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Abstract

The process of biodeterioration of optical glass was studied after being induced by an auxiliary material (lubricant 4CKP) used in the
production of optical instruments. It was determined that the lubricant can initiate growth of conidia of Aspergillus niger fungus. Acid
spawn metabolites cause deterioration of the glass surface. Measurements of laser light beam transmittance through the glass plate and the
AAS chemical analysis method of the post-culture fluid allowed to determine that glass with a high SiO, content is most resistant to

corrosion caused by the growth of 4. niger fungi spawn
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Introduction

The ubiquitous existence of microorganisms in all
natural environments as well as their unusual capabil-
ity to adapt to various conditions is the cause of bio-
logical deterioration and corrosion of most existing
technical materials.

It would be difficult to mention a group of mate-
rials not affected by microorganisms either in a destruc-
tive way or at least with a change of their properties.
Microorganisms change the properties of many mate-
rials used among others in construction, packing, fab-
rics, synthetic materials, lubricants, metals and alloys
( Zyska, 2001; Cwalina, 2003; Janda, 2005; Szumigaj
et al., 2008).

The process of biodeterioration also affects such
a stable material as glass. It was determined already
in 1943 in Japan that mould grows on optical glass
and this was later confirmed in 1958 in the famous
Commonwealth Mycological Institute in Kew, Great
Britain (Ohtsuki, 1943; Dade, 1958).

Signs of glass microbiological corrosion were more
precisely described by Kerner-Gang in 1968. Pits in
the optical glass were caused by Aspergillus versicolor

conidia already after 5 days. This destructive process
is slower when Penicilium funiculosum, Alternaria
tenuis and Aspergillus fischeri fungi are present.

Gorbuhina and Palinska (1999) studied the role of
fungi and cyanide bacteria in the process of destroying
glass produced similarly as medieval church windows.
On the glass surface they found a film consisting of
bacteria such as Synechococcus sp., Merismopedia
glauca, Chroococcidiopsis sp. and fungi Aureobasi-
dium sp., Acremonium sp., and Trimmatostroma sp.
After removal of the biological material the glass sur-
face also showed pits, slots and figures.

Reports also mention microbiological corrosion of
window glass in the Cister church in Hanau (Ger-
many). It is suspected that in the course of earlier res-
toration works they were covered with a substance
rich in carbon. In summer the relative humidity inside
the church reached 80% and the average temperature
was 18°C. Such conditions and source of carbon
enhanced the growth of fungi on the glass surface
(Weissaman and Drewello, 1996).

Growth of fungi was also observed on stained
glass windows in a medieval monastery in Hanterive
(France). Some 20 types of fungi including Taeniolina
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deightonii belonging to the Demiataceae family
(Kaiser ef al., 1996) were isolated from infected glass.

Analysis was also made of the deterioration of
historical stained glass windows in the 15% century
Cartuja de Miraflores monastery in Spain. Biodeterio-
ration of the window glass was found during renova-
tion conducted in 2003. Pits and slots, often filled with
white deposits, were observed on the glass surface.
Aspergillus type are responsible for this phenomena.
Together with bacteria they colonized the glass surface
(Carmena et al., 2006).

Fungi are the dominant species in microflora on
the glass surface and their metabolites are responsible
for the irreplaceable changes and degradation of the
structure and composition of this inorganic material
(Watkins, 2003).

Fungi growth often deteriorate glass surface and
cause its darkening and discoloration. On the other
hand, deposits are formed on the surface due to the
reaction between mould metabolites and glass com-
ponents (Weismann and Drewello, 1996; Bartosik
et al., 2007).

So far studies of microbiologically induced glass
corrosion were mainly focused on the analysis of de-
structive changes occurring on stained glass and win-
dows in old churches. In this area of research, studies
of optical glass resistance to various environmental
conditions and especially to microorganisms are much
less common. Also in Poland such studies have not
been undertaken by research centers.

Estimation of the resistance of optical instruments
to microbiological corrosion is important and justified
since they are used both in civil and military applica-
tions and they can be deteriorated both by environ-
mental and microbiological conditions. Knowledge of
biodeterioration of optical glass deterioration is badly
needed due to marginal and scarce reference in litera-
ture to auxiliary materials used in the technology of
optical devices. The main aim of our study was to in-
vestigate this phenomenon. Earlier studies showed
that lubricants used as auxiliary materials in the pro-
duction of optical devices can be easily assimilated
by conidia of fungi.

Experimental
Materials and Methods

Biological materials. The fungus Aspergillus niger
LOCK 0439 from the Microorganisms Pure Culture
Collection Institute of Fermentation Technology &
Microbiology Technical University of £.0dZ were used
as the biological material in our studies. They were
characterized as an acid generating strain which cre-
ates citric, malic and oxalic acids when growing on
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a mineral background with glucose. Aspergillus strains
are most often mentioned in literature as agents caus-
ing glass corrosion.

Technical materials

Optical glass. The chemical composition of the
technical material (optically polished smooth glass
discs, 3 mm thick and with 30 mm diameter) is shown
in Table I. Light kron type glass lens (BK7 and BaK4)
have small coefficients of light diffraction n=1.45-1.6.
Heavy flint type glass lens (SF2 i1 F2 have coeffi-
cients of light diffraction n=1.55—1.9 and they con-
tain Pb (ca. 50%).

Lubricant 4 CKP. We studied a lubricant of com-
mercial origin used to lubricate spectacle threads and
hinges in optical devices exposed to rotations of the
lens and eyepiece. The biodeterioration of optical
glass was assessed during the growth of fungi in static
and submerged conditions.

Components basal medium Mo. glucose 0-0,1%,
(NH,),S0, 0,3%, KH,PO, 0,1%, MgSO, *7H,0 0,5%,
agar 0-0,3%, aqua dest. pH=6.0

Cultivation of A. niger in static conditions.
Samples of optical glass were cleansed by immersing
them in ethanol (70% conc.) and then they were placed
on Petri plates with aqueous agar. The glass surface
was covered with 4CKP lubricant layer and then with
a small quantity of Mo medium (0.1% glucose and
0.3% agar) to initiate the growth of microorganisms.
The culture was grown in a thermostat at 30°C at

Table I
Chemical composition of the tested optical glass

Item | Glass type | Sample mass [g] | Mass composition [%]
SiO, 68,9
B,0, 10,1
Na,O 8,8
1 BK 7 7.8 K.0 8.4
BaO 2,8
As O, 1,0
SiO, 59,6
B,0, 3,0
Na,O 3,0
K0 10,0
2 BaK 4 6.4 700 48
BaO 19,0
As,0, 0,6
PbO 0,3
SiO, 40,9
Na,O 0,5
3 SF 2 7.8 K0 6,8
PbO 50,8
As 0, 1,0
SiO, 46,96
K0 6,30
4 F2 73 PbO 4691
As O, 0,23
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controlled relative air humidity of abt. 80% during 3,
6 and 12 months. To prevent drying, the samples were
placed in plastic containers. After incubation time, the
glass surfaces were cleansed with ethanol and surface
changes were observed under of a phase-contrast
microscope. Photos of the surfaces were recorded with
a high resolution CCD digital camera and then pro-
cessed with MicroScan graphic programs.

The destruction of the glass surface was also as-
sessed using a helium-neon laser which was emitting
a beam with the wavelength of A=0.6328 um and
power of P=7 mW. The laser beam was directed
perpendiculary at the surface of the optical glass. The
samples were placed on an optical stand with the pos-
sibility of precise movement. The light beam power
was measured after it passed through the studied
sample. The power measurements for particular glass
samples were made in 5 randomly chosen points
along the glass diameter. A glass disc that had not
been subjected to the influence of microorganisms
was the reference sample.

Mean beam power I was calculated on the basis of
five measurements of transmittance through a parallel
wall plate with a perpendicular light using the follow-

ing formula:

n

Isr_

Where: L — intensity (power) of the laser beam after
passing through the sample; n — number of measure-
ments.

We also estimated the transmittance of the laser
light T through the optical glass sample and this pa-
rameter was connected to the thickness of the glass
plate using formula (2):

_ s
T=
S @)
Where: I — mean power of the laser beam after pass-
ing through the sample [mW]; I — intensity (power)
of the laser beam in air [mW]; g — thickness of the
glass plate [mm]

It must be underlined that in these studies T is the
transmittance connected to unitary sample thickness.

Results of measurements of the light transmittance
through samples subjected to deteriorating conditions
are shown as histograms. Histograms are also shown
for laser transmittance through an unaffected clean
reference glass sample.

Growth of A.niger submerged conditions. Sterile
optical glass samples were placed in polypropylene
Erlenmeyer bulbs with a liquid medium Mo with
pH = 6 with the addition of 5% 4CKP lubricant (no glu-
cose). Such samples were then infected with a suspen-
sion of A. niger spores with the density of 10®ml and
at 2% in relation to the medium volume. The culture
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was grown for 240 h at 30°C on a UNITRONIC OR
P SELECTA shaker at 70 rpm. Optical glass samples
removed from the bulbs were immersed in ethanol
to deactivate the biological material and then it was
delicately removed from the surface. Then the culture
was pasteurized to stop the activity of the micro-
organisms. Post-culture liquid was analyzed with
quantities of radicals freed from glass with flame
atomic absorption spectrometry using a Merck ASA
GBC 932 spectrometer.

Changes on the surface of optical glass were as-
sessed on the basis of observations under a phase-con-
trast microscope and with the use of a laser beam.

The results reported in this paper are an arithmetic
mean from three measurements with the exception of
laser light transmittance measurements where a mean
from five measurements was calculated. Microsoft
Excel program was used to analyze the data.

Results

Biodeterioration of optical glass induced by
4CKP lubricant in a static culture of A. niger. The
macroscopic picture of A. niger growth on BaK4 glass
covered with 4CKP lubricant is shown in Fig. 1A
similar active growth of the spawn was noted for all
glass types.

Microscopic observations of glass surface samples
after 3 and 6 months of A. niger growth did not show
any deteriorating changes of glass even if a plentiful
growth was noted. Only after 12 months the glass sur-
faces started to show first signs of structural changes.
Observations under a phase-contrast microscope
allowed seeing matt areas and spot discoloring (Fig. 2).
Similar changes were also observed on other glass
surfaces except for BK7 glass.

Measurements of transmittance of light passing
through the glass disc confirmed that the culture of

Fig. 1. Surface of glass BaK4 covered with 4CKP lubricant after
12 months of A. niger growth.
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Fig. 2. Surface of BaK4 optical glass covered with 4CKP
lubricant after 12 months of A. niger growth
(arrows-matt areas, discolorations).

A. niger did not show any changes after either 3 or
6 months. After 12 months though, smaller transmit-
tance of laser light through the disc was determined
for all types of investigated glass (Fig. 3). The value of
transmittance of laser light through BaK4 and F2 glass
samples decreased by 1.6% so the surface changes
were small. The same value for SF2 glass decreased
by 7.8% compared to the initial value. For BK7 glass
this transmittance decreased by a statistically insig-
nificant 0.7% indicating that this type of glass is most
resistant to deterioration caused by active growth of
the A. niger spawn on 4CKP lubricant (Fig. 3).
Biodeterioration of optical glass in submerged
conditions of A. niger growth on a glass base with
the addition of 4CKP lubricant. The influence of
A. niger metabolites on the process of glass deterio-
ration was also observed during immersed culture
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Fig. 3. Transmittance of laser light beam through optical glass after
12 months of cultivation of 4. niger induced by 4CKP lubricant.

Bartosik M. et al. 4

conditions where, as in the earlier experiment, the
4CKP lubricant was the only source of carbon.

After 240 h of A. niger growth, phase-contrast mi-
croscopic observations of the glass surface did not con-
firm any changes in the structure of the investigated
glass types. Laser light beam transmittance measure-
ments confirmed earlier determinations that only the
BK7 glass structure remained unchanged. Other glass
types showed the decrease of this parameter in rela-
tion to initial values by 5.2%, 2.3% and 2.8% respec-
tively for BaK4, F2 and SF2 glass samples (Fig. 4).

Atomic absorption spectrometry (AAS) chemical
analysis of the post-culture liquid confirmed the de-
struction of glass caused by A.niger metabolites.

Small quantities of Na, Si, K, Zn, Pb cations were
found in the medium without glass which was the ref-
erence sample (Fig. 5). The % increase of content of
particular cations in the solution was assessed in rela-
tion to the reference sample. The greatest increase of
cation contents in the post-culture liquid was noted
for the sample with BaK4 and SF2 glass. The Si and
K content increased by 90% while in the solution with
SF2 glass the Pb content also increased by 96%. Large
quantities of lead were freed from the F2 glass. Its
content increased by 97% while for silica and potas-
sium the increase was 59% and 36%, respectively. In
the experiment with BK7 glass the quantity of silica
in the post-culture liquid increased by only 63% de-
spite the fact that the content of SiO, is the greatest in
this type of glass. Boron was transferred to the solution
in greater quantity, i.e. 99% more in relation to the
reference sample. This cation can react with organic
acids produced by the A. niger strain and form soluble
salts in the solution. BK7 glass was the only investi-
gated glass type that did not contain any lead cations
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Fig. 4. Transmittance of laser light beam through glass samples
deteriorated during 240 h of A. niger growth in a Mo base
with the addition of 4CKP lubricant.
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Fig. 5. Chemical radicals in the liquid after 240 h of submerged A. niger growth on M, base
with the addition of 4 CKP lubricant and optical glass.

but had the greatest content of SiO, (ca 70%). This
can explain its greater resistance to destructive influ-
ence of biological corrosion caused by A. niger. Glass
types with low SiO, content and with PbO (SF2, F2)
have a lower resistance to the influence of acid
metabolites. Thus they are more sensitive to surface
destruction caused by growth of fungi.

Discussion

Biodeterioration of glass is a long and complex
process. Nevertheless, it is known that in an environ-
ment of high air humidity, temperature and carbon
availability, microorganisms and especially fungi can
damage this seemingly durable surface. Surface dirt,
putty and lubricant traces or insects can be the source
of carbon that initiate the growth of microorganisms.
This means that optical glass parts being parts of both
civilian and military devices are exposed to the de-
structive action of microorganisms. Hence the knowl-
edge of the biodeterioration of glass induced by an-
cillary materials used in the production of optical
devices is indispensable to ensure their usefulness and
durability. Earlier studies on the resistance of ancil-
lary materials proved that among the studied materi-
als 4CKP lubricant is most susceptible to the growth
of A. niger. Investigations of glass surface with a thin
layer of particularly susceptible ancillary material
(4CKP lubricant) and grafted with a suspension of
A. niger spores showed that changes of the BaK4, SF2
and F2 glass samples take place very slowly. They
take the shape of matt areas and spot discolorations

and can be seen under the phase-contrast microscope
only after 12 months of the culture growth. No such
changes were observed on the surface of BK7 glass.
A more proper assessment of the surface changes was
made when measuring laser light transmittance
through the tested material. It was determined that
small changes of the SF2 glass structure occurred
already after 6 months of the 4. niger growth. How-
ever the BK7 glass resistance was confirmed as high
since the transmittance of light was observed only after
12 months (insignificant level of 0.7%).

The content of elements in the post-culture liquid
indicate that reactions take place between A. niger
metabolites and glass components. Silica, lead and
potassium were released from SF2 and F2 glass and
silica and boron from BK7 glass. The release of boron
and potassium from BaK4, SF2 and F2 glass is the
result of reactions occurring between glass compo-
nents and organic acids released to the base by 4. niger.
This strain has been characterized as an acid genera-
ting fungus which releases citric, oxalic and malic
acids. The investigated glass types can thus be de-
scribed as not resistant to the influence of the above
acidic metabolites. Silica does not react with organic
acids so its presence in the post-culture liquid is the
result of other mechanisms. It is probable that the
wash out of other cations reacting with organic acids
could have been the reason for surface changes and
some amount of silica could have been transferred
to the solution. Richens (1997) and Drewello and
Weissmann (1997) state that the reaction of organic
acids with cations (components of glass) leads to the
formation of soluble complex compounds and thus an
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opening and weakening of the silica structure with
easier release of the silica.

Results of transmittance of laser light through in-
vestigated optical glass types showed that reactions
of A. niger metabolites (created during the growth
process on 4CKP material) decreased the transmittance
of light through SF2, BaK4 and F2 glass by 2—8%.
They did not, however, cause any changes in the struc-
ture of BK7 glass surface which could have been recor-
ded by the light transmittance measurements. Si and B
cations found in the post-culture liquid could have been
released from the rim of unpolished part of the glass
disc without any changes in the transmittance of light
through the polished optically smooth surface layer.

The results of these experiments justify the state-
ment that the higher the content of SiO, in glass, the
higher its resistance to the attack of microorganisms
(example-BK7 glass). On the other hand the greater
the PbO content (SF2 and F2 glass) and the richer the
composition of elements in glass which react with or-
ganic acids (BaK4 glass) the greater the susceptibility
of the glass surface to microbiological corrosion.

Results obtained from the experiments are in agree-
ment with the analyses of Drewello and Weismann
(1997) of the potassium-calcium-silica glass surface
(composition: K,0 12-25%; CaO, 18-25%; SiO,
47-54%; PbO 0-1.5%) attacked by fungi and of opti-
cal F2 glass (composition: PbO 24,1; SiO, 62.6%;
K,0 8.5%). They determined that the glass surfaces
with K,O, CaO and PbO are more susceptible to the
attack of filamentous fungi. The authors also stressed
that the boron-silica BK7 glass and the sodium-cal-
cium-silica glass from the year 1900 with a high SiO,
content (72-74%) have a higher resistance to the
effect of organic acids.

Similar results were obtained by Garcia-Vales et al.
(2003) during studies on the biodeterioration of stained
glass windows from XIII-XV centuries. They found
most symptoms of microbiological corrosion in stained
glass windows with glass of high K and Ca content
(ca. 18% and 20% respectively) and least in those with
high SiO, content (ca. 60%). References to glass pro-
duction technology (Jabtkowski, 1962) indicate that
the resistance of glass to acids grows with the content
of SiO, whereas lead type glass is susceptible to the
influence of both inorganic and organic acids.

A new element in the state of knowledge on micro-
biological corrosion of glass is the fact that lubricants
(an example here is the investigated 4CKP lubricant)
can initiate the growth of conidia of fungi and in con-
sequence cause glass deterioration. Results of inves-
tigations of the biodeterioration of glass do not give
so far information on the threats of using ancillary
materials in inducing microbiological corrosion.

Lubricants used in the production of optical devices
should therefore be resistant to biodeterioration and
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should not contain components assimilable by micro-
organisms. Additionally, the resistance tests for these
materials should be conducted in reference to fungi
since organic acids with strong corrosive properties
are their main metabolites.
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