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Abstract: Interested in NOA (Naturally Occurring Asbestos), Korea as well as the USA has been making
geologic maps of asbestos distributed mines and surrounding areas, restoring mines, evaluating hazard, and so
on. The result can be used to improve the reliability of analysts and analysis institutions by judging the amount
of asbestos and set up PLM (Polarizing Light Microscope) information by analyzing in soil. The certification
value of 2 kinds of CRM (Certified Reference Material) was performed by counting total 400 points with EPA
600-R-93-116 method using by PLM. The following is the result of homogeneity and stability of 2 kinds of
manufactured CRM analyzed by ANOVA (Analysis of variance) and Regression Analysis. Based on the
analyzation, the results are satisfied with homogeneity and long-term stability. The analyzed certification value
of CRM includes the range of minimum and maximum value of point counting result for chrysotile; low
concentration-1% (range, 0.25~3.00), high concentration-4% (range, 2.25~5.50).
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Fig. 1. Chrysotile image by SEM.
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Table 1. Optical properties of chrysotile

Character of chrysotile Description

Morphology Wavy, Silky, Curly Fibers
Aspect ratio >10 : 1, Mean >20 : 1
Color Colorless, White

Pleochroism None
Extinction type Parallel
Refractive index 1.54 ~ 1.55

Birefringence Law (0.007)
Sign of eongation +

RI Liquid, Color
% Asbestos

1.550"°, Blue - Magenta
> 95%
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(a) Raw-material stirring and wet

sedimentation

(e) Mixtures using a hand mill

Fig. 2. Manufacture process of CRM preliminary material.
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(b) Separating the particle size of the
chrysotile
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Fig. 3. Chart of dispersion staining colors (McCrone, 1987).
Table 2. Converting dispersion staining colors to matching wavelengths (McCrone, 1987).
Matching wavelength, nm Particle edge colorsl Becke line colors2
Annular stop Central Stop Particle Liquid
<340 Black violet White White X
400 Dark violet Pale yellow Pale yellow X
430 Violet Yellow Pale yellow X
455 Blue Golden yellow Yellow Violet
485 Blue-green Orange Orange Violet
520 Green Red purple Orange-red Violet-blue
560 Yellow-green Purple Red-orange Blue-violet
595 Yellow Deep blue Red Blue
625 Orange Blue-green Faint red Blue
660 Red-brown Light blue-green X Blue-green
700 Dark red-brown Pale blue-green X Pale blue-green
1500 Black-brown Very pale blue-green X Very pale blue-green

Table 3. Conversion table for calibrating RI liquid 1.550 (Series E). using cargille calibrated refractive index solid

Ao, (nm) 20 °C 22 °C 24 °C 26 °C 28 °C 30 °C
520 1.542 1.543 1.544 1.545 1.546 1.547
540 1.544 1.545 1.546 1.547 1.548 1.549
560 1.546 1.547 1.548 1.549 1.550 1.551
580 1.548 1.549 1.550 1.551 1.551 1.552
600 1.549 1.550 1.551 1.552 1.553 1.554
620 1.551 1.552 1.553 1.554 1.554 1.555
640 1.552 1.553 1.554 1.555 1.556 1.557
660 1.553 1.554 1.555 1.556 1.557 1.558
680 1.554 1.555 1.556 1.557 1.558 1.559
700 1.555 1.556 1.557 1.558 1.559 1.560

Reference: Shu-Chun Su, refractive index liquid calibration using calibrated refractive index solids, 2002.
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Table 4. Chrysotile wavelength at temperature 24 °C
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Table 5. Analysis results of homogeneity Unit: % slgom, 7 BAZES Table 59 S.9FelTh A9
Sample 1D Times of measurement . AREA o] FAA dElE O]%ﬂ EG S MY
(Low concentration) | 2 3 FAE P37} A7 A= 79 F °H]=0.609<F 7]z}
CH-SOIL-01-05  0.25 125 075 2]=2.510 o|E=Z 95% 2 F| Gl F2AES Table
CH-SOIL-01-10 2.00 0.50 1.75 ES
o] X zﬂ-oﬂ 011: R = EE,_FH<F77?<
CH-SOIL-01-15 050 125  2.00 6l e o ] 1742
CH-SOIL-01-20 075  0.75 1.50 olm® AxH FREEL BT aEE Table 6014
CH-SOIL-01-25 175 200  0.50 solalgiT) 415
CH-SOIL-01-30 0.50 1.00 0.50
CH-SOIL-01-35 0.50 1.50 1.75 _ oy
CH-SOIL-01-40 050  1.00  2.00 32 oH¥E Wit Zx
CH-SOIL-01-45  0.75 125 0.50 AL, s THEZ AL HrtE 93] 34
e e A9 Pgh>0.05, 95% AFFEoA AHEE B
. Ho g Hrretslon, 2 LA Table 791 2.0t
Sample ID Times of measurement o 5784 % 2 oled Bk = mMAlm
(High concentration) | 2 3 PLM Atk 24 A 25 o] &3 EY T WA
org_}x%_x,:_§17 v;(lr__l,:_cﬂﬁo _ZF= olu
CH-SOIL-02-05 275 325  3.00 el P8 jg’% 1 “; P-t=0272 <l
CH-SOIL-02-15 525 500 475 oA BHels 2 9o} ﬁbo: Es& P-2>0.05 o] B2
CH-SOIL-02-20 3.75 3.00 2.75 5
AZE TREZFLS B5% A7t S 9]
CH-SOIL-0225  3.00 325  5.00 i FR=Z T 148285 Table 89 Fig
CH-SOIL-02-30 500 500  3.00 59141 Blstelnt
CH-SOIL-02-35 3.00 3.25 5.25
CH-SOIL-02-40 425 450  3.75 ol=7} @7l 247
CH-SOIL-02-45  4.00 3.75 3.25 3_3 S et @ i
Ave 400 392 383 FHEZ IFHS AW AL A% A
Stdev 095 079 094 = Azhe] HagolA Hulgrel o2 A ¥3
Table 6. Evaluation results of homogeneity
Low concentration
Source of variation SS df MS F P-value F crit
Between groups 1.917 8 0.240 0.609 0.759 2.510
Within groups 7.083 18 0.394
Total 9.000 26
High concentration
Source of variation SS df MS F P-value F crit
Between groups 9.250 8 1.156 2.031 0.101 2.510
Within groups 10.250 18 0.569
Total 19.500 26
Table 7. Analysis results of stability
Sample (Low concentration)
CH-S-01-05  CH-S-01-15 CH-S-01-25 CH-S-01-35  CH-S-01-45 Mean
Term(month)
0 1.00 0.90 1.30 1.05 1.05 1.06
6 1.05 1.05 1.15 1.25 1.65 1.23
12 0.90 1.10 1.35 1.15 1.75 1.25
Sample (High concentration)
CH-S-02-05 CH-S-02-15 CH-S-02-25 CH-S-02-35  CH-S-02-45 Mean
Term(month)
0 3.80 3.70 3.90 3.95 3.85 3.84
6 3.80 3.65 3.80 3.75 4.35 3.87
12 3.90 4.05 3.95 3.85 435 4.02
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Table 8. Evaluation results of stability
Low concentration

df SS MS F Significance F
Regression 1 0.018 0.018 4.813 0.272
Residual 1 0.004 0.004
Total 2 0.022
Coefficients ~ Standard error t Stat P-value Lower 95% Upper 95%
Intercept 1.085 0.056 19.409 0.033 0.375 1.795
X Variable 1 0.016 0.007 2.194 0.272 -0.076 0.108
High concentration
df SS MS F Significance F
Regression 1 0.016 0.016 6.750 0.234
Residual 1 0.002 0.002
Total 2 0.019
Coefficients  Standard error t Stat P-value Lower 95% Upper 95%
Intercept 3.820 0.045 85.418 0.007 3.252 4388
X Variable 1 0.015 0.006 2.598 0.234 -0.058 0.088
173 Table 9. The results of certification
150 Range(%), 95%
o )
g12s Sample ID Mean(%) Confidence interval
2.0 + CH-SOIL-Low concentration 1 0.25~3.00
CH-SOIL-High concentration 4 2.25~5.50
075
050 Table 10. Acceptable error for PLM analysis
o 6 12

Term(month)

Fig. 4. Graphical illustration of stability for low concentration.

o 6 12
Term(month)

Fig. 5. Graphical illustration of stability for high concentration.
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% Area Acceptable % Area Acceptable

asbestos mean result asbestos mean result
1 > 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%
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Table 11. The results of certification and EPA error

Yun-Ho Choi et al.

Types of asbestos Concentration Mean(%) Range(%) EPA error range Note
Chrvsotile i . Low concentration 1 0.25~3.00 > 0~3% Satisfied
rysottie in sol High concentration 4 2.25~5.50 > 1~9% Satisfied
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