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Abstract

Phase contrast microscopy(PCM) was used in this study to detect fibrous material.
Then, transmission electron microscopy(TEM) was performed for samples whose asbestos
emission levels exceeded the permissible emission levels(=> 0.01 f/cc). The test determined
the presence of asbestos fibers in the samples and the fiber type, length, and width.
The airborne fibrous material concentration around the asbestos abatement worksite is
higher than that around the asbestos waste storage site and the surroundings of the
asbestos abatement worksite(p < 0.05), indicating that asbestos abatement work has a
fundamental effect on the generation of airborne fibrous material. When the airborne
fibrous material generated by indoor and outdoor working conditions were compared,
depending on the asbestos containing material, the indoor fibrous material concentration
was slightly higher than the outdoor concentration; however, the difference was not
significant(p > 0.05). A 1.3% of the total airborne sample exceeded the asbestos permissible
emission level; this percentage was mostly collected close to the asbestos abatement site.
Chrysotile represented 73% of the asbestos fibers in the sample and the remaining 27%
were amphiboles. In addition, 82% of the asbestos fibers had a width < 1.0 ym, and
these asbestos fibers showed a negative correlation(—0.419, p <0.01) between the width
and the aspect ratio, indicating that the thinner the asbestos fibers, the longer the length
per width of the asbestos fiber. Although the quantity of asbestos fibers detected close
to the asbestos abatement site was less, amphiboles and thin, long asbestos fibers, which

are highly carcinogenic resulting in lung cancer and mesothelioma, were often detected.

Key words : asbestos, fibrous materials, fiber width, aspect ratio
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H(Abatement work), H7]E W& 2 HAX
) (Waste storage) z8]a sjAlAl7] ZAAHS
e WA (Surrounding) 5 ZA Al 7
|2 EHFakait.

Abatement worke $1AAdH]
:rL xlo%x}zui Nlﬂ o) /\194 ]x 3
g AREE AMAAALDAGS 7P 2%

ﬁx}- == H]/\]-/Hui Q9 ul—xg A = o}l/} }
Al A7} o] FolA = Aot T 1]7‘4501]
A Blatdmoel AEEchd, 2 U AEabA &

-lN

>~l

=97
gt &
}D%,

3L

AT,
ol

Wl A5 E A8k

ANaAHE 371 F AEAF HEZ(SARA-
4000, KEMIK)el 217 25 mm, pore size 0.80
tm<] MCE(mixed cellulose ester) ZE}7} 22
wo] gl&= FMEE FFet9 o™ 10 L/mine
Foz AN wEk 1,200~2,400 L5 EF
Eisvi=s

D N2E aEn 4 (ES 02303.1b)
H6)o wet A RgE AR F, EAEAH
opdtEn Ao AZeAE Tfiber/mm’E AE

ANAAZY 71 Z LAY Aoltt. Waste storage A wwe] A3y} Yehd AR A EHF
= oAAE AEas)Ee wESD REde Fh 2 0F
oln] Al vl HEL AW AAA
ofF wAE AusvE AF 9 9 da o 3 FHIXH0G £4
43 Aol Surrounding® MWANAAA A SIAEG BAAT Aoz oy A
o] QI FRIENA P A= F&S Foted 9= TdEde 27t AHAAAANGE Ee] &
AR ZA, ARG FAAGAL D HAEAT} A 71591 0.01f/ccE 2938H= %% A2 sl
A8 ADE, ANLTY W AFATFANGE T A FRAAENAS olgd 44 % 4% BHL
FSHES S9ch @A WPEE(Backgrond)E  ANSETE AANG BAjol gL e
nefel) 913 A W XS A L S F UH QRE e, FR8, Hezegs, Ba
Table 1. Information on sampling method and materials
L . . Volume Flow-rate
Classification Total(n) Sampling site (L) (I/min)
Decontamination chamber entrance'
(for indoor or outdoor work)
Negative-pressure filtration
flow-out(indoor work only)®
Abatement work 494
Around Abatement work site
(indoor work only)? 1,200
Asbestos
Abatement Around Abatement work site ]
(outdoor work only)* 0
Way to waste storage5
Waste storage 310 6
Around waste storage
Around residence’
Surrounding 751 2,400
Boundary®
Background 508 Park and Stream 1,200

* Fig.1 show location for sampling site each numbered

* Air sampler (SARA-4000, KEMIK) with 25 mm cassette including pore size 0.8 um MCE filter was used
» Sampling height was 1.2~1.5m at every location without Negative-pressure filtration flow-out(the same

height as flow-out)
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8 ag)a Jaffed 334 AA, Fapdzrdn A pattern) 0.2 8}tz 3} AALZE otslgn)
B8 93k AdHS Azttt Fabdakay|
7 (Tecnai G2, FEI company 120keV)S o]
o _
ahe] 2ol 5um olAbolaL Zelguin] ¥]&o] 3:1 2 3 n#
o]l AAE HAdsle | AU 4k X &g
A ED (energy dispersive X-ray spectrum)} 1. MOGHRIMAHAIR L MFAISE WA SiE
AgtrloF 3] A el (selected area diffraction A z‘sﬂ NAAANAE U AedEd A28S §
Filtered air - out *8 _————
T [T : *6 1
Negative-pressure I |
f filtration R} I g)n |
N
N =] |
: Abatement I 5 |
Z . | ; |
: work site I @ ;
N
; (Indoor*) I § :
N N e e e - -
TR .
|
|
*38 *8

P g
: -
Abatem.ent L 33 |/
work site P EE
: (Outdoor) : E % Residence
E g *8
i Abatement work site : : : : Waste storage % Sampling pump

* Indoor abatement work site is completely sealed off
Fig. 1. Schematic diagram of the Abatement work site.

Table 2. Detection rate of air-born fibrous material for sampling site

Sampling site Total(n) Detection” (n) Detection rate(%)
Abatement work 494 269 54.5
Waste storage 310 109 35.2

Surrounding 751 110 14.6

Background 508 112 22.0

1) Detection limit(DL) is < 7 fiber/mm?>
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20 UERQIEE. Abatement workell 4 49471 ¢]
AR T 2697, 54.5%°] A/dEdoe]l A=E53
o Waste storage®= 3107 < 1094, 35.2%,
Surroundingol A& 75174 F 1107, 14.6% =1
2] 1 Backgroundol A= 5084 & 1124, 22.0%
o] AidEdel 747 HEEAUTH
QA Ao HEd ArdEde] FEEE
of Hsks a9 29 1 3
Abatement work®] AFdE4d sEiEe ¥4

1 0.0053(DL~0.0383) f/ccE YEFH oY, Waste
storagerx= H+ 0.0037(DL~0.0112) f/ccE ot
ElWith Surroundingd] AHANER & E¥sE

1t 0.0033(DL~0.0105) f/ccE  YEHOM,

0.050
0.040 > WA
. 1 90%
S ooy I
o
_“E’ i * 50%
) * MEAN ¢
g 0.010
S
Q i T 25%
=
E 0.008 10%
=
= 1 MIN *
v
=
o 0.006
=
a 1 ‘(
£ *
o
S 0004 [
5 * N
<1 =
DL* * Jr *
Abatement work Waste storage Surrounding Background

Fig. 2. Distribution of the air-born fibrous material concentration for sampling site.

Table 3. Result of the Kruskal-Wallis test for sampling site

Sampling site N Normality test”, p Mean = SD(f/cc) df H/p Post hoc test?
Abatement work® 269 0.00 0.0053 £ 0.0051
b *
Waste storage 109 0.00 0.0037 +0.0017 ; 102.847 a >bb‘> ((;* d
Surrounding® 110 0.00 0.0033 + 0.0013 /0.00° e>dt
Background® 112 0.00 0.0027 £ 0.0005

1) Kolmogorov-smirnov method
2) Mann-Whitney U test with Bonferroni Correction
* p<0.05
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Table 4. Detection rate of air-born fibrous material for type of ACM abatement work

Type of work depending on target ACMY

Sampling site Indoor” Outdoor”
Abatement work 367 207 56.4 127 62 48.8
Waste storage 209 58 27.8 101 o1 50.5

Surrounding 472 56 11.9 2179 54 19.4

1) Target ACM : ceiling tiles®, wall boards®

' sprayed asbestos®

! b
), roofing slates )
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f/ccE UERley, Aoele] 4 Hit 0.0033
(DL~0.0091) f/ccE LFEFHUTE

AEAFH A Az e ARdEA
A v g e, el S AAEATHE
5). 7L A3}, Abatement work, Waste storage
18] 3 Surroundingol X #FPxAE HAHAEA
Ao Zbzh abelzh gle AOE UEh

o oI5 wAEE AR

1 2912k A] Waste storage
2912k Al Surroundingell

FERTG 2 A0 Uy

0.05). WARE frelgk Afol= fIAtH(p>0.05). ool
0.050 )
0.040 * [ 1 Indoor
- 0030 " * Outdoor ......
(5] -
&
= 0.012
%}
2 | .
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£ 0.010
®]
= y * *
=
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[
E -
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=
5 0.006
S
- |
3 / W [
< 0.004 . ]
.5 / * 9/
1 1
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Abatement work Waste storage Surrounding

Fig. 3. Distribution of the air-born fibrous material concentration for type of ACM abatement

work.

Table 5. Comparison of the sampling site in indoor and outdoor ACM abatement work

Sampling site N Mean + SD(f/cc) t P
Abatement work(indoor) 207 0.0054 £ 0.0054
0.775 0.439
Abatement work(outdoor) 62 0.0048 = 0.0040
Waste storage(indoor) 58 0.0037 £0.0017
-0.314 0.754
Waste storage(outdoor) 51 0.0038 £0.0017
Surrounding(indoor) 56 0.0034 £ 0.0015
0.145 0.885
Surrounding(outdoor) 54 0.0033£0.0011
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Abatement work & AFdEE 2 72 29l
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A% BAEE 158k
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g YERSITE ShA A AIAIA AFY
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Abatement work 227, Waste storage 17,
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Table 6. Comparison of the main potential air-borne fibrous material source in indoor and

outdoor ACM abatement work

Total Detection

Detection

Sampling site (n) (n) rate(%) Mean * SD(f/cc) t p
Decontamma@on chamber 121 80 66.1 0.0054 £ 0.0054
entrance (for indoor work)
1.607 0.111
Decontamination chamber 54 39 593 0.0043 £ 0.0020
entrance (for outdoor work)
Negative pressure filtration 210 116 559 0.0052 £ 0.0053
flow-out (indoor work only)
-0.261 0.798
Around Abatement work site 7 99 403 0.0055 £ 0.0054

(outdoor work only)
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14, Surrounding 1704 Ado] HEHo], o)
A AZ0] Abatement work, < 23|
zhﬁz}oﬂ :.xJaL X]ﬂoﬂ/ﬂ L}E} ]:]_ ‘4}_
AANANAANGY =8 875 27
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AEH A

Berman®@} Crump(7)o] w= whaHe] oslh
ﬂ]o}xL;(H/HO 7L/\4/\474] Mqu] 20% @Ei %7}_
SR T, SAA R fFoJetA| o}, WA W} 7}
AAA Y] FAdEAIE e 2ohe 7S T
ok STl g AAYS A A AH
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Table 7. Result of the analysis in asbestos type

emission level

>J
E
p‘L
;3
o T
=
o
o
3L
£

A el

O -1

0.0139 f/cc=

v 1
ArdEA e gé?_l‘%;Eﬂ 0.0185f/cc Rt} SHA
vehgon, folg AelE Uekirk(p < 0.05).
ot Aw AHRA] Bbsw gAY 2
4e B AHom FEYY Bdol, Aol

for the sample exceeding asbestos permissible

PCM(N) TEM(N) Asbestos type(%)
Total . :
(N) ) Air-born . E)fceled?ng asbfest'()s Asbestos . . Tremolite
fibrous material permissible emission S 3 Chrysotile  Amosite L
Y 2 verified /Actinolite
detected level
1,555 488 24 21/24 73 26 1

1) Detection limit is 7 fiber/mm” in PCM

2) Asbestos permissible emission level is 0.01 f/cc around asbestos abatement site in Korea the number of
sampling site exceeding asbestos permissible emission level was 22, 1, 1 for Abatement work, Waste storage

and Surrounding, respectively.
3) Sensitivity is 0.0009 f/cc in TEM

the number of asbestos verified sample was 19, 1, 1 for Abatement work, Waste storage and Surrounding,

respectively.

Table 8. Comparison of the analysis result in PCM and TEM

N Mean + SD(f/cc)

pcMY 24

TEM 24

0.0185+0.0084

-2.032 0.042*

0.0139+0.0128

1) Sample for exceeding asbestos permissible emission level(=> 0.01 f/cc) only

2) Mann-Whitney U test was used(because of N < 30)
*p<0.05
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ofd oz yAHo], FRAAANAE EAA A wA WES ynlg WA asigivt. 2HA 9
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TAA Y %%‘i}?‘éﬂﬂl Aozt FaAAEn = o], AR AR AR AR Gl B E = A
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ATSDR(10): Lippmman(11): Wylie %(12) ~ HERath seh 5 a9 $e 722 5 8le,
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o] BTy B=A T 1 olale]l gpe Mol 7 sl MW 82% 9 38%9] Hl&S AAE= A
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Hoh 2 Ao A dxe] ¥7] F3kH(alveolar 9} 3% |wl 0.4 um ofsk]l MHle] HolEx s
air spaces)d] TFhEA] Bal= whd UH])7} 0.5 vl wsl7] $lal, v aiEAlS AAIEACHGE 10).
BT 2o Hge] AL ¥ 70%4d T4 A 2 A} S el Fohs Awel Wil
=71 shselttn Bauet 9k Wylie %(12)e] YWl 1.0um R 0.4pm ZZpell thsfM, 11.7um
e, GRAH FelA e 1317} ymich 2 4 R 10.8um= Z7F e on, ok atelzt 1
We A wE oENES fue) A4 g R ST > 0.05).
= Busta Qo] 1umEt; 2 Awo] Azpd o Blake 5#(15)2} Plumlee %£(16)¢l <J3tH 4]
2 dob W opdENES §ue 4 gubw wu W 2 e 2ol ti4AE(Macro phage)
3t vt T3 Berman® Crump(8)e] <70l 7 #H W ARES AAskEH #dste T8
ol&hH 10 um ©]/dolWA YH] 0.4um ©]skel A 84 F syl Ilgren(17~18)d &abd <1zt
o] wobd e AN Qe Aow wwam o WAME A7 dEHeR 10~15umo
9lom | Loomis %(14)o4%= o] 5~10umold Pl Z717F Sum PIRRRL A= s Al of3
A uH] 0.25um olatel Mwo] setapaast w AR Tl smol, AwshH o A
Hsle] 71 BEEs) 2o Hog By 0}1 gy ol "ol 10~15 umo] A 1 ol A
BoAgs Aue] =7 oz F AwdAsr v S A AAARES A7)e} vy A7) g

Table 9. Width distribution of the detected asbestos fiber

N Mean Median P90 Interquartile Range Width < 1.0pum Width < 0.4 ym
(um) (um) (um) range(Q1-Q3) (min-max) (%) (%)
0.450 9.830
369 0.738 0.500 1.400 (0.350~0.800) (0.150~9.980) 82 38

Table 10. Comparison of the fiber length in width <1.0 yum fiber and width <0.4 um fiber

o Mean = SD Length > 10 ym
Classification N (um) t p (%)
Length(width < 1.0) 305 11.7+8.1 45
1.407 0.160
Length(width < 0.4) 141 10.8+£5.7 40
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Table 11. Correlation between width and Aspect ratio in asbestos fiber(width <1.0)

Variable Width Aspect ratio
Width 1
Aspect ratio -0.419* 1

*p<0.01
of A7 &kste], A7IzE Holl deldls ' WY T, A7] ARE ekl
o] AN Euial Histil glom, HE AR AANAA AL 58 (Abatement work)©]
= 2 ARE AR S8 =gk, 1 2 7718 W& 9 BAXH(Waste storage), ¥F
A AEATEE (inflammatory  cytokines) 2 A4 (Surrounding) .t AHSAEAEE7} =
tE seEds FH HXAER wEsaA o 2 Aoz Yeht(p < 0.05), AAsiA Al A=A o]
ARk, oleldh Aok Mo e Atge o A FH ATAAED B 2R JFgFS
# el Aol el (collagen) o] A n2E Ao AokEt
W, 2 A3 79 A3H(Fibrosis) £ AHH S Al e A9 A wE AFEE A
(Asbestosis) 7} Uehdtha Basta ek df 8 2 $As: B4 4y AuAdez s
s B AWHASS fdske 4ol 10~15umolA ARAEE B0l 2 ¢ HIHE =& LR
L 71 o]l Aol Hlge YH| 1.0um ©]3st AR, o] gk AbolE YERA] THp >
Ut 0.4um o|3t AHel dislA 45%, 40%= 7} 0.05).
7} Vet 10). AR AAAANG G Ul & E7sE Y F&

Loomis % (14)oA= Aol wobejaigd S Y Aol WS A4 of 1% ety iF-i
H&= SFoH ghSE Al dole 445 = MAMAAALYY FHAA HEH A a2y
S Ao Hrista Q. old HEE AW F oF WY 2 IFTIT 2 AAAo] = A
& T &3k YHl 1.0um o8kl AHE & AMWo] 27% AL AZHJeH, # zlso] dF
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