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ABSTRACT

The objective of this study was to estimate human exposure to benzo(a)pyrene through multimedia/multi-
pathway exposure scenario. The human exposure scenario for benzo(a)pyrene was consisted of 12 multiple
exposure pathways, and the multipathway human exposure model based on this scenario constituted. In this
study, the multipathway human exposure model was used to estimate the concentrations in the exposure con-
tact media, human intake factors and lifetime average daily dose (LADDynoder) of benzo(a)pyrene in the envi-
ronment. Sensitivity analysis was performed to identify the important parameters and Monte~Carlo simulation
was undertaken to examine the uncertainty of the model.

The total LADDpoger Was estimated to be 5.52 x 1077 mg/kg—-day (2.06 X 107" ~8.65 x 107 mg/kg-day)
using the multipathway human exposure model. The inhalation dose accounted for 78% of the total LADD,
whereas ingestion and dermal contact intake accounted for 20.2% and 1.8% of the total exposure, respectively.
Based on the sensitivity analysis, the most significant contributing input parameter was benzo(a)pyrene con-
centration of ambient air. Consequently, exposure via inhalation in outdoor/indoor air was the highest comp-
ared with the exposure via other medium/pathways.
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£ 7428 ke ilAG 2 &% 7Hmuld
-media and multi—pathway exposure assessment) &
T A g Jsd 2E & HJRE
Agsted wAH/ARE QA x2S AFESl,
Zek3 9] 9= 37} (total risk assessment) S 75
A 317] Wi SedHEE g F4A9
a4t & 4 glvh(Yang 5, 2002).

v]Z 37418 5 A (US Environmental Protect
Agency; ©}3} US EPA)ollA4]:= NHEXAS (National
Human Exposure Assessment Survey) £2 78 %
< 58 9B W QAN xFo] I 74
£ ARE oA she AT 2AP} olfoln]
T gleb(Sexton &, 1995). u]=-2] ORD (Office of
Research & Development)o| M= E3 o de] o
YA71€ F shil clA (multimedia), ©H73 2
(multipathway), ©H=&-A| (multireceptor) $s1A 9
7toll #& A7) Eihs] o] oA 3 9o

3732k7A B4 (Persistent Organic Pollutants; ©)
3l POPs) & shtel ohgheks ebsl4Ff (poly-
cyclic aromatic hydrocarbons; ©]3} PAHs)¥= 4}
A 9 =4, A, AESHAYY] BEAS /R
slem, d7], 4, 2oF F ohokgt 37 miA)oA
A& Qivh =3 AR o dxl mokel A AulE
T2 3 A4, &7 55 oJHezH Axd AE
M= HEH o)=d FAJo) 5] PAHsS] <
A =& J7HA A7), B, B4 AES B 3 F
2 A3, 2= fRAEFY 2E H2E 13
% %2797} (total exposure assessment)ol} HE =
QA o] A715 1 9)v} (Butler 5, 1979; Lioy, 1998).

PAHs= 3§, 28)7] &7 B225% 59 %
A ALTHANAM BT, 2 APSS 5
& <Al st s dglEAle dEA Qs
ob2t 3= A4 E (cokes oven), Tl 7], Bl=
(tar)2} ZEo] Apghol] wisjr wotEdz RHH B
FEAEY 34 54 dJEA)7| = FHJARC,
1983). 53], PAHs & benzo(a)pyrene-= A2 »E
TESANAM RS eblE BAo|vh w3 o
2 PAHs®| ZA12]2EA (index compound)2A] A}
250X 31 9l7] w-Roll, benzo(a)pyrene®] A=A
A F A =2 A 37 9 2 3
ZaHdell M {8314 8" 4 3l (Collins 5,
1991).
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efAl/ A2 =& Fot 2 5 A Holel
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AAME oIS w4 F F benzo(a)pyrene
of dsfiA] Al=sl) Bt

metA, & =EAME A/ E2s we
A =& 23& FA5}e benzo(a)pyrene®] Q1A
3 22%E dSsss A9 238 53 37
% benzo(a)pyrened] vwjA)/A 2 <A 2k
| &3te], oA/ F 2 719 QUA xF V|HEE
Hrlek o, B84 B4 (uncertainty analysis)3}
mZts BA (sensitivity analysis)®] Z7S wlglo
2 x% 239 o4 AAEE Rl 239
&H & YA 7134 s

oy

1. cojd|/ctE2 2lH| =& A2 HH

7 2.0l ©J3F benzo(a)pyrene?] <UA & xZ
F2 &3] 93t 299 379 B =F S
24 AF R = Al T 22 B % =9
IFRAEE B3 =EF8 F4 02 benzo(a)pyrene
o] gujal/A = A xF AU E AAH
o} (Figure 1).
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B2 o Aot S44st =g A
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Fig. 1. Diagram of predicted process to multimedia—multipathway exposure scenario for benzo (a)pyrene in this study.
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7129) QA »Z Hr} w5 (US EPA/CalTOX,
1996b; Smart_RISK, 1996; US EPA/REx 2.1G, 2000
)9 ame)Ze] 7|ube] H|3 9l USEPAS] o
A x=Z Hr} AFHA] (Risk Assessment Guideline
for Superfund/Human Health Evaluation Manual; °]
3} RAGS/HHEM)¢l] 4535 QA =2 A&7}
F¥ A+A=(McKone, 1987; Fisk, 1987; Brown
5 1984 Fyol AAIG 7R FAES wiEo =,
benzo(a)pyrene] t}AR QA :=F 23 (multi-
pathway human exposure model)2] 7]& AbEA]
(Eq. 1~11)& FA3I -

53], 299 Wrl 2 4, =9 34 A

(environmental media)2. Q13+ AW - 9] T7] 2.4,
84 0 29 380 AwE} 29 F Wl A
% vl A (exposure contact media)el|A]2] 2 ¥ = o
Zoll= vjAZE 29 A o)A 4= (inter-media transfer
factor; o]3} TF)& °|43lu= 18] 249419
A AAEE AR H §RAAM G L9 =E AA
7 37 4= (biotransfer factor) =X XA &4 A 4=
(bioaccumulation factor)E 2£3}e] o &3}t
7} 26 087 7|5 WG AP 2F-Ad]
epgiet.

1) 2lH| & HHoMe] @HE o=

Q14 »xZ vjA) (human exposure media, C;)§l Al
9] F71et A 3], A= B9 183 5AE
SRollMe] 29EE 298 ¥ AR, A=
+ 2 B3k 29%; o5} Cyoll sl 3k i)
 Foll vhAZF 2GH A (TFim)E o] &3
A1 A 83819 (Eq. 1).

Ci=TF-n X Cy (Eq. 1)
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EFolMY 2AEE Fl&o] ARREHARAE Ft
of 29 &S, B FAHE(EE F2)S 4H
A& 7FsAE sl dE3ldh 71 B
8 F AN =S A3 9 A AR U
I BAARA G (Bt (mear)) =5 YA EAA 5
o]-43le] Eq.28} 2] 24 Aol AL(TFmE
AT §F 295 mAE 24 Aeo] Agst
A 2= (C)E Fot] FAakst Aoz AkEs)
vt (Eq. 3).

TF(i — m)= I X Bt (meat) (Eq. 2)

Cn=[TF (a— m) X Cai] +[TF (W = m) X Cuater]
H[TF (s = m) X Cooi] +[TF (fvg = m) X Gyl
(Eq. 3)

2) 0| Qg 2N = I}

AdA 3F =2 A9 F A &5 9 74
o o3t aFRE, 2|3 Bl AWFT] Foz
39 benzo(a)pyrene?] IF7|E FF =29 A
WA Az= FA3

3F] 93 QA =291} (human intake factor;
o|3} HIF): US EPAo|A A|ekslx gl RAGS/
HHEM (US EPA, 19893, b)e] 7]® 4218 u}ele
2 FAAH. & =RelAE gl 23 HIFE
A# 2FE (BR), A5 (BW), x&EW = (EF), =27)
ZHED), BFAZHATE 83lglen, 53] A
o} Ao xEFS HE3}ste] Prtatr] 98]
A AR AZASRE T3 =3 Ale &
ZA10] 3582 St %A (active == high)
U5 F-E (BR)E A 4313 (Eq. 4), Aol 9
IEES FAA (resting =& light) dds 58
(BR)E #8313 (Eq. 5).

.. BRy EFXED

HIF = X =X (1= ISR) (Eq. 4)
. BRI EFXED

HIF = o X —— X ISR (Eq. 5)

83, B AWF7] o= Fise] 587
2 B3 dob= =F9] d&& $)sA McKone
(1987)8] &84 53 3F =397t 24N
AABE ole 2 HEALY] EFoA Fr|Fong
A 2ko] A 4> (mass transfer efficiency; ©|8} MTE;)

£ ol g3 AvelMe E Ahgel 9% =%

Vol. 18, No. 4

xF HIFg 2ol FA s MIE), B A= W)
EFAZHET), B71% (VR), AMe 2FF
(BR), A%(BW), =&7|ZH(ED) 55 23l A
23kt (Eq. 6).

wi BRI EFXED /[ WyXMTE,
HIFih=—"1x x
BW AT

+< Wi X MTE},

h

xET>
Ry b

x ET,,>> XCF  (Eq.6)

3) M0l =t 2N =&EAX}

AH =20 A AR 459 HHt =
F A, &7 AH o e AR M AHA
2 ER3kach

+45 B 2§78 5% AAxE HIFE 5
A Eq. Tell A B e} 3bo] Z4zke} A (IR))
AZFBW)H xFWNE(EF) Y 7IZHED)E 127
7)2 2% o] 8:5121E}H (US EPA, 19892, b).

IR; EFXED

HIF"=—_x Eq.7
BW AT (Eg.7)

Ax D FAFE A3 A2 Aol Hgshe
#57h 90, 9 3= WHH A gl
22 (root) §3 2L FAES EYHIE we}
wel Aolgeld shsAel alrl Wi, satEel
2980 AY =2HN) 299 B =P 2
& wAg B4 2 =290 ses A=
AR A =29 4 A W EDE 2
Foo} %} (Eq. 8).

(Ry X Fp)+IR, EFXED
BW AT

HIF}S = (Eq. 8)

T ARH< F /A FRgFeR hro] Bl

Boll 2% AAAQ A RxeEe F2 A9 =x
54, T2 A Aast 22 e & | d
A7) w 2ol 49 =E2ARHEDI W= (EF), 3
g2 APHoz B3 P IRHEHSAH AT
QA7 Fodteh B8 5T JHxed S A
Hojal 712 442 Brown % (1984)9] A-7elA
gt o, o] 4L wBAZMET)E =%
&R AEsteila 3% 28 (F) P I35
AL (SP)ell A7 AA7E 2= St (Eq. 9).
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SA X Fs X SP
HIFu take=
& — W
ET,+ET)) X EF XED
 EL T A"; XCF (Eq.9)

Eofol 23 ¥2 A& HIFE A=A (54),
¥ Bol] W8t EFHE(ABS), £ AHFAA S AF),
a8la A= BWH x=FA7be] 33 = glo(Eq.
10).

SAXAFXABS EFXED
X X

HIF';pmke —
BW AT

CF

(Eq. 10)

5) oix| =& AlL2|0| UHE DM E/ZEZE
oM =&2 oF

7t 722 A" HIFe] A AE djArd o
F=(C)E Fted, dd 7 A x=E=F(lifetime
average daily dose; ©]3} LADDmede) & ¢l S3193
(Eq. 11).

LADDy=HIF X C;

3. clof| /A2 olX &2 &8 st
F2 Qxigtel HH

1) AT LY A MY S &E =
benzo(a)pyrenel| @A

Benzo(a)pyrene2 1 EAAF gk o il dg
o] B dael s BAFH =A| H7] Fol
Fx33 glom, 53] HAY di wWiIPkAE F
o ok MEEE Aos deid Yo ANH o
o] B2 Agat 9 =A] A He] 1gA] ¢

AG @ADL AR 7] F benzo(a)pyrene
7} ¥ohn BT ols] g, St
249 HEAId Mg A7 dAF Age=z A
At om, Mg YubHel 5A2 Table 1
A vehdsiet

AT A AFelA ] 37 2=y AR GT
3544 4 3 benzo(a)pyrene] oA 37 EH
o]]& =38 (multimedia environmental fate model)<
23 Cl&d LY=E 83T e,
2001; 94 3738 974, 2001). Benzo(a)pyrene
2] oAl 37 FH A& ZIXE dTF 9A
Z]¢32] benzo(a)pyrene LU o2 28 Soz

2 off rlo a2

Table 1. Characteristics of the Seoul in Korea

Contents Korea Seoul (%)
Total area (km?) 99,461 606 (0.6)
Farming land area (km?) 18,888 21(0.1)
Population (person) 46,136,101 9,895,217 (21.5)
Population density :

(person/km?) 463 17,132
Number of house” 9,204,929 1,688,111 (18.3)
Registration numbers

of automobiles? 12,728,038 2,531,797 (19.9)
Average traffic density _

(car/day)3) 75,156

Source : KOSIS (2000), "KOSIS (1995), PKOSIS (2001),
9Seoul Metropolitan Police Administration (1999)

Table 2. A comparison between predicted concentrations
and measured concentrations for benzo(a)pyrene
in Seoul

Multimedia environmental G7-Project?

1
Environmental fate model”
media Predicted Measured  Measured
cong. conc. conc.
Amblent3 air 1077~ 107 107 107
(mg/m”)
Surface water 107~ 107" 1078~ 107" 1076
(mg/l)
Surface soil s -3 A~ -2
107 ~10 10 10 -
(mg/kg)

Source : VA]-&d| Ao a4, 2001,
A BFH AT, 1996; 1999,

Ag w77k} ) dae] B9 el 23
WA efddE w3 Gl g« S
23 ARE o|43] A «dF 2= B4
< HriE) 4, A o9 =S AeAdY A3
ZUEH 2w Aed A9, 2001; IA
B el A T4, 1996; 1999)¢} v] walgd v} (Table
2). Benzo(a)pyreneoll w3t wjr]sl xjE$9] o2&
A A$E A7 107~107° 10°~107° F=9) 4
Zo]9la, Bk 107°~107 3024, A= Ax
b Ak AV 23T FE H9 Aoz Hrl
At

Benzo(a)pyrene®] wefAl 84 e <& 23y
2 AEHAA A5" 13659 H A8)7E
9] o] L9x ABE o|L3led 7 37 wiAE <o
9= F2E ZAAG A7) el o
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Table 3. Distribution of benzo (a)pyrene concentration in environmental media applied to model

Media Concentration” Distribution
Lognormal distribution
Mean+S.D.? 3.66x1075+£1.42% 107 Ceirimg/m)
Ambient air Median 3.50%x107°
(mg/m’) R
ange -6 -6
(Min, ~Max.) 1.49%107°~6.55x 10 _
Normal distribution
Mean+S.D.? 329%10°+1.80x107° € vater (mg/L)
Surface water Median 3.02x 107
(mg/L) R
ange
(Min. ~Max.) 1.13x107°~9.29%107° o)
. Lognormal distribution
Mean+S.D.? 422x103+4.64%x 107 € soil (mgke)
Surface soil Median 413%x107?
(mg/kg)
Range
(Min. ~Max.) 3.67%103~4.93%x107

—
3033 ITES 14283 51263 58263

YMultimedia environmental fate modelel] 2] o &%

V8.D. : standard deviation

=x 77} 3.66x107°+£1.42x 107, 422x 107+

464x10% 02 4=-AF(log-normal) 2EE ¥
om AES0) 99 rE=329%x107°+1.80%107°

2 2] A4t (normal) F-EE JepH e (Table 3).

2) Benzo(a)pyrene2| £2| - 3515 &4
HEET o8 AXN
A/ AR AdA xE2 Hrh 23 L3
benzo(apyrenes] B¥] - S8 EHAARS B
H AL 53 AASFAR £ 2y H43
benzo(@)pyrene®] B2 - HEA B4 gk 5
$3F 3% Table 40) A A|5hach
v} 3] ubA] (semi-volatile)?] benzo(a)pyrene]
71 (A )elAM AWF712e] AHolAR(ThH: A9
24571 Az 100% Aol A 18 &
%"6]’93‘:]' W 94 o A4~ F benzo(a)pyrene L
3= 3 A4 ATALTS 1908 o
43} AeRele] 23t X|E4 F benzo(a)pyrene
o] AALEL HE 85% Zéii A 9o} uhebA]
A4 Aol o3t A Epo Hi: B2 o

L25l= e #HHEY

,2001)

g HolA 4= 0.158 A 431+

8}, A)A) A 34 $(biotransfer factor) 2= 7}1&2]
Holo] o3t KA =22 A olA7) 0.029 day/ke, £
de 7l %t Agze AoA4r} 59x10°
m/kgo 2 AT Eokol 3 Al Bz o] Huj

Alge 1.5x 107 ke/kgelw, 53], 7ol 28 &
AR A$E 34X107kghkg o2 T3} A4
st
3) Molo| olF|cELIA SN Y HERERY
FEts

T A9 QA =2}l #A3} f‘é F W
AL 60 kg (RABA L, 1997)&
AEAH L AFE viEko s Eq. 12

& 0)-23}5TH(US EPA, 1989b).

mlmﬁi.1
:':l"ﬂ—'
= e
m{)](}
e, B e

SA=0.1 x BW®? (Eq. 12)

2w @7 A A9 A xBAAY B
" AEA EA6 thajA= Table 5ol 7]<3kitt
QA xR = AZ YUY E AHAY Y AFE
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Table 4. Summary of chemical properties for benzo (a)pyrene
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. Benzo(a)pyrene Probability
Chemical property p distributi
Value (S.D.”) Range 1stribution
Molecular weight (g/mol) 252.3 - point
Octanol-Water partition coefficient (unitless) 2.20% 10° - point
Henry’s Law Constant (Pa—L/mol) - point
Universal gas constant (Pa-L/mol-k) 8.32x 10° - point
Diffusion coefficient in water (m*/s) 6.13x107"° 4.60%107'1°~7.66x 107"° uniform
Diffusion coefficient in air (m?/s) 5.09%107° 468x107°~550%107° uniform
Transfer factor from ;
ambient air to indoor air (unitless) 09~1 uniform
Transffer factor from su.rface \Iv\)rater 0.15 0.05~0.3 uniform
to drinking water (unitless)
Biotransfer factor in meat relative to -3 -2 .
cattle-diet contaminant intake (day/kg[m]) 0.029 3.45x10 3.5%10 triangular
Biotransfer factor in plants relative to 59x%10° _ loenormal
contaminant air concentratio n (m3 [air]/kg[p]) (8.26 % 10% &
Partition coefficient in plants relative 15%107° _ lognormal
to soil concentration (kg[sl/kglpl) (0.015) &
Plant-soil partition coefficient for surface 34x%107° _ lognormal
soil due to rainsplash (kg[s]/kglp]) (0.0034) &
Source : CalTOX (US EPA, 1996b), " M dl 217 3-8 & 74 (1996), 2 S.D. : standard deviation
Ad% aoh, % }\]—%—%}—, %l c:'—l A]:'c’q }\]71_}.- % 117“ o\lx}'% e LADDbaseline_LADDlO%
Sensitivity = xo (Eq.13)

o daixE U A3 A2 (RABRR 1997; o
A AT ATFA, 1996, 1999)8 o] 431w}
AxHA, dd 3258, =& 7I7L AR E 715
A2 =2 HEE, DRAFAS 5 174 RS
qeiM= 20 A3 2wt FEH QA got =
9 AF A8E QL3sloh(US EPA, 1989, 1991,
1992b, 1995a, 1996b, 1997; Mackon and Bogen,
1992).

4. EfAM gl ol EME &8 clofH|
/THER N & 28| BH

GeiA/AAEE QA =2 23S E4 29 A
ol 3t BEAAL FHa3}sl) g 2 A
Eol] i Monte—Carlo simulationg& A A]3}e, o
& 73] e E AAA

=3, benzo(a)pyreneol| H¥ Az AA =&
2HE BAS] Qted, 2y HEHAUD HF
g AAE FlA A A/A 2 AA &2 42F
ol F2& g vAE IAES =&
g Mzt= EA (sensitivity analysis)& AlA|slo
(Eq. 13).

Xbaseline —XIO%

E Q7elME= B3HA $A (uncertainty analy-
sis)®} wIZks= EA (sensitivity analysis)& $}3A]
Crystal ball software 2000 (v5.2)& A}l£-8}9]om,
A AAE vietoz 43 JAES] ABREE B
g3l 23 e o &g PR

dFda

1. 2Id| =& ofx|Y¥ benzo(a)pyrenel o=
Sk

47), 4 % =] A AN g 7HA
T AR QA =& 2o HE3le] AA QA A
Zn)| 4| 2. A o= benzo(a)pyrene?] FEE ol&3}%
oh(Table 6). Al9) E7)%9) FF SARE 3.66x
10 mg/m®e] )37, A 7)== 3.48x10™° mg/ m’
o2 d&stgr) &89 £2] F7 benzo(a)pyrene
9] 29 % 575% 10 mg/lo]Q 3L, A EESF 29
2AEE 422%x10 mgkgoe = A&E g 18w
295 FAufAls] 27 2] F< M2 benzo(a)pyrene
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Table 5. Summary of human exposure factors in this study

Vol. 18, No. 4

Human exposure factor Value (range) géi?gt?;?l (I;irs(:z%?lltliléﬁ
Body weight (kg)” 60 5.1 lognormal
Available surface aerea (cm?)® 15326 2963 lognormal
Skin permeability coefficientc (m/hr) 0.012 (0.001 ~0.0408) - triangular
Absorption factor (unitless)“) 0.01(0.001~0.01) - uniform
Adherence factor (mg/cm?)? 1 - point
Light activity breathing rate (m*/day)” 13.25 2.49 lognormal
High activity breathing rate (m*/day)” 31.2 11.8 lognormal
Ingestion rate of drinking water (L/day)" 1.3 0.29 lognormal
Ingestion rate of soil (kg[s]/day) 2.1x107° 63x107° lognormal
Ingestion rate of grains (kg[cl/day)® 0.306 0.02601 lognormal
Ingestion rate of plants (kg[fvg)/day)” 0.432 0.03672 lognormal
Ingestion rate of meat (kg[m]/day)” 0.03 0.00255 lognormal
The daily inhalation rate of cattle (m*/day) 122 36.6 lognormal
Ingestion of water by beef cattle (L/day) 35 7 lognormal
Ingestion of soil by beef cattle (kg[s)/day) 04 0.28 lognormal
Ingestion of plants by beef cattle (kg[fvgl/day) 60 24 lognormal
Fraction rate of exposed skin (unitless)” 0.65(04~0.9) - uniform
Fraction of fruits and veggtables consumed that 0.47 0.047 lognormal

are exposed produce (unitless)

Water consumer in bathroom (L/hr)" 381.3 258.1 lognormal
Water consumer in house (L/hr)" 4714 200.6 lognormal
Ventilation rate of bathroom ( ni/hr)” 54(10~100) - uniform
Ventilation rate of house (ri/hr)” 750 (300 ~ 1200) - uniform
Exposure time for showers (hr/day)" 0.32 0.19 lognormal
Exposure time for household water uses (hr/day)" 1.23 0.81 lognormal
Rate of exposure time in indoor (unitless)" 0.8(0.3~1) - triangular
Exposure frequency (days/year)? 350(180~365) - triangular
Exposure duration (years)® 30(24~30) - uniform
Averaging time (days)” 25550 2555 lognormal

Source : CalTOX (US EPA, 1996b), "3 A e) %73 2+ Q4 (1996; 1999), P .71 B-A] 5 (1997), *Mackon & Bogen (1992), YUS EPA

(1989, 1991, 1992b, 1995a), "NCEA (US EPA, 1997)

29z FAEAA 143107 mgkg, §7lA
1.20x 10 mg/kg o2 o259}

2. Benzo(a)pyrene2| 24 WA Qx| =&
olF

AR QA = 2ol T 4
benzo(a)pyrene 4Y FF £ QA 23K Total
LADDmode)-& FF 5.52x 107" mg/kg-daye]™],
50th percentile-2- 4.19 x 10”7 mg/kg—day, 95th per-
centile2 8.65x 107" mg/kg-day® o ZH it
(Table 7).

Table 8-2 T} 2 QA x%& 23)2] Monte—Carlo
simulation® 3] dojx »& A=z¥ QA =3

Fo| & Hxo dF Aol Fol 2T
T X292 422x107 mg/kg-day, Al 2
B QA =22 1.19% 107 mg/kg-dayo]m], ]
Aol 93 FF 2222 1.07x 107 mg/kg-day
o]9ic}. Benzo(a)pyrene®| A &g HZER
vlwes] ww, Fol o xFe] R Fleon, 1
theoze 77 AR IF AS A xF &

ol

3. A " AH| &l i ofH/HRE
7|1{g Hjm

A/ As s 25 vejslo] Aed 34 &
| *
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Table 6. Prediction of benzo(a)pyrene concentrations in the exposure contact media using the multipathway human
exposure model

Concentration of benzo (a)pyrene

Exposure contact media

Mean Median Range (5th~95th)
OQutdoor air (mg/m°) 3.66%107° 3.50%x107¢ 1.49%107°~6.55x 107¢
Indoor air (mg/m’) 3.48x 107 322x107° 1.67X10°~6.19x107¢
Drinking water (mg//) 575% 107 4.94% 107 4.10%1077~137x107°
Ground soil (mg/kg) 422x107 4.13%x107 3.67x10°~493%x107°
Vegetables, fruits, 143% 107 1.01x 107 2.50% 107°~4.03 % 10
Foods (mg/kg) and grains
Meat 1.20x107* 1.07x10™ 3.65%x 1073 ~2.44x 107

Table 7. LADD e of benzo (a)pyrene by multimedia/multipathway human exposure
LADD (mg/kg—day)

Exposure Exposure
pathway contact media Mean Median Range (5th~95th)
Outdoor air 1.56x 1077 1.42x1077 3.16x1078~4.85x 1077
Inhalation Indoor air 2.66x1077 1.51%x1077 5.93%x107%~3.56x1077
Drinking water 241x107° 153x107%® 8.85% 1072 ~1.04x 107"
Drinking water 439x1078 3.23%10°8 2.53%x107°~1.04x1077
Ineestio Ground soil 6.07x107" 144 %x107'° 125%x 107" ~1.80x107°
figeshion Vegetables, fruits, and grains 5.00%x 1078 2.68x 1078 6.40x10°~1.11x 107"
Meat 247%10°8 1.67x 1078 524%x107~4.12%x 107
Dermal Drinking water 6.26%107° 5.03x107° 2.82x107'°~2.85x 107"
uptake Ground soil 443%107° 1.73% 1077 434x1079~391x107°
Total LADD 552%1077 4.19x 1077 2.06%x 107 ~8.65 X107’

ULADDnmoe - lifetime average daily dose using the Multipathway Human Exposure Model

(a) Inhalation (c) Dermal uptake

(b) Ingestion

2 - fpround soil
25.6%

Drinking water
74.4%

%

‘Ingeslion
20.2%

Fig. 2. Proportion of LADDmege according to exposure pathway for benzo(a)pyrene

£ vjA/A2EE 7]d8&-& A B} (Figures 2-
3).

ol 97 =22 AA F A =EFFY
77.99% % A5k 7R 2 w2 7)o JERY
A3, 2 FAAAM= AW F71e 3 =% VoS

°] 51.5%% Al F7|MEAE & u]FE XA
e, ole 29l HIS Ao A= A
W29 #918 100% 7143 o, =% <A Fol
M= 53] A - 8 FNA e =F A7 (exposure
time)o] $8 JF& n)A oz Ao
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Table 8. Distribution of LADDode according to exposure pathway for benzo(a)pyrene

Vol. 18, No. 4

Exposure pathway

LADD (mg/kg-day)

Distribution

PDE"

CDF?

Forecast: LADD_inh_sum

Forecast: [ ADD_inh_sum

Mean : 422 % 107 - i
Inhalation 50th:3.11x1077 i I
95 th: 7.36 % 1077 £ : H{HH :
ID.(:)T als e 'I:VA!';Z;K;LC‘:: 9.780 Dls::lny:d ]0;(::\ Triak Fomerm lé:z:?l::f:g’:n 9,780 Dit;::;ﬂ
Mean : 1.19% 1077 ) ‘
Ingestion 50th:8.55x107* A Il )
95 th: 2.08x 107 SRR HHHHI
10,000 Trials an“l:;:qu):;:; rc;.s:: 9,734 Displayed 10,000 Trial: Fomm::::z:}::';:: 9,734 Displayed
Mean : 1.07x 107 ] )
Dermal uptake 50th:6.99%107° wd Rl i
P 95 th - 3.04 x 108 I I ‘IIH\INI]UIIHIIHI\HIIHIiIIIlillllHHlllll |-
03 L AUMITEIIO .
Mean : 5.52 x 1077 | mm - I - .
Total LADD 50th:4.19% 1077 £

95th:8.65%x107’

|
IIIH

D PDF : probability density function, 2 CDF : cumulative density function

Inh_Indoor air 40.2%

I oges ¥
Holl 27 Aoz £ w2k 2021%F A5
Adeh A =2 F &850 A7 Ao] 426

71 g8 Ve

Inh_Outdoor air 37.8%

Der_Ground soil 0.5%
Der_Drinking water 1.3%

Ing_Meat 4.4%

Ing_Vegetation 7.1%

Ing_Ground soil 0.1%

Ing_Drinking water 8.6%

Fig. 3. Proportion of LADDq4. by multipathway for benzo(a)pyrene.

A 774 A

%, FEL 353%, SFel AT A7t 22.0% &
o= Jephjon, gako] HHI= ofF win|dl £F

ol %=t
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1E-8

LADDmude[
(mg/kg—day)

Inhalation intake

Ingestion intake

Dermal uptake

Fig. 4. Comparison of LADDqoder 0f benzo(a)pyrene in the exposure contact media and exposure pathway using the

Multipathway Human Exposure Model.

22 A2 MR F QA =23l AR 2
71 &S Mol Aol I|RAHZ ogt wF2A
1.8%% Jelidet ol 8 x&3 3 5450 ot
I BxZo] 744%2 =) 2J8F x=F(25.6%)9)
HjE) 2 7l EE ngoen, o i s AR
v 28, g8y JRYE e Bt B Rt
A& Abolo)l WAEE ZHlog & 4 9fch

chull /e 2 2 338t} ALEH benzo(a)pyrene
o) 44 T F QA eFa 7P 2 S vl
A d71e] 4o BAEIG (Figure
4). H7] gl 3t =¥ Az AW - 9 F
71e] FSlel &% od3Fe) s = vehgen,
Avist AL37le] ooz 3 dd Hw dA
xZ%e 72t 1.51x 107 mgkg-day, 1.42x 107
mg/kg-day & e &Ho] ALJHgE Ao x
23] ta ¥ &S BoFT itk 2 fgee
A 2900 3 859 AR o] B
v, 3.23 x 10 mg/kg-day2. J=Hch 2 9 A
Aol AT =T FoAE AF F9 2E 9
3 w2eke] 2.68% 107 mykg-day, 5 Aol
)8k wZFe 1.67x 10 mgkg-day2 SFHI}
 5AE 9% =EF] o 2 o= 1}
efget. ol fElel =l Aghe) A3tz
7Re FAlelA gL oA AR dt=lY] S F4
o2 HE $A¢) FE2 IFF ArFE TS

A7 e Aoz Amde 22T S84 =
¢ 53 vE3Soz B A =E2FS
107 mg/kg-day 2] o}5 nu]dt $Fo[¢lc}.

4 oz ol =& 2Ee UZE B4

Benzo(a)pyrene2] w17z QA =& XPLE H
Hop) A5ted, mago] HETUR kD UAFE
(factors) A oNAA2E A w2 A=Azt
o 428 S VAL AAEE =25 AT
=7bx EA (sensitivity analysis)-& Al A8}t

o} 4 2] benzo(a)pyreneel] |3 97}x] w7
29 b x2 m¥e FYH el e
A xF 2yozA FARAL 47X AS5H
= benzo(a)pyrene®] d4Q A ¥ A FFof
A Rzt EAE AASE A dqr] $9
benzo(a)pyrene £ 957} 0.662) W7t x 25T
o} & Q79 Sl 2E TR % QA
2% 3ol QAN AT 2 9FL WAL A
oz ¥=Y

I ogozye 23R (032), A9 HEAY 5
FE(0.27), BFol) o3k Mgz RulAS(FS
of o3 £ARE 79 (0.18), ARBF D F24]
2 ZFE017)) BT QRS HHE A =
% Sl fod3t of3g Foloh o ute] 3
QRS 2= A x42] benzo(a)pyrene 2. = (0.14),
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xZ7121(0.13), WiAIZF Ao)A =AM 45 A
Aol 7 A& o4 AAE(0.1D] UK
3, Aeg7)o A Adgr|ze] 9] AL ®
o 2=, 450 dd AFH dF U=
A 47} 25 0.042 Jehdo]

2 #

Benzo(a)pyrene-& H]E3F PAHs2] A EAIAL
43 w2 WA A FANE 6] T QA
rZo] dd F QA AH=EE (total daily intake)2]
°F 97%F AA|gc= B3 9l onj( Hattemer-
Frey %, 1991), Baghurst (1999)¢} Knizie %(1999)
o A= AES 24 29 2 R4 A
Fo) 74 Beipa D, AL Fo| a5
Ak 72) Ape] dsl HHA ok PP
benzo(a)pyrene w-gel, 41E<] 23} ze) 9 7Fgol
gt x&5 7P 2 FAIEA AAET ole 1
i, ol2d £ 9] x| W JhF A s W
AHAY 295= EAl= A Al oE
Wy} wf-g- =Zm, o]t 4> B4 o)3EhH
EAe] s 231 oz WAEE Fo)7] dRl,
A% FAHANAY AAA dx A=A
HHeM e g dlojues Aoz ZHFsisc =
g2 A7 242 el 2% 13} A0
A2l eQozRE AA xZuiA = =iAZF 2
<A o] (inter-media transfer) 7)g-& 7}x]xz =)A)/
7z QA x=2%E dEsa e HoezA,
71& ATEedA F2 9P benzo(a)pyrene2]
QA xZ3} B3t AEY] =8 9 7H-QakL
Dell A7 AA 2 AH =& T3] A+t

A7), A2 9 2o IAA AN 2H=
£ dieo g <A AEFuANMY 2 =E HdF
g b Alel AW )8 B o= A4
3.66 X 10 ® mg/m’, 3.48 x 10 mg/m’ 2.2 ALZE|9)
. ol $ehuet +AAANN 2AHYE o)
2% 58x107~2.54 % 10" mg/m® (1990~ 199413,
W 23 §AEE ol (AR 5, 1996).
g o2 Azla, RAE FAE Y 299
97] % benzo(a)pyrene?] %% (2.0x107~2.5x%
107 mg/m’) ¥ohke Ba B2 Aoz waHc
(Odabasi %, 1999).
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g, $85($54) 5 benzo(a)pyrene?] F=
= 575% 10 mg/ielgl T, A® EoFA S FHF
25l 422x107° mg/kgoe 2 o ZH]o) HF
9] Chiang-mai X]Ho|x 2] E9F = benzo(a)pyrene
9] & &A% Amagai 5(1999)9] A+ AE
B, 78 F 202X 10 mg/kgo 2 =] &
gyt s ¥ F=9

249 A o8 AlFelMe 29 A
£, S22 A 1.43x 107 mg/kg, SFoAE 1.20
x 10 mg/kgo = o Z=glon, old &7 29
57} abEol] wjs) o 10ui71 A eyt
ol k% L FAT it M 29E
Ao} WAzt o]F L AW 2o dg RRo
2 oAz 2 gAe] AS(TFHe AAAZRAS
(biotransfer factor)E 243t of| & As}o|z}, AA| 2
= 71Eel 249 3, B Bl Ao »
24 B ohde, Hol AHE B8 od€ B
AA AufE AE (X Bx)E A 7S] A3
3l7] o Eel] AAFZF o3 Aoz HriHY
o 2Ela ARIAGelA Aul g AnFe] g
PAHs9] 29 EAA7}(Voutsa®} Samara, 1998),
oful Fo| A 2] benzo(a)pyrene-2 1.4 x 10~ mg/kg,
22 1.1x 10" mg/kg, B3 1.5%x 107 mg/kg, 4
Z 28x10" mg/kg, M =4 EAE 24x107°
mgkgo 2 FAMEHYY, x o2 9T dT=2A
200%2] A]¥ Z benzo(a)pyrene?] =g EA3k
A7} (Kazerouni %, 2001), & 12x10™ mg/kg, &
2 1.5%x 10" mg/kg, Fel3 4.7 %107 mg/kg, Ex}
E 1.9% 10" mg/kg, A 1.7x 10 mg/kge] %%
TS 2o $Evete] 2935 benzo(a)pyrene
9] 2957t BE&E U 4 sl

=X AF Al gujAl/dE R &2 benzo
(a)pyrenc®] & VA xEFL HF 5.52% 107 my/
kg-daye 2 AREEgl.om, o] benzo(a)pyrene2]
wrolzbAl] & (carcinogenic potency: ql* = 7.3 (
mg/kg-day)™") (IRIS, 2003)-& o]&3sfo] FAhza}
wekdsl =2 vhepd, o Rk g of 49
403x10799) $Fq Aoz FH=AG

e H|/e}7d 25 2ejsle] |53 benzo(a)pyrene
o] dd FF F A xEF 7P £ 9% v
e FAWAE d719 2oz EAENG A
7] 28 &3 AFr1eh A7) 2ol 2%
AA xZFozr 7+t 1.51%x 107 mg/kg-day 2}
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1.42x 107" mg/kg-day 2 ArZH ¢l ow, o]+ Yaffe
5(2001)2] A3 Al ANARD F7] FY
o 98t xZ Ax 1.3x 107 mgkg-day}= &
Abslde). gl 2 A7 AN E BeqFKe] I
BAZd 8 wZe 699x% 107 mgkg-day=
ohE =3 A2 Ll vls 7 @9kem, Los Ange-
lesoll A19] ool A F PAHs®] A AT ZoA =
85t B0 9 IR eEFE 9 =27
2o vldle] Aoz ww|g fFo2AM B
sJo} (Yaffe 5, 2001).

wehA, AFY 7y ¥ o] A% =% A=
E A)9J3 benzo(a)pyrened] ThuiAl/R R <AA
& F AW -9 37 e A% &%
7l gl 714 A HriERenzg, a3pHel @
7 F=] igte 2 $434] benzo(a)pyrene?] o
7] W& F=E 2 S AUE Aoz Asd
o}.

A/ R xE e s FAR
benzo(a)pyrene2] T2 A xF 23L& RAS}
7] fsld W= BAME AAsgs 2 A3 =
ol A4EAUY ToFat ARE (factors) Foll A
A7z QA x2F dSAT] FAT S
o)X QlAEEA A - 9] FzhelXe] x=FA7H
2 x=E3=, FANA (A7), AP, B F
benzo(a)pyrene?] 9=, £FF, WA 24 A
o] ALY > A, NES - 85, B> F
28), AAARA S, B9 A 2 AAE A=
AA7) H8 228 Y 548 Tl =2
3 F F QA xF3F AP 2 FFE AL Q
A= 9)7] 3 benzo(a)pyrened] LG =z BAE Y
o} ole} o], mizt® ¥AMS F8 =29 £
d3F AAEC HAAM Judt H=X9} FEEE
5 A4t aet AA =23 A5 A}
#H$-=7] dio, 1} g5HE FPATI7] Yl
A olEg RS A do)E Y Ar 5o
53] Bedslojof & Aoz AU

olgg & HLEL Al =% A5 =3 9l
o] AR Zell F93F FAeAo|A T HA -
gue} F9¢ ez 3 QA xF BHSE
of d& A gt w¥|Ek] o e, &
ATl AEHAF 4 HAF AF I8
EE BAMTE 9 22417 AlLE dREe
AA =& WHSEL vlF EPACIA Atsta e
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FES J83E. debA] gAXez gz o
A =% 23y o ogEAY A x2FE
d&3l7] iy eivete A At =
3 Mt Fo3AATL o AFEE AT
Az 4+ e & Az AT HolEHolx
FEo] FAug® AlgT Aol

o Yoyt Az Al =& Hrl QoA =2
AT A EAE ©% AEsstd A, 9%
o 543 71E Wt =F AYEeE Y
sl 1o wpE WSES APIASIA Hede=
A, 2ok Bgstn AAE A5 =29 e
AT dF-5 APA Ak & Aoz Asdn

o

rak

o2

AAA, oJHA, A5E U949 PM-10 5 3hEes
erele4e] e Wl #et A, I 853
=] 1996; 12(3): 341-350.

R A EXR Korea, Food Code, 1997.

Mg B e e A TgEst 3§
Aad oA TR eEwe] S AT R
AR chilA e ASEY Y FPEIA. &
738, 2001.

QAN AT AT FHedEA AAAdE) o
#7)E A EEY] AsEs E B=)e
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F EA

ABS : absorption factor (dermal):equivalent to 0.1% (inorganics), 1.0% (organics) (unitless).

AF : adherence factor (mg/cmz)

AT : averaging time (days)

BRj, - high activity breathing rate (m’/day)

BR; : light activity breathing rate (m*/day)

Bt (meat) : biotransfer factor in meat relative to cattle-diet contaminant intake (day/kg[m])

BW : body weight (kg)

Cir : concentration of the chemical in air (mg/m3 )

CF : unit conversion factor

Chyg 1 concentration of the chemical in plants (mg/kg)

C; : concentration of the chemical in exposure medium i (mg/m®, mg/L, mg/kg)

Cy : concentration of the chemical in environmental medium & (mg/m3, mg/L.mg/kg)

C, : concentration of the chemical on beef cattle exposed to the chemical in air, water, soil, plants (mg/kg[m])

Csoit - concentration of the chemical in surface soil (mg/kg)

Clarer : concentration of the chemical in surface water (mg/L)

ED : exposure duration (years)

EF : exposure frequency (days/year)

ET; : exposure time by water using in exposure space (hr/day)

Fy, « fraction of fruits and vegetables consumed that are exposed produce (unitless)

Fs : fraction rate of exposed skin (unitless})

HIF,/™ : human intake factor of chemical of concern by an exposed individual via inhalation of contaminated ambient air
(m*/kg-day)

HIF,,;™ : human intake factor of chemical of concern by an exposed individual via inhalation of contaminated drinking
water (L/kg—day)

HIF 4, ; uptake of chemical of concern by an exposed individual via dermal uptake with contaminated drinking water

(L/kg~day)

HIF;,™ : human intake factor of chemical of concern by an exposed individual via ingestion of contaminated fruits,
vegetables, and grains (kg[fvgl/kg—-day)

HIF,-J"": human intake factor of chemical of concern by an exposed individual via inhalation of contaminated indoor air
(m*/kg-day)

HIF{" ; huoman intake factor of chemical of concern by an exposed individual via ingestion of contaminated exposure

medium i (L/kg-day, kg[s)/kg-day, kg[m]/kg—day)
HIF;; : human intake factor from exposure medium i by route j attributable to environmental compartment k (m*/kg-day,
L/kg—-day, kg[il/kg-day)
HIF " . yptake of chemical of concern by an exposed individual via dermal uptake with contaminated surface soil
(kglsl/kg—day)

i : exposure medium such as outdoor air, indoor air, drinking water, surface soil, plants and meats

Iine - ingestion of exposure medium / by beef cattle (m*/day, L/day, kg[s]/day, kg[fvg]/day)

IRy, : ingestion rate of fruits and vegetables (kg[fv]/day)

IR, : ingestion rate of grains (kg[gl/day)

IR; : ingestion rate of exposure medium (L/day, kg{s]/day, kg[m]/day)

ISR : rate of exposure time in indoor (unitless)

k : environmental medium such as ambient air, surface water, and surface soil

LADDhasetine, LADD g, : baseline and variation of LADD

LADDy : lifetime average daily dose from exposure medium i by route j attributable to environmental compartment k
(mg/kg—day)

MTEz : the mass transfer efficiency from water to air in exposure space (unitless)

SA : available surface aerea (cmzlday)

SP : skin permeability coefficientc (m/hr)

TF ism : transfer factor from chemical of exposure medium / to beef cattle (m3/kg[m], L/kgim], kg[sl/kg[ml, kg[fvgl/kg[m])

TF i : transfer factor from chemical of environmental medium & to exposure medium i

VRz : ventilation rate of exposure space (m*/hr)

W. : water consumer in exposure space (L/hr)

Xpasetines X10% : baseline and variation of exposure factor

Z : exposure space such as bathroom or house

¢ : standard deviation of distribution for exposure factor



