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Objective Naturally occurring asbestos (NOA) refers to asbestos found as a natural 

component of rocks and soils. The purpose of this study was to determine effective 

methods for changing the characteristics of NOA. 

Methods The study used chrysotile-containing soils and rocks. Unprocessed 

chrysotile-containing soils and rocks were treated using two methods: (1) heat 

treatment at 700–1100˚C for 1–3 hours, or (2) combination treatment of 100–250˚C 

and 0.3, 0.5, or 1.0 M oxalic acid for 1–3 hours. A Polarized light microscope 
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(PLM) was used for the qualitative analysis of both untreated and treated samples, 

referring to the National Institute of Occupational Safety and Health (NIOSH) 

Manual of Analytical Methods (NMAM) Method No. 9002. To confirm                                                                                                                                                                                                                                                                                  

judgement, morphological and chemical changes in pre- and post-treated samples 

were examined using a field emission scanning electron microscope (FE-SEM) 

with an energy-dispersion spectrometer (EDS). 

Results PLM analyses revealed gradual changes in optical properties according to 

increased temperature, acid concentration, and time. Sign of elongation, extinction, 

and dispersion staining characteristics of NOA changed under conditions of   

1000 ˚C on heat treatment and 1 M oxalic acid at 250˚C for 1 hour on combination 

treatment. SEM/EDS analyses revealed morphological and chemical changes under 

conditions of 1 M oxalic acid at 250˚C for 1 hour. The morphology of the asbestos 

changed into the angulated form rather than the twisty, long and winding form. The 

elemental composition of combination treated samples showed low levels of 

magnesium and high levels of silicon compared to untreated samples. 

Conclusion The optimal treatment condition was 1 M oxalic acid at 250˚C 

temperature for 1 hour. Combination treatment resulted in changes in NOA 

characteristics at lower temperatures than did heat treatment alone. 

Keywords: Asbestos, NOA, Heat treatment, Oxalic acid, PLM, SEM/EDS 

Student Number: 2013-21827 
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1. Introduction 

Asbestos was formerly widely used as a raw material in construction and industry 

due to its high strength, non-flammability, and low cost. However, asbestos is 

classified as a carcinogen by the International Agency for Research on Cancer 

(IARC) (Group 1), the American Conference of Governmental Industrial 

Hygienists (ACGIH) (A1) and so on. Naturally occurring asbestos (NOA) refers to 

the mineral as a natural component of soils or rocks, as opposed to asbestos in 

commercial products, mining, or processing operations. NOA can be released from 

rocks or soils by routine human activities, such as construction, or by natural 

weathering processes [1]. 

In epidemiological studies, a high incidence of asbestos-related disease was 

found among mine workers in the 1980s, and among the residents of Libby, 

Montana (USA), in late 1999 [2]. Accordingly, the dispersion of NOA in the 

environment became an increasingly important issue, although asbestos concerns 

have focused mainly on occupational problems. NOA may be found not only in 

large commercial sites and active, closed, or abandoned mines but also in small 

noncommercial deposits throughout mountain ranges [3]. NOA exposures typically 

occur at lower levels than occupational exposures, and at irregular intervals, 

regardless of the age and background of individuals [4]. Human exposure to NOA 

may be a particularly serious problem because it occurs in various locations, forms, 

and quantities. 

Although many studies on the treatment of asbestos have been performed, most 

research focused on asbestos-containing materials (ACMs) such as ceiling tiles, 



2 

roofing slates, etc. Treatment methods included dissolution in acids, hydrothermal 

treatment, mechanochemical treatment with high-energy milling processes, fiber 

melting, and vitrification using plasma technology [5]. However, existing methods 

are costly and energy intensive, and whether the treated asbestos is completely 

detoxified is questionable.  

In Korea, most asbestos wastes are processed in solidified form after being 

packed into polyethylene bags, or thermally treated at high temperatures and buried 

in designated landfill facilities. However, these methods have problems due to the 

limited land area available and are not appropriate for treating large quantities of 

asbestos waste. The cost is approximately 70 billion won if solidifying or melting 

methods are used after classifying designated wastes based on the content of 

asbestos [6]. To address this issue, various methods have been suggested, but 

development of safer and more efficient and treatments that address the problems 

of high cost and secondary exposure post-treatment is necessary. 

The toxicity of asbestos is due to various factors. The key human disease-

causing mechanisms are unclear. Of the physical factors, particle size and shape 

determine the rate of deposition in the human lung. Surface roughness also affects 

carcinogenesis, chemical mechanisms, and dissolution rate. The major chemical 

factors may be related to the surface chemical composition and active surface states 

[7]. It is hypothesized that magnesium originating from chrysotile reacts 

intracellularly, thereby causing cytopathogenicity [8]. Therefore, treatment 

methods should alter both the chemical and physical properties of asbestos to 

facilitate its detoxification [9]. 

Several methods can be used to determine the physicochemical properties of 
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asbestos. Polarized light microscopy (PLM) is a powerful method for mineral 

analysis and can identify both the mineral species and crystal properties of fibers 

[3]. The principle of PLM is related to the optical orientation of the illumination 

light beam [10]. Scanning electron microscopy (SEM) has been used for 

morphological identification of asbestos fibers in many studies [11, 12]. This 

technique uses a beam of electrons instead of light, the shorter wavelength of 

which enables visualization of structures smaller than 0.2 µm [13]. Though there 

are few standard SEM analytical methods, it is also appropriate for analyzing the 

physicochemical properties of fibers and is cost-effective [14]. It is important to 

analyze the characteristics of fibers accurately to identify the effects of treatments 

on their physicochemical properties. In addition, the relationship between the 

changed characteristics and asbestos toxicity should also be evaluated. 

Many studies have aimed to identify effective asbestos treatment methods. 

However, most concerned ACMs and focused on treatment at high temperatures. 

There is a lack of experimental data on detoxifying NOA and identifying 

effective treatment methods. Therefore, the aims of this study were to assess the 

changes in the physicochemical characteristics of asbestos according to NOA 

type and treatment method and to identify the optimal treatment conditions for 

NOA to reduce time and cost. 
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2. Materials and Methods 

2.1. Experimental samples 

A total of six field samples was collected from Hongseong County in Chungnam 

Province (Korea), Ulsan City (Korea), and Montreal (Canada), which are known 

NOA locations. The basic characteristics of the samples are listed in Table 1. 

All NOA samples were dual-packed and experiments were conducted in a 

laboratory equipped with protective equipment suitable for asbestos, including 

high-efficiency particulate absorption (HEPA) filter-equipped hoods, etc. To 

reduce experimental error, each test was conducted with samples of a fixed weight 

(300 mg) or size (2 × 2 × 2 cm3). All samples were dried at room temperature and 

used without pre-treatment. Asbestos contents of all samples were >10%. 
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Table 1. Basic characteristics of the asbestos samples 

Asbestos type 
Sample 

number 

Sampling   

location 

Number of  

samples 

Chrysotile-

containing soil 
S-1, S-2, S-3 Hongseong 3 

Chrysotile-

containing rock 
R-1 Hongseong 1 

Chrysotile-

containing rock 
R-2 Ulsan 1 

Chrysotile-

containing rock 
R-3 Canada 1 
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2.2. Experimental procedures 

In this study, we attempted to alter the characteristics of asbestos using heat and 

acid treatments. Because acid-only treatment showed no significant effect after 48 

hours [15], the effects of heat and combination treatments were evaluated. To 

identify the optimal treatment conditions for NOA, various temperatures, times, 

and acid concentrations were used. 

 

Figure 1. Outline of study protocol. 
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Heat Treatment 

Heat treatment is the most common asbestos decomposition process used. In 

previous studies, chrysotile changed physically at 600–800 °C [16] and its optical 

properties were affected by treatment for 3 hours at 700 °C [15]. 

Based on prior studies, the following treatment conditions were used:       

(1) 700 °C, 800 °C, 900 °C, 1000 °C, and 1100 °C for (2) 1, 2, or 3 hours. Samples 

were heated in an electric furnace (WiseTherm, Daehan Scientific, Korea) after 

being placed into a crucible. All soil samples were 300 mg and all rock samples 

were 2 × 2 × 2 cm3 in dimensions. 

 

  



8 

Combination Treatment 

A graphite block (ECO-PRE, ODLAB, Korea) was used to perform simultaneous 

heat and acid treatments. Preliminary results showed that the properties of asbestos 

fiber changed following treatment at 200 °C with 0.3 M oxalic acid for 1 hour (data 

not shown). Therefore, the following treatments were performed: (1) 100 °C, 

150 °C, 200 °C, and 250 °C, (2) 1, 2, or 3 hours, and (3) 0.3 M, 0.5 M, or 1 M 

oxalic acid. Samples consisting of either 300 mg of soil or rock of dimensions 2 × 

2 × 2 cm3 were placed into a Teflon vessel. Oxalic acid (50 mL) was transferred 

into the vessel and the pressure lid was closed loosely to prevent evaporation of 

oxalic acid. The treated samples were separated by being passed through mixed 

cellulose ester (MCE) filters (0.8-µm pore size; 47-mm diameter) using vacuum 

filtration while rinsing with distilled water. The filtrate residues were placed into 

Petri dishes, and dried for at least 24 hours. 
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2.3. Analytical techniques 

PLM analysis 

Polarized light microscopy (PLM, BX51, Olympus, Japan) was used for qualitative 

analysis of the target substances before and after treatment. Asbestos fibers were 

extracted from the samples and pre-treated using a refractive reagent (refractive 

index [RI] = 1.550, Cargille Laboratories, USA) on a glass slide topped with a 

cover glass. Then, the fibers were analyzed using a polarized light microscope with 

reference to the National Institute of Occupational Safety and Health (NIOSH) 

Manual of Analytical Methods (NMAM) Method No. 9002. Morphological and 

optical properties such as [RI], pleochroism, sign of elongation, extinction, and 

dispersion staining [DS] were identified in NOA samples. All samples were 

analyzed (objective lenses = 10, ocular lenses = 10) in triplicate. The average 

thickness (width) of analyzed fibers was ~50 µm. 

Chrysotile has no pleochroism, which is defined as a difference in color 

according to mineral orientation (north-south, east-west) under conventional 

illumination with only the polarizer in the optical light path. Under crossed polar 

with the insertion of a first-order red retardation plate, a difference in phase is 

termed a sign of elongation. Chrysotile has a positive sign of elongation, in which 

the length refractive index value of the fiber is of greater magnitude than the width 

refractive index. A bright white pattern was observed when removing the first 

order red plate under crossed polar, and a parallel (to the cross hair) total extinction 

of the fiber was observed when rotating the stage. The angle of extinction is also 

used to identify asbestos, and chrysotile has parallel extinction (extinction angle = 



10 

0°). Under polarized light with insertion of the DS objective, the fibers were 

observed using an objective that has a disk placed in the back focal plane so that 

only the dispersed light is observed. In the case of chrysotile, fibers oriented in the 

north-south direction exhibit a blue-magenta color, while those in the east-west 

direction exhibit a light blue color. 

Refractive index (RI) is defined as the relative ratio of velocity in a vacuum 

(Vvac≒3 × 1010 cm/s) to velocity in a medium (Vsub). It is the most important 

optical property for PLM analysis, and asbestos can be analyzed by measuring two 

RIs (n∥, n⊥) according to light vibration direction (length, width) within a fiber. 

In this study, a DS method was used for measuring the RIs; the procedure follows.  

 Assuming that the polarizer is parallel to the east-west direction of the cross 

hairs, rotate the microscope stage until a fiber bundle is parallel to the east-west 

cross hair. A range of DS color is usually displayed; ensure that the DS color that 

gives the highest RI (n∥) is observed; that is, the DS color corresponding to the 

shortest matching wavelength. For example, if the DS color ranges from purple to 

red-purple, choose red-purple. Rotate the microscope stage 90° and then repeat the 

steps to determine another RI. In this case, ensure that the DS color that gives the 

lowest RI (n⊥) is observed; that is, the DS color corresponding to the longest 

matching wavelength. For example, if the DS color ranges from blue to light blue, 

choose light blue.  



11 

SEM/EDS analysis 

A field emission scanning electron microscope (FE-SEM, MIRA II LMH CS02, 

TESCAN, Czech Rep.) equipped with an energy dispersion spectrometer (EDS, 

AnalyZer Model 550i, TESCAN, Czech Rep.) was used to assess the 

microstructure and chemical composition of asbestos. The presence or absence, 

destruction or non-destruction, and elemental change or non-elemental change of 

untreated and treated asbestos fibers were examined. The samples were fixed on 

carbon tape attached to the surface of an aluminum mount and coated with 

platinum (Pt) for SEM analysis. 

All samples were analyzed (magnification = 2,000; SEM HV: 15.00 kV; 

WD: 15.00 mm) three times, and the average of each result was used. Because of 

the marked variations in magnesium and iron, silicon was the main criterion used 

to identify changes.
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Statistical analysis 

The results of three repeated analyses are expressed as means ± standard deviation. 

Student’s t-test and the paired t-test were carried out using SPSS 20.0 for 

Windows®  (SPSS, Chicago, IL, USA). SigmaPlot 10.0 (Systat Software, Inc., 

USA) was used to interpret graphs. A value of P <0.05 was taken to indicate 

statistical significance. 

  



13 

3. Results 

3.1. PLM analysis 

Regarding heat treatment, the optical properties of chrysotile-containing soil 

changed at 1000 °C, but the properties of chrysotile-containing rock showed no 

significant change. PLM analyses showed that sign of elongation and DS of 

chrysotile-containing soil started to change at 800 °C, and completely changed at 

1000 °C (Table 2). However, the sign of elongation of chrysotile-containing rock 

was unaffected at 1000 °C. Chrysotile soil and rock started to show color after heat 

treatment, but the extinction showed no change under any of the heat treatment 

conditions. 

The RIs of chrysotile-containing soil tended to increase according to 

temperature, and dramatically increased at 1000 °C (Figure 2). The width RI value 

of the fiber (Figure 2(b)) tended to show a greater increasing pattern than the length 

RI (Figure 2(a)). There was little change according to time. 
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Table 2. Changes in the optical characteristics of NOA according to temperature after 

3 hours, as determined by PLM 

 
Temperature 

(°C) 

Sign of 

elongation 
Pleochroism Extinction 

Dispersion 

staining 

S-1d) 

700 △ △  ｘa)  △ b) 

800 △ △ ｘ  ○ c) 

900 △ △ ｘ ○ 

1000 ○ △ ｘ ○ 

R-1e) 

700 ｘ ｘ ｘ ｘ 

800 ｘ ｘ ｘ △ 

900 ｘ △ ｘ △ 

1000 △ △ ｘ ○ 

a)ｘ: no change 

b) △ : partial change 

c) ○ : change 

d) S-1: chrysotile-containing soil 

e) R-1: chrysotile-containing rock 
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Figure 2. Changes in the RIs of chrysotile-containing soil according to 

treatment temperature and time. (a) Length, (b) width (n = 3: number of 

analyses; error bar: standard deviation; length/width: light vibration 

direction of fiber; p < 0.05: t-test compared to the RIs of untreated asbestos). 
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Regarding the combination treatment, the optical characteristics of NOA started to 

change following treatment with 1 M oxalic acid at 250 °C for 1 hour. There were 

no changes following the combination treatment at 100 °C, 150 °C, or 200 °C (data 

not shown). This study focuses on the effects of the combination treatment at 

250 °C. 

Chrysotile-containing soils and rocks were treated with 0.3 M, 0.5 M, or 1 M 

oxalic acid for 1, 2 or 3 hours at 250 °C. PLM analyses showed that the optical 

properties of asbestos in soils and rocks started were affected by treatment with 0.3 

M oxalic acid for 3 hours, 0.5 M oxalic acid for 2 hours, and 1 M oxalic acid for 1 

hour at 250 °C (Table 3). 

The sign of elongation, pleochroism, and dispersion staining of chrysotile-

containing soils and rocks were affected by treatment with 1 M oxalic acid and 

250 °C for 1 hour, but not 0.3 M or 0.5 M oxalic acid (Table 4). The effects of 

treatment with 1 M of oxalic acid at 250 °C, the results of 2, 3-hours were similar 

to those of 1-hour treatment. 

The length and width RIs increased gradually with acid concentration, and the 

width value differed significantly following treatment with 1 M oxalic acid 

compared to untreated samples (Figure 3(a)). There was little change according to 

time following treatment with 1 M oxalic acid at 250 °C (Figure 3(b)). 

The results of chrysotile-containing rock differed from those of chrysotile-

containing soil, both inside and outside of samples (Table 5). PLM analyses 

indicated that the optical properties of asbestos inside of samples were unchanged; 

however, all characteristics—with the exception of extinction—of asbestos on the 

outside of samples were altered. Both RIs of the outside of samples increased, but 
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those inside of the samples were similar to the values of raw chrysotile (Figure 4). 

In the case of width direction, the RI was significantly increased compared to 

untreated asbestos. 
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Table 3. Changes in the optical characteristics of chrysotile-containing soil and rock 

according to oxalic acid concentration and time at 250 °C, as determined by PLM 

 0.3 M 0.5 M 1 M 

1 hour ｘ  ｘa)  △ b) 

 2 hours ｘ △  ○ c) 

 3 hours △ ○  ○ 

a)ｘ: no change 

b) △ : partial change 

c) ○ : change  
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Table 4. Changes in the optical characteristics of chrysotile-containing soil and rock 

according to oxalic acid concentration and time at 250 °C, as determined by PLM 

Oxalic acid 

concentration, 

time 

Sign of 

elongation 
Pleochroism Extinction 

Dispersion 

staining 

0.3 M, 1 hour ｘ ｘ ｘ ｘ 

0.5 M, 1 hour ｘ ｘ ｘ  ｘa) 

1.0 M, 1 hour △ △ ｘ  △ b) 

1.0 M, 2 hours △ △ ｘ  ○ c) 

1.0 M, 3 hours △ △ ｘ ○  

a)ｘ: no change 

b) △ : partial change 

c) ○ : change  
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Figure 3. Change in the RIs of chrysotile-containing soil at 250 °C according to (a) 

acid concentration for 1 hour and (b) time with 1 M oxalic acid (n = 3: number of 

analyses; error bar: standard deviation; length/width: light vibration direction of 

fiber; p < 0.05: t-test compared to the RIs of untreated asbestos). 
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Table 5. Changes in the optical characteristics on the inside and outside of chrysotile-

containing rock following treatment with 1 M oxalic acid at 250 °C for 1 hour, as 

determined by PLM 

 
Sign of 

elongation 
Pleochroism Extinction 

Dispersion 

staining 

Inside ｘ ｘ ｘ  ｘa) 

Outside △ △ ｘ  △ b) 

a)ｘ: no change 

b) △ : partial change 
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Inside Outside

R
ef

ra
ct
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In
d

ex

1.54

1.55

1.56

1.57

length

width

*

n = 3

* : p < 0.05

 
Figure 4. RIs of the insides and outsides of chrysotile-containing rock samples (n=3: 

number of analyses; error bar: standard deviation; length/width: light vibration 

direction of fiber; p < 0.05: t-test compared to the RIs of untreated asbestos). 
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3.2. SEM/EDS analysis 

The microstructures of chrysotile-containing soils and rocks were affected by the 

heat and combination treatments. However, based on the atomic ratio, NOA 

differed between heat- and combination-treated chrysotile. 

SEM showed that the morphology of heat-treated chrysotile changed into an 

angulated form, while that of the combination-treated chrysotile changed into a 

conglomerated and harsh form, rather than a long, and winding shape (Figure 5). 

EDS analyses indicated that the atomic ratio of chrysotile was unaffected by 

heat treatment, but was altered by the combination treatment in both soils and rocks 

(Table 6). The atomic ratio of combination-treated chrysotile is not included in the 

references of the Korea Occupational Safety and Health Agency (KOSHA). The 

results showed lower levels of magnesium and higher levels of silicon compared to 

untreated samples. 
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Untreated soil  800˚C, 3 hours 1 M, 250˚C, 1 hour 

 

S-1 

 

 

Untreated rock  1000˚C, 3 hours 1 M, 250˚C, 1 hour 

 

R-1 

  

Figure 5. SEM images (S-1, R-1) of NOA morphology before and after treatments. 

※ Note: magnification = 2,000 –1; SEM HV: 15.00 kV; WD: 15.00 mm 
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Table 6. Comparison of the elemental compositions of chrysotile-containing soils and 

rocks with the KOSHA reference after heat treatment 

% 

KOSHA 

criteria for 

asbestos 

S-1 R-1 

800 °C, 

3 hours 

250 °C, 1 M, 

1 hour 

1000 °C, 

3 hours 

250 °C, 1 M, 

1 hour 

Mg 52.0 ± 3.5 49.85 ± 0.28 19.92 ± 3.60 49.87 ± 1.32 6.53 ± 10.97 

Si 45.9 ± 3.4 48.89 ± 0.42 78.66 ± 4.13 48.89 ± 1.30 92.23 ± 10.88 

Fe 2.1 ± 0.9 1.26 ± 0.15 1.42 ± 0.46 1.24 ± 0.20 1.24 ± 0.12 

Judgment compared 

to the KOSHA 

criteria 

Not changed Changed Not changed Changed 

※ Note: Elemental composition of chrysotile according to the Korea Occupational Safety 

and Health Agency: Mg: 52.0 ± 3.5%, Si: 45.9 ± 3.4%, Fe: 2.1 ± 0.9%  
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3.3. Comparison of treatment effects 

This study compared the effects of various NOA treatments to identify the optimal 

treatment conditions. The heat and combination treatments had similar effects on 

the optical properties of samples; however, their effects on sample composition 

differed. 

The RIs tended to increase in heat- and combination-treated samples compared 

to untreated chrysotile, based on PLM analyses (Figure 6). In soil samples, the 

width RI significantly increased following treatment at both 800 °C for 3 hours, 

and 250 °C and 1 M oxalic acid for 1 hour (Figure 6(a)). In rock samples, the 

length and width RIs significantly increased following treatment at 1000 °C for 3 

hours, and the width value significantly changed following treatment at 250 °C 

with 1 M oxalic acid for 1 hour (Figure 6(b)). 

In soil samples, the atomic ratios of magnesium and silicon showed significant 

changes following treatment at 250 °C and 1 M oxalic acid for 1 hour, but not at 

800 °C for 3 hours, compared to raw chrysotile (Figure 7(a)). In rock samples, the 

atomic ratios of magnesium and silicon also significantly changed following 

treatment at 250 °C with 1 M oxalic acid for 1 hour, but not at 1000 °C for 3 hours 

compared to untreated chrysotile (Figure 7(b)). 
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(a) 

 

 

(b) 

 

Figure 6. Comparison of RIs according to treatment conditions, as determined by 

PLM. (a) Chrysotile-containing soil (S-1) (b) chrysotile-containing rock (R-1) (n=3: 

number of analyses; error bar: standard deviation; length/width: light vibration 

direction of fiber; p < 0.05: t-test compared to the RIs of untreated asbestos). 
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(a) 

 

(b) 

 

Figure 7. Comparison of compositional changes according to treatment conditions, as 

determined by EDS. (a) Chrysotile-containing soil (S-1), (b) chrysotile-containing rock 

(R-1) (n=3: number of analyses; error bar: standard deviation; p < 0.05: t-test 

compared to the atomic ratios of untreated asbestos). 
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3.4. Verification of treatment conditions 

This study compared the results of other NOA samples to determine the optimal 

treatment conditions. Sign of elongation, pleochroism, and DS were altered in all 

chrysotile-containing soils (S-1, S-2, S-3) and rocks (R-1, R-2, R-3) following 

treatment with 1 M oxalic acid at 250 °C for 1 hour. In sample S-2, sign of 

elongation exhibited a pale blue color at a 45° angle, and extinction showed no 

bright pattern at any angle (Table 7). 

The morphology of the soil (S-2, S-3) and rock (R-2, R-3) samples changed to a 

conglomerated and harsh form from a long and winding structure based on SEM 

analyses (Figure 8). The atomic ratios of chrysotile in soils (S-2, S-3) and rocks (R-

2, R-3) are not included in the KOSHA references. All samples showed low levels 

of magnesium and high levels of silicon compared to untreated samples (Table 8). 
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Table 7. Comparison of the effects of treatment at 250 °C with 1 M oxalic acid for 1 

hour on chrysotile-containing soils and rocks according to sample number 

 
Sign of 

elongation 
Pleochroism Extinction 

Dispersion 

staining 

S-1e) △ △  ｘa)  △ b) 

S-2 e)    ○ c), d) △ ○  ○ c) 

S-3 e) △ △ ｘ ○ 

R-1 f) △ △ ｘ △ 

R-2 f) △ △ ｘ △ 

R-3 f) △ △ ｘ △ 

a)ｘ: no change 

b) △ : partial change 

c) ○ : change  

d) Pale color 

e) S-1, 2, 3: chrysotile-containing soils 

f) R-1, 2, 3: chrysotile-containing rocks 
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Untreated soil  1 M oxalic acid, 250 °C, 1 hour 

 

S-2 

 

S-3 

 
Untreated rock  1 M oxalic acid, 250 °C, 1 hour 

 

R-2 

 

R-3 

 

Figure 8. SEM images of the morphologies of chrysotile-containing soils (S-2, S-3) and 

rocks (R-2, R-3) before and after combination treatment. 

※ Note: magnification = 2,000 –1; SEM HV: 15.00 kV; WD: 15.00 mm 
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Table 8. Comparison of the elemental compositions of chrysotile-containing soil      

(S-2, S-3) and rock (R-2, R-3) with the KOSHA reference criteria after combination 

treatment 

% 

KOSHA 

criteria for 

asbestos 

S-2 S-3 R-2 R-3 

250 °C, 1 M oxalic acid, 1 hour 

Mg 52.0 ± 3.5 0.68 ± 0.18 8.95 ± 2.05 2.53 ± 2.37 3.16 ± 0.90 

Si 45.9 ± 3.4 99.21 ± 2.47 89.51 ± 1.86 96.84 ± 2.71 95.99 ± 0.70 

Fe 2.1 ± 0.9 2.47 ± 0.26 1.54 ± 1.62 0.62 ± 0.35 0.85 ± 0.20 

Judgment 

compared to the 

KOSHA criteria 

Changed Changed Changed Changed 

※ Note: Elemental composition of chrysotile according to the Korea Occupational Safety 

and Health Agency: Mg: 52.0 ± 3.5%, Si: 45.9 ± 3.4%, Fe: 2.1 ± 0.9% 

 

  



33 

4. Discussion 

The aim of this study was to evaluate the effects of various treatments on the 

physicochemical characteristics of NOA and to identify the optimal treatment 

conditions. The changes in asbestos properties differed according to NOA type and 

treatment method, and 1 M oxalic acid at 250 °C for 1 hour was the optimal 

condition for treatment of chrysotile-containing soils and rocks. We performed heat 

treatments, as well as simultaneous heat and acid combination treatments to alter 

the characteristics of asbestos at lower temperatures. Oxalic acid was selected for 

the combination treatment because it is effective for dissolving chrysotile [17]. 

PLM and SEM/EDS were applied to examine the optical, morphological, and 

chemical properties of the samples. 

First, the optical properties—sign of elongation, pleochroism (color), RI 

(dispersion staining), and extinction—of NOA were evaluated by PLM. 

Pleochroism appeared gradually after both heat and combination treatments, 

although raw chrysotile has no color at any angle. These results suggested that the 

patterns of absorption and transmission of light within fibers were changed. RIs 

according to light vibration direction also increased after both treatments, which 

indicated that the fiber density was increased. Chrysotile in soil exhibits positive 

elongation, but changed to negative elongation following treatment at 1000 °C. In 

the case of chrysotile in rock, the optical properties were altered at 1000 °C but 

elongation remained positive. Other studies have also reported reversal of signs of 

elongation at high temperature [18, 19], which indicates that the RI and density of 

the width direction are higher than those of the length direction within the fiber. 
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Notably, following the combination treatment, some asbestos exhibited a pale 

color, similar to bleached fiber. This result corresponds to a report of a pale blue 

color in the 2–8 o’clock position [9]. Chrysotile is the lightest at the 45° angle, and 

its color disappears at the 90° angle upon extinction. While the extinction 

properties were unaffected by treatment at 1000 °C, the bright color partially 

disappeared at 45°, resulting in a pale-colored fiber as was the case following the 

combination treatment. Regarding the principle of extinction, it is estimated that 

the fiber changed from an anisotropic to an isotropic mineral having one light 

direction [13]. The extinction angle can be used to distinguish asbestiform from 

non-asbestiform minerals, which are often found in mixed mineral environments 

[3]. 

Four optical characteristics of asbestos were examined to determine whether 

RIs differed between treated and untreated samples. After heat treatment, NOA 

exhibited changes at a higher temperature than asbestos fibers. Chrysotile fiber was 

altered at 700 °C for 3 hours [15], but chrysotile in soil began to show changes at 

800 °C due to the presence of other materials either mixed with or covering the 

asbestos. For a notable optical change, chrysotile-containing soil required a 

temperature of ~1000 °C. On the other hand, chrysotile in rock was unaffected by 

treatment at 1000 °C because the asbestos fiber was embedded deeply in the rock. 

After combination treatment, NOA started to exhibit changes following treatment 

with 1 M oxalic acid at 250 °C for 1 hour. In the case of chrysotile fiber, the optical 

properties changed following treatment with 0.3 M oxalic acid at 200 °C for 1 hour 

[15]. However, chrysotile in soil and rock required higher acid concentrations and 

temperatures, although there was little change according to time. 
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Second, the morphologies and chemical properties of samples were evaluated 

by SEM/EDS to identify changes in asbestos properties. Based on SEM analysis, 

after heat treatment, the surface morphology of asbestos changed from a thin and 

silky shape, similar to a thread, to an angulated form, similar to a piece of wood, 

according to the temperature used. After combination treatment, chrysotile fiber 

exhibited a conglomerated shape and a greater surface roughness than untreated 

fiber. PLM analysis suggested these results be related to the increased RIs, because 

the density of fiber was shown to increase after the heat and combination 

treatments. 

Based on EDS analysis, heat-treated samples were characterized as chrysotile 

according to the KOSHA reference, and showed no significant change compared to 

untreated samples. On the other hand, combination-treated samples showed a 

dramatically increased atomic ratio of silicon. This indicates that magnesium and 

iron were emitted from the asbestos structure after the hydrolysis reaction between 

asbestos and acid. Oxalic acid, which was used in this study, dissolves brucite 

layers ([Mg3O2(OH)4]n
2n+) and reacts more rapidly with increasing concentration, 

precipitating glushinskite [17]. While heat-treated asbestos transforms to forsterite 

at temperatures higher than 500 °C [20], our data indicate that this is not a chemical 

change related to atomic ratio, but simply a change in crystalline structure causing 

a change of optical properties. It has been reported that the human toxicity of 

asbestos is caused by physical and chemical factors [9]. Heat treatment was 

effective in transforming the physical characteristics, but not the elemental 

composition, of asbestos. On the other hand, combination treatment yielded 

changes in the morphological, compositional, and optical characteristics of 
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asbestos at lower temperatures than heat treatment alone. 

We assessed the reduction ratios of magnesium and iron by evaluating the 

increased ratio of silicon. This was because asbestos has a basic silicate framework 

in which keep silicate layer inside and brucite layer outside of the fibers [7]. From 

a toxicological viewpoint, asbestos treatment focuses on the magnesium 

concentration in chrysotile and the iron concentration in amphibole. This is because 

biological conditions facilitate emission of metal ions such as iron in amphiboles 

and magnesium in chrysotile. However, iron concentration is one of the most 

important factors in toxicity [7]. Therefore, methods for the complete removal of 

iron from asbestos should be developed, and methods for accurate measurement of 

metal ion contents should be developed to overcome the large variations inherent to 

EDS analyses. 

Acid concentration is the most important of the three factors in the combination 

treatment. Following treatment at 250 °C for 1 hour, the optical properties changed 

in the presence of 1 M oxalic acid, but not 0.3 or 0.5 M. The width RI began to 

exhibit significant differences at 1 M oxalic acid, and changed little with increased 

treatment duration. It is hypothesized that chemical digestion occurred through 

release of hydrogen ions due to the acid reacting with the surface of the chrysotile 

in the soils and rocks [20, 21]. Following this reaction, magnesium is extracted 

from the asbestos structure [21, 22]. In the preliminary assessment of the 

combination treatment, NOA did not exhibit changes at temperatures <200 °C for 

short treatment durations. The magnesium extraction rate increased with increasing 

temperature [9]. This suggested that the reaction is accelerated at higher 

temperatures and so NOA should be treated at temperatures above 200 °C to obtain 
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effective results within limited treatment durations. Heat and acid should be 

applied simultaneously because this shortens the treatment duration to 1 hour, 

while acid-only treatment requires at least 5 days [23]. In another study, the 

combination of oxalic acid and ultrasonic vibrations was shown to require over 12 

hours of treatment [24]. To our knowledge, few studies have used simultaneous 

heat and acid treatment of NOA. In this study, 1 hour of oxalic acid treatment at a 

low temperature was demonstrated to alter the chrysotile in soils and rocks. 

In this study, field samples of only chrysotile-containing soils and rocks were 

analyzed. However, amphiboles are more common than chrysotile in the natural 

environment, comprising about 5% of Earth’s crust [25]. Moreover, amphibole 

asbestos is more hazardous than chrysotile [26]. Amphibole asbestos thermally 

decomposes at higher temperatures and its acid resistance is greater than that of 

chrysotile [20]. Therefore, another agent or combination method should be 

considered to treat this type of NOA. 

The first limitation of this study is its application to mass quantities of NOA, 

reflecting real treatment situations, because only small amounts of asbestos were 

used in this study. The optimal treatment condition does not represent a universal 

method, because the results varied according to sampling location. Therefore, 

further studies in which other determinants, such as soil taxonomy and size of rock, 

are taken into consideration should be conducted. Second, a quantitative measuring 

technique is required to determine morphological changes in asbestos, because the 

toxicity is caused by both chemical and physical factors of the fiber. Also, the 

physicochemical characteristics of asbestos related to the changes in optical 

properties should be identified. Third, the characteristics of asbestos inside the 
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chrysotile-containing rocks were unaffected, even following the combination 

treatment. Therefore, a further method for processing of asbestos-containing rock is 

required, such as grinding. Finally, no toxicological assessment was conducted, 

although the properties of asbestos were changed. However, the results of this 

study will provide valuable information for further research aiming to improve 

NOA disposal methods. 
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5. Conclusions 

NOA distribution areas occupy approximately 6% of Korea according to a 

geological map produced by the Ministry of Environment. Currently, disposal of 

asbestos-containing materials is not a perfect alternative to avoidance of exposure 

to asbestos. This study was focused on reducing the hazard posed by NOA, and 

also important for exposure management and prevention of secondary exposure. 

The optimal NOA treatment condition was 1 M oxalic acid at 250 °C for 1 

hour. Combination treatment resulted in changes in asbestos properties at lower 

temperatures than heat-only treatment and yielded changes in the morphological, 

chemical, optical characteristics. The results of this study provide an efficient 

method for management and disposal of NOA at reduced cost and time. 
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국문초록 

 

자연발생석면의 특성변화를 위한 

최적 처리 조건 

 

이지은 

서울대학교 보건대학원 

환경보건학과 산업보건전공 

 

Ⅰ. 연구목적 

자연발생석면은 우리 주위에서 널리 사용되었던 석면 제품 속의 석면

과는 다르게 암석이나 토양에 존재하는 석면을 뜻한다. 본 연구의 목적

은 자연발생석면의 특성을 효과적으로 변화시키는 방법을 도출하고자 하

는 것이다. 

Ⅱ. 연구방법 

본 연구의 대상 물질로 백석면 포함 토양과 원석을 선정하였으며, 시

료는 특별한 전처리 과정을 거치지 않았다. 기존 문헌과 예비 실험을 바

탕으로 크게 열 처리와 복합 처리로 나누어 실험을 진행하였다. 

처리 전∙후 시료 내 석면의 특성 변화 여부를 알기 위해 1차적으로 

편광현미경 분석을 하였으며 NIOSH 9002 방법을 참고하였다. 1차 분석
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에서 광학적 특성 변화를 보인 시료를 대상으로 2차 분석을 하기 위해 

에너지분산광도계가 장착된 주사전자현미경을 이용하였다. 2차 분석을 

통해 석면의 미세 표면 형태와 구성원소 비율의 변화를 확인하였다. 

Ⅲ. 연구결과 및 고찰 

PLM 분석 결과, 온도와 산 농도가 증가함에 따라 석면의 광학적 특

성이 점차적으로 변하였다. 열 처리의 경우 1000˚C에서, 복합 처리의 

경우 옥살산 1 M 농도 조건에서 250˚C에서 1시간 처리하였을 때 신

장률 부호, 소광, 분산염색의 특성이 변하기 시작하였다. 주사전자현미경 

분석 결과, 처리 후 석면의 형태가 가느다란 실 모양에서 끝이 뭉친 나

무 토막 모양으로 변하였다. 에너지 분산 광도계 분석 결과, 석면의 구

성 원소는 복합 처리 전 시료에 비해 마그네슘의 비율이 낮아지고 실리

콘의 비율이 높아지는 것을 확인하였다. 

Ⅳ. 결론 

자연발생석면의 최적 처리 조건은 옥살산 1 M 농도 수준에서    

250˚C에서 1시간 처리하는 것으로 나타났다. 복합 처리는 열 단일 처

리에 비해 더 낮은 온도에서 자연발생석면의 변화를 보였다. 

주요어: 자연발생석면, 열 처리, 옥살산, 편광현미경, 주사전자현미경 

학번: 2013-21827 
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Appendices 

 

Appendix 1. The refractive indices of chrysotile-containing soil after heat treatment 

(S-1) 

Temperature 

(°C) 

Treatment 

time 

(hours) 

Refractive index 

(n∥) 

Refractive index 

(n⊥) 

0 0 1.556 ± 0.000 1.546 ± 0.000 

700 

1 1.558 ± 0.001 1.548 ± 0.001 

2 1.558 ± 0.001 1.549 ± 0.002 

3 1.558 ± 0.001 1.549 ± 0.002 

800 

1 1.558 ± 0.002 1.550 ± 0.002 

2 1.558 ± 0.001 1.550 ± 0.001 

3 1.560 ± 0.001 1.551 ± 0.000 

900 

1 1.560 ± 0.001 1.552 ± 0.001 

2 1.562 ± 0.001 1.554 ± 0.003 

3 1.562 ± 0.001 1.557 ± 0.002 

1000 

1 1.563 ± 0.001 1.568 ± 0.001 

2 1.564 ± 0.001 1.569 ± 0.001 

3 1.564 ± 0.003 1.571 ± 0.002 

 

Appendix 2. The refractive indices of chrysotile-containing soil after combination 

treatment (S-1) 

Oxalic acid 

concentration 

(M) 

Treatment 

time 

(hours) 

Refractive index 

(n∥) 

Refractive index 

(n⊥) 

0 0 1.556 ± 0.000 1.546 ± 0.000 

0.3 1 1.557 ± 0.000 1.547 ± 0.001 

0.5 1 1.557 ± 0.000 1.548 ± 0.001 

1 1 1.560 ± 0.002 1.549 ± 0.001 

1 2 1.560 ± 0.001 1.550 ± 0.001 

1 3 1.560 ± 0.001 1.550 ± 0.001 
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Temperature 

(˚C) 

Treatment 

time (hours) 
Sign of elongation Dispersion staining 

0 0 

  

700 3 

  

800 3 

  

900 3 

  

1000 3 

  

Appendix 3. Changes in optical properties after heat treatment (S-1).  
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Oxalic acid 

concentration 

(M) 

Treatment 

time 

(hours) 

Sign of elongation Dispersion staining 

0 0 

  

0.3 1 

  

0.5 1 

  

1 1 

  

1 2 

  

1 3 

  

Appendix 4. Changes in optical properties after combination treatment (S-1).
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Sample number Sign of elongation Pleochroism Extinction Dispersion staining 

S-1 

(Untreated) 

    

S-1 

    

S-2 

    

S-3 

    

Appendix 5. The effects on the optical properties of each soil and rock sample of combination treatment at 250 °C with 1 M oxalic acid for 1 hour.
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