AUSINESEANEIE ES 02304. 1a
Al ZI B HP SHYY -
2017
SUNMTSE0IE3E
(determination of airborne asbestos f

ibers by transmission
)

electron microscope
1.0 JK

1.1.1 o] N&7|E& F3-Ax3 v 4 (TEM, transmission electron microscope)< ©]-&

stol AW F7] F AW BE SPWES T

11.2 AW 2 44Y 948 AR RS FY5 AL AA Bauy L 33
AN ¥, FRAAAV oz AW L AR WA BEL X Bab oz 2

271 (EDXA, energy-dispersive X-ray analysis) % #2}3]4d(ED, electron diffraction)
A& o]&ste] HAH HFe AHEAFE FE3Y 37 T AW AfF s5& A4

121 o AB/ES AU B/ F AW BEE AYsE PHoR ANF/ATAA

F71% ES 0230319 “8u 371 F AW R AR WA FE S0 - 9431807

Mg ol g3l BAF Aol A trEol g Fo AT laneEe) NYTH HE

39 712& xtsh AR tstel AR WA AHARE Frhse] ¥/ F AW
.



)
gt

gtol o] 7HAE AR A g E o] Alo] E (halloysite), 24 (vermiculite scroll), = ¢ °]
7}ol E(playgorskite) 7} 1L, o5 EFE AyA i A2 BV (EDXA)Q
P82 d23 4 (ED) sigolA 073 nme] WAH S9S FEFo=EN AHI FF

> ROE
[ ==

]
ol

0]
s

2.0 E0&<

e GAsts dAmnads a9 dEe 1Fow 44 due 243 #A%

Ay =+ 1BoCsTsO02(0H, F, Cl); *D

o714, A = K, Na
B = Fe?', Mn, Mg, Ca, Na
C = Al Cr, Ti, Fe¥, Mg, Fe*
T = Si, Al, Cr, Fe*, Ti

24 A shte AW gze] ASe 59

structures/cc® % A] gho},

e
B
e
)
ot
A
oy
1z
(2
-
BN
off
k1
fru

2.4 4O (asbestos)

A, gkx, sty Aok daE g4 BEEE W d(asbestiform) o2 A3t H
AREAA B A AR BE, MY Eardl AW F/(CAS No)e WA



(12001-29-5), AW (12001-28-4), ZAA W (12172-73-5), B eho] E(77536-67-5), E
= 2o E(77536-68-6), <HE] =gfo] E(77536-66-4)°] T},

2.5 &3 P X(asbestos structure)

rr

thdtel] AAsAY #4325l A 85

rr

oe At QEA REA AuHS ®
%

2.6 20| th XIZ Hl(aspect ratio)

A "AdAe] do] o A|F4] H(FFA)

il

2.7 HIEAIZ(blank)

BHL 93] AgaA g oluA g T

2.8 3Jiolict 20l (camera length)

A= gAlol 9 w AFAN AQHe) A 5A wF ApoloA LA FAH

Z o] (projection length)E =3k},

2.9 GHAM O (chrysotile)

ohelsh Le 2L i AR TF HAH BES Ba
Mg3Si,05(OH),4

Bie A AR o5 2N A9 Wolibx gtk AY WAW oML 7
ao) APTel od &% A#e] dojd Fm ik mul# diAlel AP, Fe, Fe',
Ni%, Mn?, Co¥ol el@ &% Aol & & Stk WAwe] 744 duknel Hwe)
ol ot

2.10 Ct(cluster)



i
o,
o
1o,
X
do
X
do
v
(2
o,
e
dlo
o
fr
re
i
1,
2
-
S
>,
rot
o
o%
o
fr
%0,
rlr
-
BN
Ll
e
rot

2.11 &X 3|&(ED, electron diffraction)

fl
[

Ol

AlS

e
A=)

of A4 FxE HAbste AAEAw A gAY 7IHS T
2.12 OHIUXl 24 AN 24 (EDXA, energy-dispersive X-ray analysis)

aAGd AE7I v Ad 24 AlaEe AR 2 duAet A SAS

2.14 &8 & HEAZ(field bank)

ATAETUE AgolA hE= FANA 99 R ARy skl ABAAAA
o
AAAA ARG E AR F Ao o7

2.15 & (fiber)

HaAstAY dAES 7HA = 7teal 2 4AE EShH, o] AgTIEdAA ARE HA
05 um Zo] t AF H](aspect ratio)”} 5:1 o] Aoz FAS A, 9dAxd w74
H(PCM) 5% A9 H9 Zo] thxlE H](aspect ratio)”} 3 : 1] A7 025 um ©]

4 o

2.16 &5 Ct(fiber bundle)
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B
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P X (fibrous structure)

el

)

)

(matrix)

<
il
w

2.18 OH

T
T

Zo] v 9iztol] o A AAY

e

af1

o

2 X (PCM-equivalent structure)

=S 88 (PCM-equivalent fiber)

5 uym=it 31, 33

H] (aspect ratio) 3 :1 o]Ao]al, ZAol=

of ! A&

]

“=

A A=A, 025 ~ 30 im AES Fth

o

SEed H XX} 3| & (SAED, selected area electron diffraction)

2.21

el

Tor

ol
Mo

o
iz

2.22 Ar24 (serpentine)

mh 1y

Mg3Si205(0OH)4

)

—
file)

(& KR

TR

e

A

:ﬁL

¢

!

2.23 PX(structure)



[e} [e} [e] =
G4 M A o B B EEAE T

3.0 &4J1J] & I+
3.1 ENNEXS0|IH(TEM, transmission electron microscope)

FIAAEA(TEM) 242 1.0 nm Buh 2 4= 80 ~ 120 kV ¢ 7F&Hd¢e
=, o] °F 300 ~ 100,0008) ] HelollA AS Tk 2237 wl&S 100,000 =
_]

S A Af FHE A 9% Aol odd Wee W A & e 4
[©)

o

Ho
0%
[-‘O
o
o
>
ofo
o
2
[
[
g
o2
o
o
f
of\
X
1
fr
o
&
fob
)
o
2
e o
o
4 o
%9,
ui

3.2 OUXl 24 AN 24| (EDXA, energy-dispersive X-ray analyzer)

X
_\3

AAEM Z(TEM)2 MnK, © sl 180 eV(FWHM), EPA(175) ©]/9] #3l=
15 & A& dlyx] 4 A BA71(EDXA)7E 2 o] glojof st F b #}g
178 (TEM) ¥} ol Z4F g2 #4718 292 7FExsto]l 80 kViEt 2HA Y
2 Bhxo] 250 nmZ H]FUS wl, #7 50 nm o]l UICC Aol dfelA 1
S Bt} & HHﬁ NaKa X—*.%%E%: W AFgo] vele st AT BHIAEC fig

e

rﬁmm

s
2

3.4 &2 3IEY & Xl(vacuum coating unit)

28 2" F(0.013 Pa o)== WEHQ oA 9o @AE Xy FAAT=H AL

gol, oju HFe oYU ZEFZ(oil rotary) HEZE AL&3ho)



AIHE ZED|(sputter coater)

3.5

il

14(ED) sjdde] W

s,

2}
ol A}

olo

A7)+

1

.1!
_EH

el

Me

ol

A

B
ot

(TEM) Al

3.6 Jaffe MIAD|[(jaffe washer)

duish He o9

3
=

AN 7] AL o] 74A]

WAAANT = FAR TH 13 A of9t

1=

7

=
= %

bol obAl

)

2 7tg

=

o} Al

UH MH| (PTFE)

(500~1000 cm?)

19] 4

XO

TRy

7]

Njo
)

a9 1. okA

(slide warmer or oven)

=

o £&=

ol 2E

s
=

3.8



25E 65 °C ~ 70 °C7} fA HojoF Fht},
3.9 & AX dlZ2l3t(carbon grating replica)

mm% 2,0007] ] Fadol = ©@a AR # &2 FHreplica) 2 F3d A W] G (TEM)

3
o e 1Y A AgET

3.10 OIURXl S4& AN 2AJ| EA AMEE 1elE(calibration grids for
EDXA)

A FEe] BAte® F8d FRAAARA(TEM) AldH 18=x oyA] #4F 9
24 BA(EDXA) Alz=®le] ®A dgsity, Hds By FEZE ugloE
(riebeckite), 2™ (chrysotile), & =& o]A}o] E (halloysite), = = i13}0] E (phlogopite), &
22 Eo] E (wollastonite), F-22E}v}o] E (bustamite)5©] AT YEF oy = &4k 9
24 EA(EDXA) Al2="e] By AMEH = FES v FAAAAB(TEM) 18 =
£ o] &3] EH| g

fx

3.11 €3 ool=2z o g

°F 30 uLE&
1 (TEM) A

ﬁsﬁo

22 gl Q8 g vhelaEad He Wuesl o gAelq Fohdad
9

FHS et Zas.

3.12 HEzel HAl(petri dishes)

B2 ogtAe] e 2 Gl AAAR G HA

3.13 &X80lA P2l 22lE(copper electron microscope grids)
200 " Al(mesh)?l 2] 9 &4 I”E T8 FHHAAA9Z(TEM)E 18 =

3.14 HX80lA 2 1el=(gold electron microscope grids)



A 3 AAHANM HEF SA4o] Zaed o, 200 WAl (mesh)e] = Z2=7}

)
T
AP A(TEM) NEAS nAgA71Ed a8t ol sidshs 1g=g A

4
i)
2

o
rob
v}

3.15 EtA ot &=(carbon rod electrodes)

w3 shehA o

!
My
ol
b
.
B
2
=

Sv AW FRHAAANB(TEM) AldH FHlE 918 ol v==H
574497+~ (National Institute of Standards and Technology, NIST)2] SRM 186
6L, 1867021, 1867B[3l, RM 8411141 &= HAMPHAFA(HSL, health & safety
laboratory)e] HSL037, =+#|9FE X141 % (UICC, union internationale contra la cancer)

o] WA (chrysotile), %] (crocidolite), 241 (amosite)©] # g3}t},

3.18 O 3HX|
045 ~ 12 um &=, 20 mm 249 AEZ 22 o 2H(MCE, mixed cellulose ester)
o Ao oA, dukA o7 045 um 5= AHAE AL

3.19 ANE#E =dl4

[1] €42l FAvjy = HA(bulk) AH A ZZA WAH ZAH - GAHD 53R
AF=E 48 ME(set)

[2] Ao HAujs ] gfe AW A EEA, tAhduolE EdEgiolE, otF o}
J E (set)



>,
el
o
lo
FN
=
=
rr
B
o
_?ﬁ
o2
lo
zl
L)
ftlo
)
rr
do
°x
oflt
fol
il
o
[

% 5h4 26 7 2 (TEM
Aol glojoatt), AR FHlE 4
2%

fibers/mm? ©]shH) < ¢

4.1 OIMIE
4.2 CIO|DIEZS0L0I0I = (DMF, dimethylformamide)
5.0 ANy € 22l

« o
e Sl=

6.0 BEEZ/F=22I(0A/QC)

6.1 SN&EXE0IA(TEM)

dgslHo] AR Fo] 9lom Az AE(ED) 4 3T ¢ de MEAY 80 ~
120 Kvo Erlﬂr;ﬂﬂfﬂ“]ﬁ(TEM)o]oiolﬁ shc}, oluf o x| BAab M EA(EDXA)
< 8 7 of &, FAFEF A& n] A (STEM, scanning transmission electron
mlcroscope) 7]# = 250 nm " RHe] A FE(spot)S WHE 4 dofof skt

6.1.1 SXNXSH0OIZ(TEM) A3 Hi&2 2 &

6.1.1.1 FaAAEATA(TEM S §4 Fuiae] gl s A4a719a 444 %
© HAE sl B Huadel AokE A @

6.1.1.2 3dAA HZ27Hreplica) & AlREH e ¥a, dAdAm ol ¥+

6.1.1.3 Z28l=5 B3kl w1 &8 7Hreplica)E AAd o] F3d2dm 4 (TEM)

_10_



32
o?..ﬁ
oﬂ
i?i
rE.
oi
Hr
HU
é
_lﬁ
Ji
rulo
&
—{m
PH
JHU
rsﬁ

t}. o], =7} %A (goniometer)] 7]& 7]

“O”.C_).E ‘(:51_]:]‘
6.1.1.4 wl&& 10,0008 = =48k, Axperele] e = 270 AR AZl(mm)E =

. . . = v_y!
gt FEEude] A wies 4 1ol wek AR

Y

oA7A, m : B &
X ¥ a29= AA3E A (mm)
G 28 =9 ®Azk(lines/mm)

Y @ ARt ag=e 4

6.1.1.5 wA % 025 ymet 50 ym®| B&E 275 FF3H 9o 7] =3

6.1.2 XX Z(ED) JtHict &2 2H

6.1.2.1 A5 2g=F ALE3te] S == 29 Fuld g4k 58 A A7)
6.1.2.2 FAEZ 9o ZAHE AR & "ulo] olnAE FAA 7|1 EDEZHS

1.
Hel g

6.1.2.3 EE HA 587 fla =dl=s =46}
A 7 WAl 3= 2709 arel AEe S o}

Aol HFo thek WX Sl 72 E FaL gt g ALS A 290 whet Ak

AL = (* 3

2.0Vh2+ K2 +12
o714, A+ JAF AAFe] 3 (nm)

L : 7+eete] el (mm)
a: =Y &9 A =A7](nm)

_11_



D : 34 zg(hk)e A E(mm)

6.1.2.4 4 =dA=AM 5& AT A5, 7HiE At 2ol Fojdnh

(1) AL=0.11774 D mm - nm(7}g 2 a1g])

(2) AL=0.10197 D mm - nm(2H A 1g])

6.1.3 OIUXl 24t AAHM 24 (EDXA) AIAEIS 2HA

rok

6.1.3.1 67k Aol g F3d A F(TEM) 221 =5 &1 3

6.1.3.2 & HuFE A F 500 counte] 7 Fole] 75 % o|Ao] flgte] AHE

H HdE=A] 7 acquisition times)S #H A 100x% o] o2 St

6.1.3.3 == 94 ¥4 folE Uu =3 #Zo] AUt

(1) E= 928 qfaol dutsieith

(3) Na, Mg, Si, Ca % Fe 944 & o|&sto] Aol digh 944 545 243t

(4) 67HA Aol thsto] thF

rot
2y
ot
3
0]
40,

6.1.4 Hei HP MXS|H(SAED) E= OIMISIE IHE EOt
6.1.4.1 AEEH9 7|27]& “0"'=2 =430

6.1.4.2 HAFE Tl HAAsta, 24s wE &, AgAokxg 7 (field limiting

)
T
aperture) 2 =402 xAsto] AF F4o TE=r)

_12_



6.1.4.3 S5% AES ANOT /|Z5M, FF vIARGAR F4 A AR DS 9

&to] WSt

6.2 1cl&E EI}

6.2.1 el X B}

6.2.1.1 <dol= o 2g=Z =1 200 "4 (mesh) & 2070 <199 12 =(grid
opening)®] A7]E 9173k dAv| Aol YE-H A (walton-beckett)S ©]-8-3Fo] =7 ko)

6.2.1.2 7159 AR5=2FH &8sl Hi 18] =(grid opening)2] A Alxkoll A3

ES 02303.1S 938t AFAt Alg 5 #4310 2 55 AFE3A Y ES 0230315
3k AlEAFH A BA AHHE A E(side-by-side sample)S 4] 3T},

7.1.1.1 &3t

(1) =23 H&(cork borer, A7 8 mm)E ©|&3to] A5 P AGHEA| B A 37
NBRE 293 3 HZd o] Z(gummed paged reinforcement) & tHE 2 A3 Wy

bol gt

o] -&

Olt

E



7.1.1.2 ScA0 3%

(1) 5938 JHA2 o A (etching) A& 3t7] $ate] Zetxnt 35472 o] &3},

(2) o] o] A o A (etching) B &S 10% o]t}

(2) &4 A" & AbEE Fardel 2A AAsto], £40 AAY FAR 2

o
rol

(1) zHAdYg == @ MA7IE HEZ HAld Fa, @2 Fol(1.0 ecm x 0.5 cm)E Al

(2) ObAE Ei= tholmEFolulol = o] Evlo] B WHle] wol W= Et FEI X

SE=E A7) olAE Ei tholWdEolulo| =g Al$

(3) FHAAATH(TEM)E =SS A4 B 558¢#1002 ol ao] A=ElH
dol 29 ¥, Bazy B ofAAoA @& Wel Lol7t 3 mm o4 o AAGY w
om oA g Bestel 2= 9o 2AT. woF Bh ARE IS ALgEE 4
S ga mgE R ofdw EE 2dd

_14_



Ehel om

2l HEZ HA
(@100mmx15mm)

2Hela|a Z

Bl Al_cha] (5081 Al)

a9 2. Jaffe A& 719 4

7.1.2 ®X2 ANE Ocles S JI&E

H

7.1.2.1 o3t §3) BAANA ARt AAHA e AS 34 ANEH 2= F
Aol 27t AReA Gom Fw ARSAAL AEe APRL o HHAHE Fu

7.1.2.2 ANE7} HA o2 AHH A5 2= of 10 %0 o FE AR

7.1.2.3 18l=9] ¢ 25 %A eAhFTE O AW H$-

7.1.2.4 agl=o A7 258t 000 structures/mm? o]A}o] 7§~ wkek 9

g F St S 1 olgel JuhW AgWoR BAF 4 gl

)
o
o
N

7.2

ZRIE

I

7.2.1 21el& A= JIE

=HlE A5 ) T 20E EAsta, o daE 7x 2R AR A ke Al
¢ 20,000 wi&NA A, oju) HA 479 2=t #52 WA A
FE Aelstaes 1008 A 727 #EHE 2gsdA #3535 24



A A

of Aok 7i4

g =
Job S 4 ~ 20700)aL, &

= =
—

7

P
T

Aol wet ae=

S|
o

A 2= A

bl

7.2.2 1cl& A= JIE

o 2@l Mt A3k

=

TxE 1Y 3 oA Yehd AXE e

)

N

~

oF

LR

o

T2 AS9 o

)

& Wl M ol
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f
(%]
S L T o e
=
22
b

Ao 42
EE———
T

YAYAYAYA Y|

\% w

a¥ 5 FHAAARFZ(TEM) A dH #F9 34

7.2.3 A= JI&(counting criteria)

7.2.3.1 &5%(fiber)

_17_



TZ2AT 7l wet ‘FrE BAIEH, A7 A5 JAgA B vEY e ey
o] Agw HEQ AHSolw el “CF(cluster fiber)’"tb “MF(matrix fiber)"® 7] =3+

b B

nt

7.2.3.2 C+Z(bundle)

TZ2A T 7l wet “B"2 ZAIEHH, A7 AR JAEA e vEY 29k FE Y
o] AgdE HiE ALoln FHelE “CB(cluster bundle)’t} “MB(matrix bundle)’Z 7]
230},

P

7.2.3.3 &84 & (cluster)

Ak Ue]ﬁ Feo] we} “CD(cluster disperse)”2} “CC(cluster compact)’@ -3}
FAsHH, “CD"¢F “CC" el 27H¢] ofepujo} ext= 7] Zeo wigh B7HE etk
Aoz} FaskeE A= b olste] A e tEE “CF(cluster fiber)”,
“CB(cluster bundle)” 7|&E& Al&3to] EElste] 715et =3 F8 AF 2 s

Asd A ARAL BEARL A= 45 ol

1"‘9,+E_u_ 97%%% %+
2 A, 7 HA REasE A AR T 5 imES I AFFE JEha, 371
Aol 7)|Ze ‘vl WEg ®AS 4 9l

7.2.3.4 OHE2A(matrix)

Ah 1 Feo wel “MD(matrix disperse)” ¢t “MC(matrix compact)” & &3}
FA S, “MD"eF “MC” 270¢] ofetn]o} A= 7|Zel ik FrHE UEdt, 2ol
7V ZAaEeE =42 57 olFte] A v e “MF(matrix fiber)”, “MB(matrix
bundle)” 7| E & Ab&3dte] Felste] 7|58t Fao AF 2 s Asd 5 AT
AFA 7 FEs L = 45 ©o]E “CR(cluster residual)’= 3EA|8ta, 7 AH4 F
GA o] vzt Aol AAStE 2ol EAY AF stue Aw JAFARGY #
o 1

H
L ORE AR AFAN dstel 54 ol A1SeA Fe,

M

M
o
fr
N
Jhu
o
H



7.2.3.5 AA&XS0IE SH&8
AAAEAN A T5 AF A AGTiEd dEdEHE ZE Ao diske] AlSs,
A7 agl=d A7 A= 05712 Algsty, A9 dolof £& V|Eeta, 5
AT A &Er)
7.2.4 A=z % J|12
AT 715 A B Alg 7Fsst A, o, JAEA, E" A= 1Y S22 AT
stoh, o fIAAEN A 5 A, o, JAEA wEY 20 Alg ThEe Aol
3k Arks 7] 23}
1 53 448 5 7159 49
-9 By we AR 236G umkEt # BE A
-1 3283 AF JAEA=Z AT
| I— |

- 715 ¢ FH MC+0, A+ 02.= 7| =

5709 w2 ol Fox 1/He A HAA(RAE) o=
A3k, 4719 A 5 umo] A

- 715 JH CDMGH HAire 25 “CFE 7|5

-5 umE 2 2/ ARFE 23T 40 Aok 2719
A IREZ o] FoAX AF A= A

_ 27H4 /\4 R XlsLxﬂlE Z 9

- 7]  CD+2(47) A= CF), WA 27 A=
CR+0o.2 7| =

- 3 ARHE olFo 11 A AH A

278 gt F 170 SumkBth 23 170 “CR”

- 715 : CD+1, 2} 370 A= “CF'2 %A, 270 v
“CBY, 1 AFAEA &Rl dste] CR+ 022 7|5
- BE ARt 5uml‘iﬂr ZZHL%

719 21 mEl"d2Z QS5

712 MC+0 7] =

2}2)

_19_



-9 By we AR 236G umkEt #2 BEE AT
/ﬁ -1 3283 AR JAEA= AT
| I— | B
A - 715 H MC+0, A+ 0.2 7=
- 5 umEt #2 st HAF=E o]FoR 124 EE A

./ 2 A

b - 71% © MDIO(/ /& MPZ 7|5

- BE 5 umut} 71 579 AgE TAY 1] B4 uE

- 712 MD55( 571 A BF MP)Z 7] &

- 1o A MEZxE 3 AFE 2, 14 A
=5 umBit 21, 1749 WEZ A 2FEo] &4
=3

=
- 7] MD61(17] A+ MF), MR302. = 7]

7.2.5 24 &0 O A= 2l = &E

WA Balo] wet A¢ a2E= 2 Ao BA e AY, X (structure) A1 B
A ol mE Ag Y= F A As o8 ¢ Utk

(1) %

rlo
4
_O|L
Id
)
[

I 57 Af mwh) - 407) 28] =(grid opening)

(2) T FsH(ad= T 5 ~ 2571) 4070 18] =(grid opening) =+ 10071 4

(3) =2 Fa(agl= 9 2571 o)) ¢ HA 671 18] =(grid opening) =& #H 4 100

7] @A BAR oe sk ARe B SuE dfel B RE TAHE A
oA A @ 5 vk 2d4 715 BAd 238 Jddsd HRieE 2
g 5 o
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k9
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RSN
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S

1

=
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o] 7}

3

=)
—

\

7I(EDXA)
3

=
S
4
) .

24 (EDXA) ¥ A7)
g 0
3

|

&ko] o 1 A]

S

Foll o

o

A
o] Af dyA B4 g FA(EDXA)SZ 9

XS E(ED) 2 OILX 24k AAM Z4D|(EDXA)
234 (ED) 3

Fo] 24 10 % ©|

(ED)
7.2.6.1

S|
o

AU Ak o

o =

o

(visual

]

o

s}
ol

&

S
=~

1

4

k9
yul

Z
ot

Al
1 7}3

1
[}

k]

pul
AL

o
1]

3

248 4 (ED)el
o) seisl uw

=
=

EEN

o<l
P ojge) oluA R4k o sd RAEDXA)E e

R4

X3 Z(ED) EA
9

W x| T

o] SRM 1866, 1867, 1867B, RM 8411, HSL(health & safety laboratory)®] HSL037,
1= ED

UICC WA (chrysotile), %21 (crocidolite), 241 (amosite)

7.2.6.3 OIUX 24 AAM 24 (EDXA)

identification)©]

7.2.6.2
]
A

37} ek

pol %

o

3} w5

il

—_

=
<

o
iz

N
2!

file)

o
el
il

=
<

[e)
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vzel

%

el
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il
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file)
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;OE
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A

=(f/cc)E A
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ﬁo

DA A

Crcu
fs .

¢

o)
oF
LR
™

0
o

B
<

Nfo
w

¢

o)
oF
LR
™

0
o

)

B

e

)
An
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