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Abstract

Inhalation of asbestos has been associated witbsfgy lung cancer and mesothelioma in
humans and in laboratory animals. Questions hageraregarding the safety of inhaling
similarly sized particles of other types of matksiasuch as man-made vitreous fibers
(MMVEF).

This study presents the results of the dissolutb@ of the glass fibers especially the
effect of heat treatment on phase composition agbdity in the simulated lung fluid
(SLF) using flow-through tests. Glass fibers VLIug8rwool 607) of composition (in
wt. %) SIQ 62.90, CaO 30.73, MgO 5.81,,81; 0.25 and Fg3 0.11 were analyzed. This
type of fibers is used in the production of insmgtmaterials.

The test was performed at 37 °C in flow-throughfguration. Two solution flow
rates (F) were used: 60, 120 ml.day

The NR [g.nf.day’] (normalized dissolution rate) for unheated andtée glass
fibers was determined. This rate (NR) increasedh witreasing flow rate. Most probable
rate controlling mechanism of glass matrix dissoluts the transport of surface reaction
products through the solution boundary layer adjade the fiber surface. The flow-
through tests determined that a dissolution rath@iunheated glass fibers is faster in SLF
with pH 7.4 and for heated glass fibers is fasteBlLF with pH 4.5.

The first results show that the dissolution ratbedted glass fibers is lower than that
of unheated glass fibers. These results may irgittedt the so called bio-soluble fibers
could become less soluble and therefore potenteaaiginogenic during the time of their
use as a thermally insulating material.
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1 Introduction
In the recent years there has been increasingestter the health effect of inhaled fibrous

materials [1, 2]. Diseases from asbestos exposleed long time to develop. Most cases
of lung cancer or asbestosis in asbestos workerarat5 or more years after initial
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exposure to asbestos. The time between diagnosiesbdthelioma and the time of initial
occupational exposure to asbestos commonly has BBemgears or more. Cases of
mesotheliomas have been reported after househqgidsaxe of family members of
asbestos workers and in individuals without occopal exposure who live close to
asbestos mines.

In general, it is believed that fibers less thah @m in diameter and longer than 10
pm are most likely to induce tumors [3].

For these reasons, most of the studies have berducied to measure the
dissolution rates of various inorganic fibers usimgivo and in-vitro tests [4 to 9]. In vivo
and in-vitro tests are usually executed for deteation of dissolution rate of man-made
vitreous fibers (MMVF) in physiological solutiont-vivo tests are conducted on rats.
There are suggested tree types of in-vivo testsg-term inhalation, abdominal and
tracheal injection. These tests are fairly expensind time consuming. In-vitro static and
flow-through tests are generally used for the mgstf glass dissolution; the flow-through
process (EURIMA test) was proposed and evaluatédeastandard procedure for MMVF
by Sebastian et al. [10].

This study presents the results of the dissoluti® of the glass fibers especially the
effect of heat treatment on phase composition ahubgity in the simulated lung fluid.

2 Experimental methods

Glass fibers VL1 of composition (in wt. %) Si62.90, CaO 30.73, MgO 5.81,,8l; 0.25
and FegOs; 0.11 were analyzed-(g. 1).These fibers were heated at 1100 °C for 24 hours
(Fig. 2). X-ray diffraction detected a crystalline phadetloe heated fibers. The main
crystalline phase was wollastonite. The chemicahmosition of unexposed fibers was
analyzed using X-rays fluorescence analysis (XRHAE simulated lung fluid (SLF) with
pH 4.5 (simulated intracellular lung fluid) and pt4 (simulated extracellular lung fluid)
was used as corrosion mediufmab. 1). The tests were performed at 37 °C in flow-
through configuration. These tests were carriedoouthe unheated glass fibers and on the
heated glass fibers. Two solution flow rates (Fyevesed: 120 ml.dayand 60 ml.day.
The higher one is with in the range recommendedURIMA test guideline [10]. The
concentrations of calcium, magnesium and silicotha effluents were analyzed by AAS
and spectrophotomertry. The surfaces of the fibeese observed before and after
exposure by scanning electron microscope (SEM).

Fig. 1 Glass fiber VL1
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JANN 54700 3.0k 13.0mm x200 SE(M) 11/1/02

B $4700 10.0kV 11.6mm x100 SE(M)

Fig. 2 Scanning electron micrograph Afunheated — amorphous fib@&deated fibers—crystalline

Tab-1 - Composition of simulated lung fluid (SLF) denotés=Swith pH=4.5% SLF with pH=7.4

Component Conc. [mg/l] Component Conc. [mg/l]
NacCl 7120 HNCH,CGO,H (glycine) 118
NaHCG, 1950 NaCeHs0,-2H,0 (citrate) 152
CaCl 22 NaC4H,04-2H,0 (tartrate) 180
Na,HPQ,-12H,0 373 NaGH:O; (pyruvate) 172
Na,SO, 79 GHs0s lactic acid (90%) 156
MgCl, 99 HCI (diluted 3:5) [ml] 4.30.04

3 Results and discussion

At the beginning of the interaction for and the eated and the heated fibers, the selective
leaching Ca and Mg was observed in SLF4.5, whicls waused by Mé" - H;O"
interdiffusion in fiber surface. On the other hdondthe unheated (amorphous) fibers, the
lower NLye values then the N4 ones indicate the back precipitation of Ca and aflg
longer times of interaction in both solutions. Tibever NLye values then the N4 were
indicated for the heated (crystalline) fibers in FSI(4.5, 7.4) only for flow rate
60 [ml.day'] but for the higher one the opposite is true.

The normalized dissolution rate of the fiber R.m2.day'] was determined as the
slope of linear fit of experimental data. The lowates of dissolution at pH=4.5 are in
good agreement with minimum of glass dissolutiotesaobserved in slightly acidic
solutions (e.g. [11]). The higher dissolution ratehe heated fibers in the SLF which had
a pH of 4.5 was determined. NPf the unheated fibers was higher than of thedukat
fibers in both of the simulated lung fluids. Thermalized dissolution rate increased with
the increasing flow rate (Fig. 3). The higher digton rates at higher solution flow rates
can be explained using a simple mathematical mada¢|

The normalized dissolution rate of glass can beutalled according to equation (1):

dm, _ k*D/h
NR.. = = - 1
= sdt Kk +D/h (e.- <) 1)

there K is the surface reaction rate constant, D is tlitugion coefficient of surface
reaction products through the solution boundargiai is the thickness of this layer and
cs and c are saturated and actual concentrati&@ iof the solution. Constant NRralues
allow the assumption that the steady state witlstzo difference cs-c was achieved very
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soon. The measured concentrations in the efflugate higher of the unheated fibers than
of the heated fibers. The thickness of the diffudeyer was decreased with the increasing
flow rate. This assumption is in agreement with ttleemical engineering models
considering the decrease of boundary layer thickmgth increased solution flow rate.

The corrosive products and corroded layers on thtases of the exposed fibers
were determined by SEM-ED&i(. 4).
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Fig. 3 Comparison of normalized dissolution rates (NRdhef unheated (amorphous) and heated
(crystalline) glass fibers
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Fig. 4 SEM micrograph of exposed fibers after 7 days if 8L amorphous fibers pH 4B5:
amorphous fibers pH 7@: crystalline fibers pH4.B: crystalline fibers pH7.4
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4 Conclusions

The tested glass fibers dissolve incongruently. tMwebable controlling mechanism of
dissolution is the transition of surface reactioaducts through the stationary layer of the
solution. The most important finding of this stutythat there is some change in the
solubility of the bio-soluble fibers cause by heaatment. The phase composition of these
fibers has high effect to the solubility in the SLFhese results may indicate that the so
called bio-soluble fibers could become less solubie lung fluid and therefore potentially
carcinogenic during the time of their use as antfainsulating material.

This study was part of research program MSM 604803 Preparation and research
of functional materials and material technologisgg micro- and nanoscopic methods.
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