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1.0 Introduction
This document includes only technical information prepared

by EnvironmentCanadafor considerationin the assessmentof
whether Man-Made Vitreous Fibres are "toxic" under CEPA. The
publishedAssessmentReport for Man-Made Vitreous Fibres, and
additional technical information preparedby the Departmentof
National Health and Welfare, are availableupon requestfrom:

EnvironmentalHealth Centre
National Health and Welfare
Room 104
Tunney'sPasture
Ottawa, Ontario, Canada
K1A OL2

Commercial ChemicalsBranch
EnvironmentCanada
14th Floor, PlaceVincent Massey
351 St. JosephBoulevard
Hull, Quebec, Canada
K1A OH3

2.0 Identity
2.1 Terminology

In this report a "fibre" is understoodto be an elongated
particle with a length/width or aspectratio of & 3/1. Although
resultsof a recent study suggestthat an aspectratio of & 5/1
may be more appropriate (TIMA, 1991), fibres with these
dimensionsare included in the former definition.

Several types of manufacturedinorganic fibres are
distinguishedbasedupon their use, physical propertiesand
chemical composition (TIMA, 1991). Becauseof limitations in
availabledata, this report is focusedon four types of man-made
vitreous fibres — textile or continuousfilament fibres,
insulation "wools" (i.e. glass, rock and slag wools), glass
micro- (or "special purpose") fibres and aluminosilicate
refractory ceramic fibres (RCF)'. Some synonymsand trade names
for theseproductsare presentedin Table 1.

Although thesesubstanceshave traditionally been considered
a subsetof "man-mademineral fibres" (MMMF), the appropriateness
of this term has recently been questioned. As TIMA (1991) has
noted, a mineral is by definition a naturally occurring
substance,and thereforestrictly speakingthere are no man-made
"minerals". Furthermorea mineral must by definition have a
crystalline structure,but many of the fibres normally called
MMMF (including thoseconsideredin this report) have vitreous
(i.e. non-crystalline) structures. For thesereasonsTIMA (1991)

Crystalline (i.e. non-vitreous) ceramic fibres such as high purity
aluminum and zircon oxides, and non-oxide fibres such as silicon
carbide and silicon nitride were not consideredin this report.



has recommendedthat use of the term "man-mademineral fibres" be
discontinued.
2.2 Physical and Chemical Properties

MMVF typically have an amorphousstructure,meaning thattheir constituentatoms are not arrangedin a regular lattice as
in crystallinematerials. However in some high temperature
applications,rock and slag wools, and refractory ceramic fibres
can partly devitrify and be convertedto a polycrystallinestate
(Miller, 1982; TIMA, 1991). Becauseof their vitreous character,

MMVF typically fracture acrosstheir length and become shorter,
whereasnatural crystalline fibres generallycleave
longitudinally producing fibrils of smaller diameter (TIMA,
1991) .

Data on physical and chemical propertiesof MMVF are
presentedin Table 2. Diametersof MMVF vary dependingupontheir method of production (see Section 3.0). Average diameters
are 3 — 25 pm for continuous filament fibres, 3 — 10 pm for glass
wool, 2 — 6 pm for rock and slag wools, 1.2 — 3.5 ym forrefractory ceramic fibres and 0.2 — 4 pm for glassmicrofibres
(IPCS, 1988; TIMA, 1991). In individual products the variability
of fibre diameters,measuredas the coefficient of variation(i.e. standarddeviation —. mean x 100), can range from less than
104 for continuous filament fibres to 504 or more for insulation
wools (TIMA, 1991). Although averagediametersof many MMVF are
normally greaterthan 3 ym (the upper limit for respirable
fibres) a significant proportion of fibres in some productscan
have diametersof & 3 pm.

Continuous filament fibres are produced in continuous
strands,which becauseof their length and large diameters (& 3
ym) are not normally respirable. TIMA (1991) estimatedthat the
lengths of all but a very small fraction of fibres in glasswool
are much greaterthan 250 pm, the maximum length which can be
depositedin the lung, but noted that measurementis difficult
becausefibres tend to break during extraction from wool
products. Becauseof the processesused in their production,
rock and slag wools, and refractory ceramic fibres can contain
large quantities (20 — 604 by weight) of roundedparticulatematerial ("shot") with diametersof 60 pm or more (Miller, 1982;
TIMA) 1991) .

Softeningpoint temperaturesfor refractory ceramic fibres
can be as high as 1800oC, while those for other MMVF are
typically in the 650 — 850oC range. Actual upper temperaturelimits (where fibres begin to fuse on contact) are usually 200
300oC lower than softeningpoints (TIMA, 1991).

Data on the chemical compositionof some MMVF are presented



in Tables 2 to 4. SiO~ and A1~0, are the main constituentsof
most fibre types. Lesseramountsof "intermediateoxides" (or
stabilizers) such as TiO~, and ZrO~ and "modifiers" (or fluxes)
such as MgO, Li~O, BaO, CaO, Na~O and QO, are also present.
Compositionscan vary considerablydependingupon the
characteristicsneededin the final product (e.g. chemical or
heat, resistance)and the melt viscosity required in the
manufacturingprocess.

E-glass, a calcium aluminosilicatecontainingup to 104
boron, is the predominantglass compositionused to produce
continuousfilament fibres (Table 3). In glasswool (Table 3)
and most glassmicrofibres (Table 4) there is less aluminum than
in E-glass, and sodium replacescalcium as the predominantflux.
Rock and slag wool contain little boron relative to some types of
E-glass (Table 3), but. contain large amountsof calcium,
magnesiumand in some casesiron. Refractoryceramic fibres are
typically made of nearly pure mixtures of equal portions of Al,O,
and SiO~, but. as indicated in Table 5 compositionscan vary
somewhat,dependingon their application.

Binders to hold fibres together, and an oil for dust
suppression,are applied to the surfaceof most MMVF (IPCS,
1988). Continuous filament fibres may contain a sizing agent for
lubrication. Chemicalsreportedto have been used in binders are
listed in Table 6. According to TIMA (1991).binderscurrently
used are basedmainly on phenol formaldehyderesins. During
curing at elevatedtemperaturesthey are convertedto an
insoluble polymer containingvery little formaldehyde. The
binder content of insulationwool products is normally less than
54 by weight (IARC, 198&), but can be as high as 104 (TIMA,
1991) .

MMVF are relatively stable in distilled water at 204C
(Forster, 1984), but at, elevatedtemperatures(& 374C) distilled
water can aggressivelydissolve some MMVF (Forester, 1984;
Leineweber, 1984). Most MMVF are also attackedby acidic or
basic solutions (e.g. 2 N HCl, 2 N NaOH), and biological fluids
(Spumy et al., 1983). Becauseof their amorphousstructure,
dissolutionrates for MMVF are typically 2 to 4 orders of
magnitudegreaterthan those for natural crystalline fibres such
as asbestos(Scholzeand Conradt, 1987; Law et al., 1990).

"Stabilizers" such as aluminum, titanium and zirconium
oxides strengthenMMVF structures,whereasdissolutionrates
increasein the presenceof fluxes such as sodium, potassium,
calcium and magnesiumoxides (TIMA, 1991). For example,
refractory ceramic fibres that, containedabout 504 A1~0, were
found by Scholzeand Conradt (1987) to dissolvemore slowly
(basedon releaseof SiO, in flow-through testswith modified
Gamble'ssolution at 374C), than rock and slag wools that



contained10-154 A1~0, and up to 34 TiO~. Glass wool that
containedonly 3.5% A1~0~ and negligible TiO~ dissolvedmost
quickly. Scholzeand Conradt (1987) estimatedthat the time
required for most MMVF to dissolvecompletely in their testswas
0.4 to 2 years (Table 2). Life-times for refractory fibres, and
E-glass fibres containing 14.14 A1~0„ were estimatedto be
somewhat longer (up to 5.0 and 6.5 years, respectively).

Resultsof Scholzeand Conradt (1987)'s study are generally
consistentwith those of in vitro testsconductedby other
investigators. For example, in a 4 week stationaryexperiment,at
374C Forster (1984) reportedthat modified Gamble'ssolution
removed about 20 times more silicon from glasswool fibres
containingabout 34 Al,O, than from rock and slag wool.fibres
containing 9.5-11.34A1~0,. Klingholz and Steinkopf (1984)
reportedvery similar results in stationarytestsof the
durability of rock and glasswools. In flow-through experiments
with modified Gamble'ssolution at 60'C, Leineweber (1984) found
the following order of stability; "E" glass fibres (14.74 A1~0,)refractory f ibres (464 A1~0,) & mineral wool (9. 54 A1~0,) & other
glass f ibres (3.9-5.4% A1~0~) . Nore recently Potter and Mattson
(1991) reported life-times of 0.04 to 0.2 years for typical glass
wool fibres in in vitro flow-through testsusing modified
Gamble'ssolution at 37 C. Stability of the fibres increased
with Al~O, content, which ranged from &0.5 to 9.94.

Fine fibres (e.g. specialproposefibres) tend to dissolve
more quickly than coarserones of similar composition (Spumy etal., 1983; Scholzeand Conradt, 1987). Morgan and Holmes (1986)
noted that resultsof in vivo tests indicated that glass fibres
with lengths of 30 and 60 pm dissolvedmuch more rapidly thanshorterones (length & 10 pm). According to Schloze (1988) other
factors that can affect the durability of fibres include theirrate of cool during formation, conditions and duration of
storing, the presenceof binders or other coatings.

2.3 Analytical Methods

Sample Collection and Preparation
Methods of collecting and preparingMMVF vary dependingon

whether samplesare obtained from commercial products,
environmentalmedia (e.g. ambient air) or biological tissues.

TIMA (1991) describeda procedurefor wool products
involving use of a 25 mm diameterhole punch for sample
collection, ignition to remove organic binders and crushing to
give fibre lengths suitable for microscopicexamination.,
However, becausefibres are broken prior to measurement,this
method gives no information on the relative number of fibres with



specifieddiameters.
Fibres can be collected from ambient, air on either cellulose

estermembraneor polycarbonatefilters (WHO/EURO, 1985;
Chatfield, 1983). Normally filters are mounted in holders
located in the breathingzones of potentially exposedsubjects.
The volume of air passedthrough the filter is measured,and
varies with the detectionlimit required. Becauseof their
irregular surfaces,membranefilters retain particlesmore
efficiently than polycarbonatefilters during transportto the
laboratory. However, polycarbonatefilters are required in some
high-resolutionanalytical methods.

Fibres can be separatedfrom biological tissuesby digestion
in, for example, sodium hypochlorite or potassiumhydroxide, or
by ashing (Davies et al., 1986). However, as Johnsonet al.,
(1984) noted, substantiallossesof MNVF can occur during tissue
digestion. Furthermore,Law et al. (1991) have demonstratedthat
MMVF can dissolveat ratesof up to 1.64 per day (basedon loss
of SiO~) in solutionsused for fixing and storing lung tissue.
Thus data on MNVF in biological tissueshould be interpretedwith
caution (IPCS, 1988).

Identification and Quantification
Concentrationsof airborneMNVF can be measuredon a total

mass basis, by comparingweight of filters before and after
sampling. However, MMVF are now normally identified and counted
using phasecontractoptical microscopy (PCON), scanningelectron
microscopy (SEM) or transmissionelectronmicroscopy (TEM).
According to IPCS (1988), limits of visibility achievablein
routine operationare 0.25 pm for PCOM, 0.05 pm for SEM and 0.005
ym for TEM. However, higher limits of reliable measurementhave
been reportedfor both PCOM (up to 1.6 pm) and SEN (0.1-0.2 pm)
(Balzer et al., 1971; Burdett et al., 1984; TIMA, 1992). Because
of thesedifferences,as well as differencesin sampling
strategiesand fibre counting criteria, resultsof analysisby
different methodsare not always directly comparable.

Celluloseester filters are used to collect samplesof
airborne fibres for PCOM (IPCS, 1998). The filter is made
optically transparentwith one of severalclearing agents (e.g.
acetone),and fibres (normally defined as particleshaving a
length/width ratio of at least 3, and a length of at least 5 pm)
within severalrandom areasare countedand classifiedvisually
at magnifications in the 400 — 500X range (IARC, 1988; IPCS,
1988). Application of PCON is limited by the fact that, because
of its relatively low resolution, it is unable to detectmany
fine (i.e. small diameter) fibres (IARC, 1988). In an attempt to
standardizeresults from different countriesthe World Health
Organization (WHO/EURO, 1985) proposeda referencemethod for



monitoring airborneMMVF using PCOM. A detection limit of 0.05
fibres/cm can normally be achievedusing the WHO/EURO (1985)
method (IARC, 1988). Interlaboratorycomparisontesting of the
WHO/EURO (1985) method indicated that counting differencesof upto a factor of 1.8 are possible (IPCS, 1988).

The World Health Organizationhas also publisheda reference
method for measuringthe size distribution of airborneMMVF using
SEM (WHO/EURO, 1985). A sample of airborneparticulatematter iscollectedon a polycarbonate(Nucleopore) filter, a subsampleof
which is mounted on a specimenstub and coatedwith a thin filmof gold. It is possibleto interface this apparatuswith an
energy dispersiveX-ray analyzer (EDXA), which provides
information on the chemical compositionof individual fibres.Fibre lengths and diametersare measuredfrom optically enlarged
images of photomicrographs(Riediger, 1984) IPCSg 1988).Magnifications of 5000 — 10,000X are achievableusing SEM
(Schneider,1979; Riediger, 1984). SEM can also be used to makein situ measurementsin thinly sliced biological tissue (Spumyand Stober, 1981), thus avoiding loss of fibres that can occurduring sampledigestion.

TEM can be used to detectvery thin fibres, and can beinterfacedwith both an EDXA and a selectedarea electrondiffraction (SAED) unit. SAED permits examinationof the atomicstructureof individual fibres (Chatfield, 1983), thusfacilitating the distinction betweenMMVF and natural crystallinefibres such as asbestos. Interpretationof resultsof TEManalysis is complicated,however, by lack of standardizedsamplepreparationprocedures,which can result in very largedifferencesin results reportedby different laboratories(Chatfield, 1983; IPCS, 1988). Generally, samplepreparation
methods involving either direct transferof fibres from samplefilters onto the same area of TEM specimens,or indirect transfer
methodswhich do not affect the fibre size distribution in theoriginal sample, are preferred (Chatfield, 1983; Toft and Meek,
1986) .

3.0 Productionan4 Uses

MMVF are produced from a liquid melt of startingmaterial
(e.g. glass, rock, slag) at temperaturesof 1,000 to 1,500 'C
(IPCS, 1988). Slag formed during the reductionof iron ore to
pig iron is the primary raw material currently used in the UnitedStatesto produce slag wool (TIMA, 1991). In Canadasomeinsulation wools are produced from slag obtained from minetailings (Camford Information ServicesInc., 1993b). Rock woolplants use basalt, as well as limestone, clay and feldspar as rawmaterials (TIMA, 1991). Glass wool and glass filaments can be
produced from scrapglass or mixtures of raw materials (such as



sand, soda ash, borax or boric acid, dolomite and limestone)
similar to thoseused to manufactureother glassproducts
(Ohberg, 1987; IARC, 1988). Refractoryceramic fibres are
generallymade by melting kaolin clay or a 50:50 mixture of A1~0,
and SiO~, but other oxides such as ZrO~ are sometimesadded to
changethe fibre properties. Fibres are typically produced from
molten materialsby rapid cooling to prevent,crystallization.
Methods used include mechanicaldrawing, blowing with hot gases,
flame attenuation,and various centrifuging/blowingtechniques
(TINA( 1991) .

In the mechanicaldrawing process,which is exclusively used
to manufacturecontinuousfilament fibres, molten glass is
extruded through nozzles, coatedwith sizing, and gatheredinto
multi-filament strands. Theseare attenuatedby winding onto a
rotating cylinder to make fibre cakes, which are then dried,
cured and convertedinto productssuch as yarns, rovings, chopped
strandsand milled fibres (Young, 1991; TIMA, 1991)

Blowing methods, that can be used to produce rock and slag
wools (IARC, 1988) and refractory ceramic fibres (TIMA, 1991),
involve attenuationof a silicate melt streamby high velocity
compressedair or steam. Wools and refractory fibres can also be
producedby various centrifuging/blowingmethods (i.e. the rotary
or TEL, wheel centrifugeand Downey processes),in which
pressurizedair jets act upon streamsor drops of silicate liquid
escapingfrom spinning bowls or variously shapedwheels (Ohberg,
1987; TINA, 1991; Young, 1991). The Downey and wheel centrifuge
processesgeneratelarge amountsof coarseroundedshot.
Finally, some insulationwools and glassmicrofibres are be made
by the flame attenuationprocess (Young, 1991), wherein glass
filament is remeltedand attenuatedinto many finer fibres with a
high-temperaturegas flame (TIMA, 1991). Newly formed insulation
wools are typically sprayedwith a binder (see Table 6), after
which they are cured at elevatedtemperatures,cooled, cut and
packaged(Ohberg, 1987).

In 1991 there were 14 Canadianplants producing insulation
wools, one producing continuousfilament fibres and one producing
refractory ceramic fibres (Camford Information ServicesInc.,
1993a,b,cand d). Ten plants (including the refractory ceramic
and continuousfilament fibre plants) were located in Ontario,
three in Quebec, two in Alberta and one in British Columbia.
Total production of NNVF in Canada in 1991 was estimatedto be
between250 and 300 kilotonnes (Table 10), down from a high of
about 400 kilotonnes in the late 1980s (Camford Information
ServicesInc., 1993a,b,cand d). Glass wool accountedfor about
704 of NMVF production in 1991, rock and slag wool 204,
continuous filament fibres 104, and refractory ceramic fibres
less than 14. Since there is little stockpiling of NMVF in
Canada, and cross border trade is estimatedto be either small or



approximatelyoffsetting (Camford Information ServicesInc.,
1993a,b,cand dg TIMA, 1992), amountsof MMVF used annually in
Canadaare generallysimilar to thoseproduced. Although glassmicrofibres are not known to be produced in Canada, they arelikely imported in small amounts in finished productssuch as
high efficiency filters.

It has been estimatedthat, in 1985, total world production
of NMVF vas 6,000 — 6,500 kilotonnes, of which insulation wools
accountedfor approximately75-804, and continuous filament
gradesfor 15-204 (IPCS, 1988). Refractoryceramic fibres
account for only 1-24 of worldwide MMVF production (TINA, 1991).
In the early to mid-1980svorld-vide productionof ceramicrefractory fibres was estimatedat 70 — 90 kilotonnes (IARC,
1988). According to TINA (1992), approximately36 kilotonnes ofrefractory ceramic fibres were sold in the United States in 1990.

According to Camford Information ServicesInc. (1993c), most
(nearly 904 of) continuousfilament fibres consumedin Canadaare
used to produce fibreglass-reinforcedplastic composites.
Continuous filament fibres can also be used to reinforce cement,
automotivetires and roofing materials, and can be woven intoprotectiveappareland industrial fabrics (Roberts, 1982; TINA,
1991). Glass, rock and slag wools are usedmostly for thermal
and acoustic insulation. About 154 of the rock and slag wool
produced in Canada is used for acousticceiling tile
manufacturing (Camford Information ServicesInc., 1993b).
Refractoryceramic fibres are usedmainly for high temperaturefurnace and kiln insulation, but other high temperatureapplicationsinclude insulation for catalytic convertersin
automobiles, filtration, and gasketsand seals for expansionjoints (IPCS, 1988; IARC, 1988'IMA, 1991). Becauseof their
small diametersand low bulk weight, glassmicrofibres are usedin battery separatormedia, for high efficiency filtration, andas thermal and acousticalinsulation in aircraft and spacevehicles (TIMA, 1991).

4.0 Releaseto the Environment

No information was found on releasesof MMVF in Canada, anddata elsewherewere limited to emissionsin stack gasesfromfibre manufacturingfacilities (IPCS, 1988).

According to Tiesler (1983) total fibre concentrations
(measuredby SEM) in emissionsfrom insulation (glass and
rock/slag) wool manufacturingplants in the FederalRepublic of
Germany in late 1970s ranged from 0.004 to 0.046 fibres/cm'.
Only about 44 of the fibres emitted by the German productionfacilities were in the "respirable" range, defined by the authors
as having lengths of 8 to 20 pm and diametersof less than 1 pm.



Tiesler (1983) estimatedthat about 1 800 kg of MMVF were
releasedannually to the atmospherefrom insulationwool plants
in Germany, of which 80 kg were "respirable". Most (& 904 of)
releaseswere associatedwith fibre-forming, as opposedto
curing, cooling or cutting processes. Basedon a total
productionof about 320 000 tonnesof insulationwools in Federal
Republic of Germany in 1977 (Tiesler, 1983), an averageof 5.6 g
of MMVF (including 0.25 g of "respirable" fibres) were released
per tonne of wool produced.

Recentmeasurementsusing PCOM at insulationwool
manufacturingplants in the United Statesindicated that
concentrationsof "respirable" fibres (defined as having lengths
& 5 ym, diameters& 3 pm, length/width ratio at least 5/1) in
stack gasesranged from 0.00036 fibres/cm'o0.993 fibres/cm't
21 glasswool plants, and from 0.0024 fibres/cm'o2.693
fibres/cm~ at 19 rock and slag wool plants (TIMA/MIMA, 1990;
Switala, pers. comm., 1993a and b). Average annual emissionsof
"respirable" fibres in stack gasesof individual glass and
rock/slagwool plants were estimatedto be 39 and 123 kg,
respectively (Switala, pers. comm., 1993b). Values were much
higher (5 714 kg/year) at one microfibre (i.e. specialpurpose
fibre) production facility. Limited data on fibre emissionper
unit weight produced (Switala, pers comm., 1993a) suggestthat
about 0.15 g of "respirable" fibres are releasedper tonne of
glasswool produced in the United States. According to Switala
(pers. comm., 1993b), theseemissionestimateslikely represent
"worst case" conditions since they are basedon data for
relatively old plants, and continuousoperationat maximum
capacitywas assumed. Consistentwith resultsof Tiesler (1983),

904 of releasesat the U.S. plants were associatedwith the
fibre-forming stageof wool production (TIMA/MIMA, 1990).

Average concentrationsof 0.116 to 2.86 fibres/cm~ (range =
0. 003 to 14.13 fibres/cm') were measuredusing TEM in stack gases
collected in 1991 at four refractory ceramic fibres production
plants and three processingfacilities in the United States
(TIMA, 1992). Levels were much higher (average= 63.7
fibres/cm'; maximum = 850 fibres/cm) at a fifth productionplant
in New Carlisle, Indiana, however as TIMA (1992) noted, new
emissioncontrols (including a high efficiency fabric filter)
have recently been installedat this facility. Although these
concentrationsare higher than those reported for insulationwool
plants, this is partly attributableto the fact that fibres of
all sizeswere counted in this study, and to the high resolution
of the analytical method (TEM) used. Together the five
refractory ceramic fibre manufacturingplants surveyedaccounted
for nearly 90% of production in the United States. Annual
emissionsof fibres in stack gassesfrom individual plants ranged
from 0.2 to 379 kg; averageand median valueswere 88 and 30 kg,
respectively. TIMA (1992) estimatedthat an averageof



approximately18 g of fibres are releasedper tonne of refractory
ceramic fibre manufacturedin the United States in 1991.Installation of new emissioncontrols at the New Carlislefacility (which was responsiblefor over 804 of the releasesfromthe five plants studied) has likely reducedthis average.

Estimatesof the amountsof man-madevitreous fibresreleasedto the atmospherefrom manufacturingplants in Canada in
1991 are presentedin Table 8. Given that there were 9 plants
producing glasswool and 5 producing rock or slag wool in Canada,
and that plants in the United Statesare typically larger thatthose in Canada (Lethbridge, pers. comm., 1993), data on averageannual emissionsfrom individual insulation wool plants in the
United States (Switala, pers. comm., 1993b) suggestthat totalreleaseof "respirable" MMVF to the atmospherefrom woolproduction facilities in Canada in 1991 was likely less that
1,000 kg. Furthermore, limited data on amountsof wool fibresreleasedper unit weight produced in the United States (Switala,pers comm., 1993a) and Germany (Tiesler, 1983) suggestthat totalreleasesof "respirable" fibres from the 14 wool productionplants in Canada in 1991 were about 50 kg.

Data on averageannual emissionsfrom individual refractoryceramic fibre manufacturingplants in the United States (TIMA,
1992) suggestthat up to 88 kg of fibres of all sizeswereemitted from the one production facility operating in Canada in
1991. However, estimatesbasedon the amount of fibres released
per unit weight produced in the United States (TIMA, 1992)suggestthat emissionsof refractory ceramic fibre fibres intothe atmospherein Canada in 1991 were between2 and 36 kg. Nodata were identified that would permit quantificationofatmosphericreleasesfrom the one continuousfilament fibremanufacturingplant operating in Canada.

MMVF are also releasedto ambient air during producthandling, use and disposal. For example releasescan occurduring installation of insulation wools (Marconi et al., 1987),erosionof ceiling tiles made of rock or slag wool, and repair ofauto-bodyparts made of glass fibres (Eckert, pers. comm., 1993).
However, no quantitativedata on emissionsfrom thesesourcesareavailable. TIMA (1992) reportedthat refractory ceramic fibreconcentrations(measuredby TEM) in ambient air in the dumpingarea at an active landfill near Wyatt, Indiana, were low ((0.0048 fibres/cm'), and concludedthat releasesof refractory
ceramic fibres from landfills were likely very small.

No data were found on releasesof MMVF in effluent frommanufacturingplants. However, since processwaters exposedtoglass fibres are typically recycled (Lethbridge, pers. comm.,
1993; Bates, pers. comm., 1993; Van Asseldonk, pers. comm., 1993;
B. Eckert, pers. comm., 1993) dischargesare expectedto be
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small.

S.O EnvironmentalFate and Levels

5.1 Fate
There is very little empirical information on the

environmentalfate of MMVF. However, basedon their
physical/chemicalproperties,most MMVF are expectedto be
relatively stableand persist in the ambient environment.

1

After releasein stack gassesor during product handling,
most MMVF are likely removed from air by gravitationalsettling.
Finer, smaller diameterparticleswill remain airborne longer,
and be carried further from the source. For example', during the
installation of rock wool blanketsMarconi et al. (1987) found
that the proportion of respirable (i.e. diameters& 3 pm)
relative to total airborne fibres increasedfrom 674 in the
immediatework area to 90% five metresaway.

Gravitational settling and dissolutionare expectedto be
the principal mechanismsof removal of MMVF from water (IPCS,
1988). Dissolutionwill be fastestin acidic water, and the
finest and least chemically resistantMMVF.will be most affected.
Settling fibres will accumulatein bottom sediment.

Abrasion during transport in air or water will result in
breakageinto successivelyshorter fragments. Becauseof their
amorphouscharacter,MMVF are unlikely to fracture longitudinally
(TIMA( 1991).

Airborne MMVF with diameters& 3 ym and lengths & 250 pm can
be depositedin the lung of humans and other mammals if inhaled
(TIMA, 1991). Information relating to the fate (i.e. clearance,
translocationand degradation)of inhaled MMVF is being prepared
separatelyby the Departmentof National Health and Welfare.

5.2 Levels

No data were found on MMVF concentrationsin Canadianair,
water, sedimentor soil. A limited amount of information was
found on concentrationsin outdoor air in Europe and the United
States. However, as Meek (1991) has noted, becauseof
differencesin sampling and analyticalmethodologyresultsof
different studiesare often not, directly comparable. For
example, becauseof its relatively poor resolutionPCOM can
underestimatetotal fibre concentrationsrelative to measurements
made by TEM when fibres diametersare small (i.e. & 1 pm) (Hammad
and Esmen, 1984).
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Balzer (1976) used a combinationof PCOM and electron
microscopy to measureglass fibre concentrationsin 36 samplesof
ambient air from several locations in California (Berkeley, San
Jose, Sacramento,Los Angeles and the Sierra Mountains).
Concentrationsof fibres averagedabout 0.003 fibres/cm'; their
geometricmean diameterwas 2.2 pm (range = 0.1 to 18 pm), and
geometricmean length was 16 pm (range = 1.2 — 160 ym). However,
the significanceof theseresults is uncertainsince methodsof
sampling and analysiswere not well described (IPCS, 1988).

In 1981-82 in the FederalRepublic of Germany 2 — 4 month
averagetotal glass fibres concentrationsin air measuredby TEM
were reportedto range from 0.0004 to 0.0017 fibres/cm~ in three
large cities (number of samples6 — 21; Hohr, 1985). The average
concentrationin 9 samplesfrom one rural site was 0.00004
fibres/cm~. Geometricmean diametersranged from 0.25 to 0.89
pm, and geometricmean lengths from 2.54 to 3.64 pm. Glassfibres comprised1 — 54 of the inorganic fibres present,and were
typically severaltimes less abundantthan asbestosfibres.

TEM was used to measureconcentrationsof fibres of allsizes in ambient air near the boundariesof severalrefractory
ceramic fibre manufacturingand processingplants, and a sanitarylandfill operation in the United Statesin 1991 (TIMA, 1992).
Arithmetic mean concentrationsof refractory ceramic fibres
(basedon 8 — 20 samples) ranged from 0.0013 to 0.0016fibres/cm'earprocessingplants and the landfill, and from 0.0036 to
0.0150 fibres/cm near manufacturingplants. The highest
individual value reportedwas 0.0479 fibres/cm', measurednear a
manufacturingplant. Diametersof measuredfibres were typically0.5 pm (all were & 3 pm); lengths were typically about 10 pm
(maximum was 75 pm).

In an early study using PCOM, Balzer et al. (1971) reported
a mean glass (i.e. vitreous) fibre concentrationof about 0.0002fibres/cm'range= & 0.00005 to 0.010 fibres/cm') in ambient air
in the San FranciscoBay area. Since all fibres with diameters
of more than 1.6 pm and lengths of over 4.8 ym were counted, somenon-respirablefibres (diameters& 3 pm) were likely included.
The authorsnoted that when expressedon a weight basis, the
glass fibre concentrationwas about 0.3 yg/m~, correspondingto
0.5% of the total particulatematter presentin air in the Bayarea at that time.

Glass fibre levels were measuredin outdoor air in Paris,
France, by Gaudichetet al. (1989) using PCOM. Sampleswerecollected from 18 locations throughout the city beginning in
1981. Five-day averageconcentrationsrangedup to 0.000015
fibres/cm (mean 0.000002 fibres.cm) for "respirable" fibres
(diameter & 3 pm), and from 0.0000003 to 0.000022 (mean 0.000004
fibres/cm') for total fibres.
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Recent attemptsto model "respirable" MMVF (lengths & 5 ym,
diameters& 3 ym and length/width ratios of at least 5/1)
concentrationsnear representativeinsulationwool manufacturing
facilities in the United Statespredictedmaximum concentrations
of 0.000001 to 0.00708 fibres/cm (Lethbridge, pers. comm.,
1992). A monitoring program involving collection of 12-hour
"Hivol" sampleson sevenconsecutivedays in June and Decemberof
1988 at severalstationswithin a 3 km radius of a large building
insulationplant in Newark, Ohio, indicated typical
concentrationsof &0.00001 fibres/cm3 (analysisby PCOM; Switala,
pers. comm., 1993a and b). The maximum value reported in air
near the plant was 0.00014 fibres/cm'.

Total suspendedparticulates(TSP) were measuredin 24-hour
"Hivol" samplesof ambient air collected from June 30 to October
25, 1989, at two sitesnear a continuousfilament fibre
manufacturingplant in Guelph, Ontario (Dobroff, unpublished
data, 1993). The geometricmean values for samplestaken on the
roof of the plant and 200m away were, 35 yg/m'range= 2 — 82
yg/m') and 29 yg/m (range = 3 — 90 yg/m ), respectively.These
concentrationsare below those that would be expectedin a
typical urban area (i.e about 50 yg/m'; Dobroff, 1993) suggesting
that if fibres were present, they contributedrelatively little
to the observedvalues.

Bishop et al. (1985) used a combinationof PCOM and TEM to
identify glass fibres in municipal sewagesludge from five large
cities in the United States (Baltimore, Cincinnati, Dallas, Los
Angeles and Philadelphia),however fibre concentrationswere not
reported.
6.0 Effects on the Ecosystem

Other than resultsof inhalation studieson laboratory
mammals being preparedseparatelyby the Departmentof National
Health and Welfare, no data were found on the effects of exposure
to MMVF on aquatic or terrestrialorganisms.
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Table 1. Some synonyms and trade names for man-madevitreous
fibre products.

Category Synonym/TradeName

Glass Wool

Rock Wool

TEL
fibreglass insulation
Fiberglas" (trade name)
mineral wool (in Europe and Asia)

Rockwool" (trade name)
basaltwool
mineral wool

Slag Wool mineral wool

Refractory
Ceramic Fibres'efractoryfibres

ceramic fibres (some types only)
Fiberfrax" bulk (trade name)
Cerwool
Kaowool

Special Purpose
(or Glass Micro-)

Fibres Micro-Fiber (trade name)
fine fibres
ultrafine fibres
AAAA diameter fibres
AAA diameter fibres
AA diameter fibres
A diameter fibres
B diameter fibres

This category includes only vitreous aluminosilicatetypes.
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Table 2. Physical and chemical propertiesof some man-made
vitreous fibres'.

Properties Cont-
inuous
Filament
Fibres

Glass
Wool

Rock E

Slag
Wool

Refrac- Special
tory Purpose
Ceramic Fibres
Fibres

typical
diameters 3-25
(pm)

3-10 2-6 1.2-3.5'.2-4

length
(mm)

continuous 5
(mean)

softening 680-860
point (

C)'on-fibre none
particulate
or shot
(weight 4)

650-700

traces 20-50

1740-
1800

40-60

650-850

none

time for
total fibre
dissolution'years)

0.4 1.2-2.0 4.9-5.0 1.0-6.5

— No data available
Data obtained from TIMA (1991), unlessnoted otherwise
Average length-weightedvalues, exceptmedian length-weightedvalue for refractory ceramic fibres.
Data from IPCS (1988)

4 Values representfibre lengths in commercial productsand not
ambient air.
Defined as the temperatureat which viscosity of the fibresreaches10~'oise.
Data from Scholzeand Conradt (1987); measuredin vitro based
on loss of silicon from fibres of 1 pm diameter in flow-through
experimentsusing simulatedextracelluarfluid (modifiedGamble'ssolution) at a temperatureof 37'C.
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Table 3. Chemical compositions (in weight percent) of some
continuousfilament fibres and insulationwools'.

Oxidesb

ff EII
glass'ontinuous

filament
alass
ssSn sARn
glass~

glass'lass
rock slag

wool wool wool
(basaltic)

SiO,
AlzOz
BzOz
KzO
NazO
MgO
Cao
TiOz
Fe Oz+FeO
ZrOz
Cr,O,
S
PzOs
LizO
Fz
BaO

52-56
12-16
0-10
0-1
0-1
0-5
16-25
0-1.5
0-0.8

0-1

38-52
5-15

5-10

5-10'0

1-10

0-0.5
10-18

3-12
0-2.5
13-18
0-5
5-13
0-0.5
0.1-0.5

0.5-2
1.1-4
6-16
10-25
0.9-4
3-12

0 '-2
0-1
4-14
20-43
0 '-1
0-2

0-0.5
0-1.5
0-3

0-0.2 0-2
0-0.5

65 60-70 55-70 41-53
25 0-5 0-7 6-14

Data obtained from TIMA (1991) unlessnoted otherwise.
Although elementsare reportedas oxides, atoms are
arrangedat random (i.e. not as oxide compounds) in
thesematerials.
Used for over 994 of continuousfilament fibre
production (Young, 1991); BzO, content from Lethbridge
(pers. comm., 1993).
Used if high mechanicalstrengthor temperature
resistanceis required
Used to reinforce cement
AssumedNa/K ratio 1/1; expressedas total Na,O+ K,O in
TIMA (1991) .
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Table 4. Chemical compositions (in weight percent) of some glassmicrofibres'.

Oxides f753 E f475 f363 silica

SiO~
A1~0~
QOq
KgO
Na~O
MgO
Cao
TiO~
Fa,O,
FeO
ZrO,
F~
BaO
ZnO

62-65
3-5
5-6
0-1
14-16
2-3
5-6
0-0.1
0-0.1

0-1
0-0.2

54-55
14-15
7-8
0-0.2
0-0.6
0.3-3
18-21
0.5-0.6
0.2-0.4

0-1

57-58
5-6
10-11
2-3
10-11
0-0.5
2-3
0-0.1
0-0.1

58-59
5
7-8
14-15
7-8

0-0.2
8
0-0.1

99.5-100

&0. 5

Data obtained from TIMA (1991)
Although elementsare reportedas oxides, atoms are
arrangedat random (i.e. not as oxide compounds) in
thesematerials.
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Table 5. Chemical compositions (in weight percent) of some
refractory ceramic fibres.

Oxides'aolin
alumino-
silicateb

high
purity
alumino-silicate'irconiaalumino-

silicateb

SiO,
AlzOq
QOz
KzO
NazO
MgO
Cao
TiOz
Fe0,
ZrOz
CrzO,

50-54
44-47

&0.01
0.5
&0.1
&0.1
2
1
0.1
&0.03

49-54
46-51

&0.01
0.2
&0.01
&0.05
0.02
&0.2
0.2
&0.01

48-50
35-36

&0.01
&0.3
0.01
&0.05
0.04
&0.05
15-17
&0.01

Although elementsare reportedas oxides, atoms are
arrangedat random (i.e. not as oxide compounds) in
thesevitreous fibres.
SourceTIMA (1991).
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Table 6. Chemicalsused in binders for man-madevitreousfibres'.

phenol formaldehyderesin~
urea formaldehyderesin
melamine formaldehyderesin
polyvinyl acetate
vinsol resin
urea
silicones
dyes
ammonium sulphate
ammonium hydroxide
starch
carbon pigment
epoxy resins
pseudo-epoxyresins
bitumens

Source: IPCS (1988)
Principal componentof most binders currently in use.
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Table 7. Productionof man-madevitreous fibres in Canada in
1991'.

Fibre Type Domestic
Production
(kilotonnes)

ContinuousFilament Fibres

Glass Wool

Rock and Slag Wool

GlassNicrofibres
Refractory Ceramic Fibres

20-40

180-200

50-60

none

0.5-2.0

Total 250-302

Source: Camford Information ServicesInc. (1993a,b,c
and d).
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Table 8. Estimatesof amountsof man-madevitreous fibresreleasedto the atmospherefrom manufacturingplants in
Canada in 1991'.

Plant Type

EstimatesBased on Average
EmissionsFrom Individual

Plants in the United States
EstimatesBased on Amounts
ReleasedPer Unit Weight

Producedin Other Countries

Insul-
ation
Wool

glass
wool

rock/
slag
wool

Number
of

Plants
in

Canada
in

1991~

Estimate
of

Average
Annual

Emissions
per U.S.

plant'kg/Yr)

39

123

Estimate
of

Maximum
Total

Emissions
ia Canada
in 1991~

(kg)

351

615

Amount
Produced

in
Canada

in 1991
(tonnes)

180,000-
200,000
50,000-
60,000

Estimate
of Amount
Released
from U.S.
6 German
plants'kg/tonne

produced)

0.0002

0.0002

Estimate
of Total
Eaissions
in Canada
in 1991

(kg)

36-40

10-12

Refractory
Ceramic Fibre
Continuous
filament
Fibres

88 88

TOTAL 966

100-
2,000

20,000-
40,000

TOTAL 46-52

0.018 2-36

No data available
Emission estimatesfor insulation wools are basedon
concentrations(in stack gases)of "respirable" fibres withlengthsof ) 5 pm, measuredby PCOMg those for refractory ceramicfibres are basedon concentrationsof fibres of all sizes,measuredby TEM.
Source: Camford Information Services Inc. (1993a,b,cand d)Based on recentdata for insulation wool (Switala, 1993b) andrefractory ceramic fibre (TIMA, 1992) productionplants in theUnited States.
These calculatedvalues likely representmaxima, since plants inthe United Statesare normally larger than those in Canada.Calculatedas the averageof 0.00025 kg/tonne from (Tiesler, 1983)
and 0.00015 kg/tonne from Switala (1993a) for insulation wools;taken directly from TIMA (1992) for refractory ceramic fibres.
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