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A Risk Assessment of Asbestos Fiber Leaks to
Environment during Asbestos Removal Activity in Buildings
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Graduate School of Public Health, Seoul National University
"Korea Asbestos Superintendent Association
’Korean Industrial Health Association
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ABSTRACT

Objectives: The objectives of this study were to investigate whether airborne fibers were released to the
outside air from the asbestos removal area in buildings, and to confirm the existence of asbestos fibers in
samples using transmission electron microscopy(TEM).

Methods: A total of 1,295 samples was collected from inside and outside 155 asbestos removal areas. To
investigate the release of asbestos fibers from the removal area, samples were collected at three locations,
such as an entrance to change room, an exit of negative pressure unit(NPU) and perimeter areas. Samples
were also collected in the removal area prior to and after removal activity. All samples were analyzed by phase
contrast microscopy(PCM) and one-tenth of the samples was analyzed using TEM to discriminate asbestos
fibers.

Results: During the asbestos removal activity, 27(4.1%) of 662 samples collected outside the removal area
showed airborne fiber concentrations equal to or in excess of 0.01 f/cc, the permissible emission standard of the
Korean Ministry of Environment. Further, 111 samples were analyzed using TEM. The distribution of asbestos
fiber concentrations was log-normal. It was found that 51 of 111 samples(46%) contained asbestos fibers.
Conclusions: There is a potential risk of asbestos exposure among neighbors and the public outside the
asbestos removal areas. It is recommended that the asbestos removal work be conducted strictly following
the specifications required by government and/or professional organizations.

Key words: asbestos removal, public asbestos exposure, PCM, TEM
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Table 1. Number and percent of asbestos removal sites
studied by location

Number and percent of

Location asbestos removal sites
Number %

Urban 101 65.2
Suburban 28 18.1
Underground 11 7.1
Industrial area 8 52
Redevelopment area 6 3.9
Other 1 0.5
Total 155 100.0

Table 2. Number and percent of asbestos—containing
materials removed by type

Number and percent
of asbestos—containing

Type materials
Number %
Tex(ceiling) 86 55.5
Slate 42 27.1
Tex(ceiling) and Bamlite(wall) 12 7.7
Bamlite(ceiling) 6 3.9
Slate and tex(ceiling) 4 2.6
Tex((ceiling) and Bamlite(ceiling) 3 1.8
Slate and Bamlite(ceiling) 1 0.7
Slate, tex(ceiling) and Bamlite(wall) 1 0.7
Total 155 100.0

Ak A 5) 9.6% SolUtHTable 1). AWFAEI
o WACIAA) 55.5%, SFOIE 27.1% 9 HEfolE
14.8% S°l3itHTable 2).

2. Gt
1) AN=XHF

AlgE “NIOSH 7400" Hh#o] wet A3 sieict
(NIOSH, 1994). = A7 25 mm MCE(mixed cellulose
ester membrane) BHO| 15 ¢ 10 L/minE 1,200
Loldel 3715 AFsIelH & 1,29571 Al=E AF s}
Fom, A A, A F 2L ZAY Fo 7 31770,
66270 ¥ 31670 Al&E A F5AHFigure 1).
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Total number of samples collected (N=1,295)

Samples collected inside work
area prior to removal activity
(N=317)

Samples collected outside work
area during removal activity
(N=662)

Final clearance samples
collected inside work area
(N=316)

Near change room
(N=25)

Perimeter of removal area
(N=552)

Exit of negative pressure unit
(N=85)

Figure 1. Flow chart of sampling by time and location

9] A FEE AYRAY WASEE FAsh] I
o AU Aas] Aol A ol ZAsAL, &
9 & L AYshs B 497t 73 gnaow
EELA] of5E Hlsl] Sole] FAg T R
oMM ZHTAL, HY 5 FEE NEAAARLL v}
A1 HAE T Aol Solke HEXY R

shelsty] 9Ia) 2 tiolA S5t

2) NE2EY

Al gE4ole PCMIF TEME A-85H3tt BE AR
+= ‘NIOSH 7400” el w=t $1dardn]4(Leica
DM 750, Germany)2.& Zo] 5 mol4olil, Zo| o
A&2] H 311 o}l ARE 4508 Sehsto] A4t
FI(NIOSH, 1994) SE=T= f/ccE sttt PCM
o2E= AHZ IPEY & leuE F AR F 2F 10%°]
Sgol= 128708 T2 Adste] ml=re] AHERA
TEM| ©dl National Voluntary Laboratory
Accreditation Program(NVLAP) Q152 Hh2 A4
of oJ=lste] HAFAR|H o2 BT o] A oA=
ETAAFA 0] (Philips EM-300 TEM, Netherlands)

£ o]&35fo] EPA WHo=z Zo] 0.5 molA, Zo] o
£9] H] 5:104FQ1 AHL 18,0008 Efislo] A
519, B9 s/ccE SFITHU.LS. EPA, 1986b).

2

3) A2 B4

2] A, A F 2L A T AFHS 74 A= OE
7re] zpo] W A=A F iAo WE Zpo] 5 RIS
A5te] X? testE A1H5HILh. Shapiro-Wilks testZ O]
835l TEM 2429 B2 E HAARBFH I (Mulhausen &
Damiano, 1998; AIHA, 2020), Excel linear
regression= °J|-&5tq PCMof &3t A7 == TEM
o o3t AdH wxo ATIAE A

.z o

1. &R0 Z R0 oot 5 MRsE

DR FRoA = AAAAAY *9] 37] T AHs
T71ES AL, SR =AM FHe A
il §87|es Astaen F 7|&2 EF 0.01
f/cc2 ZUSITHMoE, 2016; MoEL, 2020b).

Table 3. Number and percent of samples which showed concentrations equal to or greater than 0.01 f/cc by group

Samples collected

Samples>0.01 f/cc

Sample group by removal activity (N) (N, %) p—value
Gr_oup 1 - Samples'c.ollected in the removal area 317 15 (4.7%)
prior to removal activity
Group 2 - Samples.collected at ouf[$|de perimeter 662 27 (4.1%) 0)0.05
of removal area during removal activity
Group 3 - Final clearance samples collected in the 316 10 (3.2%)
removal area

Total 1,295 52 (4.0%)
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Table 3014 E& Biel o] 21 A - F - & A 7t AR H(p<0.05).
Alg 129571 FolA 37 1{kesF TIE

0.01 f/ccoliel AR 527NA0WIT, o1% A A 2. FXISOIZHO| 03t MRS
%32 FEs] vY A A ZAONE 317 1) MoisE 2

NE F 17047%, 2 F 2H0INE 6620 AR & 12057 ARS POMOR BAste] & BT

% 27M4.1% 2D Ao] BUL BAS vk T AW (HwEee) uaw A% EHE ASelE 1% 10%

@ SO 3167 A2 B 104620900 O o] el 1287) ARg Pz deslel TEMS

37) 18 ol $208 Jol7h FATHEY0.05). 2 Basle] 4udeE 7

P 45t 12871 Al
AHAAZY %OHL ARG AR 3 AL, S A F 1770 ARCAE WA 5 WeiEEe] Botb £40]
A 24, A4 FH 9 7] HET SOlA S ‘:'7l~—0}93ii 11171 Algol iste] TEMEAS Al
ot e (Figure 2), 7IEA oV Alre 2xe & 3 A3 5170(46%) A=A Awo] HEEATHTable
A o] weh 89514 Zo|7F YAt Table 4). & 5). & 1117 A& T AR 5&7t 7101l Ise
g EUTol siFehe AR ZANA P =% IEGOA ARlAE 357070%)00A Awe] HEE
1(16.0%), Heo2 7] HETG.9%) H AdT 3, AR =Tt 71E vl AsE 28614 AR)
FH(3.3%) 52 AR AR wet Fofgt Aol ol 167H(26%) AlECA AHo] HEEoH F

o~

*
*
*
change room NPU
—
— ) ¢
—
* *

—

*
asbestos removal area

*
Figure 2. Sample locations inside and outside asbestos removal area
% Sampling point
t NPU: negative pressure unit

Table 4. Number and percent of samples which showed equal to or greater than 0.01 f/cc out of samples collected during
removal activity by location

Sampling location Samples collected Samples >0.01 f/cc p-value
(N) (N, %)
Location 1 - Outside change room 25 4 (16.0%)
Location 2 - Outside perimeter 552 18 (3.3%) p<0.05
Location 3 = NPU exit 85 5 (5.9%)
Total e 07 W%
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Table 5. Results of analysis using transmission electron microscopy by sample group

Results of TEM analyses

Sample group by PCM results Number of samples Numbgr and percent of samples from p-value
analyzed which asbestos fibers detected
(N) (N, %)
High Group >0.01 f/cc 50 35 (70%) (0.05
Low Group {0.01 f/cc 61 16 (26%) PSS
Total 11 51 (46%)
F 99%
F 98%
. r

r 95%

-E r 90%

F 84%
i [ 75%
r F 50%

’ E 25%

10%
5%

N o am

= 2%
r 1%

0.001 0.01 0.1 1
Asbestos fiber concentration, s/cc

Figure 3. Distribution of airborne asbestos fiber concentrations measured by TEM
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Figure 4. Linear regression of the paired PCM and TEM data
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F Zolle fog Zpol7t AUtk Table 5, p<0.05).
Shapiro-Wilks testE &5l 37| & AHsEo] 24
HE AAst 27} 5822 (log-normal distribution)
£ HKFigure 3).
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o} Lee et al.(2014)2 AZAIWH 3778 AH AA AL
A FHA 2887 Al=E AF ot PCMo=E &4
A3 729 37 F Af st AHuEsE7]
0.01 f/ccolst®E Y AMESAIW ASEAA AHS
AAsks Adgol= A =& 78S 2T +
o] opd Aoz wotEry HSHG T

PCMO 2= MHRg of S Y 4 Qo=
11170 Algof tiste] TEM Laboll SJFste] Ax}&n]
Ao NUAHRE U EAoksirh 1117] A=) o
3t PCM #4423 B 518715 oldel A&7t 50
R, §871E mEl AEZF 6174 S8V
o]l A= 5070 & 357H(70%)°1A AHo] AZEE
1 3871F vl A& 61700-E 167H(26%)°11A
Aol AEESH o714 FsfoF & H& PCM 4
37t 51-871% vkl AR E HHo] HEE AT +=
Aot IHER AW AA AAG FHY 37 F
A &%7F 0.01 {/cchlFil Zole Fdsiotar o
o & Qity. I8 PCM 23t TEM 23 7o+
ot JHBAZE glitt ol= PCMI TEMS| &4
A} A(Z2 Z20] 5.0 m E 0.5 m o]} Eff v
(47 450X%} 18,000X)5°] A 27| wj&olct.
HEE 37 § A 57t s87IeS 25kA
9] ofFel IAglel A T o7 5719 &Y 9
2G4 W7ol tisiAe AR HE 285k Ao
Adslttal woEh  u]= EPAOJA+  Asbestos
NESHAP(National Emission Standards for Hazardous
Air Pollutants)ol] oJsto] AHAAZAL] 27} Ho]
15 m* (F= Z0] 80 mE 2IsH= 49 A & =
ol QlolA RIEA] TEME ARESHES st ot
(U.S. EPA, 1984; U.S. EPA, 19864a).

GUNE

_l

[

v.8 =2

Aol A AA 2R 155718 dAtez 1,29570
AEE AFst] PCMOZ F Hisks =AM,
1117} A &0 tisle] TEMORE AlHELE =4319]
o}, AEAAZG S Algote 5 A FH QR T
71014 & AF sE ST 23 dHHY &l
712 0.01 f/ccolAel Ag7t 4.1%%ct. PCMOZ2E
ARG TET 5 glomg TEMOE 23 HAE A9
Els 5 AF BE7F ol87IEolARl AlRoAE=
70%, & A7t 51871% ekl AlRolAE 26%ClA
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