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Building materials containing asbestos

| < grindto powder
0.2 g powder

| < 20% formic acid 5 mL
Warm at 40°C, 30 min.

1
Centrifuge 2500 rpm, 5 min.

1
Discard supernatant

|« Distilled water 5 ml
Centrifuge 2500 rpm, 5 min.

1
Discard supernatant

| < 20% acetic acid 5mL
Warm at 40°C, 30 min.

1
Centrifuge 2500 rpm, 5 min.

1
Discard supernatant

| < Distilled water 5 mL
Centrifuge 2500 rpm, 5 min.

1
Discard supernatant

| < Hydrofluoric acid 2 mL
Warm at 60°C, 30 min.

1
Dry at 140°C

| < Hydrochloric acid 2 mL
Ultrasonication, 5 min.

1
Warm at 60°C, 30 min.

1
Dry at 140C

| < 10 mM Nitric acid
Ultrasonication, 5 min.

1
Analyze the metal content

Fig. 1 Flow of Asbestos Measurement Procedure
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Fig. 2 Calibration Curves of Asbestos Concentration
in Standard Cement
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Tablel. Micronucleus Test of Asbestos
and Asbestos Substitutes

Dose (ug/mL) MN" PNV Growth (%)
Attapulgite
Atagel 40 0 6 17 100
100 7 71k 52
Atagel 350 0 6 17 100
100 17+ 50 53
Wollastonite
NYGLOS 5 0 5 11 100
100 22 82wk 91
NYAD 400 0 7 28 100
100 10 69k 89
NYAD 1250 0 7 28 100
100 9 51 82
MMMF
Potssium Titanate 0 4 11 100
whisker 100 T4 496 79
Asbestos
Amosite 0 5 11 100
100 83#xx  48S5wkx 61
Crocidolite 0 7 15 100
100 T2k 363#* 63
Chrysotile 0 5 11 100
100 183xx  4(9*#+ 34

1) : MN:Micronucleated cells, PN:Polynucleated cells.
The number of cells per 2000 cells.

*  y’-test P<0.05, ** :P<0.01, ***:P<0.001
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Research Project on Efficient Testing Methods for Asbestos and Biological Adverse Effects of Asbestos Substitutes

Masayuki KURITA", Tomoko OKUBO', Ikue SAITO", Fumio KANO®, Yoshiaki NAKAMURA”,
Ken-ichi OHYAMA", Yoshimitsu SAKAMOTO", Osamu TAKAHASHI", Hiroshi FUIITA" and Akio OGATA"

The Tokyo Metropolitan Institute of Public Health typically conducts relevant scientific research projects on the health effects of
chemicals and microbes from food, drugs, water, and air. Herein, we summarize the results of our project, conducted from fiscal
year 2006 to 2008, on efficient asbestos testing methods and biological adverse effects of asbestos substitutes.

The project consisted of 9 studies performed independently and is described below.

1. Semiquantitative measurement of asbestos in bulk building materials using transmission electron microscopy

A transmission electron microscope (TEM) is useful system to identify asbestos in building materials, although several hours are
required to prepare an asbestos specimen. The purpose of this study was to reduce the asbestos sample preparation time and to
semiquantitatively determine the asbestos mass percentage in bulk materials using TEM and image analysis. We dispersed building
materials crushed with a ball mill into isopropyl alcohol instead of pure water, and adopted alcohol immersion for TEM specimen
preparation. This procedure shortened the required length of time to begin an asbestos fiber observation by about one-fourth, and
provided TEM images of asbestos fibers spread uniformly over the TEM field of view. The accumulated optical density value
acquired through TEM image analysis was compared with the asbestos mass percentage measured by X-ray diffraction from the same
sample.  Data set analysis of amosite in building material indicated a positive linear relationship between optical density and mass
percentage. TEM is useful in determining the presence of asbestos in bulk building materials.

2. High-sensitivity quantitative analysis of asbestos in slate boards by X-ray diffraction

A high-sensitivity method to quantitate asbestos in slate boards was developed using X-ray diffraction. The crushing and treatment
conditions of slate board were modified, and the amount of asbestos in slate board and the rate of slate board residue were examined.
Optimum slate board crushing conditions were determined to be 50 mg of slate board crushing for 90 s, 25 times/s, dispersion for 1 min
by ultrasonication, shaking for 1 min, and incubation for 11 min in 6.7% formic acid at 30°C.  This method is simpler than the JIS
method.

3. Asbestos separation and content measurement in building materials on the basis of metal analysis

An efficient asbestos separation from building materials and asbestos content measurements based on metal analysis were developed.
When formic acid and acetic acid were used for building material pre-treatment, more than 99% of the cement was removed from the
samples. Separated asbestos was then treated with hydrofluoric acid and hydrochloric acid to dissolve metals. Metals such as
sodium and magnesium were analyzed by ion chromatography, whereas iron was analyzed by an o-phenanthroline method. From the
ratio of sodium, magnesium, and iron concentrations, the asbestos type present in the sample was identifiable. The detection limits of
asbestos content in building materials by this method were 0.05% for chrysotile (based on magnesium content) and 0.25% for
crocidolite and amosite (based on iron content). When building materials were analyzed for metal weight using this method, the
asbestos type and content were similar to results obtained by X-ray diffraction analysis.

4. Methods to detect settled and airborne asbestos or surrogate fiber concentrations

Rapid detection methods for settled and airborne asbestos fibers are presented. In the sampling data of airborne asbestos fibers in
17 buildings in Tokyo, the airborne asbestos fiber concentration in indoor air was higher than that in outdoor air. Indoor air
concentration correlated with the building construction year.

5. Examination of asbestos analysis in talcum powder

A method to detect low-level asbestos in cosmetics containing talcum powder was investigated using an X-ray diffraction device
equipped with a semiconductor array detector. Tremolite and chrysotile detection limits were 0.1 and 0.2%, respectively. Of 36
investigated cosmetics, including commercially available talcum powders and eye shadows, neither tremolite nor chrysotile was
detected.

6. Effects of polyphenol on tumorigenesis induced by crocidolite in vitro and in vivo

The effects of 6 polyphenols, epicatechin, epigallocatechin gallate, curcumin, capsaicin, daidzein, and genistein, on active oxygen
release in cultured macrophages (J774.1) and 8-hydroxydeoxyguanosine (8-OHdG) formation in cultured human mesothelial cells
(Met-5A), induced by crocidolite, were investigated. Moreover, the effect of epicatechin on tumorigenesis resulting from crocidolite
was studied in male rats.  Epicatechin, epigallocatechin, gallate, or curcumin remarkably decreased crocidolite-induced macrophage
active oxygen release. . Epicatechin or capsaicin remarkably decreased 8-OHdG formation in Met-5A cells induced by crocidolite.

Oral administration of epicatechin dissolved in water (1 mg/day/rat) for 1 year slightly decreased 8-OHdG formation and incidence of
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granulomas caused by crocidolite in the lung. Rats had free access to drinking water. It seems that epicatechin intake reduced lung
irritation and injury caused by crocidolite exposure.

7. Assessment of asbestos substitutes by histopathological examination

Asbestos fibers target the mesothelium, resulting in toxic and carcinogenic effects. Asbestos substitutes have some physical
similarities to asbestos. To investigate early mesothelial reactions due to asbestos-substitute fibers, we administered
asbestos-substitute fibers, ceramic fibers (CF), rock wool (RW), wollastonite (WN), and potassium titan whiskers (TW) into the rat
scrotal cavity.

Male Fischer 344 rat mesotheliomas spontaneously develop from the tunica vaginalis adhering to the epididymis or testis tunica
albuginia, with specific chemical induction in the scrotum. We expected that the bursal and small space of the scrotal cavity disturbs
test chemical diffusion and retains chemicals at relatively high levels for a considerable period, thereby causing efficient exposure in
this region.

Asbestos-substitute fibers were suspended in 2% carboxymethyl cellulose solution and injected into the rat scrotal cavity at the doses
of 150 mg/kg CF and RW, 10 mg/kg in WN, 2 mg/kg in TW, and 2 mg/kg in crocidolite (CR), which served as a positive control. Rats
were sacrificed at 7 days, 28 days, and 52 weeks after a single injection. On days 7 and 28 post-injection, aggregation of
inflammatory cells, such as macrophages, on the mesothelium surface and granuloma formation contained fibers in submesothelial
connective tissue for all asbestos substitute groups and the crocidolite group. At 52 weeks post-injection, inflammatory cells in the
scrotal cavity were cleared, and only granulomas with fibers were observed. Observed granulomas were reduced in size, and the
fibrous granuloma component was increased relative to those on days 7 and 28. Mesothelial proliferative lesions were not observed in
the asbestos substitute groups or the CR group.

8. Lung injury risks of asbestos alternatives

Crocidolite asbestos, SC Bulk 1260, and TOMBO no. 5100 fine flecks bulk represent the high catalytic activities in the Fenton
reaction system, and such activities of amosite asbestos, Attagel 350, and Rockwool 428 were less, but significantly higher, than the
control. Hydrogen peroxide release was observed after murine peritoneal macrophage contact with crocidolite, amosite, chrysotile,
and NYAD 400. Lipid peroxide generation from erythrocytes, peritoneal macrophages, and mesothelial cells was consistently high
after crocidolite asbestos exposure. Lipid peroxidation activity of substitutes is organ-dependent. Peritoneal lavage fluid was
collected 2 days after single intraperitoneal administration of fibers to mice. Lipid peroxide levels in these fluids, from the highest to
lowest, were crocidolite, amosite, chrysotile, SC Bulk 1260, TOMBO no0.5100 fine flecks bulk, Attagel 350, and Nyglos 5. In
conclusion, lung injury risks of substitutes may be lower than asbestos.

9. Micronucleus test of asbestos substitutes in Chinese hamster lung V79-4 cells

Chinese hamster lung V79-4 cells are sensitive to the micronucleus inducibility of asbestos.  Attapulgite (2 samples) and
wollastonite (3 samples), natural mineral fibers, potassium titanate whisker, a man-made mineral fiber, are used as asbestos substitutes;
thus, these materials were tested for their ability to induce micronucleated cells in V79-4 cells. Micronucleated cells significantly

increased in 1 attapulgite sample, 1 wollastonite sample, and the potassium titanate whisker sample.

Keywords: asbestos, asbestos substitute, testing method, biological effect, research project, building material, crocidolite, amosite,
chrysoitile, tremolite, electron microscopy, X-ray diffraction device, ion chromatography, metal, talc, phase contrast
microscopy, indoor air, polyphenol, epicatechin, macrophage, cultured cell, reactive oxygen species, 8-OHdG, scrotal
cavity, rockwool, wollastonite, potassium titanate whisker, histopathlogy, granuloma, Fenton reaction, lipid peroxide,

Chinese hamster lung V79-4 cell, micronucleus
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