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A Review on the Asbestos Substitutes and Health Hazards

Seung-Hyun Park™ - Jungho Ahn

Occupational Safety and Health Research Institute(OSHRI), Korea Occupational Safety and Health Agency(KOSHA)

ABSTRACT

Objectives: The purpose of this study is to provide information in reference to the health hazards of asbestos substitutes.

Methods: This study was conducted by reviewing the literature on the types of asbestos substitutes, product development using
alternative materials and the health effects associated with asbestos substitutes.

Results: Synthetic or natural fibers such as synthetic vitreous fiber, polyamide, attapulgite, sepiolite and wollastonite are known
as asbestos substitutes. According to the patents data of the United States and Europe since the 1970s, many asbestos-free
products have been developed in a variety of industries. Health hazards of some asbestos substitutes including synthetic vitreous
fibers have been evaluated by many experts, however, additional researches are required to be carried out in the future.

Conclusions: Alternatives to asbestos are necessary to develop the asbestos-free products. Health hazards for only several
asbestos substitutes have been assessed so far and occupational exposure limit has not been established for many asbestos
substitutes yet. Therefore, even though workers are handling asbestos-free products, it is recommended to control the working
environment well enough in order to minimize the exposure of workers to dusts or fibers caused during the working process.
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4 Hol faldom <lal eajdie dAEe o

sl offol o el e

doll oet 24l ol Slek. Al AR o
1980 o] 43e] A7 s olgol Al sict
(Forte & Mudd, 1975; Bartram, 1980; Tracy et al., 1983;
Santaren Rome et al., 1996; Krowl, 2005). &A7}#] @
2] 483 4 gAlEZ 2= 3-84d-H(Glass fiber), W
ShA| 2l A -G{(Refractory ceramic fibers), T}ef-olgjn]=
(Para-aramid), ©}EFZA}o] E(Attapulgite), T3]4)(Wollas-
tonite), 1 4{(Sepiolite) Fo| Slck. v 3 Eajatzo] o]
319 Forte & Mudd(1975)= AW Al ofetZzto]E

D: :lo ro{l
:?L_"

: asbestos, asbestos substitutes, alternatives to asbestos, asbestos-free products

£ o]&3dle] A&=AAE /N3t vl 13, Bartram
(19802 frel s, a4+ =& Atads,
AP R 5o E3ste] Aol ﬂ‘”ﬂﬂ
oro RS 7H‘?—_._P1- v} Q1o Tracy et al.(1983)

AR ol EN RS FRE, e, Ealola
= E}E_ﬂi(])olyacryllc latex) 57} £t AAZE
7iEkst v} 91k Santaren Rome et al. (1996)-‘: '8]]55*4&
olgsto] 4978t AEAYE A2 v} 93, Krowl
(2005 FIHL AHLE, Aot So145 ?4 £
sto] ZEA A E dd=4dS Az vt ok =
AA}3] B A S(International Social Security Association,
ISSA)ol A= Aol #t 7[R IAE Fa A
Ae 7 Zoln of3 dA= AugdRE4Y
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AA} HAE S9en Aol AREEAUE RS0
e} et A=A tie AEE AAISEL QlrkLep-
rince et al., 2007). 5 HEIAo| 93lH AHHARE
tjAalste] FEdE, Azt sol ©aA, S2A
ol AREE = QAL W = WS O Al
AR dalste] 84, HE, ABRA Sl A8
o= Qltk 29 a ARk AlEY HEof A4l ¢l
ZBE4d-H(Man-Made Mineral Fibers, MMMFs or Syn-
thetic Vitreous Fibers, SVFs)l} A E So] A= 4
UL, AARRAECl= AHtial E ol gl -f{Polye-
thylene fiber), &2 2 d-5(Polypropylene fiber),
Zg]otn]|=d-5{(Polyamide fiber), BF44-3{Carbon fiber),
AT SOl ARE S dlew, A AJHE A&
= At AERs, EYzedilda, EYRdY
5ol AMgE 4 Stk

e A gl AR e 1 Sl o
o s WEo] Sleh BEA 4 ofzleifols
(Erionite)i= M 50ES 4o7l= 4R FAA+
Z>(International Agency for Research on Cancer, IARC)
of| A group 1(Carcinogenic to humans)® EF3}31 131,
WskA 2t A-6-2] 7 -9-+= TARCO||A] group 2B(Possibly
carcinogenic to humans), v]=AF] A A 71 Sl(Ame-
rican Conference of Governmental Industrial Hygie-
nists, ACGIH)®{|4]+= A2(Suspected human carcinogen)
2 2ot Sl B4 qAdadE 4o o+ o
(IARC 2002, 2012; ACGIH 2013). = ZA|AF3]9|
A= A A=Al et Fald Brtel we 4l
2 7R AL ok AlAI R A7) 94 World Health Organiza-
tion, WHO)ol| A= 2005l AAIGE A&+ &
o] Wheld w7t S WAH A=A 2] ool &
g ¥3%)S F8l geholgtn]E, ofetEAlolE, wha
A 5 1459 AW giF Ao tigt feidE7HE
AAIRE BE QITHUN, 2008). & Hla&olA= #H9, oF
4TS, ARs 53 BT G Tejelo] 1450)
A A=) S8 E o (High), F7HMedium),
o (Low) Q] 3tA| 2 273}t 18] 3l Harrison et
al.(1999)2 atef-ofgtu|s, ZejH|ddis, HAE=
0] A7eake Wz} v)stol At v 9l
w3ol o5t Afo AAdTF wHd e
48 ==K Dose), =L7|(Dimension, E3] &7
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b
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Table 1. Classification of asbestos fiber substitutes

Synthetic fibers

Natural fibers

Inorganic

Organic - - Organic Inorganic
Vitreous Crystalline
Polyamides(nylon, aramid) Glass filament Alumina(saffil) Cotton Attapulgite
Polyolefins Glass wool Potassium octatitanate Hemp Erionite(zeolite)
Polyester Refractory ceramic fibers  Silicon carbide Nemalite(fibrous brucite)
Polyurethane(elastane) Rock wool Silicon nitride Sepiolite
Polyvinyls(PVC) Slag wool fibers Wollastonite

(o]

2005)4% A5 E4ol| gt Wel H7IARARC 1997,
2002, 2012), 0]=+33-53}s](Mineralogical Society of Ame-
rica)?] F-EHZ(Handbook of mineralogy, 2001), <l
Aol T v AR 3 TLVs(Thres
hold Limit Values) 2% 7o 3t A=2(ACGIH,
2010) 5= sl

2. M0 ISR S Ol 83 MBI MLl et 2SI

Ay AR Aol B A2 6, FHe 5
A4aS dEste] FALoR Qe AudA| At
d2 SIstgch SS4RE e GRS g
AZAA, b, A7), ZAENE, HAE A

o Tt Am Fow T3] Tty

.M OMSE S feiMof 2st 2sinE

A A AL el g rte] gk BE JT Al
ARAZ|FoA A7 25| YAsS F3) npgt
A A2 S E7F BIA(UN, 2008)S Zas)
o, A A ZEL et Ritol Wk AE=
AtATael HaAl Edof gigh Wt HIiRtR
(IARC 1997, 2002, 2012)2} u]=-AF] A A1 5718 3] 0]
TLV A4 2AA&E(ACGIH, 2010)S 135191, =3

7|52 ul=A 27 39] TLV(ACGIH, 2013)
o Z=QA )R 23FE0rs] A Aot R AATY
o glojgHo]AE &-gsto] §1 FollA Hid =
Ao gt =& dFS gresl A TtHIFA website).

L 91 7Z o

1. M0 X2l 55
A izl 9 AR AR,

Felobu|c, 34

p;
>
ol
o
30
T
o
t
> o
R
or o
o
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22 Table 13} 2o 3H/d4d-{Synthetic fibers)e} A
A8 (Natural fibers)E =LA 73 4= 9o Zgjo}
V=, §e4e, dehekelS o el e

st FE)4, HEY F AU 2 Mg 9
SEICHILSL, 2005). Table 1S RE 484 2AL
EéﬁPl AR grom XF7HA] 4zl F2 4=

o BRHol gtk

A -7-714d-5-(Synthetic organic fibers)of| = o}
s, Y, EeloaH, Y9, eﬂl‘ﬂ
ol ok @A A diAEdE gol 4l
ggf-olgln| e AR 4891 7 Ze]olu|= A
o] 4ol S TfeholenlE g e
A2(CsHe) o 1Rt 49 912] 9 OPU]57](-CONH)7]'

A%z o AFE Foh|er TAH H4Fe e
S ok o] W P4 849 3, A, A
4, A 5 M) 98] 2 AE 7}
B AR FEATY, SE2A SolA wol A
HoT e, drkadEd, wolol, 1RAIE T
o HAstE Slol ARgE o A5} npEA, A
271 59 $ER A fAEAR AHE AHIARC,
1997). A2FEAFE F2l, F4, FE Sl 7

D

~

71k o RE Alxd 7714 Rd=4Enor-
ganic fibrous material)2 Z3THIARC, 2002). Q12
E48= Pt E(Filament) 4152} 2(Wool) A-G-2
A B23 2 glow gojulE H9gl 294
(Continuous filament glass fibers)7} 31 &HG=2=
S-2HAd8(Glass wool fibers), & A-3(Rock wool
fibers), Sl L&A, WatAlgta A S0l Sleh <
Z3EAAFE= Si0,, ALO;, CaO, MgO, BaO, ZnO, Na,O,
K-0, B;0s, Fe;0s, FeO, TiO,, 710, 59 AR o7
A=t 22He) A Sl wet o 2dt HiEE2
ghaFol z}o|7} ITHIARC, 2002).
SHAF 71 A A 2 A -5(Synthetic inorganic crystalline

fibers)oll= &R0 K Alumina), Z-5-EFE[ER 0] E(Po-
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tassium octatitanate), 212]=7 o] =(Silicon carbide), A
g Z 1} o] Eglo] =(Silicon nitride) 5] dth HAAG
7]%d--(Natural organic fibers)ol+= ™ (Cotton)¥} AHH|
(Hemp)7} Slom, HAF7]d{(Natural inorganic fibers)
o= ofelEAto|E(Attapulgite), ©fl2] 21}+0] E(Erionite),
B2 A, 5134 Fo] QITHILSI, 2005).

AAFA Aol AL AHAAS S I8
AHA A2 wol AREE o] fith(Forte & Mudd,
1975; Mudd, 1983; Washabaugh, 1983; Santaren Rome et
al,, 1996; Krowl, 2005). ofekZ2}o]EX (Mg, Al)SiOr
(OH)4(H:0)9] T-22 b 43}l vp 14 obsn)
F A BEo|th(Mineralogical Society of America,
2001). ofetEARO|E= 7Heal {1 FHIE 7HAIAL QL
244 1ge] FRILR SARITh BESH §
]2 = ‘Palygorskite’ 0] A1} ‘Attapulgite’ 2f= 8-0]=2 o
o] AHE-E]T QILHIARC 1997). ofelZajo|EL Zaje
(Fuller's earth)e} 7o HEQ HJHROoE F7 AlLL]
Rom 1980 vl=ollA @, {4, oftsE Hi
AE 9 2, 227] 972 st =99 =
(Drilling muds) 522 AMgEQIch 28|31 A9
frofiido] G AHA ASAA, vpEA Foll AW
AEDZ A% I tHForte & Mudd, 1975; Washabaugh,
1983). 334> MgiSicO1s(OH)6H09] 25 717l
HEFEo|th FRA 02 ofgtEAo|EL}L fAFsHY
ofelZAfol £ We} Si0; AHAAE SRt o 7443 9)
o} SZAE olelEjol et o] FabA, EUY &
A 5ol $ER wol AgEdon ol Auel
sfi/do] A A A HASARA, nhEA Foll A4l
AR =] QI t(Mudd, 1983; Santaren Rome et al., 1996).
sjx XL 7Hsa1, 4, Lath-like(Z}=ctgt vt 7] &
dle)) AYTRE Sk olek Aee] Aol YE L
SNEA19] B|220] 9]0 ufet ChFSICHIARC, 1997).
olejat HEAY FhsT 71 YA WO HABIHA
W AP ZAY GBS Bt ofeleifol
EL (K, Ca, NapALSiuOse15H09] 122 717
Al &2tol E(Zeolite) 2ol ok Algarel BEolt
ozl ool s 2 4o Fejol SAHT Eelske}
4 ae e, deevolst Agdee 2l
oo A TAR dsthel dee 2
(TIARC, 2012). A og]LL}o|Ex= 1980 LA
e A9 mHo APEAG SEEAL o
I GO HARA Aol ER A E et 113

32

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(3): 184-195

A2 dadeAolE e sesor Aot
AR Gkl & Q

(Cleavage) EX4C =2 Q13f
spo] et AAkEe] ARk HARh False
T2 Alety, SekaY, R, A, FelE, 28
AE Sof AHEEEY =& Aspect ratio(10 : 1 to 20
D& 78 FEAE Behagal wne) 75 9 vl
2 224, AARAEZ 502 AFRETHIARC, 1997).

2. MU CIN SR g 0|88 HE7

=

ek Arlo] ol ALGEIE Hopm AZAA,
AEA 9 g ohEA, Azl Y
ARAAE A FoR A ol B 4 ol
(OSHRI, 2007). A=A 2= AWE, = ma) A
L Foll AR 10-20% F= Egsto] &0 E(Cement
corrugated sheet), A|HIEZH(Cement flat board), 431
A|Hl E ZHCement gypsum board), UEAFA|HE T
(Autoclaved cement extrusion panel) 52 A|Z35}+=d]
ARESFRATE el AsAF W ARG E v R o
A, w5 SOl MAHE 10-20% E3sto] B
glo] = 2}o|d(Brake lining), E&|o|= 5| =(Brake pad),
23 %] g}o]Y(Clutch lining), ZF&]%| ufo]Al(Clutch
facing), A&t} ZQl ol AHEEHE SeEYela
(Special brake) 50} Azo] AgHeATk HAA 9
ZIEAES] 9= wlAH 30-40%7}F F422], A
53} EahElo] AEslth AU ARl Qojriz
2 AWE o] galol(AHe§ 0% ol4h) AnAl
(Asbestos yarn), 41T & Z(Asbestos rope), A HH|0]Z(As-
bestos tape), AH1f]7](Asbestos packing), 4] 3Z(Asbes-
tos cloth), A H%} 7 (Asbestos glove) 5= A =3l

AHE] fafdo] AR HA 1980 = o] HEH &
AR A h A S o83 Al o] FEsHA
o]Fofz|aL Qlet. AW tAlEAE o] &3 AlENY

AL T Ao] Pol AFHUY HopRz 7
woto] Avmw g} 2

1) A% AR

A A EES o83 FAYE ASAA AN A
@& Table 20f A2|d] =k}l Forte & Mudd(1975)
= AR ofefB Aol HE(EE ofefEAjolE 4
Eo} Zejoladon|=qe 2FHE ol gele] T
Ao talo] Yz EHul2-=(Drywall joint com-
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Table 2. Patents on asbestos-free building materials

Year Type

Major composition

1975 Drywall joint compound
1981 Building boards & sheets
1983 Fiber reinforced cement

1983 Drywall joint compound

Glass fiber, cement, water

Attapulgite, limestone, mica, polyvinylacetate latex binder, polyacrylamide resin

Portland cement, cotton, mineral fiber, bentonite, polypropylene

Sepiolite clay, limestone, mica, polyvinylacetate latex binder, polyacrylamide resin

1987  Inorganic sheet component Silica fume pulp, polyvinyl alcohol fiber, slag wool, flocculant, portland cement

1994 Joint compound
1996 Fiber reinforced product

2005 Insulating material

Calcium carbonate filler, talc, latex emulsion binder, hydoxypropyl methylcellulose
Portland cement, sepiolite, mica, polyvinyl alcohol fiber, cellulose pulp

Portland cement, blast furnace slag cement, organic fiber, siliceous component, wollastonite

Table 3. Patents on asbestos-free friction materials

Year Type

Major composition

1980 Clutch facing

Metal fiber, glass fiber, mineral wools, silica fiber, ceramic fiber, wood pulp, cotton

1983  Brake lining, clutch lining Attapulgite, phenolic resin, steel wool, graphite, baryte(barium sulfate) filler

1983  Brake lining, clutch surface Rubber, phenolic resin, cashew granules, glass fiber, aromatic polyamide fiber

1986 Friction materials
2002 Press pad
2002 Brake shoe, brake pad

Aramid, phenolic resin, ceramic fiber, metal fiber, carbon fiber
Woven fabric(heat-resistant yarn), aromatic polyamide, metal fiber

Unsaturated polyester, polyphenylene sulfide, glass epoxy, phenolic polymer

pound)= ZHEFSt B} 91, Mudd(1983)= 4 mig]Al
Z AL o|85le] FAY EE}O]O_]ZO]E%]J,]-%E
7i5Fgt v} @t} Harper & Johnson(1981)2 712
Aot WAHF & st AS oA ?%t
=8 R0} AE(Board & sheet)E 7fHst v} Qlt) &
Sajazel] ofsh GA vk AT Binders)
9} 73317 A|(Reinforcing filler) 52 ©|-&3}o] A&
HEG AES Azsgiy ARARE EEACA
W E(Portland cement), ZrA2]A| o] E(Calcium sili-
cates)7} AREE UG, FAA=E AWARIE 2
A= Q%) Brunt & Thatcher(1983)-2 88|45,
AHE, Z& E3sto] AR78t AMES 7St vt
@itk 12]3l Genba et al.(1987)2 A|7EE=E, Za)H|
HEISLE AR, S S, AE S8 2T
o] NS BT Sk AHG AES At vl 9)
Attard & Espinoza(1994)= Z&7FEY|0]|E 2% Xﬂ(Cal-
cium carbonate filler), &4 (Talc), 2}8lA o HAH A%
s=Azey oYaE
Z 2~ (Hydoxypropyl methylcellulose) 5= &3lslo]
EART} o] xZ5kE|o] QlA] ofl st u|Ast 7=}
e XREATRES 7HH1’6‘]-01E]- 1A Santaren Rome
et al.(1996)2 AHth4l s 24& 73S Al Az
283t vh Qlek E=RE Krowl(2005)% Aol ghrEof

rﬁ o =°.':'

A|(Latex emulsion binder), 3]=
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A ohisho} ek, e, W, ARl Angh
o] RTHL o) A7) HTT BaAeAol
9L stk § 5] A0 oJsha 5

Al MR TR, dREE 5 e Es)

sdeAolE dadEds A=

wlE,
AS A

2 o xe
e

mii

2) oha R

A AR A o g3t FAE ol A Al
Table 30 M3tk vpaA Hoke 24528 He|
o|= old, 7IA7IFHY] S|, FA7IAE Bola
= 5 AuAlEFe] Aol W7l wZel tAlE i
dro| glsliE Hof Zof 3litolch Bartram(1980)-2
Aniahg el 2eA) dold e wAE AEoR
sk Hls S5 el Fede ARt
A%, Aehelds 5ol madgel yrE 52 Eg
o] B ulzR]E 7|ekgt vl Qlth. Washabaugh
(1983)= O}EIZX}O|EE WA, A8 2(Steel wool),
%ol 53 aete] 224 iy, Hejol2 = W
ctold 500 A 4 iz 9 i A o

Qla1, Albertson(1983)2 1F, Hl=4], 7H/\OP7H o]
(Cashew granules), -84, Zolv|EFE =3
slo] RS kst v 9ok Dougherty & Gallagher

(1986 AeehAl o) S8 slissA], FE4%, Al

ol
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Sl g, Sl 52 Eastel shAE e ol
@Itk Bruno Hennecken & Rolf Espe(2002)= &4 &4
Z]&(Woven fabric), Z2jotu| 5, S50 52 o83}
of ZEIAg s 7HH*6¥ H} 9131, Velayyutha(2002)=
E3xshEejo|AE, 3slEa]w|d(Polyphenylene sulfide),
SERAABANEA, 57 5L ol gote] UG
uajolag, Haz uaol WES Aursiar,

)AL RAE AE
A A =S o83
AJE AR AFE|S Table 4ol
Andrew(1982)+= #=4 1, *ﬂo} ]5 S%y e
g Alefulg, STRetels, S04, PR
B QHEUol: 58 o]gsio] R AL AL
v} 9131, Tracy et al.(1983)2 ofzju]|EA]4,
=54, Elotad gld A (Polyacrylic latex), Abshar
A7), Qb 58 BAl S|z Aol Sk it ek
Lancaster & Mckenzie(1985)2> U#HE 72 Zl(Spiral
wound gasket) Aol HQsH FAH A|EQ] ik
]3] A}FE(China clay), u}o]7HMica), &, AEZ A
A% FLA, BRI BAN A 5E AL
3t W} 9131, Lancaster & Mckenzie(1985)%] & T}2
E3loA= 22 °lBall clay), 2 549 13
2 717 ZBHAA0|E, AERANS 97 Za|d]
A, AFFOIEAS 58 el R )
18 7§Fst ®} Qlth. Nakao(1995)= AE|a-HE}
J'l-r(Styrene -butadiene rubber), Zzjoln]=A9
o]

uhE, WE, B4, Y3HE 5 09 AL &

= "1
09 F4elo] 4at PAE ALAL Y

i rf 2

s oﬂ | mﬁ
Of

],

Table 4. Patents on asbestos-free gasket & joint sheet materials

MO 2R =2 9l HZIsE 1E 189

v} 9131, Kusuyama(1995)+= ofgtv| =4G22 733}
25 A A E(Expanded graphite sheet)S 7|3}
k. 121 Ttoi et al.(2006)2 7|2 AGAEOZ =
zelon| =g, FAARE Je T3 AP
otz d 2 Y E F-Felr] ol 175 Acrylonitrile-butadiene
rubber, NBR)E ©|-g3to] £RIE AEES 7jUsh vt

ek,

e x2 rﬂ ok

4) BAAE D 715 A A F
A A EES o83 FAH WAAE 4 7]E
A AE 7 ALl E Table 5o 2]kt Fox &
Mortimer(1979)+= H/d-F(Cotton fiber), H] A Z2] 3L
g9, RENRE R34 W AgAe Sas
2 AHEH|o|Z(Sealant tape)S 73RS
™, Malcolm & Sunderland(1982)= & E€]o] tjj3t
A &}o] SFAE 8248 ZE(Glass fiber fabrics)2 7H
ustoith. Pallo & Kotyuk(1986) Aleba]d9-= ot
5= Z0](Ceramic fiber-containing paper)— 0]-8-3]
o] 22 37)(Rope packing)S 7|3t v} 9137, Wargin
(1990)2 ulzkz| o] a2 AEEE A H%/\}(Asbestos
yam)E tiAISko] GEMG, olaUM G, BEdetuE
(Metallic filament)7} &3E &3S A}83F v} Qi)
Z12]31 Bauer & Rodel(1990) ofgtu| =4S, HAF
5 ¢(Flake graphite), T334 (Elastomer), 7}5A)
(Vulcanization agent), 22 A|(Fillers) 5 &%}5}o] W
1|(Sealing), A|5(Damping), &|(Separating) S ¢|oF +
A E2L st 9F ¢k 18]31 Bauer & Wolf-
shofe(1995)= S5 (Powdered graphite) T+ HA}

5, 2EA-FEY AT A, EEloRvE, F

Year Type Major composition
Phenolic fiber, aromatic polyamide fiber, nylon fiber, ceramic fiber, synthetic rubber latex,

1982 Gasket - .
filler, aluminum sulfate, ammonia water

1983 Gasket Aramid fiber, diatomaceous earth, phenolic resin, polyacrylic latex, antioxidants, pigment

1985 Gasket China cla}{, mica(or chlorite), graphite, cellulose fiber, vitreous fiber, synthetic organic
polymer binder

1985 Gasket Ball clay, calcium silicate of high specific surface area, cellulose fiber, organic polymer
binder, fibrillated poly(aromatic amide) fiber

1995 Gasket Styrene-butadiene rubber, aromatic polyamide fiber, oil-absorbent agent, barium sulfate,
clay, talc, sulfur

1995 Joint sheet Expanded graphite, acrylonitrile-butadiene rubber(binder), aramid fiber

2006 Joint sheet Graphite(filler), acrylonitrile-butadiene rubber, aromatic polyamide fiber(base fiber)

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(3): 184-195

http:/Aww.kiha.kr/



190 =t

I

s
598, oty

fol

Table 5. Patents on asbestos-free fabric and other materials

Year Type Major composition
1979 Tape sealant Cotton fiber, amorphous polypropylene, butyl rubber, inorganic filler, binder
. Glass fiber, polyol(sugar, starch or polyhydric alcohol), dehydration agent
1982 Fabrics . )
(ammonium or amine phosphate, or phosphate ester, or borate)
1986 Rope packing Cerarplc ﬁber—conte.umng paper(strand), texturized fiber glass roving or yarn(carrier insert),
acrylic based bonding agent
1990 Yarn Glass fiber, acrylic fiber, metallic filament
. . . Aramid fibers, flake graphite, elastomer, vulcanization agent, fillers(silicic acid,
1990 Sealing, damping, separating diatomaceous earth, barium sulfate)
1995 Sealing material Powdered graphite(or flake graphite), styrene-butadiene rubber binder, polyaramide, fillers
Diaphragms Fluoropolymer binder, polytetrafluoroethylene(PTFE) fiber, inorganic fiber, gel of
1995 .
(fibrous sheet) oxohydroxide
1997 Electroconductive subsirate Carbf)n fiber(or graphite fiber), polytetrafluoroethylene(PTFE) fiber, inert mineral fiber,
fluorinated polymer
1997 Valve packing Carbon and metallic alloy fiber
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Table 6. Hazard assessment on asbestos substitutes as results of evaluation by WHO

ol HZiodsk 1EF 191

Substitutes

Health Effect

Hazard evaluation

para-Aramid

Attapulgite

Carbon fiber

Cellulose

Graphite whiskers

Magnesium sulphate whiskers

Polyethylene
Polyvinyl chloride
Polyvinyl alcohol fibers

Polypropylene fibers

Potassium octatitanate fibers

Synthetic vitreous fibers

- Release of respirable fibers with dimensions similar to known

carcinogenic fibers

- Pulmonary effects in animal inhalation study
- Biopersistence

- Tumours with long fibers; no tumours with short fibers in

animal inhalation study

- Nominal diameter: 5 - 15 um
- Exposure in production and processing: mostly non-respirable

fibers

- Most cellulose fibers are not respirable
- For respirable fibers, data was insufficient

- Dimensions: high respirability
- Durability: long half time in the lungs
- Absence of any further useful information

- No tumours in limited inhalation studies
- Quick elimination from lung

- Insufficient data
- Insufficient data
- Insufficient data

- Respirable fibers are highly biopersistent, however no fibrosis
- Data are sparse

- High and partly dose-dependent incidence of mesothelioma

after intraperitoneal injection

- Genotoxicity, biopersistence

- Wool-like fibers contain respirable fibers
- Carcinogenic hazard varies from high to low

- Natural wollastonite contains respirable fibers

Medium

High for long fibers
Low for short fibers

Low

Low for not respirable,
Indeterminate for respirable

Indeterminate

Low or Indeterminate

Indeterminate
Indeterminate

Indeterminate
Indeterminate
High

High for biopersistent,
Low for non-biopersistent

Wollastonite - Exposure is mainly to short fibers Low
- No tumours after intraperitoneal injection
- No inflammatory or fibrotic reaction
Xonotlite - Similar to wollastonite, but more rapidly eliminated from the Low
lung
o] AL 9ol o) Ze A8 AL 83 £ 9127 (Magnesium sulphate whiskers)®] 7 $-+= %
o e FoT FIAHG ol FES HOE o] AT Yotths AT AT AT U, 9
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Table 7. Carcinogenicity and occupational exposure limits of asbestos substitutes

Carcinogenicity

Occupational exposure limits

Asbestos substitutes

IARC ACGIH ACGIH Others
Erionite fibers Group 1 - - 1 f/cc (Denmark)
Refractory ceramic fibers Group 2B A2 0.2 flcc 0.2 f/cc (Sweden), 0.25 f/cc (Switzerland), etc.
p-Aramid fibers Group 3 - - 1 f/cc (Spain, Canada-Quebec)
Continuous filament glass fibers Group 3 A4 1 flce 1 f/cc (Canada-Ontario)
Glass wool fibers Group 3 A3 1 flcc 1 f/cc (Denmark, Sweden), etc.
Rock wool fibers Group 3 A3 1 flce 1 f/cc (Denmark, Sweden), etc
Sepiolite fibers Group 3 - - 0.5/cc (Sweden)
Slag wool fibers Group 3 A3 1 flcc 1 f/cc (Denmark, France), etc.
Wollastonite fibers Group 3 - - 1 f/cc (Denmark, Sweden), etc.
Attapulgite fibers
- long fibers, > 5 um Group 2B - - 1 f/cc (Denmark, Canada- Quebec), etc
- short fibers, < 5 pm Group 3

Carbon fibers - -

- 2 f/cc (Belgium)
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