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I NTRODUCTI ON

This document is a review of occupational and environnental
exposure to selected synthetic organic fibres. The particular
fibres covered in this docunent have been sel ected because they are
the only ones for which some toxicological data are avail able, and
they are probably of npbst inportance in ternms of production vol umes
and potential for human exposure. Considerations relating to
possi bl e future uses and applications of synthetic organic fibres
have not been discussed, nor have the possible consequences of
exposure to secondary products, conbustion products, etc. The Task
Group noted the conplexity of the working environment in the
manuf acture and use of synthetic organic fibres, which may involve
exposures to a range of chemical substances and non-fibrous dusts.

1. SUMVARY

1.1 Identity, physical and chenical properties
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Carbon/graphite fibres are filanentary forns of carbon produced
by hi gh-tenperature processing of one of three precursor materials:
rayon (regenerated cellul ose), pitch (coal tar or petrol eum residue)
or polyacrylonitrile (PAN). Nom nal dianmeters of carbon fibres range
between 5 and 15 um Carbon fibres are flexible and electrically
and thermal |y conductive, and in high performance varieties have
hi gh Young's nodul us (coefficient of elasticity neasuring the
softness or stiffness of the material) and tensile strength. They
are corrosion resistant, lightweight, refractile and chemically
inert (except to oxidation), and have a high degree of stability to
traction forces, |ow thermal expansion and density, and high
abrasion and wear resistance.

Aramid fibres are formed by the reaction of aromatic dian nes
and aronatic diacid chlorides. They are produced as conti nuous
filanents, staple and pul p. There are two main types of aramd
fibres, para- and neta-aram d, both with a nom nal dianeter of
12-15 pym Para-aramd fibres can have fine-curled, tangled fibrils
within the respirable size range (< 1 uymin dianmeter) attached to
the surface of the core fibre. These fibrils may be detached and
becone airborne upon abrasion during manufacture or use. Cenerally,
aram d fibres exhibit nediumto very high tensile strength, nedium
to | ow elongation, and noderate to very high Young's nodul us. They
are resistant to heat, chem cals and abrasion.

Pol yol efin fibres are | ong-chain polynmers conposed of at |east
85% by wei ght of ethylene, propylene or other olefin units;
pol yet hyl ene and pol ypropyl ene are used conmerci ally. Except for
sonme types such as mcrofibre, the nom nal dianeters of nost classes
of polyolefin fibres are sufficiently large that few are within the
respirabl e size range.

Pol yol efins are extrenely hydrophobi c and unreactive. Their
tensile strengths are considerably | ess than those of carbon or
aramd fibres and they are relatively flamuable, nelting at
tenper atures between 100 and 200 °C.

Met hods devel oped for counting mineral fibres have been used
for industrial hygiene nonitoring of synthetic organic fibres.
However, these nethods have not been validated for this purpose.
Factors such as electrostatic properties, solubility in munting
medi a and refractive index may cause difficulties when using such
nmet hods.

1.2 Sources of human and environnental exposure

The estinmated worl dwi de production of carbon and graphite
fibres was in excess of 4000 tonnes in 1984. For aramid it was nore
than 30 000 tonnes in 1989, and for polyolefin fibres nore than
182 000 tonnes (USA only). Carbon and aranmid fibres are used
principally in advanced conposite materials in aerospace, mlitary
and other industries to inprove strength, stiffness, durability,
electrical conductivity or heat resistance. Polyolefin fibres are
typically used in textile applications.

Exposures to synthetic organic fibres have been docunmented in
the occupational environment. Synthetic organic fibres can be
rel eased into the environment during production, processing or
conbustion of conposites and during disposal. Very few data are
avai |l abl e concerning actual releases of these materials into the
envi ronment .

Avail abl e data on the transport, distribution and
transformation of organic fibres in the environment are restricted
to identification of products of nunicipal incineration of refuse
from carbon fibre-containing conposites and pyrol ysis deconposition
products of carbon fibre and aram ds. During sinulation of mnunicipal
incineration, both the dianmeters and | engths of carbon fibres were
reduced. Principal pyrolysis deconposition products of carbon and
aram d fibres include aromatic hydrocarbons, carbon di oxide, carbon
nonoxi de and cyani des.

1.3 Environnental |evels and human exposure

Synthetic organic fibre dusts are released in the workpl ace
during operations such as fibre form ng, w nding, chopping, weaving,
cutting, machining and conposite formation and handling.

In the case of carbon/graphite fibres, respirable fibre
concentrations are generally less than 0.1 fibres/m but
concentrations of up to 0.3 fibres/m have been neasured close to
chopping or wi nding operations. Fibres may al so be rel eased during
machi ning (drilling, sawing, etc.) of carbon fibre conposites,
al t hough nost of the respirable material thus produced is
non-fi brous.

Aver age airborne concentrations of para-aramd fibrils in the
wor kpl ace are reported to be less than 0.1 fibrils/nml in filanent
operations and less than 0.2 fibrils/m in floc cutting and pul p
operations. During staple yarn processing, average airborne fibril
concentrations are typically below 0.5 fibrils/m, but levels as
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hi gh as approximately 2.0 fibrils/m have been reported. O her

end- use wor kpl ace exposures are typically below 0.1 fibrils/m on
average with peak exposures of 0.3 fibrils/m . Special potential for
exposure was denonstrated for waterjet cutting of conposites, levels

being as high as 2.91 fibrils/m. Particles of nean aerodynanic

di aneter of 0.21 pum have been generated during |laser cutting of
epoxy plastics reinforced with aramd fibres, but the fibre content
of the dust was not reported. Certain volatile organic conpounds

(i ncluding benzene, toluene, benzonitrile and styrene) and other
gases (hydrogen cyani de, carbon nonoxi de and nitrogen di oxi de) are
al so produced during such operations.

Limted air nonitoring data froma facility producing
pol ypropyl ene fibres indicate maxi num airborne levels for fibres
longer than 5 pmof 0.5 fibres/m, with nost values being | ess than
0.1 fibres/m. Scanning electron m croscopy showed that airborne
fibre sizes range from0.25 to 3.5 uymin dianeter and 1.7 to 69 pm
inlength. In a single anbient sanple collected near a carbon fibre
weavi ng plant, a concentration of 0.0003 fibres/m was detected.
The average di nensions of the fibres were 706 pumby 3.9 um The
rel ease of carbon fibre at the crash site of two military aircraft,
follow ng conbustion of carbon fibre conposite used in construction,
has al so been reported. No other relevant information on
concentrations in the environment was identified.

1.4 Deposition, clearance, retention, durability and translocation

Few data on specific synthetic organic fibres have been ident
ified. The data on para-aramd fibres (Kevlar) indicate that, when
i nhal ed, these fibres are deposited at al veol ar duct bifurcations.
There is al so evidence of translocation to the tracheobronchial
| ynmph nodes.

1.5 Effects on experinmental aninmals and in vitro test systens

For the synthetic organic fibre types reviewed here, there is a
dearth of good quality data fromrel evant experinental studies.

There are no adequate studies in which the fibrogenic or
carci nogeni ¢ potential of carbon/graphite fibres has been exam ned.
Effects followi ng short-terminhal ati on exposure (days) of rats to
respirabl e-size pitch-based fibres included inflanmtory responses,
i ncreased parenchymal cell turnover and mnimal type Il alveolar
cell hyperplasia. Available data froman intratracheal instillation
and an intraperitoneal injection study are considered i nadequate for
assessnent owing to the lack of characterization of the test
materials and | ack of adequate docunentati on of protocol and
results. A nouse skin painting study on four carbon fibre types
suspended in benzene was inadequate for the evaluation of
carcinogenic activity.

In the case of paraaranid fibres, the majority of data is
derived fromexperinments on Kevlar. Short-term (2 week) inhalation
studi es of Kevlar dust have resulted in a pul nonary macrophage
response which decreased in severity after exposure ceased.
Short-term studies of ultrafine Kevlar fibrils have shown a simlar

macr ophage reaction and patchy thickening of the alveol ar ducts.
Bot h | esi ons agai n decreased after exposure, but a mnimal anount of
fibrosis was present 3-6 nonths later. A two-year inhalation study
of Kevlar fibrils in rats induced exposure-related lung fibrosis (at
> 25 fibres/m) and |ung neoplasnms (11% at 400 fibres/m and 6% at
100 fibres/ml in female rats; 3% at 400 fibres/ml in male rats) of
an unusual type (cystic keratinizing squanous cell carcinoma).
Increased nortality due to lung toxicity was observed at the highest
concentration, indicating that the Maxi mum Tol erat ed Dose had been
exceeded. There is consider able debate concerning the biol ogical
potential of these lesions and their relevance to humans. The full
carci nogenic potential of the fibrils may not have been revealed in
this study because it was term nated after 24 nonths.

Intratracheal instillation of a single dose of shredded Nomex
paper (2.5 ng) containing fibres with dianmeters of 2 to 30 um
resulted in a non-specific inflammatory response. A granul omat ous
reacti on devel oped two years post-exposure. Intratracheal
instillation of a single dose of 25 ng Kevlar resulted in a
non-specific inflammatory response whi ch subsided within about one
week. A granul omatous reaction and a minimal amount of fibrosis were
observed later.

In three studies, intraperitoneal injection of Kevlar fibres
(up to 25 ng/kg) resulted in a granul omatous response but no
significantly increased incidence of neoplasns. It was suggested by
the authors of these investigations that the |ack of neoplastic
response was possibly due to the aggl oneration of the Kevlar fibrils
in the peritoneal cavity.

There are no adequate studies in which the fibrogenic or

carci nogeni ¢ potential of polyolefin fibres has been exam ned. A
90-day inhalation experinent in rats with respirable (46%< 1 um
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pol ypropyl ene fibres (up to 50 fibres/m) indicated dose- and

dur ati on-dependent changes characterized by increased cellularity
and bronchiolitis. No relevant data on intratracheal instillation
are available. In intraperitoneal injection studies on polypropyl ene
fibres or dust in rats, there was no significant increase in
peritoneal tunours.

There are inadequate data on which to nake an assessment of the
invitro toxicity and genotoxicity of synthetic organic fibres.
For aram ds, studies have shown that short and fine para-aramd
fibrils have cytotoxic properties. Wth regard to polyolefin fibres,
there is sonme evidence of cytotoxicity of polypropylene fibres.
Mit agenicity tests on extracts of polyethyl ene granul es gave
negative results.

1.6 Effects on humans

In a cross-sectional study of 88 out of 110 workers in a
PAN- based continuous filament carbon fibre production facility,
there were no adverse respiratory effects, as assessed by
radi ographi c and spironetric exam nation and adm nistration of
questionnaires on respiratory synptons. In other |ess well
docunent ed studi es, adverse effects have been reported in workers
involved in the production of both carbon and pol yan de fibres; data
presented in the published accounts of these investigations,
however, were insufficient to assess the validity of the reported
associ ations.

1.7 Summary of eval uation

Data concerning the exposure |evels of nost synthetic organic
fibres are limted. Those data avail able generally indicate | ow
| evel s of exposure in the occupational environnent. There is a
possibility of higher exposures in future applications and uses.
Virtually no data are available with respect to environnental fate,
di stribution, and general popul ati on exposures.

On the basis of limted toxicological data in |aboratory
animals, it can be concluded that there is a possibility of
potenti al adverse health effects follow ng inhal ati on exposure to
these synthetic organic fibres in the occupational environment. The
potential health risk associated with exposure to these synthetic
organic fibres in the general environment is unknown at this tine,
but is likely to be very |ow

2. | DENTI TY, PHYSI CAL AND CHEM CAL PROPERTI ES, AND ANALYTI CAL METHODS
2.1 ldentity, physical and chemical properties
2.1.1 Carbon/graphite fibres

Carbon and graphite fibres are filamentary forns of carbon
produced by high tenperature transformati on of one of three organic
precursor materials: rayon fibres (regenerated cellulose), pitch
(coal tar or petroleumresidue) or polyacrylonitrile (PAN) fibres.
G aphite fibres are materials characterized by a three-di nensional
pol ycrystal line structure (Volk, 1979). The typical tenperature
range for graphite fibre production is 1900 to 3000 °C, while
carbon fibre is manufactured at about 1200 to 1300 °C (Martin et

al ., 1989). In much of the literature the terns carbon and
graphite fibre are used interchangeably. Trade names of

carbon/ graphite fibres include WCA, CCA-4, Magnanite, Thornel-T,
Cel i on, Panex, H TEX, Fortafil, Thornel-P and Carboflex (ITA, 1985;
| CF, 1986).

Rayon- based carbon fibres are very stable at high tenperatures
and consi st of over 99% carbon. PAN-based carbon fibres have a | ower
carbon content (92 to 95% and undergo further changes when heated
beyond the original process tenperature. The carbon content of
pi tch-based carbon fibres varies from 75% upward. Pitch-based
fibres with a Young's nodul us of over 345 GPa are al nost pure (over
99. 5% carbon.

The nomi nal dianmeters of carbon fibres have been reported to
range from5 to 15 pm (Vol k, 1979) and from7 to 10 um (Jones et
al ., 1982; ICF, 1986) according to end use. The distribution of
fibre dianmeters is not available fromthe literature. Carbon fibres
are lightweight, refractile, and have high tensile strengths, high
Young's nodul us (a measure of the stiffness of the material), a high
degree of dinmensional stability and | ow thernmal expansion. These
fibres are chemcally inert and corrosion resistant, but oxidization
may occur at high tenperatures. They have noderate el ectrical and
thermal conductivity (Vol k, 1979). Carbon fibres are, however,
vul nerabl e to shearing due to a decrease in interlanellar shear
strength with increasing Young's nodul us. The Young's nodul us,
el ectrical and thermal conductivity, and tensile strength increase
with the degree of nolecular orientation along the fibre axis (Volk,
1979). Strength and nodul us val ues are greater at higher production
tenperatures. However, fibres with the highest Young's nodul us may
not have the highest tensile strength (Jones et al., 1982).
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Information on the density, tensile strength and Young's
nodul us of carbon and graphite fibres are presented in Table 1
(Vol k, 1979).

2.1.2 Aranid fibres

Aram d fibres (aromatic pol yan des) are produced by a two step
process invol ving production of the polynmer followed by spinning.
The polyner is typically produced by the reaction of aromatic
di amines and aronatic diacid chlorides in an amide solvent. Aranid
fibres are defined as fibres in which the base material is a
I ong-chai n synthetic polyamde in which at |east 85%of the anide
l'i nkages are attached directly to two aromatic rings (Preston,
1979). Two types of aram d fibres are produced by the DuPont
Conpany: Kevl ar (para-aram d) and Nomex (neta-aranid), which differ
primarily in the substitution positions on the aromatic ring
(Preston, 1979; Reinhardt, 1980; Galli, 1981). Kevlar is nade of
pol y( p- phenyl enet er epht hal am de) and Nonmex i s nmade of
pol y(m phenyl enei sopht hal am de) (Preston, 1979). Fibres named Conex
and Fenilon, which have conpositions sinmlar to that of Nonex, have
al so been devel oped in Japan (by Teijin) and the Russian Federation,
respectively (Preston, 1979). Arenka, now marketed as Twaron
(Hol I and/ Germany), is a para-aramd fibre produced by Akzo. A
para-aramd fibre called Arimid is produced in the Russian
Federati on.

Para-aranid fibres such as Kevlar/ Twaron are produced as
continuous filanment yarn, cut (staple) fibre (38-100 mmin Iength),
short fibre (6-12 mmin length) or pulp (2-4 mmin length), all wth
a nominal dianeter of 12-15 pm However, abrasive processing wll
produce sone fibrils frompara-aranmid fibre. Pulp has many
fine-curled, tangled fibrils within the respirable size range
attached to the surface of the core fibre, and sone of these fibrils
will break off and become airborne during manufacture or use. These
fibrils have a ribbon-1ike norphol ogy and may have widths | ess than
1 ym Figure 1 shows a scanning el ectron mcroscopy of ultrafine
Kevl ar fibrils peeling off a 12-um Kevlar fibre (Warheit et al.,
1992).

Meta-aranmid fibres such as Nonex/ Conex are manufactured as
continuous filament, staple fibre and short fibre, all with a
nom nal dianeter of approximately 12 pm Unlike para-aram d fibres,
net a-aram ds have no fibrillar substructure and do not tend to
produce snaller diameter fibrils upon abrasion (ICF, 1986).

Table 1. Physical and chemnical properties of carbon/graphite fibres?

Fibre Density (g/cn?) Tensile strength (MPa) Young' s nodul us (GPa)
Rayon- based carbon fibres (| ow nodul us) 1.43-1.7 345- 690 21-55

Rayon- based carbon fibres (high nodul us) 1.65-1.82 - 345-517

PAN- based carbon fibres 1.7-1.8 2400- 2750 193- 241

Pi tch-based carbon fibres (filanment yarn) 2.0 2000 345

a8 From Vol k (1979)

“‘ i ;- L "‘1"". -' - ’_c‘ o Py A - -l ’1“ e
N A A SR i
- ", (o B R R A __'\'_'0;;. {fq‘ﬂ”

oy aly ¥, S g lh

Fig. 1. Scanning electron micrograph of ultrafine Kevlar fibrils {arrowheads)
caught on an aerosol filter used for fibre counting
{Warheit et al, 1992; with the permis=ion of Academic Press, Orlando, Florida, USA)
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Generally, aramid fibres have nediumto very high tensile
strength, nmediumto | ow el ongation-to-break, and noderate to very
hi gh nmodul us (Preston, 1979; Brown & Power, 1982). Meta-aranmd fibre
of low orientation has a density of approximately 1.35 g/cn? and
the hot-drawn fibre has a density of approximately 1.38 g/cnt.
Para-aram d fibres of relatively high crystallinity have a density
of 1.44 g/cm?. The volune resistivities and dielectric strengths
of these fibres are high, even at el evated tenperatures (Preston,
1979). Aranmid fibres are heat resistant, w th nmechanical properties
being retained at tenperatures up to 300-350 °C (Preston, 1979).
Wol e aram d fibres are generally resistant to chemcals, with the
exception of strong mineral acids and bases (Preston, 1979; Galli,
1981; Chiao & Chiao, 1982). The strength to weight ratio of Kevlar
is high; on a weight basis, it is five tinmes as strong as steel, ten
tinmes as strong as aluminumand up to three tinmes as strong as
E-glass. Aranid fibres have excellent toughness, and withstand
continuous heat at tenperatures in the 160-205 °C range. Aranids
will not nelt or support conbustion, and carbonization will not be
appreci abl e under 400 °C. Para-aram d fibres have a small negative
coefficient of |ongitudinal thermal expansion, simlar to graphite,
maki ng them suitable for joint usage in conposites (Galli, 1981;
Hanson, 1980). Some physical and chemical properties of aramd
fibres are presented in Table 2 (Hodgson, 1989).

2.1.3 Polyolefin fibres

Pol yol efin fibres are | ong-chain polyners conposed (at |east
85% by wei ght) of ethylene, propylene or other olefin units
(Buchanan, 1984). Although many different types of polyolefins are
produced, this termis comonly used only for hydrocarbon
pol yol efins, polyethyl ene and pol ypropyl ene (Hartshorne & Laing,
1984). These are the fibres considered in this nonograph.
Approxi mately 95% of all polyolefin fibres are pol ypropyl ene (Ahned,
1982).

Structurally, the high-density pol yethyl enes consist of |inear
met hyl ene chains usually term nated by vinyl but occasionally by
nmet hyl groups. The | ow density anal ogue al so contains nethyl ene
chai ns, but has frequent branches. Chains are usually term nated by
met hyl groups. An internediate density polyethylene is also
avail abl e, together with blends of polyethylene wth polypropyl ene
or polyisobutene for use nainly in ropes or tw nes. Trade nanes of
pol yol efin fibres include BDH Low Density, Courlene C3, Courlene X3,
Cour | ene Y3, Downspun 82, Dyneemm, Fibrite M-, Merakl on BCF,

Mer akl on DO, Novatron, Polyol efine, Sanylene, and Spratra
(Hartshorne & Laing, 1984).

Tabl e 2. Physical and chemnical properties of aram d fibres?

Fibre type Density (g/cn®) Tensile strength Specific strength Young's nodul us Fl anmabi lity Appr oxi mat e
(MPa) (MPa/ d) (GPa) (LO) at room t her nal
tenperature degradation (°C)
Kevl ar/ Twar on 1.44-1.45 2790- 3000 2000 120- 124 24.5 > 400
Nomex 1.38 - - - 26 > 370

8 From Hodgson (1989)

Pol yol efin fibres and products are produced in eight different
forns (I1CF, 1986):

1) nmonof i | ament yarn typically having a diameter of 150 pm or
nor e;

2) multifilanment yarn simlar in structure to nonofil anment yarn
but for which the dianmeter of individual filanents is generally
in the range of 5 to 20 um has al so been reported;

3) staple fibre, which is nultifilanment yarn cut into varying
lengths of up to a fewnillineters and which nay be used in
ei ther woven or discontinuous form

4) tape and fibrillated filmyarn with a |arge rectangul ar
di aneter resenbling a ribbon; the thickness typically varies
from2.5to 12.7 umfor tape and 2.5 to 6.4 umfor fibrillated
filmyarn;

5) spun-bonded fabric, i.e. non-woven fibrous structures produced
in the formof flat fabric in one continuous process directly
fromthe nolten resin;

6) synthetic pulp - a relatively new class of discontinuous fibres
with dianmeters ranging from5 to 40 um and nmaxi mum | engt hs of
2.5to 3 mm

http://www.inchem.org/documents/ehc/ehc/ehc151.htm Page 9 of 44


http://www.inchem.org/documents/ehc/ehc/ehc151.htm

Selected synthetic organic fibres (EHC 151, 1993)

7) meltblown or mcrofibre - a relatively new type of polyolefin
fibre produced by the neltbl own process for which the dianeter
typically ranges from0.1 to 2 umand the length is a few
centinetres;

8) hi gh strength, high nodulus, highly oriented, high nolecular
wei ght pol yethyl ene fibres formed by spinning, drawing a
partially polynerized gel.

The specific gravities of polyethyl ene and pol ypropyl ene are
I ow and they are highly hydrophobic; properties of these materials
in wet conditions are, therefore, simlar to those neasured at
standard tenperature and humidity (21 °C, 65%relative humdity).
The polyolefins are unaffected by a wide variety of inorganic acids
and bases and organic solvents at roomtenperature. The nelting
point of |owdensity polyethylenes is less than 116 °C and of
hi gh-density ones is above 131 °C. Mediumdensity polyethylene is
reported to nelt at 125 °C, whereas pol ypropyl enes nelt at between
167 and 179 °C (Hartshorne & Laing, 1984). Sone physical and
chemical properties of the polyolefins are presented in Table 3
(Hodgson, 1989).

2.2 Production nethods
2.2.1 Carbon/graphite fibres

I'n general, the process of carbon and graphite fibre production
invol ves three distinct steps: preparation and heat treating,
car boni zati on, and optional high-tenperature annealing (Volk, 1979).
Initially, the precursors (PAN, pitch or rayon) are oxidatively
stabilized and dehydrogenated at noderate tenpera tures
(200-300 °C). For pitch-based fibres, the comercial coal or
petrol eum pitch is converted through heat treatnent into a nmesophase
or liquid crystal state. The fibre is then carbonized at
tenperatures of 750-1375 °C in a non-oxidizing atnosphere, and
producti on may involve a secondary heating phase, known as
graphitization, at approxinmately 1400 °C in an inert atnosphere.

Mesophase pitch-based fibres having a Young's nodul us exceedi ng
690 GPa, nmde by heating without stretching to 3000 °C, are the nost
graphitic in nature (Volk, 1979). To produce high nodulus fibres,
yarn is stretched during the |ast heat treatment. Depending on the
configuration of the final product (e.g., chopped fibre, continuous
strand, felt or fabric) and intended use, the fibre may be treated
with a sizing material to inprove its handling characteristics and
conpatibility with various matrices. The fornul ati on of sizing
conpounds (protective coatings) is considered proprietary; it has
been reported, however, that they are typically conpounds wth
epoxy-based functionalities, resins, epoxides and agueous systens
(1 CF, 1986). Fibres may be chopped to lengths in the range of 3 to
25 mmfor use in reinforced conposite materials or mlled down to
200 pm for special conductive applications. For conposites, the
fibrous material is enbedded in a matrix, such as an epoxy resin, to
formstrong, |ightweight engineering materials (Martin et al.,
1989).

2.2.2 Aranmid fibres

Arami d polymers are nmade by sol ution polynerization. This
i nvol ves | ow tenperature pol ycondensati on of diacid chlorides and
di amines in amide solvents. Meta-aramd fibre is spun fromthe
pol ynmeri zation sol ution of dinethylacetani de after neutralization.
Para-aram d pol yner nmust first be neutralized and isolated fromthe
pol ymeri zation solution; it is then re-dissolved in a spinning
sol ution of concentrated sulfuric acid. This liquid crystalline
solution is then extruded through a spinneret, and the acid is
extracted and neutralized to forma highly-oriented fibre.

Tabl e 3. Physical and chenical properties of polyolefin fibres?

Pol yrer Fi bre type Density Young nodul us
(g/ cn?) (GPa)
Low densi ty pol yet hyl ene nmonof i | anent 0.92 0.8-1.0
Hi gh-density pol yet hyl ene nmonof i | anent 0. 95-0. 96 1.7-4.2
Pol yet hyl ene hi gh density 0.96 1.7-4.2
filanment
Cel - spun pol yet hyl ene filanment - 44-77
Pol ypr opyl ene staple and tow 0. 90-0. 96 0.28-3.3
nmonof i | ament 0.90-0.91 1.6-4.8
mul tifilament 0.90-0.91 1.2-3.2
Pol ypr opyl ene filament 0.91 1.6-4.8

high tenacity - -

http://www.inchem.org/documents/ehc/ehc/ehc151.htm
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8 From Hodgson (1989)

2.2.3 Polyolefin fibres

Low density pol yethyl ene is nanufactured by a high-tenperature
and hi gh-pressure pol ynerization process, whereas the high-density
formis made at | ow tenperatures and pressures using a nore
efficient catalyst (e.g., the Marlex process). Internediate density
pol yet hyl ene and pol ypropyl ene are produced with a catalyst by the
Ziegl er process (Hartshorne & Laing, 1984).

There are several processes for the production of continuous
and di scontinuous polyolefin fibres (ICF, 1986). Mno-filanment and
multi-filanment yarns are fornmed by the continuous extrusion of the
nol ten pol ynmer through a spinneret, solidification by heat transfer,
and wi ndi ng onto packages. Processing may include draw ng of the
fibre to up to six tines its original length, as well as heat
treatnment to relieve thernal stress. Staple fibre is cut from
multi-filanment yarn. Yarns are also formed by splitting a highly
oriented film Flash spun fibres are fornmed by dissolving polyolefin
pol ynmer under pressure and flashing froma spinneret to formfibres.
If done at high pressure the fibres are nmuch shorter and can be used
as a synthetic pulp. Melt blown fibres are formed by drawing a spun
fibre in high pressure steamor air.

2.3 Sanpling and anal ytical nethods

Sanpl i ng and anal ytical nmethods for organic fibres include the
measur ement of total airborne or respirable mass concentrati on and
the determ nation of airborne fibre nunber concentrations by phase
contrast optical microscopy (PCOV. Sanpling nethods used for
organic fibres are simlar to those used for inorganic fibres such
as asbestos or man-made mineral fibres. These nethods typically
invol ve drawi ng a neasured volunme of air through a filter nmounted in
a holder that is located in the breathing zone of the subject. For
nmeasur ement of nmass concentrations, either polyvinyl chloride or
glass fibre filters are nornmally used. The filters are stabilized in
air and wei ghed agai nst control filters, both before and after
sanpling, to permt correction of weight changes caused by varying
hum dity. Cellul ose ester nenbrane filters are usually used for
assessing fibre nunber concentrations. In this case, the filter is
made optically transparent with one of several clearing agents
(e.g., triacetin, acetone or ethylene glycol nononethyl ether), and
the fibres present in random areas are counted and cl assified using
PCOM (WHO, 1985; NI OSH, 1989 [Method 7400]). Different fibre
counting rules have been used in various countries and these may
gi ve sonewhat different val ues.

Al t hough the basic nethods for the determ nation of total
ai rborne mass and fibre nunber concentrations are simlar in nost
countries, differences in the sanpling procedure, the filter size
and type, the clearing agent and the m croscope used, and subjective
errors in sanpling and counting all contribute to variations in

results. Specific reference nethods for the determ nation of organic
fibres have not been devel oped. However, the nethods nentioned
above have been used for routine industrial hygiene nonitoring. A
WHO project is in progress to develop a reference nethod for the
measur ement of health risk-related fibres in workplace air.

Several potential problens exist with respect to use of PCOM
sanpling and anal ytical nethods for organic fibres. Firstly, these
fibres have significant electrostatic charges that could affect
sanpling efficiency. Secondly, sonme of these fibres nmay be sol uble
in the mcroscope slide nounting nedium and their visibility in
PCOM has not been eval uated. Lastly, PCOM nethods |ack specificity
for counting organic fibres.

The inproved resolution of electron mcroscopy and the
identification capacity particularly of the analytical transm ssion
el ectron microscope (TEM, with selected area electron diffraction
(SAED) and energy dispersive X-ray analysis (EDXA), nake these
nmet hods particularly suitable for nore conplete characterization of
the fibre size distribution and analysis of fibres of small dianeter
(NIGCsH, 1989 [ Method 7402]). However, these nethods have so far
rarely been used for anal yses of organic fibres.

For anal ysis by scanning el ectron mcroscopy (SEM, fibres
col l ected on polycarbonate filters can be exanmined directly. This
avoi ds the need for transfer techniques that may affect the fibre
size distribution. For TEM direct transfer preparation techniques
i nvol ving carbon coating of particles on the surface of a
pol ycarbonate or menbrane filter and indirect transfer methods in
which attenpts have been made to retain the fibre size distribution
are the nost widely accepted.

3. SOURCES OF HUMAN AND ENVI RONMENTAL EXPOSURE
3.1 Production
3.1.1 Carbon/graphite fibres
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The principal producers of carbon and graphite fibres are
Japan, the USA and the United Kingdom although these naterials are
al so nmanufactured in France, Germany and |Israel (ITA, 1985; |CF,
1986). The raw material nost commonly used is polyacrylo nitrile
(PAN); in Japan, the world's | argest producer of PAN-based fibres,
the precursor material is obtained fromthe excess acrylic fibre
capacity of the Japanese petrochenical industry. The USA is the main
wor | d producer of carbon/graphite fibres fromrayon and pitch (ICF,
1986) .

World production capacity was estinated to be 4173 tonnes in
1984. Based on information provided by manufacturers in the USA
estimated world consunption for 1984 and 1987 was 889 tonnes and
2046 tonnes, respectively. Simlar estinates based on infornation
provi ded by conpanies in Japan were 1068 tonnes and 1756 tonnes,
respectively. The USA and Japan are the principal consumners,
foll owed by western Europe (I TA, 1985). Mre recently, it has been
reported that the total world capacity for carbon fibres is 10 000
tonnes per annum although the author noted that it was difficult to
assess what this nmeans in terms of real annual output (Hodgson,
1989).

The estinmated consunption of rayon-based carbon fibres from
1970 to 1976 was 50 to 125 tonnes (Vol k, 1979). It has al so been
estimated that the conbined producti on of PAN-based carbon fibres in
the three principal producing countries (USA, Japan and the United
Ki ngdom) rose from 10 tonnes in 1970 to 250 tonnes in 1976 (VolKk,
1979) .

3.1.2 Aranid fibres

Kevl ar and Nonex which are both produced by DuPont have been
sold commercially since 1970 and 1965, respectively (Reinhardt,
1980). The production capacity for Kevlar in 1978 was reported to be
approxi mately 3400 tonnes (Galli, 1981). In 1975, the production
capacity for Nomex was expanded from 4500 tonnes to nore than 9100
tonnes (Preston, 1979). Mre recently, it has been reported that the
production capacity per year of Kevlar (USA) and Twaron
(Hol I and/ Germany) is 20 000 and 5000 tonnes, respectively (Hodgson,
1989). Plants in Northern Ireland and Japan w th annual production
capacities of about 5000 tonnes per year each have been brought on
l'ine since then.

3.1.3 Polyolefin fibres

Production of polyolefin fibres has been increasing owing to
greater demand for continuous filanment yarn, nonofilanments and
stapl e fibres (Buchanan, 1984). Production and consunption in the
USA in 1983 were approximately 182 500 and 175 000 tonnes,
respectively (SRl International, 1985). The annual polyolefin fibre
production capacities of producers in the USA have been reported to
range from approxi mately 4500 kg to nore than 134 000 kg (SRl
International, 1987).

3.2 Uses

Carbon and aranid fibres are used principally in advanced
conposite materials to inprove strength, stiffness, durability,
el ectrical conductivity or heat resistance. Since these fibres
i mprove properties such as these wi thout addi ng nuch wei ght, they
are used principally in the aerospace industry, for nmlitary reasons
and in sports equi pnent manufacture (I TA, 1985). Polyolefin fibres
are typically used in textile applications, although gel spun fibres
are used for high tensile strength, but |ow tenperature,
appl i cations.

3.2.1 Carbon/graphite fibres

In addition to the general categories nentioned above, carbon
fibre in felt formis used in high tenperature insulation,
principally in inert atnospheres due to the tendency of the
material to oxidize.

Rayon- based carbon fibres are used primarily in aerospace
applications, such as phenolic-inpregnated heat shields and
car bon-carbon conposites for missile parts and aircraft brakes
(Vol k, 1979). PAN-based carbon fibres are used in structural
applications in the aerospace industry, sports goods (golf clubs,
fishing rods, tennis rackets, bows and arrows, skis, sailboat nasts
and spars), reinforcenent for noul ded plastics, prostheses,
artificial joints and dental bridges (Volk, 1979; Bjork et al.,
1986). Pitch-based carbon fibres are used in applications to
increase electrical conduction and resistance to heat distortion and
to inprove wear and stiffness (e.g., as veil mat for sheet noul ding,
mlled mat in injection nmoulding) (Volk, 1979).

3.2.2 Aranmid fibres

Properties of aram d fibres, such as heat and fl ane resistance,
di mensional stability, ultra-high strength and hi gh nodul us,
electrical resistivity, chem cal inertness and pernsel ective
properties, make them useful in many applications (Preston, 1979).
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Para-aram ds are used principally as a strengthening and
reinforcing material in conposite structures due to their |ow
density, high specific strength and stiffness, greater vibration
danpi ng and better resistance to crack propagation and fatigue than
those of inorganic fibrous nmaterials. Para-aram ds are used
primarily for tyre cords, protective clothing, industrial fabrics,
hi gh performance (sports and aerospace) conposites, high-strength
ropes, cables, friction materials and gaskets (I1LO, 1989).

Meta-aramids are primarily used for their heat and corrosion
resi stance (Brown & Power, 1982). The paper formis used as
electrical insulation in notors and transforners. Staple and
continuous filaments are used in protective clothing and coated
fabrics, and industrial filter bags for hot gas em ssions.

Aramid fibres are sonetimes conbined in various applications
with other fibrous materials such as carbon and graphite to reduce
costs and increase inpact strength (Del nonte, 1981).

3.2.3 Polyolefin fibres

Apart fromtheir traditional use in carpet backings, polyolefin
fibres are being used increasingly in other household furnishings
such as uphol stery, bedding, curtains, wall-covering materials and
carpet pile (Hartshorne & Laing, 1984; Buchanan, 1984). The | argest
use of polyolefin fabric in clothing is in disposabl e nappies
(di apers) and athletic socks.

Pol yol efin fibres are also used in ropes, cordage and twi ne,
webbi ng, synthetic turf, agricultural fabrics, comercial fishing
lines and nets, sewi ng thread and book binders (Buchanan, 1984).
They are also used in the nedical field in sutures and as matrices
for tissue ingrowth and anchoring (Hoffman, 1977).

Mcrofibres are used in a variety of applications including
filtration, medical/surgical fabrics, sanitary products, sorbents,
wi pes, apparel insulation, protective clothing and battery
separat ors.

3.3 Enmissions into the environnment
3.3.1 Fibre em ssions

Carbon fibres may be released into the environnent during
production, processing or conbustion of materials nade of or
contai ni ng carbon conposites. These may arise during the
incineration of waste material containing carbon fibres and
aircraft fires. Light mcroscopy analysis of em ssions from several
key operations in the manufacture and processing of carbon fibres
(weavi ng, prepregging, nmachining and incineration of conposites)
showed rel ease rates (fibre nass rel eased per unit of material

processed) varying over several orders of magnitude, wth weaving
and incineration being the greatest (G eseke et al., 1984). Fibre
di aneters were found to be reduced only during incineration.

Based on | aboratory studies in which conposites containing
carbon fibres were burnt, it was concluded that the rate of
em ssions and |l engths of fibres released in nunicipal incineration
are dependent on air flow rates and nechanical agitation within the
conbustion chanber. The diameters of enmitted fibres were dependant
upon burning rate, tenperature and oxygen |levels, and on fibre
residence tine in the incinerator. It was estinmated that a typical
emi ssion rate of carbon fibres fromthe burning zone in a nunicipal
incinerator would probably be in the order of 1% of the conposite
being burnt. It was also concluded that conposites made w th epoxy
bi nder materials release nore fibres during incineration than those
made Wi th phenolic binder materials (G eseke et al., 1984).

I'n studies conducted to sinulate nunicipal incineration of
refuse from conposites containing carbon fibres (conbustion rate of
34 kg/h, flanme tenperature of 925 °C, 450 kg Celion unidirectional
lam nate fed over a 1-mn period), stack em ssion rates were 0.840
to 0.998 ng/dscm carbon fibre. Enmission rates decreased with tine
(0 to 60 min) follow ng introduction of the refuse fromthe carbon
fibre conposite (Henry et al., 1982; G eseke et al., 1984).

In laboratory and field tests conducted by the United States
Nati onal Aeronautics and Space Administration, it was estimated
that approximately 38.4-49.5%of the fibres rel eased during the
burni ng of conposite materials containing PAN-based carbon/graphite
fibres in aircraft (spoilers, cockpits, and various structural
el ements) were respirable (i.e. aspect ratio of > 3:1; < 80 umin
length and < 3 umin dianmeter). Based on analysis by optical
m croscopy, the average length of emtted fibres was 30 pum
(Susshol z, 1980).

Based on data collected in his previous studies, the sane
investigator estimted airborne fibre concentrations during the
burning of carbon fibre conposites. For a fire resulting froman

aircraft crash, it was estimated that 1% of the carbon fibre would
11
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be rel eased, constituting about 5 x 10 respirable fibres per kg.
Based on these data, it was further estinmated that the airborne
concentration of fibres in the densest part of the snoke woul d be
5 fibres/nm .

The by-products of carbonization that are captured foll ow ng
incineration of fibres include hydrogen cyani de from PAN-based
fibres and pol ynucl ear aromati c conpounds from pitch-based fibres.
By- products of graphitization include ammoni a, cyanide and
hydrocarbons; these materials are deconposed during the heating
process (I CF, 1986).

3.3.2 Deconposition products

In studies conducted to sinulate nunicipal incineration of
refuse from conposites containing carbon fibres (conbustion rate of
34 kg/h, flanme tenperature of 925 °C, 450 kg Celion unidirectional
lam nate fed over 1-min period), observation by |light m croscopy
indicated that fibres are oxidized during incineration and that
fibre diameters are reduced. It was al so observed that as oxidation
proceeds, there is notching and subsequent breaking of the fibres.
Thus, oxidized fibres that have small dianeters are often relatively
short (Henry et al., 1982).

The burning or pyrolysis of organic fibres produces a w de
variety and quantity of emtted gases depending on the nunerous
vari abl es of the deconposition/oxidation. Sinultaneously burning
materials, tenperature, heating rate, burning tine, humdity and
oxygen availability are just a few of the inportant variables.
Consequently, the data froma given experinent are uniquely
dependent on the conditions of that experinent.

Pyrol ysis deconposition products of carbon and Kevlar fibres
have been identified by thernogravinetric anal ysis/gas
chr onat ogr aphy/ mass spectronetry (TGN GC/ MS) (Razinet et al.,
1976). The products identified in the off-gasses of pyrolysis of 11
different types of carbon fibre at 1000 °C included carbon dioxide
(32-100%, nethane (2-23%, propane (0.5-19%, propene (2-20%,
benzene (7-14.4%, toluene (2.0-8.3%, dinethylbenzene (2.9%,
napht hal ene (2.9% and net hyl napht hal ene (2.8% . The carbon di oxide
content of the off-gasses (expressed as a percentage of the weight
of the sanple used in the deconposition) ranged fromO0.02 to 2.34%

The products identified after fast pyrolysis of Kevlar (650 °C)
wer e carbon nonoxide (63%, benzene (35% and toluene (2%.
Fol 1 owi ng sl ow pyrolysis (at 650 °C for 15 min), nmany conpounds,
i ncl udi ng nitrogen, carbon nonoxi de, carbon dioxi de, nethane,
et hyl ene, propene, benzene, toluene, benzonitrile, aniline,
met hyl ani | i ne, phenyl acetonitrile, phthalonitrile, phenyldiam ne,
bi phenyl, benzi m dazol e, fluorene and benzanilide, were identified.

4. ENVI RONVENTAL LEVELS AND HUVAN EXPOSURE
4.1 Cccupational environnent

4.1.1 Carbon/graphite fibres

4.1.1.1 Production

Carbon fibres are released in the workpl ace during operations
such as fibre form ng, w nding, chopping and conposite fornation.
Anal ysis by light microscopy of emissions in the imediate vicinity
of each of several key operations in the manufacture and processing
of carbon fibre (including weaving, handling, prepregging, and
machi ni ng of conposites) denon strated that rel ease rates (fibre
mass rel eased per unit of material processed) were greatest for
weaving (G eseke et al., 1984).

The data on aerosol exposures to carbon fibres in the
occupational environment are presented in Table 4. Due to the |ack
of available data and linited information on nethods for sanpling
and anal ysis, only tentative conclusions concerning airborne
particle or fibre concentrations can be drawn.

4.1.1.2 Processing of conposites

Sone data are avail abl e concerning airborne concentrations and
fibre dinmensions resulting fromthe nachining of carbon fibre
conposites. Followi ng drilling, an analysis of the settled dust was
conduct ed usi ng PCOM and scanning el ectron mcroscopy (SEM. Fibres
50 to 100 pmin length with diameters 6 to 8 um were observed and
found to have dinensions simlar to those of fibres in the conposite
material. Follow ng sawi ng, settled dust sanples were al so
col l ected and anal ysed, and this reveal ed | ongitudi nal breaking of
fibres. Some fibres were observed to have fibre dianeters |ess
than those in the parent material; fibres were also shorter in
length than those in the dust produced by drilling (Wagman et al.,
1979) .

Limted data are avail abl e concerni ng the preparation and

machi ni ng of carbon fibre conposites. PCOM anal yses of five
sanples fromone facility yielded concentrations ranging from
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< 0.001 fibres/m to approximately 0.01 fibres/m. The average
length of fibres in these sanples ranged from approxi mately 31 pmto
749 pm and average dianeter from3.9 pmto 6.7 um (Henry et al.,
1982)

Table 4. Airborne concentrations of carbon fibre in the workpl ace?

Sanpl i ng and anal ysi s Resul ts
Li ght m croscopic anal ysis of unspecified 0.0002 fibres/m in prepregging, nean fibre diameter 6.1 pum and nean
nunber of sanples (possibly one each) of fibre length 213 pum 0.0009 fibres/m in shuttle | oomweavi ng, nmean
"outside em ssions" at prepreggi ng machining fibre dianmeter 6.7 umand nean fibre Iength 749 um 0.003 fibres/ni
and weavi ng operations in PAN-based production in rapier weaving, nean dianeter 3.9 pmand nean fibre length 706 um
facility in the USA 0.01 and 0.001 fibres/nm in machining, nean fibre dianmeters 6.2 and

6.6 um and nean fibre lengths 32.8 and 30.9 um respectively

Li ght m croscopic analysis of 4 sanples of mean concentration of 0.0005 fibres/m (range, 0.00002-0.006
ei ther "outside em ssions" or worker exposure fibres/m); average fibre diameter 6.5 pum and average fibre
(not clearly specified) in w nding operations l ength 48-60 pm

in PAN-based production facility in the USA

Gavinetric analysis of 38 sanples in mean concentration of 0.08-0.39 ng/n? total dust with 40%respirable;
pi tch-based continuous filament production concentrations highest in the |laboratory owing to cutting, grinding
facility and mlling of carbon fibre; reinforced resins (mean, 0.39 ng/n?),

concentration twice as high in winding (mean, 0.19 ng/n?) as in
production (mean, 0.08 my/ n?)

Table 4 (contd).

Sanpl i ng and anal ysi s Resul ts
Li ght m croscopic analysis of em ssions at 0.003-0.029 fibres/m in prepegging, nean fibre dianmeter 5.5-6 pum and
several |ocations each in various phases of mean fibre length 915-2399 um 0.001-0.05 fibres/m in weaving, nean
carbon fibre production fibre dianmeter 5.5-7.8 pmand nean fibre |l ength 945-2342 um
Gravinetric analysis of 6 breathing zone 0.10-0.80 my/ n?; concentrations nuch higher for chopping and windi ng
sanpl es in PAN-based production facility in operators (0.54-0.8 ng/n?) than for |ine operators (0.1-0.12 ng/n?)
the USA
PCOM anal ysis (NI OCSH 239) of all areas of a 0.11-0.27 fibres/m

pi tch-based production facility in the USA
where exposure was deened likely (1985 to
May 1986)

12/23/05 6:20 PM

Ref er ence

Henry et
al . (1982)

Henry et
al. (1982)

Jones et
al . (1982)

Ref er ence

G eseke et
al. (1984)

Glliam
(1986)°

Fam lia
(1986) ©

2 This study was designed to estimate enissions fromcarbon fibre processing. The Task Group noted that these data may be of

limted value for predicting occupational exposure |levels and airborne fibre characteristics.

b Glliam H K Geat Lakes Carbon Cor poration, Rockwood, TB 37854-0810. Letter providing nonitoring data and product
literature to James C. Chang, ICF Inc., Washington, DC, April 28, 1986.

¢ Fanmilia, R A Union Carbide/ Anbco. Greenville, SC 29602. Letter providing sanpling data to James Chang, |CF Inc.,
Washi ngton, DC, (1986).

The nean airborne concentration determ ned by PCOM and SEM was
0.03 fibres/m in fourteen sanples taken during the machining of
fibre conposites at the Air Force Aerospace Materials Research
Laboratory. Particles with an aspect ratio > 3 constituted |ess
than 0.1% of the released material. The diameters (> 7 un) of the
airborne fibres were sinilar to those in the conposites (Lurker &
Speer, 1984).

Airborne particul ate sanples were collected during trinm ng
operations on a wi ng panel conposed of carbon fibre conposites.
Based on anal ysis by PCOM |ess than 8% of the airborne particul ates
were fibrous. The dianeters of at |east 80% of the fibres were
approximately 7 um i.e. simlar to those in the conposites
(Dahl qui st, 1984).

The physi cal, norphol ogi cal and chemical characteristics of
machi ned graphite or fibrous glass conposites have been determ ned.
Bul k and fracti onated sanpl es were exami ned by |ight and el ectron
m croscopy and anal ysed chemically by GO MS (Boatnman et al., 1988).
The test materials were designated as "graphite-p", two graphite
mat eri al s manufactured from PAN, one pitch-based graphite and
PAN- gr aphi t e/ Kevl ar. The machi ni ng operati ons were spindl e shapi ng
(at 3450 or 10 000 rpm), hand routing (at 23 000 rpn) and use of a
saber saw. Dusts were collected with a high efficiency vacuum
cl eaner and resuspended in a dust generator to create an aerosol in
whi ch 90% of particles were < 10 pmin aerodynanic dianeter. The
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relative proportion of respirable to total mass of bul k sanpl es was
< 3% aerodynanic dianeters of fractionated sanples collected at
the tool face ranged fromO0.8 to 2.0 um Particles in bul k sanpl es
ranged from7 to 11 uymin dianeter, and nmean aspect ratios ranged
from4:1 to 8:1 (26:1 for the fibrous glass conposite). The nean

di anmeter of fractionated particles collected at the tool face was
2.7 pym with 74%being less than 3.0 pymin dianeter. There was no
evi dence of longitudinal splitting of fibres, and volatilization of
chemicals from nmachi ned conposites was |ow. The authors reported
that the respirable fractions in dusts collected at the tool face
were only 2 to 3% by weight. However, since large particles that
woul d settle rapidly and not normally reach the breathing zone were
included in sanples taken at the tool face, these values are not

i ndi cati ve of personal exposure.

4.1.2 Aranmid fibres
4.1.2.1 Production

Avai |l abl e data on airborne concentrations of polyamde fibres
in the occupational environnent are restricted to brief sunmaries
of unpublished data collected within the industry. In many cases,
nmet hods of sanpling and anal ysis have not been descri bed.

Verwi j st (undated report) described exposure nonitoring during
para-aram d fibre and pul p manufacturing and during | aboratory
operations. Air concentrations ranged fromO0.01 to 0.1 fibrils/m,
with the highest values being for pulping. Verwjst also noted
relatively high exposure (0.9 fibrils/m) during water jet cutting
of conposites.

Since initiation of Kevlar para-aramd fibre production (in
about 1971), plant-air and enpl oyee exposures have been neasured by
the same phase contrast mcroscopy techni ques used for asbestos
(PCAM 239 before about 1982 and NI CSH 7400 "A" rules) (Merriman,
1992). These data are summarized in Table 5. For continuous
filanment yarn handling, plant exposures are extrenely |ow
(0.02 fibres/m maxi mum) (Reinhardt, 1980). Cutting of staple and
floc fibre produced levels of 0.2 fibres/m or less with a single
peak nmeasurenent of 0.4 fibres/ml. Pulp drying and packagi ng
operations |ed to maxi num concentrations of 0.09 fibres/ni.

Ai rborne respirable concentrations of Nomex/ Conex have been
reported to be less than the limt of detection i.e. 0.01 fibres/m
(Rei nhardt, 1980; 1LO 1989).

4.1.2.2 End-use processing and processing of conposites

Par a-aram d end-use plant nonitoring data using PCOM are
sumrari zed in Table 5 for brake pad production, gasket conposite
fabrication, and staple yarn spinning processes (Merrinman, 1992).
No exposures exceeded 0.19 fibres/m for brake pad manufacturing,
where dry para-aranmid pul p was mxed with powdered fillers and
resin, pressed, cured, ground and drilled. Average fibre exposures
were less than 0.1 fibres/ni.

I n gasket sheet and gasket manufacturing, para-aranmid pulp is
mxed with fillers and sol vated rubber cenent, rolled into sheets
and die-cut into smaller pieces that may be finished by sanding the
edges. A total of 64 sanples in four plants gave no personal
exposures greater than 0.15 fibres/m and no area concentrations
greater than 0.25 fibres/m . Mean exposures were | ess than
0.1 fibres/m for all operations. In a single test where heat-aged
gaskets were scraped from fl anges, short-term exposure
concentrations were |less than 0.2 fibres/ni.

Machi ning of para-aram d fabric-reinforced organic matrix
conposites produced very | ow exposures; npst were |ess than
0.1 fibres/m although one exposure reached 0.25 fibres/nl during
grinding. Although operator exposure during water-jet cutting was
only 0.03 fibres/m, the cutting sludge in a single sanple was
highly enriched with respirable fibrils and produced much hi gher
levels (2.9 fibres/m).

Table 5. Airborne fibre concentrations in workplaces handling
para-aranid fibre pul p?

Manuf act uri ng Qper ati ons Sanpl es Mean Maxi mum
i ndustry (fibres/n) (fibres/nl)

Brake pads m xi ng 20 0.07 0.15
pref orm ng 17 0.08 0.19
grinding/drilling 8 0.04 0.08
finishing/inspecting 3 0.05 0. 10
Gasket s m xi ng 30 0. 05 0.15
cal endering 1 0.02 0. 02
gri ndi ng 5 0.08 0.25
cutting 15 0.02 0.07

http://www.inchem.org/documents/ehc/ehc/ehc151.htm Page 16 of 44


http://www.inchem.org/documents/ehc/ehc/ehc151.htm

Selected synthetic organic fibres (EHC 151, 1993) 12/23/05 6:20 PM

Conposi te sandi ng/ tri mm ng 5 0.08 0.25
water jet cutting 1 0.03 2.91
Staple yarn gri ndi ng 5 0.18 0.28
cardi ng 16 0.39 0.79
drawi ng 4 0.32 0. 87
rovi ng 6 0.33 0.72
spi nni ng 15 0.18 0.57
twi sting/w nding 13 0.55 2.03
finishing 2 0. 30 0. 48
weavi ng 6 0.35 0.58

From Merrinman (1992)

The end-use nost |ikely to produce significant para-aramd
fibril exposure |levels has been found to be staple fibre carding and
subsequent processing into yarn. Carding is highly abrasive and the
fibrils produced are inmediately entrained in the high air flows
created by the spinning cylinders. Monitoring of operators in six
yarn-spinning mlls (67 personal sanples) gave average exposures
ranging fromO0.18 to 0.55 fibres/m, with one operation reaching a
maxi mum of 2.03 fibres/m .

Kauffer et al. (undated report) characterized airborne fibre
concentrations and size distributions during the nonitoring of
machi ni ng of carbon fibre- and aram d-based conposites in industry
and the | aboratory. Concentrations encountered were typically well
below 1 fibril/m, as determ ned by optical mcroscopy. SEM showed
nean | engths from1.9 to 4.3 um and nean | ength/diameter ratios
val ues varied from4.4 to 8.8. The authors concluded that nost of
the respirable material consisted of resin debris.

Particle and gaseous emi ssions during |laser cutting of aramd
fibre-reinforced epoxy plastics have been studied (Busch et al.,
1989). The nmss-nmedi an aerodynami c di aneter of particles generated
was 0.21 pm but the concentration of dust and the fibre content of
the dust were not reported. GO MS anal yses of sanples on charcoal
and silica tubes denonstrated the followi ng rel ease of gases per
gram of material pyrolized during cutting: 5.4 ng benzene, 2.7 ngy
toluene, 0.45 ng phenyl acetylene, 1.4 ng benzo nitrile, 1.0 ng
styrene, 0.55 ng ethyl benzene, 0.15 ng mxylene and p-xylene,
0.04 ng o-xylene, 0.28 ng indene, 0.16 ng benzofurane, 0.15 ngy
napht hal ene, and 0.73 ng phenol .

Li m ted personal exposure nonitoring was conducted during
| aser cutting of Kevlar-reinforced epoxy matrix (Mdss & Seitz,
1990). An air sanple collected within a few feet of the cutting
operation revealed few fibres (0.15-0.25 umin diameter and < 10 um
in length) in TEM analyses. In addition to fibre nmeasurenents,
hydr ogen cyani de concentrations in the cutting area ranged from
0.03 to 0.08 ng/n? with a TWA of 0.05 ng/n¥. Carbon nonoxi de
concentrations ranged from 10 to 35 ppm and nitrogen di oxi de
concentrations were < 0.5 to 5 ppm

4.1.3 Polyolefin
4.1.3.1 Production

Limted air nonitoring data in a facility producing
pol ypropyl ene fibres have been reported (Hesterberg et al., 1991).
Sanpl es for PCOM anal yses were collected in the breathing zone of
wor kers, and fibres were counted using NI CSH nethod 7400 ("B"
rules). Gavinetric neasurenents of total dust exposures were al so
made. Airborne levels of fibres longer than 5 umranged from none
detected to a peak of 0.5 fibres/m, with nost values being |ess

than 0.1 fibres/ml. The total dust exposures ranged from bel ow
detection linmits to 0.7 ng/n?, nost val ues being | ess than

0.25 mg/n¥. SEM anal yses showed airborne fibre dianeters to range
from0.25 to 3.5 um (nean = 1.97) and lengths to range from1.68 to
69 pum (nean = 29.4 um.

4.2 General environnent

Henry et al. (1982) reported the results of limted sanpling
and anal ysis by light mcroscopy of the concentration of carbon
fibres in anbient air in the vicinity of carbon fibre facilities.
The concentration of fibres in anbient air downstream of the
baghouse for rapier weaving was reported to be 0.0003 fibres/ni
(Henry et al., 1982). The average length of fibres was 706 pm and
the average width 3.9 pm

The rel ease of carbon fibres at the crash and burn site of two
mlitary aircrafts has been described (Form sano, 1989; Mhar,
1990). Both aircrafts were nanufactured using carbon fibre
conposites and the air sanpling was conducted several days after
the crash. At the first site 21 area sanples and 11 personal
sanpl es were taken over four days. The nean durations of the area
and personal sanples, respectively, were 168 + 86 min and 48 + 46
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mnat 2 litres/min. Twelve of the 21 area sanples contained |ow
fibre concentrations and were considered to be estimates. The nean
fibre concentration of the remaining air sanples was 0.29 + 0.41
(range 0.015-1.060) fibres/nmi. 1In the case of the 11 personal

sanpl es, 4 were estimates and the mean concentration of the others
was 3.40 = 2.52 (range 0.063-6.998) fibres/ni.

A mxture of floor-wax and water was poured over the aircraft
wr eckage in both cases to suppress the dust. The personal air
sanpl es were collected while a variety of tasks comonly perforned
at a crash site were perforned. The author reported that fibres nay
have been | ost by electrostatic binding to the sanpling cassette.
Wiile a fewinterfering fibres were present, the straight fibres
wi th clean edges were recogni zed by the anal yst as nan-nade fibres.
Air sanpling at the second crash site produced barely detectable
| evel s, and the highest concentration determ ned by PCOM was
0.58 fibres/m.

5. DEPCSI TI ON, CLEARANCE, RETENTI ON, DURABI LI TY AND TRANSLOCATI ON
5.1 Introduction

It is considered that the potential respiratory health effects
related to exposure to fibre aerosols are a function of the internal
dose to the target tissue, which is determ ned by airborne
concentrations, patterns of exposure, fibre shape, dianmeter and
I ength (which affect lung deposition and cl earance) and
bi opersi stence. The potential responses to fibres, once they are
deposited in the lungs, are a function of their individual
characteristics. |In inhalation studies in rodents, fibres with
di mensions sinilar to those that humans can inhal e shoul d be used,
provi ded that a high proportion is within the range respirable for

the rat. In addition, conplete characterization (e.g., dinensions,
nunber, mass and aerodynamic dianeter) of the rat-respirable fibre
aerosol and retained dose is essential. Methods for aerosol

generation should insure that fibre |l engths are preserved.

The followi ng general principles have been derived principally
on the basis of results of studies with particul ates, nan-nmade
mneral fibres and asbestos. It should be recogni zed, however,
that these paraneters have not been evaluated in detail specifically
for the synthetic organic fibres.

Because of the tendency of fibres to align parallel to the
direction of airflow, the deposition of fibrous particles in the
respiratory tract is largely a function of fibre diameter, with

I ength and aspect ratio being of secondary inportance. In
addition, the shape of the fibres as well as their electrostatic
charge may have an effect on deposition (Davis et al., 1988).

Since nost of the data on deposition have been obtained in
studies on rodents, it is inmportant to consider conparative
di fferences between rats and humans in this respect; these
di fferences are best evaluated on the basis of the aerodynanic
diameter. The ratio of fibre dianmeter to aerodynanic dianeter is
approximately 1:3. Thus, a fibre nmeasured nicroscopically to have
a dianeter of 1 pmwould have a correspondi ng aerodynani c di aneter
of approximately 3 um A conparative review of the regional
deposition of particles in humans and rodents (rats and hansters)
has been presented by US EPA (1988). The relative distribution
bet ween the tracheobronchial, and pul nonary regions of the lung in
rodents follows a pattern simlar to human regi onal deposition
during nose breathing for insoluble particles with a mass nedi an
aerodynam c dianeter of less than 3 um Figures 2 and 3 illustrate
these conparative differences. As can be seen, particularly for
pul nonary deposition of particles, the percentage deposition in the
rodent is considerably |ess, even within the overl apping region of
respiratory tract deposition, than in humans. These data indicate

that, although particles with an aerodynam c di ameter of 5 um or
nore may have significant deposition efficiencies in man, the sane
particles will have extrenmely smal| deposition efficiencies in the
rodent.

Fi bres of various shapes are nore |likely than spherical
particles to be deposited by interception, mainly at bifurcations.
Avai |l abl e data al so indicate that pul nonary penetration of curly
chrysotile fibres is less than that for straight anphibole fibres.

I'n the nasopharyngeal and tracheobronchial regions, fibres are
generally cleared fairly rapidly via nmucociliary clearance, whereas
fibres deposited in the alveol ar space appear to be cleared nore
slowy, primarily by phagocytosis, to a | esser extent via
transl ocation, and possibly by dissolution. Translocation refers to
the novenment of the intact fibre after initial deposition at foci in
the al veolar ducts and on the ciliated epitheliumat the term nal
bronchioles. These fibres may be translocated via ciliated nucous
nmovenent up the bronchial tree and renpved fromthe |lung, or nmay be
noved through the epitheliumw th subsequent nmigration to
interstitial storage sites or along |ynphatic drai nage pathways or
transport to pleural regions. Fibres short enough to be fully
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ingested are thought to be renpved mainly through phagocytosis by
macr ophages, whereas |longer fibres may be partially cleared at a

slower rate either by translocation to interstitial sites, breakage

or by dissolution. A higher proport
therefore, retained in the |lung.

5.2 Studies in experinental animls

Fi bres administered in studies

those normally present in the occupational environment. Due to the

ion of longer fibres is,

on aninals are only a subset of

above-nentioned limtations in the anatony of the rat as a nodel for

man, wherever possible the fraction
generated aerosol is specified.

5.2.1 Carbon/graphite fibres

It should be noted that in sone

of rat-respirable fibres in the

of these studies, animals were

exposed to fibres that were not respirable for the rodent; in
others, animals were exposed principally to dusts, the fibrous

content of which was unspecified. For carbon fibres, only one of

the studi es described here invol ved

exposure to fibres that were

respirable for the rat (Warheit et al., in press/a).
0.6
04—
=
S
]
z
= |
=]
=
[z
Q
oy
=1 02—
Rat
| -
[~ — — Man
)
a [ ] | L3 | |
04 0z 0.5 1 2 5 10
Ciffusi
dilar::tl: m Aerodynatmic
CH diameter (D0, utn
Fig. 2. Tracheobronchial deposition of inhaled monodisperse aerosols in man and rat
(US EPA, 1980)
10
05—
— Man (mouth)
)
& 0E \Man {nose)
B
= |
2
=
[
=]
&
L os}
02
[* S @
. 3
B - RAT &
e = \ H
w, =
i ] | IIIIII| ] ] I\I\III
01 0z 05 1 2 S 10

Diffugive
diatneter, v ‘J—}

Aerocynarnic
diameter (D), um

Fig. 3. Pulmonary deposition of inhaled monodisperse aerosols in man and rat

(US EPA, 1950)

In a study designed to investigate the histopathol ogical
effects of carbon fibres on the lungs of guinea-pigs, production of
a particul ate aerosol froma chopped PAN-based carbon fibre ("RAE

type 2") proved difficult, although
concentrations of 6000 respirable fi
unspeci fi ed) had been naintai ned for

1978). The naxi mum concentration of carbon particles "smaller than
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5 punt' produced by the apparatus was 370/nml, with 99% being
nonfibrous. O these, 2.9 fibres/m ("black fibres") were of
respirable size in the dust cloud. These were nainly |ess than

10 ymin length and about 1 pmin dianmeter. A total of

15 specific-pat hogen-free (SPF) guinea-pigs were exposed to the
aerosol described above. At various tine intervals up to 104 h
post - exposure, groups of aninals were sacrificed. H stopathol ogical
exam nation of the lungs of exposed aninals reveal ed macrophages
filled with nonfibrous carbon particles, together with a few carbon
fibres which were generally extracellular. There were no

ferrugi nous bodies with a carbon core and no pathol ogi cal effects
(Holt & Horne, 1978).

In a followup study in which the test atnosphere was sinilar
to that in the investigation described above, groups of SPF
gui nea-pigs (2-9 per group) inhaled carbon dust for 100 h and were
killed at various intervals up to 2 years post-exposure. The
respirable fraction of the inhaled dust was nainly nonfibrous and
there were very few fibrous particles in sections of the |lung.
There was sone indication, however, that extracellular subm cron
particles present in the tissue were washed out during histol ogical
processing. An occasional ferrugi nous body was observed. Subm cron

carbon dust reached the alveoli; phagocytosis of particles began
i medi ately but proceeded slowly over many nonths and dust-filled
macr ophages were still evident after 2 years (Holt, 1982).

As described in section 6.1.2.1, a study was conducted i n which
male Crl:CDBR rats were exposed (nose only) to aerosols of pitch- or
PAN-based rat-respirable carbon fibres at target concentrations of
50 or 100 ny/n? (47 and 62 fibrils/m) for periods ranging from1
to 5 days (6 h/day) and evaluated at 0, 24 and 72 h, 10 days, and 1
and 3 nonths post-exposure. Pignment-laden al veol ar nmacrophages were
observed primarily at the junctions of the termnal bronchioles
(Warheit et al., in press/a).

5.2.2 Aranmid fibres

Smal ler fibrils can peel fromthe surface of para-aramd fibres
as ri bbons and conpl ex branching. Because these fine fibrils have
unusual shapes and tend to be statically charged, they frequently
aggl onerate. It is necessary to use specially prepared sanples,
enriched in respirable fibrils with high-pressure air mlls, to

generate significant airborne para-aramd fibril concentrations
(i.e. > 100 fibres/m) in inhalation studies on experinmental
ani mal s.

In a short-term (2 week) inhalation study on rats (as outlined
in section 6.1.3.1), Lee et al. (1983) reported that, after
6 nmonths, inhaled Kevlar fibrils accunulated nainly at the
bi furcations of the alveolar ducts and adjoining alveoli, with only
a few fibrils being deposited in peripheral alveoli of the acinus.

The pattern of deposition and persistence of aramd fibrils in
a two-year study was sinilar to that stated above (Lee et al.,
1988). Kevlar fibrils, which are nuch nore curled than chrysotile
fibres, were retained nostly in the respiratory bronchiol es and
al veol ar duct region, especially in the ridges of alveolar duct
bi furcations. One year after termination of a 12-nobnth exposure to
400 fibrils/m, the lengths of fibres in lung tissue appeared to be
reduced. At the three highest dose levels in the study (25, 100 and
400 fibrils/m), there was a mnute anpunt of dust accunulation in
the al veol ar macrophages and in tracheobronchial |ynph nodes
resulting fromthe transmigration of intrapul nonary Kevlar fibrils.
Most particles in the al veol ar macrophages were | ess than 1 pum | ong.

In a study by Warheit et al. (1992), Cl:CD rats were exposed
(nose only) to ultrafine Kevlar fibrils (6 h/day) for 3 or 5 days at
concentrations ranging from 600 to 1300 fibrils/m (gravinetric
concentrations ranging from 2 to 13 ng/n?) and eval uated at O,

24, 72 and 96 h, 1 week, and 1, 3 and/or 6 nonths. Kevlar fibres
were found to be deposited at al veol ar duct bifurcations |ocated
near est the bronchiol ar-alveolar junctions. The nedian |engths and
di aneters of ultrafine Kevlar sanples in the air and in the lungs
were virtually identical imediately follow ng exposure. There was
no nor phol ogi cal evidence that fibrils had translocated to
epithelial or interstitial conpartnments, in contrast to patterns
observed with chrysotile asbestos. Fibre clearance studies
denonstrated a transient increase in the nunbers of retained
fibrils at 1 week post-exposure, with rapid clearance of fibres
thereafter. The transient increase in the nunber of fibres could
have been due to transverse cleaving of the fibres, since the
average lengths of retained fibres continued to decrease over tine.
In this respect, a progressive decrease in the nean length (12.5 to
7.5 um) and dianmeter (0.33 to 0.24 pm) of inhaled fibres was
measured over a 6-nonth post-exposure period. The percentage of
fibres longer than 15 um decreased from 30%at time O to < 5% at

6 nmont hs post-exposure (Warheit et al., in press/b).

Followi ng intratracheal instillation in rats of 25 ng "Kevl ar
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pol ymer dust" containing a | ow but undeterm ned proportion of

fibres considered to be in the respirable range (< 1.5 pmin

di aneter and between 5 and 60 umin length) in physiological saline
for 21 nonths, large particles were found in the term nal

bronchi ol es, and smaller particles with dinmensions of <5 pmwere
present in alveol ar ducts (Reinhardt, 1980).

In a study in which 5 ng of Kevlar fibres (fibre size
distribution and sanpl e preparati on net hods unspecified) was
injected intraperitoneally into Wstar rats, it was reported that
fragnents were transported through |ynphatic pathways and stored in
| ynph nodes where they caused inflammatory reactions (Brinkman &
Mil I er, 1989).

5.2.3 Polyolefins

G oups of 22 nale Fischer-344 rats were exposed nose-only
(6 h/day, 5 days/week) for 90 days to filtered air or to 15, 30 or
60 ng/ m? pol ypropyl ene fibre (99.9%purity; 12.1, 20.1 and
45.8 fibres/m, respectively, size-selected to have an average
diameter of 1.6 pm (46% < 1 pun) and an average | ength of 20.4 un).
There was a strong associ ati on between the adm ni stered
concentration, the tine of exposure and the lung fibre burden.
Al t hough the length and dianeter did not change during the study,
the authors hypot hesi zed that the segnentation of these fibres on
SEM stubs may have resulted fromchemical alteration or partial
di ssolution of sections of the fibres within the Iungs, which nade
these sections dissolve further during final processing for SEM
anal ysis. This segnmentation increased with the adm nistered
concentration and period of exposure, as well as with the period of
recovery after termnation of exposure at 90 days (Hesterberg
et al., 1992).

5.3 In vitro solubility studies

In an investigation in which the solubility of various natural
and synthetic fibres in physiological Ganble's solution (at 37 °C
or nore for 1 h to 20 weeks and 1 h to 2 weeks for closed and open
system condi ti ons, respectively; pH not specified) was determ ned by
atomi c absorption spectronetry, carbon and aramid fibres (source and
fibre-size distribution unspecified) were found to be "practically
insoluble". There was al so no evidence of alteration of the surface
during examination by SEMwi th energy dispersive spectronetry
(Larsen, 1989).

In a study by Law et al. (1990), test materials including
three polyneric organic fibre conpositions (polypropyl ene,
pol yet hyl ene and pol ycarbonate) were conpared for solubility in
physi ol ogi cal Ganble's solution (pH 7.6). The test materials were
subj ected to | eaching for 180 days in a systemthat provided a
continuous flow through sanple hol ders containing the test fibres.
After this period, the fibres were exam ned by el ectron m croscopy
for changes in surface area, total specimen weight and surface
characteristics. There was virtually no dissolution and no
significant change in surface area. There were only slight weight

gains, ranging fromO0.08 to 0.5% and no visible surface changes,
in contrast to results obtained for several man-nade mneral fibres
( MWFs) .

6. EFFECTS ON EXPERI MENTAL ANI MALS AND I N VI TRO TEST SYSTEMS
6.1 Experinental aninals
6.1.1 Introduction

There are several factors that shoul d be considered when
eval uating experinmental data on the biological effects of synthetic
organic fibres. (Several of these factors were discussed in relation
to man-made mneral fibres by WHO, 1988). Most inportantly,
synthetic organic fibres should not be considered as a single
entity, except in a very general way. There are substantial
differences in the physical and chemical properties (e.g., fibre
I engths and chenical conposition) of the fibres, and it is expected
that these would be reflected in their biological responses.
Finally, the fibres used for specific research protocols may be
altered to determ ne the biological effects in experinmental animals.
In this case, they may not represent the hazard potential in hunans
exposed to the commercial or degradati on products during the
manuf acture, processing, use and di sposal .

Not wi t hst andi ng the above comments, there are certain
characteristics of synthetic organic fibres that are inportant
determ nants of effects on biological systens. The nost inportant of
these appear to be fibre size (length, dianeter, aspect ratio,
shape), biopersistence? and durability? chenical conposition,
surface area and chem stry, electrostatic charge and nunber or nass
of fibres (dose).

a
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The term biopersistence refers to the ability of a fibre to
stay in the biological environment where it was introduced. The
termis of particular use in inhalation and intratracheal
instillation studies, because a | arge percentage of the fibres
that reach the lung are renoved by pul nonary cl earance and
relatively few are retained (persist). The length of tine
that fibres persist in the tissue is also a function of their
durability, which is directly related to their chem cal
conposi tion and physical characteristics. The term solubility,
as used here, relates to the behaviour of fibres in various
fluids. In general, the term solubility is nore appropriate
for use in in vitro than in vivo studies, because the
degradation of fibres in tissues is not only a function of
their solubility. Wile the concept of biopersistence is
i mportant, quantitative procedures for evaluation of this
paranet er have not been established.

O her considerations relate to the extrapol ati on of
experinental findings for hazard assessnent in man. It appears that
if a given fibre comes into contact with a given tissue in animals
produci ng a response, a similar biological response (qualitative)

m ght be expected in humans under the sanme conditions of exposure.
There is no evidence that the biological reaction to fibres differs
bet ween experinental aninmals and humans. However, there may be
quantitative differences between species, sone being nore sensitive
than ot hers.

There has been a great deal of debate concerning the rel evance
of various routes of exposure in experinental aninmal studies to

hazard assessnment in man (McCellan et al., 1992). The advantages
and di sadvant ages of each of these routes are discussed in the
follow ng sections. It was the consensus of the Task G oup that

the results of studies by all routes of administration should be
considered in evaluating the weight of evidence in hazard
eval uati on.

Each route cannot be discussed in detail here, but sonme general
observations can be made. Positive results in an inhalation study
on animals have inportant inplications for hazard assessnent in
man. Strong scientifically based argunments would need to be nade
agai nst the rel evance of such a finding to man. Conversely, the
lack of a response in an inhalation study does not necessarily nean
that the material is not hazardous for humans. Rats, being
obl i gate nose-breathers, have a greater filtering capacity than
humans. However, if it were denonstrated that the "target tissue"
was adequately exposed and that a biologically inportant response
was not noted, then such a result would be of value for hazard
assessnent in humans.

As discussed in the Environnental Health Criteria for Man-nmade
mneral fibres (WHO, 1988), a negative result in studies using
non- physi ol ogi cal exposure conditions (e.g., intratracheal
instillation, intrapleural injection or inplantation,
intraperitoneal injection) would suggest that a specific fibre may
not be hazardous for parenchynal lung tissue and/or the nesothelium
In contrast, a positive result in such studies should be confirmed
by further investigation in inhalation studies for a conplete
assessnent of the hazard for humans.

However, the Task G oup believes that the use of
instillation/injection studies may not necessarily be appropriate
for certain synthetic organic fibres. This recomendation is based
on the lack of, or weak response to, para-aranmd fibres seen in
three intraperitoneal studies (Pott et al., 1987, 1989; Davis,
1987), whereas a definite neoplastic response was seen in a chronic
inhal ation study (Lee et al., 1988) (see also Appendix 1). The
aut hors of these intraperitoneal studies speculated that the |ack of
response to para-aramd fibres nay be due to the ability of this

type of fibre to agglonerate and thereby reduce the actual nunber
of single fibres. These results suggested to the Task Group that a
negative result in an instillation/injection study with selected
synthetic organic fibres should not always be considered to

indi cate an absence of hazard in humans by inhal ati on exposure.

I'n vivo dissolution and translocation studies play an
important part in our understanding of the behaviour of fibres in
the lung. Such studies (Bernstein et al., in press) of
conpar ati ve biopersistence can play a part in hazard identification.

In several studies, the effects of prostheses conposed of
various synthetic organic fibres on tissues have been exam ned
(Neugebauer et al., 1981; Tayton et al., 1982; Mkisato et al.,
1984; Parsons et al., 1985; Henderson et al., 1987). These
studi es have not been reviewed here since they are not relevant to
an assessnent of the effects of inhaled synthetic organic fibres.

6.1.2 Carbon/graphite fibres

There are no adequate studies available in which the fibrogenic
or carcinogenic potential of carbon/graphite fibres have been
exam ned.
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6.1.2.1 Inhalation

I'n a subchronic inhalation study, a group of 60 male
Sprague-Dawl ey rats was exposed to pul verized carbon fibres
(20 ng/ m?; bul k product PAN-based Celion fibres with nean dianmeter
of 7 pmand 20-60 pumin | ength; aerosol not characterized), 6 h/day,
5 days/week for up to 60 weeks, and a similarly sized control group

was exposed to air alone (Onen et al., 1986). There was a slight
decrease in the rate of body weight gain in the first 4 weeks of
exposure. In the post-exposure period, however, the average body

wei ght of the exposed rats was slightly but not significantly |ess
than that of the control animals. Although there were variable
changes in the average airway resistance for inspiration, and the
respiratory rate and mnute volune of the exposed ani mals were
significantly less than those of the controls, these changes were
not considered by the authors to be related to exposure to carbon
fibres.

I'n ani mal s exposed to carbon fibres, there was a | ow grade,
di ffuse increase in al veol ar macrophages containi ng fibrous
particles in the lungs but no pulnonary fibrosis or inflamuatory
reaction. By 32 weeks post-exposure, there were only occasi onal
al veol ar macrophages containing fibres or particles scattered
t hroughout the lungs (Oaen et al., 1986). The Task G oup noted
that the lack of observed effects in the lungs may be attributable
to the fact that the administered fibres were not in the respirable
size range for the rat.

Groups of unspecified nunbers of male Crl:CDBR rats were
exposed (nose only) to aerosols of pitch- or PAN based respirable
carbon fibres at target concentrations of 50 or 100 ny/n? for
periods ranging from1l to 5 days (6 h/day) and evaluated at 0, 24
and 72 h, 10 days, and 1 and 3 nonths (Warheit et al., in
press/a). A 5-day exposure to respirable pitch-based carbon fibres
(47 or 106 ny/n?; 47 and 62 fibres/m, probably > 5 pmin
length; MVADs of 1.3 pmand 1.6 um respectively) produced
dose-dependent, transient inflammtory responses in the |ungs of
exposed rats, manifested by increased |evels of neutrophils and
conconitant significant increases in |actate dehydrogenase, protein
or al kal i ne phosphatase in bronchoal veolar fluids at early
post - exposure tine periods. These changes were reversible within
10 days after exposure. There were no significant differences in
the norphology or in vitro phagocytic capacities of nacrophages
recovered fromrats between the sham exposed control group and
those exposed to pitch-based carbon fibres. Results fromcell
| abelling studies in rats exposed to pitch-based carbon fibres for
5 days denopnstrated an increased turnover of |lung parenchynal cells
at 10 days or 1 nonth after exposure, which did not correlate with
the measures of inflammation in bronchoal veolar fluids. No
increases in turnover of terminal bronchiolar cells were neasured
at any tine post-exposure. Pignent-|aden alveol ar macrophages and
mnimal type Il epithelial cell hyperplasia were observed primarily
at the junctions of the term nal bronchioles and alveolar ducts. In
an additional group of rats used as negative controls, exposed for
6 h to PAN-based carbon fibres (dianmeter outside the respirable
range; MVAD > 4.4 unm), there were no cellular, cytotoxic or
al veol ar/capillary menbrane perneability changes at any tine
post - exposur e.

6.1.2.2 Intratracheal adm nistration

Fol | owi ng characterization of dusts from machi ned conposites
containing five graphite fibres and one fibrous glass, as described
in section 4.1.1.2 (Boatman et al., 1988), groups of five male
pat hogen-free Charles River rats received a single intratracheal
injection of 5 ng of human respirable fractions of the dusts in
sterile, pyrogen-free phosphate-buffered saline (Luchtel et al.,
1989). The graphite conposites included in the study were a
proprietary material designated as graphite-p, two graphite
materi al s manufactured from PAN, one pitch-based graphite conposite
and graphite-PAN Kevl ar. The machi ni ng operations included spindle
shapi ng (3450 or 10 000 rpm, hand routing (23 000 rpm and use of a
saber saw. The nean particle dianmeter of tested fractions was
2.7 pm with 74%being less than 3.0 pmin diameter (99.9% < 10 pm
in aerodynamic dianeter). For conparison, simlarly sized groups of
ani mal s were exposed to phosphate-buffered saline, alum nium oxide
(negative control) and quartz (positive control). No information on
the fibre content of the dust sanples was presented.

In a study by Martin et al. (1989), one of the lungs of each
rat was exanmi ned histopathol ogically one nmonth follow ng injection
and the other was | avaged to recover airway cells and fluid. For
the six conposite-epoxy materials, there was a continuum of |ung
response (froman increase in alveolar nmacrophages to fibrosis)
that fell between that observed in the positive (quartz) and
negative (non-fibrous alum nium oxide) control groups. None of the
conposite dusts induced effects that were as severe as those
observed with quartz. However, four of the dusts (fibrous glass
conposite, the two graphite materials manufactured from PAN and t he
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pi tch-based graphite conposite) produced responses (discussed bel ow)
that were nore severe than those to alum nium oxide. Anpbng the
conposite materials, the reactions for one of the PAN-based graphite
and fibrous glass conposites were the npost severe. The pitch-based
graphite and one of the PAN-based conposites caused the greatest
increase in total cells in lung | avage fluid. However, total cells
recovered in aninals treated with any of the conposite sanples did
not differ significantly fromthose for animals treated with either
NaCl or alumi niumoxide. In contrast, the quartz-treated aninmals
had ten tinmes nore |avaged cells than the NaC -treated ani mals and
five times nore than any of the aninals treated with conposite

sanpl es. There were also highly significant differences in the
types of cells present in the |lavage fluid anong the various groups,
with the sanme pitch-based graphite and one of the PAN-based
conposites producing the greatest increase in both percentage and
total nunber of |avaged neutrophils anong the conposites tested.

The percentage and the absol ute nunber of neutrophils were greater
in the quartz-treated animals than in any other group.

The aut hors noted that bolus adm nistration by intratracheal
instillation may overwhel m|ung defence nmechanisns, but felt that
these results raised the possibility that some types of conposite
dusts nay be fibrogenic in humans (Luchtel et al., 1989).

6.1.2.3 Intraperitoneal admnistration

Groups of twelve albino Wstar rats (six nale and six fenale)
were injected intraperitoneally with "carbon dust" (50 ng/kg body
wei ght) suspended in physiol ogical saline at a concentration of
10 ng/mM. Particle dianeters determ ned by el ectron m croscopy
ranged fromO0.2 to 15 pym The particle concentration in the
injected solution neasured by haenocytoneter (resolution power,

1 um) was 3.75 x 10% (reported as x 10°%) per m suspension
containing 0.5 ng of dust. At 1 and 3 nonths after administration,
there were no treatment-related lesions in tissues exan ned

hi st opat hol ogically (i.e. onentum spleen, liver and pancreas),
whereas in U |.C C. Rhodesian chrysotil e-exposed ani nal s

(12.5 ny/ kg body weight at 2.5 ng/m in physiological saline) there
were characteristic fibrotic nodules in the peritoneum (Styles &

W son, 1973). The Task Group noted that in the published account

of this study it was not clear whether the material was fibrous,
particul ate or both.

6.1.2.4 Dermal adm nistration

In a study reported by Depass (1982), four types of carbon
fibres (continuous pitch-based filanent, pitch-based carbon fibre
mat, polyacrylonitrile continuous fibres and oxidi zed PAN based
fibres) were ground and suspended in benzene (25 pl of a 10% (W v)
suspension) and applied to the clipped skin of the back of 40 nale
C3H Hed mice three tines weekly until death. No statistically
significant increases in skin tumours were observed in any of the
exposed groups conpared to controls receiving vehicle alone. The
Task Group considered this study inadequate for an eval uation due to
the lack of reporting data regarding the nature of the naterials
including the particle size and norphol ogy of the test materials.

6.1.3 Aranmid fibres
6.1.3.1 Inhalation

A summary of the design of the inhalation studies with aramd
fibrils is presented in Table 6.

Rei nhardt (1980) reported a summary of the results of an acute
and a 2-week inhalation study in rats exposed to a m xture of
paraaram d dust containing 2% el ongated particles with an aspect
ratio of at least 3:1 (fibre). Details provided in the published
account of these studies were insufficient for evaluation. In the
short-termstudy, rats (nunber and strain unspecified) were exposed
to Kevlar dust (130 ngy/n®) 4 h/day, 5 days/week, for 2 weeks.

Control rats were exposed to filtered air concurrently. Follow ng
the final exposure, half of both the test and control group animals
were sacrificed and 21 tissues exam ned histopatho |ogically. The
remaining rats were sacrificed and examned similarly following a
14-day recovery period. During exposure, test aninmals were slightly
| ess active and gained | ess weight than controls, effects which were
not observed during the recovery period. In rats exanined after the
tenth exposure, there were numerous nacrophages in the lung tissue.
At the end of the recovery period, these macrophages decreased in
nunber and forned discrete clusters, which the author interpreted as
a "non-specific response to foreign particles in the |lung"

(Rei nhardt, 1980). The Task Group noted that avail able information
presented in the published account of this study was insufficient to
deternmine the fraction of the aerosol which was respirable for the
rat.

Table 6. Inhalation studies on aranid fibres
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Fi bre type Concentrations of fibrils Si ze Exposure type Hi st opat hol ogi cal Nunber and Ref erence
distribution®d and duration eval uation strain of
(sacrifices) ani mal
Mass Nunber
(mg/ n¥) (per nl)
Par a- aram d dust 150 | ow proportion whol e body; not specified not specified Rei nhar dt
with 2% el ongat ed < 1.5 um acute, 4 h (14 day) (rat) (1980)
(fibres) 130 not specified not specified 4 h/day, 5 days/ 0 and 14 days not specified
week, 2 weeks post - exposur e (rat)
Kevl ar fibrils 0 0 (length: 53% whol e body; o0, 5 male rats/ Lee et al.
> 20 um 6 h/day, 5 days/ 2 weeks group Crl:CD (1983)
0.1 + 0.06 1.3 85% < 5 um MMAD  week, 2 weeks 3 nont hs Spr ague- Dawl ey
0.52 + 0.14 26 87% < 5 um MVAD 6 nont hs (Charles River)
3.0 £ 0.4 280 94% < 5 um MVAD (post - exposure)
18.2 + 2.8 not det erm ned 49% < 5 pm MVAD
17.6a = 4.4 not det erm ned 13% < 5 pm MVAD
Table 6 (contd).
Fi bre type Concentrations of fibrils Si ze Exposure type Hi st opat hol ogi cal Nunber and Ref erence
distribution®d and duration eval uation strain of
(sacrifices) ani mal
Mass Nunber
(mg/ n¥) (per nl)
Kevl ar fibrils 0 0 nore than 70% whol e body; 3 nont hs 100 mal e and 100 Lee et al.
0.08 + 0.04 2.4 + 0.80 by mass, <5 uym 6 h/day, 5 days/ 6 nont hs fermal e per group (1988)
0.32 + 0.08 25.5 + 9.9 MVAD week, 2 years 12 nont hs; Crl: CD( SD) BR
0.63 + 0.14 100 + 37 final sacrifice (Charl es River)
2.23 + 0.46 411b + 109 at 24 nonths (no
recovery period
after 24 nont hs)
Kevl ar fibrils 2.0-13.3 600- 1300 3.2-4.7 uym MMAD  nose only; 0 4 mal es per War hei t
CMC = 10 pum 3 or 5 days 24 h group Crl:CDBR et al.
CVMD = 0.3 pum 72 h (Charl es River) (1992)
96 h
1 week

1, 3, 6 nonths
(post - exposur e)

Commerci al Kevl ar sanpl e

Exposure was for 1 year only due to toxic response. Surviving aninals were held for an additional 1 year w thout exposure.
It should be noted that the rat can inhale into the distal airways fibres with dianeters less than 1 to 1.5 um

MVAD = mass nedi an aer odynam c di aneter

a o T o

In a short-terminhal ati on study, groups of male Sprague-Daw ey
rats (nunmber in each group unspecified) were exposed to
0, 0.1 ng/nm? (1.3 fibrils/m), 0.5 my/n? (26 fibrils/ni),
3.0 my/n? (280 fibrils/m) or 18 ng/n? (number concentration not
deter mined) of ultrafine Kevlar pulp fibrils prepared specially by
a high-pressure air inpingenent device (60-70% < 1 pumin dianeter
and between 10 and 30 umlong) for 6 h/day, 5 days/week, for 2
weeks. Another group was exposed to 18 ng/n? commercial Kevl ar
fibres (2.5 ng/m of respirable dust) for the sane period. Five
rats in each group were killed at the end of exposure and at several
periods up to 6 nonths after exposure. In aninals exposed to 0.1 or
0.5 ng/n? of the ultrafine fibres there was a macrophage response
in the alveol ar ducts and adjoining alveoli, which was al nost
conpletely reversible within 6 nonths after exposure. In rats
exposed to 3 ng/n? ultrafine fibres or 18 my/n? of the
comerci al product, there was occasi onal patchy thickening of
al veol ar ducts with dust and inflammatory cells (but no col |l agen)
6 nonths after exposure. In the group exposed to 18 ny/n
ultrafine Kevlar, there were granul omatous | esions with dust cells
in the respiratory bronchioles, alveolar ducts and adjoining alveoli
after two weeks of exposure. One nonth foll owi ng exposure, there was
patchy fibrotic thickening in the alveolar duct regions and adj acent
alveoli, as well as dust cells. The fibrotic |esions were nmarkedly
reduced in cellularity, size and nunbers from3 to 6 nonths after
exposure but contained networks of reticulumfibres with sone
collagen fibres (Lee et al., 1983). (It should be noted that there
is some discrepancy between the results presented in the published
account of this study and a sumuary of this study included in the
report of the longer-term bioassay (Lee et al., 1988 described
bel ow) .

G oups of 24 male Crl: CDBR rats were exposed (nose only) to
ultrafine Kevlar fibres (fibrils) 6 h/day for 3 or 5 days at

concentrations ranging from600 to 1300 fibres/m (gravinetric
3
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concentrations ranging from2 to 13 ng/m) and subgroups of four
rats were subsequently evaluated at 0, 24, 72 and 96 h, 1 week, and
1, 3 and/or 6 nonths post-exposure (Warheit et al., 1992; in
press/b). The authors suggested that at higher gravinetric
concentrations, there was probably an aggloneration of fibres in the
aerosols. Five-day exposures elicited a transient granulocytic
inflammatory response with an influx of neutrophils into alveol ar
regi ons and conconitant increases in bronchio-alveolar |avage fluid

| evel s of al kaline phosphatase, |actate dehydrogenase and protein,
whi ch returned to control levels at time intervals of between 1 week
and 1 nonth post-exposure. Macrophage function (as determ ned by
surface norphology and in vitro phagocytic and chenpotactic
capacities) in Kevlar-exposed al veol ar macrophages was not
significantly different fromthat of shamcontrols at any tine
interval. Increased pul monary cell |abelling was noted in termnal
bronchiolar cells imediately after exposure but values returned to
control levels one week | ater. Histopathol ogi cal exam nation of the

lungs of Kevl ar-exposed ani mals reveal ed only minor effects,
characterized by the presence of fibre-containing alveol ar
macr ophages situated primarily at the junctions of term nal
bronchi ol es and al veol ar ducts.

In the only chronic inhalation study conducted for any of the
organic fibres considered in this docunent, groups of 100 nal e and
female Crl: CD(SD)BR weanling rats were exposed to ultrafine Kevlar
fibrils at concentrations of 0, 2.4, 25.5, and 100 fibrils/m (O,
0.08, 0.31 and 0.63 ng/n?, respectively), 5 days/week for two
years (Lee et al., 1988). An additional group of 100 ani mals was
exposed according to the sane schedule to 400 fibrils/m
(2.23 nmg/n?), and, owing to toxicity, exposure was termnated at
12 nonths and the animals were followed for an additional year.
There were interimsacrifices of 10 nales and 10 fenal es per group
at 3, 6 or 12 nonths. Fibrils were separated fromthe Kevlar pulp
matri x by high-pressure air inpingenent as described above for the
study conducted by Lee et al. (1983). A summary of the effects on
the lung is presented in Table 7. At a concentration of
2.5 fibrils/m, the alveolar architecture of the |lungs was normal
with a few dust-laden macrophages in the alveol ar airspaces
(al veol ar macrophage response was consi dered by the authors to be
t he no-observed-adverse-effect level). At 25 and 100 fibrils/m,
there was a dose-related increase in lung weight, a dust cell
response, slight type Il pneunocyte hyperpl asia, alveolar
bronchi ol ari zation and a "negligi bl e" amunt of coll agenized
fibrosis in the alveol ar duct region. In addition, at 100
fibrils/m, "cystic keratinizing squanpbus cell carcinomas" (CKSCC;
tunours not observed spontaneously in this strain or in man) were
found in four fenale rats (6% but not in any nmale aninals. Female
rats al so had nore promi nent foany al veol ar macrophages, chol esterol
granul onas and al veol ar bronchiolar ization, and this was related to
the devel opnment of CKSCC. At 400 fibrils/m, 29 male and 14 femal e
rats died due to obliterative bronchiolitis resulting from dense
accunul ation of inhaled Kevlar fibrils in the ridges of alveolar
duct bifurcations during exposure for one year to 400 fibrils/m. In
the case of aninmals surviving one year post-exposure, the |lung dust
content, average fibre length and the pul nonary |esions in surviving
rats were narkedly reduced, but there were slight centriacinar
enmphysema and mininmal fibrosis in the alveol ar duct region. One nule
(1/36; 3% and six fermale (6/56; 11% rats in this experinental
group devel oped CKSCCs.

The CKSCCs devel oped between 18 and 24 nonths of age. The
investigators reported that microscopically, it was extrenely
difficult to distinguish between squanous netapl asi a and CKSCC si nce
the lung tumours were well differentiated and there was no evi dence
of either tunobur netastasis or invasion to adjacent tissue. The
tunours were, therefore, considered by the authors to be benign
neopl astic | esions which were classified as CKSCC due to the fact
that there is no benign type of squanous cell |ung tunour wi dely

accepted in humans. The investigators al so suggested that these
changes shoul d perhaps be considered as either netaplastic or

dyspl astic rather than as neoplastic lesions. In instillation
studies in rats with silica, however, CKSCCs have been described as
precursors of squanous cell carcinomas, which develop if the life
span is sufficiently long (Pott et al., in press). The Task G oup
nenbers noted that there is considerable debate concerning the

bi ol ogi cal potential of these |esions (CKSCC) and their relevance to
humans2. It was the view of the Task Group that the CKSCCs were
related to exposure to aramid and that these |lesions are part of the
neopl asti c spectrum However, the Task Goup also felt that the high
dose (400 fibres/m) exceeded the maxi mumtol erated dose. Finally,
the Task Group noted that the study was terminated at 24 nonths; a

| onger observation tinme mght have yielded a higher incidence of

t hese tunours.

6.1.3.2 Intratracheal admnistration
In the same brief account referred to in section 6.1.3.1,

Rei nhardt (1980) reported the protocol and results of a study in
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which 2.5 ng of shredded Nonmex paper in physiological saline was
instilled into the trachea of rats (nunber, strain, instillation
schedul e and nature of control group not specified). Fibre sizes
were reported to vary from2 to 100 umin length and 2-30 umin

di aneter. The lungs of groups of rats were exam ned histologically
at 2 and 7 days, 3 and 6 nonths, and at 1 and 2 years. There were
no adverse effects other than initial transitory acute inflammtion
followed by foreign body granul oma formation. These mild tissue
reacti ons becane | ess obvi ous post-exposure and the |ungs were
essentially normal w thout formation of collagenized fibrosis two
years after exposure.

a After the neeting of the | PCS Task Group an international panel
of 13 pat hol ogi sts eval uated these cystic |esions. The summary
of their evaluation and the nanes of the participants are in
Appendi x 1.

Table 7. Summary of effects on the lungs of chronic inhalation of aramid fibrils?

Exposure Mortality Lung fibrosis Keratini zed squanous Cystic keratinizing Adenonas
concentration cell netapl asia squanous cel |
(fibrils/n) car ci noma ( CKSCC) P
0 0 - - - 1/69 (1% nale
0/68 (0% female
2.5 0 - - - 1/69 (1% nale
0/ 64 (0% female
25 0 dose-rel ated increase - - 1/67 (2% male
in severity and 0/ 65 (0% fenale
i nci dence
100 0 - 0/ 68 nal e 1/68 (2% nmale
4/ 69 (6% female 3/69 (4% fenale
400 29/ 65 mal e 0/ 36 mal e 1/36 (3% nmale 2/ 36 (699 nale
14/ 70 femal e 6/ 69 (9% fenale 6/56 (11% fenale 2/56 (4% fenale

8 From Lee et al. (1988)
b See also Appendix 1

In a simlar briefly docunented study, 25 ng Kevlar in
physi ol ogical saline was instilled intratracheally into rats (nunber
and strain not specified) and control rats were adm nistered saline
alone. Animals were sacrificed 2, 7, and 49 days and 3, 6, 12 and
21 nmonths after treatment and the respiratory tract was exani ned
hi st opat hol ogically. Following instillation, particles could be
detected in lung tissue. An initial, non-specific inflamuatory
response subsided within about a week and foreign body granul onas
with mniml collagen were seen at later sacrifices. Tissue
responses decreased with increasing time post-exposure (Reinhardt,
1980) .

6.1.3.3 Intraperitoneal admnistration

In studies by Pott et al. (1987), 5-week-old fenale Wstar
rats were adm nistered 10 ng Kevlar fibres prepared by ultrasonic
treatment in three weekly intraperitoneal injections of 2, 4 and
4 ng. At the end of the study (surviving animals sacrificed
2.5 years after treatnent), 4 out of 31 animals (12.9% had tunours

(sarcomm, nesothelioma or carcinoma of the abdominal cavity). In an
addi tional study in which there was an attenpt to obtain finer
fibres and better suspension by drying, mlling and ultrasonic

treatment, 20 ng Kevlar (50% < 3.4 umin length and 50% < 0.47 pm
inwidth) in saline was injected intraperitoneally into 8-week-old
Wstar rats (5 injections of 4 ng weekly). At 28 nonths after
injection, the percentage of tunour-bearing aninals was 5.8
(prelimnary results; 34 aninals sacrificed and 18 survivors). The
aut hors commented that it was difficult to produce a honpbgeneous
suspensi on of Kevlar fibres and that, as a result, these fibres were
nore likely to be present in clunps in the peritoneal cavity than
were other dusts. In these studies, tunour incidences after
injection of 0.25 to 0.5 ng actinolite, chrysotile, crocidolite or
erionite were between 50 and 80% and, of 204 rats injected
intraperitoneally with saline alone, 5 (2.5% had nalignant tunours
in the abdom nal cavity. The Task Group noted that there were sone
di screpanci es between the reported results of this investigation and
the later study by Pott et al. (1989). Mreover, it was unclear
whet her these references refer to the sane or different studies.

In a subsequent report by Pott et al. (1989), in which both
the fibre size distribution (90% of the fibre dianeters in the
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adm nistered material were < 0.76 pm and 50% of fibre |engths
were > 4.9 pymand 90% were < 12 pum) and nunber of fibres were
characterized, there was no significant increase in peritoneal
tunours. There were tumours in 3 out of 53 (5.7% fenale Wstar
rats conpared to 2 out of 102 (2% in the controls at 130 weeks
follow ng intraperitoneal adm nistration of 4 weekly doses of 5 ng
of mlled bulk Kevlar (total dose, 20 ng). The nunber of Kevlar
fibres adninistered was 1260 x 10%. In contrast, follow ng

adm nistration of a nmuch snaller total dose of U CC chrysotile

(0.25 nmg, 202 x 10% fibres), tunour incidence was 68% (Pott et
al ., 1989).

Based on an exami nation of two animals fromthe study of Pott
et al. (1989), Brinkman & Miller (1989) described the follow ng
stages of events following intraperitoneal injection of 5 ng of
Kevl ar fibres (fibre size distribution or sanple preparation nmethods
not specified) suspended in 1 nl physiological saline injected into
8-week-old Wstar rats at weekly intervals for 4 weeks. At 28 nonths
after the first injection, the rats were sacrificed and the greater
omentum wi th pancreas and adhering | ynph nodes were renoved and
exam ned histologically by light and scanning el ectron m croscopy.
In an initial stage, there were nultinucleated giant cells with
phagocytosis of the Kevlar fibres and an inflammatory reaction. In a
second stage, granulonas with central necrosis devel oped indicating
the cytotoxic nature of the fibres. A third stage was characterized
by "mesenchynal activation with capsular structures of collagenous
fibres as well as a slight subnmesothelial fibrosis". Finally, the
reactive granul omatous changes in the greater onentumof the rats
wer e acconpani ed by proliferative nesothelial changes which, in one
of the two aninals exami ned, |led to nmesothelioma. The authors
comented that the reaction to Kevlar in the intraperitoneal test
resenbl ed the well-studied reaction to simlar injections of glass
or asbestos fibres. It was also noted that, as in the case of
mneral fibres, fragments of Kevlar fibres were transported through
| ymphati c pat hways and stored in | ynph nodes where they caused
inflammatory reactions.

In a study in which 25 ng of Kevlar (fibre size distribution
unspeci fied) were adm nistered intraperitoneally to Sprague-Daw ey
rats (20 of each sex), there were no peritoneal nesotheliomas at
termnation (104 weeks) (Maltoni & Mnardi, 1989). In an additional
study by the sanme investigators, there were no peritoneal
nmesot hel i omas at 76 weeks in simlarly sized groups of rats of the
sanme strain follow ng intraperitoneal administration of 1, 5 or 10
nmg Kevlar fibres (fibre size distribution unspecified) (Maltoni &
M nardi, 1989).

Doses of either 0.25, 2.5 or 25 ng of Kevlar pulp vigorously
di saggregated by a turreted tissue honogeni zer (96% w th dianeters
<1 pum 56%wth dianmeters < 0.25 pm) were admini stered by single
intraperitoneal injection in phosphate buffered saline to three
groups of 3-nobnth-old nmale AF/ Han strain rats conprising 48, 32 and
32 aninals, respectively (Davis, 1987). An additional group of 12
animals was injected with 25 ng of di saggregated Kevlar pul p and
killed at intervals of between 1 week and 9 nonths after injection
to exam ne the early histopathol ogical reaction. A group of 48
untreated rats was maintained as a control. The authors conmmented
that it was not possible to report the fibre length distribution or
fibre nunmber concentration since it was often not possible to
det erm ne whet her disaggregated fibrils were still attached or

sinply tangled with the larger fibres in the material prepared for
injection. Al though the nunber of separate free fibrils greatly
exceeded that of the larger fibres present, the latter nost probably
made up the bulk (by mass) of the injected material. Consequently,
the nunber of fibrils per unit nmass injected that were within the
size range normally considered to be nost potent in the induction of
nmesot hel i oma was much | ower than for npbst asbestos or nman- made
mneral fibre preparations exanmined to date. (The dust generation
techni que used in the studies of Lee et al. (1983, 1988) produced
a nmuch finer preparation than was used in the current study).

There were no significant differences in survival between the
exposed and control groups. The cellular reaction to injected
Kevl ar was considered to be vigorous w th devel opnent of |arge
cel lul ar granul omas. Although not a significant increase, 2 out of
32 animals in the highest dose group (25 ng) devel oped peritoneal
mesot hel i omas and it was concluded that the Kevlar preparation
possessed a | ow but definite carcinogenic potential (Davis, 1987).

6.1.4 Polyolefin fibres

There are no adequate studies in which the fibrogenic or
carci nogeni ¢ potential of polyolefin fibres have been exani ned.

6.1.4.1 Inhalation

In a study by Hesterberg et al. (1992), groups of 22 nale
Fi scher-344 rats were exposed nose-only (6 h/day, 5 days/week for 90
3
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days) to filtered air or to 15, 30 or 60 ng/m pol ypropyl ene

fibre (99.9%purity; 12.1, 20.1 and 45.8 fibres/nm, respectively,
size-sel ected to have an average diameter of 1.6 um (46% < 1 pm
and an average length of 20.4 um). No abnormal clinical signs were
observed in any exposure group. There were no statistically
significant changes in body or |lung weight or excess nortality as
conpared to the control. Necropsy and hi stopat hol ogi cal

i nvestigations were perfornmed on subgroups of 6 to 10 rats randonly
sel ected fromeach group i medi ately after 30 and 90 days of
exposure and 30 days after the 90-day exposure was term nated. At
all tine points in the study there were dose- and durati on-dependent
changes in the lungs characterized by increased cellularity and
early bronchiolitis but no deposition of collagen. These cellular
changes appeared to be reversible at the | ower dose |evels 30 days
post - exposure. There was a strong associ ati on between the

adm ni stered concentration, the tinme of exposure and the lung fibre
bur den.

6.1.4.2 Intratracheal adm nistration

In a study (summary report) by MB. Research Laboratories
(1980), single doses (unspecified) of ozonized (i.e. charge
neutralized) "polyethyl ene SHFF", ozonized "pol ypropyl ene SHFF" or

"HHF pol ypropyl ene" (source and fibre size distribution

unspeci fied) were adm nistered by intratracheal insufflation in
Tween 60 to groups of 40 nale Long-Evans rats. No effects on the
lung were reported, but the Task G oup considered that the data
presented in this report were insufficient for evaluation.

6.1.4.3 Intraperitoneal adm nistration

G oups of 12 Wstar rats (Alderley Park strain; 6 nale and 6
female) were injected intraperitoneally with a single dose of
50 nog/kg (5 m; 10 ng/nm) of either polyethylene ("Al kathene") or
pol ypropyl ene dusts in physiological saline (Styles & Wlson, 1973).
Particle dianeters determ ned by electron mcroscopy were 3 to
75 pm (pol yethyl ene) and 4 to 50 pum (pol ypropylene). Particle
concentrations in the injected solution neasured by haenbcyto neter
(resolution power, 1 pm) in 1 nl suspensions containing 0.5 ng of
dust were 2.38 x 10% (reported as x 108 for pol yethyl ene and
1.94 x 10° (also reported as x 10°% for pol ypropyl ene. At 1
and 3 nonths, animals were sacrificed and the omentum spleen, liver
and pancreas exam ned histopathologically. No treatnent-related
| esi ons were observed, whereas in U.|l.C. C. Rhodesian
chrysotil e-exposed aninmals (12.5 ng/ kg body weight at 2.5 ng/nml in
physi ol ogi cal saline) there were characteristic fibrotic nodul es
(Styles & Wlson, 1973). It was not clear to the Task G oup
whet her this material was fibrous, particulate or both.

No significant increase in peritoneal tunours was observed in
one intraperitoneal study, reported by Pott et al. (1987, 1989),
where 10 ng of pol ypropylene fibres (50%< 7.4 pmin length and
50% < 1.1 pmin diameter) in saline was injected intraperitoneally
into 8-week-old Wstar rats once a week for 5 weeks (total, 50 ng).
At 28 nonths after injection, 4% (2 out of 51) of the animals had
tunmours (sarconmm, nesothelioma or carcinoma of the abdom nal
cavity) (Pott et al., 1989). |In other studies, tunmour incidences
after injection of 0.25 to 0.5 ng actinolite, chrysotile,
crocidolite or erionite were between 50 and 80% 2 out of 102 rats
injected intraperitoneally with saline alone had nalignant tunours
in the abdomi nal cavity (Pott et al., 1987, 1989). The Task G oup
noted that there were sone discrepancies between the reported
results of this investigation and the later study by Pott et al.
(1989). Moreover, it was not clear whether these references
referred to the same or different studies.

6.2 In vitro studies

In vitro short-termstudies, e.g., cytotoxicity,
cytogenicity, and cell transformation studies, contribute to an
under st andi ng of the nechanisns of action of fibres. The results
of such studies are wuseful in the overall assessnent of fibre
toxicity, but should not be wused alone for hazard assessnent.

However, it should be noted that there are no known negative
controls for in vitro studies with fibrous materials.

6.2.1 Carbon fibres

Martin et al. (1989) evaluated the in vitro effects of a
series of five graphite fibre conposite naterials machi ned by
various operations (as characterized by Boatman et al. (1988) and
described in section 4.1.1.2) in rabbit alveol ar nmacrophages by
trypan bl ue exclusion, release of 3'Cr from prel abelled
macr ophages and phagocytosis as neasured by |ight mcroscopy. The
Task Group noted that it was not clear in the report whether this
material was fibrous, particulate or both. Approximtely 74% and
99.9% of the particles in each sanple were |ess than 3.0 um and
10 umin aerodynam c di aneter, respectively. For conparison, a
fibreglass conposite material, alum nium oxide (negative control)

http://www.inchem.org/documents/ehc/ehc/ehc151.htm Page 29 of 44


http://www.inchem.org/documents/ehc/ehc/ehc151.htm

Selected synthetic organic fibres (EHC 151, 1993) 12/23/05 6:20 PM

and al pha quartz (positive control) were also tested. Follow ng
adm nistration of 500 pg/m, two of the sanples ("graphite-PAN with
epoxy and aromatic amine curing agent with geonetric nean particle
di anmeter of 1.8 pnt and "graphite-pitch with epoxy and aronatic

am ne curing agent with geonetric nean particle dianmeter of 1.6 uni)
were consistently the npbst cytotoxic producing the greatest rel ease
of 5lCr fromlabelled al veol ar macrophages and the greatest
reduction in viability based on trypan blue exclusion. The
cytotoxicity of "fibreglass with epoxy and ami ne curing agent with
geonetric nean particle dianeter of 2.6 unt' and "graphite-PAN with
epoxy and am ne curing agent with geonetric nean particle dianeter
of 1.1 punt' was simlar to that of the negative control (alum nium
oxide). The cytotoxicity of "graphite-p with nonepoxy

pol yet her ket one thernopl astic with geonmetric nean particle dianeter
of 1.6 unt' and "graphite-PAN Kevl ar wi th epoxy and ami ne curing
agent with geonetric nean particle dianmeter of 1.9 pnl was

internedi ate.

In studies conducted by Styles & Wlson (1973), "carbon dust"
was not considered cytotoxic in rat alveolar and peritoneal
macr ophages. Less than 2% of peritoneal nacrophages and 5% of
al veol ar nmacrophages were killed foll owi ng phagocytosis of carbon
dust with particle dianeters determ ned by el ectron mcroscopy to
range from2 to 15 pym Particle concentrati ons neasured by
haenocyt oneter (resolution power, 1 pun) in 1-nl suspensions
containing 0.5 ng of dust were 3.75 x 108 (reported as x 10°6).
Cell cultures were incubated for 2 h with an unspecified volune of a
st ock suspension containing 150 ng of dust per m in (BSS); sanples
were taken at 0, 1, and 2 h after the addition of the dust (Styles &
Wl son, 1973).

"Acetone reconstituted benzene extracts" of two carbon fibre
types (pitch-based and PAN-based carbon fibres) were tested in a
series of genotoxicity assays (US EPA, 1988). The test materials
were not mnutagenic but were weakly clastogenic. The Task G oup

considered that these studies are of little or no value for an
eval uation since no informati on was presented concerning the nature
of the test substances.

6.2.2 Aramid fibres

Aqueous sol utions containing 25, 50, 100 and 250 pg/m  Kevl ar,
extracted from comrerci al grade Kevlar by dispersion and settling
indistilled water (90% < 5 pmin length and 0.25 umin di aneter;
average |l ength and dianeter, 2.72 and 0.138 um respectively), were
cytotoxic to pul nonary al veol ar macrophages obtained fromadult nale
Long- Evans bl ack hooded rats, based on determ nation of |eakage of
cytoplasmc |actic dehydrogenase, |ysosomal enzynes,
bet a- gal act osi dase, and ATP content (incubation tine, 18 h). The
cytotoxic response in freshly harvested and cultured cells was
considered to be simlar to or greater than that for U CC B Canadi an
chrysotile (Dunnigan et al., 1984). The Task G oup noted that due
to their short length, these fibres would not be included in fibre
counts in the occupational setting, according to WHO criteria (WHQ,
1985).

6.2.3 Polyolefin fibres

I'n studies conducted by Styles & WIlson (1973), polyethyl ene
(" Al kat hene") and pol ypropyl ene were consi dered, on the basis of
cytotoxicity in rat alveolar and peritoneal nmacrophages, to be
anmong the | east toxic of various dusts. Less than 2% of peritoneal
macr ophages and 5% of al veol ar macrophages were killed follow ng
phagocyt osi s of pol yethyl ene and pol ypropyl ene with particle
di aneters determ ned by electron microscopy to range from3 to
75 pmand 4 to 50 um respectively. The Task Group noted that it
was not clear in the report whether this material was fibrous,
particulate or both. Particle concentrations neasured by
haenocytoneter (resolution limt, 1 punm) in 1 nl suspensions
containing 0.5 ny of dust were 2.38 x 10% (reported as x 10°9)
and 1.94 x 10% (reported as x 10°6). Cell cultures were
incubated for 2 h with an unspecified volunme of a stock suspension
containing 150 ng of dust per m in BSS; sanples were taken at 0, 1,
and 2 h after the addition of the dust (Styles & WIlson, 1973).

Extracts fromthree different types of polyethylene granul es
(each with and without additives) and three pol yethylene filns
(high content of additives) were not nutagenic in Sal nonella

typhi nurium strai ns TA98, TA100 and TA1537 (Fevol den & Moller,
1978). Information included in the published account of this study
(limted to an abstract) was insufficient for evaluation.

7. EFFECTS ON HUMANS

The data available on the health effects of synthetic organic
fibres in humans are extrenely linmted. |Information is currently
limted to case reports and snall cross-sectional norbidity studies
of workers, w thout standardi zed net hods and appropriate control
groups. The negative results of some of these studies are nost
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likely a function of their linmted power to detect an effect, since
only relatively small groups of workers with relatively |ow and
short exposures have been examined to date. On the other hand,
positive results reported fromstudies with possibly higher
exposures are poorly docunented and observed effects may be due, in
part, to other substances present in the occupational environment.

7.1 Carbon/graphite fibres

In a cross-sectional study of 88 out of 110 workers in a
PAN- based continuous filament carbon fibre production facility,
there were no adverse respiratory effects, as assessed by
radi ographic and spironmetric exam nation (for determ nation of FEVL
and FVC) and the replies to questionnaires on respiratory synptons.
Total dust concentrations were 0.08 to 0.39 my/n?, with 40% bei ng
in the respirable range. Only 31 of the workers exani ned, however,
had been enployed for nore than 5 years in the facility in which
carbon fibre production began in 1972 (Jones et al., 1982). The
Task Group considered that the short duration of exposure in this
study was insufficient for a reliable assessnent of the potenti al
health effects of these fibres.

Troitskaya (1988) reported that in a popul ation of 327
exam ned workers in a PAN-based carbon fibre production facility,
67.9% had pharyngitis or rhinopharyngitis, 34%reported bronchitis

and 39.6% had dermal effects. |In addition to carbon fibres, workers
wer e exposed to other substances such as ammonia, acrylonitrile and
"carbon oxides". It was not possible for the Task Group to assess

the validity of these results based on data provided in the
publ i shed account of the study.

Cases of dermatitis in two workers were reported during a
clean-up operation at the site of an aircraft crash where carbon
fibres were detected at concentrations of up to 7 fibres/nm.

Addi tional details on the nonitoring nethods used in this study are
presented in section 4.2 (Form sano, 1989).

7.2 Aramd fibres

There was no change in diffusing capacity in workers (n = 167)
involved in polyester fibre processing, for which exposures to
para-aram d fibres and sul fur dioxide were "l ow', when conpared to
those in a non-exposed control group (n = 142) (Pal et al.,

1990). The Task Group noted that no firm conclusions could be drawn

on the basis of this study due to the lack of an appropriate
control group.

Rei nhardt (1980) briefly reported the results of patch testing
of panels of human volunteers to assess skin irritancy and
sensitization. In these studies, which involved nore than 100
individuals, there was no skin sensitization but sone nininml skin
irritation follow ng dermal contact with Kevlar or Nomex fabrics
(Reinhardt, 1980). It was reported that because these fibres,
especially Kevlar, are stiff, there is a potential for causing
abrasive skin irritation under restrictive contact.

8. EVALUATI ON OF HUVAN HEALTH RI SKS
8.1 Exposure

Many factors determ ne the exposure |evels and airborne fibre
characteristics for the synthetic organic fibres considered in this
docunent. Most inportant anmpng these factors are: (1) the nomi nal
di ameter of the parent fibre and distribution about this noninal
di aneter; and (2) the tendency of sone fibre types to formsnaller
dianeter fibres or to liberate snaller dianeter fibrils during
processing. Fibres of concern for deposition in the bronchoal veol ar
region in hunans are those |l ess than approximately 3 umin
dianeter. Linmted data are available concerning the fraction of
fibres smaller than 3 umin dianmeter for nost synthetic organic
fibrous products, although nomnal fibre dianmeters are reported to
be generally greater than 5 ym Para-aranid fibres have fine-curled
fibrils of less than 1 umin diameter which can break off during
processing. Sone polyolefin fibres are produced which al so have
nomi nal dianeters of 0.1-2 ym Al though carbon and graphite fibres
normal |y have nominal dianmeters greater than 5 um some data suggest
that diameters are reduced during incineration or other burning such
as might occur after an aircraft crash.

Only linmted data are avail abl e concerni ng occupati onal
exposures to synthetic organic fibres and virtually no data are
avail able with respect to environnmental fate, distribution and
general popul ati on exposures. Sanpling and anal ytical methods used
for neasuring synthetic organic fibre exposures are those normally
used for asbestos and man-made mineral fibres. Although these
net hods may be suitable, little nmethod validation has taken place
for synthetic organic fibres.

Cccupat i onal exposure data sunmmarized in section 4.1 generally
denonstrate | owlevel fibre exposures in fibre production
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facilities. Exposure levels in carbon fibre production are reported
to be generally less than 0.1 fibres/m, although |evels of
approximately 0.3 fibres/m have been recorded. Exposure levels in
facilities producing para-aram d fibres typically are less than

0.1 fibres/m, although levels of over 2 fibres/m have been
neasur ed during subsequent processing. Spinning and weaving of
para-aram d staple yarns produces hi gher exposures (average 0.18 to
0.55 fibres/m). Exposure levels in polypropylene fibre production
and use are generally less than 0.1 fibres/m, although |evels of
0.5 fibres/m have been reported. Virtually no data exist for
secondary fibre uses and applications. Several exposure studies
have reported levels in nmy/n®. Wiile these data may be useful in
overal |l evaluation of total dust exposures in the workplace,
gravinetric determ nations of airborne dust |evels are of very
limted value with respect to assessnment of organic fibre
exposures.

Wil e airborne synthetic organic fibre concentrations for fibre
types considered in this docunent are generally |ower than
0.5 fibres/m in the occupational environnent, primarily in
production, the possibility for higher exposures in different
applications and uses exists, particularly for those operations that
vigorously disturb fibres and the fibre matrix. Additionally,
applications may invol ve exposures to other hazardous substances in
t he workpl ace.

8.2 Health effects

The potential adverse effects for humans frominhal ati on
exposure to synthetic organic fibres are the devel opment of
nmal i gnant and non-nalignant respiratory di seases. Concern for
these effects is based on the health evidence derived from exposure
to other respirable and durable fibrous materials. Oher effects of
concern include contact dermatitis and skin irritation from dernal
exposures.

There is limted infornmation on the health effects of synthetic
organic fibres in humans. The information that does exist is
consi dered i nadequate for assessnment because of nunerous
shortcomings including the inability to evaluate chronic effects
due to the relative short period (20 years) that the fibres under
revi ew have been in production and use. However, there is some
suggestive evidence that exposure to carbon and aram d fibres can
cause contact dermatitis and skin irritation.

Toxi col ogi cal data on carbon fibres and polyolefins fibres are
also limted. The available aninal data on acute and short-term
i nhal ati on exposures to carbon and pol ypropyl ene fibres indicate
mnimal respiratory systemtoxicity. |Information on the chronic
and carcinogenic effects of these fibres via inhalation is
unavai | abl e. However, the lack of appropriate animal data does not
reduce the concern for potential health effects associated with
| ong-term exposures to these fibres.

The avail abl e ani mal studies on exposure to respirable
para-aramd fibrils indicate that acute and short-terminhal ation
exposures at concentrations as high as 1300 fibres/m induce
m ni mal pul nobnary toxicity in rats. However, the results of the
only chronic inhalation study indicate that respirable para-aramd
fibres caused lung fibrosis (> 25 fibres/m) and |ung neopl asns
(> 100 fibres/m) in the rat. On the basis of linmted available
data, a potential for fibrogenic and carcinogenic effects nay exist
from exposure to these synthetic organic fibres in the occupational
environment. The potential health risk associated with exposure to
these synthetic organic fibres in the general environnent is unknown
at this tinme, but is likely to be very |ow

9. CONCLUSI ONS AND RECOMMVENDATI ONS FOR PROTECTI ON OF
HUMAN HEALTH

The data reviewed in this report support the conclusion that
respirabl e, durable organic fibres are of potential health concern.
The follow ng actions are suggested for protection of human heal th.

1. To the maxi mum extent possible, the organic fibres that are
produced should be non-inspirable or at |east
non-respirable. Respirable fibres should not be produced by
splitting or abrading during subsequent processing, use and
di sposal .

2. If small-diameter respirable fibres are necessary for specific
products or applications, these fibres should not be
bi opersi stent or exhibit other toxic effects.

3. Al fibres that are respirable and biopersistent nust
undergo testing for toxicity and carcinogenicity. Exposures to
these fibres should be controlled to the sanme degree as that
required for asbestos until data supporting a | esser degree of
control become available. The avail able data suggest that
para-aramid fibres fall within this category. Furthernore,
other respirable organic fibres should be considered to fall
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within this category until data indicating a | esser degree of
hazard becone avail abl e.

4. Popul ations potentially exposed to respirable organic fibres
shoul d have their exposure nonitored in order to eval uate
exposure |l evels and the possible need for additional control
neasures.

5. Popul ations identified as being those npbst exposed to
respirable organic fibres should be enrolled in preventive
medi ci ne programmes that focus on the respiratory system These
data shoul d be reviewed periodically for any early signs of
adverse health effects.

10. FURTHER RESEARCH
10.1 Sanpling and anal ytical nethods

Sanpling and anal ytical methods for synthetic organic fibres
have generally been adapted from nethods that have been used for
asbestos. These include the use of nmenbrane filter sanples with
anal yses by phase contrast optical mcroscopy or limted use of
scanning and transm ssion el ectron mcroscopy. Further validation
of these nmethods for synthetic organic fibres is necessary, wth
particular attention to: (1) possible effects of high electrostatic
charges of organic fibres on sanpling and analysis; (2) effects of
sanpl e preparation on the integrity of fibres; and (3) conbined
effects of fibre size and refractive index on visibility of organic
fibres under phase contrast microscopy. These paraneters could
introduce a negative bias in air sanple results.

In addition, nmethods for sanpling and analysis of synthetic
organic fibres in biological tissues need further devel opnent and
eval uati on.

10.2 Exposure neasurenent and characterization

Much nmore information is needed relative to | evels and
characteristics of exposure in plants producing and using synthetic
organic fibres. Conplete size distributions, with special attention
to those fibres less than approximately 3 umin dianeter, are
needed for synthetic organic fibres. Wile sone data are avail able
for the fibre-producing industries, very little infornation
concerning respirable fibre exposure is available in industries
using or applying these fibres.

I nformati on concerning environmental releases of synthetic
organic fibres or fibre concentrations in environmental nedia is
also very limted. Data need to be collected concerning the
environnental fate and distribution of these materials and
resul tant non-occupational exposures.

10.3 Human epi demi ol ogy

No reliable data exist concerning chronic effects of synthetic
organic fibre exposures. Milti-centre studies are needed in order
to devel op adequately sized cohorts for epideni ol ogical studies.

Bot h cross-sectional and |ongitudinal studies of respiratory
norbidity, cancer nortality, and cancer incidence are needed.

10.4 Toxicol ogy studies

Wth the exception of para-aramd fibres and fibrils, no
adequate toxicity data are available for other synthetic organic
fibres. These data are badly needed. Enphasis nust be placed on

chronic inhalation studies using respirable fibres of these
materials. These studies nust use fibre sizes which are respirable
in the aninal species being used and at |evels which are at or near
the maxi mum tol erated doses. They should include studies of tissue
burden in order to confirmthe expected tissue doses. A nmuch better
under st andi ng of those characteristics of synthetic organic fibres
(e.g., particle charge, aggloneration) that could effect deposition
i s needed

More data are needed concerning the biopersistence of
synthetic organic fibres. The critical period of lung residence
necessary for devel opnent of adverse health effects remains to be
determ ned. Better test materials for neasuring biopersistence are
needed.
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APPENDI X 1. SUMVARY OF PATHOLOGY WORKSHOP ON THE LUNG
EFFECTS OF PARA- ARAM D FI BRI LS AND Tl TANI UM
DI OXI DE
(5-6 COctober 1992)

An international panel of 13 pathol ogists net to evaluate the
cystic lesion observed in the lungs of rats in chronic inhalation
studies with Kevlarl aramid fibrils (Lee et al., 1988) and
titaniumdioxide particles (Lee et al., 1985). Slides
representative of the entire spectrumof cystic keratinizing |esions
observed in these studies were sent to each of these pathol ogists
prior to the neeting.

The pathol ogi sts agreed that the nost appropriate norphol ogic
diagnosis is Proliferative Keratin Cyst (PKC). The lesion is a cyst
lined by a well-differentiated stratified squanous epithelium and
with a central keratin mass. G owh appears to have occurred by
keratin accunul ati on and by peripheral extension into the alveolar
spaces. The lesion is sharply demarcated except in those areas in
whi ch there has been extension into adjacent alveoli. The squanpus
epitheliumhas few mtotic figures and dysplasia is absent.

Al participants agreed that the lesion is not a nalignant
neopl asm The majority was of the opinion that the lesion is not
neoplastic. A mnority considered that the lesion is probably a
beni gn tunmour. The participants had not seen a similar lung |esion
in humans.

Mor phol ogi c features of the cystic lesion that were used to
excl ude malignancy were the |lack of invasion of the pleura, blood
vessel s or the nediastinumas well as the absence of dysplasia and
the paucity of mitotic figures.

1 Kevlar is registered trademark of the DuPont Conpany for its

para-aramd fibre.

PARTI Cl PANTS | N PATHOLOGY WORKSHOP ON THE LUNG EFFECTS
OF PARA- ARAM D FI BRI LS AND TI TANI UM DI OXI DE
(5-6 COctober 1992)

Partici pants

Dr M Brocknann, Institut fur Pathol ogie, Universitatsklinik
"Bergmann's Heil", Bochum Germany

Dr WW Carlton, Department of Veterinary Pathobiol ogy, School of
Vet eri nary Medi cine, Purdue University, West Lafayette, |ndiana,
USA

Dr J.MG Davis, Institute of Occupational Medicine, Edinburgh,
Uni ted Ki ngdom

Dr V.J. Feron, T.N. O Toxicology and Nutrition Institute, Zeist,
Net her | ands

Dr M Kuschner, Pathol ogy Departnent, SUNY at Stonybrook Heal th
Sci ence Center, Stonybrook, New York, USA

Dr K P. Lee, Haskell Laboratory, E.l. du Pont de Nenours & Conpany,
Haskel | Laboratory for Toxicology and | ndustrial Medicine,
Newar k, Del aware, USA

Dr L.S. Levy, Institute of Cccupational Health, University of
Bi r mi ngham Birm ngham United Ki ngdom (Chairnan)

Dr E. McCaughey, Canadi an Reference Center for Cancer Pathol ogy,
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Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina, USA

Dr K. N kula, Inhalation Toxicology Research Institute,
Al buquer que, New Mexi co, USA

Dr R Renne, Batelle Pacific Northwest, Richland, Washington, USA

Dr M Schultz, Institut fur Pathol ogi e, Bezirkskrankenhaus
Magdebur g, Magdeburg, Germany

Dr V.S. Turusov, Cancer Research Center, Russian Acadeny of Medical
Sci ences, Mscow, Russia
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oservers
Dr C. L.J. Braun, Akzo NV, Arnhem Netherl ands

Dr R C. Brown, MRC Toxicology Unit, Medical Research Council
Laboratories, Carshalton, Surrey, United Ki ngdom

Dr SR Frane, E.l. du Pont de Nenpburs & Conpany, Haskell
Laboratory for Toxicol ogy and | ndustrial Medicine, Newark,
Del awar e, USA

Dr N F. Johnson, Inhalation Toxicol ogy Research Institute,
Al buquer que, New Mexi co, USA

Dr G L. Kennedy, Jr, E.l. du Pont de Nenours & Conpany, Haskell
Laboratory for Toxicol ogy and Industrial Medicine, Newark,
Del awar e, USA

Dr EA Merriman, E. I. du Pont de Nenoburs & Conpany, W/ m ngton,
Del awar e, USA

Dr C.F. Reinhardt, E.|. du Pont de Nenpurs & Conpany, Haskel l
Laboratory for Toxicology and Industrial Medicine, Newark,
Del awar e, USA

Dr J. W Rothuizen, Rothuizen Consulting, En Thiéré, Genolier,
Swi t zerl and

Dr O von Susani, Du Pont International SA, G and-Saconnex, Ceneva,
Swi tzerl and

Dr D.B. Warheit, E.l. du Pont de Nenours & Conpany, Haskell
Laboratory for Toxicol ogy and I ndustrial Medicine, Newark,
Del awar e, USA

RESUME

1. ldentité, propriétés physiques et chim ques

Les fibres de carbone/graphite sont des filanments de carbone
produits par traitement a haute tenpérature de |'une ou |'autre des
trois mati éres preni éres suivantes: rayonne (cellul ose régénérée),
brai s de goudron, de houille ou de pétrole, or encore polyacrylo
nitrile (PAN). Le dianmetre nomi nal des fibres de carbone varie de 5
a 15 uym Les fibres de carbone sont flexibles; elles conduisent
|"électricité et la chaleur et les vari étés a haute perfornmance sont
dot ées d' un nodul e de Young élevé (coefficient d' élasticité qui
mesure | a souplesse ou la rigidité d un matériau) et d une forte
résistance a la traction. Elles sont résistantes a la corrosion,
| égéres, réfringentes et chimquenent inertes (sauf a |'oxydation).
En outre, elles sont tres stables a la traction, possédent un faible
coefficient de dilatation thermque et une faible densité et sont

tres résistantes a | ' abrasion et a |'usure.

Les fibres arani des sont préparées par réaction de di am nes
aromati ques sur des dichlorures d' aci des aronati ques. On |les produit
sous la forme de filanents continus, de fibres discontinues et de
pul pe. Il existe deux types principaux de fibres aranides, |e para-
et le néta-arami de, qui ont toutes deux un dianetre nom nal de 12 a
15 pym Les fibres para-aram des sont parfois nunies de fibrilles
finement recourbées et enchevétrées qui se situent dans |a gamme des
particules respirables (< 1 pmde diametre) sur la surface de |la
fibre centrale. Ces fibrilles peuvent se détacher par abrasion lors
de la fabrication ou de |"utilisation des fibres et étre suspendus
dans |'atnobsphere. En général, les fibres aram des présentent une
résistance a la traction noyenne a treées él evée, une résistance a
I "all ongenent noyenne et un nodul e de Young npbyen a trés él evé.
Elles résistent a la chal eur, aux produits chimques et a
| " abrasion.

Les fibres pol yol éfini ques sont constituées de pol yneres a

| ongue chaine conposés d' au noins 85% en poids d' unités d' éthyléne,
de propyl éne et d' autres ol éfines; le polyéthyléne et le
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pol ypropyl éne sont utilisés dans |e comerce. A part pour certains
types comme |les microfibres, le dianetre nonminal de |la plupart des
fibres de polyol éfine est suffisament inportant pour que trés peu
d' entre elles se situent dans la limte des particul es respirables

Les pol yol éfines sont tres hydrophobes et chiniquenent inertes
Leur résistance a la traction est beaucoup plus faible que celle des
fibres de carbone ou des fibres d arami de et elles sont relativenent
i nfl ammabl es, avec un point de fusion situé entre 100 et 200 °C.

Les méthodes qui ont été mises au point pour |e conptage des
fibres mnérales sont utilisées en hygiéne industrielle pour la
surveillance des fibres organi ques synthétiques. Toutefois |a val eur
de ces néthodes n'a pas été vérifiée dans ce cas. Des facteurs
tenant aux propriétés électrostatiques, a la solubilité dans la

préparation des échantillons et a |'indice de réfracti on peuvent
poser des probl énes lorsqu' on a recours a ces neéthodes

2. Sources d'exposition hunai ne et environnenental e

On estine que la production nondiale de fibres de carbone et de
graphite a dépassé 4000 tonnes en 1984. En ce qui concerne les
fibres aramides, elle était supérieure a 30 000 tonnes en 1989 et la
production de fibres polyol éfiniques dépassait |es 182 000 tonnes
pour les seuls Etats-Unis d' Amérique. Les fibres de carbone et
d' arami de sont utilisées principal erent pour la fabrication de
mat éri aux conposites dont |les industries aérospatiales, mlitaires
et autres ont besoin pour anéliorer la résistance, larigidité, la
durabilité et la conductivité électrique ou |la tenue a |la chal eur de
certains élénents. Les fibres polyol éfiniques sont surtout utilisées
dans |'industrie textile

Des cas d' exposition aux fibres organi ques synthétiques sur |es
lieux de travail ont été rapportés. Ces fibres peuvent pénétrer dans
|"environnenent lors de |la production, de la transformation ou de la
conbustion des matériaux conposites ou lors de |leur mise au rebut
On ne dispose que de treés peu de données sur les rejets effectifs de
ces produits dans |'environnenent

Les données dont on di spose sur le transport, la distribution
et la transformati on des fibres organi ques dans |'environnenent se
limtent a |'identification des produits résultant de
I"incinération, par |les services nunicipaux, des déchets de
mat éri aux conposites a base de fibres de carbone et des produits de
pyrolyse des fibres de carbone et des fibres aranides. Des
expériences au cours desquelles on a sinulé | a conbustion dans des
incinérateurs munici paux ont perm s de constater qu'il y avait
réduction du diametre et de la | ongueur des fibres de carbone. La
déconposi tion pyrol ytique de fibres de carbone et d' aram de produit
princi pal ement des hydrocarbures aromati ques, du di oxyde et de
nonoxyde de carbone et des cyanures

3. Concentrations dans |'environnement et exposition
de |' home

Des poussi éres de fibres organi ques synthétiques peuvent étre
libérées sur les lieux de travail lors d opérations telles que la
production, |e bobinage, coupe le tissage et |a coupe des fibres, de
ménme qu' au cours de |'usinage, de la réalisation et de la
mani pul ati on des mat éri aux conposites.

Dans | e cas des fibres de carbone et de graphite, les
concentrations en fibres respirables sont général ement inférieures
a 0,1 fibres/m, mais on a nesuré des concentrations pouvant aller
jusqu'a 0,3 fibres/m a proximté des opérations de coupe ou de
bobi nage. Des fibres peuvent égalenent étre |ibérées dans
|"environnenent |ors de |'usinage (percage, sciage, etc) des
conposites a base de fibres de carbone, encore que |a plupart des
mat éri aux respirables ainsi produits soient non fibreux

On a fait état, sur les lieux de travail, de concentrations
noyennes en fibrilles de para-aranm de aéroportées inférieures a
0,1 fibrille/m au cours des opérations concernant les fils continus
et a 0,2 fibrilles/m lors de la coupe en floc et en pulpe. En
filature, on observe des concentrations nobyennes en fibrilles
aéroportées qui se caractérisent par une valeur inférieure a
0,5 fibrille/m, mais on a aussi fait état de concentrations de
|'ordre de 2,0 fibrilles/ml. On note aussi des val eurs
caract éristiques de |'exposition noyenne inférieures a
0,1 fibrille/m pour d autres applications avec des nmaxi ma
atteignant 0,3 fibrilles/ml. On a mis en évidence un risque
particulier d exposition |ors du découpage des conposites au jet
hyperbari que, | es concentrations pouvant atteindre 2,91
fibrilles/m. Au cours de découpage au | aser de résines époxy
renforcées par des fibres d' arami de, des particules d' un dianetre
aérodynam que noyen de 0,21 um on été observées mais |'étude en
question n'indique pas la teneur en fibrilles de |a poussiére. Au
cours de ce type d' opérations, il y égal ement production d'un
certain nonbre de conposés organi ques volatils (notament du
benzene, du toluéne, du benzonitrile et du styréne) ainsi que des
gaz comme | e cyanure d' hydrogéne, |e nonoxyde de carbone et le
di oxyde d' azote
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D apreés des données linmitées établies durant |a surveillance de
I"air dans un atelier produisant des fibres de pol ypropyl eéne, les
concentrations nmaxi mal es de fibres aéroportées d' une | ongueur
dépassant les 5 pym se situent autour de 0,5 fibre/m, la plupart
des valeurs étant inférieures a 0,1 fibre/nm. L'exanen au
m croscope él ectroni que a bal ayage a nontré que |l e dianetre des
fibres aéroportées allait de 0,25 a 3,5 pmet |eur |ongueur de
1,7 a 69 pm Dans un échantillon unique d air anbiant prélevé a
proximté d une unité de tissage de fibres de carbone, on a relevé
une concentration de 0,0003 fibre/m. Les dinensions noyennes des
fibres étaient de 706 umpar 3,9 pm On a égalenent signalé la
présence de fibres de carbone a |'endroit ou s'étaient écrasés deux
aéronefs mlitaires, présence attribuable a |a conbustion du
conposite de fibres de carbone utilisé pour la construction de ces
appareils. Aucune autre donnée utile sur |es concentrations dans
| " environnenent n'a été fournie.

4. Dépdt, élimnation, rétention, persistance et redistribution

On ne dispose que de peu de données sur les fibres organi ques
synthétiques. Des données relatives aux fibres de para-aram de
(Kevl ar) indiquent que ces fibres se déposent au niveau de |a
bi furcati on des canaux al véolaires. On pense égal enent que ces
fibres sont transportées jusqu' aux ganglions |ynphatiques
trachéo- bronchi ques.

5. Effets sur les aninmaux de | aboratoire et les systemes in vitro

On manque de données satisfai santes résultant d' études
expérinental es val abl es sur les divers types de fibres organi ques
synt héti ques examni nées ici.

Aucune étude val able n'a été consacrée a |'exanmen du pouvoir
fibrogéne ou cancérogéne des fibres de carbone et de graphite.
Parm les effets observés a la suite de |'exposition, pendant
quel ques jours, par la voie respiratoire, de rats a des fibres de
di mension respirable produites a partir de différents types de
brais, on a relevé des réactions inflanmmtoires, un accroissenent
du renpl acenent des cel | ul es parenchymat euses et une hyperpl asi e
m nime des cellules al véol aires (pneunocytes de Type Il). Les
données fournies par une étude au cours de laquelle on a procédé a
des instillations intratrachéennes et a des injections
intrapéritonéal es, sont jugées insuffisantes pour pernettre une
évaluation, du fait que les matériaux étudi és n'ont pas été
caract érisés et que |'étude ne donne pas suffisament de
rensei gnenents sur |le protocole suivi et |les résultats obtenus. Une
étude par badi geonnage cutané sur la souris, portant sur quatre
types de fibres de carbone en suspension dans |e benzéne, a été
consi dérée comme insuffisante pour pernmettre une éval uati on de
|"activité cancérogéne de ces fibres.

Dans | e cas des fibres de para-aranide, |'essentiel des données
résulte de |'expérinmentation sur |le Kevlar. Des études de breéve
dur ée (deux semaines), au cours desquel |l es des ani maux ont été
exposés a de |la poussi ére de Kevlar par la voie respiratoire, ont
nontré qu'il y avait une réaction dont |'intensité dimnuait apreées
cessation de |'exposition au niveau des nacrophages pul nonaires.
Des études de bréve durée portant sur des fibrilles ultrafines de
Kevl ar, ont révél é une réaction anal ogue au niveau de macrophages
avec des pl aques d' épai ssi ssenent au niveau des canaux al véol aires.
Ces deux types de | ésion ont égal ement régressé apres |'exposition,
mais trois a six mis plus tard on observait encore une fibrose
mninme résiduelle. L' exposition par |la voie respiratoire, pendant
deux ans, de rats a des fibrilles de Kevlar a produit une fibrose
pul monaire liée a cette exposition (a une concentration > 25
fibres/m) et a conduit a la formation de tuneurs pul nonaires (11% a
la concentration de 400 fibres/m et 6%a |la concentration de
100 fibres/m chez les fenelles; 3% a la concentration de

400 fibres/m chez les méles) d' un type inhabituel (carcinones

spi no-cel lul aires kystiques kératinisants). Une surnortalité due a
une toxicité pulnonaire a été observée a la concentration |la plus
él evée, ce qui indique que |a dose maxinmale tol érable avait été
dépassée. La portée biol ogique de ces |ésions et leur signification
pour la santé humaine ont été treés débattues. Il est possible que
cette étude, qui s'est achevée au bout de 24 npbis, n'ait pas révélé

la totalité du pouvoir cancérogene des fibrilles.

L'instillation intertrachéenne d' une dose uni que de papier
désagrégé Nonex (2,5 ng) contenant des fibres d' un dianmetre allant
de 2 & 30 pma produit une réaction inflanmatoire non spécifique.
Une réaction granul omat euse s'est produite deux ans apreées
|"exposition. L'instillation intratrachéenne d' une dose uni que de 25
ng de Kevlar a provoqué une réaction inflammatoire non spécifique
qui a disparu en |'espace d' environ une semaine. Utérieurenment, on
a observé une réaction granul omateuse et une fibrose m nine.

Dans trois études, |'injection intrapéritonéale de fibres de

Kevlar (jusqu'a 25 ng/kg) a induit une réponse granul onateuse sans
toutefois que |'incidence des néopl asmes ne présente d' augnentation
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significative. Selon les auteurs de cette étude, |'absence de
réponse tunorale pourrait s'expliquer par |'agglonération des
fibrilles de Kevlar dans |la cavité péritonéale.

Il n"existe pas d' études val abl es au cours desquel |l es on ait
exam né | e pouvoir cancérogéne ou fibrogéne des fibres de
pol yol éfi nes. Une étude au cours de |laquelle on a exposé des rats a
des fibres respirabl es de pol ypropyl éne pendant 40 jours par |la voie
respiratoire (46%des fibres < 1 un) a des concentrations allant
jusqu'a 50 fibres/m, a perm s de constater des nodifications |iées
a la dose et a la durée de |'exposition et qui se caractérisaient
par un accroissenent de la cellularité et une bronchiolite. On ne
di spose d' aucune donnée utile sur |'effet de |"instillation
intratrachéenne. Des études au cours desquelles on a injecté a des
rats des fibres ou de |a poussiére de polypropyl éne dans la cavité
intrapéritonéale, n'ont pas révél é d' accroi ssenent sensible du
nonbre de tunmeurs péritonéal es

On ne dispose pas de données suffisantes pour pouvoir éval uer
la toxicité in vitro et la génotoxicité des fibres organi ques
synthétiques. Dans |e cas des aranides, |les études nontrent que |le
fibrilles de para-aranmi de fines et courtes présentent des propriétés
cyt ot oxi ques. Pour ce qui est des fibres polyol éfiniques, il
senbl erait que les fibres de pol ypropyl éne présentent une certaine
cytotoxicité. Les tests de nutagénicité sur des extraits de granul és
de pol yéthyl éne n'ont donné que des résultats négatifs

6. Effets sur |'homme

Une étude transversale relative a 88 des 110 enpl oyés d' une
unité de production de fibres de carbone continues a base de
pol yacrylonitrile, n'a révél é aucun effet nocif sur la fonction
respiratoire coome |'ont nontré | es exanens radiographi ques et
spirométriques et |es questionnaires sur |es synptones
respiratoires. D autres études noins bien docunentées ont fait état
d' effets indésirables chez des ouvriers travaillant a | a production
de fibres de carbone et de polyani de; |es données qui figurent dans
ces publications sont toutefois insuffisantes pour qu' on puisse se
prononcer sur la validité des inférences indiquées

7. Résung de |'évaluation

On ne dispose que de données |imtées sur |es niveaux
d' exposition a la plupart des fibres organi ques synthétiques. Les
données di sponi bl es indi quent en général que sur les |ieux de
travail, |'exposition est faible. Toutefois il subsiste un risque
d' exposition plus inmportante lors d' applications et d' utilisations
futures. On ne dispose pratiquenent d' aucune donnée sur |a destinée
et la répartition dans |'environnement de ces fibres ni sur
| " exposition de | a popul ati on général e

En se basant sur |es données toxicologiques linmtées fournies
par |'expérinmentation animale, on peut conclure qu'il existe une
possibilité d effets nocifs sur la santé en cas d' exposition par la
voie respiratoire a ces fibres organi ques de synthése sur le lieu de
travail. On ignore pour |'instant le risque qu'inpliquerait
|"exposition a ces fibres dans |'environnenment général, mis il est
probabl ement trés faible

RESUMEN
1. ldentidad, propiedades fisicas y quinicas

Las fibras de carbono/grafito son fornmas fil anentosas de carbdn
que se obtienen procesando a alta tenperatura alguno de los tres
mat eri al es precursores siguientes: rayon (celul osa regenerada), brea
(residuo de petréleo o alquitran) o poliacrilonitrilo (PAN). E
di &metro nomnal de las fibras de carbono oscila entre 5y 15 um
Las fibras de carbono son flexibles, eléctricay térnicanente
conductivas, y sus variedades de alto rendim ento poseen un nbdul o
de Young (coeficiente de elasticidad que refleja |a mayor o nenor
rigidez del nmaterial) alto y una gran resistencia a la tracci 6n. Son
resistentes a la corrosi 6n, ligeras, refractivas y quim canmente
inertes (excepto a la oxidacioén), y presentan una gran estabilidad
frente a las fuerzas de tracci 6n, una baja densidad y expansi 6n
térmcay una alta resistencia a |a abrasi6n y al desgaste

Las fibras de aranida se forman por reacci én entre di anm nas
arométicas y dicl oroacidos aromati cos. Son produci das en forna de
filanmentos continuos, hebras y pul pa. Hay dos tipos principal es de
fibras de aramida: para- y neta-aramida, anbas con un dianetro
nom nal de 12-15 um Las fibras de para-aram da pueden presentar
adheridas a |la superficie de su parte central, fibrillas nuy rizadas
y entrel azadas del tamafio de |as particul as respirables
(< 1 pmde dianetro). Estas fibrillas pueden desprenderse y quedar
suspendi das en el aire en caso de abrasi 6n durante su fabricacié6n o
enpl eo. Por |lo general, las fibras de aram da presentan una
resistencia a la tracci6n entre nediana y nuy alta, una el ongaci 6n
entre nediana y baja, y un nddul o de Young entre noderado y nuy
alto. Son resistentes al calor, a los productos quinicos y ala
abr asi 6n
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Las fibras de poliolefina son polineros de cadena | arga
conpuest os por al nmenos un 85% (respecto al peso) de etileno
propil eno u otras unidades de olefina; el polietilenoy e
pol i propi |l eno se enpl ean conercial nente. Sal vo al gunas excepci ones
como la mcrofibra, |os dianetros nomnales de |la mayoria de |os
distintos tipos de fibras de poliolefina son bastante grandes, y no
abundan | os de tanmafio respirable

Las poliolefinas son extrenadanente hidrof 6bicas e inertes. Su
resistencia a la tracci 6n es notabl enmente inferior a la del carbono
o de las fibras de aranmida. Son relativanente inflanmables, y sus
tenperaturas de fusion oscilan entre 100 y 200 °C.

Para la vigilancia, a efectos de higiene industrial, de |as
fibras organicas sintéticas se han utilizado métodos desarrol | ados
para contar fibras mnerales, nmétodos que, no obstante, no han sido
val i dados para esa finalidad. Factores tales cono |as propi edades

el ectrostéaticas, la solubilidad en el liquido de nontaje y el indice
refracti vo pueden ser fuente de probl emas al enplear esos nétodos.

2. Fuentes de exposici6n humana y anbienta

La producci 6n nmundi al estimada de fibras de carbono y grafito
super6 | as 4000 tonel adas en 1984. Por lo que se refiere a la
aram da, se superaron las 30 000 tonel adas en 1989, y |la producci 6n
de fibras de poliolefina sobrepasé | as 182 000 tonel adas (s6lo en
| os Estados Uni dos de América). Las fibras de carbono y aram da se
enpl ean principal nrente para fabricar material es conpuestos avanzados
en las industrias aeroespacial, mlitar y otras, con el objeto de
mej orar su resistencia, rigidez, durabilidad, conductividad
el éctrica o resistencia térnmca. Las fibras de poliolefina se
utilizan normal mente en la industria textil.

Se han descrito casos de exposicion a fibras orgéanicas
sintéticas en el nedio ocupacional. Durante |a producci6n
el aboraci 6n o conbusti 6n de materi al es conpuestos, asi cono durante
su evacuaci 6n, puede producirse una |iberaci6n de fibras orgéanicas
sintéticas en el nmedio anbiente. Se dispone de nmuy pocos datos sobre
la liberaci6n real de esos nateriales en el entorno

Los datos disponibles sobre el transporte, distribucioény
transformaci 6n de fibras orgénicas en el nedio anbiente se linmtan a
la identificaci6n de | os productos que resultan de la incineracion
muni ci pal de | os desechos a partir de conpuestos que contienen
fibras de carbono y de productos de | a desconposicién pirolitica de
fibras de carbono y aramidas. Durante |la sinulacio6n de |la
i nci neraci 6n nuni ci pal se redujeron tanto el dianetro cono |la
longitud de las fibras de carbono. Entre | os principal es productos
de | a desconposicioén pirolitica de fibras de carbono y aram da
figuran hidrocarburos aromati cos, di6xido de carbono, npnéxi do de
carbono, y cianuros

3. Niveles anbiental es y exposici 6n humana

En el lugar de trabajo se liberan fibrillas orgéanicas
sintéticas durante operaciones tales conp | a producci 6n, bobi nado
troceado, entrelazado, corte y mmquinado de las fibras, asi conp
durante la formaci 6n y mani pul aci 6n de materi al es conpuest os

En el caso de las fibras de carbono/grafito, Ias
concentraciones de fibra respirable son por o general inferiores a
0,1 fibras/m, pero se han detectado concentraci ones de hasta
0,3 fibras/m en | as proxi m dades de instal aci ones de troceado o
bobi nado. Tanbi én pueden |iberarse fibras durante el nmaqui nado
(perforaci 6n, aserrado, etc.) de conpuestos de fibra de carbono, si
bien la mayor parte del material respirable generado en esos casos
no es de caréacter fibroso

Se ha notificado que | as concentraci ones nedias de fibrillas de
para-aram da en suspensi 6n en el aire del lugar de trabajo son
inferiores a 0,1 fibrillas/m trabajando filanentos, y de nenos de
0,2 fibrillas/m en las instalaciones de corte de vedijas y
fabricaci 6n de pul pa. Durante el procesaniento de la hilaza, la
concentraci 6n nmedia de fibrillas en suspensién en el aire es
generalnente inferior a 0,5 fibrillas/nml, si bien se han notificado
ni vel es de hasta aproxi madamente 2,0 fibrillas/nml. Oras
exposi ci ones asoci adas a usos finales en el lugar de trabajo son
normal mente inferiores a 0,1 fibrillas/m conpo pronedio, cifréandose
| as exposiciones maximas en 0,3 fibrillas/m. Se ha denbstrado que
conlleva un riesgo especial de exposicién el corte de nateriales
conpuest os por chorro de agua hi perbérico, operaci6n en |a que se
han detectado niveles de hasta 2,91 fibrillas/m . Se han generado
particul as de un di anetro aerodi nanico nedio de 0,21 umdurante e
corte nediante | dser de epoxi pl &sti cos reforzados con fibras de
aram da, pero no se ha notificado el contenido de fibra del polvo
Durant e esas operaci ones se producen tanbi én determ nados conpuest os
orgéanicos vol atiles (en particular benceno, tolueno, benzonitrilo y
estireno) y otros gases (cianuro de hidrégeno, nonéxi do de carbono y
di 6xi do de nitrdégeno)
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Los datos |imtados obtenidos en una fébrica de producci 6n de
fibras de polipropileno nuestran que en el caso de las fibras de mas
de 5 umde longitud su concentraci 6n méxima en el aire era de 0,5
fibras/m, siendo |la mayoria de los valores inferiores a
0,1 fibras/m . La microscopia electrénica de barrido nostré que e
tamafio de | as fibras suspendidas en el aire oscilaba entre 0,25 y
3,5 umde dianetroy 1,7 y 69 umde longitud. En una sola nuestra
anbi ental recogida cerca de una tejeduria de fibra de carbono, se
detect 6 una concentraci 6n de 0,0003 fibras/m . La dinension de esas
fibras era cono pronedio de 706 pm por 3,9 pm Se ha notificado
tanbi én la liberaci6n de fibra de carbono en el lugar de colisién de
dos aeronaves nmilitares, de resultas de |a conbusti 6n del conpuesto
de fibra de carbono enpleado en su construcci 6n. No se obtuvo ni ngin
otro dato de interés sobre | as concentraciones presentes en el nedio
anbi ent e.

4. Depo6sito, elimnacion, retencion, durabilidad y translocacién

La i nformaci 6n obteni da acerca de fibras orgéanicas sintéticas
especificas es escasa. Los datos referentes a las fibras de
par a- ar am da i nhal adas (Kevlar) indican que éstas se depositan en
I as bifurcaciones de | os conductos al veol ares. Hay tanbi én indicios
de translocaci 6n a | os nédul os |infaticos traqueobronquial es

5. Efectos en los aninales de experinmentacion y en |os sistenas de
prueba in vitro

En 1o que respecta a los tipos de fibra organica sintética aqui
anal i zados, son nmuy pocos | os datos de buena cal i dad aportados por
| os estudi os experinmental es realizados al efecto

No hay ningun estudi o en que se haya exam nado adecuada nente
el potencial fibrégeno o carcinoégeno de las fibras de
carbono/grafito. En ratas expuestas a la inhalacio6n de corta
duraci 6n (unos dias) de fibras de tamafio respirabl e obtenidas a
partir de brea se observaron respuestas inflanmatorias, un aumento de
I a vel oci dad de recanbio de | as célul as parenqui matosas y una
hi perplasia nmininma de | as células alveolares de tipo Il. Se
considera que |os resultados de un estudio realizado nediante
instilaci6on intratraqueal e inyecci6n intraperitoneal no se prestan
a eval uaci 6n, debido a la insuficiente caracterizaci 6n del materia
de ensayo y a la falta de docunentaci 6n adecuada sobre el protocolo
y los resultados. Un estudio realizado con ratones a |os que se
pinté la piel con cuatro tipos de fibra de carbono suspendi dos en
benceno resul té i nadecuado para evaluar |a actividad carcindgena

En el caso de las fibras de paraaranida, |a mayor parte de | os
dat os proceden de experinentos realizados con Kevlar. Los estudios
ef ectuados sobre | os efectos de |a inhalaci6n de corta duraci 6n
(2 semanas) de polvo de Kevlar han puesto de nanifiesto una
respuesta macrof 4gi ca pul nonar cuya gravedad di sminuye tras la
interrupci 6n de | a exposicién. Los estudios de corta duraci 6n
real i zados con fibrillas de Kevlar ultrafinas han revel ado una
respuesta macrof 4gi ca parecida y un espesani ento desigual de |os
conduct os al veol ares. Esos dos tipos de |esiones remtieron tanbién
tras |la exposicioén, pero a los 3-6 neses persistia todavia un grado
mninmo de fibrosis. En un estudio realizado con ratas a |as que se
soneti 6 durante dos afios a inhalacién de fibrillas de Kevlar se
observé | a aparicion, relacionada con esa exposicion, de fibrosis
pul nonar (a concentraci ones superiores a 25 fibras/m) y de
neopl asi as pul nonares de un tipo inusitado (carcinona escanpso
quistico queratinizante) en un 11% de henbras a concentraci ones de
400 fibras/m, en un 6% de henbras a concentraci ones de 100
fibras/m; y en un 3% en | os machos a concentraci ones de 400
fibras/m . El aunmento de nortalidad por toxicidad pul nonar se
observé a |la mayor de |as concentraciones, |o que sugiere que se
habi a sobrepasado | a Dosis Maxi na Tol erada. Existe una considerable
pol éni ca acerca del potencial biol6gico de esas |esiones y su
trascendenci a para | a especi e humana. Ese estudi o, por haber durado
sél o 24 neses, tal vez no haya revel ado todo el potencial
carcinégeno de las fibrillas

La instilacion intratraqueal de una sola dosis de papel Nomex
troceado (2,5 ng) que contenia fibras de di anmetros conprendi dos
entre 2 y 30 um provocd una respuesta inflamatoria inespecifica; dos
afios después de | a exposicion tuvo |lugar una respuesta

granul omat osa. La instilacion intratraqueal de una sola dosis de 25
ng de Kevl ar provocé una respuesta inflamatoria inespecifica que
remti 6 al cabo de una semmna aproxi madanente; nmas tarde se observo
una respuesta granul omatosa y un grado nininmo de fibrosis

En tres estudi os en que se inyectaron intraperitoneal nente
fibras de Kevlar (hasta 25 ng/kg) se observd una respuesta
granul omat osa, pero no asi un aunento significativo de |la incidencia
de neopl asias. Los autores de esas investigaci ones indicaron que s
no se habia observado una respuesta neopl &sica era posi bl emente
porque se habia produci do una agl oneraci 6n de las fibrillas de
Kevl ar en | a cavidad peritoneal.

No exi sten estudi os en que se haya exan nado adecuadanente el
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potenci al fibrdgeno o carcinégeno de las fibras de poliolefina. En
un experinmento realizado con ratas sonetidas durante 90 dias a

i nhal aci 6n de fibras de polipropileno (hasta 50 fibras/m)
respirables (46% < 1 pm) se observaron canbi os dependi entes de |a
dosis y duraci 6n de | a exposici6n, consistentes en un aunento de |la
celularidad y bronquiolitis. No se di spone de datos pertinentes
sobre los efectos de la instilacién intratraqueal. En |os estudios
ef ectuados en ratas nediante inyecci 6n intraperitoneal de fibras o
pol vo de polipropileno no se observé ningin aunento significativo de
la incidencia de tunores peritoneal es.

Los datos de que se dispone para evaluar |a toxicidad y
genotoxicidad in vitro de las fibras orgéanicas sintéticas no son
adecuadas. En el caso de |as aramidas, |os estudios han denostrado
que las fibrillas cortas y finas de para-aram da tienen propi edades
citotoxicas. Respecto a las fibras de poliolefina, hay al gunos
indicios de que las fibras de polipropileno son citotéxicas. Las
pruebas de nutagenici dad realizadas con extractos de granul os de
polietileno arrojaron resul tados negativos

6. Efectos en el ser humano

En un estudio transversal realizado en 88 de los 110
trabaj adores de una fabrica de producci 6n de fibra de carbono de
filanmento continuo a partir de poliacrilonitrilo, |a exploracio6n
radi ografica y espirométrica y |os cuestionarios sobre sintomas
respiratorios no pusieron de manifiesto ninguin efecto respiratorio
noci vo. En otros estudios no tan bien docunentados se notificéd e
hal | azgo de efectos adversos en trabajadores dedicados a |l a
producci 6n de fibras tanto de carbono conp de polianmida; |os datos
publ i cados sobre estas investigaciones, sin enbargo, eran
insuficientes para determinar |a validez de |as correl aci ones
sefial adas

7. Resunen de |a eval uaci 6n

La informaci 6n sobre | os niveles de exposicion a |a mayoria de
las fibras organicas sintéticas es linitada. Los datos disponibles
i ndi can en general que | os nivel es de exposicion en el entorno
ocupaci onal son baj os. Cabe | a posibilidad de que en futuras
apl i caci ones y usos se al cancen exposi ci ones nas el evadas. No se
sabe préacticanmente nada sobre | o que ocurre con esos productos en e
nedi o anbi ente ni sobre su distribucién o |as exposiciones de la
pobl aci 6n general

A tenor de | os escasos datos toxicol 6gi cos obteni dos con
ani mal es de | aboratorio, cabe concluir que existe |a posibilidad de
que | a exposicién ocupacional a esas fibras organicas sintéticas por
i nhal aci 6n tenga efectos adversos en la salud. El riesgo potencial
para |l a salud asociado a | a exposicio6n a |las fibras organi cas
sintéticas presentes en el entorno general se desconoce por e
nonment o, pero probabl emente sea muy bajo.

See Al so:
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