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e To optimise the current WRAS sampler.

Two High Volume Samplers (HVS) were designed on a cyclone based size-selective inlet
with an aerodynamic diameter cut off of 4um . The unique features of the high volume
samplers relates to the very low sensitivity of the cut off device to the flow rate with a
relatively high sampling flow rate (~1,000 I/m) which had not been achieved before.

In addition three WRAS (Wide Range Aerosol Samplers) were delivered. The basic WRAS
sampler developed earlier by Middlesex University had been modified to meet the
requirements of the project. These modifications included the fitting of a new isokinetic inlet,
the purpose of which was to reduce the loss of particles in the inlet.

The WRAS sampler was used on all SME factories for factory sampling and was vital for the
collection of sufficient quantities of dust to allow the analysis of particle size distributuion

(see graph below which shows how much of the total sample (%) was within a given size
range )
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Conclusions

The High Volume sampler has proved a very effective machine for collecting samples for
toxicolgy testing. The WRAS has proved capable for collecting respirable fractions over a
wide range of particle sizes.

WP3: Collection and surface analysis of RCS samples

The work of WP3 involved the collection of dust samples from each of the SMEs using the
High Volume Sampler. Each RTD performer was responsible for ==
testing on a selected factory from a different ceramic sector and
samples were taken from a comination of the following process areas:

Raw material processing
Ceramic body mixing
Forming/Making/Pressing
Glazing/Cutting/Kiln Placing etc

The chosen areas were identified in order to ensure the collection of a
sufficient quantity of dust. RTD performers carried out testing in the High Volume
following ceramic sectors: Sampler (HVS)

Tableware (Granulate)
Bricks

Tiles

Tableware (Slip Cast)
Refractories

The collected samples were used for both surface analysis and toxicology studies. Surface
analysis was carried out in each of the RTD performer’s laboratories using X Ray Diffraction
and Scanning Electron Microscopey/energy dispersive analysis SEM/EDA).

The respirable crystalline silica content (RCS) of the collected sample was determined by X
Ray Diffraction (XRD)
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The Quartz % of RCS for the five factory dusts are detailed in the table below.

. . Tableware Tableware
Brick Tile (Granulate) Refractory (Slip Cast )
RCS by
XRD 7.8 8.1 5.8 3.7 3.1

The surface analysis was carried out by energy-dispersive X-ray microanalysis (EDA). 25

random samples were taken and the mean analysis determined.

An average of all the EDA results per sample was taken. The results can be found in the table

below:
. : Tableware Tableware
Brick Tile (Granulate) Refractory (Slip Cast )
AlLO; 20.76 22.23 26.95 15.10 20.4
Si0O, 65.65 57.58 69.55 34.59 64.0

It was noticed that there was a big variation in both the SiO, and Al,O; content of the samples,
it was also noted that the RCS measured by XRD is considerably lower in all cases than the
Si0O; content measured in the dust samples by EDA.

The multiple-voltage scanning electron microscopy-energy dispersive X-ray spectroscopy
allows us to undertake the following:

Scanning at 20 keV the X-rays excite to a few micrometer depth in mineral particles enabling
us to indentify‘bulk’ silica particles whereas scanning at 8 keV the X-ray excitation depth
drops to near 0.1 micrometer and so only identifies ‘surface’ composition. The brick, tile,
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refractory and tableware (granulate) samples were retested at both of these voltages, with the
following results:

Sector keV AlO; Si0,
20 22.2 57.6
Tile
8 23.0 55.9
20 1.7 98.0
Tableware (Granulate)
8 5.4 94.3
20 21.3 51.8
Refractory

8 18.1 39.6
20 14.3 71.4

Brick
8 16.4 72.0

The tile, refractory and tableware (granulate) samples performed in accordance with the
hypothesis i.e. lower silica levels for the surface measurements, whereas the brick sample
performed differently. The hypothesis put forward for this result is that the brick sample is a
mixture of three clays hence no quartz is added as a separate entity unlike the tile, refractory
and tableware (granulate) samples therefore scanning at different voltages will not
differentiate between bulk and surface compositions.

WP4: In-vitro and in-vivo testing of RCS samples

Some exposures to crystalline silica have long been known to cause silicosis and other
inflammatory diseases but attention to the pathogenic nature of silica was increased when the
International Agency for Cancer Research (IARC) classified some occupational exposures to
silica as being carcinogenic. The IARC stressed that not all exposures were active and that the
toxicity of silica is very variable. In the same volume of the IARC monograph series coal
dusts containing about 20% crystalline silica were not found to be active. Silica is used in
many forms in the ceramic industry and there are many different exposures. This part of the
Siliceram project sought to examine the biological activities of various dusts in several tests
for toxicity primarily in cells in culture and secondly using a smaller range of dusts in whole
animals.

There is ample evidence, and a general agreement, that the first and, probably the key target
for crystalline silica is the population of macrophages “patrolling” the non-ciliated alveolar
regions of the lungs. The normal role of these cells is to engulf particles deposited in these
regions and clear them mostly by being swept up the larger airways and then swallowed. Less
important routes for clearance are through the lung lymphatic drainage or into the pleural
spaces through pores on the surface of the lung. Crystalline silica is especially toxic to
macrophages while having relatively less effect on other cell types. By poisoning the
mechanism that should clear dusts and microbes, silica can itself accumulate in the lung,
enhance the retention of other dusts and prevent some of the mechanisms which normally
destroy invading micro organisms.
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The Siliceram project

In this work a number of dusts were tested for their toxicity to primary macrophages or
immortalised macrophage-like cells in 5 different assays at two centres. These tests can be
regarded as forming a series capable of detecting different stages in a cascade of toxic events.
The first effects are the production of a number of inflammatory mediators or cytokines this is
perhaps a normal response of these cells to phagocytosis. In this project these effects are
represented by the release of a prostaglandin (PGE2-Liberation) and the production of
messenger RNA for TNF-o.. When the cells are moderately damaged their energy metabolism
is inhibited and this was monitored using the production of a formazan from a tetrazolium salt
by metabolic reduction. In this work the MTT assay was used and the effects studied at two
time points 2 and 24h. When the macrophages are severely damaged, or even burst, then
components of the cytoplasm can be released and in this study this was monitored by the
release of the enzyme lactic dehydrogenase (LDH). A further test, the comet assay, stands
somewhat outside this cascade of events. This assay involved the exposure of the cells to
dusts and then their concentration and re-suspension in an alkaline sol/gel followed by the
separation of released DNA by electrophoresis. The DNA was then visualized by staining and
imaging the released DNA “Comets”. Each comet originated from individual cells and
crudely the more DNA damage then the bigger the stained area.

In this assay DNA damage can occur during the initial period of incubation of the cell/dust
mixture. Alternatively when this mixture is concentrated into a pellet the cells are exposed to
a much higher concentration of dust. Nuclei could be released and DNA damage occur in the
cell dust concentrate. Finally damage could even occur once the DNA is released into the gel
prior to and during electrophoresis. These problems would not be possible with the more
usual soluble genotoxic agents as when the cells are sedimented the concentrations of toxin to
which the cells are exposed reduces dramatically, with dusts it increases as both dust and cells
are pelleted. These effects may have been responsible for the early finding that a sample of
titanium dioxide, previously used as a negative control, was positive in this test. A sample of
alumina was substituted as the negative control; however the titanium dioxide was the
negative control in the animal test where the response was, as expected, minimal. However
this test holds a great potential for identifying possible catalytic damage to DNA caused even
by dusts previously thought to lack such activity.

There are several components in the dusts that could be toxic to cultured cells, which are very
sensitive, and some that might even express effects in animals. These range from the lead
compounds seen in the tile dusts to low toxicity materials affecting cells or animals due to the
bolus added to tissue cultures or instilled into animal lungs. In order to detect specific effects
due to silica we used a relatively novel approach comparing toxic activities in both the
presence and absence of aluminium lactate. The concentration of this aluminum salt used was
sufficient to inhibit silica toxicity but have relatively little effect on other toxicities. The use
of this method was amply supported by the results with the control and “contrived” dusts.
These were made from mixtures of kaolin and feldspar with added silica. At the outset the
workplace dusts were thought likely to contain about 30% crystalline silica as this was the
stated compositions of the materials being used at the sampling sites. The exception to this
being in the brickworks studies where the raw materials relay on silica in the clay used and is
not added as a separate material. . However when the crystalline silica content of the dust was
measured all the samples contained only between 3 and 9%.



