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ABSTRACT

Objectives: The objective of this study is the estimation of factors influencing airborne fiber concentrations by means of an
observation survey of asbestos-containing materials in buildings.

Methods: Forty-five samples were collected from four commercial buildings by NIOSH Method 7400 and classified according to
current condition, potential activity, construction year, and operations and maintenance(O&M).

Results: Airborne fiber concentrations by current condition(classified as good, fair and poor) were significantly different(p<0.05).
Concentrations by potential activity were significantly different among groups(p<0.05), and those from the low activity group
were higher than those from the middle activity group. Based on construction year, airborne fiber concentrations from the decade
of the 1990's were higher than those from the 1960's. When O&M status was considered, airborne fiber concentrations from
1960's buildings were lower than those buildings not operated and maintained(p<0.01), because dust generation was influenced by
O&M status. It was found that airborne fiber concentrations were related to current condition and potential activity via regression
analysis, but the coefficient of determination was low. Also, correlation analysis showed that the higher the potential activity, the
more current condition is worsened, but the relationship was not significant(r=-0.455, p>0.05).

Conclusions: Airborne fiber concentrations in asbestos-containing buildings had weak relationships with current condition and
potential activity.
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ATFo, e, s A, A, Fargkel WA At FA A W A Evsdes
A, dFF7lE, o 2 FUd 55 Y AF7E BlikE s SEstthar ddE s Ay
4= th(Becklake, 1976; Park & Paik, 1988). FTEE A9 YsiAE AeE HAR 7= 89
G, TEd W el §o 48 b w2 Uojok stm, 11 Zzte] aolef ubet A Eet
o WA, SEolE D wetolE 5o AFAAE o AT BASHE o] wEA Basit
Byolmgloly W = =9 npzkxj, 7tAA 5o u| =2 2 A] & E 3l(American  Society for Testing
ZOIE AE & A4 o vl A3 =7 Tylo) o} and Materials, ASTM)®} = H Q7% (Health and
o AgEo] Szt Selutete] 49 AuTHG AIFE  Safety Executive, HSE)AE % - gelo] ael
o A% -9 - AE EE AL AW 2X = gclom Ax A, A £41s4, 24
(MoEL, 2015)= Qlsf o5 Al&Fstehe 3482 9l 7h A7 5o WS AASHL itk o] 7]
L}, AHshe A=E(Asbestos Containing Materials in H QAELS HEOFE o] AitoAs I A, &
buildings, ACMs)ell 93 871% =22 oldsl 9 AM BEA, AFUE, G4 - B ol 42 2]
AW AN B FUSeA we @asst B F HEY do| W 4BAS BAsel /3 A
B gleh ol HEetnA mEwERE 20099 A 9 e 44 wEel 9 Fi el FAsm
YAARAY ABEILS AMSte] ACMsY A shaek
A AA A B TR E EEES S, 201040
= ARQIobd R AT o] B F o] A - AA I1. 01 ek
Aol o ACMse] §4 - B €55 Adste] A
A3 1. CHA
ACMs & 3715 =Z5E] A7 B 22 v B o] Hueend AgRA ARE B3 A
uPorA ASE wHo| HAxH| VR, AEE WAL 9EE e AR 43S AAsIe] A3
o Mg, FAESE, A5EY =53 o= 3 4 sloich. 1 = ACMs7} ZA)5H= A(Rooms)S Ak
A FaEA 37 SR Hd ARE aAE # o 7F A FA A, AR BEA, AZdE,
27h 3= 7d-7-OItH(KOSHA, 2008). ¢-2juteh= A A - e R HrE APstya FEo| o)
Aoz v=o] wis wjik 7ot FEjS] ACMs7E ) gu ) Wm BE slglon) O ANE Efia
Table 1. General information on surveyed rooms
Building Room ID N Type of ACMs Type of asbestos Content of asbestos(%)
A-1 2 Ceiling tile Chrysotile 5
A A-2 4 Ceiling tile Chrysotile 8
A-3 2 Ceiling tile Chrysotile 3
B-1 3 Ceiling tile Chrysotile 3
B B-2 2 Ceiling tile Chrysotile 10
B-3 2~3 Ceiling tile & tile Chrysotile 12
C-1 3 Ceiling tile Chrysotile 10
C C-2 2 Gasket Chrysotile 40
C-3 3~5 Ceiling tile & cement board Chrysotile 10
D-1 3~5 Ceiling tile Chrysotile 15
D D-2 6~8 Ceiling tile Chrysotile 10
D-3 2 Ceiling tile Chrysotile 10

"Number of occupants
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Table 2. Qualitative assessment and quantitative ratings for current condition by ASTM E2356

Qualitative ranking Quantitative rating

Description of current condition

Surfacing material has no visible damage or small amounts of damage; covering on

Good 7, 8,9, 10

thermal system insulation is intact or has small amounts of damage; miscellaneous

materials intact; no visible debris or small amounts of debris.

Surfacing material has moderate but not extensive amounts of visible damage;
covering on thermal system insulation is cut or torn, exposing moderate but not

Fair 4,5, 6, <7

extensive amounts of insulation; moderate but not extensive damage to miscellaneous

materials such as floor tile; moderate but not extensive amounts of visible dust and
debris. Damage: up to 25% localized damage and up to 10% distributed damage.

Extensive damage to surfacing material; covering on thermal system insulation is cut

Poor 1,23 <4

or torn extensively and insulation itself is damaged; miscellaneous materials such as
floor tile extensively damaged and underlying mastic exposed; extensive amounts of

debris. Damage: over 25% localized damage and over 10% distributed damage.

Table 3. Quantitative assessment for potential activity by HSG227

Assessment factor Score Examples of score variables
0 None
1 1to3
Number of occupants 5 410 10
3 >10
0 Infrequent
1 Monthly
Frequency of use of area 5 Weekly
3 Daily
0 <1 hour
Average time in use ! 21 to <3 hours
& 2 >3 to <6 hours
3 >6 hours
0 Rare disturbance activity
Type of activity in arca 1 Low disturbance activities
yp y 2 Periodic disturbance
3 High levels of disturbance

http://iwww.kiha.kr
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(c) Selected area electron diffraction pattern with diagnostic
features labelled

Figure 1. Result of asbestos identification by TEM and EDX
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Table 4. Airborne fiber concentrations by current condition
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Figure 3. Assessment of potential activity

Fiber concentration in air, fibers/cc

Current condition N

Mean + SD' GM(GSD) Range
Good 16 0.0021 + 0.0009 0.0019(1.2) 0.0011 ~ 0.0036
Fair 15 0.0031 + 0.0015 0.0027(1.3) 0.0009 ~ 0.0053
Poor 14 0.0030 + 0.0012 0.0028(1.2) 0.0016 ~ 0.0051

“Number of samples, "Mean + Standard deviation,

Table 5. Airborne fiber concentrations by activity

¥ Geometric mean(Geometric standard deviation)

*

Fiber concentration in air, fibers/cc

Potential activity N T B
Mean + SD GM(GSD) Range
High 14 0.0035 + 0.0012 0.0033(1.2) 0.0016 ~ 00053
Medium 20 0.0024 + 0.0012 0.0020(1.3) 0.0009 ~ 0.0049
Low 11 0.0024 + 0.0011 0.0022(1.2) 0.0011 ~ 0.0047

"Number of samples, fMean + Standard deviation,

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 174-183

¥ Geometric mean(Geometric standard deviation)
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Table 6. Airborne fiber concentrations by Year of construction and O&M status

*

Fiber concentration in air, fibers/cc

Year of construction/ O&M status N T P
Mean + SD GM(GSD) Range
In the '60s/ Encapsulation 24 0.0023 = 0.0012 0.0020(1.3) 0.0009 ~ 0.0053
In the '90s/ None 21 0.0033 + 0.0012 0.0031(1.2) 0.0016 ~ 0.0051

“Number of samples, "Mean + Standard deviation,

¥ Geometric mean(Geometric standard deviation)

Table 7. Statistics describing the relationship of airborne fiber concentrations between current condition and activity

Current condition vs potential activity

Good vs Low

Fair vs Medium Poor vs High

Factors
Pearson correlation coefficient(r) 0.070 0.502 0.465
p-value 0.838 0.057 0.094
HAFEE 9 l e qn 2. 201 Al 8|72
A AEe A k2| A

= WAy JERE ST dsd
T2 2AREE @ﬂ 19674, 19934, 1995002 %A
o &= HAS fe frdsge glelth 1960
drfelr 19904t F 7o) 1Fes Urlen 7t
50%9] W& AA|sHich A - e ojFEE B
1960 Th o] AEo] ACMse| sEHof BF 325t
(Encapsulation)7} Eo] 1911, 1990 ] Ao
ojwgt 2|7} Eo] AR Aot 1990dH &2
718k 0] 0.0031 flec® 1960t A=) 7|31 H
Hrp o3| woto), fA4] - we|o] ofF g whdsf
B 1257t Hol Qle el 7|skEdto] 0.0020
flcc® YA 2 39 7|shEtET WA Uy
THp<0.01)(Table 6, Figure 4). o] AEo] w3}
S Aglel A - BElY] o frF 2219 w4k
of ¢S mHcka HhEch

=

0.006
°
0.005 4 AT,
°
8 0.004 - T
c
1= [ I, —— — — —— .
£ 0.003 -
o
8
e |  |eeeSSeaS—
8 0.002 | l
Q]
0.001 A L
0.000 T T
Encapsulation None

Figure 4. Airborne fiber concentrations by O&M status
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Figure 5. Plot of airborne fiber concentrations between current
condition and potential activity
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Table 8. Statistics describing the regression between airborne fiber concentrations and current condition

Unstandardized coefficients

Standardized

Dependent variable Independent variable B Standard oror  cocfficients beta t-value p-value

Fiber concentration Current condition X 0.0010 0.0004 0.3794 2.3271 0.0249"
in air Current condition X» 0.0009 0.0004 0.3365 2.0643 0.0452"

R’=0.136, adjusted R’=0.095, df=2, F=3.301, p=0.047
'p<0.05
Table 9. Statistics describing the regression between airborne fiber concentrations and potential activity
Unstandardized Coefficients i
Dependent variable Independent variable Standardlzed t-value p-value
Standard error cocfficients beta

Fiber concentration Potential activity x; -0.0012 0.0004 -0.4619 -2.8397 0.0069"

in air Potential activity xo  -0.0011 0.0005 -0.3700 -2.2749 0.0281"

R’=0.176, adjusted R’=0.137, df=2, F=4.497, p=0.017

"p<0.01, " p<0.05

2]
5| 7)ol A F=4.497, p=0.0172 7z} 533 n%
AHO R foste] 375 F=o FF -
o &2 UEyith(Table 9). Z1efuh AR Aejet A
e W 2245 R%0] 0.095, 0.1372 ZHzt 13
17%9] @2 AieS Yepliar ql7]o] A A
QA dedutoe s 3715 s5E 43 A2
e 22 oz woEch 7]Eo] AgdAr)
Aol EAEHA] grol 4317 o] -9t Kim(1995)°]
gy AZE 2031 SR 3 AFolA 7%
AW FE7F SR, B8] TFe ol R, &= 53
= #do] gl FET fos AAE yehdt e
Bastglct oA Bk A SsdolE FA
Ao foJstzl gtot Fe(low) o2 ERsE A
o] 75l o] BHE(Medium)e] HSET 9358 &

AE olfre o]HT 2219 P WAL FAT

filo
Ry
A

T

it
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Figure 6. Relationship between current condition and activity
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