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Abstract

The risk of benzo(a)pyrene for cancer in the ambient air of Seoul was assessed by using the
extrapolation methods.

The average daily hfetime exposure of benzo(a)pyrene in the ambient air of Seoul was calcu-
lated at 6.97-24.30ng/m’/day, which was based on the occurrence analysis of benzo(a)pyrene in
the residential(Bull Kwang Dong) and traffic areas(Shin Chon) of Seoul.

Using the dose scaling based on body surface area in comparisons of toxicity for extrapolation
from animal to human and mathematical models from the high dose region, the low-dose risk
was estimated. The response probabilities were estimated by the tolerance distribution models;
Probit, Logit and Weibull model. They were consistent with the observed ones at experimental
dose region. The unit risk estimates of these models were too low to be used. One-hit and multi-
stage model to prove more conservative risk was selected.

As a result, the lifetime unit risk of benzo(a)pyrene for cancer and virtually safe dose were
calculated ; One-hit model provided the risk 2.8 x 1077 and 3.4ng/m?, respectively and multistage
model provided 5.2 X 1077 and 1.9ng/m® as the more conservatives.

The lifetime excess risk estimates of benzo(a)pyrene for cancer were calculated at 0.37-1.30
persons/million persons by one-hit model and 0.69-2.41 persons/million persons by multistage
model, which was considered in without virtual risk.
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Table 1. The concentration of benzo(a)pyrene in ambient air of Seoul.

sampling period area BaP(ng/m*) Reference

1983. 2~1985. 1 Heukseok 4.64 Shon et al, 1987

1985. 3~1986. 2 Heukseok 1.44 Shon et al. 1990

1986. 1~1986.12 Shinchon 1.33 Jang, 1988

1986. 3~1986. 9 Heukseok 1.91 Shon et al, 1990

1987. 3~1988. 2 Heukseok 3.29 Shon et al, 1990

1987. 7~1988. 5 Shinchon 2.27 Chung, 1990

} Bulkwang 2.83
1987. 9~1988. 7 Shinchon 3.46 Shin, 1989
Bulkwang 2.50
1988. 3~1989. 2 Heukseok 2.03 Shon et al, 1990
*concentration of BaP in fine( <2.5um) particle
T T T Available Animal Data
N}
0.40f . * |
High dose—Iow dose Animal -Human
Extrapolation Dose scaling

;g 0.30 One—hit  Probit W19(body weight)
2 Multi-hit Logit W5 (body surface area)
k-] Multistage ~ Weibull
3 | |
< 020 L
Z Unut risk estimates or
5 Virtually safe dose

0.10

Particle Diameter(um)

Fig. 2. Respiratory deposition profile of benzo(a)py-
rene in an urban aerosol.
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Fig. 3. Procedure for dose-response assessment.
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Table 2. Incidence of respiratory tract tumor in Syrian
golden hamster by intratracheal instillation of

benzo(a)pyrene.

Number of Total dose, mg Respiratory tumor in-
animal _ Cidence, %

30 3.25 10

30 6.50 13

30 13.0 30

29 26.0 86

28 52.0 93
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Table 3. Mathematical models and their low-dose behaviour in the case of zero background.

low-dose behaviour

model probability p(d) of a response at dose, d - - -
linear sublinear supralinear
one-hit 1-exp(—Ad), (A>0) A>0 — —
multihit {r)]! S:/l“t““exp(—/lt)dt, (k>0) k=1 k>1 k<1
k
multistage 1—exp( ZBd), (B.20) B>0 B=0 -
(et}
probit § 2+Bloatdif (y)dx, (B>0) - B>0 -
logit {1+exp(—a—Blogd)] !, (B>0) B=1 B>0 B<0
Weibull 1—exp(—Bd™), (m>0) m=1 m>0 m<0

Source . Munro and Krewski, 1981
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Table 4. The average daily lifetime exposure of benzo
(a)pyrene in ambient air of Seoul.

area concentration a\?erage dail):  lifetime exposure

(ng/m®) (ng/ke/day)  (ng/m’/day)
Heukseok 464 0.642 24.30
144 0.199 754
191 0.264 10.00
329 0.455 17.23
203 0.281 1063
Shinchon 1.33 0.184 6.97
346 0479 18.12
272 0.377 14.25
Bulkwang 250 0.346 13.09
2.83 0.392 14.82
zde] FA AH7NRA F¥ )X (GLIM

pakage) & o] &3}t 1¥)& of &3y faf—ukg
2L & 7} Probit, Weibull, Logit 5 "ol 33 2& HZE
i B4E FAsAcH(E 5). 2ela dAHrd ¥
i A B ol i Me Aawsts Fa wdye
g2 Aystgk §F, SPSS/PC* 2] multiple regression
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Table 5. Chisquare-test for goodness of fit and estimation of parameter using GLIM pakage.

Model X¥(d.f.) Function, Probability (dose) ; P(d)

Probit 7.2594(3) ) :é’o'“*o’m loe 4 @ dx

Weibull 5.7008(3) 1-exp{ -exp(-4.252+0.9569 log,d) ]
Logit 5.9741(3) exp(-5.589+1.435log.d)

1+exp(-5.589+1.435 log.d)

p=0.05 = X?*=7.815(df. 3)

Table 6. Data transformation for linearization from nonlinear regression curve and mathematical model applied to

the estimated parameter.

Model Nonlinear regression Linearized function
One-hit P(d)=1—exp(—Ad) log[1—p(d)]= —2d
Multistage P(d):l—exp(—'g‘B,d‘) log[1—-P(d)]=bd—bd*—---bd*
Model Fuction Coefficient of determination(R?)
One-hit P(d)=1—exp(—4.45x%10 *d) 091
Multistage P(d)=1—exp(—8.098 x 10 *d+5.061 x 10 € d*) 0.95

Table 7. The comparison between the expected probability for each mathematical model and the observed probability.

Probability ; P(d)

Dose Observed One-hit Multistage Probit Weibull Logit
3.25 0.1 0.17 0.28 0.04 0.07 0.04
6.50 0.13 0.31 0.47 0.15 0.17 0.17
13.0 0.30 0.52 0.70 0.43 0.39 0.45
26.0 0.86 0.77 0.88 0.76 0.72 0.75
52.0 0.93 0.95 0.96 0.93 0.96 0.93
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Fig. 4. Incidence of respiratory tract tumor in Syrian

golden hamster exposed to benzo{a)pyrene in
high-dose region.
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Carcinogenic response
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Fig. 5. A comparison of the results of various dose-
response model for the low-dose region.
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Table 8. Dose scaling for hamster and human.

Hamster® Human®
Probability ; P(d) based on W"% based on W%
(1 g/m’/day) (mg/m?/day)
0.10 41.76 3.366
0.13 83.52 6.732
0.30 167.05 13.464
0.86 334.10 26.928
0.93

53.856

* LAE; oo =total dose/W" /52 weeks(x 7day/week)
Here, Wy s is the time-weighted average value dur-
ing experimental

® LAEumen =LAEnamster X (W haman/ Whamster)* &

Here, human is standard young adult man with
70kg(weight), 175cm(height) and 1.85m?(surface

area).

Table 8. The lifetime unit risk estimates and virtually
safe dose for one-hit and multistage model.

Model Unit risk estimates Virtually safe

. Gose(107%)
One-hit 2.8x10°7 3.4ng/m*
Multistage 5.2x1077 1.9ng/m?

reference : unit risk estimate 1: Weihull; 6.9x 1071

Logit ; 4.1x107™*
ol 7} B4 Ql (conservative) &% 3=
A Za= multistage e ASE wolgHs
A2 52x107702, 70kge] A7} Ao
70Q3%<t BaP lng/m'e 2 2% 7|5 npilx
A d b AE e 23 EkE gl 109w
5.29% 9ozl 283 1.9ng/m'e gz A
AR FHFECE 5 F 2es ek

3.3 ez &4

& Hrie) 8% —wbg HYUbE =R A9 AE
Al AR 29 d eodx FFA, Udxrde A
4 wighrded 0.37~1.30%, ohgA 2o He 069~
2419 9} ot #-8-8 el ok 10).
4. 1 &

WHO working group(1987)elj 4]+ ¢]u| BaPel] tf
T @3] s FAAE Ix107°e 2 B3 g u)
Azh o] E £ AT o] 83 BaPo o=
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Table 10. The lifetime excess risk estimates due to
benzo(a)pyrene in ambient air of Seoul.
Aven Concentration Excess risk estimates(per 10°)
(bg/m?) One-hit Multistage
Heukseok 4.64 1.30 2.41
1.44 0.40 0.75
1.91 0.53 0.99
3.29 0.92 1.71
2.03 0.57 1.06
Shinchon 1.33 0.37 0.69
3.46 0.97 1.80
2.72 0.76 1.41
Bulkwang 2.50 0.70 1.30
2.83 0.79 1.47
Anol 445 W 24T F 9l % 23t
& AW Ww 10~40% FEoR B A7 W

gk 99 19 5 ﬂ’J}i— 7lval zpol & viEburt.
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Table 11. Unit risk estimates obtained from statistical package using various data sets.

Unit risk estimates Route Model Approach Data set Reference
1.7x10°¢ A Inha MS  95% UCL Thyssen et al.(1981) Collin, 1991
1.1x10°® A Inha MS 95% UCL Thyssen et al.(1981) Collin, 1991
3.7x1077 A Inha MS 95% UCL Thyssen et al.(1981) Collin, 1991
45x107¢~4.8x10"* A Intra MS 95% UCL Saffiotti et al.(1972) Collin, 1991
4.4%x10°° A Intra MS 95% UCL Feron et al.(1973) Collin, 1991
2.0x107*~6.0x10"* H Inha MS  95% UCL NRC, 1983"
9.0x107° H Inha RR  95% UCL NRC, 1983
2.8%x1077 A Intra OH Best Feron et al.(1973) this study
52x1077 A Intra MS  Best Feron et al.(1973) this study

A : using experimental animal data
H : using epidemiological data
Inha :

Intra :

inhalation

intratracheal instillation

MS : multistage model

OH : one-hit model

RR ! relative risk model

95% UCL : 95% upper confidence limits

Best : best estimates(No upper or lower approach)

1) The values estimated from epidemiologic studies of lung cancer in workers exposed to complex BaP-containing

atmosphere.

2) Based on benzo(a)pyrene of lng/m® in air as a component of benzene-soluble coke-oven emissions.
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