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Review on asbestos analysis
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This document was prepared to review and summarize the
analytical methods for airborne and bulk asbestos. Basic
principles, shorteomings and advantages for asbestos analytical
instruments using phase contrast microscopy(PCM), polarized
light microscopy(PLM), X-ray diffractometer (XRD),
transmission electron microscopy(TEM), scanning electron
microscopy(SEM) were reviewed.

Both PCM and PLM are principal mstrument for airborme
and bulk asbestos analysis, respectively. If needed, analytical
electron microscopy 18 employed to confirm asbestos
identification.

PCM s used originally for workplace airbome asbestos fiber
and its application has been expanded to measure airborme fiber.
Shorteoming of PCM is that it cannct differentiate true asbestos
from non asbestos fiber form and its low resolution limit
(02~0.25 pm). The measurement of airborne asbestos fiber can
be performed by EPA's Asbestos Hazard Emergency Response
Act (AHERA) method, World Health Organization (WHO)
method, International Standard Organization (ISO) 10312
method, Japan's Environmental Asbestos Monttoring method,
and Standard method of Indoor Air Quality of Korea. The
measurement of airbome asbestos fiber in workplace can be
performed by National Institute for Occupational Safety and

Health (NIOSH) 7400 method, NIOSH 7402 method,
Occupational Safety and Health Administration (OSHA) ID-
160 method, UK's Health and Safety Executive(HSE) Methods
for the determination of hazardous substances (MDHS) 39/4
method and Korea Occupational Safety and Health Agency
(KOSHA) CODE-A-1-2004 method of Korea,

To analyze the bulk ashestos, stereo microscape (SM) and
PLM i1s required by EPA -600/R-93/116 method. Most bulk
asbestos can be dentified by SM and PLM but one limuitation of
PLM is that it can not see very thin fiber (i.e,, < 0.25 ym). Bulk
asbestos analytical methods, including EPA-600/M4-82-020,
EPA-600/R-93/116, OSHA ID-191, Laboratory approval
program of New York were reviewed. Also, analytical methods
for asbestos in soil, dust, water were briefly discussed.

Analytical electron microscope, a transmission electron
microscope equipped with selected area electron diffraction
(SAED) and energy dispersive X-ray analyser(EDXA), has
been known to be better to identify asbestiform than scanning
electron microscope(SEM). Though there is no standard SEM
procedures, SEM is known to be mare suitable to analyze long,
thin fiber and more cost-effective. Field emission scanning

electron microscope (FE-SEM) imaging protocol was
developed to identify asbestos fiber.
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Although many asbestos analytical methods are available,
there is no method that can be applied to all type of samples. In
order to detect asbestos with confidence, all advantages and
disadvantages of each instrument and method for given sample
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should be considered.
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o] Ast= MEY A &, ¥7], B, WA, &, A5AA, 8
25 FFEHE G2, A8 E 7] g2 o E
+0] u]= 37 B 5 3 (US Environmental Protection Agency;

EPA), W] == Ak Qbd 1 71 1 54~ (US National Institute for

Occupational Safety and Health; NIOSH), AF] o+ B4 %(US
Occupational Safety and Health Administration; OSHA), American

Society of Testing Materials(ASTM), 41| A] 271 7] 7+(World Health
Organization; WHO), = 4| 37| +(International Or ganization
for Standardization; ISO) % = ¢] HSE(Health and Safety
Executive) 5 = 5 7 T}
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74 (Scanning Electron Microscopy; SEM), Electron Probe Micro
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1. YAXt &0|4 (Phase Contrast Microscopy:
PCM)

Ak 42 dutd o7 F7)F s 25T
7p de 2ol g Aotk Ak A& o] &5k #4
1 of 1= NIOSH 7400(NIOSH, 1994 ), HSE MDHS 39/4(HSE,
1995), OSHA-ID160(OSHA, 1997), WHO(WHO, 1997),
KOSHA CODE A-1-2004( =4 b 221 3 e, 2004), U2
479 AHEUE Rl AL $44,2007), g 3H4
A7 T YA 73, 2008)5-0] ATk
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i) EA R o] AR A FH ol MERA o AHE
(Mixed cellulose ester membrane; MCE) B} o] 9}4]| & A}$-3}11,
A2 2 A] Acetone-Triacetine S A3} o)== 5 m oAk
Aspect Ratio(AR) 7} 3:1-8 Z3}31= A5 400-600 1f) )5}
o] A8}, % 5 E fiberloc B fiber/ml . E3 3k A15-9
F 2 F(widthy> W vict 24 AAska et A g4
O -2 AR= A1 501 100 ian(H 2, 0.00785 mi)2] Walton-Beckett
graticule - ©]-§-5ko] FEak= Alok= FUAIZIT

PCMo| 73 W O 2 AR A F A Ao R Ql
g2 o) g A 7)7) fleto] AF A B ARG E =
AR 3715 F2E EUHsk, #Elshy] 913 Zlo]olA
zo] A} vAH o] o) D QahA| okokth(Leeet. al,,
2008). o] Aol A BAYE = A A7) o] Afre

Figure 1. Development of airborne asbestos and bulk asbestos analytical method.
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2. H-A& 0| A (Polarized Light Microscopy, PLM)
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@@%l%&@ﬁ%&~ﬂﬂ 2 A9 SRS Aol
3R] AYRS o o] Fahehe @ o
A B 209] Aol o) o] o] we) 24
S4B YRS sk ol 2, Yo BYES
N2 MR E5HE dobd g 1P AR ETE A
o 449 ok STk PLM A 469 4

=
& %73
(morphology) & K. A 3} U] AW & - & = et

Meﬂﬂd“hﬁi%$%“04ﬁﬂﬁx THA,
E%z—l /\J}EH }‘\_] ‘%E‘i ].oﬂ/\IJJ 77]—X] EAL0
A §7-2 E3) AU 25 5 Glof LAARH e
8= A o] I A RHEPA, 1993; NIOSH, 1994¢). 13 A1 &
off Zotel Aw o] 2 Fyup WA Gel(%) 2 B ke,
PLME A2k o] B %A §eto R o o gle M7t
A B AF5S IRE o] wwol ST 87 H T 2l
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(Millette, 2006).
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ol | %o Ak ¥ gho] B o] Q) thMillette, 2006)
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OSHA, 1994; IS0, 1995; New Y ork State Department of Health °,
2006) .

FRIE FREE WS 7 7hA] A A o] HalE L Ql=v] A
WA A AR ] T A E A A AR 7
A o= Ao MR 2HE AT s Lok
Aol ks st Sl HAE 9, e
SA7L deb e A o B ARk e 5 dnke
7 o] thSantee and Lott, 2003).

ENM XA D0|E (Transmission Electron
Microscopy: TEM)

TEM2 o]4-3 3715 A8 548k "1 oll= NIOSH
7402, EPA Level T AHERA, ISO 10312, 3= A7) 4 34
Al871E, A2 B34 AU EYH P ol Al
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2| £ 0] 758l tHMillette, 2006, Lee et. al., 2008).

TEM O 2 41} 312} & wjl = PC(Polycarbonate), MCE ¢ 3}
A], Cellulose Nitrile 9J7}#] 5 0% A|5E A 3lc}. x| st
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TEM< o]&-sto] A& 57 wf= A2 FEjse of
e, Ao A2 E Foter] flske] Selected Area
Electron Diffraction (SAED) & AF4-3}11, 3}8H4 245 &7]
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SAED®} EDS7} 2"l TEM-S AEM(Analytical electron
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Lee et. al., 2008).
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(Scanning Electron Microscopy: SEM )
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1987'd]li= EPAS] AHERA "} ol|X] TEMS A3 E5
TS W SEME o] Aol §leAE Aot
TR 210 ' Ak 1 ol AA, AR S Al
A FA ARA R A sk o] 87k o) A
w7 kA EA, SEMS S 9] AA T 25 Eelske
o] Al gko] SISATh AlA, ofm| =] tju] 7} SEME] F-Fitt &
2t 2F354817] 35T, v Eho 2 SEMS: o] &5k A8l
of thst IFzZzIo] 7] witol kil aFglthMillette,
2006). AIA(Asbestos International Association) 2] * 2 &3-o]| A
AREE 31 Q1= SEM WS A 2] of | A2 HAlsk=T|
WA A Q1 o #-o] lvkar sFalth. A A iz SEMAHE-ofl thsh
o] A E ol A dom A IR 95 ¢l
t}. 781} OSHA ID-160 " 7} 1SO 14966 %% ol 4 SEM
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SEM S Ab4-8hi= R ol i= AIA(Asbestos International
Association)©] $1 17, SEM*H o] thal ©<=3] A F35a Sl
HlH 0. o3 5L HSE MDHS 87, = VDI 3492, 1= Aj57] 2
TN, 9 344 Aedeeird Sol it
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§ 7% SEMGEDX) 0] 8310] 4142 A48} 5 A10] 4

atal Qlek. FAlofl TEM#} 24t A & et v & B
3}7] Slsto] Abg-ETh U+ $7473,2007). TEM o] 1] 3 SEM
o] AA |7} 7hekstal FH ol 1 w45 FE-SEM(field

1o



28§59 - 3

emission SEM)©] }%HO% A 5ol o8+ gl 37kl ok A 2 7 g Al a0 S8 A 8
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5.XRD &4 AR,
A% YAt Xeray s 2ol 5189 34 /o] vt
o 24242 T4 WA 3] B 314 el V. 3715 MY &9 My 24
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(Lange and Haartz, 1979; Pulleda and Marconi, 1990). 721} 17
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TSt

4o 9t} 314 XRD= A,
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WHO, IS0 10312 "], 213 87349 844 Al B
wsrel kel W, g AU 3714 39 AR 712e] QL 5
Ap= w] = NIOSH 74003 9 74025, OSHA 2] ID-160

9J == HSES] MDHS 39/4, 3= AFJ oA A Tt
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1995; OSHA, 1997; WHO, 1997; &4+

o) ¥ 51749, 2007; 3733, 2008).
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Table 1. Some characteristics of PCM, TEM and SEM for Asbestos fiber analysis

Advantage

Disadvantage

1. Inexpensive

2. Relatively simple.

3. Quicker than electron microscopy in analyze.
4. Analysis can be performed on site.

1. Could not distinguish between asbestos and non-asbestos
because PCM identifies morphology

2. Hard to determine the types of asbestos

3. Chain-like particles appear fibrous when using PCM

PCeM 5. Can provide risk estimation to examine the health effects caused 4 Lower @01uﬂ0n than clectron microscopy
by asbestos 5. Could miss smaller fibers
6. PCM has historical epidemiological studies g Easy t;) confuse when asbestos exists with non- asbestos such as
7 Destroying of sample is lower 7. Hard to apply to highly concentrated environment
1. Could identify morphology, chemical structures, crystal
structure. . . .
e .. .| L.1tis hard to compare directly in the results because of the
f)c Cl\(/)llﬂd identify very fine and short fibers that could not classify in previous epidemiology study that used by PCM.
TEM L 2. More complex in sample preparation (reproducibility)
3. Low detection limit o . . . .
. S 3. Probability to destroying of sample is relatively higher
4. Available to low concentration in environmental sample 4 Lone fime o fon
5. Widely acoepted than SEM + NG e o prepard
6. Cheaper than SEM
; &Eiigﬁ;mﬂﬁ%nﬁo sition 1. Hard to identify crystal structure
SEM ' 2. More expensive than TEM

3. Simpler sample preparation than TEM
4. Lower detection limit

3. Not required by any govemmental regulations
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SEMS o] &30l M%9] B814 54, 293 59 &
| 542 A Blo] 4791 ohd A PEH T, A7)
A
o e, YA, ARE 5 &5 o] SEM
AL HH DR Fol, FHAL 5L
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1. 3715 A3 A& #FH

7% NEg A7 Hate] AHgE= oA = 7 7
b of| ] 27 gk A A 7] W 2 2471719 SA) el o&
gt} 3715 AR E A ] AstolAlE A4 25 mm, 52
37mm] AEZ A o AH 2 (mixed cellulose ester; MCE) &3 2}
A} E2]7FE ] o] E(polycarbonate; PC) ] 244 & A}8-5}od
SEHO)AR 0] o} E FBEE 5t ARE AA
Sk iR A B S5 SR oA Al F stofok o] B A
SAHASTE GRS stk v OSHA 2 NIOSH| A
= 25mm2) 7, 50 mm 9] A=A 7H2-0] Q)<= 3 piece cassette S
AHESIES 8FaL §laL o] FHES] M7 EA S ghrsl|
flsto] AARS-& TSk Qlek 3 71AHA B Bl A4
7F %) 2A 5 A =5 stojok sh=t] OSHAE 371% 4
A} B ] golo 7 HAH TR W7} B A A A AL
A 100L2] ¥71E, A7} A A A A AR - 240
L 715 AF s 5 ot QL ARFAl A el M=
400~2400L. 9] 27| & QA== A1 3w ek A 24
T ulE FHNE F4S dgstolof s 5k Al A7 E
Z e A L AE 4], ddkE Fo), 4
it 5= ARE-skA] Hotok SHTHOSHA, 1997). NIOSH
7400 2 74028 ol M= A oIA = A F & w= F=o] 0.8
m= = MCE o325 ARk, TEM 45 & wf= 045
m] MCE o] #}A] & F 8= % afal §l o $-2k= 71914
TAF A AR 7HA 9 RN ZAH 7} AlgE
th 37 A FH - dubA ol 2 20| A 1~4 L/E- O F 84
et A RE QH =S 5Far 9loH 7]E4 0 2= 0.1fcc
Q1 87 ol A 400 Le] 571 % AF oS shal QoL WA 7}
7 AR BEF stofof sttt ME o A EE Al

T 7~16LE 07 B2 ARSI A AT = lom 01
fock Tk P4 527k 52 7ol A= 3000~10000 L] 37]
S AF 8 sk 9l o o] A4 A7 244 2] 50 %
AEE 9 YEE Y27 HojA = 2k Frh.NIOSH 2
OSHACIA A| 41 A H 32 A H 87| 23k
O} o]= A o] 2 HEF o A e A A HAM 7}
100~1300 fimro] =] = 3}7] 9% 21| THNIOSH, 1994).

1997\ 32 ¥ WHO W & PCMS- 0] -3 21 0 2 X 5.4)
#HE=08~12 m ¥+ 7H 25 mm A S A7) A EA 0]
Q= T Eol Aabato] 0.5-16 L/E- 0 7 815 o] w2 Ake] A
& %57} 100~650 finr 7} &) =2 8} QITKWHO, 1997).

TN = 7% AEAFH Al A7 25 mm B 47 mm
O] F0] 08~12mel AEZ QA A E (EE=AETQ
2 Yo EFo] EAll) o HA & ARE-ste] A4 1.5m &= 9
21 10 Lt =0 FR1F 02 1AIRE A she(33 7,
2008). 37 ol A= AT &l A 2 A 2ol A <] Al 541 F
S 24 Aol 7] A&, &4 Sl 770 o H$1AdH] 41
AN, 2978 7 A 270 o], #9478 TH AL 270 o),
=471 7= U o), H7]& Rk U o), 24
F A(H UNE stes ofal Ytk AlZA 3= 274 25~47
mm, &= 045~12 me MCEE AH&-sto] 1% 3 Z(high
volume pump) 2 A4} 0.8-12m == YA 14 1,200 L 0]} 3
F5lar 771 WA 3 piece cassette holder 117 A] 7 2. ZH|0]
AF A FHHEE shal QITHEE -, 2008). A|H Al 5= A
U714 FYAE7IE 5 A (Asbestos) & 91417
HoR #A8HL, FE7H001 flee o] AEE ARl
A= 1)+ EPA2] AHERA, ISO 10312, NIOSH 7402 2141
of whe} F3p AR v G 0 7 B8 = 5kl QITHE A,
2008).

O & 3t A o] A= 2 A 0] 47 mm, F 34 20| 0.8 m
S MCES AH&-gteh. |l B Q1 FE &= A2 Algdal7t o
oJubA] oAl AAF7E Q1 E|o] QA 2 Flo] vighA] sirt.
SEME-A]2- 2] 7R U0 E(PC) A B A & 574 & AAIsh=
785 A7 47 mm, &= 0.8 m2] E2|7}H o] E o 22| £ o]
gttt

AHERA| A= 25 mm %=+ 37mm 2] Z8]7}E v]o] E(PC)
oy 32| = MCE o 4] & Abg-81H, 25 mm o 24| =
1200~1800 LE- #} %] 3} 27, 37 mm ] 2H4] = 2800~4000 LE- =}
#3718 WS THAHERA, 1987).
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£ 2 A0l AaE AL A ol w,
35 A |39 715 g RS ofe) )8
o g 2o Beld stoitk ol TEMEH] ofe) )
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Table 2. Analytical method for airborne asbestos in occupational settings.

Occupational Based
NIOSH 7400 NIOSH 7402 OSHA ID-160 KOSHA A-1-2004 HSE MDHS 39/4
Instrument PCM TEM PCM PCM PCM
Amphiboles
(1) 0.2 fml/4 hours;
(i) 0.6 f/ml /10 min
. Chrysotile
Criteria 0.1 fiee 0.1 fice 0.1 flcc 0.1 fiee (105 fml/4 hours;
(ii) 1.5 ffml /10 min
Clearance indicator
0.01 flec.
. 400 L@0.01 flcc 400 L@0.01 f/cc
Rec"r{‘gﬁe‘im Adjustto give 100to | Adjusttogive 100to | 25~2400L 400~10,000 L 10~480 L
(OI” ﬂowrate) 1300 f/m’ 1300 f/mt (0.5 ~5.0 L/mm) (0.5~16 L/mln) (1~4 L/mm)
(0.5~16 L/min) (0.5~16 L/min)
Sample preparation | Acetone, Triacetin Acetone Acetone, Triacetin Acetone, Triacetin Acetone, Triacetin
25 mm 25 mm
. 25 mm
Filter MCE (0.45~1.2 ¢m) (045~12 ym) MCE MCE (0.8~1.2 ym) MCE
MCE ALl (with printed grid)
1 confirmed asbestos fiber | 5.5 fibers/mm0.001 -
Detection Limit 7 fiit dbove95%of | fibersice (2,400 L Air 7 Bt o.g(l)g g‘;}ﬁi&g)‘“
expected mean blank value Volume)
Magnification X400 X 10000 X400 X400 X500
Fiber length, >35 m >5m >5m s > 5 m,
Width >0.25 m >0.25 /m >0.2 ym At <3m
Aspect Ratio >3 >3:1 >3:1 >3] >3:1
Counting Fibers Asbestos fibers Fibers Fibers Fibers
Hard to identify btw. | Morphology, crystal |  Does not provide
Identification Asbestosand Non- | structure, elemental | positive confirmation - -
asbestos composition of asbestos fibers
Reporting Fibers/cc Amount of asbes(os in Fibers/cc Fibers/cc Fibers/cc
percent (%)
. 1989.5 1989.5 1988.7 1997.11
Revised 1994.8 1994.8 1997.7 20045 199511

PCM: Phase Contrast Microscope; TEM: Transmission Electron Microscope;
MCE: Mixed Cellulose Ester

sto] G RE AT AL Bezint B gRfA o
A E 3)3k3t0] 1L AAE EZAZEA Flo] 2L
A sejol = Fekro] £2] S11% AL

] WA S 1 ESGI T
TEME o] §-3t0] A& $A8kE Z27] W2 1970 of
o Nicholson®] #|A|8}T}. o] W2 MCE A 3A] & o] &

0)% -2



rlo

0

& viof TEM 2|0 &) EHaglct, Aue] g u
A9 AR 2719 AR FF] 12 DES o] §3o]
ng/m' ©.Z A5} THEPA, 1975).

+71% A FEE A HTEE e A 21 19784
USEPAS} Alokste] W& 738t Samudra 50| THSamudra,
etal, 1978). o] "> PC o] FHA| & 0] G810 A 25 AF 3 5
o] 32| & A4 A 2| 5to] TEMO.2 24 5h= o)l

T ARt o o] ARG-EA| H > EPAS} A oF
ol ©]3) 1984\ ] Yamate(1984)7} 8k 70|91 o]&=
EPA°] ol 3241407 A e A= ARt RHA o R
ARG E ol Rt o] Rl A= A 4 S5 NIOSH9}
OSHACIAT 218310} 319 ARS 741 202 H eIt
o Aol 9] A|ets FA = &4 Yamate WH-> Level 1,
Level 2, Level 3 2 &4 730} Level 1 & 4 %H0] &40t
299 A5 371% YA x10] & i E o ole
ARg3HE oItk E Sof WAH TN Baw
B FERO.E 0] 7H5 Stk Level 2 oA
B¢ Felel st o g FAo] 7hsat, 2l AlERl
735 Xerayol] 23 AJ 4] 0] 1] < Q 8}t Level 32 24414
= 2Q1s7] 918k Level 29| &7 Aol A Al 2sto] 514
FEAFE T E18k =5 3har A1tk Yamate B ol 4= o
A Y ER Hole v A AA 2] S AR oS
ataL Qli=t] o] o 3HA| AR-E B]gtete] wof FAI7l v
T YRR GE o A & of hste] A sk W o]
th 37] = A s AT e Be Aad 7
7} X o] ¥3| 2 1 11 5K Yamate, 1984)

1986 84 229 #|o]x1 o) &% ©] AHERA(Asbestos Hazard
Emergency Response Act) = SIA AT o] M o2 Q13|
EPAT= Stiroll A A o5& WE31 0, 19870l Interim
TEM Analytical Method' 7} EPA 9] ‘Asbestos-containing materials;
Final rule and note ] % A9] subpart EZ 3 ¥ ¥ ¢lt}.
AHERAW 2 M| A7} o] Fo1 A 1L B3 A} 2to] A7 &
7] Aol g o] gsto] 3715 BAA 0 R ol N
HIARAIA 5719] 3715 Al RE AF =S sk olvk A
AA7F AT T8 AaiME LA Tl A
3 579 3715 A} ] AAA G (@571 o]
AFAA ek T vIAIAA A 57 Alge $71E %
AA o7 £ ek AF gt FAA 05 FA 3 Ao 7t
S1OoH A AR o] AT Ao g Bl dF HES T
AHE-8 = SITHAHERA, 1987).

AHERAH o A= 7 74 &] o 4A] & Abg-sh=t,
Yamate™H ol A AFE-IE PC o 24#] 0] &] of] MCE o 344 &
AHE-SHTE PC o} A £ Jaffer Washer9} 2 5 2 55 o] 85}
AA 2] & 8k, MCE o34 & o]-&-8 7ol i= oMl =57

O

£ 0] &3}, plasma asherol] o 4| & = EA| A o A7}

£t 43| £ 3} A 71t} ED(electron dif fraction) 2}
EDXAZ ol£3t0] T2l=0] i AAEE FA9T 2l
aFo] ARo] 5:1 o]/o]ar, Zo) 7105 um o]/}l A =}l
S5 3 Qe olul A1) 447}S mol Akl olajelA
Tstofol ity AR H 1S S ufol= A 720 sEE
Fepac], A4S Yanate W3} o] 49 P25 A
ot A7IA T2 dr) e thd(bundle), &3
(cluster), 3 r(fiber) 2} AT A5 X33 v E 2] X(matrix) £
gelgit), mfEY A Ao 8 Fol ng o g e} Sl
i, O 52 Akl 719 AY 7HSE AoR A9
ok v 2 T3 (structure) 7} ol F-4 45k Feldol
o]Folxl A o 7 7h3ity

AHERA "ol A Al5=8l= 7]5=0] Yamate™d ] 2 =LA T}
2 A2 ARO| 3:1¢0|1A] 5:12 ¥ ot} FA] AHERA $1-913]
O] WO QRIS A 9] AR H]Z 10:10]1}20:1 & &F2}aL
F3a9o0 182 24 AR} AR W 2 Aol 7} 1}
A A e ] 2] 2k TH(Lee et. al., 2008).

FA 5 o I Blank filter) o) A &= F2E0] B < Qlo]
o] I}A] of| A 70 structure/mir ©]/do]H FAF o) o 7 Er}
A AAZS] oA U] B 15 57} 70 structure/mi©] 7]
0] 511 glo] o] & JoH AAPAE stk AA] dAol A
T U9k 94-9] 570 Al 25 o W] iskA = Y=tk AHERA
WL Yamate W& Wedleto] QAAA Ak A&st
7] 8H=2 5 20| CHAHERA, 1987).

1987'd AHERA "} 0] Federal Registero]] AA"H 0.2 &
3 %] 27 NIST(National Institute of Standards and Technology)”} 5~
ol W7 stekar sk 3 o] ANAR N = A = FokaL, d
WA 571% AHe A 8= LRbA Rl TEMER o] A
53 itk e o] o] AW AR20] 2zt gt A
7NAEE AlwetA] e @R o] sl A7) o st g A
7} Q3 739+ Yamate Level T 3PS AFE-3CHMillette,
2006).

AHERAYH 0] Yamate™ ] 7} 0} & 7 WA Ao 3= MCE
A E AR vk A3 A 2] o) tidsithe A
o|t}. PC ¢ I}A|:= Jaffe Washero| A 28] & shd 30| 4
2v] o 7}A] 7} o} 4] okL- A e 2 EDE 41S oHAl HW
717] 374 % SiTk ool vlsl MCE o} 4] 9] A8
AAY AZHS INTEC R G5A]7]= o] Slth AHERA
WA= Zo)7F05 im o)/ ARO] 5:1 o1 A & 24
skt Aol A 07 QAo 3ks n A=Al tis}
of =gto] Qlrth 18u} AHERA W1 o] 522 Q14 ¢ -3
A& et lo] ofuel gt =2 37 do] Ao s
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Table 3. Analytical method for airborne asbestos in ambient air

Environmental Based
WHO KMOE IMOE ISO 10312 AHERA TEM
Instrument PCM PCM PCM TEM TEM
Criteria 0.01 free
AT 25 mm;
0.5-16 L/min Adjust t
Recommended Air , I ATUSHD 600L 2400L (1200~1800 L)
give 100-650 (10 L/min, (10 L/min, continuous )
Volume (or flowrate) i 1h Ah 37 mm:
fibres/ mn our) ours) (2800~4000 L)
Sample preparation Acetone, Triacetin Acetone, Triacetin Acetone, Triacetin - -
25 mm 25 or 47 mm 47 mm
. MCE
Filter (0.8~1.2 ym) (0.8~1.2 ym) (0.8 1m) - PC
MCE MCE orCN MCE
s 10 £/100 field or 0.057 L Lower detection limit
Detection Limit 13 100 field <1%
Magnification X 400-600 X400 X400 ~X20000 ~X 20000
Fiber length, >5 (m, >5 1m, >5 1m, >0.5 um >0.5 ym
Width <3um <3m <3m >0.002 /m >0.002 m
Aspect Ratio >3:1 >3:1 >3 >3:1 >5:1
Counting Fibers Fibers Fibers Structures Structures
S Morphology, crystal | Morphology, crystal
dentification i i i structure, elements structure, elements
. . . . All Asbestos str/ci’ and | All Asbestos str/ci’ and
Reportin Fibers/ml Fibers/ml Fibers/L
eporing e e e > 5¢m fibers > 5um fibers
1985.3
Revised 1997 2%)(())%45 1993.12 1995 1986
' 20075

KMOE: Ministry of Environment, Republic of Korea; JMOE: Ministry of Environment, Government of Japan
PC: Polycarbonate; CN: Cellulose Nitrile

A3 S wekab At 649 thMillette, 2006).

883 39 CARB(Californian Air Research Board) ]| 4 += 427
WS Fasle 1R Ao wESs 4%
= o E AGAEE AHF o] Fedn
Ardn| & o] 8§38t EF skl gl o AR 2 HAt
73751 A THCARB, 1991).

19951 ofl+=1SO 10312 o] T % 3it} o] 1SO ¥
A G20 th&Fo] Yamate2} AHERA 2] 7}
Y AE 9} | EYAE B (dispersed) % 9F Tk
(compact) T-Z % Alx=to] Alg8t =5 3k QITHISO, 1995).
o] HFH L PC capillary ] 7}4], MCE 5+ cellulose nitrate ] ¥}

HPH O
[¢} L
He 2t 2

)

A5 o] g3t AF 3L PCE o] ¢ wlof= B4 FHH
o] #A| & TEM 18| Eel 713 AHA & §7184E o] &
ato] ol Tof PABITHMCE oA 5 o] &8 wfof = T
mE L Sofnjo] =5 o] &a}a, WA ol o7 g T
o 15%F% 0.2 Tt vheth o] 342 9] mW S Zup=
n} ol M (plasma asher) = ol & St} o] 2 A A2 H o2

A B HAE 5

713 A FE sk o5 TEM 18] =0l &
71 TEM .2 & Hj(bundle, cluster, matrix) o] YA

HEg A%

SHEHISO, 1995). ISO 10312 ¥ 2] F-=-of] &= PCME(PCM

equivalent)Z}= A A 15
f ol L A

AlFshe W o] ¥8hE o] 9l
T27F Aol 5 imo|, AR 3:1 o123, A&



02-3.0 m®] 715 7} AH-E Algsts ¥ ol th(iso,
1995). PCME*H > PCM 3} H] 528k Aat5 £ 535171 9]t
21501 025 im o)¢2] ARt AGE sk Wilolth 18y
TEM] wlj&2} 3l o] 7AA 244 =2 PCM 4 7}<} vl il
Sh= 212 o] 1 Th(Perry, 2004)

ISO 10312+ 1998 ASTM D6281-98 & 0] o] #] 11, o] =
2002 D2681-02% A 2015 Itk AW o] &hefo] WL A&
= A8 uf 1SO 103121F ASTM D2681 -2 AFedshA]
o] AR Hth1S0 10312 ¥ o)} ASTM D2681 HH
A7} 2 Ee Bol= A2 JHlE #s] 7] Fsk
31 Qlo] 3 ThE AR AEsto] B X 9l i
O F AFE A 3l QS ot itk o & 5o o] W
WO % AFst AR E o] &5F] AHERAMH 2 Al 113 &
o] &-3to] A F7}sbE AHERAWH ol A 114 3t str/en’ ©. & T
A] AAFEE 5= Q1EHISO, 1995; Millette, 2006).

1999\ 1SO 137940 W& =] A o] F-%of tj3t 4
9] 9} A5 & 1SO 103128 ASTM D62813} < 5het. 1SO
10312 B 3} D2681 W& o] 74 & 24 A gl ek el
o] o] W2 oA A 7F HEA FH QS wf o A 9] A F-E 3]
SIAIA Eof| F-FA17] 1L ThE oA 2 ThA] A afate] B4
ob= A 2] R o] THISO, 1999). o 7H A 2
Yamate *H of| A = 915-0] ¥ %] TH Yamate, 1984).

TN RS AHFH T ALAE AA AA 2 selE Wk 7F
A A EeE W] A MRS Agel i P AA
WO A7 A Y2tk BarskGit) o] = 7H A A
YA Z A F2TF A2 R ZINAE A o]l THE
YAHF-2 2171 8] Wl &g Al A, v A e AHTx Fol ¢
%% 7] wji0] tH(Chesson and Hatfield, 1990)

NIOSH 74021591 TEME-A1 W& 1989 of] 335 0]
19941 o)) 7114 = ¢l T}, NIOSH 7402 %S NIOSH 7400 2]
PCM 2248 1 ¢4517] 98 71 o]tk NIOSH 7402 = EPA
AHERA W 2} MCE {214 24 2] ¥ o] nlszsict. 12
Lol WS o] 7405 mo ) I A& A O R g sk
AHERAWH = T2 7] o7} 5 i, AR3:1 ©]2, Yu]7}

o con
e

ok Ob 1> Y

fu ke
o

5 ot AW ARl A AHl FRE §
o] W | X &= A5 AlgsA] ar, e A
ot Vs ke AW AR S T
7400001 4 AlF=sk Al ol wrato] A ARk Algske W
Holt}, QoA & A5 g-o] NIOSH 7400 v 2} 740274
S M2 4T B Q1 HPH O] THNIOSH, 19949)

gt ST A7 1A 3 A A7 |Eol A = TEM= o] &
SHE A o] glef thE U8 SIth(EHE 4, 2008) U &
A A RYH Yol gk n 4o S4 432 1

A A ofl hek 223

21 © 24 EDX(Energy Dispersive X-ray spectrometer) 7 -2+
¥ TEMel| &Jsto] A& Alrgiet. A7t d At A
o], % 12|31 EDX A A 75 7] S 3hrh (U2 3174, 2007).
$-2] 132} KOSHA CODE A-1-2004 W+ 2 1] = NIOSHS]
7400 T GA 2 F A o] o] Qluh(Etat
AP B2, 2004).

V. 1GAE F Muo ifiF % &M

VPN BT A EAFE A sk A2 A 9
514 H7tol| w)¢- F Q) i AW o] 35 S u)
29O =l 13592 /M A1 A AR E 5
2 Az, A, AR A Z AFLH A 4~655 T A0]
o] Mf2 F2 MHAE A%, Bio])a goy, yo|x

UANZ AR 79552 9 B2 A= S84, bt
SER, A AE O] FA A 2A| 2 AF-E G = o] |
785 AFE Lol 719 Q1 7) wiol A o] ml-§- 7hrhETh
(Santee and Lott, 2003).

A o] A W o] et A H A R A Ak o
21} AukAQl TR EZO 78 ) EPA-600/R-93/1160] LHEF
G AHEA 525 0] 0] S231T)(EPA, 1993).

o] ZEL o4 K 50| n|=+ EPA-600/R-93/116 ] o] A =
HEEA] QIAIAR] 74 02 A HeFo -5 HALsE Sof HY
O % HAAFSHEE sfal olom FAH O] Aol A
3131 §lzo] o] 7 ol Q&) T AP AR A
Q3 eS8 4 ok sk Qe 18y o
785l o Mgt E4Jo] Fa st A, AHe] g
Jol oo, A4, Al 5T A9 gkl thste] 9
SkatA| skt g, AA, A2 A 7S 9
& S ujo]H, o] - XRD, AEM, THH 50| A

"= EPAOIA] AL A 0] A = AR w5 o]
FARo] & QU F ohar QlaL, HH A & e T AF

[e]
=9 o] wpet = f-ejuetel vl wa B i 49}
UHEPA, 1993; $H73 4, 2009).

1] = EPA-600/R-93/11691 4= LA & A5 =Fo] Y i 4
A A gt7gskal Qe ol AlE P H el uhet HEd:
5, e, A E, Fo] AAASE 20~26 crre] ™ H 11,
A7 EFY, gk, W ig A A, sto] X A A T2 15
T=E AF sk sk Qi) FQIE, BAA, ol X 52 Y
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Table 4. Required sample number fork bulk analysis

H Minimum
omogeneous area group Sample Number
<90 m' 3
EPA 90m’ ~450 m’ 5
>450 m’ 7
25m’ |
25 m'~100 m'’ 3
Ceiling, Wall, Floor memm
100 m’ ~ 500 m’ 5
>500 m’ 7
Building, Facility m -
Mpisity of Insulation material <20mor<1.0m 1
Environment, >20mor>1.0m 3
Korea <101t
Others Om |
>1.0m 3
25m'~100 ' 3
Sprayed material 100 m* ~500 m’ 5
>500 m’ 7
ALk 7hs st o|A ¥strlo] BA-S o] x gy o)l EHolgtal 4
938 DHNEF BH ] ofel @ AR RH EEE oI5} ICHAHERA, 1987 NESHAP, 1990). EPAS] 4] 712
A3 Ao Aol 2] A% B S Ws g RlelA ) nHA R

=y LY BEEE RE TN B Fge
T QA E ) ko] WAL, AF-A277F -2 7
§ = vl Eg A7 el B4 2 24510 PLMO.Z
B0l o)) e 7% A A = uk ATk o 7 B sh= 1)
Ho|th, 12829k BF=A] XRDY AEMS AHE-8F0]of =
71-&- OFLTHEPA, 1993).

HReld, Wl Eg A7F ZA A A 9] o] v 7
§ F7HAR1 AA Y E 3t A& golstA & & Qitk ¢
5 50 g do] o= A A E sk, i, 7hAaA,
NAH 2, ofATE 50§75 vRIG 7L QA AER
2, A1, BB O] e A9 HESE Z(muflle
funace) 3] 3}t 4212 Q). 8| 8}A] 2271550 TE How 4
o] E4o] Wzl = glom R |A] FEE hr(Santee
and Lott, 2003).

A g7} Ao} Qe A= A zY 7td AT Selo] @
B8 o] g3to] 60 Colatz AxAIA A3k, Al 85 A4
2] &= FASE A7) Aol T a3t

of EAIuFH Q] “EPA-600/M4-82-020" ©. 2 19821 o] 12:€ o]
oA 1, o]0 A 19931 A B0 o] A gl T gt
A HH Q] “EPA-600/R-93/116"0] BHS-0] K THEPA, 1993).

NIOSH 9002 % 2} OSHA ID-191 & 19931 d o) 7HS0]
Z1 EPAS] 118 A W A1 W 2} f-ALSFEH(NIOSH, 1994;
OSHA, 1994).

£247]7] &= EPA-600/M4-82-020* ¥ (EPA, 1982) 3}
NIOSH 9002 0] 1214 0.2 = ol A JAdn| 4 S &
A5 B B YRl A GE f78 dEstr e
A 23 28 JA, B, YUY 55 ol &st] AlRE A
et AY Fol ] A RS dhaste] 2314 0 2 FEE A
S PLMH 02 A5 dashe Wi XA 31dE A
(XRD)Z 13} Ql+= ¥k, KOSHA CODE % A&
1] 74 & o] &5k PLMYH 1k A| A] =] o] QI THKOSHA, 2004).

EPA-600/R-93/116"# 2} ASTM, ISOHHH & ¢l A& n| 4 &
0] &3t PLMYH 2} t] o] TEMEA S A A6+ 1,

OSHA ID-191"& JAA R4 = o8-8 PLMEH RhE U}

2. AZN= 3E I EPUS B ARk ) A(SEM} TEM)H ol et 7.8 34
U Qlol A=k shiT

1993 EPA 2 19821 €] interim method & 7178 3+ Z1©] A, aFebA), W27k (Caulks), 91 E o whzkA) o} 2

U e o2 A E A= kTh EPACIX = AHe] 1% < 2AdME A Aol 1% U2 £33l o]



Stereomicroscopic Examination
Mandatory Qualitative (Classification, fiber 1D) &
Quantitative(Calibration volume estimate)
PLM
Mandatory Qualitative (Classification, fiber ID) &

Quantitative(Calibration area estimate
&/or point count)

Continue when problems are encountered with
PLM and/or for quality assurance purposes

Qualitative Problems Quantitative Problems
(Fiber ID problems) (ACM?)
1

1

‘ I
| Matrix Removal | | XRD I | AEM |

| Gravimetry | | XRD |
| ‘

Fiber identification Amount of asbestos in residue

Bulk Samples

!
SM/PLM analysis
First examine with SM and followed by PLM

l

ACM Non- ACM
(if concentration is >1%, (if not detected or detected at
Consider it ACM) trace level, Consider it ACM)
T

Gravimetry
This methods used to remove interferents;
residue may be analyzed by PLM
T

v
Confirmatory analysis by other
instruments (XRD and/or AME)

v
Sample residue analyzed by
XRD and/or AEM
Pl

ACM g; NON-ACM <4~, ACM

W
ACM XRD

Vs
NON-ACM ¢_,. ACM

Fig 2. Simplified flowchart for analysis of bulk
materials(EPA, 1993), PLM; Polarized light
microscope, XRD; X-ray diffractometer, AEM;
Analytical electron microscopy.

=4 thefir = F ¥ SES o R 45 dffof §f
= 23] 3 714 Wi o] “Point counting”(Z A1) ]
oh o] WS AW A 55 wafsto] 2 4lo] A3t AlAoF
B0k o] 5 22 Aefo] W7 ool Zelol A2 3
A5 3 PLMO & F-29 2 4008 & sk Wio]th
ntek WA f7F ke o] fulA Alopike] F4lol 914
of Atk o] A= 7S] A o= Al g}, A o] dht
FH%) & AFEE WHS PLMAL O 2 400 9] AJokS v
ato] 40091 Foll M AAdw7t Alrd e vrE dt <
2 5, AvA 9 Aok o R 4009 FESH A FolA 3
Mol A0 47} AFEI ARe] gHake 075%7}
¥ Zlo)th

u] = 578 5=9] Env. Laboratory approval program (New Y ork
ELAPSIA: 25 Aol a8 49 g2l A7)
7] 818t ‘53 Q1 E A|4=1(Stratified pointcounting)’ 2 2
&tk 7 ELAPYY 2 PLMHPH S o] 31 dubA el 11
FATATAUH QL ELAP 198.1H], TG Al 5.0f] AW o] v
o7 ¥sEogle A RS TEMYH 0 2 74 3H= ELAP
198439 1213 PRI 7| 2249 LHAHEAIS
(Non-Friable Organically Bound Materials; NOB) £ " E &~ 7+
Z>(Matrix reduction) §] © % 7 4] 2]5}o] PLMH ©. & #Hah=
ELAP 198.6%5 37F4] 7} 91t} ELAP 198.1 9] 4] = 10081 = =+
Zsto] A g v o] Seto| =5 WA= & St
TollA g e a7 HEE bz sk, obuE
nonempty point”} 5071 & wj7kA] F2-5to] 471 ¢] Sefo] Tof

Fig 3. Flowchart for qualitative analysis of special
case building materials such as floor tiles,
asphaltic materials, viscous matrix materials, etc.
(EPA, 1993)

A HFE = T AT ZRJAENA AR 7L AE pointE
ARketo] 1 WE-8-8 A SFCHELAP, 2005). ELAP 1984 1
2 A g derdolut sluks, A, N EZRZL Y
Bk A 5 8] vAM 77152 S (Non friable or ganically
bound; NOB) 1 A| #5 TEM O & -2 3= 1] o] t}. ELAP
198.61*H-2 NOB¢l| tf3l] AFo] Y muffle fumace & ©]-&-5}7
W EY XA A4S 3 U5, PLM .2 point counting ©. % 4]
9] S A%shs ol th ELAP 198.6 44> NOBE &
FAn Ao ® FA sk Wl AR E AFo| muffle
fumnace®. 14 2] 5to] 4] gtk ELAPHH o 4] So) gk 3
YA A A o g faksto] WU A5 B3V E =
Haste] Mrgle] gl FRFIAN 0T gaFatA] ¢
k= Wl5= 'Asbestos Detected at Unquantified Percentage' 2} 37
oAl Barstes ahal §lal, FREANS Eaf Ak
o At o] A E A okt ol AW EHE
(No asbestos detected) = 7] 55} 11, point]] 20| A &3] Z A
WA= Fot A F7F OHE Aloke] THE oA &Y
A v E3oletal Yk EE okl glal, B st
S A st = skar QlTh

Pointcouning B2 1% 014 A4 0 2 B
ok 710 2 1 114 7] % 3} tHChatfield, 2000). Point-counting
W o7 Agkake] Al 1% A 5E iHEsko] point-
count 415 A AIEF A7} Poisson F A o A AR <
7102726 %= G A U= A s B3

FANA A FEolA] s EA o 53] £A7} 5
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Table 5. Comparison of common methods for measuring asbestos in bulk materials

. . Minimum fiber
Magnification diameter

Instrument Sample Identification

AspectRatio  Measurement Reporting

preparation

EPA-600/M4-
82-
020

Stereo +
PLM, XRD

EPA-600/R-
93/116

Stereo +
PLM, TEM

NIOSH
9002

Stereo +
PLM, XRD

Stereo +
PLM with
mention
of
SEM, TEM

OSHA
ID-191

ASTMand

50 PLM, TEM

KOSHA
CODE
2004

Stereo +
PLM

KFDA
2009

IR,
XRD,PLM

Asisand some
matrix
reduction

Asis and some
matrix
reduction,
gravimetric

Asis and some
matrix
reduction

Asisand
organic and
carbonate
matrix
reduction

Asisand
detailed matrix
reduction,
gravimetric

Asisand some
matrix
reduction

X1-1,000

X1-20,000

X1400

X1-20,000

X1400

Approximately
>1ym

Approximately
>1um

Approximately
>1pm

Approximately
>1/m

Approximately
>1/m

NA*

Generally
>10:1

Generally
>10:1

3:1 with
mention
of 100:1

Not
known
at this time

NA*

20:1~100:1

Volume or
areal
estimation

Visual
estimation

Areal
estimation

Areal
estimation

Volume
estimation +

weight

measurce

Areal
estimation

Morphology,
Color Refractive
indices,
dispersion
staining
birefringence,
signof
elongation,
extinction angle

Morphology,
Color

% asbestos

Refractive indices, ¢/ asbestos and

dispersion
staining,
birefringence,
sign of elongation,
extinction angle

Morphology,
Color
Refractive indices,
dispersion
staining,
birefringence,
sign of elongation,
extinction angle

Morphology, Color
Refractive mdices,

dispersion staining,

bireftingence,
sign of elongation,
extinction angle.
Mention of SEM
and TEM

Morphology, Color
Refractive indices,
dispersion
saning,
bireftingence,
sign of elongation,
extinction angle
+TEMID
Morphology,
Color
Refractive indices,
dispersion
staining,
birefiingence,
sign of elongation,
extinction angle
Morphology,
Color
Refractive indices,
dispersion
staining,
birefringence,
sign of elongation,
extinction angle

possible
weight percent

% asbestos

% asbestos

Volume or
areal and
percent
asbestos or
weight percent

% asbestos

*NA : Not applicable



T A2 A A ] ] cleavage fragment”7} =4 8 wjo] ThLee
et.al, 2008). AREA] AlEQ] WA HLS Eje} A2} v
A1 ee] AEA 5} 15 et BAZE 54 Sk 214
§e AAHAG Avkera A FolA e 9
(cleavage, HEfi) e A7 7-22] oFst ¥ 7l (cleavage plane) =
upg} Aol 2R = S onlsit). s o 2 uk 2|4
u B st 275 FAst, T NS HoR 2/fA W 2g
< 5 %K (prismatic)© | L} Bl & YHaciculan) 3 B 2 =™ o & v
3k 2 2N thH A 2748 3odeit) ZM A AleS A
Ao} v maee] ol Wtk sho} 2HH Uk
7} oheket 2oy o 7 EAjste], 5 K blocky)- L2l F Y
(prismatic)-H}= 5 ¥(acicular)-*] 1 3 El] (asbestiform) © = 4|
&7 Q7] wimolth. Ze|E ey AT e SR
B3 o 7 e A9 FdsHA Fe T xolth vk
B AN T2 TSRl 5 Yl 5o
2 W13 20, 4790 Fob vk 47 720l ch (Lecet
al, 2008).

Hgdn g2 gehdn g 07 e e} n]A ™ FE)
& Fadte Aol disl 19931 d EPAS] PLM W, ASTM €]
PLM ', NIST 9] 1867914+ AW el 59 (asbestiform
habit) 8] 75t el S 2Eal Sl oA ZhEar, Aol le
], 2 FE)E e Al e A e A AV o
o] A& 2 itk skl

@ Ae]7t 5 imol gl Aol visl 3 ARo| 20:1~100:1
= ootk

@@ A= w5 7h=o] th7l |q17F05 molstel th

QA e A oA F3yskA A f7FEA g

@ol9lof o} B4 F 17273 A4S 7HA T

@A e A= Eol Al s Helth
DA AR BT
O34 F4gH ol

o} B2 5L Fedn| g o g st o] 54olH,
SEMO|u TEMC. &2 2 & wli= o]&]e] 3 3= (parallel
sde) A4 29| 1795, AT 85 o] A0 2 A
FeE YA & v AT A|ZHH 0.7 Kol A HFE 7}
ol cleavage fragment, A} (euhedral)©] 1 BFA} (subeuhedral)
A AL A+e] = (Stepped side), 7] (cleavage plane) 2]
A, A9 Eo] THsAY A zto] ofm 5 mo] /e o
PR XG50 ARO] 20:1 5.t} ZTHLee et. al., 2008).

Ba1% Aug B4 Aol Selet AFolerE
7% (Korea Food & Drug Administration) o] 4 v] =<k 7]
23 THUSP-NF, 2009). 3F+2] 413 9] k¢4 4 (Korea
Food & Drug Administration) &] A HiATH 22~ 749

A2 2 XRDUY © 2 BA3to] Aol

s
o
=

Zo] 5% okod Mol AFo] HA| 2 F0E S
3t Ao F- A EF S} XRDEH ol|A] AHo] 9=
RO R I F7FE PLMEH & ARS8 =S 717o] &
ojglom PLMHH el A1) Aty 7| QA5+ <t
of FaPst AHAEe] Qe AF QATES T BAY 3
W o] EAE B4, @7k vks FEY AR-E0] =4
A5, @77 AH-So] PFod Yole] FElQ HEHS
vrebd 795 Uhro] o] 4744) B4 Foll A 271 oo &
o] e Ado] gli= 202 sl o s Av
o] A F o] glo] thE 1A A S3) 2jo]
5 10|31 QITH A F 2] oFEFH A, 2009).

3. EYEA

Eoke A2 2 Aot A AY A AW
o] XFHUH A9, F= Helo] o] Fofzl & Eokw Ad
o] AEHA A BRIt &l wl-f- F8kk v]=rel| A
= Superfund program ©]] &J3l] £ 5 AW #4]o] F 23|
e o] B 7] who] AWk 1P B F A d S B sl

ju=[ER L
U= Lo
KN

{
ot
o

AAREAZE WS Utk B4 AT S FA817] 21eiA]
= 3 AA ] S AHgstofof sl o] A s g
A5 Az ot Zlo] oyt e HARE EYE 4
st AE o] &3t Bl AT E FA3h= Zlo] o FH T} (Pery,
2004). B SrE A RERH gAaE FY3s Ao
ole] ¢ AL B9k A|BF PCMES AlR3tt) & Al 5 14
2] W 9] Afol, Eokol| M Q) Bk B el R EA, B
oA T2 ZdE = S0 tist AFE A52 A,
Eoks Aol ARl 371l A drbut viakE A o] B2HA
o] EA8t7] wito] THPerry, 2004).

EYANET PLME o] 850 A& A 8= EPA W &
2+ SRC-Libby-01(revsion 2) £} SRC-Libby-03(revison 1) ©] )
t}. SRC-Libby-01 -2 EPA-600/R-93/1163} NIOSH 9002 ]|
LA FULIS TR AN B 14 T AEE 23
2] 3171 95t Wijolth. o] = vl ZE|U Libby AR
= A 98 A o0R EoFS ixsto] #43 AlY T
VA2 A WA W] ek B Al dn7
O F Wolx HA Wl AH 7}5A) & A (tentatively identified
asbestos) = 7ot} AlH7FsA B T Hgdw]| A o
2 g3 g5 A P 2E Alesta, BE AeE A
ol thsto] ARFS ot 7] EYfAE T AWl Ade
o] g-ato] EGF A A& A1 tH(Gibson, 2004).
SRC-Libby-03(revison 1) = B.& EoFS #2418k 4= glx|uh, &
4} Libby EF& 7418171 $15F 219 % NIOSH 9002, EPA-

M
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Table 6. Comparison of common methods for measuring asbestos in soil, surface, and water (Millette,

2006).
. Sample _ Fiber . Aspect . s .
Soil  Instrument preparation Magnification length Diameter afio Counting Identification Reporting
Elutriator L .
EPA ) Morphology, crystal ~ Various including
Superfund TEM (tp generate ~x20,000 >0.5m >0.002mm  >5:1  Structures structure, elements "orotocol" fibers
: air samples)
- Refractive indices,
EPA Sieving dlS ersion staining,
Regionl  PLM  (toreduce X10~1,000 >1gm  >0.002m  >5:1 Areal % l gencg si lof % Asbestos
~ elongation, Beck line
Sareening mafrix) e);gtmctlon angle
Surface
dust
. Asbestos Morphology.
ASTM Microvacuum ) ’ ,
Ds755.00 M i)~ X20,000 >05mm  >0.002m  >5:1  structure  crystal structure, Asbestos str/cri
elements
. Asbestos Morphology,
ASTM Microvacuum ,
D5756-02. TEM (st ~X20,000 >10mm >0002um  >5:1 structure crystal structure, Asbestos str/cr
elements
ASTM Asbestos Morphology,
TEM  Wipe(indirect) ~x 20,000 >0.5um  >0.002¢m  >5:1  structure  crystal structure, Asbestos str/cnt
D6480-99
elements
. Asbestos Morphology, .
EPAGOOT g PRSI 00000 505 >0.002m sucture  orystalstructure, £ 1SDES08 S
J93/167 (indirect) of carpet
elements
Water
Millions of
EPA“TEM IdindtPC ~x20000 S05m  >0002m 51 Fibers  Momhologyaysal g oo fibers per
100.1 ’ structure, elements .
liter(MFL)
Indirect Morphology,
F Ol(’)A; TEM  (PCand ~Xx20,000 >05um >0.002m  >5:1 Fibers ?&?ﬁﬁ?gﬁiﬁl crystal structure,
| MCE) ’ elements MFL
Indirect Morphology,
A;Z%A TEM  (PCand  ~X20,000 >0:008:m m >51  Fibers ?&Tﬁ;ﬁ’gﬁﬁl crystal sructure,
MCE) ’ elements MFL

600/R-93/116, 8] L] o} CARB 4351 & 43510 wtEo]

Aok

afo] e,

248, A, 42 AR
], Libby 7134 (Libby Amphibole; E

o] Mo A= A E A BE HGSHu|H o7 BA
of whet AHS A2 4
A2 2ol € o] -2jo]

E, winchite, richterite), TF= 21434 (Other Amphibole; 0} FA}FO]

E, BN =T E, AEZ 0| E)S A F7= st 4

-5 13K Brattin and William. 2004). SRC-Libby-01-2- 4] #4-
2o] 7hekal Hhw of 23 mmo) ko] QAR BAEA] ko E
E LTS S e ARG o A0 ok

A}g-5] = b o]t} SRC-Libby-03->

ol 1} g tstol W
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THEPA, 1990). o] W o A= E ok
AR E 3] EHof| YT Vertical Elutriator £ ©]-2-3}0 3-7]%
A BE AFFr) o] AlFE= 18010312 el <3 TEMC.
A Sk Al 2= protocol fiberE A1578H] $18) 7

gk = 91=d| “protocol fiber' T A A| Al A o1+ Aol e}
H] o] 54 Zh= iAol

Vermiculitet= 1134 A] F 4] of] QlojA] BT Alo] A
o] t}. The Cincinnati Method 2} EPA 2] o] I -1 &
Vermiculite attic insulation(V AI)ol A A4+ 2348 A3 &
Ast7] ek 210 2 WE7h - 7 A o A Vermiculite S -2
517] 913l F-f-A171= A1l Floating step-2 AHE-3HC} e
L} Libby Vermiculate <-4 A1+ ZH1 A& 371 Slaf) A
E(sink)ol A YAEn] Ao 7 BA57]9 £0 7 M
= =i FAE 546 A4 FA FEE Ssth
E3 TEME o]&sfo] Tt 5 Fhes =52 2414
A5 Eg sk o) w+=1S0 103124 1SO 13794 ¥ & 4]
-£-3FCHEPA, 2004; Millette, 2006).

Rox

T ofy

4. BH HA| =4

AR e A5k He Hgdn A Bos dard
n7 & AHg-sh=tl 1 ol = EHrol thvl

o] tSantee and Lott, 2003). 4] % =
AABHIL Q= A ASTMHH ©]
AN EE A F k] TEMO.E #A5te] Ao
ASTM D57-56-95 51 3} -8 Hol TEMO &
A T 2E AlFsts Rl ASTM D6480-997F Sltt
(ASTM, 1995; ASTM, 1999). Wipe A| & = 213 0 2 ¥ 33
AlzE A7) dstol 2 A Rl ol FHAlA
Zo 0k A E sto] fAsHA & o, o 2kate] 1 oj 7]
o] JF-5 dedsto] EF TEM 8] 18|t &8%a, &
SRArtR o AA SARH S ol el AeAA
TEMO.Z A8l =% o Qlrt. 7 W 2] Apol= A 5.9
AFH7F BHES NS O ey 1y FYlek= ok
A, L] BA S W) AT AF O shf e A
G 12T E sholth

.,_,
(B == rf ok

1 Ok o rE

2
ol
Kl o

F

ot rlr Hu o #

o

EPA Carpet method = EPA-600/J-93/167=. 1993 o] -3
A THMillette, 1993). & EFA = @A A G A7k =
TR St U= A1 A 024 pglenro] 3 A5l 7
1000 str/cifo] v A A& o WA & = Qlek A 5-2] 1Al
< SAth ASTM " | ok 4’ Q1 e H] ) EPA 7HI
W2 7S AR A A ok s A o)

5. 23 MHEN

8T T A A e HHS A7EA 7 7S gt
EPA 100.1, EPA 100.2, AWWA 2570 W*H o] Qit} 25 TEM=
ARESFAL EPAE 4 S5 25 10 mo)/d=719] Aol
th&Fe] 7 MFL(million fibers per liter) = #| A3} 1L 7 W&
R sqlahaL gl

EPA 100.1 "0+ EPAZ} 580l thafl 1tAlat7] Aol
T-H Ao U2 W © 2 0.5 mo] 2] A 574 sk EPA
10025 10 ymo] 2] A9 Al $heh. Feige 5+ EPA 100.1'%
& EPA 58 7|0l B A 8oh= A1 S skt
ELAP certification Manual Item 1982 += 10025 =74 5}o] 75
T HAK Y Aol BHE= sEGATE o] - Al 484171
el o3A] 0 & A7 E AHEE AS dEAEko R stal

o).

VI. E 9

3715 A 85 POMOE 48 w9} TEM O & 748 oj
1 A zpo| 7k Uiz o] 71713 Eall e} A ok
|2 o] zpojoltt, o & Fo] TEMO] 15,0008 = 4] 8},
PCMo] 400 B 2 £-4 3ehd TEMS PCM .t} 3758 1] =1
A Frjjsto] ®B7] wjtol o} 7h= A7k Al 9l
T}, =3 TEMol| A Hi= 18] = WA o] 00057 mield] o]+
PCM O 100A] o5 )3t & w €] 0.785 mf 1.t} 138H]) 2>
HAE 2] witel o] Alds] #gsiA dt o] 42 w4
= 2N EZ Eelle R B fite] AT A+ 4wl
SATHH TEMo| PCMe] Hl8ll ¥ W& A5 Al 5 Sl
o} ey & go] opd ARk 3o A AAtdn] g oz
A5 FE7} o) YA B 71 o] POV 97 7]
ol A5 B Alets vl dAdn g Ao
7 3R1¥ AN Alah] witolth

3715 ANEE AT o TEM W2 PCM 2 2 7}
2] o] 7} Qlt}. of| & 5] NIOSH 7400 %5 2} EPA 9]
AHERAE W] i8] 2% NIOSH ol M= 0] =5
91 571 F-9G 2] T (flee) 2 A 8= WHH O TEM=

o!
b
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230 8223 - 344 A ukES

i.
2 B |

AR5 W9 F7] 2 (structure/ce B structure/mi) S AF
S} 5k A RS A 2 Sl 9lo1A NIOSH 84 - fibers)
U= A oJsto] nlall AHERAIA E7]8H= -%oll= A
(fiber), tHHbundle), M| E & 2, 5 (cluster)s . % HEH T
A 2715 B E2A A o] skt NIOSHeA = 4ol 7} 5
m ©)/go] 31, ARO] 3:10]°391 Z1-& A48 WHH AHERA]
A& Zo)7H05 m o)) 31, ARO] 5:10]/41 A%t Al 4-gttt,

NIOSH "ol M= Al Alobs o)A 0 2 M= Ht
W AHERAOA = AlA 0 7 920l A FE] 9 BZ o}
2 J2=E &71v Algste] i 12 2] B structureE
AGst7] H8to] 20 % &5 HA =5 5k Sk

3715 N EoM AAMFE AadsAY $457] 9
&to] PCM, TEM, SEM ©] 2 ARS-HIThA T PA| 5 4]0
A& PLMO| 7H8 738 o 41 7] 7] o] tHLee et. al., 2008).

TPA RO Fe mdsh=d 20]& %7t T34,
FI 0] QAA], WA N AA| & 3=20] 7} = FA o] o) £ E The-

£ g Maulolt AR g TAZ Yol nEY A
AR WS A S 8L AR 59
o F L B 3] J5te) BRE IPIL ol

Xeray 312 FAH &AM 7 et AAE o= vlE
I} AJZto] Wol AR H O F UAWHA O 7 ARG-E| A= o=t
Xeray 3]82A S ghako] WA n], Fuju], S (he] &
ZFo] 7} §lrh= B35 9l ThSantee and Lott, 2003)

HErolMe T2 30 Z A HI e AIRHE &
Ao T TS = st AA| Tl o] glol| = =l i A%
Ao = iAol tht =27} 13 ek, A% Fo 1]
A el o A B O] T2(Ordencet. al,, 1991), $1/d2to} A3
FAn)7 5 o8- m|FF A (Schneideret. al., 1998) 5
A A (Kremer et. al., 1990), 35 A1 4] o] w3k
(NIOSH, 2008) “5-0] K.a1%¥] 1t o2 =2] o] &2 &},
A o] B of| Fadsto] b = =gho] ¥ a1 gl= A AA
2, A e 44 7HA Aol o] tE F7e
asbestiform=. 7 A|stolok sh=7} sk 3, 4, 1A
B ] cleavage Z-7tol] Tl o B A A8 A7} 8k 7, AL
AZ AAL 7 Aol veRd AAf-o] 7o)
A3 A7} sk Aol ofofl thgk A7 A & ofof g
Z10] THLee et. al., 2008).
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