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A Study on the Characteristics of Released Asbestos Fiber
from Asbestos-Cement Slate Roofs

Jeong ]ae-wonT , Kwak Jin, Cha Young-wook and Yoo Eun-chul

Air Preservation Division

Abstracts

This study was performed to quantify and identify the asbestos fibers released from two types of asbestos-cement

slate roofs. One is plant roof of big size which was estabilished in 1987 and contained 15 % chrysotile, and the other is

house roof of small size which was estabilished before 1983 and contained 12 % chrysotile. The range of airborne fiber

concentration around asbestos-cement slate roofs was from 0.0012 to 0.0018 f/mL, and the concentration of asbestos
fibers in the drained rainwater from asbestos slate was from 1,764 f/L to 10,584 f/L. The concentration of asbestos fibers
in the drained rainwater was higher when the amount of rainfall was low, but the concentration of asbestos fibers in the

drained rainwater per unit area(m’) was increased with the amount of rainfall. The concentration of nonorganic fibers

contained asbestos in the soil around asbestos slate was from 217 f/g to 348 f/g and more asbestos fibers was identified

in the sediments below the slate and mossy slate. And the excess lifetime cancer risk(ELCR) for the risk assessment of

the asbestos fibers released from asbestos-cement slate based on US EPA IRIS(Integrated risk information system) model

is within 5.5E-06 - 6.5E-06 levels, these results indicate that the cancer risk from asbestos-cement slate roof did not

exceed “the acceptable risk(1.0E-05)” by WHO. It was confirmed that asbestos fibers released from asbestos-cement slate

roof through the rainfall, and existed in soil and mossy slate. Therefore, it needs urgent measures such as removal,

encloser and encapsulation to minimize exposure asbestos fibers from asbestos cement slate roof.

Key words : Asbestos-cement slate roof, airborne fibers, drained rainwater from asbestos slate, the excess lifetime cancer

risk(ELCR)
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Fig. 1. Classification of ASR(asbestos-cement slate roofing) buildings in Busan.
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Table 1. Classification of ASR(asbestos-cement slate roofing) buildings on usage

Total residential facility factory warehouse livestock shed

buildings 47,035 41,870 2,895 1,893 314 63
total percentage 89.0 % 6.2 % 4.0 % 0.7 % 0.1 %
area(m®) 4,721,852 2,899,802 522,163 1,206,385 66,417 27,085

ermitted buildings 21,987 18,909 1,332 1,500 194 52
pbuildin percentage 86.0 % 6.1 % 6.8 % 0.9 % 0.2 %
9 area(m®) 2,742,543 1,449,784 204,971 1,019,258 49,805 19,265

unbermitted buildings 25,048 22,961 1,563 393 120 11
&Mn percentage 91.7 % 6.2 % 1.6 % 0.5 % 0.04 %
9 area(m?) 1,979,308 1,450,016 317,192 187,127 16,612 7,820
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/g calcium silicate hydrate(60 - 80 %), calcium
hydrate(10 - 12 %), calcium aluminate hydrate(3 -
10 %), calcium aluminate sulfate hydrate(0 - 5 %),

Table 2. Numbers of ASR(asbestos-cement slate roofing) buildings classified by administrative district (unit : buildings)

District total permitted building unpermitted building
Nam-gu 6 216(13 2 %) 2,135(9.7 %) 4,081(16.3 %)
Busanjin—gqu 16(12. 6 %) 1,286(5.8 %) 4,630(18.5 %)
Gangseo—gu 5 208( %) 3,308(15.0 %) 1,900(7.6 %)
Seo—gu 4, 943(10 5 %) 1,321(6.0 %) 3,622(14.5 %)
Youngdo—gu 4,619(9.8 %) 2,409(11.0 %) 2,210(8.8 %)
Dong—gu 4,487(9.5 %) 1,184(5.4 %) 3,303(13.2 %)
Saha—gu 4,085(8.7 %) 2,822(12.8 %) 1,263(5.0 %)
Sasang—gu 1,939(4.1 %) 1,503(6.8 %) 436(1.7 %)
Geumjeong—gu 1,891(4.0 %) 887(4.0 %) 1,004(4.0 %)
Haewundae—gu 1,776(3.8 %) 1,340(6.1 %) 436(1.7 %)
Gijang—gun 1,550(3.3 %) 1,405(6.4 %) 145(0.6 %)
Yeonje—gu 1,345(2.9 %) 465(2.1 %) 880(3.5 %)
Dongrae—gu 1,111(2.4 %) 841(3.8 %) 270(1.1 %)
Suyoung—gu 819(1.7 %) 640(2.9 %) 179(0.7 %)
Buk—gu 590(1.3 %) 177(0.8 %) 413(1.6 %)
Jung-gu 540(1.1 %) 264(1.2 %) 276(1.1 %)
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Fig. 2. Asbestos-cement slate roofs and SEM image of chrysotile in the slate roofs.
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Table 3. The Characteristics of sampling slates
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Slate roof estabilished year contained asbestos appearance
plant 1987 chrysotile 15 % good
residential before 1983 chrysotile 12 % not good

a) The roof of a plant

A

AU

b) The roof of a residential house

Fig. 3. Appearance of sampled asbestos-cement slate roofs.
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Fig. 4. The type of cement slate.
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Table 4. Airborne fibers concentrations in asbestos slate roofs by PCM and SEM

buildings dry condition in 24 hrs after rainfall after 48 hrs after rainfall
sampling date 2013. 8. 20. 2013. 9. 30. 2013. 10. 4.
temp.(°C) 32.4 23.2 22.5
lant wind speed(m/s) 1.7 3.0 55
P humnidity(%) 62 82 57
fioers conc. by PCM(f/mL) 0.0016 0.0000 0.0018
asbestos conc. by SEM(f/mL) 0.0006 0.0000 0.0000
sampling date 2013. 8. 21. 2013. 9. 30. 2013. 10. 4.
temp.(°C) 32.0 23.3 24.2
residential wind speed(m/s) 2.3 2.8 3.4
humidity(%) 62 83 60
fibers conc. by PCM(f/mL) 0.0012 0.0000 0.0012
asbestos conc. by SEM(f/mL) 0.0003 0.0000 0.0000
PCMol) oJ3h A} A, 49 A ool & Avele ARG, A% que vy
ZRE BV F AR 2R -0 A AR AR ArHolom, 3 SHolEXS FH 37| Fol
Pt BAE AT, A2ANE) 37 F AR A VR HERE, 3 SelolEAY P 3
YAkl FEE 00012 - 0.0016 f/mLE ZARELS.  Follx] 17h9] AHAAES Bl thFig. 6)

v, 25 48X2 olF 8] F7) F AR Il
E=E 00012 - 00018 f/mLE XA}E|o] & Axto]
Zpol7t Y= A Z Y THp<0.05).

T SeolEARS B9 30 24} F F50)

=
BEAAS BRI R BA EAEoL,
79 st 43 Jugel $UG TS

SEM-EDXHel| 9] 3t 240l X 1241719 &7
Z AWEE7} 0.0003 - 0.0006 f/mLE ZAFE RO
, 73T 24X7F o) B 48A|7 o] %9] FT] F A
Mol HEHA asith ol A
The R A BASE AT A 2011 - 2013

AR SEo|EAS A9 th7|9d ZUE

A7} EwE HA 1,764 f/LoA 1 10,584 f/L7}
7 & Aolg UEhilom, B4l 714 A2 we)

FEIF 7P =L Aol wolda s vt
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Fig. 6. Asbestos(chrysotile) fibers in air around slate roof by SEM image.

Table 5. Asbestos concentration of drained rainwater from ASR(asbestos-cement slate roofing) buildings

buildings 1st 2nd 3rd

sampling sampling date 2013. 7. 28. 2013. 8. 26. 2013. 9. 9.
condition amount of rainfall(mm) 8.0 100.0 16.5
sampling volume(L) 2.7 36.5 6.2
plant pH 7.0 6.6 6.7
asbestos conc.(f/L) 10,584 3,528 5,292
sampling volume(L) 1.8 23.6 3.8
residential pH 7.0 6.8 6.8
asbestos conc.(f/L) 8,820 1,764 5,292
geometric mean 9,662 2,495 5,292
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Table 6. Theoretical drained rainwater from ASR(asbestos-cement slate roofing) buildings

plant residential

sampling area

width(m) 0.13

0.13

T

length(m) 3.5
slate area(m?) 0.455 0.286 . ‘\ 11
8.0 mm 3.6 L 23 L
theoretical drained -
rainwater 100 mm 455 L 28.6 L -
L i =
16.5 mm 7.5 L 4.7 L
Table 7. Asbestos concentration of drained rainwater from unit area(m’) of slate by rainfall (unit : f/L - )
amount of rainfall 8.0 mm 100.0 mm 16.5 mm
plant 62,806 283,015 72,111
residential 55,510 145,561 70,3183
Geometric mean 59,046 202,968 71,206
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Spectrum 4

Fig. 7. Asbestos(chrysotile) fibers and EDX spectrum peak in soil filtrate by SEM image.

Table 8. Asbestos concentration of soil around the slate roofs

asbestos fiber filtering
by stereoscopy PCM(f/L) SEM-EDX
plant N.D. 17,422 chrysotile
residential 1 fiber 10,584 chrysotile

(b)

Fig. 8. Asbestos fibers(a) and non-asbestos fiber(b) in soil filtrate by PCM image.

D

¢~ LEl A5.0KV 7 X2;200, WD 14.5mm ~ £°

Fig. 9. Asbestos fibers(a) and non-asbestos fiber(b) in soil filtrate by SEM image.
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Fig. 10. Asbestos(chrysotile) fibers in sediment below the slate(a-1,2.3) and moss on the slate(b-1,2,3). (a-2, b-2 :
stereomicroscopy ; a-3, b-3 : scanning electronic microscopy).
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Table 9. Calculation of TWFs in the ASR(asbestos-cement slate roofing) buildings

activity space exposure activities scenarios TWF
residential — 250 days per a year, 12 hours per a day exposure 0.620
— 115 days per a year, 22 hours per a day exposure
plant — 250 days per a year, 8 hours per a day exposure 0.228
Table 10. Calculation of ELCRs in the ASR(asbestos-cement slate roofing) buildings
buildings EPC(f/mL) TWF IUR(f/mL)™" ELCR
residential 0.0003 0.620 0.035 6.51E-06
plant 0.0006 0.228 0.040 5.47E-06
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