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Table 2-1. Early history of asbestos use in the workplace (Selikoff, Lee, 1978)

Year Main history of asbestos
1857-1880 | First packings and flat seals using asbestos

1866 First bonded and molded asbestos product for heat insulation
1866-1876 | Start of systematic asbestos textile processing in Italy
1868-1869 | First U.S. use of asbestos in roofing felt and cement

1878 Asbestos paper first made in the United States

1882 Concept of asbestos-containing magnesia insulation developed

1890 Asbestos textile processing began in Canada

1893 First spinning of crocidolite in Republic of South Africa

1896 First asbestos-containing woven brake bands made in England

1899 Wet machine process of making asbestos cement developed

1900 Method for manufacturing asbestos-cement panels developed

1904 Flat asbestos-cement board manufactured in the United States

1906 Asbestos first used as brake lining

1918 Asbestos-containing molded clutch facing developed

1929 Asbestos-cement pipe industry began in the United States

1931 Technique for spraying asbestos developed in England

1940s Asbestos-cement pipe introduced into England

1944 Spraying asbestos on deckheads and bulkheads began in British naval

ships.
[Asbestos Stone] [Crocidolite] [Chrysotile]

Fig 2-1. Natural asbestos (Dong Il Kim, 2008)
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e WEsth A e dree] A3 clgageld A% 4R 5FE §
& k] AAEZ shu, A2 AR #S AFdAdAE vs g4A SYEY =
5719 A2 Z7HA A FE 4 JdHDodson et al., 2003).

Asbestos
| | |
Fibrous Serpentine
Chrysotile . .
(white asbestos) Fibrous Amphiboles
Mgs(SigO22)(OH) ‘
[ | |
Amosite Crocidolite Anthophyllite
(brown asbestos) (blue asbestos) SO0
(FeMg)s(Sis02)(OH): NasFe,**Fes*(Sis02)(OH): (Mg, Fe)r(51:0:2)(OH).
Tremolite Actinolite
Ca;Mgs(SigO2,)(OH), Cax(Mg,Fe)s(SigO2,)(OH),

Fig 2-2. Types and chemical formulas of asbestos (Dong Il Kim, 2008)



Table 2-2. Physiochemical properties of asbestos (Dong Il Kim, 2008)

Property Amosite Chrysotile Tremolite Actinolite Anthophyllite Crocidolite
Molecular weight? Not applicable ~ Not applicable  Not applicable Not applicable Not applicable Not applicable
Color Brown, gray, White, gray, White o pale Green® Gray, white, brown-  Lavender, blue,
greenish green, green” gray, green green
yellowish
Physical state Solid Salid Solid Solid Solid Salid
Flexibility Fair Good Brittle Fair to brittle Fair fo brittle Good
Melting point! 600-900-€ 800-850-€ 1,040 +:€ No data 950-€ 800 -€
decompaosition
temperature
Specific gravity 343 255 29-32 30-32 28531 337
Solubility:
Water Insaluble Insoluble Insaluble Insoluble Insoluble Insoluble
Organic solvents Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble
Acids® 12.00 56.00 No data No data 213 314
Bases® 6.82 1.03 No data No data 177 1:20
Isoelectric point 5.2-60 1.8 No data No data No data No data
Electrical charge at ~ Negative Positive No data No data Negative Negative
neutral pH
Length distribution
in UICC reference
samples
% =1 ym 46 36-44 No data No data 46 36
% =5 pm 6 3-6 No data No data 5 3
% =10 pm 1 1-3 No data No data 1 0.7
Flammability imits Nonflammable  Monflammable  Monflammable Nonflammable Nonflammable Nonflammable

Conversion factors®

Sources: Chissick 1985, EPA 1980a, 1985 HSDB 20013, 2001h, 2001, 2001d; IARC 1977 Jolicosur et al 19092 Kayser et al 1832: MAS 1977; Ross 14981,
Skinner ei al. 1988, SRI 1932

*All forms of ashestos are indefinite polymers.

“Tremolite and actinolite form a eontinuous mineral series N whieh Mg and Fedll) can freely substitute with each other. With increasing iron content, the color of
tremalite, typically creamy white, takes on a greenish cast

“FPercent loss in weight due fa loss of counter-ions; silicate structure remains infact

“See text, Section 3.2

UICC = Union Intemationale Cenire le Cancer
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AA=AYG HHAWE ol Fdth A FY EA=

=] FH R HEo) 2 A Z(alveolar macrophage)e] &4 &
(interstitial macrophage)®} Ad-fr=A) 3 (fibroblast)el] <jall FE ¢
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7} ghko] o] Rojx &= &2 Fo|EA FhHRom, 1992). A= #H HelA A
FEo ALKHOE AFREE AF37] Wi =S TUstgE olHd 13
< Al&H T (Sluis-Cremer et al,, 1989). & A&4U FYS o5 Holl tig A
Aol Fas S7HINZIEE Audd AW fdx 94 F7ketA fo. A Hol
AAe] FEHE wAH A= AW Fig 2-33 o] A #HS(asbestosis), #H (lung
cancer), <}4 %3 Z(pleural mesothelioma, peritoneal mesothelioma), & =H4]3wt
(pleural plaque)s o] ATHTFESZH A BAIE], 2020).

Asbestos

Pleural
Mesothelioma

Lung cancer

Asbestosis

Peritoneal
Mesothelioma

Fig 2-3. Effects of asbestos on the human body (National Environment Information

Network System, 2020)

g 4w

rd
(e
N
ol

(1) AHAHS

M E Folgls 8o+ 19273 Cookeoll 2]t} A& A tH(Cooke, 1927). =35+ A
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Table 2-3. Synergy of smoking and asbestos exposure to lung cancer death (Dong I
Kim, 2008)

death per 100,000  death rate
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gol flo] Alurt dd gAdl= oln] A¥ol ofstE o] tiFE 2id o A
stA ATz s, 2008).

FAFH Tl el 1940d ) FREFE 1950 dth o 2 JHe] &R vt 3l
A 1960t o] MEte] A At dH A7 AZeA=H, Wagner &
(1960)2 MHe] =29 3389 ST AE Hx= Husn.

dTIFTE F= F4H Fool A7y, Aoy e YH(tunica vaginalis)

prSe]

A= Ad Atk AT FTLS Fo 7HE ‘i—lol A7, ole “”4, #Ol %
.]

%D}. Hodgson 50000 ZZE
A WAH AN H HMH 2}

Zrol 21&gH 7 1:100: 500013} E_LOP Ao

Fde FUZA AVY EF FUAEL BRaT T As7F AR WA
Fuln) 52 ofr] ek v@a% +EA73 W AAE EHRA BT =3 9AZ Y
o A, %u} EEEREEROE RER )

I &340l Atk AR FTHF qM] =9 %*é H A (osteosarcomaous degeneration) =
R 1= tHRaizon et al., 1996).
AT T FE7= /40902 w-¢ A
‘%}/‘!ﬂab ZAoE HFo] =E3A Ao 0132“:} AT T AHe] IAH
Zoly 1Hd 222X A4 4 JHCraighead et al., 1982). =& F=ZAE9]
-43"57% 5ol &= Zlo] Bl &8 F9 AMEEY THAF Ay 3 UL A

=1

Table 2-4. Relationship between asbestos exposure and mesothelioma (Dong I

Kim, 2008)

1. 85% of mesothelioma is due to asbestos exposure
2. Factors affecting mesothelioma by asbestos exposure:
a. Latency : risk increases rapidly with potential
b. Dose-response relationship
c. Fiber type : Amphibole has a higher risk of carcinogenicity and mesothelioma
than chrysotile.
d. Body part : Peritoneal mesothelioma is usually the result of prolonged high
dose exposure to amphibole.

®

Histological properties

szgete] oy ETE BRG] teldE A3 5(2006)0] A 257
AANAAE T3l A vk 9ok 2000-20061d 713F &<t A3 S F 19434]
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7} 110%8(65%) 2 AA7h 608(35%)01er], AL B9
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Asbestos Employment Asbestos by air Employment
= = = sampling = | and Labor on
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completion of concentration
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work result
Buildin Asbestos Asbestos Asbestos Asbestos
ownerg abatement abatement abatement abatement
company company company company

Fig 2-4. Asbestos abatement work flow diagram in KOREA (Cho et al., 2018)
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. EPAS) M 3

EPAS] A® 7]Fo] A= 27FA =8 W CAA(Clean Air AcHe} TSCA(Toxic
Substance Control Act)e]al, CFR(Code of Federal Regulations)oll Table 2-52} #-o]
2ol At = 2 W#HA ASHARA(Asbestos School Hazard Abatement
Reauthorization Act):= AHERA Appendix Co /A Ao g FoU&e s A4A
Bolo Ao £ 1A 9 F =) tHATC, 2018).

Federal/State [z I}lgt_ifig?tion
EPA/OSHA [~ 7. —°
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e [ Gﬁlﬁza_tibﬁ __________ E
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I Management
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Owner Inspector + {management
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Fig 2-5. Asbestos abatement work, inspection, training and etc flow diagram in U.S.

(Roh et al., 2016)
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Table 2-5. Two major acts of EPA (ATC, 2018)

1. Clean Air Act (CAA)
A. NESHAP" for Asbestos : 40 CFR Part 61, Subpart M
2. Toxic Substance Control Act (TSCA)
A. AHERA™ : 40 CFR Part 763, Subpart E
B. Worker Protection Rule : 40 CFR Part 763, Subpart G

C. Ban & Phase-Out Rule : 40 CFR Part 763, Subpart |
* NESHAP : National Emissions Standards for Hazardous Air Pollutants

** AHERA : Asbestos Hazard Emergency Response Act

(1) NESHAP (National Emissions Standards for Hazardous Air Pollutants)
NESHAP 7742 A% CAA(Clean Air AcHh el ¢H=Z 1990d 11€¥€ 20¥ ] 7/NA =
A, BE v= U 239 2 ASEo A{Hoh AW ddd NESHAP 42
“40 CFR, Part 61- Subpart M” oAl 2t-& 4 Qlal Table 2-7 ¥ Table 2-8% Ztr}
(Discover U.S. Government Information, 2020). W8S Q<FstH A 2L AA7|=
o] A9 AHMIFEZAACM : asbestos containing materials) e HWFZ AW A Z 1%
ol e Edola, FAIEE ACM2 FA A7 4 AuE-FEA(friable ACM)
I3 BAR7] o]E& AWE-FEdnon-friable ACMOE BEFHn, Wy Fe &
2Fo] 260 LF(inear feet), 160 SF(square feet), 35 CF(cubic feet) o] &Y A-$¢ 24
AA 1098 Aol FAsfioF gt FAA7] oy AHgFE2-(non-friable ACM)
L A WFE UHEY 78 1(category 1 materials) S sfAAE, M7, ©H
= B9 A(resilient floor covering), ©¢}~EE F3F(asphalt roofing)e]al, &
2(category 2 materials)v= T1 919 AWFELAES FAAA Fe AAolth e
AHTFEAL A AL FEE HEF ok gta, M=E, AA, T4, FF, H
2 oug A wEE § 8o bHEH, Aol AMAA ZRAES
o7dol obUth. NESHAPO| Aol wel 4 19He] a8 " Ayt &
| et BE A A oud AHFFEAE AAFY A" ke,
Wi &S BAISH] 913 g A EAste Ao E 388 UTh

A L AAE Edste HUlE AE Ve AUEREE 39, s Ak
= HI|IE AR olF, HlEH A4Ae] 4, OSHA(Occupational Safety and
Health Administration)-specified t#& Eofof 3, vl =FHo] MHggFEZ
#H7]&2 ‘Class9-Miscellaneous’ & &FET. AA, A & Be F58& A&
of OSHA 71 %A g naE &a, RE XA #7158 EPAYA 509 mg
A2 A= oloF i, HAVEAHF FAL2 HUIE DAAZREH Hx FFolA
AA7AA 35Uz 712S JFRA A 9lojof Fhoh
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(2) AHERA (Asbestos Hazard Emergency Response Act)

AHERA A& 1987 12¢ 14¢ H&E=Aar, 40 CFR, Part 763-Subpart Eol| A
2bS Y. RE FYH E=E= Agstw 9 {399 A Ed A friabled} non-friable
ACBN(Asbestos-Containing Building MateriaD)e ZAS=2 FAs1 Y A
2 57]3(Local Education Agency)el AthHDiscover U.S. Government Information,
2020).

(3) ASHARA (Asbestos School Hazard Abatement Reauthorization Act)

ASHARAE= 19944d 4€ 49 AHERAS /A E o7 WIaFHRY RE FF =
A& AdEA AA, A A - AAE AAsk= A9 EPAY 7FE wolok
<, ASHARAE oA MHzatg]o] digh w8 2 QAF SFAEE g2 F3e
EAAE HEHEE st THATC, 2018).

(4) EPAS}] 9 Agw A Ee DAE HA
1989d =oll= W
ASR3, @ A WET o8] FAH T ATHATC, 2018,

1%
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Table 2-6. EPA Ban and Phase-Out Rule (ATC, 2018)

Product categories still ‘
Product categories no longer banned
banned

Vinyl asbestos floor tile, pipeline wrap, roofing felt, roof
Corrugated paper, roll ) ] ) ) o
) coatings, non-roofing coatings, automatic transmission
board, commercial paper, ) o ) )
) ) components, clutch facings, friction materials, disc brake
specially paper, flooring o
pads, drum brake linings, brake blocks, gaskets,
felt, and any new use of

millboard, asbestos clothing, and asbestos-cement: pipe,
asbestos(after 1989)

shingle, flat sheet, corrugated sheet
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Table 2-7. 61.145: Standard for Renovation and Demolition (ATC, 2018)

1. ACM is defined as any material containing greater than 1% asbestos by
conducting Polarized Light Microscopy(PLM). Regulated Asbestos Containing
MaterialRACM) is friable ACM or non-friable ACM that has or could become
friable.

2. A building owner must notify the EPA 10 working days prior to:

a) renovation involving stripping or removal of asbestos, or any other activity that
would break up, dislodge or similarly disturb asbestos materials; or

b) for any demolition.

Greater than or equal to () 260 linear feet [80 linear meters]

Greater than or equal to () 160 square feet [15 square meters]

Greater than or equal to (=) 35 cubic feet [1 cubic meter]
The law requires that the building owner either remove the asbestos prior to
renovation or demolition or ensure that there will be no activity which may
render the material friable or cause visible emission of asbestos to be discharged
into the air.

3. ACM is divided into friable and non-friable classifications

4. Non-friable materials are divided into two categories and are exempt from

NESHAP requirements, provided the activities performed will not render them
friable. These categories are :
Category I materials (ACM packings, gaskets, resilient floor coverings, and
asphalt roofing)
Category II materials (any other ACM that, when dry, cannot be rendered
friable)
. All ACM must be kept adequately wet during any disturbance activities.

Ul

6. No visible emissions are allowed during renovation, demolition, packaging,
transportation or deposition

7. If a number of small asbestos abatement projects will be performed (or are
expected to be performed) within a single year that do not require notification,
then the owner must notify the EPA 10 days prior to the start of that year if the
levels of 260 linear, 160 square, or 35 cubic fees may be exceeded.

8. No ACM may be stripped, removed or otherwise handled or disturbed at a facility
unless at least one on-site representative trained in the provisions of NESHAP is
present. (The NYS certified Supervisor meets this training requirement).

9. There are a number of procedure listed for emissions control including : taking
out RACM as a unit, or in sections; dealing with large facility components;

lowering RACM to the ground in chutes if above 50 feet off the ground; and

working in temperatures below 32 °F.
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Table 2-8. 61.150: Standard for Waste Disposal - including Renovation and
Demolition (ATC, 2018)

1. Containers of ACM debris are to be labeled with the waste generator's name (at
minimum, the building owner) and the address from which the waste was taken
(this is typically called the Generator Label). NESHAP also requires that the proper
OSHA-specified label be attached to containers of ACM. In addition, the U.S.
Department  of  Transportation  classifies ACM  waste as Class 9
waste-Miscellaneous(also known as regulated waste). ACM is considered a

hazardous material but is not classified as a hazardous waste.

ASBESTOS-CONTAINING WASTE MATERIAL

NAME OF WASTE GENERATOR

LOCATION OF WASTE GENERATION

(DANGER

CONTAINS ASBESTOS FIBERS
MAY CAUSE CANCER

ASBESTOS WASTE GENERATED FROM:

[] rasnicarion e CAUSES DAMAGE TO LUNGS
EL::;:};:SI-OEONTMNINGWASTE MATERIAL DO NOT BREATHE DUST
S — AVOID CREATING DUST
Example of Generator Label Example of OSHA label

TS

Example of DOT placard

2. Mark all transport vehicles during loading and unloading with OSHA
warning label.

3. All asbestos waste must be disposed of in an EPA-approved landfill.

4. Rules for waste shipment records(sometimes called waste manifests). The
waste shipment record must be received by the generator within 35 days
from the day when the waste was given to the transporter. This shows
confirmation of delivery. If the waste shipment record is not received in

45 days, then the waste generator must report it in writing to the local,

state, or regional EPA office that administers the NESHAP program.
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t}. OSHAS] A4 4

OSHAE= ¢ 71#Ho g2 AA AR e g0l A de AdA oA 2
doles T2AE H35sr] 93 FA-(standard)S A AT AHI #AHE OSHA
A& Table 2-99F #Zo] 29 CFR 1926. 1101, 29 CFR 1910. 1001, 29 CFR 1915.
1001 A