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BIODETERIORATION SOCIETY NEWSLETTER
4th INTERNATIONAL BIODETERIORATION SYMPOSIUM
BUNDESANSTALT FUR MATERIALPRUFUNG (BAM)
BERLIN, W. GERMANY, 28th- 31st AUGUST 1978

Since 1968 symposia on bio·
deterioration and biodegradation
have been organised under the
general auspices of the Standing
Committee
for
International
Biodeterioration Symposia (SCIBS)
of the Biodeterioration Society. At
the Third Symposium held in
Rhode Island in 1975 it was agreed
that the Fourth Symposium would
be held in Germany in 1978.
The Standing Committee are
very pleased to announce that
Bundesanstalt fiir Materialprlifung
(BAM), West Berlin, have agreed to
act as host Institute for the Fourth
Symposium. SCIBS is sure that this
meeting will be as successful as the
previous three symposia in bringing

together those active and interested
in the subject throughout the
world.
Contributions covering recent
research results and developments
will again make up the programme.
There will be some plenary sessions
but main programme will be
composed
of
invited
and
contributed papers. No more than
two sessions will be held con·
currently. It will be helpful to the
Organising Committee if potential
speakers will offer either a tentative
title or the area of interest of their
contribution as soon as possible.
There will be another call for
papers in November 1977, when

further details of the Symposium
will be given.
The official languages of the
Symposium will be English and
German. Abstracts in English of
all papers will be required and will
be
available
to
registered
participants at the start of the
Symposium. The Proceedings will
be published.
For further details and inclusion
on the Symposium mailing list,
please write to:Professor Gunther Becker,
Bundesanstalt fiir Materialpriifung
(BAM), Unter den Eichen 86/87
Berlin - Dahlem 45, D-1000,
W. Germany.

International Biodegradation Research Group (I.B.R.G).
The spring meeting of I.B.R.G. was held in Germany at Bayer A.G. Krefeld, on 26th
and 27th April. Over thirty members from nine countries took part.
Technical working groups which met were: The Constructional Materials Group,
The Environmental Group, and the Paints Group.
The autumn meeting 1977 will be held in Winchester, England, on the 18th, 19th,
and 20th October and the Spring meeting will probably be held in Copenhagen, Denmark.
Organisations interested in the work of I.B.R.G. are invited to contact the Secretary
General, Dr. D. Allsopp at the Biodeterioration Information Centre, for further details.
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FORTHCOMING CONFERENCES, MEETINGS AND COURSES
Dates

Title

14-18 June 1977

Pro Aqua-Pro Vita 77
(Environmental conservation,
sewage, waste water treatment,
pollution)

27 August-3 September
1977

Location

Contact

Basic,

Sekretariat Pro Aqua-Pro Vita
Postfach
CH402! BASLE
Switzerland

Switzerland

Tampa, Florida,
U.S.A.

2nd International Mycological
Congress 1977

Dr. Melvin S. Fuller, Secretary IMCl
Department of Botany
University of Georgia
Athens Ga. 30602, U.S.A.

5-10 September 1977

8th International Congress

Wageningen,

International Union for the

Netherlands

Study of Social Insects (IUSS)

J. Drijver
International Agriculture Centre
P.O. Box 88, Wageningen, Holland.

c/o Director

2nd International Working
Conference on Stored Product$
Entomology

lbadan
Nigeria

26,27,28 September 1977

2nd International Symposium
on Aquatic Pollutants

Noordwijkerhout
(Near Amsterdam)
The Netherlands

Ir. H .v. Lelyvcla
National Institute for Water Supply
P.O. Box ISO,
Leidschendam
The Netherlands.

11-13 October 1977
15-17 November 1977

The Control of Insects and
Rot in Buildings
(3 day cour.;e, fee £21.60)

Princes Risborough
England

Mrs. Susan Hobbs,
Building Research Establishment
Summerlcys Road, Princes Risborough
Aylesbury, Bucks. HP17 9PX.

28-31 August 1978

4th International Biodeterioration
Symposium

Berlin,
W. Germany

Prof. Dr. Gunther Becker
Bundcsanstalt fur Materialprufung
Unter den Eichen 87
D-1000 Berlin 45.

8-13 September 1977

iv

Institute of Agriculture Research and
Training
P.M.B. 5029,
Moor Plantation
lbadan, Nigeria.
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Abstracts of Papers Presented at a Joint Symposium with the
Society of Chemical Industry, Road and Building Materials Group
14, Belgrave Square, London, SWIX BPS
Thursday 21st Aprill977

THE BIODETERIORATION OF BUILDING MATERIALS AND ITS PREVENTION
Session I Constructional Materials

Title:
Solid and Constructional Materials
Author: A.F. Bravery
Address: Building Research Establishment, Princes
Risborough Laboratory, Princes Risborough,
AYLESBURY, Bucks. HP17 9PX.

Title:

Masonry- Plant Growth aod Stone
Conversation.
Author: J. Ashurst.
Address: Directorate of Ancient Monuments and
Historic Buildings, Department of
Environment, Fortress House, 23 Savile Row
London WI X 2 HE.

ABSTRACT
The paper describes the structure of wood, the
different cell types and basic chemical composition
which predispose wood to biodeterioration. The
factors responsible for decay and degrade are described
and attention drawn to the particular importance of
water. The role of bacteria and the different types of
wood·inhabititing fungi are briefly described and
reference made to the main species of wood-destroying
insects.
The

need,

during

design,

construction

ABSTRACT
The growth of plants on historic masonry presents
at times a considerable maintenance problem, and may
in extreme circumstances contribute towards structural
instability. More commonly, they may play a part in
keeping walls wet, in blocking rainwater disposal
systems, in disfiguring masonry (in the form of algal
growth) and in making pavings hazardous. Secretion
from some liche!]S will attack lead and copper and
polished marble. Research carried out in conjunction with Building Research Establislunent (Princes
Risborough Laboratory) and Penarth Research Centre,
is directed towards the development of long term
inhibitors wrJch will delay considerably the re·
colonisation of cleaned and consolidated masonry,
especially in locations where access is difficult and
expensive.

and

maintenance, for careful recognition of actual and
potential

sources

of

moisture

penetration

or

condensation, is stressed. The use of naturally durable
timbers or of appropriately pretreated timber is
necessary in some situations.

Title:
Wood-based Board and Cladding Materials
Author: J.G. Savory
Address: Building Research Establishment, Princes
Risborough Laboratory, Princes Risborough,
AYLESBURY, Bucks. HP17 9PX.

Title:

Bacterial Deterioration of Stone and
Concrete.

ABSTRACT

Author: Barry A. Richardson
Address: Penarth Research Centre, Otterboume Hill,
Winchester, Hampshire.

The range of boards includes glue bonded, cement
bonded and self bonded types. The situations in which
use of boards in house construction is desirable range
from those presenting high to low hazard of
biodegrade. The need to consider interactions between
"biological" and physical board properties when
designing tests to predict service performance is
illustrated.

ABSTRACT
Moss, lichen and algal growth on stone is readily
visible, yet it is seldom appreciated that it can be a
significant cause of deterioration. Bacterial infection
may represent a much more extensive contribution to

damage but, as it is not visibly apparent, its presence is
seldom recognised and its significance has only rarely
been investigated.

Methods of protecting boards against deteriogenic
agencies are briefly outlined.
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SUB-EPIDERMAL FUNGI IN WHEAT GRAINS
IN INDIA

Title:
Fouling of Asbestos Cement Roofing.
Author: A.O. lloyd
Address: 24 Rooks Hill, Welwyn Garden City, Herts.
AL8 6ET.

By
B.S. Mehrotra and P.K. Dwivedi

ABSTRACT

An Apology

Fouling may take the form of unsightly growths
which somethnes cause blockage of roof drainage
systems. Slipperiness due to growths may be a serious
accident hazard. Deterioration of the substrate can
occur, especially in cold, wet, climates. First colonisers
are algae and fungi associated with bacteria, then
lichens, mosses, and higher plants. Algae, fungi and
lichens commonly found in fouling were presented.
Among environmental factors the hnportance of bird
droppings was noted. Control measures were
discussed, including the use of quaternary ammonium
compounds in conjunction with TBTO and PCP
laurate.

The Editor regrets that in the last issue of the Bulletin
the above article was wrongly attributed to a different
author although the authorship was correctly given in
the page headings. Unfortunately the error was not
discovered until most of the issues were in the post to
subscribers. It is hoped that subscribers will make an
appropriate alteration on page 25 of their copies, that
is, Spring 1977, Volume 13 No. 1.
The Editor offers his apologies to the authors of this
article and to Dr. Ogundana whose name was wrongly
given as the author.

Session 2 Finishes and Fittings
Title:
Biodeterioration of Pipes and Pipe Coatings
Author: E.S. Pankhurst
Address: British Gas Corporation, Research and
Development Division, London Research
Station, Michael Road, WNDON SW6.

Title:
Paints and Finishes
Author: W.R. Springle
Address: Paint Research Association, Waldegrave
Road, Teddington, Middlesex.

ABSTRACT

ABSTRACT

Biodeterioration of liquid emulsion paints takes
various forms including "gassing", "putrefactionn and
"thinning". In the latter case alternative oxidative or
hydrolytic mechanisms (both of microbial origin) may
be responsible. Protection against such spoilage is
achieved with bactericidal chemicals certain of which
e.g. phenyl mercury acetate, may have activity reduced
by bacterial extra metabolites.

Many of the materials used in pipes and pipe
coatings and wrappings are liable to be affected by soil
micro·organisms in one way or another. It is accepted
that sulphate·reducing bacteria play an hnportant role
in anaerobic corrosion and buried metals, but it is not
often appreciated that these and other organisms can
and do adversely affect pipe coatings and wrappings
as well. Laboratory testing and field observations can
help to ensure that only materials resistant to attack by
soil micro-organisms are used underground.

Algal and (particularly) fungal growth problems
appear to be increasing in the United Kingdom.
Protective biocides can be used in paint films or as
washes, depending upon whether preventative or
curative measures are required.

Deterioration of Seals in the Water and
Sewage Industries.
Author: M. Hutchinson.
Address: Water Research Centre, Medmenham,
Marlow, Buckinghamshire. SL7 2HD.

Title:

Title:
Wallcoverings including Wallpapers
Author: W.R. Springle
Address: Paint Research Association, Waldegrave
Road, Teddington, Middlesex.

ABSTRACT
In connection with deterioration of rubber sealing
rings used in pipe joints, laboratory tests have shown
that deterioration occurs in declining order from
untreated river water - chlorinated tap water -sewage
(least deterioration). Interpretation of these results
would appear to relate to the level of dissolved oxygen
and the presence of certain transition metals and
manganese in particular. These are selectively absorbed
from the water onto the rubber surface and act
catalytically to oxidise rubber hydrocarbons. In
addition deterioration is always accompanied by the
presence of large numbers of Nocardia, able to degrade
latex in pure culture.

ABSTRACT
Wallpapers usually dry relatively quickly after
application, but given sufficient humidity they will
support mould in like manner to a paint film, with
the added disadvantage that sizing or surface treatment
may have deposited fungal nutrient. Water
impermeable vinyls, wallpapers, and cellulose pastes
can undergo microbial attack on the wall side, where
cellulolytic organisms may damage paper or cause
stripping. Growth of, for example, Aspergillus
versicolor or Penicillium purpurogenum occurring in
this way tends to produce staining.

vi

A.R. Thomas

and E.C. Hill
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ASPERGILLUS FUMIGATUS AND SUPERSONIC
·AVIATION, 4 BIOCIDAL CONTROL
A.R. Thomas! and E.C. HiiJl
Summary.

Aspe~llus fumigatus und Uberschallflugverkehr, 4 Bckampfung
mit blociden.
Es wird uber die Bekampfung eine AlbiniStammes von Aspergillus jiJmfgatus berichtet, der Kohlenwasserstoff assimiliert und sich fahig erwicsen hat, darin zu
wachsen und die Treibstofftanks von UberschaUflugzeugen zu
korrodieren. Die Wirksamkeit folgender Biocide wurde
untersucht:
Athylenglycolmonomethylather,
Biobor-JF,

The control of an albino strain of Aspergillus

fumigatus which assimilates hydrocarbon and has exhibited
the potential to grow in, and cause corrosion of, the fuel tanks
of supersonic aircraft is reported. The effectiveness of the
biocides: E.G.M.E. (ethylene glycol monomethyl ether), BioborJF, strontium chromate, and RH 886, were evaluated.

Strontiumchromat und RH 886.
Aspergillus fumigatus et )'aviation supersonique. 4 Controle
biocide.
On examine lc controle d 'une souche albinos de
Aspergillus fumigatus qui assimile les hydrocarbures et s'est
rcvclee capable de se developper dans les reservoirs acarburant
des avions supersoniques et d'en causer Ia corrosion. On a
evalue l'effectiveite des biocides suivants: E.G.M.E. (Ether
monomethyle glycol ethylene), Biobor-JF, chromate de
strontium, et RH 886.

Aspergillus fumigatus y Ia aviacion supersonica 4 Control biocida
Se anuncia el control de una raza albina de Aspergillus fumigatus
que asimila el hidrocarbon y sc ha mostrado capaz de crecer
ocasionando a mismo tiempo Ia corrosion, en los depostos de
combustible los aviones supersonicos. Se evaluarorl, para su
eficacia, los biocidas E.G.M.E. (ethylene glycol monomethyl
6ther) Biobor JF, strontium chromate y RH 886.

A hydrocarbon-assimilating albino strain of
Aspergillus fumigatus has been shown to have the
potential to grow and cause corrosion in the temperature
conditions experienced in some of the fuel tanks of
supersonic aircraft (Thomas and Hill 1976 a and b,).
Spores of the fungus are able to survive under other
conditions that occur in supersonic aircraft fuel tanks
which are not conducive for their growth (Thomas and
Hill 1976c,).

p.p.m. 0.0135 - 0.027% v/v) by the biocide's manufacturer. In the aqueous phase, concentrations of this
biocide up to 10% v/v were used as a I% v/v
concentration has been reported to be inadequate to
prevent the growth of several different unidentified
fungi (Crane and Sanders 1967). Strontium chromate
was tested at its saturation levels in fuel and water.
Materials and Methods
Spore suspensions of the albino A. fumigatus were
prepared as described previously (Thomas and Hill
1976a, in press) using either aviation kerosene or
distilled water. 10 ml aliquots of spore suspension in
cotton wool plugged test tubes for testing the biocides
were then prepared from the "stock" suspensions by
adding 0.1 ml "stock" suspension to 9.9 ml aliquots of
the test liquid containing biocide. Aviation kerosene and
mineral salts medium (BH - Bushnell and Haas broth)
were prepared as previously stated (Thomas and Hill
1976a). The effect of biocides on spore survival was
assessed by serial dilution plate counts carried out as
previously described for spore survival studies (Thomas
and Hilll976c).

This paper evaluates the effect of biocides on the
survival and growth of the albino A. fumigatus. Two
of the biocides, Biobor- JF (consisting of organic esters
of boron) and E.G.M.E. (ethylene glycol monomethyl
ether) are commonly added to aircraft fuel systems the latter serving a dual purpose as it is an anti-icing
additive. Both these biocides are sparingly fuel soluble
but freely water soluble; therefore they partition into
any water phase in contact with fuel containing the
biocides. Thirdly, strontium chromate, representing
the chromate type additives, is water soluble and only
effective at the point of addition such as water bottoms
in fuel storage tanks. It will not necessarily be effective
in aircraft where water pools tend to remain discrete.
The biocides were tested for their effect on the survival
of spores of tlie fungus in separate fuel and aqueous
phases. The influence of temperature on the effectiveness of the biocides was also determined.

E.G.M.E. (ethylene glycol monomethyl ether, or 2
mexthoxyethanol) was supplied by B.D.H. Chemicals
Ltd., and Biobor- JF was supplied by the United States
Borax and Chemical Corporation. RH 886 is a new
biocide supplied by Rohm and Haas (U.K.) Ltd.

E.G.M.E. was tested at concentrations up to 0.25%
v/v in the fuel phase - it is normally added at a concentration of 0.15% v/v in aircraft fuel systems. In the
aqueous phase, concentrations up to 25% v/v were
tested, as a concentration of 15% v/v in the water phase
in the presence of fuel has previously been found to
prevent fungal gr9wth (Hitzman 1965). The concentrations up to 0.03% v/v of Biobor - JF used in the
fuel phase included those recommended (135 - 270

1 Microbiology

I. The effect of E.GM.E. and Biobor- JF in the fuel

phase
Spore suspensions in aviation kerosene containing
0, 0.05, 0.1, 0.15, 0.2 and 0.25% v/v E.G.M.E. were
prepared. Initial serial dilution plate counts were carried

Department, University College, CARDIFF, CF2 ITA.

(Received, 5th July 1976).
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out immediately. The suspensions were kept at room
temperature and serial dilution plate counts made at
different time intervals.

aviation kerosene containing 0.15% v/v E.G.M.E.
Controls contaioing no biocide were also prepared. Sets
of cultures with and without biocide were then
incubated under each of the following conditions:room temperature, and in a simulator as described
previously (Thomas and Hill 1976a, in press), producing
a 4-hour cycle heating up to 42°C to 'simulate the
cyclical temperature conditions of supersonic aircraft
fuel tanks. A further set of cultures were incubated in
the simulator set to heat up to 53°C. Samples of the
aqueous phases were removed for serial dilution plate
counts which were carried out at intervals.

Spore suspensions containing 0, O.Ql, 0.02 and 0.03%
v/v Biobor- JF were treated as above.

2. The effect of E.G.M.E. and Biobor-JF in the aqueous
phase
Spore suspensions in distilled water containing 0, 5,
10, 15, 20 and 25% v/v E.G.M.E. were prepared. Serial
dilution plate counts were made immediately after the
addition of the biocide to each sample. The spore
suspensions were kept at room temperature and· further
serial dilution plate counts were made at intervals.

The above experiment was repeated with the aviation
kerosene contaioing 0.00027% v/v of 10% w/v solution
of RH 886 in E.G.M.E. It had previously been found
that solutions of some biocides in E.G.M.E. showed an
enhanced effect (Hill, 1970).
Results

Spore suspensions contaioing 0, 2.5, 5, 7.5 and 10%
v/v Biobor-JF were treated similarly.

I. The effect of E.G.M.E. and Biobor-JF in the fuel

3. The influence of temperature on the effectiveness of
E.G.M.E. and Biobor-JF in separate aqueous and fuel
phases

phase

Compared with the spore suspension containing no
E.G.M.E., viability of the spores was reduced in those
suspensions containing different concentrations of
E.G.M.E. After 10 days, the spores in the suspensions
with 0, 0.05, 0.1, 0.15, 0.2 and 0.25% v/v E.G.M.E.
retained 85.6, 62.4, 56.0, 50.0, 38.7 and 33.3% viability
respectively. However after 31 days, the respective
viabilities were 66.9, 3.1, 0.89, 1.6, 9.4 and 1.5%.
Thus after 10 days increased concentrations of E.G.M.E.
gave corresponding reductions in viability; after 31 days
in the presence of different E.G.M.E. concentrations
spore viability was markedly reduced compared with the
control suspension contaioing no biocide, however there
was no correlation between E.G.M.E. concentration and
spore viability.

Spore suspensions in aviation kerosene containing
0.15% v/v E.G.M.E. and in distilled water containing
either 25% v/v E.G.M.E. or 10% Biobor-JF were
prepared as well as control suspensions which in each
case contained no biocide. The spore suspensions and
their corresponding controls were incubated at 4°C,
room temperature and 37°C. Serial dilution plate counts
were made at intervals.

4. The effect of strontium chromate at saturation levels
in separate fuel and aqueous phases at different
temperatures

Strontium chromate tablets were added to 9.9 ml
aliquots of distilled water and aviation kerosene a week
prior to spore suspensions being prepared in them. On
addition to the strontium chromate tablets, sets of the
aliquots were incubated at each of the temperatures
at which the experiment was to be conducted; 4°C,
room temperature and 37°C- so that saturation level of
strontium chromate in each particular medium at its
particular temperature could be reached. During the
week, the solutions were agitated periodically to assist
saturation and at the end of the week the undissolved
remains of the tablets were removed from each of the
containers. 0.1 ml inocula of "stock" spore suspension,
in the appropriate medium in each case, were then ·
added and serial dilution plate counts carried out
immediately and at subsequent time intervals. Each
spore suspension was incubated at the temperature
at which strontium chromate saturation had been
attained. Control spore suspensions containing no
biocide were prepared and treated similarly.

In the presence of Biobor-JF, only the spore
suspension conUrining 0.03% vfv of the biocide showed
a reduction in spore viability compared with the control
suspension containing no biocide (Figure I). The spores
in 0.02% vfv and 0.01% vfv Biobor-JF survived better
than the spores of the control suspension. The survival
curve for the 0.01% vfv concentration was similar to
that for the 0.02% vfv concentration.

2. The effect of E.G.M.E. and Biobor-JF in the aqueous
phase
Spores in the suspensions containing 0% and 5% vfv
E.G.M.E. produced mycelial mats after a week; thus
a 5% v/v concentration apparently had neither a biocidal
nor a biostatic effect. The 10% vfv concentration had a
biostatic effect (Figure 2). The 15%, 20% and 25% vfv
E.G.M.E. concentrations all had biocidal effects; the
effect being more marked with increased concentration.

5. The effect of E.G.M.E. on the gennination and
growth of spores of the albino A. fumigatus strain in
fuel and mineral salts medium under the simulated
cyclical temperature conditions of supersonic aircraft
fuel.tanks

The higher concentrations of 5%, 7.5% and I 0% vfv
Biobor-JF in water were biocidal - the effect being
more marked with increased concentration (Figure 3).
The control produced mycelium after 5 days, and a little
mycelium was noted in the presence of2.5%v/v Biobor·
JF after 40 days.

0.5 ml inolcula of spore suspension in. mineral salts
medium - BH broth - were added to cotton wool
stoppered I litre concial flasks each contaioing, I litre

3. The influence of temperature on the effectiveness of
E. G.M.E. and Biobor-JF in separate aqueous and fuel
phases
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The survival of spores of the albino A. [umigatus
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The survival of spores of the albino A. fumigatus
strain in water containing 10%, I 5%, 20% and
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The survival of spores of the albino A. fumigatus
strain in water containing 25% v/v E.G.M.E. at
37°C, room temperature and 4°C.
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In the presence of fuel containing 0.15% v/v E.G.M.E.
spore viability was reduced compared with control,
spore suspensions, but temperature did not affect the
activity of the biocide. However in the presence of 25%
v/v E.G.M.E. in water, the spore suspensions at each
temperature all exhibited reduced viability compared
with their respective controls, and there was greater
reduction in viability with increased temperature
(Figure 4 ). At higher temperatures, spores in the
presence of 10% v/v Biobor-JF in water exhibited greater
decline in viability (Figure 5).

aqueous phase however, it is soluble and has a defmite
biocidal effect. The increased biocidal activity with
increased temperature in this instance is probably not
only due to the temperature effect but also due to the
higher saturation levels of tltis compound in water at
higher temperatures.
Thus, only E.G.M.E. really affects the survival of
spores of this fungus in the fuel phase alone, although all
three biocides affect their survival in the aqueous phase.
Due to the effectiveness of E.G.M.E. in the fuel phase
and also as it is the most commonly used biocide in
aviation fuel systems, its effect on survival of the fungal
spores in the presence of fuel and water under the
simulated cyclical temperature conditions of supersonic
aircraft fuel tanks was determined. Ideally a fuel to
water ratio of 1000: I should be used when examining
the effect of a biocide so that a more accurate
representation of the partitioning of the biocide between
the two phases can be achieved (Hill 1970). The
partition coefficient of E.G.M.E. is about 200: I at 27° C
and 800:1 at -18°C (Ritzman 1965). In the conditions
of the simulator the effect of E.G.M.E. on spore survival
was enhanced when a higher peak temperature was
experienced during the simulator
cycle. The
combination of RH 886 and E.G.M.E. was so effective
under all the temperature conditions tested that the
effect of temperature was no longer of importance.

4. The effect of strontium chromate at saturation levels
in separate fUel and aqueous phases at different

temperatures
The strontium chromate tablets were soluble in
water, but hardly soluble at all in aviation kerosene.
The spore suspensions in aviation kerosine to which
strontium chromate had been added at various
temperatures all exhibited better survival rates than
their respective controls. In water the viability of the
spores in the presence of strontium chromate was
reduced compared with control suspensions; and a
greater reduction in viability occurred at the two higher
temperatures which had the higher saturation levels of
strontium chromate (Figure 6).

Thus, if an infection of the albino A. jUmigatus strain
should occur in the fuel tanks of a supersonic aircraft, it
could be controlled with biocides. Those biocides which
are more effective at higher temperatures have an
obvious advantage in this environment, but any biocide
or combination of biocides which are effective regard·
less of temperature have a major advantage.

5. The effect of E.G.M.E: on the germination and
growth of spores of the albino A. fumigatus strain in
fuel and mineral salts medium under the simulated
cylica/ temperature conditions of supersonic aircraft
fUel tanks

General Discussion

The viability of spores in the presence of water and
fuel containing 0.15% v/v E.G.M.E. declined far more
rapidly under the conditions of the simulator with a high
cycle peak temperature (Figure 7). When the experiment
was repeated with 0.00027% v/v of 10% w/v RH 886
in E.G.M.E. in the fuel phase, the biocidal effect was
greatly enhanced under all the temperature conditions
tested (Figure 8).

In this series of papers on A. jUmigatus in supersonic
aviation it has been demonstrated that an albino strain
of the fungus has the potential to grow in some of the
conditions known to occur in supersonic aircraft fuel
tanks. As a result of the fungal growth, corrosion of
the fuel tanks could arise. Spores of the fungus appear
to be able to survive most of the adverse conditions
known to occur in this particular environment. However
if such an infection should occur it could apparently
be controlled with biocides.

Conclusions
In the fuel phase at the recommended concentrations
for usage, E.G.M.E. appears to be a more effective
biocide than Biobor-JF with regard to spores of the
albino A. jUmigatus strain. In the water-phase, Biobor-JF
appears to be the more effective biocide at lower
concentrations than E.G.M.E. - though both are
certainly effective in this medium.

Strains of A. jUmigatus which can assimilate hydro·
carbons have been reported before (Nyns eta/. 1968),
and A. fumigatus has been described as a "moderately
active" fuel isolate (Darby et a/. 1968). Numerous
normally pigmented isolates of A. fumigatus, including
cultures provided by Nyns, were tested for their ability
to assimilate aviation kerosene during the course of
the work described in these four papers. Responses to
the test were varied, but even those which were positive
only produced very little mycelial growth after prolonged incubation and then it was not interfacial
between the fuel and aqueous phases. However one of
these isolates when tested on pure individual alkanes
grew well especially on the alkanes C
to C
1
inclusively (Thomas 1973). Nyns and his ~o-workd~
observed that different strains of a species have widely
differing hydrocarbon assimilating abilities, including
strains of A. fumigatus, and that petroleum fractions
appear to be more toxic for fungi than individual alkanes

E.G.M.E. in fuel and water mixtures has previously
been found to have increased biocidal activity with
increased temperature, and at 4°C its activity was much
reduced (Hill 1970). In the above work, increased
temperature enhanced the biocidal effect of E.G.M.E. in
the aqueous phase but not in the fuel phase. Similarly,
the biocidal effect of Biobor-JF in the aqueous phase
was affected by increased temperature.
Strontium chromate being barely soluble in aviation
kerosene, does not affect the viability of the spores of
the albino A. jUmigatus strain in this medium. In the
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The survival of spores of the albino A. fumigatus
strain in water containing saturation levels of
strontium chromate at (A) 4° C and (B) room
temperature and 37°C.
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Fig. 8

The survival of spores of the albino A. fumigatus
strain in water overlaid by fuel containing 0 .I 5%
v/v E.G.M.E. (Fuel : water ratio 1000:1) in the
cyclical temperature conditions of the simulator
heating up to 42°C and 53°C, and at room

temperature

The survival of spores of the albino A. fumigatus
strain in water overlaid by fuel containing
0.00027% vfv of 10% w/v RH 886 in E.G.M.E.
{Fuel : water ratio 1000:1) in the cyclical
temperature conditions of the simulator heating
up to 42°C and 53°C and at room temperature.
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control with no biocide

*

control with no biocide

e

0.15% v/v E.G.M.E.

e

0.00027% v/v of 10% w/v RH 886 in E.G.M.E.
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as some strains were able to assimilate alkanes only when
these were extracted from gas oil.

I

f

!

clear that the comments are of a general nature and are
intended to review a field of possible infection rather
than a specific assessment of a particular aircraft type.
Any references to Concorde should not be taken to
imply that this aircraft type may be unduly affected by
microbiological problems.

Further albino isolates of A. [umigatus have been
isolated from crude oils and also a pale green pigmented
strain of the fungus from mineral oil (Thomas 1973).
These isolates were all found to assimilate aviation
kerosene, and the pale green strain had a similar
temperature related growth curve and similar
morphological growth characteristics to the original
albino strain. Thus, hydrocarbon assimilating strains of
A. [umigatus appear to occur quite frequently, and
those best adapted to assimilate aviation kerosene appear
to have pigment deficiencies. However an albino strain
of the fungus obtained from the Commonwealth
Mycological Institute only produced very little noninterfacial mycelial growth in aviation kerosene and
mineral salts medium (Thomas 1973).
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THE EFFECTS OF MOISTURE CONTENT AND
INCUBATION TEMPERATURE UPON THE
POTENTIAL CELLULASE ACTIVITY OF
JOHN INNES No.1 SOIL
T. Rubidge 1
Summary.
The potential cellulose activity of a commercially
available seed sowing compost, John Innes No. 1, was measured
as soil moisture content and temperature were changed. Highest
activity W§S detected at a moisture content of 35% of saturation
and at 35 C. After addition of cellulose to soil 14 days elapsed
before the fungal population reached a maximum of 2 x 106
viable units per gram dry soil at which time maximum potential
cellulase activity was expressed. During these changes the
cellulose-supplemented and unsupplemented soils showed no
appreciable differences in levels of electrodialysable megnesium,
phosphorus, potassium, sodium, or ammonium nitrogen.

Die Auswirkung von Feuchtigk:eitsgehalt und lnkubations·
temperatur auf die potentielle CeDulaseaktivitat von '"John
Innes Nr. 1" Erde.
Die potentielle Cellulaseaktivit:it cines im
Handel crha!tlichen Saatkomposts, "John Innes Nr. 1", wurde
bei unterschiedlichen Fcuchtigkeitsgehalt und unterschiedlicher
Tcmperatur gemessen. Die h8chstc Aktivitllt konnte bei einem
Feuchtigkeitsgehalt von 35% Siittigung und bei 35°C festgestellt
Werden. Nachdem der Erde Zellulosc beigemischt worden ist,
vergingen 14 Tage bis die Pilzbevdlkerung ein Maximum von
2 x 106 cntwicklungsfllliiger Einhciten pro Gramm trockener
Erde erreichte. Zu diesem Zeitpunkt zeigte sich cine maximalc
potenticlle Cellulasetiitigkeit. WIDuend dicser Veranderungen
wiesen die zelluloseangereicherten und nicht angcrcicherten
Erdoproben kelne nennenswerten Unterschiede in Gehalt von
clektrodialysierbarcm Magnesium, Phosphor, Kalium, Natrium,
oder Ammoniumsnitrogen auf.

Lcs effets du taux d'humidite et de Ia temperature d'incubation
On a
sur l'aclivite cellulaire du terreau "John Innes No. 1".
mcsurt! l'activite cellulaire potentielle d'un compost destine ;i Ia
semence de graines, John Innes No. 1, que l'on peut obtenir dans
le commerce, alors que l'on modif:tait le taux d'humidit6 ct Ia
temperature. On a dCtCcte l'activite Ia g,tus ClcvCc a un taux
d'humiditC de 35% de saturation et a 35 C AprCs addition de
cellulose au terreau, 14 jours se sont ecoules avant que Ia
population fongique atteigne un ma<:imum de 2 x 106 unites
viables par gramme de sol sec, et c'est a cc moment que l'activit.S
cellulaire m<N imum s'est manifestee Lars de ces changements,
Jes terreaU!(, additionnes ou non de cellulose n'ont pas montre de
diffirences appreciables dans leur niveau de magnesium
phosphore, potassium, sodium et d'azote d'ammonium
electrodialysables.

Los efectos del contenido de humedad y de Ia temperatura de
incubacion en Ia actividad celulase potencial del suelo John Innes
Mientras se cambiaban el contenido de humedad y Ia
N. 1.
temperatura, se media Ia actividad celulase potencial del John
Innes N. 1, un abono del suelo disponible en el eomercio para
sembrar las semillas. Se descubri6 que Ia actividad mas elevada
se producia con el contenido de humedad de 35% de Ia
saturaci6n y a 35°C. Despues de aiiadido cl celulose a1 suelo,
transcurrieron catorce dias antes de que Ia poblaci6n hongal
llegasc al m:lximo de 2 x 106 de unidadcs viables por grama de
suelo seco, momenta en el que se exprimi6 Ia mayor actividad
cclulase potencial. Durante tales cambios los suelos reforzados
apreciables en nivclcs de magnesia, f6sforo, potasio, sodio o
amonio nitrogen electrodialisables.

In his method a known weight of cellulose was exposed
to the soil and glucose produced by cellulase activity
detennined spectrophotometrically via a glucose
oxidase :peroxidase system and an oxidation:reduction
indicator. Turner (1971) statistically demonstrated that
the moisture content of soil affects its aggressiveness
towards cellulose textiles and it is known that
temperature affects both microbial growth and
individual enzyme activities.

Introduction
It has long been appreciated that although it is severe,
realistic, and useful, the soil burial test of cotton textile
biodegradability has marked limitations due to poor
reproducibility and repeatability (Dean, Strickland and
Berard, 1945; Marsh, Greathouse, Butler and
Bollenbacher, 1945: Siu, 1951; Heuck, 1957; Turner,
1971). Of primary importance to the text is the
aggressiveness of the soil bed towards cellulose, i.e. the
soil must show ·high cellulolytic activity. Previously it
has not been possible to assess the cellulase activity of
the soil without perfonning a soil burial test and
assessing the loss in st -ength of the cotton test material.
Such a procedure inLI Jduces all the possible errors and
variations of the test itself. This has effectively
prevented a rigorous investigation of the soil burial
'standard soil' being carried out. However, in 1971,
Benefield published a method for the estimation of
potential soil cellulase activity in a more direct fashion.

This paper describes experiments designed to
investigate the relation between these two variables and
the potential cellulase activity of the soil. For
convenience in the present work, and with a view to
easing the difficulty of obtaining suitably composted
soil for future work, it was decided to use a
commercially available, standardised seed sowing
'compost' known as John Innes No. l. Of the range
of John Innes composts, No. I is that to which the
smallest amount of mineral supplement is added.

1Materials Quality Assurance Directorate, Ministry of Defence, Royal Arsenal East, Woolwich, WNDON S.E.18.
(Received, January 1977).
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Glucose oxidase peroxidase reagent.
o·tolidine
dihydrochloride (400 mg) was dissolved in distilled
water (10 ml) and added to acetate buffer (150 ml
pH 4.2). Then glucose oxidase {400 mg) and peroxidase
(20 mg) were dissolved in a little acetate buffer and
added to the o·tolidine dihydrochloride solution which
was made up to 300 ml and filtered.

Experimental
Soil. The decision to use John Innes No. I soil was
based upon a preliminary trial to compare its
performance with that of soil normally used in this
laboratory by measuring the loss in tensile strength of
480 g m 2 scoured cotton duck cloth. Following the
normal procedure used in this laboratory, 36 em strips
of the cloth, frayed from 6 em to 5 em (measured across
the warp direction) were buried in soil of moisture
content 2 I% by weight (dry weight basis) with a packed
density of 1.5 g em' and incubated at 30°C. When
subjected to these conditions in John Innes No. I soil
the cloth lost all of its strength in 9 days which is equal
to the rate of strength loss brought about by an average
soil burial medium. lhis result was considered to justify
the use of John Innes No. I soil as the test soil for all
subsequent experiments.

Moisture holding capacity (MHC) and moisture content
of soil
MHC and moisture content of the soil were
measured according to the methods of Piper {1942). By
this method the soil is allowed to absorb water over·
night by capillarity at room temperature and
subsequently dried at !05°C. From the weights before
and after drying the maximum quantity of water which
dry soil will take up is expressed as a percentage of soil
dry weight. It was found that the MHC of this John
Innes soil was 60% moisture content on the dry weight
basis.

The extraction of exchangeable minerals from the soil
Purvis and Hanna (1948)
by rapid electrodialysis.
described a method for the rapid electrodialysis of soils
in dilute boric acid solution. The method entailed
placing 5 g soil between nickel and platinum electrodes
within a specially constructed 'Perspex' cell. The cell
was filled with boric acid (75 ml, 0.05 molar) solution
and a constant current (0.2 amp. DC) passed between
the electrodes for 20 minutes. The resulting boric acid
was then drained from the cell and estimations of
minerals carried out. Concentrations of phosphorus,
ammonium nitrogen, sodium, potassium and magensium,
were estimated by the method of Hanna (1964) and
expressed as ppm in the boric acid extract.

Estimation of potential soil cellulase activity.
The
method used was modified from that of Benefield
{1971) in which a known weight of cellulose is
incubated with a soil sample and the glucose released by
cellulase activity is measured with a glucose oxidase:
peroxidase system linked to o·tolidine dihydrochloride
which undergoes oxidation to produce a green·blue
colour which in tum can be measured spectra·
photometrically. The overall reaction can be represented
as follows, where DH 2 is a hydrogen donor:
cellulase

Glucose
glucose oxidase:

Glucose + 0 2 + DH2
-

I

I

'
'i

II

!

Test procedure.
Microgranular cellulose powder
(chromatographic cellulose) (200 mg) was added to a
test soil (10 g) and mixed using a vortex mixer. Citrate/
phosphate buffer (15 ml, pH 5.0) was added to each test
and control sample of soil. The tops of the MacCartney
bottles in which the samples were held were then
screwed down and the bottles incubated at 50°C for 48
hours. Mter incubation each sample was centrifuged for
5 minutes at 18,000 g. A 0.5 ml sample of the
supernatant solution was used for determination of
potential cellulase activity. Glucose oxidase :peroxidase
reagent (3.0 ml) was added to each supernatant solution
and also to 0.5 ml of standard glucose solutions (a range
of concentrations from 1.0 to 10.0 mg/100 mi. The
colour was allowed to develop at room temperature for
45 minutes and then the absorbance was measured at
635 om using I em silica cells and a Pye Unicam SP600
spectrophotometer against a reference cell containing
distilled water (0.5 ml) and enzyme reagent (3.0 ml).
Cellulase activity was expressed as glucose released {mg
per 10 g) dry soil. As the conditions of this test,
including the high incubation temperature, differ greatly
from those which prevail during a normal soil burial
test, the results obtained are described as 'potential'
rather than actual cellulase activity. For comparative
purposes, however, showing the effect of the various
conditions used in these experiments, the potential
cellulase activity is thought to be a good measure of
the effects of these conditions under the normal test
procedure.

Six 25 kg quantities of John Innes No. I soil,
obtained at one time from one supplier, were thoroughly
mixed to ensure homogeneity, then divided and
redistributed into plastic sacks. John Innes No. I is
specified to consist of medium loam, peat, and coarse
sand in the ratio 7:3:2 by volume, and to each bushel
(36 litres) of the mixture is added 1.5 ozs. (42.5 g) of
each of 'hoof and hom' meal and superphosphate, and
0.75 ozs. (21.3 g) of each of potassium sulphate and
ground limestone.

Cellulose

~

:I

Estimation of fungal soil flora. To estimate the fungal
soil flora 10 g soil was shaken into sterile distilled water
and appropriately diluted. Aliquots of the dilutions were
incorporated into cooled, molten, sterile agar medium in
petri dishes. The medium used was:-

peroxidase

Gluconic acid +H 2 0 +D.
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Glucose,
Proteose peptone (Oxoid),
KH 2 P04 ,
MgS04 • 7H2 0,
Rose bengal,
Agar,

powder (1.0 g) and the flasks sealed with sealing tissue.
In triplicate, flasks of soil were incubated at
temperatures of 20°, 25°, 30°, 35° and 40°C for 14
days.
Cellulase activity was then estimated and
expressed as mg glucose released per 10 g. dry soil.

10.0 g
5.0 g
1.0 g
0.5 g
0.033 g
15.0 g

Results

Water to I litre
Autoclaved for 10 minutes at 70 KN/m 3 (II 5° C)

During S weeks incubation, soil I (without added
cellulose) showed a gradual decline in fungal population
(Figure I) with a simultaneous more marked decline
in potential cellulase activity. Soil 2 (with added
cellulose) showed a great increase in fungal population
during the second 7 days from 8 x 10 4 to 2 x 106 after
an initial period with no population increase. The
population remained close to 2 x 106 fungal units per
gram dry soil during the succeeding 3 weeks. Potential
soil cellulase activity showed similar behaviour during
the first two weeks of incubation although the increase
during the second week was considerably less, from 2.9
to 21.6. The initial, low, level of cellulase activity was
re-established during the final three weeks incubation.

Wben cool streptomycin sulphate is added at the
rate of 30 mg/1
After incubating at 25°C for 7 days colonies were
counted and as the mean of triplicates, adjusted by the
appropriate dilution factor and expressed as 'number of
viable fungal units per gram dried soil'. In spite of the
use of this term it is admitted that not all propagules in
the soil will necessarily develop on the plates, and some
spores which may develop on the plates could have been
unlikely to germinate in the soil. The figure is valuable,
however, for comparative purposes in the present
context.

There did not appear to be any appreciable difference
between trends of concentrations of electrodialysable
minerals in the two soils throughout the incubation
period. (Figure 2).

Effect of adding cellulose upon the soil fungal
population,
potential
cellulase
activity,
and
John
concentration of electrodialysable minerals.
Innes No. I soil (2.5 kg) was placed in each of two
photographic dishes (400 mm by 500 mm), moistened
to 35% MHC (21% moisture content on dry weight
basis) with distilled water and loosely covered with
sheets of glass. The trays were placed in an incubator at
30°C and 95% RH (to prevent drying) to equilibrate for
I 0 days. At the end of this period microgranular
cellulose powder (SO g) was stirred into one tray of soil.
The trays were designated:
Soil"! - with no added cellulose
Soil 2 - with added cellulose
At intervals over a period of five weeks samples were
taken from both soils for estimations of fungal
population,
potential
cellulase
activity,
and
of electrodialysable
phosphorus,
concentrations
ammonium-nitrogen,
potassium.

magnesium,

sodium,

The effect on potential cellulase activity of varying
the moisture content of the soil is shown in Table I and
Figure 3. Variance ratio tests applied to successive
measurements show that the pairs 30% - 35%, and
SO% - 55% differ significantly in that the difference
between their means would be exceeded by chance in
only 2% of trials. Although the other pairs do not differ
significantly at this level figure 3 suggests two peaks of
cellulase activity at 35% MHC and 45% MHC.
The effect of incubation temperature on potential
cellulase activity of the soil is shown in Table 2 and
Figure 4. Except for the pair 25° - 30°, the ratio of
variances shows that the difference between successive
pairs would be exceeded by chance in only 2% of trials.
They may therefore be adjudged significantly different
from each other.

and

Effect of soil moisture content on development of
potential cellulase activity.
Aliquots of soil were
adjusted to moisture contents of 18.0, 21.0, 24.0, 27.0,
30.0, and 33% of soil dry weight. These values are
equivalent to 30.0, 35.0, 40.0, 45.0, 50.0, and 55.0%
of water holding capacity. For each moisture level three
100 g quantities of soil were placed in three 250 ml
Erlenmeyer flasks and microgranular cellulose powder
(1.0 g) was added to each. The flasks were sealed with
sealing tissue and incubated at 30°C for 14 days.
Cellulase activity was then estimated and expressed as
mg glucose released per 10 g dry soil.

Discussion
When soil is incubated under the conditions normally
prevailing during soil burial tests, i.e. 30°C, 21%
moisture content, without any added substrate other
than the components of the soil itself, it is to be
expected that the soil fungal population will decline.
This was found with the unsupplemented Soil I. That
the apparent decline was slow was probably due to the
cultural method of estimating fungal flora which did not
differentiate between resting spores, which persist in the
absence of growth, and mycelium, which does not.
However, the potential cellulase activity declined to a
low level and it is probable that the potential for cellulolysis in these circumstances is maintained in fungal
spores where enzyme activites are low (Burnett, 1968).

Effect of incubation temperature on the development of
potential cellulase activity.
The test soil was adjusted
to the optimum moisture content for high cellulase
activity as established by the above method. Soil samples
(100 g) were supplemented with microgranular cellulose
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Figure I. Effect upon soil fungal population and potential
cellulase activity of addition of cellulose to soil

Figure 2. Changes in concentrations of electrodialysable
minerals after addition of cellulose to soil
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Figure 4. Effect of incubation temperature upon the
development of potential soil cellulase activity

Figure 3. Effect of soil moisture content upon the
development of potential cellulase activity.
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Batson, Teunisson and Porges (1944) set out to
measure population changes during soil burial tests but
were unable to interpret their data. Nigam eta/ (1959)
were more successful. Their data conformed to the
pattern reported in the present work with supplemented
soil 2. The increase in potential cellulase activity,
which was coincident with the population rise,
probably indicated that the hydrolysis of cellulose
provided the impetus for growth although the extracellular and exocellular nature of cellulase does .not
preclude the use of its breakdown products by non·
cellulolytic microbes. The equally rapid decline in
cellulase activity after two weeks suggests that the
cellulose had been degraded with a concomitant
cessation of enzyme production and/or onset of spore
production.

growth rates of actinomycetes and bacteria, relative to
fungi, diminished their importance. This is consistent
with the lower level of the peak suggested in figure
3 for 45% MHC.
The testing of materials for resistance to fungal
attack is generally carried out at temperatures
approaching 30°C, e.g., in BS 2011 and Def 133.
The specifications governing such methods suffer,
however, from having no stated reference to
published literature. The specified procedures and
experimental conditions may thus be based upon
arbitrarily established but convenient custom.
Certainly, in the area of incubation temperature,
published data are minimal. Workers studying soil burial
tests or cellulose soil ecology frequently have employed
temperatures near to 30°C when isolating cellulosedegrading fungi. Eggins and Pugh (1962) recommend
25°C; Betrabet, Dasani and Bhatl (1968) used 25 30°C, and Waksman and Skinner (1925) used 25 28°C.

There were only slight differences between soil! and
soil 2 in trends of concentrations of electro dialysable
minerals. They could not be correlated with either
population or cellulase activity. The slight differences
were probably due only to sampling error and it can,
perhaps, be concluded that the amounts of these
minerals used by the organisms were so small as to be
undetectable and that sufficient of them was present in
the unsupplemented soil.

Batson and his co-workers (1944) discovered that
changing the incubation temperature of soil burial
procedures from 75 to 86°F (24 to 30°C) reduced the
length of time necessary to rot test material completely
from eight days at the lower temperature to six days
at the higher. They did not establish the limits of this
trend. Bertholet (1944) found a reduction in time of
rotting as temperature was increased from 75 to 90°F
(24 to 32°C). The work reported here showed that
cellulase activity was greater at temperatures of 35°C
than at either 40°C or 30°C.

Of direct interest to the soil burial test of cotton
textiles was the observation that peak activity
towards cellulose was not established until two weeks
after the addition of cellulose to the soil. Normally,
soil burial procedures are carried out in a well-matured
soil in which the cellulose will have been depleted and
cellulase activity consequently be low (e.g. Method
5762 CCC-T 191b). When cellulose textile (Nigam eta/),
1959) or pure cellulose was added, the fungal population
and potential cellulase activity both rose to a maximum
only after two weeks. A textile is therefore not exposed
to the most rigorous conditions if it fails before the end
of this two week period, and, should it fail over a longer
period, its true time to decay includes the 'induction
time' due to the initial lag in population and enzyme
activity.

Our supply of John Innes No. I soil ('compost') was
found to be a cheap, convenient, and equally aggressive
substitute for conventional composted preparations. It
was most aggressive towards cellulose only after two
weeks when cellulose was added under conditions of
incubation frequently employed for soil burial tests.
However, although optimum moisture content was
similar to that used in established tests the optimum
temperature was found to be 5°C higher at 35°C when
moisture content was 35% MHC.

The moisture content of a soil is known to exert an
effect on the potential cellulase activity of that soil
(Turner, 1971), but there have been few published
relationships. In this study, from the optimum level
of 35% MHC a diminished moisture content reduced
enzyme activity. It is tempting to compare this figure
with those established by other workers (Nigam et a/,
1959; Turner, 1971) but the physical structures of
different soils so affect the MHC that such
comparisons are of limited value only. The lesser peak
which· is suggested by the data at 45% MHC, though not
established as significant, corresponds with the pattern
described by Dubos (1928) who found that although
cellulolytic fungi were active at lower water contents,
actinomycetes and bacteria were more active as the
moisture content rose to the order of 50 to 80% of
saturation. He stressed, however, that the lower

The specification for John Innes composts requires
the loam to be sterilised by steaming to a minimum
standard of 180°F (82°C} maintained for ten minutes.
Peat and sand are considered not to contribute any
appreciable flora or fauna. However, commercially
produced John Innes composts are very frequently not
sterilised, .and it is evident that our supply was not.
Other workers who propose to use John Innes composts
as soil burial test media would be well advised to ensure
that their supplies have not been sterilised, or else to
make them up for themselves.
Acknowledgements
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TABLE2
Effect of moisture content of John Innes No. 1
upon potential cellulase activity

TABLE I
The effect of incubation temperature upon potential
cellulase activity
Temperature (0 C)

20

25

30

35

40

Moisture Content
(%MHC)

Cellulase Activity (mg glucose
released per lOg dry soil)
1.94
2.05
1.78

1.92*

8.57
4.76
3.18

5.50

6.06
6.35
5.72

6.04

60.33
50.80
67.31

59.48

2.22
2.22
1.91

2.12

30

35

40

45

50

• Mean value

55

Cellulase Activity (mg glucose
released per lOg soil)
2.16
1.97
0.99
6.36
15.68

1.71*

11.02

1.39
4.14
1.84

2.46

5.01
2.51
5.01

4.18

1.66
1.92

1.79

0.62

Hanna, WJ. (1964). Methods for chemical analysis of
soils. Chp. 12 in 'Chemistry of the soil' ed. Bear, F.E.
Reinhold Publishing Corp. NY.

References
Batson, D.M. Teunisson, DJ. and Porges, N. (1944).
Study of a soil burial method for determination of
rot resistance of fabrics. Am. Dyestuff Reptr. 33,
449457.

Hueck, H.J. (1957). An analysis of the soil burial test.
Proc. Int. Cong. Crop Prot. 2. 1773-1776.

Benefield, L.B. (1971). A rapid method for measuring
cellulase activity in soils. Soil Bioi. Biochem. 3,
325-329.

Marsh, P.B.; Greathouse, G.A., Butler, M.L. and
Bollenbacher, K. (1945). Testing fabrics for resistance
to mildew and rot. USDA Tech. Bull. No. 892, 1-22.

Bertolet, F. (1944). Observations on soil burial. Paper
presented at the Symposium on Fungus Resistance.

Nigam, S.S., Ranganathan, S.K., Sen Gupta, S.R.,
Shukla, R.H. and Tandan, R.N. (1959). Microbial
degradation of cotton cellulose. J. Sci. lndustr. Res.
19c. 20-24.

ASTM. NY.

Betrabet, S.M. Usha P. Dasani and Indira Bhatt. (1968).
Studies on cellulolytic microorganisms. Part 1 :
Microflora associated with the degradation of cotton
in storage on llpmbay. Text. Res. J., 38 1189-1197.

Piper, I.S. (1942). 'Soil and Plant Analysis'. University
of Adelaide, Adelaide.
Rapid
Purvis, E.R. and Hanna WJ. (1949).
electrodialysis of soils in dilute boric acid solution.
Soil Sci 67. 47-52.

Burnett, J.H. (1968). Accumulated and synthesised
Chp. II in
products and their metabolism.
Edward Arnold
'Fundamentals of Mycology'.
(Publishers) Ltd., London.

Sin, R.G.H. (1951). 'Microbial Decomposition of
Cellulose'. Reinhold Publishing Corp. NY.

Dean, J.D., Strickland, W.B. and Bernard, W.N. (1945).
The soil burial test for rot-proofed cotton. Am.
DyestuffReptr. 34, 195-201.

Turner, R.L. (1971). Important factors in the soil burial
test
applied to rot-proofed textiles.
In
'Biodeterioration of Materials' 2, ed.

Dubos, R.J. (1928).
Influence of environmental
conditions on the activities of cellulase decomposing
organisms in the soil. Ecology. 9.12-27.

Walters, A.H. and Hueck van der Plas, E.H. Applied
Science Publishers, London. 218-226.

Eggins, H.O.W. and Pugh, G.J.F. (1962). Isolation of
cellulose decomposing fungi from the soil. Nature.
193.94-95.

Waksman, S.A. and Skinner, C.E. (1925). Micro·
organisms concerned in the decomposition of
celluloses in the soil. J. Bact. 12. 57-84.
44

Orllta, A. ,Int. Biodeterior. Bull. (ISSN. 0020-6164) 13 (2) 1977

45-47

THE OCCURRENCE OF FUNGI ON
BOOK LEATHER BINDINGS FROM
THE BAROQUE PERIOD
A. Orlita1
Summary.
Ecological study and diagnosis of moulds growing
on and damaging the vegetable tanned bindings of historically
valuable books was carried out in two deP.ositories. The species
found are listed and their frequency of occurrence is reported.

Die
Erscheinung
von
Schimmelbefall
auf
ledemen
Bucheinbanden aus der Barockzeit.
Okologische Studien und
Diagnosen wurden in zwei Depositorien durchgefuhrt. Sie
bcfasscn sich mit dem Schimmelbefall und der daraus
resultierenden Zerstorung historisch wertvoller Bucher, die
Einbandc habcn, dcren Leder mit pflanzlichcn Steffen gegerbt
wurde. Die gefundenen Arten wurden festgehalten und die
Haufigkcit des Befalls gcmcldct.

Voccurence de champignos sur les reliures en cuir de livres de Ia
pCriode baroque.
On a mene, dans deux dCpots, une Ctude
ecologique et on a diagnostique des moisissures se developpant
sur les relieures, de livres historiquement de valeur, tann€:es avec
des vegetaux. On y donne Ia liste des espCces rencontres ainsi que
Ia ftequencc de leur apparition.

La producci6n de los hongos en Ia encuademaci6n en cuero de
los Ubros de Ia Epoca baroca.
Sc hicieron en dos almacenes
unos estudios ecol6gicos y diagnosis de los mohos que crecian,
haciCndolcs dado, en las encuademaciones vegetales curtidas de
unos tom as de valor hist6rico. Se ha establecido una lista de las
especies encontradas, y se dan infonnes sabre la frecuencia con
la que ocurren.

Introduction
Czechoslovakia is one of the countries which possess
rich and valuable funds of books from historical
centuries. The castle, monasterial, university and city
libraries collect considerable cultural, artistic and
material assets of the nation.

these about 3/4, thai is 700,000 are bound in vegetable
tanned leather.
During long term storage the bindings have been
damaged partly by abiotic influences. The unfavourable
abiotic influences of the environment include, above all,
the harmful effect of atmosphere containing sulphur
dioxide and other coal, oils, and gas combustion
products, sun radiation, and high air humidity. Also of
significance is the kind of materials used for tanning,
content of heavy metals, lipides, etc.

Due to long term storage under conditions which
were often unsuitable, due to atmospheric influences,
sun radiation, etc., a considerable proportion of
book bindings is being corroded. The condition of
Czechoslovak historical book bindings is given in the
study which was made by Dr. Papimik in 1974.

Numerous representatives of insect (Dennestes,
Anobiidae) as well as fungi are unfavourable biological
factors which, according to the investigation, cause as
much as 20% of the total damage to bindings. They
damage valuable material not only by their growing and
creating unsightly stains containing often various
pigments, but above all, they hydrolyse the substrate
(leather, paper, textile) which is gradually decomposed
and loses its original physical and chemical properties.
The growth of microbes is usually accompanied by the
production of various metabolites of which, especially,
organic acids have an adverse influence on the material,
partly direct, partly by changing the reaction (pH) of
the environment.

Preservation and conservation centres take care of
the repair of book bindings which are corroded and
damaged due to the influence of centuries and
environment, and put them into a suitable condition
which should guarantee their further long term storage.
However, in order to reach such an aim it is necessary
to recognise the originator (causative agent) of the
damage, to recognise the methods by which it causes the
damage and to fmd how to avoid its further extension.
In this study we have been concerned with the first
stage, i.e. to recognise the originator of the book binding·
damage. Our conc~rn is with leather bindings and
especially vegetable tanned leather bindings, which
were most often used in books in the 17th and 18th
centuries, i.e. mostly in the baroque period. According
to the survey, this stock amounts to about 1.5 million
books in Czech countries from which approximately
I million (70%) books are bound in leather, and of

In order to clear up the question which fungi act as
deteriogens in this specific environment, we have made
a study in which we aimed to isolate and detem1ine the
prevailing strains of fungi growing on leather book
bindings and utilising their components as nutrition
sources.

1

Microbiologicall.aboratory, Shoe and Leather Research Institute, Gottwaldov, Czechoslovakia.
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Method

From the systematic viewpoin: tLe isolated strains
were included in the following genf~a: Penicillium,

Two depositories of the Czechoslovak National
library were chosen for analysis, i.e. in Postoloprty
castle and in Prague Klementinum, where the leather
book bindings were attacked by mould growth. The
depository in Postoloprty is situated in castle rooms
both on the ground floor and on higher storeys on
wooden shelves. In the Klementinum we took samples
from books deposited in cellar rooms.

Aspergillus, Scopulariopsis, Cladosporium Paecilomyces,
Humicola, Fusarium, and Mycelia sterilia. From two
specimens even yeast organisms were isolated, mainly
of the genus Rhodotorula.
The species representation of the two most common
genera, i.e. Penicillium and Aspergillus, was the
following:

Using a pad wiping-off method, we took samples
from 16 leather book bindings. We cultivated them on
Czapek-Dox agar and Sabourand agar at 22°C and
28°C for 7 to 28 days and isolated 4 7 strains of moulds.

Penicillium, which included 32% of isolated strains,
was represented by the following species:
P. nigricans (Bainier) - the most frequently found

The diagnosis and identification were carried out by
methods similar to those described in our earlier work
(Orlita, 1975).

species.

P. chrysogenum (Thorn)
P. funiculosum (Thorn)
P. [requentans (Westling)
P. decumbens (Raper, Thorn)
P. roque[orti (Henneberg)

During the sampling, temperature and humidity
outside, as well as in the depositories, were established.
Except where otherwise stated the date was September
1974. The values found are given in the accompanying
table.
Results and Discussion

Aspergillus, which included 28% of isolates, was
represented by the following species:
A. versicolor (Tiraboshi) - the second most
commonly found species)

We found that microflora on old vegetable tanned
leather book bindings, i.e., on the binding leather,
was formed mostly by micromycetes. Leather is a
very good nutrition environment for them, because it
is a proteinaceous substrate which is enriched in the
production process by tannins and lipides, i.e.
components which even alone can be a suitable substrate
for moulds under specific conditions. Moreover, for the
decoration of bindings, natural dyestuffs, adhesives and
binders are used which can also be a source of nutrition.

A. ochraceus (Wilhelm)
A. candidus (Wehmer)
A. ustus (Thorn)
A. niger (v. Tieghem)
A. fumigatus (Fres)
Further representatives of the genera: Scopulariopsis
(Bainier), Paecilomyces (Bainier), Qadosporium, (link),

Temperature and Humidity within and outside
the depositories during sampling in September 1974
Temperature Relative
°C
Humidity

Place

10.8
14.4
15.0
16.0
11.6
14.0

Postoloprty, outside
Postoloprty, inside, ground floor
first floor
second floor
Prague, Klemintinum, basement
Prague, Klemintinum, basement (Summer)
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91%
65%
58%
58%
75%

60%

Dew Point

oc

9.4
7.5
6.3
7.4
7.1
5.7

The occurrence of fungi on book leather bindings from the baroque period

Humico/a (Traaen), and Fusarium (link), were found
individually.
As to the character of the most frequently found
types, P. nigricans is a species with asymmetric,
divaricate penicillia without the formation of perithecia
and sclerotia. It is found in soil, but also in cold spaces
of refrigerators and stores, e.g. on meat, milk, etc. It is
a species of which the substrate can be a tanned protein
enriched by lipidic matters, and moreover, stored in the
relatively cold and humid climate of little-ventilated
castle rooms and cellar rooms, because it was isolated
from both depositories.
The other most common species, Aspergillus
ver.;ico/or, is a species which forms double sterigmata on
a smooth conidiophore; however, it does not form
sclerotia. This species is characterised by a close relation
to proteins which is indicated also by the formation of
proteolytic enzymes. It is a cold-loving species, and at
the same time, a xerophil species, because it can grow

even in an environment with relatively low moisture
content which facilitates its spreading in libraries (higher
floors) in which the moisture content is lower and does
not enable other representatives of micromycetes to
grow. A similar type is also A. ochraceus. The
representatives of the genus Scopulariopsis are the third
of the group of the most frequently found of the micro·
mycetes. They formed 12% of isolates and are
characterised again by a close relation to the substrate.
These are organisms often isolated in hide and leather
stores, i.e. again on protein modified by tanning matters
and lipidic components. The same applies to the
representatives of the genus Paecilomyces.
It would be worth while to study further the
metabolism of the micromycetes which have been
mentioned, especially in relation to tanning materials,
i.e. the ability to decompose them by specific enzymes
of tannase type (polyphenoloxidase ), and in relation to
fats which are also part of binding leather and can be
degraded by a system of lipolytic enzymes. It is to be
expected that these materials will be attacked by micro·
organisms such as those mentioned in this paper.
From the present study it follows that binding
leather, and thus also, book bindings, as a specific
organic material, can form a substrate for biological
de!eriogens, especially microcetes, which under favour·
able conditions for their development can cause
considerable damage to bindings of old books. From
the analysis it follows that in the case of depositories it
is a special ecologic environment with a characteristic

microclimate which permits the development of a
typical biocenosis dependent above all on the substrate,
humidity, and temperature of the environment.
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TOXICITY OF PERMETHRIN SMOKE
TO ADULT DEATH WATCH BEETLE
XESTOBIUM RUFOVILLOSUM
G .R. Coleman
Summary.

~

Evaluation of a pyrotechnic (smoke generating)

1

formulation of the synthetic pyrethroid permethrin (NRDC 143)
against Xestobium rofovlllasum showed that it is two to three
times more toxic and significantly more permanent than gamma
HCH, giving a relative increase in effectiveness of more than
100 times.

Die Giftigkeit von Pennethrin Rauch auf den erwachsenen
"Toten-graberkafern (Xestobium rufovillosum).
Die
Bewertung einer pyrotechnischen raucherzeugenden Zusammen·
sctzung des synthctischcn pyrethinhaltigcn Pcrmcthrin (NRDC
143) gigen Xestobium rn[ovillosum zeigt, dass es zwei bis
dreimal dauerhafter ist, als gamma HCH und cine mehr als 100
fache relative Zunahme in der Wirksamkeit gewahrleistet.

La toxicite de Ia fumee de pennethrine sur un anobion adulte
Xestobium rufovillosum.
L'Cvaluation d'une fonnulation
pyrotechnique (emmettant de ta fumee) du permethrine
pyrethroide synthetique (NRDC 143) contre Xestobium
rufovillosum mantra qu'il est duex ii trois fois plus toxique et
nettement plus durable que gamma HCH, donnant une
amelioration relative en efficalite de plus de cent fois.

La toxicidad del humo de Pennethrin al escarabajo anobia
La evaluaci6n de una
adulto xestobium rufovillosum.
formutaci6n pirot~cnica generadora del humo del permcthrin
pyrethroid sint6tico (NRDC 143) contra el Xestobfum
rufovillosum mostr6 que Csta es de dos a tres veccs mas tbxica y
significantivamente mas pennanente que el gamma HCH, y.da un
aumento relativo de eficacia de mis de cien veces.

Introduction

HCH had been ignited and the deposits collected and
treated in a similar manner.

The synthetic pyrethroid permethrin (NRDC 143)
has been demonstrated to have good potential for the
control of a number of wood-boring insects (Berry
1976). It also has the advantage over other insecticides
of low mammalian toxicity and of being more environmentally acceptable. Permethrin has recently been
formulated as a pyrotechnic mixture. It may therefore
have potential for replacing gamma HCH and dieldrin
presently used in smokes for controlling infestations of

Chemical analysis

The effectiveness of an experimental permethrin
smoke has been assessed against Xestobium rufovil/osum
under laboratory conditions.

At weekly intervals three 6mm diameter samples were
cut from each of the fllter p~perswith a cork borer and
extracted in acetone. Aliquots of the solution were
diluted where appropriate either with ethyl acetate for
permethrin or acetone for gamma HCH, and I ~I samples
injected into a Pye 104 Gas-liquid chromatograph fitted
with Ni6 3 electron capture detector. Permethrin was
analysed on 0.9m glass column filled with 2 per cent
OV-17 on Gas Chrom Q at 230°C, and gamma HCH on
2.5 per cent QF-1 on Chromasorb at 180°C.

Experimental

Bio-assay

Treatment

In the simulated roof space groups of 15 beetles were
placed on the treated veneers at weekly intervals. Beetles
were confmed on the veneers of each treatment using a
'fluon' coated glass ring for up to a maximum of 6 days.
The numbers of beetles affected by insecticide were
recorded daily. It was established that such beetles
eventually died and "affected" beetles are therefore
regarded as dead in assessing mortality.

Xestobium rufovillosum.

Various combinations of smoke pellets containing
0.5, 0.1 and 0.2g permethrin were ignited in a small
sealed room measuring 1.80m by 2.25m by 1.85m,
7 .49m 3 in volume, in order to give varying deposit
levels. Sample deposits were allowed to settle on filter
papers and oak veneers attached to a hardboard base and
placed horizontally on the floor 50cm from the smoke
pellet. Approximately 18 hours after the release of the
smoke the boards were removed from the room and
taken to a simulated roof space under ambient
temperature conditions.

Results
Application rates and deposit levels of permethrin are
shown in Table I, while Table 2 gives comparative date
previously obtained with gamma HCH smokes. Table 3
indicates the effects of permethrin and gamma HCH on

In an earlier set of experiments, combinations of
cannisters containing 2.5, 1.5, 1.0 and 0.5g gamma

X. ru[ovillosum.

1

Building Research Establishment, Princes Risborough Laboratory, Princes Risborough, Aylesbury, Bucks. HP17 9PX.
(Received November 1976;in fmal form, March 1977).
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Discussion

Acknowledgements

Preliminary tests were conducted to confinn that
there were no large differences in the initial deposits of
insecticide between filter paper and veneer surfaces or
that the two different surfaces significantly affected
their subsequent rate of loss over a 6 week period. The
results indicated that zero or negligible losses of
pennethrin occurred from smoke·treated surfaces. Thus
only small amounts of pennethrin, approximately
2.5-3.0mg/m 2 , need be deposited initially to remain
effective over the 8·10 week period of emergence of the
death watch beetle. Treatment with gamma HCH would
require an initial deposit more than 100 times greater
(in the order of 300-400mg/m 2 ) in order to leave the
minimum effective deposit of approximately 8.0mg/m 2
by the end of the emergence period. Pennethrin is
therefore not only approximately three times more toxic
initially than gamma HCH but its persistence increases
its relative efficacy to more than 100 times.
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TABLE 1
Application and deposition of pennethrin
smoke against X. rufovil/osum
Resultant

Conclusion

Treatment

dispersion rate

(cu. m/g)

Pyrotechnic fonnulations of pennethrin showed
encouraging effectiveness under laboratory conditions
for the control of X. ru{ovillosum. Further evaluation is
required including full-scale field trials.

3 x O.Sg pellet
4.99
2 x O.Sg pellet
7.49
14.98
1 x O.Sg pellet
2 x O.lg pellet
37.45
I x 0.1g pellet
74.90
1 x 0.02g pellet 374.50

initial
deposit
mgfml(l)

Mean

119.1
95.8
49.7
18.3
7.7
2.0

(l ~egligible or zero·losses occurred throughout the 6
week test period.
TABLE 3
Toxicity of gamma HCH and perrnethrin
against Xestobium rufovillosum

TABLE 2
Application and deposition of gamma HCH
smoke (for comparison)

Effective deposit levels (mgfm2)
Insecticide

Minimum level allowing
70% survival at end
Of 6 day period

Level causing
100% mortality
in 24 hours

Gamma HCH

6.1

8.0

NRDC 143

2.0

approx. 3.0

*

*Dead or mortally affected.

so

Canister Resultant
dispersion rate
size
(g)
(cu. m/g)

Mean initial

2.5
1.5
1.0
0.5

3.00
4.99
7.49
14.98

deposit

deposit
Mean
after 6 weeks

(mg/m2)

mgfmZ

196.0
114.0
37.0
11.0

6.7
4.3
LS
2.1 (after 2
weeks).

r
)
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A METHOD FOR TESTING THE MOULD
RESISTANCE OF PAINTS
Sheila Barry*, A.F. Bravery** and LJ. Colemant
Summary.
A method is described for testing Ute resistance
of paints to mould growth. The method has been elaborated
following extensive international collaborative work during
which variation botlt within and between laboratories has been
tested.
Une methode pour tester Ia resistance des peintures aux

moisissures.

On dCcrit une methode pour tester Ia resistance

de peintures au developpement de moisissures. La methode fut
Claboree en suivant un travail extensif fait en collaboration
internationale, au cours duquel les variations au sc in des

laboratoires ainsi qu'entre eux ant ete testCes.

Eine Methode zur Untersuchung der Schimmelresistenz von
Farben.
Einc Methode zur Untersuchung der Resistenz von
Farben gegcn Schimmelbefall wird beschrieben. Die Methode
wurde in einer ausgedehnten internationalen Zusammenarbeit
entwickelt in dcren Zug Variationen innerhalb und zwischen

deh verschiedenen Vcrsuchsstationcn getestet worden sind.
Un metoda para probar Ia resistencia de las pinturas contra el
Se describe un metoda para probar la resistencia de las
pinturas contra el crecimiento de los mohos. Se ha elaborado

moho.

este m6todo a consecuencia de un extenso trabajo de
colaboracion internacional durante el que se han probado las
variacioncs entre los laboratorios adern!is de dentro de ellos.

I. Introduction

3. Scope

This method has been developed as a result of international collaborative experiments conducted under the
auspices of the International Biodegradation Research
Group. Work by ten laboratories has been collated and
results, shortly to be published, have shown close
agreement both between and within the different
laboratories. Although the collaborative work employed
only pure cultures the method is considered valid for
mixed cultures. Similarly, preconditioning of the paint
films was restricted to accelerated weathering and/or
laboratory drying, but paint films may be preconditioned by other methods to meet special
requirements before the microbiological work is carried
out. The test should be performed in an air conditioned
laboratory as specified although experienced workers
have obtained satisfactory results without recourse to
such facilities. It is considered essential that the·test be
conducted by competent microbiologists.
'

This method is intended to test the resistance to
mould growth of paint films, both with and without
fungicidal additives. It is intended primarily for testing
emulsion paints for use in interior situations, but may be
used for other types of paints, also varnishes and
lacquers.
4. Principle
Painted glass tubes are conditioned in a suitable
environment and then inoculated with the required test
organisms. The tubes are then incubated in a test cabinet
under specified conditions and inspected at specified
intervals for signs of mould growth. The extent of mould
growth is recorded in accordance with a numerical code,
together with a written description of the nature of the
growth and where .possible photographs.
5. Materials and Apparatus

2. Participating Organisations
Admiralty Materials Laboratories, Holton Heath, UK
(AML)
Bayer, A.G., Krefeld-Uerdingen, West Germany.
Durham CheiJlicals Ltd., Birtley, UK.
Imperial Chemical Industries Ltd., Organics Division,
Manchester, UK (ICI).
Materials Quality Assurance Directorate, London, UK
{MQAD)
Paint Research Association, Teddington, UK (PRA).
Princes Risborough Laboratory, Building Research
Establishment, Aylesbury, UK (PRL)
Scandinavian Paint and Printing Ink Research
Institute, Copenhagen, Denmark, (SPPIRI).
Sikkens BV, Sassenheim, Holland.
The Netherlands Organization for Applied Scientific
Research {TNO), Delft, Holland.

5.1 Lipped glass test tubes 150 mm in length and
25 mm diameter (or larger).
5.2

Suitable apparatus for applying:

i.
ii.

a spore suspension (see 6.5)
soiling medium (see 6.5 3)

5.3 A test cabinet of the type described in
Appendix A.
5.4 Cultures of appropriate test fungi grown on
suitable media (see Appendix B).
5.5 Good quality research microscopes enabling
inspection of the painted surface to be carried out at
approximately 20-30X magnification and a spore count
to be carried out at 200X.

• Ministry of Defence, Materials Quality Assurance Directorate, Royal Arsenal East, Woolwich, London.
•• Department of the Environment, Building Research Establishment, Princes Risborough Laboratory, Aylesbury,
Bucks. HP17 9PX.
.
t Formerly of Materials Quality Assurance Directorate, Woolwich.
{Received February 1977).
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6.3.2 Water-based paints

A suitable camera attachment for taking photographs
at 20-30X is desirable but not essential.

Proceed as in 63.1 but allow only I hour between
coats.

5.6 A haemocytometer or similar device for
detennining the concentration of spores in a suspension.

6.3.3 Control paint

5. 7 Appropriate ancillary apparatus and facilities
[or mycological testing e.g., incubator, autoclave,
inoculating hood, etc.
5.8

Proceed as in 6.3.1.

6.4

Control Paint (see Appendix C).

Conditioning of painted tubes

6.4.1 Paints [or interior use

6. Procedure
6.1

Allow the solvent-based painted tubes to dry for 21
days and the emulsion painted tubes to dry for 2 days
under the specified laboratory conditions (6.3).

Preparation of test specimens

Roughen the outer surface of the glass tube using a
suitable abrasive, to produce a surface to which paint
will readily adhere. Grit or sand blasting are suitable
methods and some workers have obtained satisfactory
adhesion by manually abrading the surface with
carborundum, glass paper or by chemically etching the
glass.

6.4.2 Paints for exterior use
Allow the painted tubes to dry under the specified
laboratory conditions for 7 days. Then expose the tubes
for 500 hours in an artificial weathering machine, e.g.
of the type described in BS 3900 Part F3 or any other
apparatus giving similar conditions.

The surface fmish should be even in texture, without
pronounced high spots, to ensure that the dried paint
film is even and smooth.

Rotate the tubes through 180° each day.
At the end of the exposure period remove the tubes
and allow them to dry in the laboratory for 24 hours.

Immediately before painting, degrease the roughened
surface with a suitable solvent, e.g. petroleum spirit
BP 60-80°e.

6.4.3 Paints for special use

When testing emulsion paints, coat the roughened
tubes with plaster of paris, as described in Appendix D
before painting.

6.2

Special preconditioning, other than or as well as that
described in 6.4 .I and 6.4 .2, may be given and details
should be recorded in the test report. An example of a
typical procedure used is given in Appendix E.

Preparation of paint sample(s)

6.5

Thoroughly stir the test paint(s) to produce an
homogeneous mix. Any skin on the surface of the
paint(s) must be removed before mixing and the residual
paint carefully strained through cloth which is free from
dressing, e.g. muslin, nylon, etc.

6.3

Microbiological tests

6.5.1 Test fungi
Although Cladosporium sphaerospennum was the
main organism used in the collaborative work, the
following species are frequently isolated from paint films
and may be used:

Application of test paints

During painting and drying operations, the test
laboratory should be kept as free from dust and spores
as is practicable. The laboratory temperature should be
maintained at 20 ±zoe and an RH of 65 % 5% (or ISO
23 ±zoe and RH 50± 5%).

Interior situations

Exerior situations

Aspergillus versicolour
Alternaria altemata
Qadosporium c/adosporiodes Aspergillus versicolor
Qadosporium herbarum
Aureobasidium pullulans
Paeci/omyces variotii
aadosporium c/adosporiodes
Penicillium purpurogenum Qadosporium herbarum
Phoma violacea
Penicillium purpurogenum
Phoma violacea
Stachybotrys atra
Stemphy/ium dendriticum
Sc/erophoma pithyophi/a

At least two tubes should be prepared for each paint
under test.

6.3.1 Solvent based paints
Apply by bniShing, dipping or spraying a full even
coat of the thoroughly mixed paint sample(s}, to the
degreased test specimen(s).

NOTE: The list is not intended to be fully comprehensive. Known or suspected pathogens have been
omitted, e.g. Aspergillus fumigatus, A jlavus, etc.
See Appendix F for Biological Safety Precautions.

Allow the coated tubes to dry for 24 hours and then
apply a second coat of the paint.
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(
Dissolve/suspend the mineral salts in about 60 mls of
distilled water. Add this suspension plus I ml of the
trace element solution to the gelled starch. Beat the
mixture thoroughly to ensure an homogeneous mix,
then slowly add distilled water, thoroughly stirring
during the addition, until the mix weighs 249 g.

6.5.2 Preparation of spore suspension
Use a well sporulating culture of the test organism(s)
grown on a suitable medium (See Appendix B).
Prepare the spore suspension in 50 mls v/v of a
suitable wetting agent in sterile distilled water, e.g.
0.01% Tween 80 or Nonidet P40. Spores can be readily
dislodged with a sterile wire loop followed by rotation
of the tube between the hands. Remove any undispersed
lumps or medium by filtration through a sterile muslin
filter or any other suitable filter. Check that the filtrate
contains not less than I 0 4 spores per mi.

Soil Preparation:- Add 20 g of the mineral salts/
starch paste to 20 g of clean dry Grade 15 glass beads
(ballotini). Thoroughly mix and spread very thinly onto
sheets of siliconed paper. Dry for 3 hours at 1oo•c.
Scrape the dried film from the paper, grind gently
in a mortar and pass the ground mixture through a sieve
of nominal aperture 200-210 I'm. The material passing
the sieve is used for the test and if desired, may be
stored in a sterile container.

6.5.3 Preparation of soil for paints conditioned as in
6.4.2.
Either natural or artificial soil may be applied to
simulate the high biological hazard of natural conditions
by providing nutrients and support for the spores.

6.5.4 Inoculation of test specimens
After artificial weathering or other pretreatment,
spray or swab one side of the painted tube with I ml
of the spore suspension. A system for safely
containing the inoculum during this operation must be
used in order to avoid inhalation by the operator and/or
contamination of the laboratory (See Appendix F).

6.5.3.1 Natural soil
Any moderately light, loamy garden soil is suitable.
Dry the soil in an oven at approximately I00°C. Grind
the dried soil and pass it through a sieve of nominal
aperture 200·210 urn. Sterilise the material passing the
sieve by autoclaving for I hour at 120° on three
consecutive days. This material may be stored in a sterile
container.

6.5.5 Application of soil to paints conditioned as in
6.4.2
Weigh approximately O.D3 g of the soil and apply as
evenly as possible over the inoculated area of the tube.
Adhesion of soil can be aided by moistening the painted
tube with sterile water, or with the spore suspension.

6.5.3.2 Artificial soil
The artificial soil consists of a mixture of mineral
salts nutrients with a carrier of small glass beads
(ballotini).

6.5.6 Incubation
Place the tubes in the test cabinet under the
conditions appropriate to the paints under test, i.e.,
3°C + I •c above the ambient for solvent-based paints
and approximately 2°C above the ambient for emulsion
paints. Conditions must be carefully controlled in order
to avoid excessive condensation on the tubes causing
coalescence of droplets and subsequent wash down of
spores and/or soil.

Trace Element Solution
1.46 g
1.18 g
1.32 g
0.01 g
0.20g

ferric chloride
copper sulphate
zinc sulphate
ammonium molybdate
manganese sulphate

FeCI, 5H 2 0
Cuso. SH,O
znso. 7H2 0
(NH.) 6Mo,o,.
Mn S04 4H2 0

Distilled water to make 100 ml of solution.

Particular attention should be paid to the condition
of the linseed oil paint throughout the incubation
period, as absence of or limited mould growth on this
paint indicates that conditions inside the cabinet are
unsuitable.

Mineral Salts/Starch Paste
0.41 g
0.90 g
0.20 g
0.11 g
0.51 g
1.37 g
17.0 g

calcium tetrahydrogen
phosphate
tri·calcium phosphate '
calcium carbonate
potassium sulphate
ammonium sulphate
ammonium nitrate
potato starch

CaR. (P0.) 2
Ca 3 (P04 ) 2
Ca C0 3
K,so.
(NH4 ) 2 t<> S04
NH. N0 3

Where no temperature controlled laboratory is
available experienced workers have obtained satisfactory
results by filling inoculated tubes with water at 4°C
below the ambient laboratory temperature at the time
of incubation. This causes adequate condensation to
form on the painted surface which will remain for up to
6 weeks providing that the temperature of the test
laboratory fluctuates. Workers employing this method
are advised to establish conditions necessary to maintain
satisfactory condensation on the test specimens before
beginning the test.

Mix the potato starch with about 20 mls of distilled
water to form a thin cream. Pour this mixture into
approximately 120 mls of boiling distilled water to form
a gel.
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APPENDIX A

The period of the test is nonnally 28 days, but may
be varied as deemed appropriate. The period of test must
be stated in the report.

TEST CABINET

7. Assessment of Results

Construction

Remove each tube in tum and examine it:

The cabinet consists essentially of a glass or plastics
tank fitted with a means of thennostatically controlling
the temperature of a heated layer of water in the base of
the tank.

i. by nonnal vision, reporting on the appearance so
far as any loss of decorative appearance
attributable to mould is concerned:
e.g. scattered discoloured areas, general overall
growth etc.

A typical cabinet is shown in Figure I. A transparent
acrylic lid rests on the top of the tank, seated on a
flexible plastics collar effecting an air·tight se'll between
tank and lid. The lid may carry a number of clear
plastics dividing partitions (not shown in the diagram)
fanning individuai compartments into which glass tubes
may be inserted through holes in the lid. A thennometer
is also fitted to record air temperature inside the cabinet.

ii. under a microscope at a magnification of
approximately 25·30X.

7.1. Scale for assessment
Assess the growth using the following 0-5 scale:
0
No growth
I - Trace of growth
2 - I-IO%coverage of total test area
3 - 10-30% coverage of total test area
4 - 30-70% coverage of total test area
5 - 70% or above coverage test area

These compartments, though not essential, serve to
partially isolate the individual tubes and so reduce the
risk of volatile fungicides affecting neighbouring tubes;
they also help to reduce the risk of cross-contamination
when using different inocula.

A full description of the nature of the growth is
important in interpretating the results, e.g. mycelial
characteristics, sporulation, etc.
The presence of
contaminant species should be reported and also the
extent to which growth has extended beyond the
inoculated area.
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Photographs of test specimens at magnification of XI
and X25-30 should be provided whenever possible (see
Figure 2).
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A method for testing the mould resistance of paints

APPENDIX C

Operation

LINSEED OIL CONTROL PAINT

To commence testing, the tank is filled to a depth of
approximately 75 mm with water, the lid is placed
securely on top and the painted tubes are inserted
through the holes in the lid, each tube being fitted with
a rubber collar to maintain as good a seal with the lid
as possible. The temperature regulator is set to maintain
the required temperature and the heater switched on.
The temperature of the moist air inside the tank should
be such that the cooler ambient air inside the painted
tubes promotes condensation on the outer painted
surfaces of the tubes. The temperature differential
employed is normally between 2° -5°C depending upon
the type of paint being tested.

A Unseed Oil Control paint is included with paints
under test. It is extremely susceptible to mould growth
and if little or no growth occurs on this control paint
during the test it is an indication that conditions are
unsatisfactory.
Composition
Constituents specified on the basis of per cent by
weight:

The cabinet should preferably be housed in a
laboratory in which the ambient temperature may be
maintained at 23° + 2°C, {or20 + 2°C).

Titanium Dioxide .................................................. 21
Blanc Fixe ............................................................. 33
Talc....................................................................... 9
Raw linseed oil .................................................. 18.6
140 poise Stand oil ............................................... 6.6
White spirit ......................................................... II .8

The thermostat should be adjusted so that the
temperature of the air inside the cabinet is 3° ± I °C
above the ambient external temperature for solvent
based paints and approximately 2°C above for emulsion
paints.

Preparation
Ball mill until a degree of dispersion corresponding to
a reading of 5-6 (30-40 p) on a Hegrnan gauge is
achieved.
Add 0.21% of Cobalt Driers {6% Co content)
Ball mill for further 30-45 minutes.

Cabinets conforming to this basic design may be
obtained from the Paint Research Association,
Waldegrave Road, Teddington, Middlesex: other cabinets
of essentially similar design capable of operating under
the prescribed conditions and producing similar results
may be used (see diagram).

APPENDIX B
APPENDIX D

Preparation of Cultures

PREPARATION OF TEST SPECIMENS
BEFORE THE APPLICATION OF
EMULSION PAINTS

Cultures of Cladosporium splwerospermum were
grown on slopes of Oxoid Czapek Dox Agar (modified)
for 14 days at 25°C. However, fungi selected for the test
may be grown on any appropriate media under the
appropriate conditions providing that well sporulating
cultures are obtained.

Prepare a paste by mixing gypsum plaster of paris
(calcium sulphate hemi·hydrate) with a 50/50 v/v
mixture of plasticised vinyl polymer emulsion and
distilled water. Coat the test tube with sufficient
plaster such that an even coat, 1-2 mm thick adheres
to the tube when the plaster is dry. The wet plaster
may be sprayed on to the glass tube or a suitable
coating can be obtained by immersing the tube to
approximately three quarters of its length in the wet
plaster, rotating and lifting out.

Maintenance of Cultures
Stock cultures may be maintained on appropriate
media, e.g. potato carrot agar, for up to 6 months
providing that they are kept at 4°C. Other methods
of retention are by freeze drying or submerging under
mineral oil. However, operators must ensure that
cultures do not become contaminated either by other
species and/or mites.
A careful check on the
morphology and growth characteristics must be made to
ensure that no mutation or adaptation has occurred.

Allow the coated tube to dry for 24 hours at room
temperature.
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APPENDIX E

2.1 Immerse the painted tubes in a supply of running
distilled water at a temperature of approximately l5°C,
the water being run to waste and not recirculated. A
flow rate of approximately 20 litres/hour is appropriate.

SPECIMEN PRE-CONDITIONING
SCHEDULES

Continue the leaching process for 24 hours or such
other period as considered appropriate.

Examples of preconditioning that might be applied to
the painted test specimen before microbiological tests,
e.g.

2.2 Alternatively the painted tubes may be exposed
to continuous spraying with distilled or deionised water
for an appropriate period. A suitable procedure
delivering approximately 1.5 litres per hour is described
in BS3900 Part F3 .

Paints for use in Interior Situations subject to
Condensation Conditions.

APPENDIX F

Allow the tubes painted as in 6.3 above to dry under
laboratory conditions for 7 days.

BIOLOGICAL SAFETY PRECAUTIONS
Expose the tubes under the conditions described in I
or 2 below as considered most appropriate:
None of the operations involved in the conduct of the
method is intrinsically hazardous and nor are the fungi
listed recognised as presenting any serious health risk
to operators or other personnel. However, because
individuals vary in their sensitivity to particulate matter
in the air the concentration of spores in the working
environments should be kept to a minimum.

1. Intermittent condensation conditions
1.1 Expose the painted tubes in the apparatus
described in BS 3900 Part F2 or other apparatus giving
similar conditions for 10 days. Remove and allow to dry
under laboratory conditions for 24 hours or

The following guidelines are recommended:
1.2 Expose the painted tubes in a cabinet similar in
design to that described in Appendix A, modifying the
procedure
to
produce
copious
intermittent
condensation. This may be achieved by maintaining the
internal cabinet temperature at approximately 40°C
and periodically filling and emptying the tubes using
water at 20°C.

I. When departing from the list of suitable test
organisms ensure that alternatives are not recognised as
pathogens.
2. Avoid inhalation of spores at all stages of the
work (e.g. inoculate is an enclosed cabinet, assess
specimens inside plastic fronted cabinet or bag).

Continue the procedure for a period of 14 days,
remove the tubes and allow to dry under laboratory
conditions for 24 hours.

3. Dispose of unwanted cultures and test specimens
as soon as possible (autoclaving or immersing in a
sterilising solution may be appropriate prior to wrapping
for disposal).

2. Continuous condensation conditions
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BOOK REVIEWS
discussed "The only effective control of these pests is
pesticides".

PESTICIDES 1N THE ENVIRONMENT
Volume 2. Edited by Robert White-Stevens, Marcel
Dekker, New York, 1976. pp. xiv +458. Price Frs. 124

The text is clear, as are the line drawings but the
photographs are generally poorly reproduced. Each
chapter has a useful bibliography, and there are author
and subject indices. The subject index is comprehensive,
but needs some prior knowledge. To return to the
subject of systemic fungicides, they have three page
references (although a fourth is given under
"fungicides - systemic"). With the first two, to pages
298 and 299, the word "systemic" does not occur on
either page. Should the reader automatically know that
the glyoxalldine derivatives are systemic? Similarly, the
systemic treatment of Dutch elm disease is mentioned
once, without naming the fungicide, and elsewhere the
fungicide is named without saying how it is applied or
that it is a systemic. Points such as these should have
been dealt with during editing.

Just as a rose in the middle of a potato field can be
regarded as a weed, so too can pesticides be regarded as
an environmental hazard when they are not doing what
they were designed to do. With the current emphasis on
world food production, and the need constantly to
improve yields, large amounts of various pesticides will
continue to be used. It is necessary that we should be
aware of their pollution potential.
In Volume 2 of "Pesticides in the Environment",
four areas of biocide usage are considered. The first,
which is given largest coverage (185 pages) is concerned
with fungicides in crop production. After an
introduction to plant pathology and its histoiy, types
of fungicides are considered, as well as their modes of
action. This is followed by a long section detailing
crops, their main pathogens and the fungicides normally
used. The consideration given to individual crops varies.
To compare just two crops, Umbelliferous crops (carrot,
parsnip, celery) take more than 5 pages while wheat;
oats and barley are dealt with in about a page. The
cereals have some sweeping generalisations and no
single pathogen mentioned by name, while the
umbellifers have lists of pathogens, fungicides and
treatments. This uneveness of treatment is disturbing,
especially as it is so unpredictable. The Editor's Preface
draws attention to systemic fungicides, and it would be
logical to expect them to form a major section of the
fungicide chapter, but the reader is expected to know
that Benomyl, for example, is a systemic fungicide
he is never told that it is.

The concept of this book is good - to give an
historical introduction to crops and their pathogens, and
to biocides and their usage. Whole books have been
written about each of these areas. The treatment given
here certainly introduces each topic, but the uneveness
is unfortunate, especially when a particular crop or
pathogen has received only minimal coverage.
However, the book deals with a broad range of
biocides, and is a useful reminder of their many and
widespread uses, although it does not cover their impact
on the ecosphere beyond their target organisms.
G.J.F. Pugh

WOOD 1N CONSTRUCTION

The second chapter covers nematode diseases and
namaticides, in the sequence: history, characteristics of
nematodes, plant - and microbe relationships with
nematodes, and control methods. This general pattern is
followed in the third chapter which deals with pest
control in ornamental and landscape plants. Fungi,
bacteria, virusts and nematodes are dealt with briefly
as causal agents of disease, while insects and weeds are
also covered. Types of pesticides (fungicides,
nematicides, insecticides and herbicides) are dealt with
in some detail, giving information on the type of host or
pathogen for which each biocide is normally used, and
often some information on the hazard to the user.

B.A. Richardson. Construction Press Ltd. Lanes. 220
pages. £8.85

This is an attractive and useful book verging on the
"coffee table" class by virtue of its large pages, attractive
layout, and fairly generous illustration. It is intended for
the architect, builder, cabinet maker, or other user of
wood who needs to know much more about his material
than the layman, but neither needs nor has the time,
to study the more specialised text books of wood
structure, wood properties, timber engineering and

timber preservatives.

The fourth chapter deals with the control of
ectoparasites on animals, covering the main agricultural
livestock as well as dogs, cats, and birds. For each animal
group, the ectoparasites (flies, fleas,lice, mites, ticks and
mosquitoes) are listed in greater or lesser detail. This
may involve information about the life-cycle of the
parasite together with spraying programmes, or, at the
other extreme, where mosquitoes on horses are being

Biodeterioration, and its prevention is a fairly small
part of the book. It constitutes one long chapter under
the title "Wood Protection" running to 24 pages or
rather more than one tenth of the book. As might be
expected from the author's life-long connection with
wood protection, this is well balanced and relatively
more comprehensive than might be expected in a single
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volume covering such a broad subject. Tills chapter
deals logically with the insect pests and the fungi which
attack wood and follows this with a brief account
(15 pages) of the technology of preservation.

A large proportion of the book evaluates the effects
of temperature extremes on microbial growth and
inactivation. The complex interrelationships involved
in low temperature preservation are thoroughly reviewed
by M. Ingram and B.M. Mackey, whilst R.I. Tomlins and
Z.J. Ordal give an up to date account of thermal damage
and the recovery of thermally damaged organisms. The
particular problems of resuscitation of injured bacteria
from food substances is given attention in a later
chapter, (M. van Schothorst).
Full and separate
accounts are given of the physical inactivation of microorganisms by decreased water activity, ionising
radiations and hydrostatic pressure. Special emphasis
is placed on their application within the food industries.

A major part of this book is an appendix which lists
most of the commercially available woods (including
many which are only occasionally available) under their
preferred botanical names with a good deal of crossreferencing and English, French, German and Dutch
names for the commoner genera. Tills is supplemented
by a good index under "common names" which gives
the botanical equivalents. The list provides a key to the
major properties and uses of the timbers via a numerical
key. Tills is not very convenient to use but has the merit
that the numbers may be entered directly into a set of
edge punched cards which might be prepared by a user
for his own typical interests or range of timbers.

Microbial contamination and spoilage of pharmaceuticals is confined to that of toiletries. A more
general review in this area might have been more
applicable in the context of the book.
Other
contributions consider the inactivation of yeasts, the
effects of temperature on filamentous fungi, freezedrying and the legislative aspects of the use of chemical
preservatives in foodstuffs.

Tills is a convenient, attractive, and useful book for
the person who needs one source of information on
wood but does not need to go into any single aspect of
timber technology thoroughly. But every user of wood
will fmd most of what he needs to know in this book.

The book is well indexed and produced. Unfortunately there has been some two years delay
between the symposium and publication, consequently
some material needs updating. At £12 the book is
expensive, but, to my knowledge, such a collation is
not readily available elsewhere. It will therefore be of
some value both to applied microbilologists and
academics.
P. Gilbert.

T.A. Oxley

INHIBITION AND INACfN ATION OF VEGETATNE
MICROBES
Society for Applied Bacteriology Symposium Series No.
5. Ed. F.A. Skinner and W.B. Hugo. Academic Press,
1976. Pp xiii and 378. Price £12.

PROBLEMS
OF
THE
WATERLOGGED WOOD

The conflict between man and the microbe has been
waged since the beginning of our history. It is therefore
surprising that, despite the wealth of knowledge
acquired, problems concerning the inhibition and
destruction of micro-organisms constantly afflict us.
These difficulties reflect the remarkable tenacity and
adaptability of microbes to resist stress and to survive
and grow in adverse environments. Tills book outlines
the fundamental principles behind microbial destruction
and inactivation, and describes some applications of
these principles within the food and pharmaceutical
industries. It maintains a useful balance between the
practical and academic aspects of microbial inactivation.
For example, a detailed account of the application and
evaluation of chemical disinfection within the dairying
industry (C.M. Cousins), is followed by a full and
interesting account of the occurance and specificity
of natural bacterial inhibitors in milk (B. Reiter).

CONSERVATION

OF

National Maritime Museum, Maritime Monographs and
Reports No. 16, 1975. Edited by W.A. Oddy; iii+ 133
pp, 33 plates; Present price SOp. direct from the

Museum.
Tills volume comprises the papers given at a
symposium in October 1973 organised jointly by the
British Museum and National Maritime Museum to
discuss problems of the conservation of waterlogged
wood. It was held on the third anniversary of the
discovery of the Graveney Boat and attracted an
international audience, with two of the speakers from
Scandinavia. The thirteen papers fell into two groups,
those dealing with various aspects of conservation
technique and processes and others reporting work on
the preservation of boats. The rate at which material
is coming forward is posing problems to the
conservationists and this is reflected in the papers
dealing with different preservation techniques, such
as freeze drying, resin carried in an organic solvent,
polyethylene glycol, etc; the question is also posed
about conservation in the form of replicas rather than
of the excavated material. A paper by Dr. L. Barkman
of the Swedish State Maritime Histmy Museum
describes not only the preservation of the Wasa but

The first contribution (W.B. Hugo) serves only as a
general introduction to the biochemical basis of
disinfection. Tills is a pity since the remaining
contributions on chemical disinfection cover the more
specific topics of gaseous sterilization (A.D. Russel' )
and S0 2 preservation (S.M. Hammond and J.G. Carr).
The book would thus have been greatly improved by
inclusion of a more detailed account of chemical
disinfectants per se .
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also the preparatory work carried out to reach decisions
on treatment and requirements for the future, and
another, by Mr. C.W. Gregson of the National Maritime
Museum, progress in conserving the boat found in the
Graveney Marshes. Plaster moulding of the waterlogged
wood from the Graveney boat is described and progress,
up to the time. of the symposium, in providing a centre
for the conservation of waterlogged wood at the
Maritime Museum. A centre section of 33 plates
illustrates the papers with photographs covering aspects
from the structure of wood to work in progress and
successful conservation of items ranging in size from a
yew pin to the Wasa being towed in Stockholm in 1961.
The papers provide an interesting account of
problems of conservation and, not least, a grain of
comfort if, living in Greenland, your library catches fire
and the pages of your books are frozen together by
water. Provided that they are put in a deep freeze and
a discussion on what to do is sufficiently prolonged,
there is no need for concern as the books are
automatically freeze dried!

J. Brazier

BIODETERIORATION INVESTIGATION
TECHNIQUES
A. Harry Walters, Ed. xii + 349. Applied Science
Publishers, London. £18.
This book is made up of eighteen chapters covering
methods used to- investigate a wide range of materials
which are subject to biodeterioration problems. These
materials include bitumens, fuels and metal working
fluids, plastics, optical glass and metals, agricultural
and cellulose-containing products.

The editor's preface suggests that this publication

will broaden the horizons of microbiologists by
providing new ideas for those engaged in other branches
of industrial, agricultural, marine and medical work. The
book may succeed in that function but whether it will

become a standard reference source is another matter.
The authors very considerably in their approach. The
one which I would have thought was the most useful
for those new to the subject is the one in which the
relative advantages and limitations of the methods
available are discussed. Several authors do this very well
but it is a pity that the approach is not continued
throughout the book. For example the methods
described to investigate the biodeterioration of bitumen
appear to be those devised by the authors as no
references are listed at all in this chapter. Although
the methods are clearly set out it is not possible to refer
to other papers in which they have been used and
evaluated.

,..

A chapter on the microbial investigation on grassland
vegetation and produce goes to the other extreme in
that 170 references are quoted. Only general principles
of methodology are discussed and no method is
described in detail and surely, this chapter should have
a much larger section on post-harvest products.

,,

Another chapter on wood preservation also in my
opinion falls outside the scope of the book. Obviously
· it is an important subject in relation to biodeterioration
and as such is best left to more thorough discussion in
another volume.
General techniques relevant to all aspects of bio·
deterioration are discussed in three chapters. One on
water vapour sorption and water activity of materials
and another on the isolation of fungal biodeteriogens
from soil would both be very useful to anyone dealing
with problems of biological spoilage. The third on
the isolation of biodeterioration fungi, however, makes
no mention of selective methods or media.

:

In all, this book is very disappointing. Some of the
individual chapters are good but the lack of consistency
means that this publication is neither a satisfactory
reference book for those new to biodeterioration
problems nor does it offer a novel approach to anyone
already working on this subject.
Valerie Robertson.
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BIODETERIORATION INFORMATION CENTRE
DEPARTMENT OF BIOLOGICAL SCIENCES,
THE UNIVERSITY OF ASTON IN BIRMINGHAM,
80 COLESHILL STREET
BIRMINGHAM
ENGLAND
B4 7PF
TELEPHONE: 021-359 3611

EXTNS. 229 & 6258 TELEX: 336997

LITERATURE COLLECTION
The Centre collects all literature on the deterioration of materials of economic importance by living organisms.
Retrieval from this collection is the basis for the rapid answer of enquiries.
ENQUIRY SERVICE
The Centre offers internationally a confidential detailed question answering service on all aspects ofbiodeterioration.
Telephone or postal enquiries are accepted. Bibliographic lists can also be compiled in response to enquiries.
All enquiries which involve a lilerature search will be charged at £10 each inclusive of photocopying up to
40 pages (anything over 40 pages will be charged at the rate of 8p per page). If the search time involved exceeds 2 hours
subsequent time will be charged at £6 per hour. British enquirers will be advised by telephone if it is found that more
than 2 hours or extra photocopying is needed. Overseas enquirers will be sent the results of up to 2 hours' work and up
to 40 pages of photocopying, if appropriate, and advised if further work is likely to yield further results.
PHOTOCOPY SERVICE
The Centre will supply single copies of papers from the literature collection at a cost of 8p per page, minimum
charge £1 (U.K.), £2 (Overseas), providing that a photocopy declaration is signed in compliance with the 1956 British
Copyright Act.
CONTRACT RESEARCH
The Centre undertakes a wide variety of contract research projects including testing of products by standard or
specially developed methods. Organisms available for use in research and testing include a comprehensive collection
of micro-organisms, insects including termites, and a colony of wild strain mice. Contract research rates are very
competitive.
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OTHER JOURNALS PUBLISHED BY THE CENTRE
In addition to the International Biodeterioration Bulletin (IBB) the Biodeterioration Information Centre issues
two bibliographic journals which present, in classified form, references to published literature on all aspects of the
subjects they cover, viz:
Biodeterioration Research Titles (BRT)-all aspects of biodeterioration and biodegradation. About 3000 references
per annum.
Waste Materials Biodegradation (WMB)-all aspects of the biological treatment of solid and liquid wastes and the
biodegradation of waste materials in nature. About 2000 references per annum. Annual subscription £12, not
included in reduced rate subscriptions to Institutions or members of the Biodeterioration Society.
SUBSCRIPTIONS
SUSTAINING ASSOCIATES receive:
(i) Copies of all three quarterly journals, IBB, BRT and WMB, to a maximum of 12 copies in any combination of
each issue.
(ii) Free enquiry service, providing answers can be obtained from existing knowledge and do not take more than a
half day's search time.
(iii) Specialist visiting where necessary at cost and overhead expense.
Sustaining Associates contribute a subscription of £80 per annum.
INSTITUTIONAL SUBSCRIBERS receive one copy of each issue of IBB and BRT. Subscription £25 per annum.
(IBB alone £17; BRT alone £14).
'
REDUCED RATE SUBSCRIBERS (i.e. Biodeterioration Society Members-application form on request) receive one
copy of each issue of IBB and BRT. Subscription £14.50 per annum (IBB alone £10; BRT alone £!!). Reduced rate
subscribers must undertake that they are not purchasing the publications on behalf of an institution.
MICROFICHE All three journals are available on microfiche. Rates available on request.
PERSONAL CALLERS AT THE CENTRE
The Centre welcomes visitors. Visitors may search the document collection free of charge but a charge of 8p per
page will be made for photocopies of any documents taken.

IF ORGANISMS ARE
EATING INTO YOUR PROFITS CONTACT
THE
EXPERTS.
For over ten years the BIG has been assisting industry at home
and abroad in salving material decay problems by its information.
and research services.

We offer a wide range of laboratory facilities and test organisms
for the biological evaluation of materials and products on a
contract basis.

We are most willing to devise biological test procedures for your
products if none exist at present.
Why not contact us if you think you have a problem? The potential
savings could be great. Our service is confidential; please ring
us and talk things over.
CONTACT:DR. KEN SEAL
CONTRACT RESEARCH OFFICER
BIODETERIORATION INFORMATION CENTRE
UNIVERSITY OF ASTON
80 COLESHILL STREET
BIRMINGHAM 84 7PF
ENGLAND
TELEPHONE: 021·359 3611 EXTN. 6258

Published by the Blodeterioration Information

..

TELEX: 336997

,I
Printed by Sunons(Printers) Ltd., Birmingham

.I

