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Abstract: While variety of cases of studies about asbestos analysis methods are released internationally, the
results of Asbestos Containing Materials (ACM) according to differences in the method of the analysis is
becoming an issue. In this study, homogeneity ensured ACM samples were analyzed by visual estimation
method and point counting method, and the result cound be used not only to improve the reliability on
asbestos analysis of the institutions and analysts but also to obtain the basic data of Polarizing Light
Microscope (PLM) analysis by comparing and evaluating. Asbestos analysis were divided into qualitative
and quantitative analysis method. The quantitative analysis was performed by visual estimation method and
point counting method (total 400 points) of EPA 600-R-93-116 method by using PLM. Firstly, The following
was the result of homogeneity of the samples by ANOVA (Analysis of variance) and the results were satisfied.
The results of qualitative analysis showed that the samples were chrysotile and amosite, and about the results
of quantitative analysis, asbestos concentration determined by point counting method tend to be lower than
concentrations determined by visual estimation method and also, pont counting method was a little more

complicated and time-consuming.
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Table 1. Type of asbestos by preliminary survey for real world samples

Sample ID Preliminary survey by visual estimation Material Note

A 5% Chrysotile Texture Homogeneity test
B 10% Chrysotile Texture -

C 15% Chrysotile Texture -

D 15% Chrysotile, 3% Amosite Texture -

E 3% Amosite Spray Coat -

F 5% Amosite Spray Coat Homogeneity test
G 10% Amosite Spray Coat -

H 10% Amosite, 5% Chrysotile Spray Coat
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Fig. 1. Area % charts black on white Reference: Shu-Chun Su, Assuming the field of view is filled with matrix materials, 2004.
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Table 2. Analysis results of homogeneity Unit: % §8)9] 3382 EAS g3 A= Tuble 49} 72Th.
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Table 3. Evaluation results of homogeneity
Sample ID, A
Source of variation SS df MS F ratio P-value F crit
Between groups 2.144 9 0.238 2.079 0.083 2.393
Within groups 2.292 20 0.115
Total 4.435 29
Sample ID, F
Source of variation SS df MS F ratio P-value F crit
Between groups 2.419 9 0.269 1.767 0.138 2.393
Within groups 3.042 20 0.152
Total 5.460 29

SS: sum of squares, df: degree of freedom, MS: mean squares
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Table 4. Optical properties of asbestos

Character of asbestos

Description

Chrysotile Amosite
Morphology Wavy, Silky, Curly Fibers Straight, Needles
Aspect ratio >3:1 >3:1
Color Colorless, White Colorless, Light gray
Pleochroism None None
Extinction type Parallel Usually parallel
Refractive index 1.530 ~ 1.575 1.664 ~ 1.686
Birefringence Law Moderate
Sign of eongation + +
RI Liquid, Color 1.550 ", Blue - Magenta 1.680, Golden yellow - Blue
Qualitative analysis A, B, C, (D), (H) E, F, G (H), (D)

Table 5. Percent asbestos by visual estimation and point counting method for real world samples

Asbestos concentration

Sample ID  Types of asbestos RPD
Visual estimation Point counting
A Chrysotile 6% Chrysotile 3.50% Chrysotile 47%
B Chrysotile 10% Chrysotile 7.25% Chrysotile 32%
C Chrysotile 13% Chrysotile 10.25% Chrysotile 26%
D Chrysotile, Amosite 13% Chrysotile, 4% Amosite  9.75% Chrysotile, 1.25% Amosite 43%
E Amosite 3% Amosite 1.25% Amosite 82%
F Amosite 6% Amosite 3.25% Amosite 54%
G Amosite 12% Amosite 6.50% Amosite 62%
H Amosite, Chrysotile 11% Amosite, 5% Chrysotile  6.25% Amosite, 4.00% Chrysotile 46%

-
\

Fig. 2. Counting reticule for cross-hair.
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Table 6. Suggested acceptable errors for PLM analysis
(Based on 400 point count of reasonably homogeneous
sample or 100 fields of view for visual estimate)

% Area Acceptable % Area Acceptable
asbestos mean result asbestos mean result

> 0~3% 50 40~60%

5 > 1~9% 60 50~70%

10 5~15% 70 60~80%

20 10~30% 80 70~90%

30 20~40% 90 80~100%

40 30~50% 100 90~100%

Table 7. Analysis of results and EPA error
Concentration(%)  (Calculated

Sample ID  visual Point  EPA error Note
estimation counting range

A 6 3.50 1~10% Satisfied
B 10 7.25 5~15% Satisfied
C 13 10.25 7~20% Satisfied
D 17 11.00 9~26% Satisfied
E 3 1.25 > 1~7% Satisfied
F 6 3.25 1~10% Satisfied
G 12 6.50 6~18% Satisfied
H 16 10.25 8~24% Satisfied

F AP F AR et AR niet
gabgo] ZPsiths 2 SJujgith ARH O A
T T AR AokR b EAEAFY S
fof ole Azl W@ 2 Aol Grke AL
v gk}, WA Table 79 LERART.

st

[0

o o o orfo

kb3 T
9%, 4997k 397t

o ot
r.?ﬂolnor-ﬁt
L"LE
ﬁolﬁ
ri‘_L\;mo
-
w
o

&
A

it mlE .
Mg e 2
a2’

n
w o
o 2K
& %
2

4y rjz 9
M
)4
;‘lN r
o it
3
oo
T
o &
S, 2k
® 5
M
>
NG
e
4 TE
mﬁ
o
o
Jb
rO
i)

)
32

f
i) g B
=2
X
X,
o

8 Foll Al st 3

o, Mr i
rrom N
o
- o~
&
Lo

N
N
ok
Y,
)
=
i
1)
> o
3_})1
iy
1
e
g
ol
M
(ot
)
>
fr
IS

Vol. 27, No. 3, 2014

L
M
2o
tlo
do
%

>
>,

2
>,
)
oxl g‘
o E
F-[E ol
N M
ol g T
;P; &,
N e
L f
" e
= X oft
o o
gl}f iz 9
@ 1
b o 1x
moroh
M e ;{n ;
£3 %
2L oS
2 X 2

2 Mo
2
N
3
rlo
i
> A
e

N

)

ofr

> G of)

o

9
)
%
rlu
_)\J_“
o
X
{0t o O
T
e

2
e
1
>
Y,
e
a2
N,
o
Mo r

=3
4,
Jn Hr
ok HE
SLASNA A < el
OE
o
lo
e
=X
ot
ol
o

By
=2
=
ol
LS
f
ui
ox
L e T
o 1
= g 2
O:

s

o B g
o2t
o

1. H. W. Kim, G Y. Park, J. G Han, Y. S. Han, B. G
Hwang, J. H. Lee, Releasing of asbestos fibers from
the weathered asbestos cement slate roofing, The
Korean Industrial Hygie, 20(2), 88-93 (2010).

2. U.S. Geological Survey, Mineral Commodity Summa-
ries, 2007.

3. Becklake, Mr. American Review of Respiratory Dis-
ease, Asbestos-related diseases of the lung and other
organs, 187-227 (1976).

4. J. K. Choi, D. Y. Paek, N. W. Paik, The Production,
the Use, the Number of Workers and Exposure Level
of Asbestos in Korea, The Korean Industrial Hygie,
8(2), 242-243 (1993).

5. KONETIC, Bans of Asbestos Import, 2006.

6. Ministry of Environment, Control of Asbestos Regulations,
2012.

7. NIER, Method for the determination of Asbestos in
Waste, 2007.

8. EPA 600-R-93-116, Method for the determination of
asbestos in bulk building materials, 1993.

9. EPA-600/M-82-020 : Interim method for the determi-

nation of asbestos in bulk insulation samples, 1982.



160 Yun-Ho Choi, Tae-Hwa Kim, Yong-Soo Bae, Tae-Hyun Kim, Hyeon-Ja Kim, Eun-Ah Jang and Beom-Goo Hwang

10.

11.

12.

13.

14.

Department of Labor, Asbestos Survey and QA/QC
Manual, 2009.

RTI, RTI Calibration Standard No. 1 INFORMATION
SHEET, 2009.

SO Guide 34, General requirements for the compe-
tence of reference material producers, 2009.

ISO Guide 30, Terms and definitions used in connec-
tion with reference materials, 1992.

Agency for Technology and Standards, KS L 5300,

16.

17.

Determination of Asbestos in Bulk Material, 2009.

. ISO Guide 35, Reference materials-general and statisti-

cal principles for certification, 2006.

ISO/IEC 17025, General requirements for the compe-
tence of testing and calibration laboratories, 2005.
Ministry of Environment, Official Test Methods of Soil
Quality, 2009.

. McCrone Research Institute, Advanced Asbestos Iden-

tification, APPENDICES, 2005.

Analytical Science & Technology



