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Abstract

This study was performed to evaluate the asbestos exposure levels and to calculate excess lifetime cancer risk (ELCR) for
the risk assessment of the asbestos fibers released from asbestos-cement slate roofing (ASR) building. Total number of ASR
buildings was into 21,267 in Busan, and 82.03 percent of the buildings was residential houses, and 43.61 percent of the
buildings was constructed in 1970s. For this study, ten buildings were selected randomly among the ASR buildings. The range
of airborne asbestos concentration in the selected ten ASR buildings was from 0.0016 to 0.0067 f/mL, and the concentration
around no-admitted ASR buildings was higher than that around admitted buildings. The ELCR based on US EPA IRIS
(integrated risk information system) model is within 3.5E-05 ~ 1.5E-04 levels, and the ELCR of no-admitted ASR buildings
was higher than 1.0E-04 (one person per million) level that is considered a more aggressive approach to mitigate risk.

These results indicate that the cancer risk from ASR buildings is higher than other buildings, and systematic public
management is required for control of no-admitted ASR buildings within near future.

Key words : Asbestos-cement slate roofing (ASR) building, Health risk assessment, Airborne asbestos, Excess lifetime cacer
risk (ELCR)
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Fig. 1. Sampling sites of asbestos-cement slate roofs in Busan.
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Table 1. Target buildings with asbestos-cement slate roofs

ERL R E PEE R ETC S
A A2010-243) ES 02303.1 TAIZ7] 2 4w
A A B 2 - POl E5t
o, AEZ QA AE(MCE, mixed cellulose ester)
A& 2] o727} A2 open faced HE|SCIE AL
g3to] Heto HE 1215 m €)X|oA4] 10 L/min
o] 9Eko & 1200~2,400 L7} H=2 st} =
et A& e oHE-EfopHE el ofsf £y
SAIZ oW, AT 400804 & 2004]OF
£ P A9 9 464 WAL Aelgck

]
=

> K

buildings construction year asbestos type
A 1975 chrysotile (15 ~20%)
B 1985 chrysotile (15 ~20%)
permitted C 1968 chrysotile (15 ~20%)
building D 1985 chrysotile (15 ~20%)
E 1985 chrysotile (15 ~20%)
F 1985 chrysotile (15 ~20%)
G before 1970 chrysotile (15~20%)
unpermitted H before 1970 chrysotile (15~20%)
building I before 1970 chrysotile (15 ~20%)
J before 1970 chrysotile (15~20%)
reference K before 1950 none asbestos
building L before 1950 none asbestos
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Fig. 2. Asbestos-cement slate roofs (left) and SEM image (right) of chrysotile in the slate roofs.
The bar size in the right image indicates 100 pm.
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3. Zn { n¥ 27 Bxsl= Ao UeRdti(Table 4). w5387}
s SHE= 7 28iE S olE AE5E]] 1920
3.1, AHAHO|E X|E 3

_4 ZR?_]% LISReN =
QA1919) A AS U A PHE29) 2 Lestos, 1
WAL Aol AR ARG6s%) st gk
(Busan metropolitan city, 2011).
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Table 4. ASR buildings classified by administrative district

Zo|EX|E AZEo] 95 By Al Hu, (unit:buildings)
Fejo] 82.03%2 7 BRI AT 5.26%, BH — zgﬁgﬂﬁ‘;g;)
- angseo-gu s 2%
3.68%, ZA}0.54% 5.0 % LFERTH Table 2). Sahmen 2549 (12.0%)
W52 HIE st 34 1E0] AFR|sh= H) Nam-gu 2,455 (11.5%)
L8 AA| A=E 4=2] 3.68% o] B]x] ¢koL], Busanjin-gu 2,362 (11.1%)
Bo| gAE0] WHo] Zelof vla| Hol, 2|82 g o meen o Ej-;‘f;
oungdo-gu R 2%

[ A d =0 o A}

i M__ SEo|ES WA vk =5 A o= oAt Seo-gu 1,468 (6.9%)
ok =3 a1, FAL A 5o SE0|EXS H¥ e Sasang-gu 1,344 (6.3%)
FHHCE Yo Ao] Yulzo| B 7 Lo EX|E-Q Dong-gu 1,171 (5.5%)

el QA Aol S| FAH 247} glof
oF 8 5102 Hehich
AR

_EL

Haewundae-gu
Yeonje-gu
Geumjeong-gu

1,006 (4.7%)
618 (2.9%)
591 (2.8%)

SHo|EAE 5= A5ded BxE A Dongrae-gu 517 (2.4%)
HE 1970UT] AZEo| 43.61%2 7P woki, Suyoung-gu 340 (1.6%)
1980 tH 36.48%, 1960t 11.40% 20 & Lhelyt Jung-gu 297 (1.4%)

Buk-gu 226 (1.1%)

CHTable 3).
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Table 2. Classification of ASR(asbestos-cement slate roofing) buildings on usage (unit:buildings)

total residential warehouse factory livestock shed facility unconfirmed
21,267 17,446 1,118 783 115 1,774 31
(100%) (82.03%) (5.26%) (3.68%) (0.54%) (8.34%) (0.15%)
Table 3. Numbers of ASR buildings classified by construction year (unit:buildings)
total before 1920 1930 1940 1950 1960 1970 1980 since 1990
21,267 189 239 271 199 2,424 9,275 7,759 911
(100%) (0.89%) (1.12%) (1.27%) (0.94%) (11.40%)  (43.61%)  (36.48%) (4.28%)
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Table 5. Airborne asbestos concentration in and out of ASR

buildings
buildines indoor site outdoor site
& (f/mL) (f/mL)
sampled number 6 6
itted Mean 0.0022 0.0016
permitte SD* 0.00057  0.00065
building .
Min. 0.0016 0.0008
Max. 0.0031 0.0027
sampled number 4 4
itted Mean 0.0046 0.0013
unpermitte SD* 0.0016  0.00022
building ;
Min. 0.0032 0.0011
Max. 0.0067 0.0016
sampled number 2 2
Mean 0.0015 0.0012
reference SD* 0.00014  0.00057
building .
Min. 0.0014 0.0008
Max. 0.0016 0.0016

SD* means standard deviation
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Fig. 3. Correlation between fiber concentrations and ASR building-construction years.



o A (SEM-EDX) & AR8-51o] Bt 5=
7} 0.0000~0.0006 f/mLz}3l Q£35S H(Campopiano
et. al., 2009), Spurny+= AH S| 0| E7} AR A&
o Fajo] ZIWEA AN 2T B F HUsE
7} 2F0.001 f/mL A E=2}al 3} TH Spurny, 1989).

A5AxrE 4ol e 5 7H 23 E 19684
E AHE A - 99 Y 2 AaEs SRS
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ERTh(Fig.3).
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5|7} AHEY | EAS R4 7Y =A UER
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73Tl A =} 57 oftge] Aol - E kel oh
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1259 "FF7Hs)~1.66E-06( M THET 1,66 QHelr}
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Table 6. Calculation of TWFs(Time Weighting Factors) in the ASR buildings

activity space

exposure activities scenarios TWE

indoor space of house

- 260 days per a year, 12 hours per a day exposure 0.620
- 105 days per a year, 22 hours per a day exposure ’

outdoor space of house

- 365 days per a year, 2 hours per a day exposure 0.083

working space

- 260 days per a year, 10 hours per a day exposure —

Table 7. Calculation of ELCRs (Excess Life Cancer Risks) in the ASR buildings

buildings EPC (f/mL) TUR (f/mL)" ELCR
admitted 0.0016 ~ 0.0031 0.083 ~ 0.620 0.035 3.5E-05 ~ 6.7E-05
building

no-admitted

building 0.0032 ~ 0.0067

0.083 ~0.620 0.035

6.9E-05 ~ 1.5E-04

reference

building 0.0014 ~0.0016

0.083 ~0.620 0.035

3.0E-05 ~ 3.5E-05
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