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A Risk Assessment of Asbestos Fiber Leaks to
Environment during Asbestos Removal Activity in Buildings
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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

LA =2 o= AU 7 H-SH(Asbestos Hazard Emergency

Response Act, AHERA)S JXEsto] st 5 A&

=+ S RH S A (U.S. Environmental Protection
Agency, EPA)IA= 1973d AH 1% ol Zgstal
A= 242 DI SAFAELE HAEC] AMESHA]
FoHe s g% vh QLo H(U.S. EPA, 1973), 19861

gt AuzAel AEAAEY 52 FHSAHUS.
EPA, 1986a). 9-ZLte 11559t SRl ML 2
7} AR AT Huekane e Agstel A
oRRE 2EAS RE}L HUOR AT AFLHL

*Corresponding author: Namwon Paik, Tel: 010-7225-3650, E-mail: nwpaik@snu.ac.kr
A-2503 Royal Palace, 449, Seongnam—daero, Bundang—gu, Seongnam-si, Gyeonggi-do, Republic of Korea 13596
Received: October 23, 2020, Revised: November 19, 2020, Accepted: December 21, 2020

Namwon Paik https://orcid.org/0000-0001-5411-1871
Jaecheol Byeon https://orcid.org/0000-0003-4744-2546

Soungcheoul Lee https://orcid.org/0000-0002-2839-8431
Donghee Lee https://orcid.org/0000-0002-3252-8745

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

405



406 it

rio

- O[5 - HIXHE - 0|53

olffstal JcH(MoE, 2011; MoEL, 2020a;).

AW RS dSAHA o= &EI°|E, WEo|E 5
ofg] S low 49 At wet FEAR|7] &
(friable) &43 @dHnon-friable) =4= -2t
ot AHgR=40] e¥oto] AHo| F7| Fo&E &Y
= Afole did 245 7 o wE AAsfoF
gt 28y AggEde] ddete] Aol A
7] L& vl 7hsAo] AE o= g B8
G AAT a7} Itk Mossman et al.(1990)9] o
Tofl Qs ASEoA AugREdS AASH] At
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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

gdog £ IR PA= BAAG 65.2%,
AR 18.1%, X557t 7.1% L 7[EHZFHAY, A
N AY 5) 9.6% SelUtHTable 1). AHTFEZ
2 "HAEZA) 55.5%, SH°1E 27.1% 9 ®iEtolE
14.8% S°ltHTable 2).

2. Gt
1) AN=xHF

AlgE “NIOSH 7400" Hh#o] wet 3 sigict
(NIOSH, 1994). = 217 25 mm MCE(mixed cellulose
ester membrane) ZE| 45 2 10 L/min= 1,200
Loldel 5715 AFsIelH & 1,29571 Al=E AF s}
wom, A A, A F L ZAY Fo 72 3177,
66271 € 3167] AlEE AFH 5 tHFigure 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 st I
o AU As] Aol A ol ZAsAL, &
9 % L AYUshs B A9V 73 gnadon
EELA of5E Hlsl] Sole] FAg FA R
oM ZATAL, HY 5 FEE AEAAZLL v}
A1 HAE  F Aol Solke HEAY ojng

shelsty] 9 A tiolA S4siolt

2) NEEY

A gE4ole PCMIF TEME 28513t BE AR
+= ‘NIOSH 7400” el w2t $1datdn]4(Leica
DM 750, Germany)2.& Zo] 5 mo]4olil, Zo| tf
A&2 H 311 o] ARE 4508 Shste] A4t
FI(NIOSH, 1994) sE=T= f/ccE sttt PCM
o2E= AHZ IPEY & fleuE F AR F 2F 10%°]
Sgol= 128708 T2 Adste] ml=re] AHERA
TEM| ™l National Voluntary Laboratory
Accreditation Program(NVLAP) Q152 ¥R A3A
of oJ=lste] HAAR|H o2 BT o] A oA=
ETAAFA 0] (Philips EM-300 TEM, Netherlands)

ftfo
el
oo

sta] EPA WO =2 Zo| 0.5 mel4l, Zo| o
Z|&9] H] 5:10J4k1 AHE 18,0008 Efiste] A4
3191, SEHY= s/ccE SHHUTHU.S. EPA, 1986h).

3) A2 24

2] A, A F 2L A T AFHS 7 A= OE
7re] zpo] W A=A F iAo WE Zpo] 5 RIS
A5te] X? testE ALt Shapiro-Wilks testZ ©]
835} TEM 2429 B2 E AARBFH I (Mulhausen &
Damiano, 1998; AIHA, 2020), Excel linear
regression= °J-&5tq PCMof &3t A7 ==} TEM
of o3t AH wxo AWIAE Ao

.z o

1. &R0 Z R0 oot 5 MRsE

DR FRoA = AAAAAY *9] 37] T AHs
T71ES AL, EERoA =AM FHe A
il §87|es Astaen F 7|&2 EF 0.01
f/cc2 ZUSIcHMoE, 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 Hie} o] 2 A - 5 - & ZA
Alg 129570 SolA @3Fet 1desRe] TIE
0.01 f/ccold Alae 5270(4.0%) AL, o1& 2 A
* S T2 FHEste] B A A SAHolAE 31770
AlE F 15704.7%), 24 F S40lA= 66271 A=
T 2770(4.1%) % Aol EUAL HAE vl & Al
3t 2AoAME 31670 A& F 10713.2%92H °olE
370 I Zolle ot Zol7t IEH(p»0.05).

MAAAZYE Solle A4 972 374 AA, = 9
A A4, 2 F8 " S97] e SolA
Jotdem(Figure 2), 7IEA oM Al £X&
7% ol mt oA Akel7h AUtKTable 4).
P Ul sigste HAEH A 7S =3¢
(16.0%), o2 U7 HETFG.9%) A%
FH(B.3%) 52 AR Aol wEt ol Ao

=

B VN 1%

7} AATHp<0.05).

2. X0 ZH0| 2fst MHEE
1) MHsE 21

2 1,2957] A|EE PCMOE BEASlo] & Hosn
ARt BAaA Af Z3DE Aestal 1 F 10%
o sfigol= 1287] AlBE T&9a MeEisto] TEMO.

2 Aot RS A2 S45IIH 12871 Alm
< 1771 AlmolMe A 5 WsfaEdo] @Wot 40
=7FssAaL, 11170 Al=e] diste] TEME42 Al
S A3 5170(46%) Al=ollA Aol HEFAtHTable
5. F 11170 A= F A =71 712l sk
TEGO7H AlR)lME 3570(70%)°014 AHo] HE=
AL, AR F&7t 71E vl AsE 25061 AlR)
oAM= 1671(26%) A=A Ado] HEEAH +

e

change room

—

asbestos removal area

*
*
— NPUt
— ) ¢
—
*

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

Samples collected

Samples >0.01 f/cc

Sampling location ) (N, %) p-value
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 207 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%) PRES:
Total 111 51 (46%)
F 99%
F 98%
. r

r 95%

-E r 90%

F 84%
i [ 75%
r F 50%

’ E 25%

10%
5%

R

= 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 73 Zpol7t AUtKTable 5, p<0.05).
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o} Lee et al.(2014)2 A2AW 3770 A AA AHA
A FHoA 2887l AlRE AFote] PCMoZ EASH

23 g2 371 § AR st AuuiEs8rlE
=
A

L

0.01 f/ccolstE Yeht AAIW ASFENA AHS
AAsHs g = A =g 7ML 8T ¢
o] opd Ao= wetEy IHSHGI

PCMO &+ AHxs oRE T & gloHuz
1117] Al=of thste] TEM Laboll Qg|ste] Hx}&u|
AoE AHHRE gl B4t 11170 A=) of
gt PCM #4243 B 518715 oldel A&7t 50
AR, o]-87]& el AlE7F 617R9H. ol871E
ol/Fel A& 5071 F 357H(70%)°llA AHo] AEEY
3 5l87]E ugkel A& 61700lA= 1670(26%)1 A1
Ao HEE It o714 FYsfloF & 2 PCM 4
7} 518718 Rl A=A E HHo] AEEHAT=
Aot IHERE AY AA A FHY 37 F
A &% 7F 0.01 {/ccmlRil ole Fdsiotar o
o 4 gick. J28]3 PCM 23l TEM A3} 7ol
ot JHBAZE glitt ol= PCMI TEMY| £4]
A AR (2 Zo] 5.0 m E 0.5 m o)Lt Ef v
(77 450X9} 18,000X)5°] AA th27| wiEo|ct.
HER 37| F AF 5=t s87IEE 25k=Al
9] oo} Aglo]l &Y FY R IV A T
244 W5l disiAl= AAFARE S A-85k= Aol
Adslttal woEh  u]= EPAOJA+  Asbestos
NESHAP(National Emission Standards for Hazardous
Air Pollutants)ol] oJsto] AHAAZAL] FH7} Ho]
15 m* (F= Z0] 80 mE 2= 49 A & =
goll QlolA WIEA] TEME ARSOHES st ot
(U.S. EPA, 1984; U.S. EPA, 19864a).

[

v.8 =2

Aol A AA ZAA 155718 dAtez 1,2957H
AEE AFst] PCMOZ F Hisks SH5H,
1117} A 8o tisle] TEMORE AHELE =43519]
o}, AEAAZG S APote 5 A T QR T
71014 & i sE ST 23 dHFHY &l
712 0.01 f/ccolAel A 7t 4.1%%ct. PCMOg2&=
ARG TET 5 gloug TEMOE 23 HAE A9
Els 5 ARF BE7F o870l AlRoA=
70%, & A7t 51871% ekl AlRolAE 26%ClA
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