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BIODETERIORATION SOCIETY NEWSLETTER
Meeting on Household Pests December 1977
Summaries of papers presented
at this symposium are provided in
this Newsletter. Although, with two
exceptions, all the papers were
presented by members of staff of
the Pest
Infestation Control
Laboratory the scope was remark·
ably wide. This was the first U.K.
meeting to be over subscribed; in
the last few days it was necessary
to
reject
a few would-be
participants owing to lack of space
in the lecture theatre which is
restricted to about 80 places. The
increasing quality and popularity of
the Society's meetings can undoubtedly be attributed largely to
the efficiency of the meetings
secretary, Dr. R.H. Tilbury.
Retirement of Dr. Gunther Becker
Dr. Gunther Becker, one of the
most distinguished members of the
Society, recently retired from
Bundesanstalt fiir Materialpriifung,
(BAM) in Berlin where he had spent
the whole of his professional career
of more than 40 years. For nearly
five years before his retirement he
held the distinguished position of
Vice President of the Institute.
Workers in Biodeterioration everywhere, especially in the fields of
wood deterioration and preser·
vation, and the biology of termites,
have good reason to be grateful to
Dr. Becker for his great contri·
butions in these areas which have
been expressed in more than 350
scientific publications. English
speaking workers in biodeterior·
ation in particular have long had
reason to admire Dr. Becker for
his extremely good command of
the English language. We con·
gratulate Dr. Becker on the award,
on his 65th birthday, of the degree
of "Doctor rer, nat. honoris causa"
by the University of Hamburg.
Dr. Becker is, of course, acting
as organiser and local secretary
for the 4th International Bio·

deterioration Symposium which
is to be held in Berlin in August
this year. Those who attend the
Symposium will be glad to have
the opportunity to pay their
respects to Dr. Becker and to wish
him a long and active retirement.
Techniques
Studies

in

Biodeterioration

A symposium on this subject
will be held on 14th April (not 7th
as shown in the UK Calendar of
Biological Societies) jointly with
the West Midlands Branch of the
Institute of Biology. The venue is
University of Aston in Birming·
ham. Offers of papers are invited
and should be sent to :
Dr. R.H. Tilbury,
Tate and Lyle Research and
Development,
P.O. Box 68,
Reading
Berkshire
RG62BX
Pollution Research in DAV College,
Muzaffamagar, India.

already overfull. Offers of papers
should be addressed to Dr. Gunther
Becker at the address shown in the
"Forthcoming Conferences etc."
summary in this Newsletter.
International
Biodegradation
Research Group (IBRG)
Three new activities have been
proposed for this group and will be
discussed at the forthcoming Spring
meeting in Copenhagen. The new
proposed sections are:1. Rodent Control
2. Cutting oil biodeterioration
3. Methane gas from wastes.
Persons interested should write
to either of the addresses given in
the "Forthcoming Conferences
etc." summary.
International Research Group on
Wood Preservation (IRG)
At the 1978 annual meeting, to
be held in Peebles, Scotland, an
event of special interest will be a
one day symposium on "Screening

A "Pollution Relevant Research
Laboratory" has been established
in
D.A.V.
(P.G.)
College,
Muzzaffamagar-251 00 I ,
India
under the supervision of Dr. R.C.
Dalela and Dr. S.R. Verma. The
western districts of U.P., in which
this college is situated have a
number of large ancl small
industrial units, many with a
substantial pollution potential.
Waste from some of these factories
is discharged into rivers untreated.
Eleven research workers are
engaged at the Laboratory, six with
central and state Government
support.
4th International Biodeterioration
Symposium, Berlin
The preferred latest date for
submission of papers for this
Symposium is 1st March I978, but
later submissions will probably be
acceptable if the subject area is not
iii

Techniques for · Potential Wood
Preservative
Chemicals".
All
meetings of I.R.G. are open to
persons actively interested. It is
expected that the secretary, Mr. R.
Cockroft, and his office, will
transfer to Sweden early in 1979.
Wood
evaluation

a

Practical

man's

Mr. C. J. Chapman has drawn
attention to an omission from the
abstract of his paper given under
the above title at the Summer
Meeting in Edinburgh. The final
sentence of this abstract should
read:
"There is urgent need for cooperation of scientist, marine
surveyor in wood, and conventional
boatbuilder to produce a treatise
defying adverse criticism".

The Editor apologises to Mr.
Chapman for this omission.
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Abstracts of Papers Presented at a Symposium on
RECENT RESEARCH ON HOUSEHOLD PESTS
1st December 1977
PEST INFESTATION CONTROL LABORATORY, SLOUGH

Title:

Changes in the Status of Domestic Insects
Pests.

Title:

Repellency and Permanence Testing of
N.R.D.C. 143.

Author:

D.G.H. Halstead

Author:

D.P. Blow

Address:

Pest
Infestation Control Laboratory,
Ministry of Agriculture, Fisheries and Food,
London Road, SLOUGH, Berks. SL3 7HJ.

Address:

Protim Ltd., Fieldhouse Lane, Marlow,
Bucks. SL7 I LS.

ABSTRACT
ABSTRACT
The permanence of NRDC 143 is compared with
other insecticides. A method is discussed where the
knock down time for German Cockroaches (Blat ella
germanica) when confined on treated glazed surfaces
is compared with the results obtained when a choice of
treated and untreated glass was available. It is suggested
that such a test will enable the detection of an
insecticide with repellent properties.

During the last 30 years there have been changes in
the status of textile and stored-product pests found in
domestic premises in temperate countries. Dennestid
beetles have become more important than moths and
certain beetles (e.g. Oryzaephilus spp. and Tribolium
destructor) have moved from the storage to the domestic
habitat. Factors which have contributed to these changes
include the construction of centrally heated multi·
occupation dwellings (high rise flats etc.), the installation of central heating in new and older dwellings,
modem decor and a change in the public attitude
towards insects in the home.

Title:

Insecticide Resistance in Cockroaches

Author:

G. Barson.

Address:

Pest
Infestation Control Laboratory,
Ministry of Agriculture, Fisheries and Food,
London Road, SLOUGH, Berks. SL3 7HJ.

Title:

Present State of House Dust Mites as Causal
Agents of Respiratory Allergy.

Author:

A.M. Cunnington.

Address:

Pest
Infestation Control Laboratory,
Ministry of Agriculture, Fisheries and Food,
London Road, SLOUGH, Berks. SL3 7HJ.

ABSTRACT
House dust is a common and serious cause of allergic
asthma and rhinitis. Despite much investigation during
the past fifty years, identity of the nature and source of
the house dust allergen long remained undetected.
Recent bio-medical research, however, has shown that
house dust supports a considerable mite fauna and that
certain tyroglyphid species present in the dust are the
major source of its allergenicity and casual agents of
most house dust allergy. Factors governing the
occurrence and abundance of these species in house dust
are discussed and the relative importance of other mites,
especially Stored product mites, as potential allergens
are considered.

ABSTRACT
Bendiocarb (80% wettable powder) was given com·
mercial clearance in 1972 for the control of cockroaches
and other domestic pests. By 1975 several reports were
received of bendiocarb failing to control infestations of
the German cockroach (Blattel/a gennanica (L)). Some
survivors from these treatments were bred in the
laboratory and their progeny tested and subsequently
shown to be resistant to bendiocarb. Two field strains
which exhibited the greatest resistance to bendiocarb
also showed some degree of resistance to dioxacarb.
All field strains shown to be resistant to bendiocarb
were also resistant to dieldrin, although there was no
cross resistance to fenitrothion, one of the insecticides
currently recommended for cockroach control.

iv

Title:

A Review of the Distribution and Status
of House Longhorn Beetle in the U.K.

Title:

Recent Advances in Mouse Control by
Contact Rodenticides.

Author:

R. Geraldine Lea

Author:

R.A. Davis

Address:

Building Research Establishment, Princes
Risborough Laboratory, Princes Risborough
AYLESBURY, Bucks. HPJ.? 9PX.

Address:

Pest Infestation Control Laboratory,
Rodent Research Department, Ministry of
Agriculture, Fisheries and Food, Government Buildings (Block B), Hook Rise South,
Tolworth, Surrey, KT6 ?NF.

ABSTRACT

ABSTRACT

House longhorn beetle (Hylotrupes bajulus) which
feeds on the sapwood of softwood timbers is confmed
by climate to southern England, mainly in north Surrey
and adjoining parts of Hampshire and Berkshire. The
sapwood can be completely disintegrated under an
intact outer veneer; the modem use of fast grown
timber with little heart-wood has led to a very real risk
of collapse in infested wood. Pre-treatment of susceptible roof-timber has been mandatory in the risk
area for some years. Infestations are not confmed to
roofs but may be found in floors, doors and windows; in
areas where Hylotrupes is particularly prevalent infestations even occur outside in fences and sheds.
Instances of active H. bajulus in south London
emphasise the need to keep the distribution under
review so that indications of real spread or of attack
in non-roof timbers are detected early and pre-treatment policies revised in good time.

Title:

Control of Pharaoh's Ant with an Insect
Juvenile Hormone Analogue.

Author:

J.P. Edwards.

Address:

Pest Infestation Control Laboratory,
Ministry of Agriculture, Fisheries and Food,
London Road, SLOUGH, Berks. SL3 ?HJ.

It is suggested that methods of testing contact rodenticides developed by P .I.C.L. have led to improved formulations of rodenticidal dusts, and that the efficiency
of use of such dusts has been facilitated by a new system
of tracing rodents which has been developed by P.I.C.L.
This is the subject of a U.K. Patent application. Further
advances are likely in control of rats due to extension of
this research to them and to the development of new
forms of contact rodenticides other than dusts.
Advances are likely to be made by other workers in
other laboratories by using still other kinds of vehicles
(which are not described in this paper).

Title:

Warfarin Resistance in Rodents.

Author:

J .H. Greaves.

Address:

Pest Infestation Control Laboratory,
Rodent Research Department, Ministry of
Agriculture, Fisheries and Food, Government Buildings (Block B), Hook Rise South,
Tolworth, Surrey, KT6 7NF.

ABSTRACT

Genetic resistance to the rodenticide warfarin has
been a problem in the control of the three commensal
pest species in Britain for several years. In Rattus rattus
Baits containing 0.5% w/w of the insect juvenile and Mus musculus the resistance is thought to be multihormone analogue Methoprene have been used to factorial and is probably based upon the limited natural
eradicate a heayy infestation of Pharaoh's ant resistance occurring in these species when warfarin was
(Monomorium pharaonis) in a large hospital. Metho- first introduced. One case of unifactorial resistance is
prene baits have potential as safe, effective alternatives known in M. musculus and may be more common in this
to the conventional insecticides currently used against species than has previously been supposed. In R.
this pest.
norvegicus resistance is usually unifactorial and involves
an alteration in the metabolism of vitamin K. Efforts to
overcome the resistance by developing suitable
alternative rodenticides have been so successful that
resistance is no longer an immediate practical problem.

ABSTRACT

v
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Title:

Domestic Fungi

Examples of xerophilic fungi were Wa/lemia sebi in
salted anchovy paste, salted runner beans, etc., and
Author:
S.T. Hill
Aspergillus g/aucus on jam. Fungi growing in cool, wet
conditions were Cladosporium and Fusarium in refrig·
Address: Pest Infestation Control
Laboratory, era ted fat and on window frames. Peziza was found in
Ministry of Agriculture, Fisheries and Food, a bathroom and the cellulose decomposer Strachybotrys
London Road, SLOUGH, Berks. SL3 ?HJ. atra on damp plasterboard. Penicillium roqueforti
grows in blue cheese and in moist barley in sealed silos
ABSTRACT
because it tolerates low oxygen and high acidity and has
· The occurrence of several fungi in the home and in been found in bottled raspberries, silage, and grain
stored products was explained by their physiology. treated with propionic acid.

FORTHCOMING CONFERENCES, MEETINGS AND COURSES

Date

Title

Location

Contact

14-16 March 1978
17-19 October 1978
14-16 November 1978

The Control of Insects and Rot in
in Buildings (3 day course, fee
£21.60

Princes Risborough
England

Miss Diane Poole,
Building Research Establishment,
Princes Risborough, Aylesbury, Bucks.
ENGLAND. HP17 9PX.
Phone: 084 44 3101

4-6 April\978
(Private meeting but any
person wishing to
participate. should contact
the secretary for an
invitation)

International Biodegradation
Research Group
(Spring 1978 meeting)
lBRG is ari international research
group mainly concerned with
techniques of test. New groups
proposed to be discussed at the
spring meeting will be:
1. Rodent Control
2. Cutting Oil Biodeterioration.
3. Methane Gas from Waste.

Copenhagen
Denmark

Secretary: Dr. D. Allsopp,
Biodeterioration Information Centre,
80, Coleshill Street, BIRMINGHAM,
B4 7PF.
Late applicants apply to:
Dr. J. Bech-Andersen,
Teknologisk Institut, Gregersensvej.
DK-2630 Tastrup.
Phone: (02) 99 66 11

10-14 Apri11978

Microbial Degradation of
Pollutants in Marine
Environments

Pensacola Beach
Florida, U.S.A.

U.S. Environmental Protection Agency,
Gulf Breeze Environmental Research
Lab.
Gulf Breeze, Florida 32561

24-28July 1978

4th International ·Congress
of Pesticide Chemistry

ZURICH,
Switzerland

P.O. Box 182,
CH-4013 BASLE, Switzerland.

28-31 August 1978

4th International Biodeterioration
Symposium

BERLIN,
Germany

Prof. Dr. Gunther Becker,
Bundesanstalt fiir Materialpri.ifung
Unter den Eichen 87 D-1000 BERLIN
45.

3-8 September 1978

XU International Congress
of Microbiology

MUNICH,
Germany

Kongresszentrum Miinchen Messeglinde
XIIICM
Postfach 12 10 09 D-8000
Mi.inchen 12, West Gennany.

4-8 September 1978

5th International Symposium
on Aquatic Weeds (European
Weed Research Society)

AMSTERDAM,
Netherlands

J.H. Gortz
Centre for Agrobiological Research,
P.O. Box 14, Wageningen, Netherlands.

17-22 September 1978
(Meetings open to non·
members)

International Research Group
on Wood Preservation lOth
Annual Conference Will include
special Seminar on Screening
Techniques for Potential Wood
Preservative Chemicals - 18th
September

PEEBLES,
Scotland

Mr. R. Cockcroft, Secretary IRG,
Building Research Establishment,
Princes Risborough, Aylesbury, Bucks.
HP17 9PX.
Phone: 084 44 3101.

19-22 September 1978

1st European Congress of
Entomology

READING,
England

1st Euro. Congress of Entomology,
Department of Zoology,
The University, Earley Gate, READING
RG6 2AT.

17-23 June 1979

ACHEMA 79
19th Chemical Engineering
Exhibition .Congress

FRANKFURT
Germany

DECHEMA
Postfach 970146
D-6000 Frankfurt/Main 97.

.
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COLLABORATIVE EXPERIMENTS ON
TESTING THE MOULD RESISTANCE OF
PAINT FILMS
A.F. Bravery 1 , Sheila Barry 2 , and L.J. Coleman 3 .
Ringversuche zue PrUfung der Widerstandsfahigkeit von Anstri·
chen gegen Schimmelpilze.
In einem intemationalen
gemeinsamen Programm zue Entwicklung von Verfahren, wurde
in 10 Laboratorien gute Ubereinstimmung bei der Bestimmung
der Widerstandsflihigkeit von 6 verschiedenen Anstrichen, denen
drei Fungizide zugesetzt waren, gegen Schimnielbefall erreicht,
wobei GlasrOhrchen als Anstrichunterlage in einer feuchten
Kammer benutzt wurden. Die Stii.rke der Kondensation auf den
Anstrichen war kritisch, aber das Verfahren des Beimpfens oder
das Einleiten der Kondensation war es nicht. Die kiinstliche
"Anschmutzung" der Probenoberfl1iche verbesserte die
Anhaftung und die Sporenkeimung einer Reinkultur von Clado·
sporium sphaerospermum. Bereits wenige Ergebnisse mit einer
Mischkultur in einer feuchten Kammer mit Erde unter
Verwendung von flachen Brettchen ergab en allgemein
vergleichbare Ergebnisse, was bedeutet, dp.f3 diese weiter
untersucht werden sollten. Ausgezeichnete Ubereinstimmung
wurde von verschiedenen Mitarbeitern erreicht, wenn ein
subjektives, visuelles Bewertungsverfahren derselben Proben
angewendet wurde.
Expcrirnentos colaborativos para indagar Ia resistencia a1 moho
de membranas de pintura. En un programa colaborativo inter·
nacional para indagar el desarrollo, diez laboratories llegaron
a una conformidad apreciable en avaluar la resistencia a1 moho
de seis diferentes membranas de pintura que incorporaban tres
fungidicas diferentes, ampleando tubas de ensayo en vidrio
como portadores de las membranas en un gabinete de humedad.
El nivel de condensacion obtenido en Ia membrana de ensayo
era critico, pero no lo era el metoda de inoculacion ode inducir
Ia condensacion. La anadidura de suelo nutriente ayudaba la
retencion y Ia germinacion del inocula de Ia cultura pura del
Cladosporium sphaerospermum. Los resultados limitados con
un inocula de cultura mezclada un gabinete de humed.ad de tipo
de suelo empleando tableros pianos produjeron resultados par
lo general comparables, indicando que el em plea de estos merece
una indagacion mas extensa. Una conformidad admirable fue
conseguida entre varios operarios cuando se valian de la regia
graduada de apreciacion visual subjectiva para avaluar las mismas
muestras de ensayo. ·

Summazy.
In an international collaborative programme of
development testing, ten laboratories obtained good agreement
in assessing the mould resistance of six different paint films
incorporating three different fungicides, using glass test tubes
as ftlm carriers in a humidity cabinet. The level of condensation
obtained on the test Itlm was critical but the method of
inoculation or of inducing condensation was not. Addition of
nutrient soil aided retention and germination of the pure culture
inoculum of Cladosporium sphaerospermum. Limited results
with a mixed culture inoculum in a soil-type humidity cabinet
utilising flat panels gave broadly comparable ·results, indicating
that the use of these merits further investigation. Excellent
agreement was obtained between different operators wheri using
the subjective visual rating scale to assess the same test samples.

Essais en collaboration pour evaluer Ia resistance aux moisissures
Dans le cadre d'un programme de
des rdms de peinture.
collaboration intemationale pour Ia mise au point de methode
d'essai, 10 laboratoires se sont mis d'accord pour €valuer Ia
r~sistance aux moisissures de 6 fJ..lms de peinture diff€rents,
con tenant 3 fongicides diffe"'rents, en utilisant comme support de
film, des tubes a essai en verre place's dans une petite enceinte
humide. Le niveau de condensation· obtenu sur le film en essai
6tait critique mais Ie processus utilise pour l'inoculation et Ia
production de condensation ne l'Etait pas. L"addition de sol
nutritif a favoris6 le dCvetoppement et Ia germination d'un
inoculum de culture pure de Cladosporium sphaerospermum.
Des essais faits d 'une part en enceinte humide avec un inoculum
de culture mixte dans un sol donn€' et d'autre part, en utilisant
des panneaux plats, donnent des re·sultats largement
comparables, quoique limit€s dans le premier cas, indiquant que
l'utilisation de cette premiere methode mCrite des recherches
plus approfondies. Les diffe'rents opirateurs se sont mis d'accord
pour utiliser le barSme base sur l'examen visuel, pour cater le
degre d'attaque des prouvettes d'un meme essai.

It was recognised at the outset that the ideal test
should be capable of providing variable conditions which
could be related closely to those which would prevail
in practice. It should enable the full paint system to be
tested, allow for pre-conditioning of the paint film
and pennit the use, as test organisms, of species representative of those known 'to occur in given practical
circumstances. Such a method would then provide not
only comparative data but after field trials, data which
might help in predicting likely field performance.
However, it was also recognised that the immediate
need was for a simple reproducible, comparative test
in which the number of variables was small and the
apparatus well defmed. If reproducibility could not
be established on this scale there would be little prospect
of standardising a more complex prodedure. It was
therefore decided that the two simple systems which
had been the subject of most previous research should

Introduction
Several different approaches to laboratory testing
of the mould resistance of paint films have been
attempted (Gardner et a/, 1933; Vicklund and
Manowitz, 1947; Hendy, 1962; O'Neil and Skinner,
1066; Skinner, 1970, 1971; ASTM, 1974) until recently,
however, only one has become adopted as a National
Standard (ASTM, 1974) and there has been as yet no
international agreement on standardised methodology.
Recognising the need for a co-<Jrdinated, critical review
of the methodology, the Paints Working Group of the
International Biodegradation Research Group (IBRG)
was formed in October 1969. The organisations involved
in the international collaborative programme are shown
in Table I. Representatives of other organisations,
including some from Norway, Switzerland, Belgium and
the USA have contributed in discussions of the results.

'

1Building Research Establishment, Princes Risborough Laboratory, ',Princes Risborough, Aylesbury, Buckinghamshire,
HP17 9PX.
2Materials Quality Assurance Directorate, Ministry of Defence, Royal Arsenal East, Woolwich, London, SEIB 6TD.
3Formerly of Materials Quality Assurance Directorate, Royal Arsenal East, Woolwich, London, SEIB 6TD.
I
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Methods

form the basis of the initial collaborative effort, namely
the agar dish technique (Vicklund and Manowitz, 194 7)
and the humidity cabinet/glass tube technique. (Skinner,
1971). Four main phases of work can be identified:

1. Agar dish techniques
The method described by Vicklund and Manowitz
(194 7) was employed in which the test paints were
applied to squares of a nylon fabric which were then
laid individually on a nutrient agar in petri dishes. Dishes
were inoculated with a spore suspension of Qadosporium sphaerospennum. The extent of subsequent
mould overgrowth was assessed according to the
subjective scaie described in para 5.5. below.

I

Comparison of agar dish, Ross cabinet and
humidity cabinet methods using four oil-based
paints (1970-72).
II
Humidity cabinet tests with four oil-based and two
emulsion paints (1972-73).
III Humidity cabinet tests with five oil-based paints,
one including Caplan fungicide (1973-74); ASTM
cabinet test included.
N
Humidity cabinet tests with four oil-based and two
emulsion paints including fluorofolpet, and tetramethyl thiuram disulphide fungicides (1974-76);
ASTM and modified Hendy cabinet tests included.
During Phases III and IV tests were also conducted
using a cabinet similar to that proposed by Ross (1968)
and currently prescribed in the draft ASTM method.
Table I
Abb

PARTICIPATING ORGANISATIONS

Organisation
Details

AML Admiralty Materials
Laboratory, Ministry of
Defence, Holton Heath,
Poole, Dorset, U.K.
BAY Bayer, AG,
415 Krefeld-Uerdigen
Postfach, Fed
Rep. of Germany.
OUR Durham Chemicals Ltd.
Birtley, Chester-leStreet, Durham, U.K.
ICI
ICI Organics Division
Hexagon House, Blackley,
Manchester, UK.
MQAD Materials Quality
Assurance Directorate,
Ministry of Defence,
Royal Arsenal East
London SEIS 6TD.
PRA Paint Research Assocn.
Waldegrave Road
Teddington, Middx. UK.
PRL Building Research Estab.
Department of the
Environment, Princes
Risborough Laboratory,
Princes Risborough,
Aylesbury,
Buckinghamshire, UK.
SCAN Scandinavian Paint and
Printing Research Inst.,
Odenscgade 14,
Copenhagen 2100,
Denmark.
SIK

2. Humidity Cabinet.
The humidity cabinet principle for providing
controlled dew formation on painted tubes was
originally devised by Hendy (1962) and employed
cooled water circulating through stainless steel tubes.
The method was further developed by Skinner (1971)
and details of the more simplified system and method of
operation eventually developed in the present
programme have been published by Barry, Bravery and
Coleman (1977). Paints under test were applied to large
glass test tubes which, after pre-conditioning as required,
were inoculated with the test species Qadosporiwn
sphaerospennum and incubated in a cabinet under
controlled conditions which ensured continuous condensation on the painted surface of the glass tube. For
testing emulsion paints the glass tubes were first coated
with a gypsum plaster of Paris mixture to provide a
more realistic base for the paints.

Sikkens BV
Central Laboratory
Microbiology Dept.,
Sassenheim, Holland.
TNO Centraal Laboratorium
TNO, Post bus 2I7,
Delft, Netherlands

Phase
II III IV

Individual
scientists
Mr. J. Elphick
Mr. K. Hunter
Mr. J. Arnold

+ + + +

Dr. 0. Pauli,

- + + +

Dr. W. Paulus

3. Ross-type cabinet
This system comprises a tank or cabinet containing
a bed of moist soil in which a mixed micro-flora is
established. Conditions of high humidity are maintained
by a thermostatically controlled bath of water beneath
the soil bed. An integral fan provides circulation of the
humid air charged with spores and minute soil particles.
Paint films or systems are applied to flat panels of any
preferred material which are then suspended in the air
space above the soil.

Mr. G. Miller,
- + + +
Mr. T. Harbottle
Mr. E. Williams, - + + +
Mr. R. Trueman,
Dr. M. Singer
Mr. U Coleman + + + +
Mrs. S. Barry
Miss ESL Jones

Table 2
TEST PAINTS USED IN EACH PHASE OF THE
COLLABORATIVE PROGRAMME

Mr. R. Springle + + + +

Code Paint type
Dr. A.F. Bravery- - + +
Dr. H. Derbyshire

Mr. A. Saarnak

-

Mr. C. BJorn
Mrs. J. Duindam

Mrs. E. Breedveldt.Codee
Mr. J. La Brijn

-

+ +

A

Linseed oil base

+ + + +

B

Alkyd gloss

+ + + +

BI

B + 0.5% fluorofolpet

+

B2

B + 2.0% fluorofolpet

+

c

Semi-gloss alkyd

+ + +

D

Chlorinated rubber

+ + +

E

Co-polymer emulsion

EI

E + 1% tetramethyl thiuram disulphide

+

E2

E + 2% tetramethyl thiuram disulphide

+

F

Acrylic emulsion

G

Linseed oil-base+ 4% captan

- + +

+ + + +

2

Phase
II III IV

+ + +

+ +
+
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4. Test Paims
A linseed oil based paint , " Paint A", was used as a
mould susceptible control throughout. Details of the
individual paints employed at each stage are given in
Table 2. The range included a gloss alkyd , a semi-gloss
alkyd , a chlorinated rubber, a co-polymer emulsion and
an acrylic emulsion . Two coats of each test paint were
applied allowing 24 hours drying time between coats of
oil based paint and one hour between emulsion coats.
5. Factors varied
Certain aspects of the methodology, details of which
are given in Barry er a/ (19 77) were varied in a
controlled way in an attempt to refine the technique
and improve precision and reproductibility .

5.4 Operating conditions of tlze humidity cabinet:
The temperature differential deftned in the initial
experimen ts was approximately S°C for the oil-based
paints and 2°C for emulsion paints. In Phases 111 and IV
the recommended differential was reduced from S°C to
3°C !
I°C. At the same time some participants
conducted tests without recourse to temperature control
in the cabinet or room by filling the tubes with chilled
water (approximately 4°C below the ambient laboratory
temperature) at the start of the test. Condensation thus
induced was maintained for the four week test period ,
provided that normal diurnal fluctuation in the room
temperature occurred and that there was minimal
exchange of air between the inside and the outside of
the cabinet.

Table 3
COMPOSITION OF NUTRIENT SO IL

Table4
ASSESSMENTS I PHASE I TESTS COMPARING HUMIDITY
CABJ ET(fEST TUBE A 0 AGAR/NYLON MESH
METHODS

Quantity

Min eral saltslstarcll paste
Tri·calcium phosphate Ca3(P04)2

0.9Ug

Calcium carbonate CaC0 3
l'otal>.<ium sulphate K2S04

0 .20 ll
0 . 11 p,

Ammo nium sulphate (N H4 J2S04

0.5 1 g

Ammonium nitrate NII4N03

1.37 g

l'ota to starch
Tra('t' delll<'lltS solution
Ferric chloride FeCI36 li 20
Copper sulphate CuS04 SH20
Zinc su lphate ZnS04 7H 20
Ammonium mo ly b<late tNII4)6Mo7024
Manganese sulphate MnS0 4 41120
Di<t. 0 1 dt:1o mscd wa ter
made up to

Test paints

Testing
0.41 g

5

to provide a support for the spore suspension thus
min imising wash~own by subsequent condensation.
In the second system a nutrient paste was prepared
(Table 3) and applied on a dry powder mixed with
ballotini (small glass beads). Both soiling compounds
were dusted on using a dry spraying technique.

5.3 Soiling: The effect of soiling the tube surfaces
on the establishment of the inoculum was investigated .
In practice , soiled paint films provide a surface to which
spores more easily attach and one from which they may
derive nutrient additional to any that the paint film
itself might provide . Experimentally two systems were
used. In the first , a non-nutrient inorganic powder of
china clay was applied either after inoculation or in two
portions, half before and half after inoculation in order

Calcium tt:trahydrogen phosphate Ca H4(P04l 2

4

FIGURE
Tubes selected to illustrate extents of
mould growth typical of each assessment rating (a larger
version of this illustration is contained in the paper by
Barry , Bravery and Coleman in /m. Biodeterior. Bull. 13
(2) 1977 p.SS).

5.1. Preconditioning: Emulsion paints were conditioned under laboratory conditions for 48 hours prior
to testing. Oil based paints were preconditioned in two
ways; one set was allowed to dry under laboratory
conditions for 21 days whilst the second set was
subjected to artificial weathering after 7 days laboratory
conditioning. Artificial weathering was carried out
according either to the method described in BS 3900:
Part F3 or the Xenotest (Sch'afer, 1967).
5.2 Inoculation: The spore suspension of Cladosporium sphaerospemwm was applied by one of two
methods . The main technique was to spray approximately I ml of the filtered spore suspension ( )104
spores per ml) onto one side of each tube using a
relati vely coarse atomiser-type spray . The alternative
method involved dipping a cotton·wool swab in the
spore suspension and applying several vertical strokes
to one side of each tube .

Ingredients

3

2

0

laborator)'
A

c

B

D

tube

agar

tube

agar

tube

agar

tube

agar

AML

0

10

8

10

6

8

4

2

MQAD

2

10

6

10

4

10

6

10

0

8

6

8

4

6

6

4

17.00 g

1.4 6 p,
1.18 ~

1.32 g

PRA

O.ut 8
0 .20 g

l

Result< after 28 days' incubat ion
I 0 = no growth 0 = fu ll coverage
No te:

100 ml

3
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f iGURE 2.

Simple humidity cabinet apparatus for testing the mould resistance o f paint films applied to glass tubes.

5.5 Assessment of mould growth: In Phase I the
subjective rating scale proposed by Jones {1968) was
used. This system proposes the use of the six grades , I 0 ,
8 , 6, 4 , 2, 0 for various stages of growth from no growth
at grade I 0 to full cover at grade 0. The percentage area
affected by mould is not easily measured quantita tively
and was therefore assessed by a subjective estimate in
later phases .
The following subjective rating code for mould cover
was devised for subsequent use during Phase II :
0 No growth
0-1 Trace of growth , approximately I% of test area
I -2 I -I 0% coverage of total test area
2-3 I 0-30% coverage of total test area
3 4 30-70% coverage of total test area
S 70% or above coverage of total test area
The rating code was further amended following
experiences in Phase I and II to:
0
o growth
I Trace of growth
2 I -I 0% -:overage of to tal test area
3 J 0-30% coverage of total test area
4 30-70% coverage of total test area
S 70% or above coverage of total test area

rated. Subsequently contaminants were recorded as such
and included in the rating scale.
Following the test each set of tubes was firs t assessed
by operators at the individual collaborating Institutes
and then later by each of the other participants in order
to compare variations between assessors.
Results
1. Presentation
Results of the various phases of collaborative work
are presented in Tables 4- 8 respectively . The results of
the cross assessments of the individual test tubes by
different operators are gi ven in Tables 9- 11. Figure I
gives examples of the c>. tents of mo uld growth represen tative of the assessment scale used in Phases Ill and IV
and a typical, simple humidity cabinet apparatus is
illustrated in Figure 2 .
2. Cross correlation of assessments of mould growth
Results presented in Tables 9 - 11 reveal a high level
of agreement between different operators assessing the
same test samples from their own and each others
experiments. Although occasionally certain labo ratories
recorded unusually high or low results , in general there
are no discrepancies greater than ± I point on the
rating scale and agreement is particularly good at the
ex tremes of the scale .

During Phases I and II occasional contaminan t species
were ignored and only coverage by the test fu ngus was
4
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TableS
ASSESSMENTS IN PHASE II TESTS

TEST
LAB

ASSESSOR

AML

AML

BAY

BAY

DUR

DUR

ICI

ICI

TEST PAINT
UNWEATHERED
ABC
DEl'

s

s

2-3 1-2 2·3

WEATHERED
A

B

0

s

0·1 0·1 0·1

I

0

5

1·2 1·2 2·3 34 34

s

D

s
34 2·3

2·3

C

5

5

5

2·3

5

1-2

MQAD MQAD

34

5

5

2·3

PRA

PRA

34 0·1 0·1 1-2 34 34

5

2-3 2-3 0·1

TNO

TNO

2-3 1-2 1-2 0·1 34 2·3

5

2-3 2-3 0-1

0~

0~

34

Table 9
SCALE ASSESSMENT CORRELATION IN PHASE II TESTS
TEST
LAB

ASSESS
OR
A

TESTPA1NT
UNWEATHERED

WEATHERED

A

B

C

D

34

5

5

5
34

5
5

34
34
34
34
34

2·3
34
2-3
34
34

1-2
0-1
0-1
1-2
1-2

B

C

D

E

F

s

5
5
34
5
5

AML

AML
DUR
ICl
MQAD
PRA

5
5
34
5
5

2·3
5
2·3
34
34

1·2
34
1·2
34
34

2·3
34
1·2
2·3
2·3

5
34
5
5

DUR

AML
DUR
ICl
MQAD
PRA

2-3
2·3
1·2
34
34

0
0
0-1
0-1
0-1

0
0·1
0·1
0·1
0·1

0·1
0·1
0-1
0·1
1-2

0·1
0·1
2·3
2-3
2-3

1Cl

AML
ICI
MQAD
PRA

5
5
5
5

0·1
1·2
1-2
1·2

0·1
1-2
1·2
1·2

34
2·3
34
2·3

5
34
5
5

2-3
34
5
34

5
5
5

34
5
3·5

34
5
5

0-1
2-3
1-2

34

0·1
1-2
1·2
0·1
0·1
0·1
0-1

34
I-2
34
1·2
34
2·3
2·3

5

2·3
1-2
34
1-2
2-3
2-3
2-3

5

5
5
34
5
5
34

5
5
5
5
5
5
5

5

34

0·1
0·1
1·2
0·1
0·1
1·2
0·1

5

MQAD

AML
BAY
DUR
ICI
MQAD
PRA
TNO

2-3
5
2-3
5
34
34

1-2
0-1
34
1-2
1-2
1-2
0-1

PRA

AML
1C1
MQAD
PRA

2-3
34
34
34

0-1
1-2
1-2
0-1

0-1
0-1
0-1
0-1

0-1
1-2
2-3
1-2

5
34
5
34

34
34
5
34

5
5
5
5

2·3
34
34
2-3

2-3
34
34
2-3

0
1-2
0-1
0-1

5
34
5
2-3

34
2-3
2-3
1-2

2-3
2-3
2-3
1-2

0
1-2
0-1
0-1

2-3
2-3

1-2
34
2-3
2·3

5

TNO

AML
MQAD
PRA
TNO

2-3
34
34
2-3

34
34
2-3
2-3

0
0-1
0-1
0-1

34
5
34
34

34

34
34

34
5
5

5
5
34
5
5

5
5

5

5

3. Susceptibility of test paints to
mould
In Phase 1 (Table 4) the susceptibility of the linseed oil based
control paint was confirmed using
the tube method but not with the
agar method. The other three paints
were rather less susceptible though
the chlorinated rubber paint D
supported slightly more growth
than did the gloss or semi-gloss
paints.
Correlation
between
laboratories was generally good for
any given paint and any given
method.
Correlation
between
methods was
poor however,
especially with paint A and one
of
the
three
participants
experienced
consistently
poor
growth using the nylon mesh.
In the Ross cabinet no growth
was recorded on any of the paints
by the single participant using
this technique.

In Phase 11 (Table 5) all
laboratories achieved good growth
on the linseed oil control Paint A.
The slight variation between
laboratories was markedly less after
weathering. The alkyd gloss B and
semi-gloss C were susceptible to
mould though results were more
variable
between
laboratories.
Again variation was less after
weathering and the extent of cover
greater. Chlorinated rubber paint
D was generally I susceptible to
but
results
between
mould
laboratories varied to some extent
after weathering. All laboratories
achieved heavy growth on emulsion
paints E and F and except for one
laboratory, variation was very
small.
In Phase Ill (Table 6) results
obtained
by
the
individual
laboratories for each paint in
tum were again generally comparable. After weathering the
control paint A was heavily
colonised whilst alkyd gloss B
was mostly well colonised, with
semi -gloss C slightly more heavily
affected.
Variation
between
laboratories was greater with these
two paints prior to weathering
though generally laboratories with
less growth on these paints also
achieved slightly less growth on the
control paint. Except in one case,
the linseed oil paint with added
fungicide
showed insignificant
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amounts of growth prior to
weathering
though
increased
was
recorded
after
growth
weathering. It can also be seen that
results from tests conducted at
different times during Phase 11 and
lli are broadly similar to one
another for comparable paints.
In Phase lli one laboratory
(SCAN) used flat wooden panels
in a Ross cabinet, which after
weathering gave results with paints
A to D and G similar to those
obtained using glass tubes (Table

6).
In Phase IV the number of
variable
experimental
factors
was increased (Table 7 and 8).
Irrespective
of
variations
in
procedure all but one laboratory
using the humidity cabinet achieved
considerable growth on the linseed
oil paint A as did the laboratory
using its modified Hendy cabinet.
little growth was obtained in the
ASTM cabinet. Variable results
were again achieved with the gloss
aklyd paint B though addition of
soil increased growth and reduced
variability. In the Hendy cabinet
extents of growth varied for
different substrates, the films
applied to wood being more
heavily colonised than those on
glass or aluminium. All laboratories
obtained little or no growth on
paint B at both levels of fungicide;
and the traces of growth generally
occurred on films which had been
artificially weathered.
The amounts of growth obtained
on emulsion paint E varied between
laboratories and cabinets. More
growth was obtained where soil
had been added and in the Hendy
cabinet. over a wood substrate.
Results were generally similar
of
method
of
irrespective
inoculation and/or incubation.
Paints El and E2 containing TMTD
fungicide showed at most trace
amounts of growth and then only
in isolated cases where soil had
been added.

Discussion
The important finding in Phase
I was that the agar method gave
variable results which did not
always
correlate
with those
obtained using tubes. Despite con-

Table 6
ASSESSMENTS IN PHASE Ill TESTS
TEST PAINT
UNWEATHERED

TEST

WEATHERED

LAB

ASSESSOR

ABCDG

A

B

C

D

G

AML

AML

3

3

5

3

5

0

0

BAY

BAY

DUR

DUR

4

2

ICI

ICI

5

4

MQAD

MQAD

4

PRA

PRA

TNO

4

0

2

0

4

3

0

3

3

2

0

4

2

2

2

TNO

5

0

PRL

PRL

2

SIK

S!K

5

SCAN

1
SCAN

1

2

3

2

2

0

0

2

2

2

0

0

5

3

3

5

3

4

5

4

5

1

2

0

0

5

2

3

0

4

0

5

4

4

0

5

5

4

4
5
5

2
4

4
5

2

4

2

2

0

0

2

0
0

Replicate panels ASTM cabinet.
Table 11
SCALE ASSESSMENT CORRELATION IN PHASE IV TESTS
TEST PAINT

TEST

LAB

AML

Unsoiled/Unweathered
B
B 1 B2 E
El E2

ASSESS
OR
A

Soiled/Unweathered
A

B

El

E2

0

0

0

0

5
5

0

0

0

0

0

0

0

0

0

0

4

5

0
0

0
0

5
5

0
0

l
0

4
5

MQAD 4

0

0

5

0

0

4

I

0

0

5

0

0

4

2

0

0

5
5

0

0

5

BAY

3

0

0

0

2

0

0

!CI

3

2
2

2

I

0
0
0

0

PRL

0
0
0

2

MQAD 4

0
0

3

2

0
0

0

ICI

5
5

5
5

MQAD -

5

4

3

2

5

2

PRA

5

4

2

2

5

2

PRL

5

5

2

5
' 5
5

AML

AML
ICI

5
5

0

MQAD 5
MQAD PRA
4

I
I

0

PRL

4

0

5

I

AML

5
5

0

MQAD 4

0

5
5

0

PRA
PRL

0

2

SIK

ICI
PRL

E

ICI
PRA

ICI

B2

AML

PRL40005204

BAY

Bl

6

0
0
I
0

4

3

2
3
2
4

0

0

0

0
0
0

0

0

5
5

0
0

0

5

3

0

0

5

5

0

I

0

0

I

4

I

2

5

0

0

5
5
5

3

I

3

0

0

4

0

5

3

3

4

0
0
0
I
0

0
0
0
0
0
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Table 8
ASSESSMENTS IN PHASE IV TESTS COMPARING DIFFERENT CABINETS

Test Testing
paint Laboratory

Humidity cabinet/
glass tube
ASTM/
ROSS

cabinet
no soil

plus soil

I

3

BAY

on wood on alumin

5

MQAD
PRA

5
5
5
5
5
4/5 5

PRL

5

5

1

PRL
TNO

4/2 5

5

5

5

5

1/4
0
0

2/0
2

DUR
MQAD
PRA

2

5

3

DUR

TNO
SCAN
BAY

B

on glass

u/w a/w u/w a/w u/w a/w u/w a/w u/w a/w u/w a/w

Gloss

A

Hendy cabinet

3

1
3
0

0
0
0

4
0

SCAN

0

BAY

0

1/0 3/1 3/1 2/1 1

0

0

2/1
0
0

DUR

B1

B2

PRA

0

0

PRL

0

3

TNO
SCAN
BAY

0

0

1/0

0

0
0
0

0

PRL

0

0

TNO
SCAN

0

0

1/0

2

2/3 2/3

1/0

2

MQAD
PRA

2
2

TNO

5

0

0/1 0

0

0/1 I

3

4/5

3

0

0

DUR

0

MQAD

0

PRA

0

0/1 3/2 3

0

0

0

1/0
0

0

TNO

0

0

0/1 0

0

0

0/1 1

0

SCAN

0

0

1/0 0

0

MQAD

0

PRA

0

TNO

0

SCAN

0

4

BAY

E2

1/0

0

DUR

BAY
DUR

0

0
"0/1

DUR
MQAD
PRA

SCAN

E1

0

0

BAY

E

0

1/0

MQAD

0
0

0

0

0/1

siderable growth on the nutrient
agar itself, the painted nylon
samples frequently did not become
colonised even when the paint was
known, both from field experience
and from the tube test, to be
susceptible. In view of this and
because the participant using the
Ross cabinet obtained no growth
on any of the samples, further work
was directed towards assessing and
developing the humidity cabinet/
glass tube rechnique described by
Skinner (1971 ).
The results of Phases II and IV
showed two salient features.
Firstly, there was excellent agree·
ment between different operators
when using the fmal subjective
rating scale. Agreement at this level
fully justifies both the principle of
a simple, subjective visual scale of
assessment and of the particular
scale evolved during the prog·
ramme. Secondly, despite wide
ranging variations in technique,
there was generally a good measure
of agreement between different
laboratories on the actual ratings of
ssceptibility to mould growth of
the different paint f!lms, with and
without fungicide.
Variations in the application of
the inoculum or method of
inducing condensation, did not
markedly
affect the results.
Artificial
weathering,
relevant
especially to paints for exterior use,
generally predisposed the films to
more active colonisation by the
test fungus, as did the addition of
nutrients.
The participants agreed that the
biggest single source of variation
was in establishing the inoculum.
Two problems arose which can
lead to variations in results both
within and between laboratories.
Firstly, inadequate moisture levels
due to low condensation inhibited
germination
whilst
secondly,
excessive condensation sometimes
flushed the spore suspension off
the paint film before germination
and establishment of the colonies.
In operating the method there is
thus a need to monitor and control
condensation levels carefully during
the critical first four days. The
addition of some form of soil acted
as a valuable key for retention of

u/w = unweathered
a/w = artificially weathered
2/3 = individual results where the 2 replicates differed.
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the inoculum and inclusion of
nutrients in the soil gave an early
stimulus to germination and
growth. Excessive deposits of
nutrient soil must be avoided as this
could support considerable growth
independently from the paint ftlm
thereby distorting the results.
Precise descriptive defmition of
these variables so as to minimise
error in practice is however difficult
and
experience
is
therefore
necessary to obtain consistent
results.
Except in the ASTM cabinet
only pure cultures of Cladosporium
sphaerospermum
were
used.
However, the humidity cabinet
method (Barry et a!. 1977) is
considered suitable for other

organisms either in pure or mixed

culture. Current work within the
IBRG with paint films applied to
flat panels includes mixed inocula
and although interactions are
known to occur between specific
micro-organisms, materials testing

with mixed inocula is a widely
accepted practice.
Valuable information has been
obtained on the effectiveness of
particular paint film fungicides and
the test method fmaliy used can be
employed for evaluating a wider
range of compounds. Indeed, one
of the participants has obtained
very
encouraging
correlations
between the performance of
particular emulsion paint fungicides
in the laboratory test and their

Table 10
SCALE ASSESSMENT CORRELATION IN PHASE 111 TESTS
TEST PAINT
TEST
LAB

AML

ICI

MQAD

ASSESS
OR

TNO

c

WEATHERED

D

G

A

B

C

D

G

5
5

0

0

3

3

4

0

5

3

4

4

3

0

5

4

4
4

4

3

0

5

3

5

4

5

4

4
3

3
2

0
0

3

3

3
3

3

2
2

BAY

5

ICI
MQAD

5

TNO
AML
MQAD

5
4

PRA

5

0

0

5

3

0

5

3

3
4

2
2

3

2

5

3

4

5

3

3

0

5

3

3

2

MQAD

4

4

4

2

2
2

5

4

3
2

2

PRA

5

4

5

ICI

5
5
5

2
2
0

I

5

2

3

5
5

2

4

I

0

2

3

0

0
0

5

5

4

0

5

4

4

0

BAY

5

4

3

2

DUR

5
5

5

4

4

3

I

2

MQAD

MQAD

SIK

B

AML

TNO

PRL

A

MQAD

SIK

PRA

UNWEATHERED

PRL

ICI
MQAD

2
2

2
2

4

2
0
5
4

2

2

2

TNO
PRL
SIK
SCAN

5

2

2

5

5

4

5

4

3

5
5

5

4

5

4

5

5

4

8

3
3

3
2

subsequent performance in the
differing field situations of a cafe
and a hairdressing salon.
The indication that fiat panels
of glass, aluminium or wood
suspended in the Hendy and
ASTM cabinets could in some
instances give results comparable
with those obtained using glass
tubes has important implications.
Paint ftlms can be tested on the
substrates used in practice and
weathering can more readily be
simulated. The IBRG Working
Group is developing this approach
further.
Conclusions
Reliable indications of the comparative susceptibility to mould
growth of paint ftlms with or
without fungicides can be obtained
by inoculating glass tubes bearing
the films with the test fungus and
suspending them in an humidity
cabinet. The precise method of
inoculation or of inducing condensation on the paint films does
not have a critical effect on
results. However, the levels of condensation on the surface of the film
must be carefully monitored and
controlled to avoid drying out or
wash down of the inoculum
especialiy in the early stages.
Addition of a nutrient soil aids
retention and germination of the
inoculum.
A subjective visual scale of
assessment of mould cover from
0-5
can
be
reliably and
reproducibly operated by different
assessors to give comparable ratings
for the same sample.
Use of flat panels may give
results generaliy comparable with
the glass tubes but enabling a wider
range of substrates to be used for
the test ftlms and this warrants
further investigation. There are
indications that the susceptibility
of paint films to mould varies
with the substrate.
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Table 7 ASSESSMENTS IN PHASE IV TESTS
Inoculation
Testing
Test

Sprayed

Inoculation/incubation
Sprayed/
Swabbed/
cooled water
cooled water

Swabbed

Labora-

paint tory

plus soil no soil
plus soil no soil plus soil no soil plus soil
u/w a/w u/w a/w u/w a/w u/w afw u/w a/w u/w a/w u/w a/w u/w a/w

no soil

GLOSS PAINTS

A

B

B!

B2

E

AML
BAY
DUR
ICI
MQAD
PRA
PRL
TNO
SIK
AML
BAY
DUR
ICI
MQAD
PRA
PRL
TNO
SIK
AML
BAY
DUR
ICI
MQAD
PRA
PRL
TNO
SIK
AML
BAY
DUR
ICI
MQAD
PRA
PRL
TNO
SIK
AML
BAY
DUR
ICI
MQAD
PRA
TNO
SIK

4

4

3

s

3

s
s

s
s s
s s
4/S s

s
s
3

s

4

s

4

4

I

3

0

0

0

0

0

0

0

0

EMULSION PAINTS
4

s

s

s
s

2

s

s

s
3

1/2
2/0
2

s
3
0
0
0

3/4

3

I

4

3
0

4

0
0

0
0
0
0

0

1/0
0

0/1

0

0
2/3

3
0
0
0
0

0
0

0
0
0

1/0
0

I
I

0
0
0

2
2
2
2

3

2

s s

s

3

Table continues over
9

Collaborative Experiments on Testing the Mould Resistance of Paint Films, A.F. Bravery, Sheila Barry, L.J. Coleman.

ASSESSMENTS IN PHASE IV TESTS
Inoculation
Test

Testing

paint

Labora·

Sprayed

-continued

Inoculation/incubation

Swabbed

Sprayed/

cooled water

Swabbed/
cooled water

tory

plus soil no soil plus soil no soil plus soil no soil
plus soil
u/w a/w u/w a/w u/w a/w u/w a/w ufw a/w u/w a/w u/w a/w u/w a/w

no soil

AML

El

0

MQAD
PRA
TNO

0
0
I

SIK
AML
BAY

E2

0

BAY
DUR
ICI

DUR
ICI
MQAD
PRA
TNO
SIK

0

0

0

l

~

1/0

I
I

0

0

0
I

0
0
0
0
0
0
0

"

0

0

0

0

0

0

0

I
0

0

0
0/1
u/w = unweathered a/w =artificially weathered 2/3 = individual results where the 2 replicates differed.
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LABORATORY SCREENING TRIALS WITH
CHEMICALS FOR PROTECTION OF SAWN
TIMBER AGAINST MOULD,SAPSTAIN & DECAY
John A. Butcheri and Jeanette Drysdale1

J

)

Summary.
Twenty-six chemicals, some in various formulations, were tested in the laboratory to determine their
effectiveness in controlling mould, stain, and decay on test
boards of Pinus radjata sapwood. Captafol (0.2% active
ingredient) gave most complete control of fungal infections at
lowest cost. Only 0.15% a.i. captafol, and possibly 0.05% a.i.
copper-8-quinolinolate, are as cost effective as 0.5% sodium
pentachlorophenoxide plus 1.5% borax. Quaternary ammonium
compounds and sodium 4-bromo-2,5 dichlorophenoxide have
potential for this application if cost effectiveness can be
improved.

l..aboratoriumsprufungen von Chemikalien •zum Schutz von
Schnittholz gcgen Schimmel, Splintholzverrtirbungen und Abbau
Sechsundzwanzig Chemikalien, einige in
durch Pilze.
verschiedenen Zusammensctzungen, wurden im Laboratorium
auf ihre Wirksamkeit zur Bekiimpfung von Schimmel,
Verfiirbungen und Pilzbefall unter Verwendung von Brettchen
aus Pinus radiata-Splintholz geprlift. Captafol (0,2%
Wirksubstanz) ergab bci den niedrigsten Kosten die besten
Ergebnisse bei der Bekiimpfung von Pilzinfektionen. Nur 0,15%
iges Captafol und eventuett 0,05% iges Kupfer-8-chinolinolat
sind ebenso kostengUnstig wie 0,5% Natrium-pentachlorphenoxid plus l.S% Borax. Quatcrniire Ammonium-Verbindungen und Natrium4-brom-2,5-dichlorphenoxid haben
potentielle AnwendungsmOglichkciten, wenn die Kosten gesenkt
werdcn kOnnen.
Pruebas de criba en el laboratorio con productos quimicos para

Essais de preselection en Jaboratoire de produits chimiques de
preservation pur les sciages vis-a-vis des agents de pourritures
moUes, de bleuissement et des champignons lignivores.
Des
essais ont the faite en laboratoire sur des planchettes d'aubier de
Pinus radiata avec 26 produits chimiques dont certains de
fonnulations differentes, pour determiner leur efficacit~ vis-'h.vis des agents de pourriture moUe, de bleuissement et des
champi,gnons lignivores. Le Captafol (0,2% de matiere active)
donne les meillcurs r6sultats pour Ie cout le plus bas. 0,15%
de Captafol seulement et 0,5% de 8-quinol~ate de cuivre ont une
efficacit6 comparable pour un colit identique aved un mf'tange
de 0,5% pentachloroph~ate de sodium et de 1,5% de borax.
L'appllcation de composts d'ammonium quaternaire et de
4-bromo
2,5 dichloroph~nate de sodium i.ourrait etre
envisag& si le rapport efficacit~ prix pouvait etre am~lior6.

Ia proteccion de Ia madera aserrada contra el moho, el des-

Veintiseis
coloramiento de Ia savia y Ia podredurnbre.
productos quimicos, algunos en formulaciones variadas, fueron
probados en el laboratorio para determinar su eficadia en
controlar el moho, el descoloramiento y Ia podredumbre en
tablas de prueba del alburno Pinus radiata. El captafol (0.2%
ingrediente activo) produjo el control mas completo de las
infecciones hongales al precio mas bajo. Solo el captafol 0.15%
a.i. y posiblemente el cobre-8-quinolinato 0.05% a.i. son tan
eficaes en cuanto al coste como el 0.5% sodio
pentachlorophenoxida con 1.5% borax. Los compuestos
cuaternarios de amonio y el sodio 4-bromo-2,5 dichloro
phenoxida tienen posibilidades para tal aplicacion si se puede
majorar la eficacia en cuanto al coste.

Introduction

timber. Although of acceptable perfonnance, cost, and
mammalian toxicity, captafol may cause an irritant or
allergic reaction amongst workers not exercising good
hygiene. In addition, practical experience has shown
some problems of settling of captafol in large, static,
dip tanks. These problems may be overcome by dipping
of packaged timber, which eliminates all physical
handling, and by providing dip tanks with some form of
agitation. However, many mills continue to use sodium
pentachlorophenoxide plus borax for sapstain control,
and are unlikely to use any alternative chemical unless
it can be used in existing facilities with minimum health
risk and at no increased cost.

In recent year.;, much attention has been centred on
fmding new chemicals for the protection of wood raw
material (Richardson, 1972; Butcher, 1973; Desai &
Shields, 1975; Cserjesi & Roff, 1975;Huhne & Thomas,
1975; Unligil, 1976). The need for new chemicals arose
because the wood products industry was largely
dependent on chlorinated phenols for sapstain control.
Chlorinated phenols (principally tetrachlorophenol and
pentachlorophenol) are now considered to pose a threat
both to workers' health and to the environment.
The current screening programme of potential anti·
sapstain chemicals was initiated at the Forest Research
Institute (New Zealand Forest Service) in 1971, and
results of the fir.;t series of tests were reported by
Butcher (1973). They showed captafol to be a potential
candidate as an alternative to the widely used sodium
pentachlorophenoxide. Subsequent field trials (Butcher
and Drysdale, 1974) substantiated this view, and now
captafol is used commercially in New Zealand for
sapstain and decay control of freshly sawn softwood

For this reason, laboratory trials have continued in
the search for fully acceptable antisapstain chemicals.
This paper is concerned with trials of commercially
available products sent for evaluation since January
1975. A few chemicals had been tested previously, but
were re-tested either for confirmation of original results
or by specific request.
In the screening trials, basidiomycetes are included

1Forest Research Institute, New Zealand Forest Service, Private Bag, Rotorua, New Zealand.
(Received September, 1977).
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John A. Butcher and Jeanette Drysdale.
with mquld and sapstain fungi in the mixed inoculum
because 'decay can be a problem in the export of
packaged, green timber. The large timber mills in New
Zealand all export timber in this category. Consequently
any chemical used in these mills must be capable of
preventing decay as well as sapstain at recommended
usage rates. It is not practical to use more than one
chemical at one concentration as both export and
domestic production (destined for boron diffusion
treatment or air-drying prior to vacuum-pressure
treatment with permanent preservatives) follow the
same flow patterns in the mills.

referred to only by Trade Name. The various chemicals
tested are listed in Table I, together with their chemical
structure and toxicity in terms of the acute oral L.D.SO
for rats.
Results and Discussion

Substituted chlorinated benzenes
The most widely used antisapstain chemical in New
Zealand comprises 0.5% sodium pentachlorophenoxide
(NaPCP) plus 1.5% borax pentahydrate. At this dosage
rate sample boards were free from decay, but slightly
sapstained (mean percentage surface-area stained of
about 5%) after 6 weeks' incubation with test fungi.
There was little to no difference between the various
preparations of sodium pentachlorophenoxide in terms
of biological activity.

Materials and Methods
The laboratory screening teclmique used in this work
was identical to that reported by Butcher (1973).
Briefly, this involves dipping one-half of a 300 x ISO x
25-mm piece of freshly sawn Pinus radiata D. Don
sapwood in a solution of the chemical under test,
spraying the entire wood surface with a mixed fungal
suspension, and then incubating the inoculated samples
at room temperature and high humidity for 6-8 weeks.
The test fungi comprised Penicillium sp., Trichodenna
viride Pers. ex Fr., Alternaria tenuis Nees, Ceratocystis
sp., Diplodia pinea (Desm.) Kickx., Phlebia gigantea
(Fr. ex Fr.) Dank, Fibroporia vaillantii (D.C. ex Fr.)
Parm., Schizophyl/um commune Fr., and Trametes
versicolor (L. ex Fr.) Pilat.

A 0.5% a.i. solution of the water-<~oluble Velcide-Na
(sodium 4-bromo-2,5 dichlorophenoxide) plus 1.5%
borax pentahydrate gave control similar to 0.5% NaPCP
plus 1.5% borax. In the absence of borax, only partial
control of fungi was achieved which also happens with
NaPCP. Increasing solution concentrations to 0.6% aL
Velcide-Na plus 1.8% borax did not markedly improve
performance. Although of acceptable biological activity
and mammalian toxicity, recent indications suggest that
this compound is not as cost effective as sodium pentachlorophenoxide. However, further trials are planned to
establish field performance.

The various chemicals under test were applied over a
range of solution concentrations which spanned those
recommended by the manufacturer or his agent. In all
tests, standard treatments of 0.5% sodium pentachlorophenoxide plus 1.5% borax pentahydrate, and
0.2% a.i. captafol, were included.

Pentachloronitrobenzene (formulated as a 24% a.i.
emulsifiable concentrate) proved ineffective when used
at a concentration of 2% a.i .. Sample boards had from
30% to 50% of their surfaces infected with both mould
and sapstain fungi on completion of the incubation
period.

Ten replicate samples were dip-treated with each
solution concentration of the chemical under test. On
completion of the incubation period, samples were
examined visually and the mean percentage surface
affected by sapstain and/or decay calculated.
Development of mould fungi was also noted, but was
considered to downgrade a treatment only if more than
20% of the wood surface was affected.

A 2% a.i. solution of Daconil 2787, formulated from
the 75% a.i. wettable powder, also proved to be
completely ineffective in controlling stain and decay of
test boards. However, it is noted that the active
ingredient (tetrachloroisophthalonitrile) is reported as
being very effective in controlling growth of
Trichoderma viride on wood (Sapienza & Purvis, 1975)
and mildew on acrylic latex paints (Post eta/., 1976).
For this reason, it may be worthwhile to re-examine
Daconil 2787 as an additive to other antisapstain
chemicals, many of which do not completely prevent
development of moulds.

Failure of a treatment was taken to be performance
worse than that achieved with 0.5% sodium pentachlorophenoxide plus 1.5% borax; on average, this
meant greater than 5-100% of surface area of dipped
timber infected with fungi after 6 weeks' incubation. A
treatment was considered to be highly successful if
control was achieved similar to that obtained with 0.2%
a.i. captafol (Difolatan 80WP used as standard).

Phthalimide derivatives
Caplan (formulated as the 80% a.i. wettable powder
Orthocide) proved ineffective when applied at 0.4%
a.i., the highest concentration tested. The major
infection on samples, which affected about 20% of their
surface area, was caused by basidiomycetes. Unligil
(1976) reports captan to be effective at 0.25% a.i.
against certain sapstain fungi.

In the present series of tests, 26 chemicals or
chemical combinations were screened for effectiveness

in antisapstain application. Several formulations were
examined for some chemicals; three of sodium pentachlorophenoxide, six of captafol, three of copper-8quinolinolate, and two of a Mergal (Trade Name)
product. The formulations of some products were
divulged in strict confidence and for this reason they are

Folpet was tested under the Trade Names Phaltan
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ACTIVE INGREDIENT

PRODUCT TESTED
I

a. Sapco 25 (Chemical Cleaning NZ)
b. Dow EC 7 (Dow Chemicals)
c. Technical grade

STRUCTURE
ONa

Sodium
pentachlorophenoxide

0...~

so

0

>~
0

50-140 mg/kg

CIOCI
Cl

'-£;'
a"

L.D. 50. (acute,oral, rats)

•

"''<

"'"'
" "
!l 5·

!}g

Cl

~

Cl
2

ONa

Sodium 4-bromo-2,5 dichloro·
phenoxide.

Velcider-Na(Velsicollnt.)

"');'>-i
"""

2654 mg/kg

" o.

ft~

~ ~.

OCI

o;.

Cl

'<!n
Br

3

PCNB (Quimica Organica
de Mexico)

>-l

000

pentachloronitrobenzene

>
t=

) 12 000 mg/kg

t"'

!!I

t "'

!il

CI0..1CI

>-l

0

-

'"'1

n

w

4

Daconil 2787
(BP! Diamond Shamrock)

CN

) I 0 000 mg/kg

o(r

Tetrachloroisophthalonitrile

Cl ::::-..._

>

!;;

CN

>-l

co

N-S-CCI3

0
·-.

00

N.S-CCI 3

"

0

-·

~

0'

.,
~

~
o·~
::>
0

.....

"'

~

::l

g.
"

~

ell:

s·
~
~

f

is·"'

II

N-{trichloromethylthio)
phthalimide (folpet)

~

p.

0

6 a. Phaltan (Chevron)
b. Folpan (Makhteshim Beer·
Sheva)

0

>-l

0

9000 mg/kg

.

!!I

"'!!I

0

cis-N-{trichloromethyl) thio4-cyclohexene-1 ,2-dicarboximide
(captan)

Orthocide (Chevron)
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Difolatan 4F (Chevron)
Difolatan 80 WP (Chevron)
Haipen 50 (Chevron)
Alfloc 7020 (Catoleum)
Nalco 7046 (Catoleum)
Proxel EF (I.C.I.)

Euparen (Bayer)

9 Busan 40 (Buckman)

cis·N·[(l ,1 ,2,2-tetrachloroethyl)
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Potassium N-hydroxymethylN-methyl dithiocarbamate (32%)
plus sodium
2-mercaptobenzothiazole (8%)
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Busan 30-1 (Buckman)

1590 mg/kg
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Fruit Fungicide 341
(Crag)

2-heptadecyl-2-imidazoline
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Skane M8
(Rohm and Hass)

2-n-octyl4-isothiazoline3-one

1470 mg/kg
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4{2-nitrobutyl)morpholine
(70%) plus 4,4'{2-ethyl-2nitrotrimethylene)
dimorpholine (20%)

15

-

"'

Bioquat 501
(Ivon Watkins-Dow)
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Bardac 20
(Lonza)

dialkyldimethyl
ammonium chloride
(dialkyl =SO% c 8 c 10 ,
25% c 8c 8 , 25% c, 0 C1o)
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BTC 812 (Onyx)

ca. 600 mg/kg
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C8Hl7
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Bus an 77 (Buckman)
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19 a. PQ 8 (Chapman
b. Timtex AQS (Timtex Chemicals)
c. Timtex 17 (Timtex Chemicals)
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plus pentachlorophenol (17 .6%)
plus tetrachlorophenol (2.4%)
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Proxel MB

Methylene bisthiocyanate

150·300 mg/kg
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0.5% a.i., and was not comparable with 0.5% NaPCP
plus 1.5% borax in terms of performance. Glyodin is of
low cost effectiveness and highly toxic to mammals.

and Folpan, both of which were available as 50% a.i.
wettable powders. It was found to be more active than
captan, as previously noted by Richardson {1972),
giving control similar to that of 0.5% NaPCP plus 1.5%
borax when used at a solution concentration of 0.3%
a.i .. Increasing concentrations to 0.4% a.i. improved
performance, but it still proved inferior to 0.2% a.i.
captafol. At this rate of application it would not be cost
effective. Commercial experience at one mill in New
Zealand confirmed this conclusion as well as the
efficacy of the treatment.

Results obtained with 2·n-octyJ4.isothiazoline-3-one
(formulated as a 45% a.i. emulsifiable concentrate)
showed a solution concentration of 0.2% a.i. to be of
similar effectiveness to 0.5% NaPCP plus 1.5% borax.
Solution concentrations greater than 0.2% a.i. were not
tested, for even at this dosage rate it is unlikely to be
cost effective. However, it has been shown to have
reasonably long·term performance as a paint fungicide
(Post et a/., 1976) and is of acceptable mammalian
toxicity. Further trials may be undertaken with this
chemical.

Six different formulations of captafol were examined
to determine whether they were all of similar biological
activity. They comprised a 40% a.i. flowable formulation
(Difolatan 4F), two wettable powders (80% ai.
Difolatan 80WP and SO% a.i. Haipen 50), two 50% a.i.
submicron dispersions in water (Alfloc 7020 and Proxel
EF), and one 25% a.i. solution in an unknown solvent
(Nalco 7046). All formulations were assessed as having
simiJar effectiveness in controlling mould, stain, and
decay on test samples. At 0.1% a.i. no formulation gave
control equal to that of 0.5% NaPCP plus 1.5% borax,
whereas at 0.15% a.i. all achieved this rating. Almost
complete control of all fungal infection was obtained
at 0.2% a.i. - in no test was more than I .5% of the
surface area of test samples infected. Practical
experience with captafol in commercial use has shown a
concentration of 0.15% a.i. to be acceptable for
protection of packaged, green timber for export. When
used at this dosage rate captafol is of similar cost
effectiveness to 0.5% NaPCP plus I .5% borax.

The water-soluble mixture of morpholines (Bioban
P-1487 - a 90% a.i. solution) was not effective in
controlling moulds and stain fungi when used at 2.0%
a.i .. Cserjesi & Roff (1975) report control at concentrations above 1.0% a.i. Their results suggest poor
control of Trichodenna viride, an observation confirmed in this study; the treatment with Bioban
P-1487 appeared to encourage growth of this mould.

Quaternary ammonium compounds
Previous work (Richardson, 1972; Butcher, 1973;
Cserjesi & Roff, 1975) suggested that quaternary
ammonium compounds showed potential as anti·
sapstain chemicals. In the present tests three compounds
were screened for biological effectiveness.

Dichlofluanid, tested as the SO% a.i. wettable powder
Euparen, was shown to be of acceptable performance
(equal to 0.5% NaPCP plus 1.5% borax) when applied
as a 0.2% a.i. solution. No improvement in performance
was noted when concentrations were increased to 0.4%
a.i. This chemical is not cost effective.

Lauryldimethylbenzyl
ammonium
chloride
(formulated as the SO% a.i. solution, Bioquat 501) was
shown to give excellent control of all fungal infections
when used at a solution concentration of 1.0% a.i.. At
this rate· of application, performance was very similar
to that of 0.2% a.i. captafol in that the mean percentage
surface·area of sample boards with fungal infection did
not exceed 2.0%. However, at this dosage rate the
chemical is not cost effective. To be of similar cost
effectiveness to 05% NaPCP plus 1.5% borax, the
dosage rate must not exceed 0.25% a.i.

Dithiocarbamates and benzothiazo/es
The one dithiocarbamate tested (Busan 40) caused no
reduction in fungal infection on treated wood samples,
compared with untreated controls, when applied in
solution at 0.3% a.i.. In combination with sodium
2·mercaptobenzothiazole (Busan 52) and at a similar
dosage rate, infection was reduced to 40% that of
control boards. In all cases failure was attributed to
infection by basidiomycetes.

Richardson (1972) showed that performance of
quaternary ammonium compounds could be improved
by addition of alkaline buffers such as borax. Consequently, lauryldimethylbenzyl ammonium chloride
was retested with the addition of 1.0% borax
pentahydrate (to all dip solutions). Although improved
performance was recorded with all treatments, results
were variable as control of fungal infection did not
necessarily increase with increasing concentrations of
the quaternary ammonium compound. Recent work
(Butcher, Preston & Drysdale, 1977; Butcher, Hedley
& Drysdale, 1977; Butcher & Drysdale, 1977) suggests
that some quaternary ammonium compounds show
promise as permanent wood preservatives. The obvious
advantage of using the same chemical for both sapstaln
control and wood preservation warrants further work
on these compounds.

A 0.3% a.i. solution of 2-(thiocyanomethylthio)
benzothiazole formulated from a 30% a.i. emulsifiable
concentrate (Busan 30-1), also gave poor control of
basidiomycetes. Approximately 22% of board surfaces
showed evidence of incipient decay. This result
confirmed previous results obtained with this chemical
(Butcher, 19 73 ).

Heterocyclic compounds
Glyodin (formulated as a 30% a.i. solution) gave
complete control of all fungi when used as a I .0%
a.i. solution. It allowed some sapstain development at

To date, only two other quaternary ammonium
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compounds have been tested, both of which were ·
dialkyldimethyl ammonium compounds. One (BTC
812) proved effective when used as solution concen·
!rations of 0.75-1.0% aj., whereas the other (Bardac
20) which was tested only at 0.25% and 0.5% a.i. proved
ineffective. Both compounds are very similar in structure
and had Bardac 20 been used at 1.0% aj. fungal control
would probably have been achieved.

solution) showed little to no control of fungal growth
on test boards when applied at 0.25% a.i., the highest
solution concentration tested.

Busan 77 (a 60% aj. solution of poly[oxyethylene
(dimethyliminio) ethylene (dimethyliminio) ethylene
dichloride)) is not a quaternary ammonium compound,
but is included in this section as it is also a cationic
active chemical. At concentrations of 3.0% a.i. and
above; its performance was similar to that of 0.5%
NaPCP plus 1.5% borax, but increasing solution concentration did not further improve performance. This
compound would not be cost effective at indicated
rates of use.

The two formulations (BCM and 112) of the Mergal
product gave control similar to 0.5% NaPCP plus 1.5%
borax when applied as a 1.0% solution (not active
ingredient). When used as a 0.75% solution, control of
sapstain and mould fungi was achieved, but sample
boards were infected by basidiomycetes.

Commercial Products

Four commercial products were tested, the
formulations of which were disclosed in confidence.

A 0.75% solution of Preserin M72 gave better control
of fungi on test boards than 0.5% NaPCP plus 1.5%
borax but it was not as effective as 0.2% a.i. captafol.
Preserin T72 was less effective, requiring a solution
concentration of 2.0% to equal 0.5% NaPCP plus 1.5%
borax in performance.

Organa-copper complexes

Three water-dispersible solutions (PQ8 5.4% a.i.,
Timtex AQS I 0% aj., Timtex 17 17% aj.) of copper8-quinolinolate were screened for fungicidal effectiveness. PQ8 and Timtex 17 gave control of mould, stain,
and decay fungi, similar to that achieved wtth 0.5%
NaPCP plus 1.5% borax, when applied to test samples
as a 0.05% aL solution. Timtex AQS proved ineffective
at this dosage rate. PQS has previously been tested
(Unligil, 1976; R.S. Smith, pers. comm.) and shown
to be effective at 0.05% a.i .. The Timtex product (likely
to be formulated as a 5.0% aj. concentrate - Timtex
500) is reported to be of similar cost effectiveness to
0.5% NaPCP plus 1.5% borax in New Zealand. This
product now awaits full mill trials to confrrm one
successful field trial in which two packets of I 00 x 50·
mm P. radiata sawn timber remained free of infection
after dip treatment in 0.05% a.i. copper-S·
quinolinolate together with chlorinated phenols
(principally pentachlorophenol). Tests indicated that
PQIO was of similar performance to PQS and Timtex
17 when solutions were prepared on an equal copper-S·
quinolinolate basis. There was no evidence to suggest
that the chlorinated phenols were contributing to
fungicidal effectiveness.

Although both the Mergal and Preserin products
gave adequate protection to test boards from fungal
infection, none was considered cost effective compared
with chemicals currently used in New Zealand.
Celbrite, when used at solution concentrations up to
1.5% aj., proved ineffective in controlling mould and
stain fungi. There was an extremely high incidence of
Trichodenna viride on all test boards.
Conclusions
No chemical screened in the current series of tests
matched 0.2% captafol in terms of biological control
at equal cost. In commercial use at 0.15% aj. this
chemical is of similar cost effectiveness to 0.5% sodium
pentachlorophenoxjde plus 1.5% borax pentahydrate.
Copper-8-quinolinolate also appears to be of similar
biological effectiveness and apparent cost effectiveness
to 0.5% sodium pentachlorophenoxide plus 1.5% borax.
It is a very safe chemical to handle (acute oral L.D.SO
rats. )10 000 m.&/kg) and offers some advantage over
captafol in that it is a water-soluble solution, rather
than a wettable powder or dispersion, and lacks any
known irritant side effects. However, field perform·
ance has yet to be established.

Methylene bisthiocyanate

Results of tests with this compound, formulated as
the 10% aj. solution Proxel MB, were difficult to
interpret because of the excessive growth of the mould
Trichodenna viride. Sapstain fungi were not controlled
with 0.5% aj. solutions of methylene bisthiocyanate,
but at higher concentrations Trichoderma viride
appeared to have inhibited development of other fungi.
Even if mould growth could be controlled with other
chemical additives, Proxel MB would not be cost
effective at concentrations of 0.5% a.i. and above, and is
also of unacceptable toxjcity.
Polymeric biguanide

The polymeric biguanide, Proxel IB (20% aj.
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Quaternary ammonium compounds deserve further
experimentation as they are safe chemicals to handle
at use-concentrations and there are indications that
cost effectiveness may be improved by amendment
of solutions with alkaline buffering agents.

Post, M.A., Iverson, W.P. and Campbell, P.G. {1976).
Non-mercurial fungicides. Modem Paint and Coatings, 66,31-38.
Richardson, B.A. (1972). Sapstain control. Pap. ja Puu,
10,613-624.

Velcider-Na(sodium 4-bromo-2 ,5 dichlorophenoxide)
also shows promise as a prophylactic chemical, and field
trials will be undertaken to establish cost effectiveness.

Sapienza, M.S., and Purvis, M.R. (1975). Tetrachloro·
phthalonitrile composition for treatment of lumber.
Canadian Patent 967,482.

These results have been discussed in relation to the
New Zealand situation and it is acknowledged that the
cost effectiveness of treatments may be different in
other countries. Titis can be caused simply by variation
in chemical cost or by the need for greater chemical
usage to combat tolerant fungi in the local flora. It is
envisaged, however, that relative cost effectiveness
will remain unchanged in most temperate climates.
Experience at the Forest Research Institute has clearly
demonstrated that the reported laboratory test
procedure provides results of chemical performance
which can be confirmed by mill trial. Until a standard
test procedure is adopted for antisapstain chemicals,
any candidate material must be tested by methods which
most clearly simulate the particular needs and conditions
of the country in which it will be used.

Unligil, H.M. (1976). Prevention of fungal stain on pine
lumber - laboratory screening tests with fungicides.
For. Prod. J., 26,32-33.
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THE ANTIMICROBIAL PROPERTIES OF
DIETHYLENE TRIAMINES IN METAL
WORKING FLUIDS
E.O. Bennett 1
Summary. Seventeen diethylene triamine compounds and one
dipropylene triamine compound were studied for their antimicrobial properties in metal working fluids against a mixed
flora of bacteria and fungi commonly encountered in these
products. While all of the compounds exhibited some antimicrobial properties in certain fluids. 1,4,7-trimethyl diethylene
triamine was found to have the best antimicrobial activity.
Diethylene triamine pentaacetic acid was found to have a
potentiating effect upon certain cutting fluid preservatives in
specific coolants.

Die antimikrobieUen Eigenschaften von Diiithyltriaminen in
Fliissigkeiten fUr die Metallbearbeitung.
Siebzehn Diiithyltriamin-Verbindungen und eine Dipropyltriamin-Verbindung
worden auf ihre antimikrobiellen Eigenschaften in Ffilssigkciten
zur Metallbearbeitung gegen eine Mischflora aus Bakterien und
Pitzen, die gewOhnlich in diesen Produkten angetroffen werden,
untersucht. Wahrend aile Verbindungen eine gewisse
antimikrobielle Eigenschaft in bestimmten Fliissigkeiten zeigten,
erwies sich 1,4,7-Trimethyldi:ithyltriamin antimikrobiell am
wirksamsten. Dilithyltriaminpentaessigsliure hatte auf einige
Scltutzmittel in Schneidfllissigkeiten in bestimmten Ki.ihlOien
eine potenzierende Wirkung.

Les proprietes antimicrobiennes des diethylene triamines dans
les fluides utilises pour le travail des metaux. Dans des fluides
utilises pour le travail des mCtaux,l'auteur a 6tudi€ les proprietes
antimicrobiennes de 17 compose's diithyJene triamine et d'un
compose" dipropylc!ne triamine contre une flare mixte de
bactCries et de champignons qui y sont communement
rencontrls. Bien que taus ces composes aient montrC des
propri6t6s antimicrobiennes dans certains fluides, de taus ces
produits, c'est le 1,4,7-trime'thyl diGthyh!ne triamine qui s'est
rfvCIC avoir 1a meilleure activitC. L'acide pentaatetique
diethylene triamine peut fventuellement avoir une action sur
certains produits de preservation de fluides de coupe dans des
huiles de coupe spe"cifiques.

Las propiedades antimicrobicas de los Triamines Diethylene
en los fluidos pam trabajar en los metales.
Diecisiete
compuestos de triamine diethylene y un compuesto de triamine
dipropylene fueron estudiados para indagar sus propiedades
antimicrobicas en fluidos para trabajar en los metales contra una
flora mezclada de bacterios y hongos que suelen encontrarse
en tales productos. Mientras todos los compuestos revelaban
aJgunas propiedades antimicrobicas en ciertos fluidos. se hallo
que el triamine 1,4,7-trimethyl diethylene tenia Ia mejor
actividad antimicrobica. Se descurbrio que el acido pentaacetico
diethylene triamine tenia un efecto potentiador en ciertos
preservatives de fluido cortador en enfriantes especificos.

Miller, 1968; Otto and Frank, 1971; Oumpner, 1972);
they reduce turbidity and clear petroleum products
(Badische Aniline and Soda Fabrik, 1970) and they are
employed in the reclaimation of used lubricants (Gilson
and Massicotte, 1967). They are employed in noncorrosive metal cleaners (Wieczorek, 1971) as antifoam
agents for liquids (Jacoby and Luviisi, 1955) and in the
milling of magnesium (Zussman and Pine, 1962). They
are also added to gasoline to retard deposit formation
(lindstrom and Richardson, 1966).

Introduction
Many metal working fluids are composed of wateroil emulsions which have a potential for producing
corrosion problems unless the product is protected with
a rust inhibitor. The corrosion inhibitor most commonly
used in the past has been sodium nitrite. Due to the
effects of nitrite on the biodeterioration of these
lubricants, the effects of the compound upon the
environment and the recent concern pertaining to the
potential human health problems involved (Zingmark
and Rappe, 1976; Fan, eta!., 1977), it appears advisable
to search for other types of compounds that provide
corrosion control in metal working fluids. It would be of
considerable practical value if these new components
exhibited both anticorrosion properties as well as antimicrobial activities.

Since triamines react readily with fatty acids and
petroleum oils, they have been mentioned as
components of metal working fluids (Foley and Rogers,
1966; Soc. Usine Chimiques,1972). Diethylene triamine
or dipropylene triamine can be reacted with other
chemicals to produce useful components for coolants
(Brunei, 1967).

Diethylene triamines (N-(2-aminoethyl)-1,2-ethylene
diamine) or their reaction products are corrosion
inhibitors (Beiswanger and Burnard, 1959; Annand and
Hurd, 1965; Maddox, 1971; Engle, eta!., 1972; Desai,
et a!., 1972; Maddox and Schoen, 1972; Gerasimova,
et a!., 1973; O'Neal and Goetz, 1973; Maddox, 1973;
Andrews and McDaniels, 1973; Taseva and Obretenov,
1973). In addition, they are added to lubricants because
of their antiwear properties (Lowe, 1972); they are
intermediates in the formation of surfactants and
detergents for lubricants (Kirkpatrick and Seale, 1965;

There are scattered reports in the literature pertaining to the antimicrobial properties of these compounds.
Diethylene triamine has been found to have no
inhibitory activity against tubercle bacilli (Hirsch, 1953);
however, it was inhibitory for yeast (Loveless, et al.,
1954).
Others have noted that compounds such
as N-(2,4,5-trimethylbenzyl) diethylene triamine
(Merianos and Adams, 1974; Merianos and Adams,
1975; Merianos and Adams, 1975), N-pentachlorophenyl) diethylene triamine (Boelune, 1971), N-(pen·

1Department of Biology, University of Houston, Houston, Texas U.S.A.·

21

The Antimicrobial Properties of Diethylene Triamines in Metal Working Fluids, E.O. Bennett

tachlorobiphenyl) diethylene triamine (Merianos, et al.,
1973), N-polyalkylene-N-polyoctyl diethylene triamine
(Mizuno, et al., 1970) and a diethylene triamine
triarylborane derivative (Updegraff, 1964) all exhibit
antimicrobial properties.

dodecyl diethylene triarnine salicylic acid (Kayarna,
et a!., 1959). The oral LD50 dosage for rats was found
to be 4.92 g/kg for N.(hydroxyethyl)diethylene triamine
(Smyth, et a!., 1951) and 1.63 g/kg for N,N,N,N,Npentamethyl diethylene triamine (Smyth, eta!., 1969).

Several workers have reported that fatty diethylene
triarnines exhibit antimicrobial properties against
bacteria and fungi (Nikawitz, 1958; Grotte and Cheng,
i962; Hueck, et a!., 1966; Holtschmidt and Hofmann,
1970; Hofmann and Holtschmidt, 1971; Holtschmidt
and Schwarzmann, 1974). These observations are not
surprising in view of the fact that diethylene triarnine
reacts with fatty acids to form arnido imidazolines which
are known to have antimicrobial properties (Hutchinson
and Ries, 1958). It has been claimed that fatty
diethylene triamines react with phenolics to produce
potent biocides (Hofmann and Schuermann, 1970).

It has been noted (Holtschmidt and Hofman, 1970;
Hofmann and Holtschmidt, 1970) that triamines exhibit
low skin irritation properties. A 0.009% concentration
of diethylene triamine in a cutting fluid diluted 140
produced a skin reaction in only one out of 200 subjects
tested (Booth, eta!., 1962). A rosin-diethylene triamine
condensation product has been employed as a hair
shampoo and conditioner (Farbwerke and Hoechst,
1959) with no ill effects.
Diethylene triarnine pentacetic acid has been
employed in a number of products for human use. It
has been employed to stabilize penicillin solutions
(Olin Mathieson, 1964 ). It is also used to treat various
medical conditions such as isotope poisoning
(Razumovskii, et a!., 1962) and heavy metal poisoning
(Arkhipova, 1962; Schubert, 1963; Lagerquist, et a!.,
1965; Spencer and Rosoff, 1965).

Chelate metal salts and water soluble salts of
diethylene triamine pentacetic acid (DTP A) have been
found to be effective preservatives for protecting paper
pulp from biodeterioration (Tourdot, 1973), for foods
(Akerboom, et a!., 1969) and for metal working fluids
(Furia, 1966). A reaction product of diethylene triamine
identified as 1-amino-ethyl-2-naphthenyl imidazoline
(Adams, et a!., 1974) has been reported to be an
effective cutting fluid preservative. Diethylene triamine
has been employed in combination with dithiocarbarnates as fungicides (Progil, 1959).

The environmental effects of chemicals should always
be considered when they may be components of
products that are used in large volume. It has been found
that initially concentrations of diethylene triamine and
ethylene diamine in concentrations ranging from less
than 20 to 100 mg/1 were toxic to organisms commonly
encountered in waste disposal facilities. Pseudomonads
were capable of adapting to the oxidation of the compounds in concentrations ranging up to 300 to 500
mg/1; however, the adaptation process required about 6
months to complete (Vasilenko, et al., 1974). It would
appear then that diethylene triamines possibly offer no
problems in regards to the environment in the concentration range that they would be found in metal working
fluids.

Since many cutting fluids contain glycols it is of
practical interest to note that fatty acid diethylene
triamines react with polyethylene glycol to form
compounds with strong germicidal action (Nikawitz,
1960). Others have noted that diethylene triamine
pentaacetic acid functions well with pentanediols
and butynediols in killing microorganisms (Noesler,
eta!., 1968).
An added feature pertaining to the potential use of
diethylene triamines in coolants is their rather low
animal toxicity. Diethylene triarnine has an oral LD50
dosage of 2.33 g/kg in rats (Symth, et a!., 1949). Long
term feeding experiments showed that when I 0 mg/kg
of diethylene triamine was fed to rats on a daily basis,
the average life span of the group was 335 days as
compared to 581 for controls. Histopathological changes
were noted mainly in the liver and kidneys and to a
lesser extent in the spleen and adrenal glands (Fujino,
1970). No effect was noted in rabbits and guinea pigs
receiving I and 0.6 mg/kg respectively of diethylene
triamine for 6 months (Tubko and Teplyakova, 1972).
It has also been noted that triamines produced no
significant cardiovascular of synaptotropic effects in
dogs (Buche!, eta!., 1956).

The recommended maximum permissible level of
diethylene triamine in water supplies is 0.2 mg/1 which
is the threshold level for odor. The threshold level for
taste is 1.3 mg/1 and the threshold level for affecting
biological oxidation is 1.0 mg/1 (Trubko and
Teplyakova, 1972).
The objectives of this communication were twofold
in nature. First, to bring together the extremely
scattered and fragmentary literature pertaining to the
uses and biological properties of diethylene trairnines
as they pertain to metal working fluids, and second,
to report the results of a study concerning the inhibitory
activities of a number of these compounds in cutting
fluids.

The animal toxicity of several other diethylene
triarnines has been reported in the literature. The oral
LD 50 dosage in mice for dodecyl diethylene triamine
benzoic acid was 822 mg/kg body weight, 1980 mg/kg
body weight for hexadecyl diethylene triamine benzoic
acid, 910 mg/kg body weight for dodecyl diethylene
triamine acetic acid and 860 mg/kg body weight for

Experimental Procedure

All of the compounds employed in this investigation
ranged from 95 to 99% pure and were obtained from a
number of chemical specialty supply houses. No
trimethylene triarnines which are commonly known as
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hexahydro-<·triazines were included since they will be
discussed in a future publication.

bring the liquid level back to this mark. Distilled water
was used in order to avoid a buildup of inorganic salts in
the test units.

The test units consisted of quart jars placed in rows.
Above each row a metal framwork was constructed to
support the aeration system which consisted of
aquarium valves connected together with plastic tubing.
The amount of aeration of each unit was controlled by
adjusting the valves. Capillary pippettes were employed
as aerators to produce a fine stream of bubbles in the
diluted coolants.

Results and Discussion
The results of this study pertaining to the anti·
microbial properties of a number of diethylene
triamines and one dipropylene triamine compound may
be seen in Table I. It may be noted that the majority
of failures when they occurred were due to bacteria
which may indicate that these compounds are more
effective against fungi than against bacteria. Several
of the coolants employed in this investigation are very
susceptible to mould problems; however, even in these
products fail ore was due to bacteria.

Five hundred ml of tap water (moderate hardness)
was added to each jar. Each compound was used as
obtained from the manufacturer and the required concentration (wt/vol or vol/vol) was added to each unit
along with 15.0 ml of coolant concentrate to produce
the desired oil-water ratio. Each unit was then made
up to a total volume of 600.0 ml by adding additional
tap water.

The results show that this group of compounds contains a number of structures which exhibit antimicrobial properties in cutting fluids. The most active
compound which was inhibitory in all of the lubricants
was found to be I ,4,7-trimethyl diethylene triamine;
however, both diethylene triamine pentaacetic acid and
4-dodecyl diethylene triamine exhibited excellent
activity in certain coolants. The properties noted with
dodecyl diethylene triamine confi!IDs the observations
of others (Hueck, et a!., 1966; Holtschrnidt and
Hofmann, 1968) that fatty diethylene triamines exhibit
antimicrobial activity; however, the results indicate that
there are other compounds in this group that function
better than these.

Each test unit was inoculated with a mixture of
bacteria and moulds which were obtained and main·
tained as described previously (Bennett, 1974). Each
unit was inoculated once each week with 1.0 ml of a
50·50 mixture of both inocula.
Each unit was examined once each week for its
microbial content for as long as the count remained
below 100,000 organisms/mi. Two consecutive counts
in excess of this figure at weekly intervals was con·
sidered to constitute a failure and the test was dis·
continued at that time. In addition, all units which
contained less than 100,000 organisms/ml were studied
for a 105 day test period and discarded at that time.

An additional beneficial feature of employing
diethylene triamines in coolants was noted during this
investigation. Most of the triamine compounds appeared
to improve emulsion stability and the general appear·
ance of the products after they were diluted with water.
This would be of considerable practical value as stable
(tight) emulsions are valued by the industry.

Two different types of control experiments were
included with all tests. Each shipment of fresh coolant
was tested upon arrival in this laboratory to determine if
the product exhibited any inhibitory properties as
defmed in the previous paragraph. All of the coolants
used in the investigation were especially prepared by
coolant manufacturers specifically for this work and
they did not contain a preservative. None of the
products employed in this investigation exhibited any
inhibitory properties and failed in the fust week of
testing.

Careful examination of Table I shows that the com·
pounds exhibit consistant inhibitory properties in
certain cutting fluids. The most notable of these being
coolants D and H. This observation suggests that it may
be possible to deliberately design a lubricant in which
triamines can be expected to exhibit significant antimicrobial activity. The nature of the phenomenon
cannot be determined at this tbne as the composition
of the products used are unknown to the author. It is
possible though that either the components of these
lubricants do not interfere with the antimicrobial
properties of diethylene triamines; they potentiate their
activities, or react with them to form new compounds
with inhibiting properties.

Since this communication constitutes a con-

tinuation of past work by this laboratory in regards to
cutting fluid deterioration, an additional set of controls
(4 test units) were included at all tbnes.lt may be noted
that the inocula employed was a mixture of micro·
organisms and constituted a dynamic system susceptible
to changes in sensitivity of the organisms to antimicro·
bial agents. The second set of controls consisted of a
particular cutting fluid preserved with a commonly
used cutting fluid preservative. Normally, these control
units fail in 21 to 28 days due to mould growth. These
controls functioned normally during the test period.

It may be noted also, that there are products such as
coolant C in which diethylene triamines consistently
produce poor results as inhibitors indicating that there
are possibly chemicals commonly employed in cutting
fluids which interfere with the antimicrobial properties
of these compounds.

Since the test units were under constant aeration,

there was considerable evaporation from each unit.
The units were calibrated at the 600.0 ml mark and once
or twice each week depending upon environmental
conditions, distilled water was added to each unit to

A factor that should be considered when working
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Table I
Antimicrobial Properties of Tiramines in Cutting Fluids
Days ofinhibitation at 1000 ppm concentration of the compound
COOLANTS I

D

7
7
21
14

E

BE

F

7
14
14
14

A
B

c

G
H

2

3

4

7
0
0
0
0
0
0
21
0

105* 105* 28 28
7 105* 14 21
0
0
0
7
28
0
0 21
BE 21
21 35
7 105* 35 14
BE
0
0 42
28
35 105• 14
0
49 21
21

5

6

7

8

9

10

11

12

13

14

15

16

17

18

7
7
7
7
0
0
0
42
21

21
14
14
21
14
21
21
28
28

42
28
28
35
42
49
21
35
21

14
35
14
7
14
7
0
35
14

0
14
7
56
0
56
0
35
0

14
0
14
14
0
0
0
105*
14

14
14
14
14
7
0
0
42
28

7
14
0
7
7
7
49
21
35

0
0
0
0
0
0
0
21
0

7
0
0
14
21
35
7
21
14

7
21
0
14
0
0
0
56
7

0
0
0
14
0
0
0
14
0

1-40 oil to water ratio
- Underlined number indicates failure due to moulds
BE= Broke emulsion
"' Still inhibitory when taken off test

Compounds
1. Diethylene triamine

10.

1 ,4,7-Triethyl diethylene triamine

2. N-Methyl diethylene triamine

11.

l A,7-Tributyl diethylene triamine

3. 4-Dodecyl diethylene triamine

12.
13.

1,1,7 ,7-Tetramethyl-4-phenyl diethylene triamine
1,1 ,7 ,?-Tetraethyl diethylene triarnine

14.

l ,1 ,7 ,7-Tetraethyl-4-methyl diethylene triamine

4. Diethylene triamine pentaacetic acid
5. Diethylene triamine pentaacetic acid pcnta sodium salt
6. 4-(2-Aminoethyl) diethylene triamine
1. 2,6-Dimethyl diethylene triamine
8. 1,1-Diethyl diethylene triamine
9. 1,4,7-Trimethyl diethylene triamine

15. 1,1, 7, 7-Tetraethyl-4-phenyl diethylene triamine
16.

I ,1 ,4,7 ,7-Pentamcthyl diethylene triamine

J 7.

N l•NJ-Bis-1-ethyl-3-methyl-pentyl-d.iethylcne triamine
18. N-4-Hydroxybutyroyl dipropylene triamine

to be effective preservatives for two metal working fluids
(Furia, 1966). This study noted that the disodium,
trisodium and pentasodium salts inhibited the lubricants
(l-24 dilution) against microbial attack for a period of
60 days when employed in a concentration of 1000
ppm. The author studied the effects of 1000 ppm of
DTPA and the pentasodium salt in one of the coolants
mentioned in the patent and noted no antimicrobial
properties of these triamines in the product. It should
be remembered though that in the eleven years since the
report was made it is quite possible that the formulation
of the coolant has changed considerably.

with chemicals exhibiting low levels of antimicrobial
activity, is whether there is a possibility of potentiating
the inhibitory properties of such compounds by
employing a second chemical in conjunction with
them. It has already been shown that ethylene
diamine tetraacetate disodium salt (EDTA) greatly
potentiates the antimicrobial properties of a hexahydro-s-triazine compound (Bennett, 1974). It should
be remembered that hexahydro-s-triazine is in reality a
trimethylene triamine compound which is related to
the chemicals employed in this study.
It should be noted though that ethylene diamines
have been reported to antagonize the antimicrobial
properties of EDTA against Ps. aeruginosa (Bernheim,
1972). With these factors in mind, an experiment was
conducted to determine if EDTA potentiates the antimicrobial properties of I ,4 ,7 -trimethyl diethylene
triamine in cutting fluids. The results of this study may
be observed in Table 2. It appears that generally there is
an antagonistic effect between the two compounds and
that the combination has no potential application.

There are at least two other reports that should be
considered in regards to the use of DTPA in cutting
fluids. It has been noted that DTPA stimulates the
growth of moulds (Qadeer, et a!., 1970; Qadeer and
Abdullah, 1971); therefore, the use of this compound
should be approached with caution.
Table 3 exhibits data pertaining to the effects of
DTPA on the inhibitory properties of several commonly
used cutting fluid preservatives. A similar less extensive
study was also done employing the pentasodium salt of
DTPA and the results of this experiment may be found

Of additional interest in this regard, is the fact that
salts of diethylene triamine pentaacetic acid (DTPA)
function as chelating agents and they have been reported
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Table 2

Table 3

Antimicrobial Activity of I ,4,7-Trimethyl
Diethylene Triamine and EDT A in Cutting Fluids

Effect of DTPA on the Antimicrobial Activities of
Preservatives in Cutting Fluids

Days
Coolants

B

c
D
E
F
G
H

28
28
35
42
49
21
35
21

Days of inhibition
Coolant
B
c F H

of

inhibition

2

3

Treaiment

7
0
0
14
35
7
0
7

21
42
35
14
0
14
105*
21

I. DTP A alone - I 000 ppm

2. Dowicil 75 alone 1000 rpm

14

Combination of I & 2 500 ppm each
3. Grotan alone - 1000 ppm
Combination of I & 2 500 ppm each

1-40 oil to water ratio
-Underlined number indicates failure due to moulds

4. Bioban P-1487 alone 1000 ppm

* Still inhib Hory when taken off test

Combination of I & 4 ·500 ppm each
Compounds
I. I ,4,7-Trimethyl diethylene triamine - 1000 ppm
2. EDTA -1000 ppm
3. Combination of both - 500 ppm each

105*

0 105* 35
14

63

28

105* 105* 105* 49
98

28 112

49

105* 105* 105* 105*
0

28

14

35

105* 105* 84

84

1-40 oil to water ratio
-Underlined number indicates failure due to moulds
* Still inhibitory when taken off test

in Table 4. The results indicate that there are some
interesting practical possibilities in regards to the use of
DTPA in combination with cutting fluid preservatives
and a more extensive study pertaining to this matter
will be reported in the future.

Table4
Antimicrobial Activity of a Mixture of DTP A
Pentasodium Salt and Bioban P-1487

It would be of considerable practical value if DTPA
would have a potentiating effect upon the antimicrobial
properties of other diethylene triamines. An experiment
was conducted to determine if this was the case and the
results may be found in Table 5. There is no clear
pattern in the results; in 50% of the tests, the mixtures
showed less activity than did one of the individual
components, while in the other 50% there was
potentiation or an indication of potentiation. It appears
that perhaps the specific effect of the combinations may
be related to the coolant employed in the study as well

Days
Coolants
B

c
F
H

of
2

14
0
21
105*

0
28
14
35

inhibition
3
105*
105*
0
105*

as the particular combination of triamines used.

1-40 oil to water ratio
It has been reported (O'Neal and Goetz, 1973) that

* Still inhibitory when taken off test

benzotriazole and DTPA is an ideal combination of
agents for preventing corrosion of metals. Since
benzotriazole has been found to have interesting antimicrobial properties (unpublished data), it would be of
considerable practical value to determine if this mixture
also exhibited significant antimicrobial properties. The
results of this study may be noted in Table 6.

Compounds
l. DTPA pentasodium salt - 1000 ppm concentration
2. Bioban P-1487- 1000 ppm concentration
3. Combination of both - 500 ppm concentration each

If diethylene triamines were to be used in cutting
fluids as corrosion inhibitors, it would be of practical
value to know the effects of these compounds on the

antimicrobial properties of commonly used cutting fluid
preservatives. Diethylene diamine is known to react with
formaldehyde (Kroener, et a!., 1972) which perhaps
25

The Antimicrobial Properties of Diethylene Triamines in Metal Working Fluids, E.O. Bennett

Table 5

Table 6

Antimicrobial Activity of DTPA in Combination With
Other Diethylene Triamines in Cutting Fluids

Antimicrobial Activity of a Mixture of DTPA
and Benzotriazole in Cutting Fluids

Treatment

Days

Days of inhibition
Coolants
B
c F H

Coolants
B

I. DTPA alone - 1000 ppm

2. 1,4,7-Trimethyl diethylene
triamine alone - 1000 ppm
Combination of I & 2 500 ppm each
3. 1,1-Diethyl diethylene
triamine alone - 1000 ppm
Combination of I & 3 500 ppm each

105*
28

105* 70

49

105*
0
105*
35

c

0 105* 35
28

of

F
H

35

inhibition

2

3

105*
14
14
105*

49
0
70
105*

1-40 oil to water ratio

14 105*

• Still inhibitory when taken off test
14
0

14

21

0

0

28
Compounds
I. DTPA- 1000 ppm concentration
2. Benzotriazole- 1000 ppm concentration
3. Combination of both - 500 ppm concentration each

105*

1-40 oil to water ratio
Underlined number indicates failure due to moulds

Table 7
Antimicrobial Activities of Mixtures Containing
I, 1-Diethyl Diethylene Triamine and Cutting
Fluid Preservatives

• Still inhibitory when taken off test
would indicate that triamines can be expected to interfere with the formaldehyde releasing preservatives. A
second report notes that ethylene diamine increases the
deleterious effects of formaldehyde on Ps. aeruginosa
(Bernheim, 1973). It would be of practical value if a
combination could be developed containing a diethylene
triamine in conjunction with a cutting fluid preservative
as the product might be expected to produce antimicrobial activity as well as corrosion control.
Two of the most active diethylene triamine compounds encountered in this investigation were studied
in this regard and the results may be found in Tables
7 and 8. The results indicate that when employed in
certain coolants the mixtures were antagonistic and the
period of inhibition was reduced. In other instances,
the mixtures exhibited no greater inhibitory properties
than might be expected to occur with one of the
individual components of the mixture. No pattern of
potentiation of antimicrobial activity was noted.

Treatment

Days of inhibition
B
c F H

I . I, 1-Diethyl diethylene
triamine alone - 1000 ppm

14

14

21

28

2. Bioban P-1487 alone1000 ppm

0

28

14

35

Combination of I & 2 500 ppm each

28

21

0

42

21

35

70

42

Combination of I & 3 500 ppm each

14

0

28

42

4. Grotan alone - 1000 ppm

98

28

112

49

Combination of I & 4 500 ppm each

21

28

.Y.. l l

14

14

63

21

28

42 105*

3 . Milidin TI -I 0 alone 1000 ppm

It has been found that a mixture of dioctyldiethylene
triamine (3 pts), trioctyldiethylene triamine (I pt) and
dodecakis (oxyethylene) isotridecyl ether (3 pts) exhibited greater sporocidal activity against Bacillus
subtilis and Bacillus cereus than the individual components alone. In addition, a mixture containing
dioctyldiethylene triamine (60%), trioctyldiethylene
triamine (32%) and tetraoctyl diethylene triamine
(8%) was found to be bactericidal against a number of
organisms including Ps. aeruginosa (Hofmann and
Holtschmidt, 1972).

4. Dowicil 75 alone 1000 ppm
Combination of I & 5 500 ppm each

28

1-40 oil to water ratio
-Underlined number indicates failure due to moulds
* Still inhibitory when taken off test

As yet unpublished work in this laboratory indicates
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Table 8

Table 9

Antimicrobial Activities of Mixtures Containing
I ,4,7-Trimethyl Diethylene Triamine and
Cutting Fluid Preservatives

Antimicrobial Activity of I ,1-Diethyl Diethylene
Triamine in Combination with Other Diethylene
Triamines

Treatment

Days of inhibition
Coolants
B
c F H

Treatment

I. I ,4,7-Trimethyl diethylene

I. I ,1-Diethyl diethylene

triamine alone - 1000 ppm 28

28

49

35

2. Bioban P-1487 alone1000 ppm

0

28

14

35

Combination of I & 2
500 ppm each

42

42

14

42

14

14

63

28

Combination of I & 3
500 ppm each

21

35

0

70

4. Grotan alone - 1000 ppm

98

28 112

49

3. Dowicil 7 5 alone 1000 ppm

Combination of I & 4
500 ppm each

Days of inhibition
Coolants
B
c F H

42

49

21

triamine alone - 1000 ppm 14

21

35

70

Combination of I & 5
500 ppm each

42

21

28 105*

21

28

7

1.

0

42

14

7

28

28

3. I ,4,7-Trimethyl diethylene
triamine alone - 1000 ppm 28

28

49

35

21

0

0

21

7

0

7

28

0

0

21

70

2. 2,6-Dimethyl diethylene
triamine alone - I 000 ppm
Combination of I & 2
500 ppm each

Combination of I & 3
500 ppm each
4. 4-Dodecyl diethyl diethylene
triamine alone - I 000 ppm

49

5. Milidin TI-l 0 alone 1000 ppm

14

Combination of I & 4
500 ppm each

42
1-40 oil to water ratio
-Underlined number indicates failure due to moulds
Ethylene triamtnes appear to interfere with
formaldehyde releasing preservatives; thus, coolants
containing these triamines may be expected to be
partically or completely incompatible with this group
of antimicrobial agents. DTPA does not potentiate
the antimicrobial properties of the common cutting
fluid preservatives as well as does EDTA (unpublished
data).

1-40 oil to water ratio
-Underlined number indicates failure due to moulds
• Still inhibitory when taken off test
that it is possible in certain instances to obtain greater
.antimicrobial activity from mixtures of corrosion
inhibitors than can be accounted for on the basis of the
activity of any individual component. For these reasons,
a number of compounds were studied in different
combinations and the results may be noted in Table 9.
There was no significant increase in the antimicrobial
properties of mixtures as compared with individual
compounds except in one instance. In many instances,
it appears that there was some antagonism of
compounds as the individual components produced
greater inhibitory properties than did the mixtures.

While the compounds included in this study do not
produce outstanding microbial control, they present
some interesting possibilities in regards to preventing
biodeterioration of these products. The employment
of triamines in conjunction with a surfacant with anti·
microbial properties as well as other components such as
certain glycols with similar properties could possibly
result in the formulation of a product which offers
rancidity control without the requirement of using a
preservative in order to accomplish this objective.

Since diethylene triamines are known to react with
a considerable number of cutting fluid components,one
should always consider whether the antimicrobial
properties noted here are due to the triamine itself or
to some secondary reaction product which is formed in
the lubricants. At this time it is impossible to determine
what is happening in this regard as the composition
of most coolants remains unknown. It is obvious
though that several facts do appear in the results.
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LETTERS
Testing by Soil Burial
varied together most consistently with cellulolytic
activity in correlation studies were soil pH, nitrate
nitrogen content, and nitrifying capacity".
In this paper they reference studies by Gray and
Martin (194 7) who studied the effect of moisture
content in a loam-soil-manure compost and an early
paper by Armstrong (1941) on an increase in deterioration of jute proportional to an increase in temperature
of outdoor soil burial beds. Ruschmeyer and Schmidt
(1958) extended their studies and reported on
cellulolytic activity as influenced by alteration of soil
properties. They summarized the work thusly:

From Dr. A.M. Kaplan
Sir:
I have read with interest the article by Rubidge
(1977) concerning the effects of moisture content and
incubation temperature upon the potential cellulase
activity of John Innes No. I soil. On the assumption
that Rubidge's paper signals a resurgence of interest in
the soil burial technique I am taking the liberty of
calling attention to a number of investigations that are
seldom referenced, are germane to the issue and may be
of assistance to ongoing studies. I am also taking the
opportunity to offer some comments concerning the
technique.

"The cellulose decomposing activity of soils as
affected by shnple manipulations of soil properties
was studied by carbon dioxide evolution measurements and soil burial tests with un-treated cotton
duck as the cellulosic substrate. Soils used in previous
studies were altered with respect to reaction, inorganic nitrogen and inorganic phosphorus levels.
Mineral soils in their natural condition as opposed to
composted soils were used throughout.

In the area of soil composition and condition as they
affect cellulose decomposition, the work of E.L.
Schmidt and his student O.R. Ruschmeyer is evidently
not widely known. Schmidt and Ruschmeyer (1958)
studied soil properties in relation to cellulose
degradation as part of a study of cullulose decomposition in soil burial beds. They summarized their
fmdings as follows:

Six acid soils of low to moderately high
cellulolytic activity were adjusted to slightly alkaline
pH values by the addition of calcium carbonate. A
substantial increase in cellulolytic activity as measured by carbon dioxide evolution over that , evolved
by untreated soil was noted in each instance. When
normal and limed portions of five of the same soils
were tested in soil burial, increased cellulolytic
activity was most evident for the three light textured,
poorly buffered, acid forest soils, and least evident
for the two heavier, better buffered soils. Acidifi·
cation of three soils normally around pH 7 by prolonged incubation with sulfur sharply decreased
cellulolytic activity in soil burial. Full activity of the
acidified samples was regained rapidly by the addition
of enough calcium carbonate to restore the normal
reactions of the soils. In contrast to the effects of
pH changes due to calcium carbonate amendments,
the addition of a normal salt of calcium, calcium
sulfate, that did not affect the soil pH had no
appreciable effect on the cellulolytic activity.

"Twenty-one soils representative of a variety of

soil forming conditions and of widely divergent
properties were studied for their ability to degrade
cellulose textiles. The following properties were
determined for each soil sample: per cent sand,
silt, and clay, moisture equivalent, pH, organic
carbon, total nitrogen, carbon/nitrogen ration, nitrate

nitrogen, nitrifying capacity, and available phosphorous. These soil properties were correlated with
cellulose decomposing ability as measured by (a) the
quantity and rate of evolution of carbon dioxide
during the decomposition of a fabric sample and (b)
the decrease in tensile strength of fabric strips in the
course of a standard soil burial test procedure. Untreated cotton duck was used throughout as the
cellulose substrate.
Soils that differed in physical and chemical
properties were found to differ in their ability to
degrade cellulose. Carbon dioxide evolution studies
and soil burial test procedures were in general agreement as independent measures of the cellulolytic
activities of the soil.

Application of inorganic nitrogen to soils low in
nitrate results in increased cellulose decomposition.
Ammonium and nitrate nitrogen were about equally
effective as nitrogen sources. The microbiological
transformations affecting the quantity and rate of
inorganic nitrogen formation appeared to be very
important to the activity of the cellulolytic microflora of soils.

None of several cultural attempts to enumerate
the aerobic mesophilic cellulolytic microflora of the
soils proved satisfactory. The best of the cultural
procedures, a dilution extinction count, was somewhat useful in estimating the cellulolytic activity
of soils, but counts obtained were considered semiquantitative at best.

Addition of inorganic phosphate to two soils low
in available phosphorus according to soil test had
limited effects on cellulose decomposition, but one
of the soils was increased defmitely in activity by a
combined treatment of nitrogen and phosphorus".

Correlations between . soil properties and
cellulolytic activities were calculated to help identify
the soil factors that exert the most marked effects
in cellulose degradation. The soil properties that
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With regard to consistency, I would mention an
observation of ours relative to the behaviour of un·
treated cotton textiles in soil burial. We have been struck
by the fact that such textiles invariably lose approxim·
ately 50% of their tensile strength in 3 -5 days regard·
less of textile physical characteristics and construction.
From persual of data other than our own, we also
observe that this is a rather common occurrence in other
laboratories.

With regard to Rubidge 's statement that "the soil
burial test has marked limitations due to poor repro·
ducibility and repeatability", a word is in order since
this comment is frequently heard yet a key paper that
addressed itself to this matter appears to be completely
overlooked. There is no question that variations in
results may occur with any procedure and apparent
variability appears to be more pronounced in biological
systems. The point at issue is the significance of this
variation. Is the variation inherent in the procedure
itself, thereby rendering the procedure inoperative or is
the procedure accurately reflecting a variable in sub·
strate (material) or physical measurement used to assess
substrate change? Kempton, Maisel and Kaplan (1963)
conducted an extensive study of the deterioration of
fungicide-treated fabrics in soil burial. They paid
particular attention to the kinetics of fungicide loss from
the treated textile. They demonstrated that fabrics
treated with copper 8-quinolinolate are not susceptible
to microbiological attack, as measured by tensile
strength, in soil burial until most of the fungicide was
lost and that loss of this fungicide theoretically appeared
to be a zero-order reaction. They then addressed the
question of observed variability in tensile strength data.
I quote from part of their discussion:

A recent discussion providing an overall perspective
of soil burial can be found in a paper by Kaplan (1977)
discussing microbial degradation of materials in
laboratory and natural environments. This paper was one
contribution in a symposium devoted to model eco·
systems approach to biodegradation studies. The
emphasis of the paper is on the controlling aspects of
environment in ecosystems. The discussion that follows
was used as one of a number of examples to support
this thesis and is applicable for the purpose of this
letter:
"Let us now look into this aspect of environment
as it influences ecosystems in specific detail and
clarify what I mean when I say that experimental
design should be looked at from the point of view
of environment. As indicated earlier, one method
used extensively for determination of materials
degradation and protection from degradation by
micro-organisms is soil burial, Textile Test Methods,
Federal Test Method Standard 191 (Federal Supply
Services 1968). In this type of evaluation a test soil
is prepared from equal parts of good topsoil, well·
rotted manure or leaf mold, and coarse sand, with the
sand mesh specified. Parameters are given for pH and

"This study also led to the conclusion that the
observed variability in tensile strength data was
caused by the variability in fungicide content. The
observed range in fungicide content of about ±30%
of the original concentration is very large, consider·
ing the economic importance of copper 8-quinolinolate. Variability in padding can be analyzed before
burial. In these experiments, the padding error was
only ±5%. Anomalies in the soil resulting in local
differences in the rate of fungicide loss would cause
diverging values for fungicide content with a steadily
increasing variation during the entire course of the
burial period. This was not observed. In all the three

moisture content of the soil, temperature, and

relative humidity at which the soil is to be held and
physical properties of the soil. Most importantly, the
test soil is to be held at the specified temperature and
relative humidity for a minimum of 3 mo or longer
prior to use depending on its ability to degrade test
strips of fabric in a given time period. Samples of
materials are buried under prescribed conditions for
given periods and physical tests (i.e., tear, tensile,
flexibility, compression) are run to determine
physical change in the material. To assess further
the response of the material to microbial attack or
utilization in a natural situation where weathering
effects may be involved, in addition to microbial
activity, the material may first be leached, exposed in
a weatherometer, or on outdoor racks for a given
period before being buried. Materials screened in this
fashion in our experience respond as predicted to

persistence curves, marked variation was evident

within a few days after burial, and the maximum
variation was recorded near the middle of the burial
period. This may indicate that the affinity between
fungicide and fabric varied considerably and that a
portion of the fungicide was relatively loosely held on
the material. A final assignment of the sources of
error will not be made until work on other fungusproof systems has been completed, but at this time
local variability in the adhesion of the fungicide to
the material appears to be very important".
The authors demonstrate in this paper the absolute
necessity, when searching for clues to differences in
results with fungicidally treated textiles, of concurrent
chemical analyses spedific for the fungicide molecule in
addition to the soil burial evaluation per se. Without
this, rational condlusions cannot be drawn and a lack
of such data may be the basis in fact for some misleading
conclusions.

use situations when incorporated into items or

systems. We can determine relative susceptibility of
materials, rank them properly, and fmd that in use
the most long-lived materials are those selected on
the basis of laboratory studies. As with any screening
procedure, anachronisms do occur, and on these

One must have data concerning such

occasions the procedure has been criticized as giving
what appear to be equivocal results. At this point, the
procedure is attacked on the classical basis of not
knowing what interactions are occurring, what
organisms are present, that the soil is a dynamic

matters as concentration of fungicide and eveness of
desposition, at the least, if interrelationships concerning
treatment, textile, and soil are to be understood vis·a·vis
consistency and accuracy of fmdings.
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A study of the deterioration of fungicide-treated
fabrics in soil burial. Textile Res. J. 33. 87-93.
Rubidge, T. (1977). The effects of moisture content
and incubation temperature upon the potential
cellulase activity of John Innes No. I soil. Int. Biodeterior. Bull. 13. 39-44.

entity that is variable and cannot be controlled, etc.
Careful studies have shown that the method, in fact,
is doing its job, is telling us what is actually
happening in terms of the material's resistance,and is
figuratively pleading with us for an understanding of
what it is saying. No one can dispute the comments,
such as the proceeding, as to what we don't know
about the soil; but in this instance these comments
are not germane if we look at it from the aspect of
the ability of that soil to degrade a test fabric. We
know that the soil is complex; we do not fully understand its ecology, or its exact population in terms of
quantitative or qualitative distribution of the various
fungi, bacteria, actinomycetes, or which genera or
species are actually responsible for the degradation
at any given moment. We do know, however, that
when we defme the environment of that test soil in
terms as described above, and when we express degradation in terms of changes in a material rather
than in microbiological terms, the screening
procedure which is based on the sum total of the
physical, biological, and chemical interactions of that
particular universe is diagnostic. Purported variability
in results has been traced, in fugicidally treated
textiles, to either uneven treatments, marginal for-

Ruschmeyer, O.R. and Schmidt, E.L. {1958). Cellulose
decomposition in soil burial beds. II. Cellulolytic
activity as influenced by alteration of soil properties.
Appl. Microbial. 6. II 5-120.
Schmidt, E.L. and Ruschmeyer, O.R. (1958). Cellulose
decomposition in soil burial beds. I. Soil properties
in relation to cellulose degradation. Appl. Microbial.
6. 108-114.
Very truly yours,
ARTHUR M. KAPLAN Ph.D.
U.S. Army Natick Research and Development Command
Natick, Massachusetts 01760.
Mr. T. Rubidge has commented as follows:
Dear Professor Oxley,
Thank you for giving me a preview of Dr. Kaplan's
Jetter.
I am not yet certain that my paper (Rubidge, 1977)
signals a resurgence of interest in soil burial tests
however, I do agree with Dr. Kaplan that it is probably
due. A great deal of work was carried out in the 1940's
and early 1950's which, in sum, firmly stated the importance and usefulness of soil burial testing, mainly but by
no means exclusively, for cellulose textiles.

mutations, or less than optimum concentration of
fungicides. Good treatments pass soil burial tests;
poor treatments fail; and marginal treatments, as
expected, give results befitting marginal treatments,
i.e., equivocal results, (Kempton, Maisel and Kaplan
(1963). The point is that when we fabricate the test
soil, specify its ageing conditions and properties to
bring the soil into chemical, biological, and physical
equalibrium, hold its environment within certain
parameters of pH, moisture, etc., then we set up
conditions that are suitable for the microbial degradation of a material. When the environment is
not controlled, results naturally will vary, reflecting
a different ecological universe. In this situation,
however, the environment is still the dominating
force".

This work was being done at a time when the importance of biodeterioration was only just becoming
apparent, and with the advances in the understanding
of biodeterioration and other microbiological fields a
re-appraisal of soil burial phenomena will be profitable.
Dr. Kaplan is correct in saying that the references he
quotes have been largely ignored. Also I take his point
concerning variations in the test's performance being due
to factors other than the soil bed itself. My paper is
part of a larger body of continuing study and it was not
my expectation that a study of soil bed cellulose activity
would resolve all the problems of soil burial tests.
Initially I was concerned with selecting a convenient
soil medium for further work and establishing its
requirements for a high cellulose activity would resolve
all the problems of soil burial tests. Initially I was concerned with selecting a convenient soil medium for
further work and establishing its requirements for a
high cellulose activity. In establishing the conditions I
was constantly aware of the conflicting requirements,
i.e.,

I welcome new investigations concerned with soil
burial, particularly when novel approaches are utilized.
Such studies can only have positive benefits in bringing
about a full understanding of a useful tool. Soil burial,
as one of a number of analytical biological methods,
has much to offer when used properly, judiciously, and
with appreciation of its capabilities.

Armstrong, E.F. (1941). The rotproofmg of sandbags.
J. Soc. Chern. Ind. (London). 60.668.
Gray, W.D. and Martin, G.W. (1947). Improvements on
the soil burial testing method. Mycologia. 59. 358367.
Kaplan, A.M. (1977). Microbial degradation of materials
in laboratory and natural environments. Dev. Ind.
Microbial. 18.203-211.

I. adjusting the soil constituents can elevate the

aggressiveness towards cellulose.
2. these adjustments inevitably decrease the realism
of the soil bed.

Kempton, A.C.; Maisel, H. and Kaplan, A.M. {1963).
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Exactly what degree of adjustment can be tolerated
in a test which has realism as one of its prime qualities
is a question which can be resolved by individual judgement only.
Since the work reported in Rubidge (1977) is the
foundation for other studies there is no experimental
data on variability. This work is being carried out now.
I have carried out an analysis of the technical merits of
5 methods of assessing textile biodegradation using the
method of Mandel (I 964 ). In addition, it appears that
the changes in tensile strength may be amenable to
interpretation when applied to mathematical models
similar to those of microbial growth kinetics and
substrate affinity.
This work (as yet unpublished) was carried out
entirely with unproofed material for the same reasons
that Dr. Kaplan points out.
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LITERATURE COLLECTION
The Centre collects all literature on the deterioration of materials of economic importance by living organisms.
Retrieval from tllis 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.
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All enquiries which involve a literature 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).lfthe 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.
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.
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SUBSCRIPTIONS
SUSTAINING ASSOCIATES receive:
(i) Copies of all three quarterly journals, lBB, 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 lBB 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 £8). Reduced rate
subscribers must undertake that they are not purchasing the publications on behalf of an institution.
MICROFICHE All three journals are available on nlicrofiche. 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.
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For over twelve years the BIC has been assisting industry at home and
abroad in solving 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 prodt,~cts on a contract basis.
We are most willing to devise biological test procedures for your products

if none exist at present.
We also run short courses on introductory microbiology designed to cater
for individual industrial situations.
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.
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