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ABSTRACT

Objectives: The purpose of this study is to analyze the number and influence factors of asbestos fibers in the air of farmhouses with
asbestos cement slate roofing, as well as in rainwater per unit area of the asbestos cement slate roofing.

Methods: At a distance of 1 m from the end of asbestos cement slate roofing in 20 farmhouses, the asbestos fiber in the air was colle-
cted three times on a clear day downwind from the prevailing wind. Rainwater falling from the slate roofing was collected four times
with a 1.05-m rainwater pipe on a rainy day at the 20 farmhouses, filtered with a MCE filter, and analyzed with a phase contrast microscope.
Results: The geometric mean of the number of asbestos fibers in the air of farmhouses with slate roofing was 0.11 fiber/L, and no
samples exceeded the recommended standard of 10 fiber/L. As a result of multiple regression analysis, a factor which gave a
significant influence to the asbestos fiber content in the air was the gross area of slate roofing at the target farmhouses. The number
of asbestos fibers included in rainwater collected per 1 m” of slate roofing was 1,753 fiber/L-m’. As a result of multiple regression
analysis, the number of asbestos fibers contained in rainwater per 1 m” of slate showed a significantly higher tendency as the year
of slate roofing installation at the target farmhouses receded.

Conclusions: It was confirmed for the first time in Korea that asbestos from asbestos cement slate roofing scatters into the air.

Key words : Asbestos, Slate roofing, Airborne, Rainwater
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Figure 2. Sampling sites in Dogo myeon, Asan city
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A: Sampling point

Figure 3. Sampling point of asbestos fibers in ambient air
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Figure 4. Sampling drainpipe for asbestos fibers in rainwater
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Table 1. Characteristics of slate roofing
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IPEE AFeE AE AR sEHE EdEelA
8.47 fiber/Lo] it}

A A BE SR thEol- A 5o AWe7]
Al o] P74l 10 fiber/L(0.01 fiber/c.c)E %
et 32 gk HA A& 607] 5 EHE H AR

Sampling Construction Roof area Roof length C
Number year (m?) (m) BNE BEHESEL 383%0]th
! 1982 114.0 3.80 ol X8 712 4t B7te] 29, sEolE
: - s o AR, AR Y2 A BEEs 9 6] & 5 ATz
4 1986 134.0 5.00 S W w71 EElolE As F WA uE 37
5 1992 710 320 % AW A 520 s E a7 SEEnA, A
Cm SR AR EsddE ks b
8 1976 122.4 332 AA SHolE Ae 7He 71 § AW AR w=
9 1976 87.4 1.82 L 715FE+ 0.11 fiber/Lo]@l o, A8 1.78 fiber/L
P olse bRt Beae melsd gy
- o7 ot o 5710] Hofat SelolE A|%o] MAE, Al A A
13 1972 774 225 Bt T5 D A7F & 5 Ayl mE f-ole &
14 1985 106 241 ol ®ol] gpgkort, 24 thi B7te] ool A
o o o " 2ol & o] 120 m* ol u B7] F AW A4
17 1985 126.5 5.70 FE7F FY8HA =3 tH(p<0.05).
18 1980 e 163 37 % AW ALY el 9IS AL 2z &
e - o o s o) 45 YA BAIS) 9] e
Mean 1982 983 327 HEA(Multiple regression analysis)2 Z]-2-3}th 37]
Min.~Max. 1972~1992 10.6~449.3 1.65~5.70 Z Ay Atj_lf_'{ %‘—Eoﬂ ;q_gjij_(ln)% z}s]—gH ZEHET
Table 2. Ambient air concentrations of asbestos by sampling date
(Unit: fiber/L)
No. 2012/9/15 2012/9/22 2012/9/24 No. 2012/10/7 2012/10/14 2012/10/21
1 1.67 N.D.| N.D. 11 N.D. 2.03 N.D.
2 7.21 5.12 1.36 12 N.D. N.D. 0.67
3 8.20 3.37 1.99 13 0.65 0.68 1.35
4 5.99 N.D. 1.98 14 1.33 N.D. N.D.
5 N.D. 3.42 N.D. 15 2.63 N.D. N.D.
6 6.57 N.D. N.D. 16 0.72 2.04 1.27
7 N.D. N.D. N.D. 17 0.95 2.77 N.D.
8 N.D. 3.74 0.68 18 N.D. 2.04 1.32
9 8.47 3.41 N.D. 19 0.67 1.70 2.05
10 8.19 3.94 2.03 20 1.71 2.78 N.D.
" N.D. : Not detected
Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(3): 196-204 http:/Aww.kiha.kr/
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Table 3. Ambient air concentrations of asbestos by general characteristics
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(Unit: fiber/L)

General characteristics N oM’ (GSD)* Mean + S.D." Range p-value
Area
Sinchang myeon 30 0.13 (60.42) 2.58 + 291 ND.} ~ 847 0.749
Dogo myeon 30 0.10 (35.32) 0.98 + 0.95 N.D. ~ 2.78
Construction year
<1979 18 0.10 (48.79) 1.88 + 2.70 N.D. ~ 8.47
1980~1985 24 0.06 (47.04) 1.17 £ 1.53 N.D. ~ 6.57 0.874
>1986 18 0.30 (40.25) 2.48 + 2.58 N.D. ~ 8.20
Average wind velocity
<2.5 m/sec 20 0.07 (53.34) 1.42 £ 1.90 N.D. ~ 847
2.5~2.9 m/sec 20 0.07 (36.64) 1.83 £ 2.46 N.D. ~ 8.19 0.408
>3.0 m/sec 20 0.29 (47.87) 2.09 + 2.54 N.D. ~ 8.20
Rain after the elapsed time (hour)
<100 20 0.13 (60.71) 2.65 + 3.32 N.D. ~ 847
100~149 20 0.17 (47.72) 1.85 + 1.67 N.D. ~ 5.12 0.787
>150 20 0.07 (36.64) 0.84 £ 0.87 N.D. ~ 2.63
Total roof area in the house with a slate roofing
<60 m’ 18 0.07 (47.69) 1.21 £ 1.64 N.D. ~ 6.57
60~119 m’ 24 0.04 (45.86) 1.14 £ 1.91 N.D. ~ 8.47 0.031
>120 m’ 18 0.79 (23.32) 3.20 £ 2.75 N.D. ~ 8.20
Total 60 0.11 (45.28) 1.78 + 2.29 N.D. ~ 847

* S.D. : Standard deviation, "GM : Geometric mean, ¥GSD : Geometric standard deviation, ¥ . Not detected

Table 4. Multiple regression analysis of selected independent variables on ambient air concentrations of asbestos in the house with a

asbestos slate roofing

Unstandardized

Standardized

B Std. error Beta ' R
(Constant) 82.556 167.434 0.493
Construction year -0.045 0.085 -0.068 -0.528
Average wind velocity 1.086 0.888 0.158 1.223 0.126
Rain after the elapsed time -0.002 0.009 -0.030 -0.233
Total roof area in the house with a slate roofing 0.012 0.005 0.302 2.335"
* 1 p<0.05
sk BAJEE At Table 49} o] SHo|E X8-g 71 SHo]E AgolA] $EE UE F AW 4G FE
b9 7] F ME AR sEol BASAHOR L Table 59 Zo] WE | LYOE Faksto] Leh]
RO FFL AL Q10RO Bk SdlelE gdrk AR AH P4 0T RE AAPER AW 487
Ag2] & WAoo (p<0.05), o5 4719 Y o dEEclen, AR QS Aot 352 ST
8 TAE YA AgER)2 12.6%0] 1k

4. REE BISOM  HEH M MR S
3. 53U PO EREHESMHMR T SYUCIE Ale= 7t w712 A9, g0l
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Table 5. Asbestos concentration of drained rainwater from asbestos cement slate roofing by sampling date

(Unit: fiber/L)

No.  2012/9/28 2012/10/22 2012/10/27 2012/11/4 | No.  2012/10/16 2012/10/22 2012/10/27 2012/11/4
1 3,714 2,714 2,940 4,620 11 - 8,400 5,880 5,593
2 7,240 7,384 5,880 11,308 12 4,200 10,524 7,056 11,433
3 8,301 6,720 5,460 4,620 13 - 7,980 5,880 7,840
4 7,529 7,560 3,780 ¥ 14 5,571 7,560 4,200 3,360
5 2,384 5,040 2,520 1,680 15 - 5,880 6,468 8,820
6 2,262 4,200 3,360 4,200 16 - 3,360 5,880 2,646
7 5,618 7,140 4,620 5,040 17 7,744 6,272 4,312 3,920
8 4,704 5,880 2,520 3,780 18 6,402 6,720 3,360 3,360
9 8,820 5,460 5,880 6,300 19 4,200 4,312 3,920 4,312
10 8,269 4,620 7,140 6,720 20 3,267 5,040 3,360 3,374

* : Failed sampling

Table 6. Asbestos concentration of drained rainwater from slate roofing by general characteristics

(Unit: fiber/L)

General characteristics N Mean + S.D. GM (GSD) Range p-value
Area
Sinchang myeon 39 5,331 + 2,125 4,897 (1.54) 1,680 ~ 11,308 0.456
Dogo myeon 36 5,622 + 2,152 5,253 (1.45) 2,646 ~ 11,433
Construction year
<1979 23 6,410 + 2,111 6,076 (1.41) 2,520 ~ 11,433
1980~1985 31 4,637 + 1,618 4,391 (1.39) 2,262 ~ 8,820 0.012
>1986 21 5,675 + 2,409 5,122 (1.64) 1,680 ~ 11,308
Rain after the elapsed time (hours)
<119 45 5,083 + 2,104 4,703 (1.49) 1,680 ~ 11,433 0.051
>120 30 6,054 + 2,064 5,660 (1.48) 2,262 ~ 10,524
Roof length
<25 m 25 5,420 + 1,839 5,109 (1.43) 2,646 ~ 8,820
25~34 m 24 4,518 + 1,677 4,206 (1.49) 1,680 ~ 8,269 0.008
>3.5 m 26 6,400 + 2,411 5,962 (1.48) 2,714 ~ 11,433
Total roof area in the house with a slate roofing
<60 m* 22 4,607 £ 1,671 4,337 (1.42) 2,262 ~ 8,400
60~119 m’ 30 5,577 + 2,367 5,087 (1.57) 1,680 ~ 11,433 0.045
>120 m’ 23 6,159 + 1,985 5,842 (1.41) 2,520 ~ 11,308
Total 75 5,471 + 2,129 5,065 (1.50) 1,680 ~ 11,433
A=, A 3 B 2 3 FIARE AR A 2 e A Bato] 5471 fiber/L, #4gko] 1,680
Aedol, 54 td 718 SHolE A8 F ¥ fiber/L, Z|tigko] 11,433 fiber/Lo]lth. &E|°|E A&
Ao 2 = HE T AU AR s=5 1 Lde= oA FEE HE T AW A sE= SU0lE Ae
ghitsto] Attt beEEwA) 7IskEt, 71skE o] AAd=7} 1979 o] 8l Z-5-ofl 6,410 fiber/L=
Fdak 9 IS Table 69 HrEb Ak OfSHA kT (p<0.05), A52ol7F 3.5 m o)<l
SHolE AgolM =8 Ble ol e Ad A AR FoSHAl =AL(p<0.01), 54 HA 57T
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Table 7. Asbestos concentration of drained rainwater from unit area (mz) of slate roofing by construction year

(Unit: fiber/L - m%)

Construction year N Mean + S.D. GM (GSD) Range I;jflj:lrlizy
< 1979 23 2,089+ 971 1,881 (1.61) 723 ~ 4,615
1980 ~ 1985 31 1,630+ 823 1,454 (1.63) 615 ~ 3,879 0.029
> 1986 21 1,566 + 695 1,416 (1.61) 500 ~ 3,333
Total 75 1,753 + 858 1,562 (1.63) 500 ~ 4,615

Table 8. Multiple regression analysis of selected independent variables on asbestos concentration of drained rainwater from unit area (mz)

of slate roofing

Unstandardized

Standardized

B Std. error Beta ' R
(Constant) 77439.6 34852.9 2.222"
Construction year -38.177 17.591 -0.252 2.170° 0.077
Total roof area in the house with a slate roofing -0.722 1.052 -0.081 -0.686
Rain after the elapsed time 0.393 1.875 0.024 0.209
T ip <005
http://iwww kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(3): 196-204
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