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Comparative Study on Exposure Factors for Risk Assessment in
Contaminated Lands and Proposed Exposure Factors in Korea

Youn-Joo An* + Woo-Mi Lee

Department of Environmental Science, Konkuk University

ABSTRACT

Humans are exposed by a range of pollutants in soil via exposure routes such as ingestion, inhalation, and dermal contact.
Risk assessment is a process of evaluating the adverse health effects of chemicals as a result of exposure to stressors, and
it is a very useful tool to establish the cleanup goals in contaminated lands. In the exposure assessment that is one of main
process in risk assessment, exposure factor plays a significant role to quantify the intake of soil pollutants. However there
is a very limited study about the exposure factor applicable to Korea. In this study, we compared the exposure factors
applied by the developed countries including the United States and representative European countries, and suggested the
exposure factor that might be suitable in our situation. The exposure factors considered in this study include average
lifetime, body weight, (exposed) skin surface area, life time, skin absorption, soil-skin adherence factor, and soil ingestion
rate. This information is needed to quantitatively estimate the intake of soil pollutants in contaminated lands.
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= A% (Risk Characterization)?] 471X ©HAIF o g2 o]FojAt}. o|F =& 1AM f¢- Fo381A 2835}
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oA yepd 8ol - mE2IAE ARSSiaL glov, fEluEhs ofF wljel] #8817 Adt =F QAo
gk A7) ulg- B9 Aotk B AelME EYRY SEIEE 918 57 =SS HladAetaL, o]
E EdE Ul 487153 =20AE AT 57PE =214 A= "5 Environmental Protection
Agency, = Environmental Agency, WEZH= RIVM, &5, 1831 H5UA ZHEH1 e =&3AAR] &) =
SRAPEE FZZARI Bl S st gk 57 Bl Aol sujellA] AXE =204 ARE TSt
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E dAqellA a3E =21 AR H, =27k 23N, AT, AREEE =ESANY), 8%
A19=(Skin Absorption Factor), E%-57t F2A9=(Soil-Skin Adherence Factor), 28 HFH, 355, EX 4
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T8 =S AREIT. =7 =24 e T
= SR ZHUS EPA, 1997; 2002a; 2002b; 2004),
%= Environmental Agency(FA, 2002), YI¥T= RIVM
(RIVM, 2001), SF(NEPC, 1999), Z12]31 =2 (Stuben-
rauch et al., 199704 FEE)3 )= =204 O
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E-(Child-Specific Exposure Factor Handbook)(2002a)<
W7kskar Qlok T BERQ FXAH Q1 Soil Screening
Guidance(US EPA, 2002b) ¢} 7HH= Q314 H7| X
ZX (Risk Assessment Guidance for Superfund, RAGS)
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3.1. WY (Average Time, AT)
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2005)y5lM= 218l F7A] Al HdgEETE 2L 70
dS Asa Aok =gk SyEEAE 2006014
et AT AFoIME 703S FEstar Qo). I =t

5

)

ut

Journal of KoSSGE Vol. 12, No. 1, pp. 64~72, 2007

Q1] FgEe A AEIE(200500 28k 20034
7IEo 2 W= 73,874, oAk= 80.82d0E WY Hd
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3.2. =&7|ZkExposure Duration, ED)

27 S B8l LEEH wEEe T dF
(vearsyg oJv|siH, TAIA AE7F g BT 95% 7S

T BAS T =Edval 7RYste] o s Bl
U] A9 70deE ARbE AL vt vlEkEZ o]
735 7iR1e] g ellA AFER= 7R 95% RS
30 d(RME, Reasonable Maximum Exposure)©. 2 Xl
Aot =, G, vUEHE 18] sk 2] 599
735 AuEg 14 ols}, 134, 4-84, 9-164, 1)L
164 oPde] 57 o2 Rl =27 R} =314t
e AASRL o, 7F 2 =E7REe ot 2
o} 14 oldl= 14, 1341= 34, 4-84l= 53, 9-164
= 8d, 28)ar 164 ol 3008 AAJElar k. H
o] =273k EXo]8Eet o] glom, v
9] 749 FALAIME 304, A - FHEANI=
2598 7|Egto® AASIL JTHUS EPA, 1997;
ASTM, 2002). $FA 79| 79 EXo]&5E T3]
a1, 309S 7EFeE AASaL JTHNEPC, 1999). 5~
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3.3. =&=4I= (Exposure Frequency, EF)

EENIEE S8AV A7 Q98 wEEE F Y
TF(daysys oW|3tH, EX|o]&&=9}t A¥teo] 3t US
EPA(1997)°] =ZIAMESR T} SF(NEPC, 1999)041=
EENEE A7 36592 AL 0o, SSG(US
EPA, 2002b)l} RBCA(ASTM, 2002)04= FA-84]2]
785 A7F 3509, A - THEAIE 250U = AL 3
ok =ujellA] Sl 7] sk m=EHIEEE gle
U e AEHoR SuiAll w=EHER A - F
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Table 1. Average body weight of Korean (MOCIE, 2004 (Unit,
kg))
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Table 2. Recommended skin surface area for risk assessment
(Unit, cm?)

Age (years) Male Female Adult Children
<5 14.5 13.8 6,560 (1-6years)
US EPA® 18,150
6-11 30.7 289 13,120 (7-18years)
12-17 57.3 50.8 RIVM® 18,000 9,500
18-24 68.5 54 EA® (Refer to Table 3)
25-39 71.3 55.7 UMSs? 19,000 10,000 (4-8years)
40-59 69.9 588 Korean® 17,000 6,500 (1-6years)
> 60 63.7 56.9 2 US EPA (2004), ® RIVM (2001), © EA (2005), ¢ Stubenrauch et
al. (1997)
19-65 69.6 56.4

3.4. = (Body Weight, BW)

37 AREE AlFgke ==V Bt 5
|Ae] et AlFgrolth. HAlEo] AMeEE ofe =
=7 Ak OE dgwget 293s W RMES] o
gk HA dSAE AHgtaL AR wize|th vl=
(US EPA, 1997; US EPA, 2002b), Y& H#=(RIVM,
2001), 22]al FF(NEPC, 1999)0Xe A1A1Z9] Hit
$OFE 70 kg& WAL Aok A F=e] B9 7 A
PR AlEstele] @xpe} ozt AlFs FAIF R A
AIBHAL QITHEA, 2005). 592 AHHZ 5 kg(14] ©]3}),
10 kg(1-34]), 20 kg@-84), 40 kg(9-16A), 1] 70 kg
(164 oPhHo= AAlekaL ok, =] 735 AR
(2004014 AT @kl JAXGFZAAIY Baixe]] <
sPA AgelgAtel ARloxke] AT 212 69.6 ke,
56.4 kg® & FAH o] o (Table 1), FHE7ATFst0]
A FHE T ATt A RS E 60 kg
< AR ofdole] AT wma vldT=dllA 15
kgl =2 ARFE I ot =R1e] AT wToly FHE
o} vtor o= FYEEe] 244 REHUS W =57
ol O A & UeS vt wEbA AkdArdRe] 2}
S5 RO E i ARJAFTS 60 kg, o™l (1-64)2]
AT 15 kgQF ARSSIE Ao Add 7oz dAdEt

3.5. M|Z=HZ{(Skin Surface Area, SA)

e EGY, 59, t7] & 1A, aeja
Egol =Ed oz skt SRS gt =5
< AT W g Ze] Besit Table 2+ 9114 ¥
7 AMEERE = AEHAS UERE 2180 vepEE A
ofslt}, W= A1) Hut A|XHAE 18,150 cm’OZ
AAlslar i, Uidd=s Aol AEEdS 18,000
em’, AL F=o] A9 EAE 19,200 em?, A=
17,600 cm?S 2 AAJElaL Aok £3) J=-e AH¥E &

* Calculated by using body weight and height of Korean.

Table 3. Total skin and exposed skin area (mean values) used in
UK (2002)

Male Female
Age

(years) Total skin Exposure skin Total skin Exposure skin

area (m%)" area (cm?)® area (m?)? area (cm?)
2-3 0.60 444 0.61 444
34 0.68 523 0.67 510
4-5 0.75 597 0.75 599
5-6 0.80 644 0.80 637
16-59 1.92 321 1.76 293
59-70 1.94 323 1.80 299

? Treated as a secondary probabilistic variable as function of body
weight.

® Treated as a probabilistic variable using a beta-shaped prob-
ability density function.

AFEHEAE 23AI8] YERIL QItk(Table 3). 592 490
©] 79 19,000 cm®, 4-84 ©J-o]= 10,000 cm®O.Z A
AlglaL ok AFAFS F2 7HAQ whEd &) of
SEed AT S TR T2 A8ale] A=
shoh, AsEA ke T4 - Odsith B AtellA
= SguEle] Aowt ofgo](1-64)e] AEHAS A=
317] 15t )l AAXGFZAAR] B AR,
200404 ZARE 9t 2P3H AlFBW)E olF9 el
94, 2005)0] AAIGE AEHA AEF2(Eq 1) 283}
o ARFeIATE 1 A} ARle] FAEHAL 17,000 cm?,
oJ&olE 6,500 cm*CE AP E I
SA(cm®) =173.31 x H" x B4
Eq 1494 A&
S, EQFEol 93t =& RoME A Eolng
oS g3 BES A9e =EA| W2 (Exposure
Skin Surface Area, SAe)°] ZR3JT} =EA|EHE A
© 7 YR Aolg 1 olfi= =Fdval 7Hske
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Table 4. Recommended exposure skin surface area for risk
assessment (Unit, cm?)

Adult
5,000(50th)", 5,800(95th)*

Children

US EPA 5,700(residential)> © 2,800(1-6years)> ©
3,300(non-residential)®
ASTMH 3,160
e . 500(indoor),
RIVM 900(indoor), 1,700(outdoor) 2.800(outdoor)
EA (Refer to Table 3)

“US EPA (1997), ® US EPA (2002b), ¢ US EPA (2004), ¢ ASTM
(2002), © RIVM (2001), " EA (2005)

o] t27] wFolnt. vl SRS HZ Ik
¥ Dermal Risk Assessment Report(US EPA, 2004)l|
oJshdH, YHHIIFALAN)S v, WS il A
2-g8tal Qlokal 7Pgste] mEEE AR e,
, 3P, Fol RO R Hil QAR eFHE AR
2 718k 5700 cm?o 2 AA)SkaL k. A A -
HEAY] B9 ¥, IMRE JaL A 285t
IR, wE3EE ARAe ), &, shola =
A 7P 3300 cm’©lt}. HH, AJJojRfe] &
HAL AldAte] 45%2kar 7FZSITHUS EPA, 2004).
ofdo](1-6A)= ¥HE, YIRS a1 As 283k oF
Fohar 7Pgetar wEkA = AR #E, &, shh
Tol, ¥ Fato] HH, ofdo] =EFA|RHE 7RG
2800 cm’®|c}. HGH=s= A1) ofdolo) tigh Ae)/al
W =E3:pdEe AABKL ok G2 0-6419] o]
o] A% &, sk, Al Fokrt =Fdvar 7Pgsia,
6-74= =3 Fole], 124 oPde o7 &v =EHTh
7PEt] =EA WS AASlaL THTable 3). Table 4
= g7 elA AR =7 =EAEAAS e
A Zlolet. o] A9 o]FH(2005)0] A HHE
Fog AAIGE AellA] AAFLE AEHAS AAJSkaL
o] US EPASIA FALA|A =ZHrtal 71P838k= Al
AL (e, &, o Fok)e kst A# 5,610 cm?
o7 JEEQIT ESE ofgdo)o] A9 AR E A
2 SAAnp) AFste] 4Rla ofdole] & AEHA <]
HIE Fofal s 235 Q1] wSAsEAA T 5t
ojdo] A EWAS 4= A 2,535 cm’E AFEE]
Aot 1} ofdole] A ASAETT ofd AR o
dolo] A3EHA ] HIF o3l AR ghol™ A1
735 65780 $Hele] e AR S=jle] A=
TRl gt A7AETE 52 W7hA] US EPAYIA A
AlBlaLl l= A9l 5,700 em* GEAAY), 3,300 em*Cd]
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FHEA), Tela ofdlos 2800 cmi0 2 g3k s
Felh gl AoE wugEd.

3.6. O STAT(Dermal Absorption Fraction from
Soil, ABSy)

REFATE LEEH0] IRE FH3l R &
FEe AES ey, S0 ue} tad vi= SR
S (US EPA, 20040114 AL I vdAda7 182
(SVOCsyll thgh 7]& IFF78-2 0.10]aL Hl4= 0.03,
7R=F-2 0.0010]t}. SHA FIAdEHCY Ve FU1ER
o i3k TRFE 7185 AAE vt Iok. ASTMS
3] 249, PAHSZ /31 782} 0.5, 0.052 AAIS}
I 9lom S EoAE US EPASH 2 7]RgkS A)
Algkal k. gatE oz EXEA gl A" A7}
e Ate B 7HS ol83te] Attt IRE
FAGE R Iy Aot gl A|EE wet
A B AFalE 7kEE 0.001, B4 0.03, 9 £
715 0.1, 3PHAEA: 052 F83E AS Akt

3.7. E-IOR7ZF F3H F(Soil-to-Skin Adherence
Factor, AF)

EYuit 2G99 ARHE ol 3y
= B &S gt A= EYSA, AR
(Body Part), Z18]31 EE(Activity)l] we} JeS W=
zte|ot. vdeh=ollM= ARl ool tiste] A/
A2 el =EEUAY NSRS, =E7IR
J2ja Bl ISl kEEe 7RES dasial ok
Hl5 SRS A= B ARHAS Jelg EY-
IR FEATE A9, EXol&EHE FEate]
AlaA AASFL YK Table 5). 3 ASTMT F=%
EXolgxd wRFAATE ANSATE Table 65 =
7P S8 7l A8Ea e ARFEAT 7R
e HeRd Aotk EYFuRt F2Alg= SuliellM A
A" 71 glem g US EPAdIA AAElaL e ASl:
0.07, oJ&e]: 0.22 AIRFEIC}

3.8. 223 MZ|2H(Daily Water Intake Rate, CR,,)
o g Majeke. Eoko 2RE] X|5hE Fakd QUL
w239 ALE Frl5] 98 AleEn). v )

1 Lday2 283 28 A 9
ok ASTMS] 7%~ AR1e] FAR el S-8-1F %
< 2 Liday, F9ARIAGIE | Liday2 B3I 3
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Table 5. Recommended dermal exposure values of US EPA (2004)
Central Tendency RME" scenario
Exposure parameter
Residential Industrial Residential Industrial
Soil concentration (mg/kg) Site-specific values
Event frequency (event/day) 1 1 1 1
Exposure (days/year) Site-specific 219 350 250
Exposure duration (years) 9 9 30 25
. ) Adult 5,700 3,300 5,700 3,300
Skin surface area (cm?) .
Children 2,800 NA 2,800 NA
. 5 Adult 0.01 0.02 0.07 0.2
Soil adherence (mg/cm?) .
Children 0.04 NA 02 NA
Dermal absorption fraction Chemical specific value(ABS,)
NA: not applicable
*RME: Reasonable maximum exposure
Table 6. Recommended soil adherence factor (Unit: mg/cm?)
Adult Children
Residential 0.07%, 0.01° 0.2, 0.04"
US EPA Commercial / Industrial 0.2 (Outdoor worker)?, 0.02°
Construction 0.3% 0.1°
ASTM® 0.5
RIVM¢ Indoor: 0.056, Outdoor: 3.75 Indoor: 0.05, Outdoor: 0.51
EA® Residential (16-59y) Residential (0-16y)

Indoor:

0.06, Outdoor: 0.3 Indoor: 0.06, Outdoor: 1

1 US EPA (2002b), P US EPA (2004), © ASTM (2002), ¢ RIVM (2001), © EA (2005)

ot 54U v=, vd@=ol Hg)] W2 1.4 Liday(164
o), 1-84] oJHol= 0.7 LidayS Z-&3lar k. =
o] 7% -8 F Tl Uid AP I Fdol 3l
Y AFHA A%z dgiatAde] fivkar FaEe] =
o] A Jde AT AsTt ANE WA vl=, g
=, ASTMOIA AAIEIEL = 4391 2 Liday, o] 1
L/day= 288 A& ARk

3.9. S5 (Inhalation Rate, CR;)

S5 tist AS2AkE off7] wiEel Aukset &
FE PSS o183 AR WrlE Hesitt
EHSATE, 2006). US EPAINE 7173 &
7REeER Yol T5ES daslal Ith(Table 7). ¥
=7 vgdd=s fEd WM 4Y EFES 20 mY
day® & AAISIIL )3, ASTMOIA= AU] 15 m/day,
Aelo A 20 mY/dayeE BRI At HYS &2
Az HE gubA]l &5, A9 &5, =2 g% 5
7HAZ Rt ARkl ok 2 AR, A,
ol WE ]

SEFES A ARfslaL =,

rone o,

Table 7. Recommended values for inhalation of US EPA (Long-
term exposure)

Population Mean
Infants < 1 year 4.5
1-2 years 6.8
3-5 years 8.3
Children &8 years 10
9-11 years male/female 14/13
12-14 years male/female 15/12
15-18 years male/female 17/12
Adult 19-65 years male/female 15.2/11.3
=9 HIgH AT o2 A 5FES ARRITHEq

2). 917194 RR(Respiration Rate)> TFE, o= %
7 &5 dElol] wE okt 9] vlE, 183l BWE
Azoltt. aie 0-16417F4] FAloll= 0.03, HIZE A
= 00112 Z&3hH, 16-70419] Ale] 74 EAl9t
HIZEA] 712} 0.018, 0.0062 AFESHE ¥PA sjollie
SEEO A3 YR A7 FHEACY o= Ao T
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0%

%

ol Fkele] FE AR iAo ANk T
o] B Aere fEd HA] REFoE AMey]
A= FAE FE3l] A0S 20 mY/day, oFo]]
NS0 A 7.6 mYday(64] °lshS H&
}.

ey

il

ox K
-

[e)
<+

Ze B

e

-

RR = e x BW Eq 2. 9=9] S5E A4

3.10. EFIF 2K(Soil ingestion, CR,)

EPiHe AAFeRz JAVT L@ - k& = A
2 F 3helt. 53] ofdoldlA o] B} AUlE
o] HFE 2¥EHe] AZ FYEE F2 F=oltt
(EA, 2002; Paustenbach, 2000). AdQ1e] 739 21FolL}
il E= £S5 EPAFIT o FoRTHUS EPA,
1997). oldo] F EYS He FHo| e oXF A
(Pica childy= 314 H7HA 10 gdays 243 AL
Avsia et ZF Yl 283l e BEFIHES A
R19] A% 7P AL <t 7P B k2 4l Bx A
o7} YeRttt. 359 A% 7FE AL 25 mgkes, v

= FAAGNAM 100 mgkgs AASKaL et =il
A oA B R0 B ARSI ARS A
Aol watr] B AT = RMES EE US EPAY
A ARG A, 23373 - FHEAY A 2L 100,
50 mg/dayl & AQkslal ofgole] 739 200 mg/day, ©]
2Zoldol= 10 g/days 283 As A3

3.11. &2 4% (Food Intake)

oA AulE FFEL AV EGLAEE
o =EHE F83 =EH2F shielth Table 8 W
2912 o s FWAaA Be) YHE 19)

AR, AFRAFS A ke Aol 1
Epdir] wnle] A § - wxle], FawAl, 225 o)
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Table 8. Average food intake rate in a day (g/day-person)
(MOHW, 2005)

No. Food Intake (g/day-person)
1 Polished Rice 205.7
2 Kimchi (Chinese cabbage) 90.3
3 Soybean Curd 24.5
4 Onion 20.6
5 Radish 20.3
6 Bean sprouts 16.4
7 Potato 13.9
8 Apple 13.5
9 Tomato 13.0
10 Spring onion 129
11 Orange 15.0
12 Spinach 11.0
13 Cucumber 10.2
14 Young pumpkin 9.7
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Table 9. Proposed exposure factor of Korean

Residential/Agricultural Industrial/
Parameter . Reference
Adult Children Commercial
AT (years) 70 70 KNSO, 2005
. 6 . a. NIER, 2006
ED (years) 30 (non-cancer) ® 25 b. US EPA, 2002b
. . a. US EPA, 1997
EF (days/year) 365 250 b. US EPA, 2002b
. R . a. NIER, 2006
Bw (Kg) 60 15 60 b. MOICE, 2004
SA (cm?) 17,000%* 6,500% * Calculated
5 b b R a. US EPA, 2004
SAe (cm?) 5,700 2,800 3,300 b. US EPA. 2002
Cadmium: 0.001?
. Arsenic: 0.03° a. US EPA, 2004
ABSq (Unitless) SVOCs : 0.1° b. ASTM, 2002
VOCs: 0.5°
AF (mg/cm?) 0.07 0.2 0.07 US EPA, 2004
a. US EPA, 1997
b. US EPA, 2002b
a, b, c, d a a, b,c, d 3
CR. (L/day) 2 ! 2 c. ASTM, 2002
d. RIVM, 2001
CR; (m’/day) 20° 7.6° 20° a. US EPA, 1997
(m*/h) 0.83 0.32 0.83 b. RIVM, 2001
. 200° R a. US EPA, 1997
CR, (mg/day) 100 Pica child % 10g/day 50 b. US EPA, 2002
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