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ABSTRACT

Objectives: This study is intended to seek credible and efficient measurements on airborne asbestos concentrations that allow immediate
action by establishing complementary data through comparative analysis with existing PCM and KF-100 methodreal-time monitoring
equipment in working areas in Seoul where asbestos-containing buildings are being demolished, including living environment surroundings.
Materials: We measured airborne asbestos concentrations using PCM and KF-100 at research institutes, monitoring networks, subway
stations and demolition sites of asbestos-containing buildings. Through this measurement data and KF-100 performance testing, we
drew a conversion factor and applied it via KF-100. Finally we verified the relationship between PCM and KF-100 with statistical methods.
Results: The airborne asbestos concentrations by PCM for the objects of study were less than the detection limit(7 fiber/mm®) in three
(20%) out of 15 samples. The highest concentration was 0.009 f/cc. The airborne asbestos concentrations by PCM in laboratories,
monitoring networks, subway stations and demolition sites of asbestos-containing buildings were respectively 0.002+0.000 f/cc,
0.004+0.001 f/ce, 0.009+0.001 f/cc, and 0.002+0.000 f/cc. As a result of KF-100 performance testson rooftops, the conversion factor
was 0.1958. Applying the conversion factor to KF-100 for laboratories, the airborne asbestos concentrations ratio of the two ways was
nearly 1:1.5(R?=0.8852). Also,the airborne asbestos concentration ratio of the two ways was nearly 1:1(R*=0.9071) for monitoring
networks, subway stations, and demolition sites of asbestos-containing buildings. As a result of independent sample t-tests, there was
no distinction between airborne asbestos concentrations monitored in the two ways.

Conclusions: In working areas where asbestos-containing buildings are being demolished, including living environment surroundings,
quickly and accurately monitoring airborne asbestos scattered in the air around the working area is highly important. For this, we believea
mutual interface of existing PCM and a real-time monitoring equipment method is possible.
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A1 (Chrysotile) T} 714 A A& 2] 24 H(Amosite), g
A (Crocidolite), 2}E]=2}o] EAH(Actinolite asbestos),
ok glo] E A H(Anthophylite asbestos), Ed| e}o]
E X H(Tromolite asbestos) 5202 FEETHKOSHA,
2012).

M7 4= Aoz dEA JQukKim et al, 2010;
KOSHA, 2012). o] ¥ AH2 opekst AlFe= 4
AlANA Bl LeHA ARSI Qlew, L2ttt
A= 1976 RE 1995712 9] Am4=qlgFo] Azt
Bt 69t 4 ES] ol2s F ARAREEE AY
W ol P8 FUlsAom, Sal 4H A
o] oF 82% ol AFAAZ AHE-E U THChoi et
al., 1998; Kim et al., 2013).

BRI <A 2F 1t Aax(International Agency for Research
on Cancer, IARC)o| A AW 14 HIE2(Group 1
Carcinogen)= 778312l Ql=0] AWl 37] Foz W
ZH S A9 AudAE 35718 Sl AR S0
oF el FHE7|E AA A5 Asbestosis), H H(Lung
cancer) 2! = 1]Z(Mesothelioma) 52| o}AJ 22 1WIAY
N7 Ao WuEn Qi 5 Aol olet 247 1)
L A}3] A9l 247} H3 9K Artvinii & Bais, 1979;
Christopher et al,, 2002). 53] ¥4 AEF5ol, =t
of 7% 52 AZAR] Anlo] A AHgH]
ol =93}, F=ASEAH] ol WE AN, A=
AP SolA AWTH dSE HA Al 2ddeR
Ao 7] o WUEd Zos udE

o|ef o] AW AHA - AA APl F7]
FTom WEE o] ZAFYAHERE ofy g} A
T HARE = 5 22H4 8] gsiE WA 4 g7 g
of Aol ot HiE Fol7] Tt A Bk WA
o] ZFxE L k. o]Hgt BAIE st YA
= Hr} AlEsta FEet AdEsk RmyEF o] Jagt
o], @4 sl 371 F AdssE SFYHeR
Ao AYE71A FAAIE7|E(Indoor air  quality
management guideline, 2010)T} o) 7] 2. F-F A A &
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Figure 1. Each sampling point in the study
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Table 1. The details of each sampling points in the study

Classification Research subject Sampling collection site Note
Rooftop Research building 4th floor rooftop For drawing conversion
factor
PCM The interior of PCM laboratory . .
Laboratory PLM The interior of PLM laboratory For verlfyfl;cgtocr:onversmn
TEM The interior of TEM laboratory
Monitoring Eunpyeong-gu Eunpyeong-gu monitoring network
network Gangnam-gu Gangnam-gu monitoring network
Yeongdeungpo-gu office Station office
Subway . . . .
City hall Station office For comparative analysis
Sites demolished Seongbuk-gu, bomun-dong The boundary line of site PCM and KF-100
of asbestos Jongno-gu, dongsoong-dong Around the workplace(the interior)
containi Geumcheon-gu, doksan-dong The boundary line of site
ng buildings Dongdaemun-gu, hwigyeong-dong The boundary line of site

Figure 2. Sampling view for the airborne asbestos with KF-100 and PCM

Table 2. Sampling conditions for the airborne asbestos with KF-100 and PCM

. . Analytical Pore Sampling . Flow
Classification instrument size(um) time(hr) Air volume(L) (L/min) Note
KF-100 - 4 480 2 For drawi
KF-100 PCM 0.80 4 480 2 con\?;rsizlmf;lftor
) (Back up filter) ’
performance test
KF-100 - 4 480 2 For verifying conversion
PCM 0.80 4 2,400 10 factor
Application KF-100 - 4(2) 480(240) 2 aﬁzlry ;C;H;’Péllf\itl:sd
examination PCM 0.80 4(2) 2,400(1,200) 10 KF-100
ST d7] e A5 B AR Ol whEbA, FAl =225 HZ(LV-40BR, Sibata, Japan)E ©]-85}of of
of ANTFO R AgA BAS ZHsHs FU|(KF-100, 10 Limin®] G202 44|17 59k 2400 LE 2519
Sibata, Japan)Z ol §3te] B7] F ARZ WAL THASFHAN] AL, 2407F B 1,200 L EA).
ESE A leEof digh 2[eke] -5 Hivlsh] fisked KF-100 g¥l= 571 $oll Fishes tJrOksP dA=

POMY W KF-100 42710l 37] % A4 B0 =i Au So] A4 AATS ¥R, olg

RS 37 5 HBREE Disie, AERAL 5N 4400 FEG AENL EE 2 A%

7 fiber/mm’©| tH(Indoor air quality management guideline, AYY= AR T7)7F Aue] 27

2010). SN Eo Eilsln HE =
PCM EX48 A5 A7 25 mm, pore size 0.80 p HUE EalstH Ay Ber }o

m2] MCE(Mixed cellulose ester) Z E](Filter)7} #2HE %E] 2 o| g3t M=o Zlo|7} HA{At

o] 1= cassette(Z008BA, Zefon, USA)L} 57| 5 Al 2o} v]AQA} oS EWHE 4 A sE

M
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(Sibata, 2009).

KF-100 &H]= oF 2 L/min®] S-8F0 2 447F SoF
480 L2 ZF5tglon, KF-100 Stho] A x| F o]
L wi¢]ZE|(Back up filter, PCM 248 ZE9} &
) o]&3dto] FAAI4(Conversion factor)E =&

FAct.

oo

O

3. 91 1HbH

KF-100 Aule] gt AeAdS ATt
Table 29} AT 24 AL W A5 S=
o2 KF-100 S gkt ] $eof 2= of 9l
= NYIEE PCMY o R BAZE SHGS o8¢t
of 4] sMAGE AT o] W Fod A
= Aol e & e FUSEE ¥ 19
& YA frAshe 5 METl Fosliok ok
123l KF-1000] A4S 28470 -, A5
W AgAs gigez 7|2 PCMY I} KF-100 ]

2 olgste] 37 % ARE AHTL T A Y

o ZAE USRS - HAshck
HFHOE LA B715H4, ASAGA L 4

walA - A4 ARael chahA SPSS 120 FAEE

2iojs - MRS - o] - B - 0fFI%

KF-100 Performance Test
Drawing conversion factor and
applying it to KF-100
(Rooftop of Research Institute)

! Application Examination J

Comparing KF-100 with PCM
(Laboratory of Research Institute)

Application examination to various fields with statistical analysis using SPSS 12.0

(Monitoring Network , Subway , Sites of asb,

Figure 3. Scheme of method
Aol g HAZe A RE Figue 33 2k
F=— (1)

4714 F : EAAS

C : KF-1009] A4 dAF H=(f/L)
R : PCMH 9] A4 YA H=(fL)

WL o83 Wi, BYEE AL B F

ZUUY FAH Ao GRS P B F ASHHAN, MEA g2, HusA - AA
A gHoR Z3W ARsES ua-B4RG AR S POMEE ol§% B dvgael 37
o olB Fal ALAY AT FAMG ket HELEE AR AIH: Figure 4, Table 37} 2tk
I3 A4 AdaA - AA AdE 5 Aws  POM ENZET AA] 154 AR F 3 AReld
F AFE AA BPIA AT S Y =Y Q0% FEVAC fibermm) 0]a}2 ekon], mE
g S dAstel BEY 4 YEAZ AuEgt  dAMIA 37 F AU BY) sEE A
oh SAHASE T WS ok AT gom,  WF71A TesIE 001 fee vo R ehgeh

0.010 4

e

Guideline 0.01 f/cc

[ Indoor Air Quality Management

J =

0.005

PCM Concentration(f/cc)

-

0.000 + T
Laboratory

Monitoring Network

Sites Demolished of
ACB

Subway

Figure 4. The airborne asbestos concentrations for objects of study with PCM analysis
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Table 3. Summary of the airborne asbestos concentrations with PCM* analysis

No Classification Max(f/cc) Min(f/cc) Mean+SD(f/cc) Note
1 Laboratory 0.002 0.001 0.002+0.000
2 Monitoring network 0.004 0.003 0.004+0.001 Indoor Air nglity
3 Subway 0.009 0.008 0.009+0.001 Management Guideline
tes demolished of ash 0.01 f/cc
4 Sites demolished of asbestos 0.002 0.001 0.002+0.000
containing buildings
* The concentration(f/cc) is determined by counting only fibers with length > 5 ym and length:width > 3:1
S1A|5k Figure 4014 ekt AR, xaiddtel 0003 |
85, Aot 2 iAo r e Eo] Sl ¥t 5 & = .
23 F7HEQl Aokow e 7] F Az = 4
- s 0.002 -|
de et e o] wRe FFlE A%H 3
QMmUY @ RN} B Aow
=
S
Ay ZrE ot Y o001 | *
= y = 1.4662x - 0.0007
- v R?=0.8852
LB AE 2 X8 = ’
SIAV A Z=E AVA S]] 918 o] 0.000 . . .
A S AsE7] 9letel N 0.000 0.001 0.002 0.003

Table 49} Zo] A4 0.1958
= KF-100°] #-&-

A th(Figure 5, Table 5).

Z47Y0] A E AR, HlwE HA7E 2A
Uebgt=t] ol KF-1002H= 2] g E S PCMY
o= Bl e} WA 24| TA) thizo]HTable
4 webd oleit BAE stk AL wek e
WEY3 BAlo] Washe, o)F Ba & o g
QA ASE BEY 5 e Aolth

A7 W AR 3714 5 70 A=l sl PMMat
KF-1000% 27] % AusEs 243 27 & 717

Table 4. Drawing average conversion factor

PCM Concentration(f/cc)

Figure 5. Correlation of PCM with KF-100

o

b w27 AR A(29%) AZESHA(7 fiber/mm’)
1512 Uehgon, Hads s T3 0.002+:0.000 feo(Z]
0.002 fice), 0.002+0.001 flec=(Z]T} 0.002 ficc) LER}
5 77 WHo R 245 At ol A= AR
I8 4= Ql3ITth(Table 5).
T3} Figure 50[4] H.52o], PCMR 3t KF-1002] A9
T ZHEe oF 1:1.5% TA|(7]&7]=14662, R2=0.8852)2]
Ao 7 UERyIth o]4 ¥ KF-1000] PCMH 2] 244
(A 7)ol FastA vrehd= ol 273t it
A4 APk 374 KF-1009] Al 22354 oot

O

o rjr =

No Sa};‘;‘i’:t“g Temp(C) | Humidity(%) | KF-100(f/cc) (B;?fg/ Cffl)ter) Corf‘avc‘ifri"“ Averagt?a;‘z)‘;ve“i"“
1 | Rooftop 1 207 572 0.015 0.001 0.0662

2 | Rooftop 2 228 68.7 0.014 0.003 0.2143 F = 0.1958

3 | Rooftop 3 224 743 0.016 0.005 0.3067

* It seems there is a significant difference in measured values of two ways. But actually measured values of two ways are
considerably low and difference values between two ways are less than the detection limit(7 fiber/mm?2). So it is difficult to see

the significant differences.
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Table 5. Comparison of the airborne asbestos concentrations between PCM and KF-100
No Sampling point Temp(C) Humidity(%) PCM(f/cc) KF-100(f/cc) Note
1 Laboratory A-1 26.1 85.2 0.001 0.001
2 Laboratory A-2 24.2 56.9 0.002 0.002
3 Laboratory A-3 23.6 79.2 0.002 0.002
4 Laboratory B-1 23.7 70.3 0.002 0.002 F = 0.1958
5 Laboratory C-1 27.6 71.5 0.001 0.000
6 Laboratory C-2 23.4 64.5 0.002 0.002
7 Laboratory C-3 22.1 76.6 0.002 0.002
Total 0.002+0.000 0.002+0.001

A &, A Aol AR F717F Bl
A7 T2 A A et ﬁ“\*@i tﬁi’rﬂh
gi(ikhgel Haes R ARk Aot 2
S EN e 'é HAS A

(Sibata, 2009), thekg H20) u]F9} HAu]of s

_>.:

A 7124 2704, ASHEAA 274 9 A
SR - A AL 47, F 8 ARl e B
7] % AusEs Z4% A, POMYoR 543
AL, 7] AR A(13%) HESHA(7 fiber/mm2) ©]
3t2 Uehdon], BisEs 0.004£0.003 floc®(F

-

R

folEhe AR +71 A QRO ARI(AOUE) T 0.009 flec) LhERET B KF-1000.2 2435 4
o} Zolk ARH T, o2 B AYAAFOR AS 9, WEWA ol Uehd Art glglom, W@
HL EfO zke ﬁﬂp A= A Lrs =4
S s Aolck. whebd KE-1008 Abde] AARH ST .
e ARE) ol B8 2 AR AT g .

o sl 2457 uhge] HASA AL Bgsle S
2w Z4AT ulAE Qo] 27 Lk, % ooos -

=1
2

2. Al¥ B EOIA2] KF-100 H2A HE § oo 1 y=08236x + 0.0016
1) PCM 2 KF-100 A% % v a2 = J—

SIS 0.1958 KF-1009] 8417 3, AgA] <
715784, At AL B Al - Al AR D'Dooo.ooo 0.002 0.004 0.006 0.008 0.010
o A PCMHHI} KF-100 & 714 ®fHo g =4 PCM Concentration(f/cc)
H AHEEE v - BA45 th(Figure 6, Table 6). Figure 6. Correlation of PCM with KF-100
Table 6. Comparison of the airborne asbestos concentrations between PCM and KF-100

No Sampling point Temp(C) Humidity(%) PCM(f/ce) KF-100(f/cc) Note

1 Eunpyeong-gu 30.9 47.8 0.003 0.003

2 Gangnam-gu 29.6 55.1 0.004 0.005

3 Yeongdeungpo-gu office 18.8 31.5 0.009 0.008

4 City hall 19.3 30.7 0.008 0.009

5 Seongbuk-gu, bomun-dong 12.9 33.8 0.001 0.002 F 01958

6 Jongno-gu, dongsoong-dong 11.0 34.5 0.002 0.004

7 Geumcheon-gu, doksan-dong 6.9 44.1 0.002 0.002

8 Dongdaemun-gu, hwigyeong-dong 2.8 38.6 0.002 0.004

Total 0.004+0.003  0.005+0.003

http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 113-121



MEAIW MR 5= 2 &

5= 0.005+0.003 flec(Z T 0.009 ficc)2 PCMH L.
2 A7 A3et FABHA e THTable 6).
Figure 6-& A 5, PCMH ¥} KF-1009] 4H5 5=
HES Ao R 111 WA|(7157]=0.8235, R2=0.9071)
A AR Yehte 5 7 7H Wiler 44 4

-
WHEL 2 AolE molx gsith olF B3 FF
Y 4EReN Nuss 24 A

7%*“ = °‘°U1 o] o tgko] *0.53301% wA-I&
E p7ro] 0.6022 A 9o 0.05H T AnZ F 7}
A oz 2A4H HHs s 7+e Aozt ¢l
g AT 4 Ak

ufaka] A - 1117% ArARS S AR |
o A= KF-1002 £71221 WH(AA 7H5) 22 A4
PCM®H 3} §H7) o= ZJE 71 & A4 A =

Table 7. Group statistics

KF-1009] 4124 o<
0.01 flcce] 94

EERE)
g}, E3t A
A WA R Ay e B

wraw EZOH% %Xéiﬁ%‘(*
AA A Sl A}
o] S fEAHoR  KF-1000] HEAZHOEH
o]1l, T3 AHEE7)
Ero|A PCMYH#} KF-100 & 712
Por ZAHE AusEE Hlal- EA4se Zlo]

e dael 4w

Fasitha gekwth 540

oA ArsiA

CAIA ALY

%

a0l AAGARGE T 5
Ak % H A WA AoR ek
7

E’J'Hiﬂ s AA A %—4 37 ‘1}~

Group

Item _
PCM KF-100 5]
§
N 8 8 -
E
g
Geometric mean 0.00302 0.00421 z
H
Std. deviation 0.002997 0.002615 £
=
=

Std. error mean 0.001060 0.000925

0.010

0.008

0.006

0.004

0.002

0.000

0.009

0.003

0.001

PCM

0.009

0.004

0.002

KF-100

Table 8. Independent samples t-Test

Levene’s test for

t-test for equality of means

Sig. Mean Std. error
(2-tailed) difference difference

95% Confidence interval

of the difference

Lower Upper

0.602 -0.000750  0.001406

-0.003766  0.002266

equality of
variances
F Sig. t df
Equal variances 0162 0694 0533 B
Airborne assumed
asbestos  Egual .
qual variances not )
assumed 0.533  13.748

0.602 -0.000750  0.001406

-0.003771  0.002271
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) wEe AuEs B2 001 fleo m]Rke
= e,
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pus
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ehgtet.

5SS e F AN 15HE 244, A
P 204 W AR - AA AAF A,
S ARel HE 37 F AEBE 54 RAR

23, PCMY o2 SAe A9, I AlRAA(13%)
HAESTA(T fiber/mm2) ofstR WEREOH, Hybs=
£ 0.004£0.003 flccZ(FH T 0.009 ficc), KF-1002.8
ST A9 AEFDA olstE YEhd AlRE glgle
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