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A study on establishing asbestos analysis method using a transmission electron

microscope with Energy dispersive X-ray analyzer(TEM-EDX)

Jeong Hee Han, Kwang Jin Kim, Yong Hyun Chung, Jun Yeon Lee, and 11 Je Yu

Industrial Chemical Research Center, Industrial Health Research Institute, Korea
Industrial Safety Corporation. 104-8, Moonji-dong, Yusung-gu, Taejon, 305-380, Korea

Abstract

To establish an accurate asbestos analysis method for a workplace sample,
chrysotile, amosite, crocidolite, tremolite, actinolite, anthophyllite asbestos fibers were
analyzed for their morphology, atomic contents and electron diffraction. The
morphology of asbestos fiber was evaluated in 10,000X magnification. The atomic
contents were analyzed by transmission electron microscopy with energy dispersive
X-ray analyzer (TEM-EDX). Further the ashestos fibers were assessed for the
electron diffraction(ED) patterns to provide an additional criterion for classifying the
asbestos fibers. Twenty asbestos fibers were initially randomly selected for
morphological evaluation, based on an aspect ratio (3:1=length:diameter). Then the
fibers were determined for their EDX and ED patterns. Our results showed that only
chrysotile fiber has hollow tube structure to distinguish from other asbestos fibers.
Although asbestos fibers had similar morphology, chrysotile, amosite, crocidolite,
tremolite, actinolite and anthophyllite fibers had their typical EDX and ED patterns,
Qur results on the atomic contents of asbestos fibers were very similar to other
researchers, but amosite and crocidolite had a little difference in atomic contents
compared with the results from other researchers. The difference may be due to the
difference in Tequipment and asbestos samples. A study on asbestos samples from
biological specimens to establish a criterion for determining occupational asbestos

exposed diseases should be done on future.
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=Y Eol quo] F2d 22A9 AR urt Bovn gln AdEy F4}
& HAEAY Fdol SAUEAM HEY {adel dd) BL =do] dojum
Aol AEE HHEMqWYol 87T ok adn HHe FHEE I 57
3 frafdel Aoyt glenz AU 2RE BENIE A F8F do] HY
o MEe BEAdE Wy d s Optical Microscopy (8 3t@ 1 ¥), Phase Con-
trast Microscopy($14x+ 8w ), Polarized Light Microscopy (¥ 3 &u] 7))
SEM(Scanning Electron Microscopy(F A A@ v} 3 W), Transmission Electron
Microscopy (F# A A @ 3 )% o8 7k wiel gloy ol&A7z 98 vt
Me dirE oz ARAEVEE AH43le nAHU WE L g3t Ith(Koh-
yama et al. 1996). ¢]u] XA ZF| M EDX(A U A EAF XA BAAx))Zu 2 2
2 FHAAGEYZ(TEM-EDX)E AH43 AdRAuHe] day nHsislo] )
. TEM-EDXE /4% MUy ye aujgs JdAREAZRT ¢S 04
F A719 fibers AAF] #AY 5 Qo] 50~70MAE © BEEA A &
1 (Verma et al. 1995) EDX& Al43ld Sujte] dar HEsA 248 4

Ao H23] A3 (Electeron diffraction) & o] &3l AR A EE% 122 &

% it 2222 TEM-EDXE ©]4% NuRAwye dazse 4w 44
3} FFE /P Al BHY 5 e doln & F Uk 22y opxs
A ¥ Ul e TEM-EDXE ol 48 AREAuge] A¥=x Lo} ofq
4 Beygol WFEHDL gk oW AFANE TEM-EDXE ol §3te] Mmg
FHU BAse] Yl PHAE 2o AATRE Ao Foz AIPY 4
"WENe 72ARE AFHTA Bt



1. Alzo| M=}

FZANEE 27 Mortar®}t PestleZ ZA £33t w7t A€ bottled] &%
(F 1 m)e ¥IL FFF 100 mE 7H)A 24 < 2802 A4S F 1 &
& -2 membrane filter(Millipore #GTTP02500, nuclepore filter, pore size 0.2 ¢m
diameter 25 nn)ol FQ¢ A3} stdch AFA filter& 7WEFF ¥ carbon coating
st 1 F 4¥(2F 3 m)S ZEeWo] carbon coated nickel grid(SPI #2020N,
diameter 3 mm, 200 mesh)¥1 ol ¥ chloroform vaporE °]-&3t4 filterg &3}3}
o AAIF}GD FFUAE Fof #ZFIF FT o] sample gridE EDX(Kevex
Sigma)?} AHE FHARY0] 7 (Hitachi-7100)& Al&3te A48 AT oA S
Figure 19 2¥822 yehjo] wgkt)

AE 24 > 35T Mixture | Filtratiog|  Fiter
1mg |Mortar&| 100md | =239} 5md 0.2m

Pestle B nuclepore

Carbon
coating

Carbon coated

filter
sanple < 2z
grid  / Over night
Chloroform
Carbon coated
nickel gnd Hilter paper

Figure 1. Sample preparation method
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AN 8= EDX7F AFd TEMLo® EA3NT 7FA%2 100 kvE 3R A

22 93 ANz BFed FL Aokge NUF ¥ wHE2 Fusd 1 3
Wt Zolg Axs BEAAT. el 5 e Jug AAn des,
Eol9 TxE 74Xxm sk delst HAe ul(Aspect ratio)s A4 71E
9 310|417k Lolmgtth ¥ W EDX spectrum$ Aol BAEMH FFE
4e @89 EDXE Aadd AxYe AR 9 WHde XHE peakd

Bz JYeldolFe Fujdd davitt 1§92 spectrumE 7HAIL U7 W&

R EAT ARENL T 5 QT vpAReE Nue FYA Frelmz A

=

3] A AH(Electron Diffraction) HE & 2o 71 AFFZE st MHY FFE
BAEgo 2elm 98 A, B4 Agsty MEg HrAn. old B4
He 47 YA Figure 291 =434
2 8 4 o}
(Morphology) (Measuring)
1.4 %4 - aspect ratio
2.structure
AR T2 . EF < =4
(Structure) (Classification) (Composition)
AR A - EDX
A
(Counting)
A
(Statistics)
CE
(Evaluation)

Figure 2. Evaluation of Asbestos




o1. 9a+42#

HEHQA 6% 4 HEFEUICC fiber, International Union against Cancer)<
A3t A H(Table 1). AHE4] (serpentine) A Q) Q‘*—?Eﬂﬁi Z 48R chrysotile
% 2444 (amphiboles) 1Y ZA W amosite, AW crocidolite, 18I tre-
molite, actinolite, anthophylliteg& A3t AW % JAHAAY 53 7
Afr&(fiben2 o] FolA AR AATFZE 713 Qo] ZF Ade] ngs AR
TZE 4" F A

AHEA AL chrysotile® B8 Z4ADY HungE e SEY YAL 7}
A3 el FA FEE F AU 10,0008 A BHR L 9 fibers T 2
ol BEFE 7A I Ao, fiberE 2000008) A =9 muj &2 s =}
| chrysotile /9 #R %] F2E B F AT ol AL Hollow tube F+Z&t
3 3Stau chrysotilesl ™ £3 2 o2 ZA 8t (Kohyama et al, 1993)(Figure 3B).
222 hollow tube?ZZ U3 the FF9 AEARE o ZEI A3 PA
A S RAFHAH(Figure 3C). FAEL Mg Sioldo™ FeE: A% 3833
U A HFigure 3D).

Amosite®} crocidolite fiber7t 2% 71 Hh2 %S 33 9o} (Figure 4, 5 A)
T2 fFAstd EDXet dAgdYez E¥ 4 UAtH(Figure 4, 5
A&B). Amsite, crocidolite 25 FAHEL Sis} Feol oy amosited] = Mg <}t
Mne] 2% ¥ UAAL(Figure 4C) crocidolite™ Na9} MgE 2% #8481
A HFigure 5C). Crocidolitedl = A4 02 Nast Y7 wE9 amositest
FL 7ol HYo

Tremolite®} Actinolite® ®] 324 #-2 fiber® ©]%o}4 U2 EDX spectrum
¢ peak’}t frAbstTh FAHELS Sist Mg, Caclle® FeE 4% d43tdct
(Figure 6, 7 C). 18} tremolite t} actinolite”} Fee] 3§ 3Fo] Aoz =
sttt 2283 tremolite Al BE A4 el =2A UYeRt Fibers oj| o
A FHE /MR QA 43 T FHE Boln YT AR AE 7
871 YE NI (Figure 6 A&B). °l9] H|& actinolite= fiber7t FR L w3
A2 AR AY= Aelst g oh(Figure 7 A&B).

Anthophyllite= fiber7} F31 Zeol7} vl A & gto v (Figure 8A) AR} 3| AL

—
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Figure 8B$} Zo] Yeytt FHEL Sist Mgold o Fed 4% d4stn ¢
o] chrysotile® TAAEL Z}oy I HEH|GA BE zlo)s} ‘451H0110w
tube FE7F Qo] chrysotiled FEE F UNow AAIHAAE u§9 TZ

HoF3 gl

a7y 71&4 H3& 98 20709 fiber® T2 2Z89 EDXE
T4t dATHE Y8 Yaol JAATA YAT A (Sakai et al, 1991)
¢ ¥lwste] Table 291 WeEbWRAth Chrysotile® Mg 520+35 %, Si 45.9 *34
%, 133l Fe& 21%09 % #H3txz YA Amositex Si 542+38 %, Fe
386+32 %, Mg 5712 %, 283 Mng 15+05 % 3534t} Crocidolite=
Si 57.8+38 %, Fe 335%£44 %, Na 67226 %, 281 MgE 20*12 % &
dte] amosites} FAFE AEHE BodFm Jout FAHALGA e o}
AR Tremolite® Si 57.9+32 %, Mg 27.2+28 %, Ca 142+18 %, 1% %
Fe& 06%04 % FH3tAtl. Actinolitex Si 58.8+37 %, Mg 222+30 %, Ca
13.0+24 %, 223 Fe& 59t12 % 733 o] FAHAHYEL tremolites} 7
gko v} Ferb ulw® @ol I{3Y Anthophyllites= Si7} 622+25 %, Mg7}t
30.7£27 %, 221 FeZ 71119 % H3tch g2 Usteol APYHATA9
ZIEAS waEs E o FAS 32 BAFT 9oy amosite$t crocidolite™
Si%h Fed] da7Ausl tda Be Folg BYd e EAs AWEzAz

]

S B4Gue) Aol g Zersta wnA fAlsTn & & ok

Table 1. Class of Asbestos

F ® o84 shatzA 4
AFE A (Serpentine) Chrysotile Mg3(Si205)(OH)4
Amosite (Fe,Mg)7(SigO2)(OH):
Crocidolite NazFellsFelll2(SigO2;) (OH)2
Z}+’9 4 (Amphiboles) Tremolite Ca:Mgs(Sis02) (OH)2
Actinolite Cax(Mg Fe)s(Sic02)(OH)-

Anthophyllite Mg, Fe)7(Sis022)(OH)2




Table2. Element composition of standard asbestos (Atomic %: BT X X F

A

A

MH FF{ 4 & HA Lt EFHA dE GIof
Chrysotile Mg 520 £ 35 521 £ 2.8
Si 459 + 34 464 * 3.0
Fe 21 £ 09 17 = 07
Amosite Mg 57 £ 1.2 49 = 11
Si 542 + 38 129 = 14
Mn 15 = 05 40 £ 08
Fe 386 £ 32 482 * 14
Crocidolite Na 67 £ 26 84 £ 12
Mg 20 £ 12 —
Si 578 * 38 450 + 24
Fe 335 £ 44 241 = 20
Tremolite Mg 272 £ 28 280 + 23
Si 579 £ 32 544 * 20
Ca 142 =+ 1.8 65 + 25
Fe 06 £ 04 10 £ 12
Actinolite Mg 222 £ 30 241 £ 20
Si 588 = 37 511 = 34
Ca 130 = 24 150 = 1.6
Fe 59 £ 1.2 89 * 13
Anthophyllite Mg 307 £ 2.7 342 = 1.7
Si 622 = 25 58 + 15
Fe 71 £ 19 90 £ 25




Spectrum: CHRYSOTILE Range: 20
Total Counts=20291. Linear VS=500

‘MgKal
SiKal

Frhae b et

W Y I
T e 40 50 | 6.0 7.0 80 90 104

Figure 3. Chrysotile. A, fiber(%10,000) ; B, Hollow tube structure( ¥ 200,000); C. Elcctron
Diffraction{camera length 1.2m); D, EDX spectrum
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Spectrum: AMOSITE Range:20
Total Counts=16162. Linear  VS=500

SiKal

& AN
tetebpredpreed

9.0 10t

Figure 4. Amosite. A, fiber(<10,000) ; B, Electron Diffraction(camera length 1.2m);
C, EDX spectrum



Spectrum: CROCIDOLITE Range:20
Total Counts=35545. Linear VS=500

SiKal

FeKal

Figure 5. Crocidolite. A, fiber( X10,000); B, Electron Diffraction(camera length 1.2m);
C, EDX spectrum




Spectrum: TREMOLITE Range: 10
Total Counts=140783. Linear  VS=2000

SiKal
al
CaKal
1 | FeKjl\w,\

URRAS LERSS SRR RALAN RARLY RARSY RARAERARAS LARALR

+ + T ARAJ |||'
ST a0 56 60 7.0 8.0 9.0 @ 104

Figure 6. Tremolite. A, fiber(x10,000); B, Electron Diffraction(camera length 0.8m);
C, EDX spectrum
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C
l Spectrum: ACTINOLITE Range:20
Total Counts=95949. Linear _ VS=2000

SiKal

Figure 7. Actinolite. A, fiber( > 10,000); B, Electron Dif{raction(camera length 1.2m);
C, EDX spectrum
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Spectrum: ANTHOPHYLLITE Range:20
Total Counts=95929. Linear VS=2000

SiKal

al

Figure 8. Anthophyllite. A, fiber(magnification 10,000%); B, Electron Diffraction(camera
length 1.2m); C, EDX spectrum
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2 d7oAE FWHA2Z TEM-EDXE ola# AREadge 342
Ak o wie AP AL $est Reshn 9t TEM-EDX 4918 o) §
S EFNEAEE R4St Hue) gu, TN, AAHEE do} ¢
oz qREANAY /ZFAE A HATh oM BHT Hue da
FAuE oln] SEY AFEBARSL Fzel o7t dAoU BA7I7% 4w
BEEe Aoldn AZFRT ol¥A TEM-EDXZ o/§# Nupigyos
WY HWBAMOZ BAY 4 D nFe N@e TARE ARY o9
FHe Muol E¥Hel gk ARE UL AFHA BNE F A B Ae 2
2g 99 499D ¢ 5 Atk o AR doze buk ABS FIBFEH
ARS 7kl AU MEY EAE BEe d Be =22 TSy 44¥0

et al, 1998) oA HUlA Hulde Ehe Y J¥oz AfM o] &
AH= el X EA(durability)o] 71Ud% Aoz AZAdEY. a2z o=
TEM-EDXE ©] &% 4ue FFn A7 983 n A4 H
cd 8 v AR e Hde FUENIARI FREZ FEHA
Aol ole g AF7F dastttn AzZtE. o] & A HEL Ad Fsinz
Aoz ARE At Hunt dA st §2 A5

FEo A FF 2
F2re) AT+E P U

A
i
o
iwd
lo
N
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v.d &

HEARY T BAWHY HFE H8lA chrysotile, amosite, crocidolite,
tremolite, actinolite, anthophyllite®] 6F 72 MAEFARE 72+ o), 94274
H, A3 E2 & B3t 49 fiberd Fe)E 10,000009) wjL oM BaY
3 dazAdul= TEM-EDXE o188ty EA3gth. 283 Ade Bio 27}
s

y
o

A 71EE AT 98 AAIAL L do] MUE HANPY NAUEIAE
M HFel HEE 71X Y3 aspect ratioZ} 310149 20749 MY LE =
N2 FEste EDXS AAHANS AU 4 MUSL gyHoz $Aw
HE HAF Ao Y chrysotile® ©& A WA= Dy EE% hollow tube T2 E
7R Re 7 MHEL 1§ 9424 AXHENLE RdFa QAo
a3 FE7F AT daRAdE 8 9= dFAE} unE B $A

g ol ®M3 amosite®} crocidolite® ThA BL o7t A=W o= EAIY s}
MUEFANEY AHolZ2 AZdd oWl AF:= Adoe] w39 22 YW
BEE A AAANEY HAEA 712228 ATsA 2 Ao}

_14_



Churg A, Wright JL., Depaoli L. and Wiggs B., 1989, Mineralogic Correlates
of Fibrosis in Chrysoctile Miners and Millers, Am Rev Respir Dis; 139;
891-896

Dufrensene A., Harrigan M., Massé S. and Begin R., 1995, Fibers in Lung
Tissues of Mesothelioma Cases Among Miners and Millers of the
Township of Asbestos, Quebec, American Journal of Industrial
Medicine; 27:581-592

Guen JMM.L. and Galvin S. 1981, Clearing and Mounting Techniques for the
Evaluation of Asbestos Fibers by the Membrane Filter Method,
Occupational Hygine Society; 24,3: 273-280

Kennedy GL. and Kelly D.P, 1993, Introduction to Fiber Toxicology,
Academic Press; 15-42

Kohyama N., 1987, Analytical Electron Microscopy for Occupational Health and
Environmental Science, National Institute of Industrial Health; 27:
88-103

Kohyama N. and Kurimori S, 1996, A Total Sample Preparation Method for
the Measurment of Airborne Asbestos and Other Fibers by Optical
and Electron Microscopy, National Institute of Industrial Health; 34:
185-203

Kohyama N., Shinohara Y. and Suzuki Y., 1996, Mineral Phases and Some
Reexamined Characteristics of the International Union Against Cancer
Standard Asbestos Samples, American Journal; 30: 515-528

_15_



Roberson K.T., Thomas T.C. and Sheramn L.R. 1992, Comparison of Asbestos
Air Samples By SEM-EDXA, British Occupational Hygiene; 36
265-269

Sakai K. Hisanaga N., Kojima A. and Takeuchi Y. 1991, Elemental of
Asbestos Fibers Recovered from Human Lung, Annual Report of
Nagoya City Public Health Research Institute; 37' 116-11

Schlecht P.C. and Shulman S.A., 1995, Phase Contrast Microscopy Asbestos
Fiber Counting Performance in the Proficiency Analytical Testing

Program, American Industrial Hygiene Association Journal: 56: 480-489

Steel EB. and Small J.A., 1984, Accuracy of Transmission Electron
Microscopy for the Analysis of Asbestos in Ambient Environments,
American Chemical Society; 57 209-213

Verma D.K. and Clark NE, 1995 Relationships Beetween Phase Contrast
Microscopy and Transmission Electron Microscopy Results of Samples

from Occupational Exposure to Airborne Chrysotile Asbestos, Ameri-
can Industrial Hygiene; 56: 866-873

Yu LJ, Moon Y.H., Sakai K., Hisanaga N., Park J.D. and Takeuchi Y., 1998,
Asbestos and Non-asbestos Fiber Content in Lungs Korean Subjects

with No Known Occupational Asbestos Exposure History, Elevier
Science; 3: 293-300

_16_





