 Ed 5=
gETs s WA W Be2d WA Tgg e s (99 0 e Ede
(ng/uL) Z 5% (ng/uL)
n-Nonane 1 1 6
n-Decane
A = n-Dodecane ; ég 36(%
Cyg~Cig n-Tetradecane
n-Hexadecane 4 100 600
n—Octadecane 5 200 1200
A W= n-Nonadecane 1 1 8




n-Eicosane

2 10 80
n-Docosane
n-Tetracosane 3 50 400
Ci9~Css n-Hexacosane 4 100 300
n-Octacosane
nfTriagontane 5 200 1600
n-Hexatriacontane
1 1 1
2 10 10
A= T 3 50 50
n—"Tetracontane
>Cs6~ Cyo
4 100 100
5 200 200
Naphthalene
2-Methylnaphthalene 1 1 17
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene 2 10 170
Anthracene
u} o = Fluoranthene
Cri~C Pyrene 3 50 850
11 22 Benzo(a)Anthracene
Chrysene
Benzo(b)Fluoranthene
Benzo(k)Fluoranthene 4 100 1700
Benzo(a)Pyrene
Indeno(1,2,3-cd)Pyrene
Dibenzo(a,h) Anthracene S 200 3400
Benzo(g h,i)Perylene
E 5 ZIAAErEOYY EAZHY 4
T =3
24 RTX-5 (30 m Z°] x 0.32 mm HAF, 025 ym EF4)
SHEZ A (7-55) a5 (2~3 mL/min)
Fd=x=4 Split 1:10
THTEE 285C
HE7] % 315C
z7lex 274 seen ex A2
LELE () (min) (C/min) () (min)
60 1 8 290 10
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@ EFAEAA A5 A

EJAEMA M BH

7) ELAIZAF TH(NT)

F) 4) TEJHEUZAL| MFafHo| zheh 7

QL EEINEPE I

5) D = 0.4/CV < 3) HIAH=(CV)

6) SASH ARAHFIH(n2) &HY

2
( 1.645 +0.842 ) 10.5x]645 2

= D

g
Z=) o 5% H1E 27 Y= 0{UX| LR 2 =0

£ 5%0llMe| SH %l (1.645)

e 20% H[2ZE 27 QU0 UKDt QY= K| LYt T

0%0ll M2 SA%| (0.842)

7) N1t n2E 2 7 7Y
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1) XRE(df = N2-1)

12) 95% t—& A 4£(t95%,df)

F) 8) EUZAI ZAI=EIME 7|
11) AIFE=E 8) SAIBMOAM 12 th Zf
12) t—SA HOIS([EX] 65 MA](1)) 2FE] 95%8HAHIZL (0 = 0.05)2 AFRof| sHESH

= sAA 7|, s AFAHo| gle 49 siETte| HalEs Zelsto] Atk

13) C, =F195% A 2| ¢k = 2+,
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QL
RN
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b
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ol

O 22Xl S22
Aot 25t 44 Ta=% FH
E pH
EAEMUZ(p,, kag/l)
EAAXL E=(p,, ka/l)
== E(n, unitless)
EXTEIFE(0,, unitless)
ELS7I3FE(6,, unitless)
ELFHi Al =(Kd, L/kg)

(7712 : Kd=Kocxfoc)

77| 2 &8 Al ==(Koc, L/kg)

EQFST|EFAH| S (foc, unitless)

SRS A==(H, unitless)

ESdRETSZ(CL, mg/L)

3| M—x ZHAH 4= (DAF, unitless)

TE|MEE(K, m/year)

X| st 7l (i, m/m)

5 E(, m/year)

oHE R x5ts 2gH Zol(d, m)

>< AI'%on_IXE égﬁ% 9 éotu LS (=} HA
EHZHEH S @B 27 HANS AlzE
15) 7|23t 1.6
16) 7|23} 2.65
17) n=1—(p/p,)
18) 7|23+ 0.16
19) 6, =n—0,
20),21) [EX| M6z=MAl] (10)
22) 71224 0.016 = 2X|S0|5 ZHGt ALR (2, SHIPMoIAM AIBE 24| Wyl £ o
stst o HAl Ee)
23)[EX| HMeTAMA] (9), =20]|2] F7|22 4% 0
c|i]
24) C, = kg &= 13)E%-Z 55 (Cs)
( (0w+«9aH))
Kb
Py
25) DAF=1+294 1=z 1 me 20(Uu oz 20, SMISMO| MoH | ALR)

IL
29) d=(0.01122%"" +d,(1—exp[(— LD/ (Kid,)]), 7| 2%k 2
(

a

o7 d, =th4Z5 =i

C,
mg|_ G
31) q"[[/} DAF




6) Bl doer] P Ed 2= 2A

o
s

SR ATy | FLNSH AT T

32) EQ=7|3|2ARVF, m/kg)

33) 4—7IBE/7‘*AP‘9§ &M Flzl= QA=A
(Q/Cvol (g/ m—s)/(kg/ m))

34) =EZHA(T, 9

35 %‘%&E'E'E(pb g/cm < 15)

36) =KAA(DA, cifs)

=7 [8=E(0,, unitless) < 19)

SHAM(DI, cfs)

)
)
) E hﬁ%&%(e , Unitless) < 18)
) E
)
)

%8888&1’

> OI-J

|
= ZFAM(Dw, conifs)

RIUBIE|AH, unitless) <= 23)

~

1)
42)

Hﬂ-iﬂ

EHIHIAKA, L/kg) < 20)
(F71= : Ka=Kocxfoc)

FIE28iAH(Koe, Likg) & 21)

43)
44)

EQRU|EMM|E(foc, unitless) < 22)

B=E(n, unitless) < 17)

%ﬁ

)
) ELRANNLE(p,, kg/ll) < 16)

47) EQkral AR|EY| UM ER! EFT(Ca, mg/m
3)
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) FXU EQkRel AIEST| JUMERASE 2ot 3 4R, 47) ESRE A237|
QM 2R LEEDof 7|Q(A=S Yxloz 3H
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33) 7|=4t 68.18

34) 7|22t 7.9x108, = EX[0|F7} T|EHX|Y AL =E7|ZHED, BX|E0|™ Zt, cf
ZYoHoIM ALZE APEE 5 Yale 27 MA| ER2)X
365daysx24hrsx3,600secs(X|=2 #7| & 2®™ MR 7K E7()

(617 x D. < H+ 6 < D, ) /n?
(0, < K;+0,,+6, < H)

39),40) [EHZX] M65AMAl] (9)

36) D, =

myg _ myg 1
A7) q[m?)_m} q[kg—soil}x VE
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[BA ABZA ]

1) X ABS ;< EFX ED
BWXAT

S

+ CR. <X CF;

_ Ox (BCFx< CR,

ADD(mg/kg—day)

ECR= SF, < ADD

ADD
RfD,

HQ=

4L

o0
Kl

3

od

C, X (AFX ABS),,x CF,) X SA, X EFX ED
BWXAT

ADD(mg/kg— day)

ECR= SF,, X ADD



O s

C, X CR, X EFxX ED
ADD(mg/kg—day) =

BWxXAT
. C. X CR, < EF<X ED 1
= ADD(mg/kg—day) = W AT X O]
DAFX K;l—}— w a )
Py
0{7[ A,
K>< 7;11,’ >< d

S| — A A L) =
DAF(/] = imlﬂ"l‘) 1+ <L

ECR= SF, < ADD

L]
>
1o
o
P
e
Ral
ok
o
oY
il
©

O A =&

C, X (PM,, X frs) X EFX EDx CF,

ADE(mg/m?’) = AT




O ==

ADE(mg/m®) = C, <X EFX ED
g AT
Lt = ADE(mg/ 3)_ CSXEFXEDX1/VF
T e AT
07| M,
VE— Q/ < \/BIAX Dy X T) %10~ (m?/em?)

2><pb><DA

(01073 % D, x H+ 0 x D,)/n’

D= T XK, 10, 40, < B)

o G X EFXED
ADE(mg/m )= o7
C. X EFX EDX CF. o
EE: 3 = s 3 >, «
= ADE(mg/m’) — U
K+

Py

ECR= URF,,, < ADEX CF,

O ¢ dH|s(H[E2sl L)



_ ADE

H -
Q= rro
Q= @ 9 & FuER
ADD A A== mg/kg-day - -
ADE YUYHAEFTE mg/m’ - -
ECR I = unitless - -
HQ Adv& unitless - -
G EF rEEs mg/kg HAA1E (3) -
_ . =4 =& dAA
Aee v E2ET e = ]
Cw |8t =5 mg/L 15 (@)
c Eokra) 9187 - 24 =t
: AUAHED =25E & /BAALE (5) -
o | =R AUl 4 e/ =4 = _
" APAEL wE2FE 5 /BAALE (6)
SF, AT ESA T (mg/kg-day)™” A2 A 635 (3) -
RfD, TR F A mg/kg-day A2 A635 (3) -
ERTCE
OF Al E7} AJE =2 A2 . . = = )
BCF | =o-A=d A5 (gee/wh= w65 )
ABSgi AW F=A unitless HA A6 (6) -
CR, sAAELdLHHATF kg/day HAA6Z (5) -
FW. FE Az ABAF |y wight/freh weight| BAA6E. (5) | BEE, 2000
- gelqoo | SOEPA 1991
CR. e mg/day TRV,
o] 21 0]:200
2019¢
SFabs o RETEIAT (mg/kg-day)” HAA6S (3) -
RfDaps D el e e A mg/kg-day HA A6 (3) -
’3<1:0.07
AF EQA R FRAS mg/cm? o]&]:0.2 USEPA, 2024
A9 Z 21012
ABSp R EFFASF unitless HAA6Z (7) -
SA. EdHESAEAA cm?/day HAA6Z (8) -
. . 412 _
CRy LA A A F L/day ojelol1 27 %, 2006
==]
DAF B M- A unitless 1 N / 20 USEPA, 2002
K THHAEE m/year =3 -
iy v s = B el unitless == _
d ¢ 970 =74
= o Ts m /2 -
I AFEHET m/year =4 -
L A4l m =3 -
BB BHlAS o
3 2] % -
Ka Ki=Kooxfoe( $1-71 ) L/ks 1A= (10)
Koe Efr et Eu A L/ke H A A63 (10) -
foc ES 7 ean & unitless HAA65 (10) -




o 9] B
il =7 7%, 2006
w unitless /016 S} 73 5,
0, unitless n-0, USEPA, 2002
H unitless HA A6 (9) -
==
n) kg/L 6 7%, 2006
URFi, e 9l = (ug/m’)" HAA6E (3) -
RfC mg/m’ HAA6Z (3) -
=Z]
3 = 70
PM;y mg/m /7.0E-2 RIVM, 2007
| ESEREET
™ x ’
frs Az U & unitless 0.4 2015; 2019
VF m’/kg - USEPA, 2002
Q/Cyai (g/m*s)/ (kg/m®) 68.18 USEPA, 2002
Da cm?/s - USEPA, 2002
79E+8
JEA 0] &5}
FER Y AL USEPA, 2002
T s EDsvsor<365days| 7 B84
x24hrsx3,600secs 2022
(A2 87 F 254
AMA A #70)
D; 5714 & cm?/s H2)A635 (9) -
Dy cm?/s HAA6ZE (9) -
n Lpore/Lsoil 1—(pb/ ps) USEPA, 2002
=Z]
3 = "0
Py g/cm /2,65 USEPA, 2002
a unitless 0.03 USEPA, 2015
EF days/year H2A6% (11) -
_ oY A5k
=207 4 4
ED years B2 A6S (12) 022
3%1:64.5 =Y A5,
BW ks o2 o):16.7 2019b; c
WQk:25,550
AT days H] 9 o}-365XED USEPA, 2024
CF, kg/mg 1.0E-6 -
CF, ug/me 1.0E+3 -
CF; L/m’ 1.0E+3 -




ol 7 o 9l | # [ 2aEd
THEE A4 (2015), EFLLEFTA Al BIF AEAY 2 AXsE HtkAT(15)
.]

H
B
2019a), B AetLebiA {8487 ARARI(D
I3 =EA

=Rt

2019¢), &= oJ¥olo mEAF W=H
THIA A8 (2022), EFLAERD VFEAA L FEek A4(2022)

* ojdo] ARE(1~64) BT 7tFHT

FE21%34(2020), H7EEAEEE DB 92 FHaL

F4H(20060), EFArIEI A AN BIE AFAH A AT

RIVM(2007), CSOIL 2000 : an exposure model for human risk assessment of soil contamination
USEPA(1991), Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual Suppl
emental Guidance “Standard Default Factors” Interim Final

USEPA(2002), Supplemental guidance for developing soil screening levels for superfund sites
USEPA(2015), OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from Sub
surface Vapor Sources to Indoor Air

USEPA(2024), RSLs(Regional Screening Levels, https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide)

&Y



[BA] AldEA 2]

T = Z2A

3 = (unitless) Agn (e LN E) (unitless)
FA/EA/A9 FA/ A/
= T EI— Ab. 2 E]
A A ¢ o= A A ¢ BXA & o]
o] & o] Al Sox | 2za BREo|F o] ¥ o] A Sox | 2za =

THE+EY AF

ESHE

A 554

A9 HAAAFY

AuEdE Ay
9 A9
% ZUHISIE(TCR)
(3 A
9907 % (HI)

# SIaB7E ADAG mhet ARE FEAE MekglaE L uuekgls| o] tia) 22t 4%, oln) BIRAS] FASol Al B o Qs the F YlaE g
% A5 Wake 2 AXste]of 3




Adu (LI E) (unitless)
EAH= £ 773 FA/EHJ/AY EF 434 7| &
o] & o] A A 222 | 49 22| FAEH
ﬂtﬂ_%} X] Hc}é C5 - CS
HH AR Fa Lo = Cup
(VPH) Hc}sc;l:é CQ -~ ClO
%Z‘]-%-'-Eo(;: /}3% _%_ﬂu]_/%] CQ ~ ClS
P AWZE |Cyy ~ Cs
A A" S >C36 ~ Cuo
(EPH) wEgE |Ch ~ Cx
:‘4 %}‘é 7(] Hg_é CS - CS
N oA BB A Co ~ Cypp
(VPH) Hc}fg:% C9 -~ ClO
E-oc}:;l(jé = 3]y Cy ~ C
o—'_‘A e AFE |Ciy ~ Cs
A A" S >Cs6 ~ Cuo
(EPH) WS |Cp ~ Co
Cs ~ C
\r e 5 8
HEA gk Cg ~ Co2
A FAS &
(VPH) Hc}s:f}:é C9 -~ ClO
1% ==42 Z 3 urA Cyg ~ Cis
. AgE |Ciy ~ Cs
A fr A s >C36 ~ Cyo
(EPH) WS |Cp ~ Co
() A ¥ X (HD
% 53 'E‘/‘q HOEE 7)ol T/q—ﬁ}— VPHS} EPHE A0l T't_]‘}ﬁl—g"]"‘i 73]‘?‘, CoCig 3] 71 GG £3 7o) x| U;}ﬂ' GG T QAN S-S HE R A s ge




[BA A5Z A4]

TRX BWXAT
SF, < (BCFx CR, X ABSg+ CR, X ABSy < CF,) X EFX ED

|+ BGC

w
I
—

THQX RfD, <X BWXAT

u%wxa@an%ﬁ{my@u%@xaﬂwQMXEDH{%@

O
I

=
=2

TRXBWXAT

SF,. X (AFx ABS,, < CF}) X SA, X EFX ED I+BGCO

THQX RfD,, < BWx AT

J:UAFXA&%xCE)x&QxEFxED]+BGC

b= dF d=2

ol

3 23 &% %
O x|
TRXBWXAT

C=lgren <mr~mp) " T o

O dlger dat=3EA|
. THQX RfD, < BWX AT . KX%Xd][K (6
s CR, X EFX ED IXL Dy

TRXAT
X (PM,y X frs) X EFx EDX CF, X CF,

|+ BGC

Q
|

URF;

inh

o= HQX RfCX AT

S H(PMyy X frs) X EFX EDX CF, I+ BGC



0 EXdwe] 237 & sL=E & 242
O et detZ5EA|
TRX AT
¢ =l UREF, , X CFy < EF< EDx 1/ VF]+ BGC
O H|get dat=EA|
THQX RfCX AT
= B
¢ = EFXEDXl/VF]+ ¢e
07| A,
Q/ C,py < /(314X D,y x T)x 10" *(m*/em?)
VF =
2X py X Dy
B (0193 % D, < H+ 0" % D,)/n?
Da= (py X K;+0,+0,x H)
0 EXdwe] 437 3L=H & 22
O et detZ5EA|
0,+60,H
.t
o - TRXAT y Py
*  URF,,, X EFX EDX CF, X CF; aH
O H|get dat=EA|
. 0,+60,H
d
X X
_ THQXRfCX AT Hpb ' BOC
«

¢ EFX EDX CF;



= o £ 4 FuEd
G, 43T X mg/kg - -
TR Zxos = e unitless 10°/10° -
THQ 398 = (09 unitless 1 o9 -
BGC EdAdsx mg/kg HAA6S (2) -
SF, BT EAA T (mg/kg-day)™ HA A6 (3) -
RfD, Rl S e mg/kg-day HA A6 (3) -
W4 E=
oF Al E-7} A Ui;ﬁ' = el o = _ - -
BCF | E-AEF ARHAAT | p/igew/00I8m| w0 a0s @
ABSqi AW EFAF unitless H A A 63 (6) -
CR, SAEALHHATF kg/day HA A6 (5) -
FW. FE-AZ HABAT dry weight/fresh weight| B A A6Z (5) | H2FFH, 2020
- 4911100 USEPA, 1991
CR; EFHHE mg/day Y3735,
o] @ 0]:200
2019¢
SFabs Y2 FFUAA T (mg/kg-day)™ HAA65 (3) -
RfDaps | IF-FFHIE AR mg/kg-day AR A6Z (3) -
/3<1:0.07
AF EI 73t FAAS mg/cm? o]d0]:0.2 USEPA, 2024
A 9] Z 221012
ABSp I 5FFAST unitless AR A6Z (7) -
SA. EdHdEAEAA cm?/day HA A6 (8) -
} - ARl1:2 }
CR., AU 354 2 % L/day o1 2lo) 747, 2006
==
DAF S 4q-AdA unitless . _3_/ 0 USEPA, 2002
K THAEE m/year =3 -
iw A 3t 2] 7-Hll unitless =3 -
==
9_0:] o_] ?1_10 ] _
d 2 Y zo] m 7
I A ET m/year =4 -
L 2HHdZ0] m =4 -
BB EujAS Hﬂ _
H 2] % -
K4 K mKofo (571 %) L/kg | Al6% (10)
Koc Edfrg A AT L/kg HA 2635 (10) -
foc EG 7 4n & unitless HAA65 (10) -
==
0, EdTEFTE unitless /—6 106 74 E, 2006
0, ESFT7NETFE unitless n-0, USEPA, 2002
H A kU i R unitless HA A 65 (9) -
=]
Py L e kg/L ;1 2 27 5, 2006
URFimn oot R e Rl (ng/m3* HAA6ZE (3) -
RfC FTU=EFIFTE mg/m’ HA A6 (3) -
==
PMy AelF7] W PM & mg/m’ o RIVM, 2007

/7.0E-2




= @ 9 & ZaEd
: = {3 et
2] @] 1] AFH X oFH| -8 ’
frs Aen|4AbH =] g EFH] & unitless 0.4 2015: 2019
VF E-E7| AT m’/kg - USEPA, 2002
7155/ 8 S
Q/Cual LA FEE = (g/m*s)/(kg/m’) 68.18 USEPA, 2002
288l T=
Da 4akA cm?/s - USEPA, 2002
7.9E+8
JEA | & 57}
JgAd’a A< E| USEPA, 2002
T = s Diyg5e4%365days | = AEE 734,
x24hrsx3,600secs 2022
A5z ®7) F 254
AR A2 7HA FE7])
D 371 Ak cm?/s A2 A635 (9) -
Dy T A cm’/s HA A6Z (9) -
n T EY TIE Lpore/LsoiI 1'(pb/ps) USEPA, 2002
=]
Ps EoRizd s g/cm’ /&% USEPA, 2002
EO]: o VAPt A O 0]
a °vW@;@iEW'WH unitless 0.03 USEPA, 2015
EF =ENE days/year B2 A6S (11) -
. &7 75k,
ED =Z&7)3t years A A63 (12) "%HZZj ©
_ A¢1:64.5 {3 sk,
BwW e k8 o1%0]:16.7 2019b; c
_ 1+o}25 550
AT H A7 days a9 oh365 X ED USEPA, 2024
CF, e SHAEQI A} kg/mg 1.0E-6 -
CF, 2 SHAFQI A} ug/mg 1.0E+3 -
CF; o2 A 3Rl %} L/m’ 1.0E+3 -
2R84 AL (2015), EFLARA AsNABF ABAY 2 A3k FekAT(15)
SRV AU (Q019), EF ASFRARA ANAHE AHA(D)
=2 754 (2019b), A=A wE3A ST AES

=987 7344 (2019¢),

= Y8 8 (2022), E¥L
* ojglo] AFH(1~64) H

AF 7teH ?j‘
DB 9.2 %

TENEH(2020), HTFEEAFAE
74 H(2006), EFH7IEH AAR 4 H’“ﬁﬂ AR A AT

RIVM(2007), CSOIL 2000 : an exposure model for human risk assessment of soil contamination
USEPA(1991), Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual
Supplemental Guidance “Standard Default Factors” Interim Final

USEPA(2002), Supplemental guidance for developing soil screening levels for superfund sites
USEPA(2015), OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway fro
m Subsurface Vapor Sources to Indoor Air

USEPA(2024), RSLs(Regional Screening Levels, https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide)



[EBA Aoz AA]

AsiAH 7 B3 V| 2AR

(1) 95% t-FAZ 28l Bag FA%E

ARE 1-a
(Degree of Fr
eedom) 95
1 6.314
2 2.920
3 2.353
4 2.132
5 2.015
6 1.943
7 1.895
8 1.860
9 1.833
10 1.812
11 1.796
12 1.782
13 1.771
14 1.761
15 1.753
16 1.746
17 1.740
18 1.734
19 1.729
20 1.725
21 1.721
22 1.717
23 1.714
24 1.711
25 1.708
26 1.706
27 1.703
28 1.701
29 1.699
30 1.697
40 1.684
60 1.671
120 1.658
00 1.645

Pans

- ARFETIAC] FA L

(o, A= 472 B,

HlE AA A ojs) 7o

1.679 = 1.684 +(1.671-1.684)/(60-40)x (47-40)

- AFE 120 o449 oM E 1.645 AFE




B A A5 =) (mgkg)

0.3?

18.5

8.51




() $F&3 BIEX & f3l229 SAFRA e SobA 5

B e E4 a9 E4
9 5 et 55
23 RfD, |RD4’| REC | SF, | SFu? | URFim
3\-
(mg/kg-day) mg/m’ | (mg/kg-day)’ |U84™)| RIS |IARC
cx 5.0E-4 ] 9| ) N ENCE)

A R=ts 1.0E-3(food) 1.3E-5 | 7.0E4 1.8E-3 1o =) 1
T 14E-19 | 80E-2 | 1E-3° - - - D -
H] A& 3.0E-4 29E-4 - 1.5E+0 | 1.6E+0 | 4.3E-3 A 1
I 3.0E-4? | 29E-4 | 3.0E-4 - - - D 3

o 5.0E-4Y | 5.0E-4 - 85E-3Y| 8.5E-3 |1.2E-5Y B2 2B
1.0E-4 D(AEH)

67} 3.0E-3 7 5E-5 (1 7Ah - - 12E2 — & 1
ofA 3.0E-1 3.0E-1 - - - - D -

20B-2(£73) 24E4 | - (AF)
'77_] _ _ _ _ o
Yz 5.0E26) 8.0E-4 @ A B
i 4.0E-2% | 4.0E-2 | 1.3E-2% - - - - 3
Hl A 4.0E-3 40BE-3 | 3.0E-2 | 55E-2| 5.5E-2 | 7.8E-6 A
of| & wil Al 1.0E-1 1.0E-1 | 1.0E+0 - - - D 2B
E5F4d 8.0E-2 8. 0E-2 | 5.0E+0 - - - -
a4 2.0E-1 20BE-1 | 1.0E-1 - - - -
A v}
c.oc,| 40E2 40E-2 | 2.0E-1 - - - - -
1=
VPH7) C9~C12 1.0E"'1 1.0E"'1 2.0E"‘1 - - - - -
TER 5 0p0 3.0E-2 | 5.0E-2
Co~GCo o o o ) ) ) ) )
A=
TPH Co~Cly| 1OE-1 1.0E-1 | 2.0E-1 - - - - -
A -
) CooeCy| 20E+0 | 2.0E+0 - - - - -
EPH” | Av}=
>Q6~C;10 2.0E+1 - - - - - - -
PlE=s
e ic| B30E2 1.1E-2 | 5.0E-2 - - - - -

¥ SN E AR Al 2=H" (IRIS, USEPA) il

1) Health Canada(2021), FEDERAL CONTAMINATED SITE RISK ASSESSMENT IN CANADA : Toxicol
ogical Reference Values (TRVs)

2) Edition of the drinking water standards and health advisories (2004, USEPA) 31l

3) California EPA Chemical DB %1l

4) Oral to dermal ®J4}% RfD.,s = RfDo X ABSq

5) Oral to dermal ¢J4}% Sf,,s = SFo / ABSg;

6) Cd (RfC): IRIS (1999) Toxicologocal review; Cadmium and compounds
Cu, Ni SRfD RfC): RIVM (2001? Re-evaluation of human-toxicological maximum permissible risk lev
els (¢7] A+ RfDtH4Al TDI (tolerable daily intake)A}-&)

7) h}:[%DFP(ZOO?)) Updated petroleum hydrocarbon fraction toxicity values for the VPH/EPH/APH met
odology



(4) BB A B2 7 5(BCF)
. BCF
= A CAS No. == £ 7o) A= =23 5
1 0.36 0.09 0.364 0.064
USEPAY | (L1 4480) | (pH 46-7.1) (pH 4.6-8.4) (pH 4.6-8.0)
, 4.06(pH. 6.0 3,66(pH. 6.0
FICF | 7440439 | U.A? 0.793(pH 7. 0.706(pH 7
0155(pH 8.0) | 0.136(pH 8.0
3) 0.7 0.15
RIVM (0.34-1.34) (0.01-0.75)
USEPA"Y :
2)
77 | 7440508 | UA - -
3) . .
RIVM (0.08-0.22) (0.032-0.3)
1) 0.026 0.00 0.036 0,008
USEPA (pH 7.5) (pH NR%—7.5) (pH 5.5-7.5) (pH NR-7.5)
H 4 | 7440-38-2 U.A? : . 0.009 0.009
3) 0.03
1) 0.0854 0.01 0.008 0.014
USEPAT | (bH'53-7.1) | (pH 53-7.1) (pH 5.3-7.1) (pH 5.3-7.1)
T , 0.171(25% SOM
7439-97-6 | U.A? 0.052(50% SOM 0.05
(%7) 0.0048(100% SOM
RIVM? (0_08-19%_04) 0.015
USEPAY : :
2)
W | 7430001 [ UA 00'00132 g'ggi‘
3) . )
RIVM (0.012-0.044) (0.001-0.006)
USEPA"Y : :
)
2% | 7aa0a7s |_UA 0.06 0060022
3) .
RIVM 0.02 (0.001-0:004)
1 0.1 0.046 0.25 0.044
USEPAY | (01 53-80) | (pH 4.6-7.3) (pH 4.6-8.0) (pH 4.6-8.0)
ol | 7440-66-6 U.A? : : : :
3 0.4 0.1
RIVM? (0.26-0.65) (0.02:0.61)
1 0,01 0.006 0.032 0.008
USEPAY | (L 6280) | (pH 5.9.7.3) (pH 5.3-8.0) (pH 5.9-8.0)
U | 7440-02-0 U.A? : : 0.047 0.018
3) 0.07
RIVM 0.1 (0.011-0.678)
224 | 16984-48-8 | ORNLY 0.006 0.006 0.06 0.006
% USEPAARE 7|Ezto = A3}
1) USEPA(1996), Soil Screening Guidance: Technical Background Document il

(&9): (mg_contaminant/kg_plant dw)/(mg_contaminant/kg_soil))
2) UK EA(2005), CLEA UK Handbook(draft) 3il: (9h9]: (ug_contaminant/g_plant dw)/(ug_contaminant/g_soil))
3) RIVM(2001), Evaluation and revision of the CSOIL parameter set p.23 31l
(&9): (mg_contaminant/kg_plant dw)/(mg_contaminant/kg_soil))
4) NR: Not reported

5) ORNL(1984), A Review and Analysis of Parameters for Assessing Transport of Environmentally Released

ionuclides through Agriculture 331
(F9: (mg_contaminant/kg_plant dw)/(mg_contaminant/kg_soil))

Rad
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(6) A &=+Al<(ABSGI)

Gl & A tE ABSq
A=y 4 —
e 202 5| AAER | WBNERE | o
= RIS, 1999  [juman | diet 2:5% 0.025
Human water 5%
assume aqu
H] A Bettley, 1975 Human 95% 0.95
eous
HgCl, IRIS, 1999 Rats water 7%
FHEY
T Hg ATSDR, 1994 Human | . o — 74-80% 0.95
(T=371)
CH;Hg Aberg, 1969 Human | aqueous 95%
Donaldson and B
67 1% Rats water 2.5% 0.025
arreras, 1996
ot ATSDR, 1994 | Human diet Highly variable -
T - - - 57% 0.57
Elakhovskaya, 19
yA Human | diet/water 4% 0.04
72
=4 USEPA, 2015 - - - 1
b USEPA, 2004 - - generally >50% 1
V=
AW | MADEP, 2002 - soil 100% 1
Cs~Cs
A= - 0
VPH| Co~ Cp MADEP, 2002 - soil 100% 1
HOP@:}_ .
Co~ 6‘ MADEP, 2002 - soil 100% 1
9~ Co
=
TPH 8 ];3 518C MADEP, 2002 - soil 100% 1
Z] Ho]“é‘ i 9
CroeC MADEP, 2002 - soil 100% 1
EpH -0 Cs6
A= ) ) ) ) )
>Gs~Cao
lSE
HOEEDQ MADEP, 2002 ; soil 36% 0.36

USEPA(2004), Risk Assessment Guidance for Superfund Volumn I : Human Health Evaluatio

n Manual(Part E, Supplemental Guidance for Dermal Risk Assessment)ol] A A <18

USEPA(2015), WWW.epa.gov/region9/superfund/prg/

MADEP(2002), Characterizing risks posed by petroleum contaminated sites: Implementation o

f the MADEP VPH/EPH approach




3 3] B F7) *(unitless)
7t=HY 0.14
T 0.1
H] 2D 0.03
b 0.05

g 0.006
67t a&1 0.09
ofA? 0.02
A 0.35
A 0.08

of &l il Al 0.2

EZqY 0.12

SRR 0.12
AE Cs~Cy 1
VPH? A Co~Cpp 0.5
WS Co~Cyo 0.5
TPH A= Co~Cys 0.5
EPLY A= Cro~Cse 0.1
A E >Ca~Cy -
Wk C~Cp 0.1

1) Health Canada(2007), Federal Contaminated Site Risk Assessment in Canada. Part I: Guidance on Hu

man Health Preliminary Quantitative Risk Assessment
2) MADEP(2002), Characterizing risks posed by petroleum contaminated sites: Implementation of the M

ADEP VPH/EPH approach

(8) &A1 EHEAEUZ (SAe, cm2/day)

A EA3F EYHESAEHF
=9 A =o
& B FA A P B5A AL A2l 25%
(cm) (kg)
A1 - - 17,352V 4,338
o] Ho]? 101.8" 16.7 7,704 1,926
1) 1334743 (2019b), = =EAF A=H
o, LA YEEZ = 391.5xA4) Z050x 4] 7034

2) A (2019¢), T o”olY =EAF W
“olelo] QAeM(1~64) B HEHFY
3) USEPA(1992), Dermal Exposure Aseesment: Principes and Applications




(9) T A, T A, FF LA
23 a4 A 710 44 FZE4A
(H) (Dy, cm’5) (Dw, cm’A)
A 0.228 0.088 9.80E-6
EZAY 0.272 0.087 8.60E-6
of & il A Y 0.323 0.075 7.80E-6
ERER 0.290 0.072 8.5E-6
Fob 0.467 0.0307 6.30E-6
AW
c c, 54 0.08 1.0E-5
A Hp=
VPH3) C9 — ClZ 65 0.07 1.0E-5
Pl i
CoeCh 0.33 0.07 1.0E-5
A Hp< i
TPH ComCos 69 0.07 5.0E-6
AW
3| Cio~Cse } } )
EPH? PN
>Cs6~Cy } } }
L= i
o ic, 0.03 0.06 1.0E-5

1) USEPA(2002), Supplemental guidance for developing soil screening levels for Superfund sites: Appendix C

2) ASTM(2002), Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release Site

3) MADEP(2002), Characterizing risks posed by petroleum contaminated sites: Implementation of the MA

DEP VPH/EPH approach




(10) E-& EuA$(Kd)
- K. £ K4 (L/kg or cm’/g)
_gz O 00
L7kg) | (%) | pH 60 | pH 64 (1;?165‘_5) pH 72 | pH 7.6
7= HY - - 3.7E+1 | 4.8E+1 | 75E+1 | 2.0E+2 | 8.7E+2
T2 - - - - 2.2F+1 - -
H] 2D - - 27E+1 | 2.8E+1 | 29E+1 | 3.0E+1 | 3.1E+1
Fol - - 35E+1 | 1.6E+1 | 52FE+1 | 12E+2 | 1.7E+2
R - - - - 9.0E+2 - -
67+ =D - - 23E+1 | 2.1E+1 | 19E+1 | 1.7E+1 | 15E+1
o} <3 - - 3.6E+1 | 4.7E+1 | 6.2E+1 | 95E+1 | 1.9E+2
A - - 38E+1 | 4.7E+1 | 65E+1 | 1.4E+1 | 4.9E+2
1.5E+2
B4 - ]
(pH 6.7)
EIEIR) 5.89E+1Y 1.18E-1
of & il Al Y 3.63E+2Y 7.26E-1
EZq 1.82E+2Y 3.64E-1
ERLE 2 40E+2? 4.80E-1
=
élﬁj o | 227E+3" 454E+0
A= 0.016"7
o =T 6)
VPH| Co~c), | 1-S0E+5 5 3.0E+2
Rl e B 3.56E+0
Cg"‘ClO : TZ]:IAO]Z‘-} :
HF = =27k
TPH éj&s 6.80E+5" | ia 1.36E+3
;(] HO]-}_
C19~C36 } }
EPH =
>Ge~Cyo ) )
EEZ
5;?’3522 5.00E+3°) 1.00E+1

# fo 7Bk 2ol WITAS] FABlAQ £, 8 ASY A AST B

P 5 A DAR AN}

1) USEPA(2002), Supplemental guidance for developing soil screening levels for Superfund sites: Appen
dix C
2) Nebraska Department of Environmental Quality(2009), Risk-based corrective action (RBCA) at petrole
um release sites
3) USEPA(2005), Partition Coefficients for Metals in Surface water, Soil, and Waste
4) FHFAH8(2010), AA=Zo) I EFEF HshAdH 7}
5) ORNL(1984), A Review and Analysis of Parameters for Assessing Transport of Environmentally Rele
ased Radionuclides through Agriculture
%%7]%‘91 761_?‘/ Kd = Koc x foc
Ko soil organic carbon/water partition coefficient(L/kg)
foc: fraction organic carbon in soil(g/g)
6) MADEP(2002), Characterizing risks posed by petroleum contaminated sites: Implementation of the M
ADEP VPH/EPH approach
7) RIVM(2001), Technical evaluation of the Intervention Values for Soil/sediment and Groundwater



(11) EAo]& =¥ =W X(EF, days/year)

== EXo]§&
Aug L FA/EAA S FFHAY Ao gF5AY 71e4A &
T&A A<l ool AWIEAHALYTER A ojzlo] |RAEo|F
ek 350" 350" 250" 225Y 170° 170°)
| A 350" 350" - 225V 170% 170
2 9] 218 0.72 ] el FX| E-0] A
= fﬂ heajday’ | hrs/day” ) 8 hrs/day [134 hrs/day 213 hrs/day™]
= H]—I_ 1 2 350 days/yr|350 days/yr 225 days/yr|170 days/yr|170 days/yr e
2| /¥EEL318 dayspr|105 dayspr ; 750 daysfr| 95 dayspr|151 dayspr|
= o 2 21.82 hrs/day23.28 hrs/day| 8 hrs/day ) . ) 48
o 350 days/yr|350 days/yr|250 days/yr
243182 daysfr339.5 days 1833 dayspr - - -
# wEBWE 7R3 9o YrlohRA Y] RABIH kB AL LR Q) e kR EUEE A FE 4
PPy 5 9HF 2AE ANk I

1) USEPA RSLs(Regional Screening Levels, https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide)
2) P A AU (2019b), =AY =E3AF W=H

= Y273 35 (2019¢), = odolo] E:Alg WE=H

TRl Ao A

T oldo] 3~eAle Ao AT

T AR FLFTOl Y wAl B o7REE(Ew 3% ¥ 8 9 8%, 2= gl dE, Ve o) AR e

T ofRdole] A Bl o[ E(Em A we B B ) ol 2= 9l EK B, H0) 2L 1 9] o, Tl o) B W) AR
3) UK EA CLAIRE2014), SP1010-Developrent of Cateeory 4 Screening, Levels for Assessirent of Land Affected by Contarrination

(12) EAo]-& 5= ==7|IHED, years)

EXol8& %
o —T—@L/h%‘ﬂ ‘-’j‘} A FHAY BRI E] 71EFA 4
5 %u H]%u %o]_ H]‘QOP %o]_ H] %o]. l:lx]

Alvg e (o‘lﬂ°]+(01ﬂ0]/ = o o o T

Aoly | Aol (4%) (B2 |[(AA-el+AgR) (A"l /AR EelF

O 1 O 1!
s 25" |ej™el: 67 " " 25" olde]: 67 | FAF0| A
=271 4199 g 250 D 2 6+19%) | A9 259 [wEII7E A4

% wE7I3F 718k 9o WAARA o] BA B0 wEAYY LR Q8] G =2VE ALY A

1) TH&84748€(2022), ESFLEGEL 7EAEAA 9 FEEt A7(2022);
2020 AFFEFERAL AFIIE AAPE(QEIFE) AT (KOSIS, 202005 7FEF =2
AT Zre] 00U R 9 50l (FAL: SR (2007), T BA W B

2) USEPA(1991), Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manua
1 Supplemental Guidance “Standard Default Factors” Interim Final

3) 25 (&= HHFAF7IZE] 90 EF) — 6 d(oi™F o] ED)

4) USEPA(1991), Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual
Supplemental Guidance “Standard Default Factors” Interim Final; US EPA(2002), Supplemental Guid

ance for Developing Soil Screening Levels for Superfund Sites



