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ABSTRACT : The asbestos contents in some representative building materials were analyzed using JIS
(Japanese Industrial Standard) X-ray diffraction (XRD) method. The changes in mineral composition
during analysis process and problems in JIS method were also examined. XRD analysis of some
representative domestic building materials used for roof, wall, ceiling, and floor indicates that slate
have the highest asbestos content having 6.87~6.93% of chrysotile. Other building materials analyzed
in this study also have 1.35~3.98% of chrysotile contents. The XRD analysis results of asbestos
contents in some domestic building materials are presented in this study. This method is very effective
for the asbestos content evaluation of building materials according to newly modified asbestos content
regulation (Law of Industrial Safety and Health, 2007-26) that limits asbestos content less than 0.1%
by Ministry of Employment and Labor. Small amount of tremolite as well as chrysotile were also
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observed in some samples. With consideration of crystal shape, contents and geological occurrence, it is
considered that tremolite is an associated mineral of chrysotile and is not intentionally added. Comple-
mental analyses with optical microscope and SEM/EDS are also necessary because XRD method cannot
distinguish asbestiform from non-asbestiform. The XRD method applied in this study is very effective
in the asbestos content analysis of building materials, specially building materials showing high asbestos
concentration in residues due to the high loss rate with ashing and acid dissolution procedure.

Key words : Asbestos, chrysotile, building materials, quantitative analysis, X-ray diffraction analysis
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Table 1. The building materials used for the study

Aae) g e x-AH3dE

1%

AT

Sample Use Product name Sampling place Asbestos content®
YEON-GC Gypsum board Tenement house Chrysotile 2~5%
YEON-G = Wall/Ceiling Gypsum board Tenement house Chrysotile 2~5%
PNU-G Gypsum board University building Chrysotile 2~5%
PNU-C Amitex (Gypsum cement board) University building Chrysotile 2~5%
DONG-C Ceiling Amitex (Gypsum cement board) Elementary school building  Chrysotile 2~5%
AMT Amitex (Gypsum cement board) Subway station Chrysotile 2~5%
YEON-S Slate House Chrysotile 10~20%
Roof
DONG-S State Factory building Chrysotile 10~20%
VNS Vinyl sheet Subway station -
Floor
DXT Delux tile Subway station -
NMR Namulite (Asbestos cement board) Subway station Chrysotile 15~20%
GRS Wall/Partition Gracial (Asbestos cement board) Subway station Chrysotile 15~20%
BM-6 Bamulite (Asbestos cement board) Subway station Chrysotile 10~15%

* Data from DB of asbestos containing products in the homepage of Korea Occupational Safty & Health Agency (http:/

www.kosha.or kr).
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Table 2. Loss rate comparison after ashing and acid dissolution procedures by US EPA method and JIS method,

U A o T

d Al g

ol ¥ XA H LA 97

respectively
Samples Loss rate after ashing (wt.%) Loss rate aﬁg}tij:;i dissolution Recovery rate (wt.%)
US EPA JIS US EPA* JIs* US EPA JS
YEON-GC 19.72 16.42 72.93 79.93 7.35 3.66
YEON-G 21.60 21.41 72.18 75.45 6.22 3.14
PNU-G 18.77 2018 71.71 75.65 9.52 4.18
PNU-C 17.03 16.98 50.04 70.77 32.93 12.25
YEON-C 17.20 17.02 58.75 73.91 24.05 9.07
AMT 16.85 848 70.32 77.90 12.83 13.62
YEON-S 10.33 10.00 67.66 76.74 22.01 13.26
YEON-S 12.55 9.80 64.43 71.05 23.02 19.15
VNS 34.50 29.11 61.32 57.62 4.18 13.28
DXT 20.40 16.50 66.00 71.39 13.60 12.11
NMR 1248 11.60 85.33 64.90 2.19 23.50
GRS 10.30 10.80 79.67 67.44 10.03 21.76
BM-6 6.34 5.89 58.55 49.66 35.11 4445
*US EPA method use HCI and JIS method use formic acid
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Table 3. Mineral composition of building materials by XRD analysis

Sample Gypsum Chrysotile Tremolite Quartz Micas Calcite Talc
YEON-GC — + +
YEON-G —+ +
PNU-G - +
PNU-C ++ + +
DONG-C ++ +
AMT AR ++
YEON-S -+ =+
DONG-S ++ SR
VNS + +
DXT ++ +++
NMR -+
GRS ++ -+
BM-6 + +++ +
dME £AdFo] AAHoE i G2 FFE B §
ATt Ml ko] W& AuRs9 22 A g g
A 7 & a24%S YEth PNU-C
Untreated
X-H3B=M0 o3t FdEE =4 g
G
HAT AZAA A st Mk ¥ AH
Z A% AR, 94 XY F AFE A an
5o distd XRD £4& AAstL #E4EE & Ashing
Hetet. A8 AZel ta] XRD £4& A3
of FARES HEST AHE & 30 veplth o
Mo APF ABANE A, ey, 49, 8, Y.
24 o FEF AEAFEY 24P F B4 ‘
o MuBgo] TRHT v ALu=9} WA &
Ql opmEl 2o N Hart b FRH Y, A hoid
349 SdolEdE eXuT B PelHo] Tk S
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o w4, da A2A, A9 ARE eAdRe - > P
st e Aoz BAHUG. ¥ AgdA *20(Cuka)

Ezb9x el XRD Ao okstA| AZHYT 1R
CHAE XRD 2402 AUBEL AZHA ¢
At

dxgel XY & AFE Agd s A
ol XRD A€ 18 1~39 Jeldth stw A
NEPNU-C)olA BEo] AXNT Aol M9 3
o] A YehtA T2 #E9 EHe A

Fig. 1. XRD patterns of PNU-C sample. G: gypsum,
Ch: chrysotile, An: anhydrite.
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Fig. 2. XRD patterns of DXT sample. C: calcite, Tr:

tremotite, Ch: chrysotile, An: anhydrite, M: micas, T:
talc.
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Fig. 3. XRD patterns of slate (DONG-S) samples. C:
caleite, Ch: chrysotile.
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Fig. 4. XRD patterns of building materials after ashing
and formic acid dissolution procedures. Q: quartz, Tr:
tremolite, Ch: chrysotile.
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Fig. 5. Photomicrographs of chrysotile in slate sample (RI liduid: 1.55). (A) X100, closed nicols. (B) X400,
dispersion color. (C), (D) X400, birefringence color change showing a positive sign of elongation with inserting

first order retardation plate.

I
QE

i
B=]
o
-
ra

HAFHOIZO O3t Ap1o| HAEA

—

Aee 9NY 2 AAYE $2F AN
29 2% %lmw%@%wlmw
QAo Ao HARAE B 4R
SAUIAE Fol] AUFEL AUstn 1 9

AEssin olE AutEd ¥, 24E,
A4, B ¥, 237 58 56 AR §

78 48890 29 sl AZA &=
@ AR Ul AAARE BT BRI ¥
NP F O BAE ADS vedTh ATy ol
A% A4 Be7t 2 dehta2d sa), 249
15509 F4ste] BAGAYOT BAEAZE
AL Mabdst JA e ikl Yeht
thag 5B). 12|21 H1ABE AsH 25 9
B4 W) 3% 7349 Hido] Baes,
ol ARIFY NI BoHa AL Jepar
(38 53} D). ol A 4iael FEAREL

A Jdo] AW dXstH oW, 1 9o A
4 EAEE A JJr%E]X] Eodth XRD £40f A
zt Aol tiaiM HEs] Bgo
AR F444L 2 JYEA F3th
ot 2 4 FHE 15 #EHA
A& XRDEA Y AFolA ARAFE] £
He ARAAE AFHA AHde Bola 33
AAE 249 X st UETh AHERA G
S oY FEF0| £RFHAR Mol B 3
E2AE F2 4™ (chrysotile), lizardite, antigo-
rite®] 3743 “E}U o] A o] FoAA {4 ¥
HE Hols AL 2AHeH, 1 99 2 &
3 2e 63EHE Helth o]E¢ XRD FH+ A
2 fFAEHA o AWEA HESA gow Ad
o] olHT}. Wt Hed XRD FASEANT &4
HE WEsty] olfy] Wi XY E HEse
Aol AFHAo|th AAEAFES] XRDAE Hole
AgoAE BF ARde] 24380 & #2HA

/\]-0 EZ

ﬂﬂﬂm&%ﬂﬁ
T
-1)1[;

— 126 —



) AZAA O $48 4

w Si

Fig. 6. EPMA/WDS analysis of chrysotile in BM-6 after ashing and acid dissolution procedures.
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Fig. 7. SEM/EDS analysis for building materials. {(A) Chrysotile in DXT. (B) Tremolite in GRS.
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Fig. 8. Calibration curve of chrysotile by XRD stan-
dard matrix absorption correction.
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Table 4. Asbestos content in building materials by
XRD quantitative method (wt%)

Asbestos content in
residue after ashing Asbestos content in
and acid dissolution

Sample NO. building material
procedures
Chrysotile Tremolite Chrysotile Tremolite
YEON-GC ND ND ND ND
YEON-G ND ND ND ND
PNU-G ND ND ND ND
PNU-C 13.60 4.95 1.62 0.59
DONG-C 17.92 1.93 1.67 0.18
AMT 12.11 ND 1.65 ND
YEON-S 51.82 ND 6.87 ND
DONG-S 36.71 ND 6.93 ND
VNS 29.95 4.57 3.98 0.70
DXT 11.92 0.68 2.89 0.16
NMR 13.16 ND 3.09 ND
GRS 12.75 ND 2.77 ND
BM-6 3.03 ND 1.35 ND

ND: Not detected
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