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BIODETERIORATION SOCIETY NEWSLETTER 

Annual General Meeting 
This year's Annual General 

Meeting is to be held on Friday 
9th July 1971 at the Royal Com
monwealth Society, Northumber
land Avenue, London WC2N 5BJ. 

The programme is as follows:-
11.00-11.30 Arrival of Members 
11.30-12.30 Official Business of 

the Meeting (Coun
cil Room) 

12.30-13.00 Drinks 
13.00-14.00 Buffet Lunch 

(Westall Room) 
14.00 Presidential 

Address by Dr. H. 
J. Bunker, followed 
by an open discus. 
sion on Society act
tivities 

16.00 Close of Meeting 
The results of this year's elec

tions will be announced at the 
meeting. 

Members will by now have 
received full details of the meeting, 
attendance and lunch booking 
forms together with the election 
voting forms. 

Any late enquiries connected 
with the meeting should be addres
sed to the Biodeterioration Infor
mation Centre. 

News of Members 
Mr. T. A. Oxley, the Director 

of the Forest Products Research 
Laboratory of the U.K. Depart
ment of the Environment has been 
appointed as a Visiting Professor 
in the Department of Biological 
Sciences, the University of Aston 
in Birmingham. Professor Oxley 
will be specially concerned with 
the work of the Biodeterioration 
Information Centre. 

1st International Mycological 
Congress 

This is to be held at the Uni
versity of Exeter, Devon, England 
from 7th - 16th September 1971. 

Details may be obtained from 
the Secretary of the Executive 
Committee:-

Professor J. Webster, 
Department of Biological 
Sciences, 
The University, 
Prince of Wales Road, 
Exeter EX4 4 PS 
England. 

2nd International Biodeterioration 
Symposium 

This symposium is to be held at 
Lunteren, the Netherlands, 13th-
18th September 1971. The pro
visional programme may be ob
tained from:-

The Secretariat, 
2nd International 
Biodeterioration Symposium, 
cfo Holland Organising Centre, 
16, Lange Voorhout, 
The Hague, 
The Netherlands. 

Telephone (070) 65.78.50 
Telex 33111 
Cables Roeland-The Hague 

The President of the Symposium 
will be Dr. H. J. Bunker who was 
also president of the 1st Bio
deterioration Symposium. 

One-day Symposium on Industrial 
Biocides 

This symposium was held on 
the 26th May at the Birklands 
Annexe of the Hatfield Polytech
nic. Amidst rural surroundings 
seventy participants took part in 
a full day of talks and discussion. 
The meeting was chaired by Dr. 
G. A. Barclay of Hatfield Poly
technic. Speakers at the morning 
session were Mr. G. Carter, of 
I.C.I., who lectured on biocide 
production with particular refer
ence to major types, dose rates and 
cost of commercially available 
chemicals; Mr C. Harris of Hough 
Hoseaton Ltd. on economics of 
biocide usage in cleaning proces
ses; Mr. P. Leopold of Diversey 
Ltd. on plant design and cleaning 
and Mr. H. M. Dorlow of the 
Microbiological Research Estab
lishment, Porton, on fumigation 
and disinfection in fermentation 
laboratories and equipment. 

Speakers at the afternoon ses
sion were Mr. D. Allsopp of the 
Biodeterioration Information Cen
tre, on aspects of decay and pro
tection of industrial products and 
food; Mr. K. Thomas of Cato
mance Ltd. on the protection of 
cotton fabrics and related materi
als and Mr. J. G. Wildgoose of 
J. Crosfield and Sons Ltd. on 
assessment of industrial biocides. 
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Following tea Mr. N. J. Butler 
of Galloway and Barton-Wright 
gave some thoughts on future 
trends and developments which 
was a fitting introduction for the 
final discussion session. 

The general feeling of particip
ants was that the day had been 
most worthwhile not least in the 
fact that so many people from 
different areas in the industrial 
biocides field had met in surround
ings condusive to worthwhile dis
cussion. 

Biodeterioration Research in 
Queensland 

In a recently published report, 
Research in the University of 
Queensland 1971, details are given 
of two research projects under way 
in the Department of Micro
biology of the University. In one 
project bacteria which may parti
cipate in the deterioration of sand
stone in railway tunnels between 
Helidon and Toowoomba are 
being investigated in response to 
an approach from the Queensland 
Government Railways and at
temps will be made to develop a 
remedy. The iron bacteria which 
result in very poor water and 
cause deposits of iron in water 
mains and reticulation pipes are 
also being investigated to deter
mine the identity of the organisms 
responsible and to prescribe a 
remedy. 

Microorganisms in waste recovery 
and pollution control 

Proposals have been put forward 
for a symposium/work study group 
on: Microorganisms in waste re
covery and pollution control, to be 
held in April/May 1972 under the 
joint auspices of the University of 
Malaya and the University of 
Singapore, and Nanyang Univer
sity, from about the third week of 
April until the third week of May 
1972. Potential overseas lecturers 
are: Dr. C. W. Hesseltine, Head of 
the Microbiology and Fermenta
tion Department, of the Northern 
Region Research Laboratory of 
the US Department of Agriculture; 
Professor Koichi Yamada, Head 
of tbe Agriculture Chemistry De
partment, of the University of 



Tokyo, and a specialist in the 
enzymes produced by microorgan
isms, particularly the amylases and 
proteases; Dr. G. Hamer, of the 
Milstead Laboratory, Shell Re
search Station, Kent. His interests 
lie in the use of bacteria for 
methane fermentation, and the 
mathematical theory of ferment
ers; Dr. Bengt Hofsten, Bio-

chemical Institute, University of 
Uppsala, has conducted research 
on biological methods for the 
utilisation of cellulose by bacteria; 
Professor R. Lewin, who is Pro
fessor of Marine Biology, Scripps 
Institute of Oceanography, La 
Jolla, California; and Dr. Yuri 
Sorokin, senior microbiologist, 
Institute of Hydrobiology, Acad-

emy of Sciences, Borok, USSR. 

The organisers of this sympo
sium are: Professor A. Johnson, 
Professor of Biology, Nanyang 
University; and Professor W. R. 
Stanton, Professor of Botany, 
University of Malaya. 

INDUSTRY AND COMMERCE 

Manufacture of Resmethrin in U.S. 
A licence for the manufacture 

of the insectide Resmethrin has 
recently been granted to S. B. 
Penick & Company, a unit of 
CPC International, Inc., at a 
newly erected $1,000,000 plant at 
Lyndhurst, New Jersey, U.S.A. 
The National Research Develop
ment Corporation (U.K.) who are 
licensors of the patent rights have 
already granted licences for manu
facture of the insecticide to firms 
in the U.K., France and Japan. 

Resmethrin, which is chemically 
related to natural pyrethrin and 
which has the advantage ofleaving 
no toxic residues, is particularly 
effective against houseflies, mos
quitoes and cockroaches. The 
compound was discovered at the 
Rothamsted Experimental Station, 
Harpenden, U.K. 

Phosphate-free surfactant 
Decon 90, a new phosphate"free 

surface active cleaning agent, has 
been developed by Decou Labora
tories Ltd. There has been con
siderable publicity in North Ame
rica and Scandinavia concerning 
phosphate pollution, principally 
from household detergents, giving 
rise to the eutrophication of inland 
waterways the sudden and exces
sive growth of algae and subse
quent oxygen loss in lakes resulting 
in their becoming 'dead'). 

Decon 90 has been developed 
from Decon 75 and contains no 
phosphate. It is claimed to be 
completely biodegradable and has 
a high rinsability, is non-toxic and 
stable. 

Decou 90's main application 
will be as a cleaning agent for 

industrial and laboratory equip
ment and glass-ware, and as a 
radioactive decontaminant. 

Further information from: 
Decon Laboratories Ltd., 
Ellen Street, 
Portslade, 
Brighton, England, 
BN4IEQ. 

Oil tankers cleaned by bacteria 

A mixture of enzymes and 
bacteria prepared by Enzymes Inc. 
of Cherry Hill, New Jersey, U.S.A. 
and known as Petrobac has recent
ly been reported to have cleaned 
the tanks of an oil~rying ship 
in four days. The preparation 
holds a promise of scouring tanks 
without dumping oily water at sea. 

The enzymes are present to 
bring about an initial breakdown 
of the oil so that it is available to 
the bacteria as a food source. In 
the test nearly all the oil remaining 
in the tank interiors was broken 
down. The test was carried out at 
50' Fahrenheit although it was 
stated that the method is even 
more effective at 70'. 

The preparation contains a mix
ture of aerobic and anaerobic 
bacteria with more than 5 billion 
to the gramme and is in the form 
of a free-flowing buff powder. It 
can be added to either fresh or 
salt water in the tank at the rate 
of 1 pound to 25,000 gallons. 
Urea can also be added as a 
supplementary nutrient for the 
bacteria. 

[Abstracted from the Financial 
Times]. 
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Microorganisms and Concorde 

The problems associated with 
the growth of fungi in the fuel 
tanks of jet aircraft have been 
troubling aircraft operators for 
some time. Microbial contamina
tion can lead both to corrosion 
and blockage of filters and pipes. 
The microorganisms depend on 
the formation of water droplets 
in the fuel as a result of the low 
temperatures encountered by sub
sonic planes at cruising heights 
and although these freezing temp
eratures inhibit microbial growth 
suitable temperatures for growth 
normally exist while the aircraft 
is on the ground. 

Some fears have been expressed 
about the possible development of 
microorganisms in the fuel tanks 
of Concorde as the kinetic heating 
generated by the aircraft travelling 
at supersonic speeds will be com
municated through the skin of the 
wing to the fuel tanks, thus keeping 
the fuel at a temperature favouring 
microbial growth most of the time. 
These same conditions will, how
ever, largely prevent condensation 
within the fuel tanks and micro
bial growth should, therefore, be 
inhibited by the lack of water and 
the problems of contamination by 
microorganisms may as a result be 
less serious in Concorde than in 
conventional subsonic aircraft. 

There is still the possibility of 
the presence of microorganisms in 
water droplets in the fuel before it 
enters the aircraft and effective and 
economical means of preventing 
this are still being actively sought. 

[Abstracted from the New Scien
tist and Science Journal.] 
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The rapid screening of preservatives for pharmaceutical and cosmetic preparations. 

THE RAPID SCREENING OF PRESERVATIVES FOR 
PHARMACEUTICAL AND COSMETIC PREPARATIONS 

Malcolm S. Parker! 

Summary. The rapid screening of preservatives may be achieved 
by selecting some index of cell development which occurs early 
in the growth cycle and is susceptible to such agents. These 
inhibitory effects can be monitored by various instruments. 

Examples described are the spectrophotometer to measure 
optical density changes associated with spore development and 
vegetative cell division; and the Coulter Counter for automatic 
size analysis of germinating spores. 

La \'Crification rapide des prE:servatifs pour des prt'iparations 
pharmaceutiques et cosmetiques. On peut arriver A Ia vC:rifica· 
tion rapide des preservatifs en choisissant quelqu'aspect du 
d6veloppement deJa cellule qui se produit pendant Jes premieres 
phases du cycle d'accroissement, et qui est sensible a ces agents. 
On peut discerner ces effets inhibiteurs par le moyen des instru
ments diver;. 

On decrit l'emploi du spectrophotometre pour mesurer les 
changements de la densitC optique, associes avec le developpe
ment des spores et Ia division vegetative des cellules; et aussi 
l'emploi du "Coulter Counter" pour faire ]'analyse automatique 
de Ia grosseur des spores qui gennent. 

Introduction 

There is available a wide range of antimicrobial 
agents which can he used to preserve pharmaceutical 
(Russell, Jenkins and Harrison, I 967) and cosmetic 
(Gucklehom, 1970) products. The problems of micro
bial spoilage are, however, of sufficient dimension to 
sustain a continuous search for new preservatives. 
Increasing complexity of formulation has, in many 
cases, exacerbated the problem of biodeterioration by 
providing more nutrients for spoilage flora and enhan
cing the risk of preservative inactivation. 

It is economic both in time and development costs 
to he able to rapidly screen potential preservatives 
and reassess established ones in the presence of new 
formulation components. This may he achieved by 
selecting some index of cell development which occurs 
early in the growth cycle and is suceptible to anti
microbial agents. Such a change, although not 
apparent to the eye, may lend itself to accurate 
measurement by various instruments. In this way the 
time required for screening may he reduced to hours 
in contrast to the days needed for the establishment 
of visible growth and stndy of its inhibition. 

Methods 

Use of the Spectrophotometer 

a. Bacterial Cells. When vegetative cells enter the 
log phase their growth rate may he followed by 

Das Schnclldurchsieben l'OD Konservienmgsmitteln fiir phanna
zcutische und kosmetische Armeimittel. Das Schnelldurch
sieben von Konservicrungsmitteln darf ausgefiihrt werdcn 
durch das Auswiihlen von irgendeinem Anzeichen von Zcllent
wick.lung die friih im Kreislaur stattfindet, und fUr solchen 
Agensen empffutglich ist. Die hemmenden Wirk.ungen kOnnen 
mit verschiedenen Instrumenten iiberwiichtcn werden. 

Die Beispiele die beschreiben werden sind das Spektral
photometer urn die optischcn Schwiirzungsfutderungen zu 
messen. die mit Sporcnentwick.lung und nachstumfOrdende 
Zellenvertcilung verbunden sind, und der Coulter-Ziihler fiir 
die automatische Anal~e der GrOsse der keimendcn Sporen. 

Manera nipida de cribar los preservativos para las preparaciones 
fannaceU.ticas y cosmfticas. Cribar rApidamente los preserva
tives es una cosa que se puede conseguir ,escogiendo algtln 
indice del derarrollo de las cetulas que ocuiTa temprano en el 
ciclo del crecimiento y que sea senstble a tales agentes. Estos 
resultados inhibitorios se pueden mcdir por varios instrumentos. 

Los ejemplos dcscritos son cl espectrofotometro para medir 
los cambios de dcnsidad 6ptica asociadas con el desarrollo de 
esporas y Ia divisi6n de las celulas vegetativas, y el contador 
Coulter para Ia an3.1isis automAtica del tamai\o de esporas en 
via de germinaci6n. 

measuring the Optical Density (O.D.) of cultures. 
As the cells multiply in nutrient medium the O.D. 
increases. Any inhibition of cell multiplication is 
indicated by the arresting of O.D. rise. Results. are 
available as soon as cells enter upon their log phase 
and this may be accelerated by using prewarmed 
nutrient medium to grow the cells. Brown and 
Richards (1964) used this technique to investigate 
growth rates of Pseudomonas aeruginosa. Brown (1966) 
later extended the method to assess preservative 
efficacy against this organism and inactivation of the 
preservatives by non-ionic surfactants. 

An example of the use of this method is shown in 
Figure I. Cells of Stap!tylococcus aureus (spoilage 
isolate) were inoculated into prewarmed nutrient 
broth (37°) in stoppered culture flasks and incubated 
in a shaking water bath at 37°. Samples were taken 
every 15 minutes and their O.D. measured at a 
wavelength of 600 nm. using a Unicam S.P. 600 
Spectrophotometer. The Figure shows the effect of 
incorporating a phenolic preservative into the nutrient 
medium and the inactivations of this by the non-ionic 
surfactant polysorbate (Tween)-80. 

Data is available in four hours and a wide range of 
spoilage bacteria, preservatives and formulation 
components may he studied. Systems in which there 
is precipitation, cell clumping or rapid lysis are not 
suitable for this method. 

1Department of Pharmaceutical Technology, School of Pharmaceutical Sciences, University of Strathclyde, 
Glasgow, Scotland. 

(Copy received March, 1971). 
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Figure 1 Optical Density of S.aureus culture in nutrient broth at 37'. The inhibitory effect of orthochloro· 
metacresol and its inactivation by Polysorbate-Tween 80. 
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Figure 2 Optical Denisity of Saccharomyces rouxii culture in malt broth at 25'. The inhibitory effect 
of esters of hydroxy benzoic acid. 
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b. Yeasts. Fast growing varieties such as the genus 
Saccharomyces can be used. 

In Figure 2, results are shown for an osmophilic 
spoilage yeast Saccharomyces rouxii in a preservative 
system of hydroxybenzoate esters. The culture medium 
was malt broth maintained at 25° in a shaking water 
bath. O.D. determinations were made at 600 nm. 

c. Bacterial Spores. The transformation of the 
quiescent spore to the vegetative cell involves rapid 
physical and metabolic changes. The spore swells 
and loses refractility. Suspensions of spores, during 
this initial development, show a fall in O.D. of some 
60 per cent of the initial value. Following these early 
changes the spore coat ruptures or lyses and vegetative 
cell outgrowth occurs with subsequent cell division 
and a rise in O.D. values. (See Figure 3). 

100 

90 

~ 
g BO 
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60 
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Figure 3 The swelling of spores of B. subtilis and their 
emergence as vegetative cells measured electronically. 
Circles, spore volume (r.tm>); triangles, rate of 
emergence of outgrown spores; squares, O.D. values 
of the spore suspension. 

An O.D. profile of the type shown represents the 
cumulative behaviour of all the spores in a suspension. 
The effects of preservatives upon such a profile fall 
into two categories (Parker, 1969): (!) those which 
prevent the initial fall in O.D. i.e. germination in
hibitors e.g. Phenols, Organic Acids, Hydroxyben
zoates and Alcohol: (2) those which prevent the rise 
in O.D. attendant upon outgrowth of vegetative cells 
and their division, e.g. Organic Mercurials, Quaternary 
Ammonium Compounds, Acridines and Dowicil. The 
results shown (Figure 4) were obtained using spores of 
Bacillus subti/is in static aerobic cultures in nutrient 
broth maintained at 32°. Samples were periodically 
removed for O.D. determinations at 600 nm. 
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(b) 

2 3 4 5 
Period (h) of observation 

Figure 4 The effects of preservatives on the O.D. 
profiles of suspensions of B. subtilis spores. 

(a) Category I preservatives. Squares, chlorocresol; 
circles, parabens; triangles, control untreated spores. 

(b) Category 2 preservatives. Solid squares, phenyl
mercuric nitrate; solid circles cetrimide; crosses, 
aminacrine. 

The neutralisation of a preservative system can be 
quickly investigated by this method. Thus Figure 5 
shows the effect of adding a non-ionic surfactant to 
spores inhibited with chlorocresol. The inactivation of 
the preservative is shown by the fall in O.D. of the 
spores as soon as the surfactant is incorporated into 
the system. (Parker and Bradley, 1969). 

""' Co11trol 

Chloi'OO:ruol 
(O,O!IJ') 

,.r-----------------------~--------~----

.. 
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Figure 5 The inhibition of.the germination of spores of 
B.subtilis by chlorocresol. The inactivation of 
chlorocresol by Polysorbate-Tween 80 added at 
various times. 
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d. Fungal Spores. In their early development fungal 
spores. undergo swelling as do bacterial spores but 
differ from the latter in that there is no attendant fall 
in O.D. On emergenoe of germ tubes, however, O.D. 
begins to rise and increases with mycelial developn;tent. 

In figure 6 the O.D. changes are shown for spores 
of Trichoderma viride, isolated from a cosmetic, when 
grown in a shaken culture of malt broth maintained 
at 25°. A suggested preservative for this particular 
case was Dowicil (l-(3-Chloroallyl)~3,5,7•triazo-l-azo
niaadamantane chloride) (Dow Chemicals U.K. Ltd.) 
and its effect is shown. (Purves, 1971). 
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'l'i.M or incubation at 25~ (hours}. 

O.D. expressed as peroentage of initial O.D. 

Fignre 6 Outgrowth of Trichoderma viride in Malt 
Extract Broth (Oxoid CM57) with various con
oentrations of Dowicil 200 (% Wfvl· 

Some moulds outgrow from their spores to form 
compacted pellets of myoelium which cause misleading 
sudden changes in O.D. This is a particular problem 
with Aspergillus species. Galbraith and Smith (1969) 
showed that pH of the growth medium was an im
portant factor, values of 2.3 and below being required 
to prevent pellet formation. Unfortunately, these pH 
values are too low for preservative screening and we 
have dispersed the pellets ultrasonically prior to 
taking samples for O.D. determination. 

Use of the Coulter Counter 
The Swelling of Spores 

As has been indicated, swelling is a primary index 
of the development of both mould and bacterial spores. 
In both cases there are two phases in the swelling 
prooess, an initial period which is insensitive to pre
servatives, and a later swelling preceding outgrowth, 
which is sensitive. For this reason the initial swelling 
has been regarded as non-metabolic and may be 
associated with hydration or osmotic phenomena 
(Barnes and Parker, 1967). 
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a. Mould Spores. The suppression of the swelling 
of mould spores by chemical agents was used as the 
basis for a fungitoxic assay by Mandels and Darby 
(1953). They used haematocrit tubes to measure spore 
volumes and encountered difficulties caused by spores 
packing unevenly. Microscopic measurement of spore 
size proved to be more sensitive although still very 
time consuming (Barnes and Parker, 1966). A rapid 
and convenient method to size spores is to use the 
Coulter Counter (Coulter Electronics). 

In this technique spores are incubated in nutrient 
medium and samples taken periodically, suspended in 
saline electrolyte and size analysed on the machine. 
It is very convenient to record the results on an auto
matic plotter linked with the counter. In choosing a 
test mould for this method it is desirable that its 
spores should show good swelling in a short time. 
This is illustrated in Figure 7 which shows the meta
bolic swelling characteristics of a range of common 
spoilage forms in malt broth (McCafferty and Parker, 
1970). Another factor is the nutrient medium used 
sinoe in some media there is a longer lag before onset 
in swelling than in other media. This is illustrated in 
Figure 8 for the media malt broth and sabouraud 
broth. The latter delays metabolic swelling and lowers 
rate of swelling and hence malt broth is preferable. 

A typical assay is illustrated in Figure 9 in which a 
fast swelling spore, P. spinulosum is used in malt 
broth at 25° and the effects of various preservatives 
shown. The size analyses were made with a Coulter 
Counter model B and a J plotter. A 50 micron orifice 
tube was used with 0.9 per oent saline and instrument 
settings; Gain Trim 48, Aperture Current 0.5 and 
Amplification 1.0. It is seen that the effect of preserva
tives is to depress the rate of metabolic swelling 
according to their efficacy and ambient concentration. 
The curves can be examined for evidence of lag periods 
and for evidence of recovery. Such changes can be 
correlated with mode of antifungal activity of the 
preservative system (McCafferty and Parker, 1970). 
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Fignre 7 Rates of spore swelling in malt broth measured 
with the Coulter Counter. A, P. spinu/osum; B, 
S. racemosum; C, T. viride; D, P. roqueforte; 
E, A. versicolor; F, M. spinosus. 
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Figure 8 Inhibition of germination swelling of Trichooderma viride with various concentrations of Bronopol, 
and the effect of medium. 
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Figure 9a The effect of (A) propylhydroxybenzoate and (B) Phenonip upon the metabolic swelling of 
P. spinulosum. Concentrations of preservative expressed as % wfv. 

Any inactivation of a preservative is readily detected 
by this method. In Figure 10 the effect of a non-ionic 
and an anionic tenside are shown on the preservative 
Phenonip (Nipa Laboratories Ltd.), In this case the 
former is antagonistic and the latter synergistic. 
(Parker, McCafferty, McBride, 1968). 

b. Bacterial Spores. The size distribution of bacterial 
spores as they progress from germination to outgrowth 
and subsequent vegetative cell division has been shown 
in Figure 3. As with mould spores the Coulter Counter 
provides a means of rapid size analysis. The initial 
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swelling phase is followed by a phase sensitive to 
preservative action as with mould spores. 

Table I shows. results obtained using B.subtilis 
spores in static culture at 32° in nutrient broth, and 
the effects of various preservatives together with 
their inactivation by a non-ionic agent. (Parker, 
Barnes and Bradley, 1966). For size analysis spore 
samples were suspended in 0.9 per cent saline and a 
30 micron orifice tube used with instrument settings; 
Gain Trim 100, Aperture Current 0.707 and Amplifica-
tion 1.0 (Coulter Counter Model B.) .· 

• 
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Figure 9b The effect of benzoic acid upon metabolic 
swelling of P. spinulosum. Concentrations of 
preservative expressed as % wfv. 

TABLE 1-The effects of preservatives alone and with 
2% polysorbate Tween 80 on the size increase during 
development of spores of B.subtilis. 

Percentage of swelling of 
untreated spores 

Preservative Without With 
polysorbate SO polysorbate SO 

Nil 100.0 100.0 

Phenylmercuric 
nitrate 0.002% 0.0 0.0 

Chlorocresol 0.17% 0.0 0.0 

Chlorocresol 0.05}~ 3S.4 S4.7 

Parabens 0.03% 12.2 63.0 

Nipastat 0.05% 13.5 21.0 
{Nipa Labs. Ltd.) 
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Figure 10 Effects of 0.1 % Phenonip on Trichoderma 
spores. 
A Phenonip + 4% Tween-SO 
B Phenonip + 2% Tween-SO 
C Phenonip 
D Phenonip + 2% Sodium Laury! Sulphate 

Discussion 

The techniques usually employed for screening 
preservatives depend at some stage upon the visual 
assessment of growth. This may be examining turbidity 
in liquid media or colonies on solid media. In either 
case adequate time must be allowed for growth to be 
established, a minimum of 24 hours for bacterial cells 
and several days for most moulds. 

The methods described here utilise changes which 
occur early in microbial development and are of 
sufficient magnitude to be measured accurately with 
suitable instruments. The effects of preservatives upon 
these changes can be measured and data obtained of 
efficacy within some five hours. Ancilliary factors can 
also be rapidly assessed such as temperature and pH 
effects and the inactivation of preservatives by com
mon formulation components. 

Although the screening procedures described here 
have some predictive value of preservative activity 
in final preparations, they should not replace a final 
test in which the full formulation is subjected to a 
microbial challenge. They can however be useful 
in eliminating ingredients which have incompatibility 
with the preservative, or eliminate preservatives with 
insufficient activity against relevant spoilage flora. 
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AN EVALUATION OF A LABORATORY AND PLANT PROCEDURE 
FOR PRESERVATION OF CUTTING FLUIDS* 

H. W. Rossmoorel and B. W. Williams! 

Summary. A sample laboratory model for the evaluation of 
cutting fluid formulations and biocides has been devised by 
studying performance in the plant at the same time as a derived 
laboratory sample was being examined. The study was carried 
out for twelve weeks in which pH, total aerobic count, and 
sulfate reducers were checked. It was possible to conclude 
that the laboratory system paralleled the plant results so that 
future studies could be limited to such a laboratory model. 

Une evntuation d'tm procede de laboratoire et d'installation 
industrielle pour preserver des Ouides de coupe. On a invente un 
modele dans le laboratoire pour evaluer des fonnulcs des 
fluides de coupe et des biocides, en etudiant le fonctionnement 
de !'installation ct, en meme temps. etudiant un echantillon 
prCpare dans Ie Iaboratoirc. On a effectue cette etude pendant 
douze semaines, et pendant ce temps on a verifie le pH, le 
compte aerobe total et des reducteurs sulfates. On pouvait 
conclure que les resultats obtenus dans le laboratoirc etaicnt 
pareils a ceux de l'installation, afin qu'on puisse berner des 
Ctudes futures a un tel modt!le dans un laboratoire. 

Introduction 

Although several methods have been published 
during the past twenty years (Bennett, 1957; Himmel
farb and Scott, 1968;' Pivnick and Fabian, 1953) 
which utilized rather simple laboratory procedures 
for evaluating stability of cutting fluid formulations 
and germicides for their preservation, none of these 
methods was carried out in conjunction with parallel 
field studies. It was always necessary to rely on co
relative predictability. In the present study a series 
of individual machines were compared on a weekly 
basis with the same cutting fluid maintained in the 
laboratory in a more convenient volume. 

Materials and Methods 

Six machines, all containing individual 300-gallon 
sumps and described in detail in Table I, were selected 
after consultation with the appropriate plant person
nel. At the beginning of the study, I gallon of cutting 
fluid was taken from each machine and subsequently 
was used to set up the parallel laboratory evaluation 
system. For a period of 12 weeks the laboratory 
gallon was treated the same way as its progenitor 
plant system, unless otherwise noted. In some instances 
the parallelisms were exact; in others, it was the best 
approximation. For example, in the 6 machines, 3 
germicides were being evaluated. The time of addition 
of germicide was about 3 days earlier in the plant than 
in the laboratory, since we had to await the arrival of 
communiques from plant personnel on levels added. 

Ein Abschli.tzung einer Laborntoriums ~ und BclriebsanlagChand~ 
lungsweisc fiir die Bcwahrung von Schneidefliissigkeiten. Ein 
Musterlaboratoriumsmodell fUr die Abschiitzung von Schneide
fliissigkeiten fonnulierungen und KeimtOteren ist crfundcn 
worden durch das Studiercn von der Ausfilhrung in der Betrieb
sanlage, indem man gleichzeitig einc abgclcitene Laboratoriums
probe untersucht wurde. Das Studium dauerte Z'NOlf Wochenlang, 
wahrenddessen man pH, Gesamtaerobikzahl und Sulfatabsch
wacher gepriift wurden. Es war mOglich zu entscheiden da[3 
das Laboratoriumssystem den Betriebanlageer- gebnisse gleich 
waren, soda[3 man zukUnftige Untersuchung in einem solchen 
Laboratoriumsmuster ausfUhren kOnnte. 

Una Evaluacl6n de un proccdimiento del laboratorio y de las 
plantas para Ia conservaci6n de los fiUidos cortantcs. Se ha ideado 
una muestra de un modele de laboratorio para Ia evaluaci6n 
de las fonnulaciones de fltiidos cortantes y biocidas, y sc ha 
heche estudiando el funcionamiento de Ia planta al mismo 
tiempo que se exarninaba una muestra derivada del Iaboratorio. 
Se prosigui6 el estudio durante doce semanas, en las que se 
registraron pH, Ia enumeraci6n aer6bica total. y los reductores 
de sulfate. Se pudo concluir que el sistema del labotatorio se · 
asemcjaba muy bien a los resuJtados en las plantas de tal 
manera que en el porvenir se podcln- limitar los estudios a tal 
modele de laboratorio. 

The type of soluble oil used for make-up, in the 
plant was also used in the laboratory but in a more 
orderly but artificial replacement scheme. Individual 
machines were maintained at a constant level with 
replacement fluid to make up for loss due to carry 
off, spillage and evaporation. There was complete 
turn over abotii weekly. It was necessary to dump 
most machines approximately every 2 weeks due to 
the accumulation of swarf, fine and hydraulic oil. 
However, the machines were not cleaned prior to 
recharging and the sludge on the tank and tool 
surfaces served as inoculum for the new charge of 
fluid. To account for occasional addition of organic 
load in the plant,· weekly additions of I % cottonseed 

· mash, 0.50% hydraulic fluid (tramp oil) were made. 
The !-gallon sample was added to a 4-liter beaker 
containing 75 grams of cast•iron chips and was sub
jected to an aeration regimen of 5 days of continuous 
bubbling and 2 days without. At the conclusion of 
the quiescent period, which is supposed to simulate 
weekend shutdo.wn in the plant, evaporation loss was 
made up with de-ionized water. At this time aliquots 
were removed for total aerobic bacterial counts, 
sulfate reducer counts, and pH determinations. Twenty 
five per cent of the total volume was removed from 
the beaker and replaced with fresh emulsion cor
responding to t~at used in the plant. This total 
regimen was repeated for a period of 12 weeks. 

Bacteriology: Total aerobic counts were done in 
plate count agar (Difco) and sulfate reducer counts 

*Contribution no. 269, Department of Biology . . 
I Department of Biology, Wayne State University, Detroit, Michigan 48202, U.S.A. 

(Copy received September, 1970). 
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TABLE !-Description of plant machines 

Machine No. I 2 3 4 5 

Speed of operation Slow Slow Slow High Medium 

Type of operation Broaching Broaching Broaching Machining Machining 

Capacity of pit 300 300 300 300 300 
(gallons) 

Bacterial inhibitor 
used Q G D None None 

Nature of coolant Heavy duty Heavy duty Heavy duty General General 
soluble oil soluble oil soluble oil purpose purpose 
(sulfurized (sulfurized (sulfurized soluble oil soluble oil 
fat type) fat type) fat type) (sulfurized) (sulfurized) 

D = -1-(3-chloro allyl)-3, 5, 7-triaza-1-azonia-adamantane 

G = -Hexahydro-1, 3, 5-tris-2-hydroxyethyl-(5)-triazine 
Q = -N-alkyl dimethyl benzyl ammonium chloride 

TABLE 2-Medium for the enumeration of sulfate-reducing bacteria 

Reagents Amounts 

KH2P04 0.5 g 

NH4Cl 1.0 g 

Na2S04 1.0 g 

CaCI-6H20 1.0 g 

MgS04-7H20 2.0 g 

Na Lactate 3.5 g 

Yeast extract 1.0 g 

Ascorbic Acid 0.1 g 

Thioglycolic Acid 0.1 g 

FeS04-7H20 0.5 g 

Ag_ar 15 gjliter 

6 

Medium 

Machining 

300 

None 

Heavy duty 
soluble oil 
(chlorinated) 

The pH is adjusted to 7.6 with NaOH. The medium is diluted to 1000 ml with distilled water, autoclaved for 15 
minutes at 15 lb./in 2, held between 40-44°C, and added aseptically to tubes containing not more than a 15% 
volume of the sample being tested. Mix, allow to set, and seal with a 1.5-cm plug of agar to prevent access of air 
to the inoculated portion; incubate in air until the number of black colonies (sulfate-reducing bacteria) shows 
no further increase (3 to 16 days). 
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were done in the medium devised by Postgate (1963) to wait for the appropriate communique. Additions 
(Table 2) and prepared in 20m! screwcap tubes. These were made by plant personnel based on their subjective 
wer.._ done from plant-as, well as Jaboratory :iJt'lnp!es evaluations and not on re..cOill!l1endations frtih our 
as 11:l~ogetber i~ tim?,as .. possit>Ie; p~' 

8 
'Ylire laboratory. The concentnlti'iflts._.used were .. in scord-

me~rfr~q_Q;,.a..~Ckman Mo'de.!.Q.P.H Meter. ;;; ance with manufatur<trs' j-ecO'Inrirellditlqns .'Fhus 
jnhibitors:'"TJI '3 inhibitdi'S use~~ere -alkyl based on bacteriologicaP res Its, these addili~·\m"fllht 

dimethyl benzy~' mmoniufo chloride (Ql. H~a- not always appear so r~tio . C9.ncentration' ·of ~ach 
,Jf1dro-1,3,5-tris-2•hy!droxye{hyl-(s)-triazine ~ .•. ,~ litld inhibitor are listed in lfab 3 l)l]d are based ilrf::the 
1:(3-chl9ro allyl)-3,5, -1ria'h+azonia-adamaqt'l_ne'(D) amounts added at that ~me Th~etJ'l.hnua14"eplacement 
"titere,jY,~§ always a qut a :J!da'Y,lap~e-betweenca@i- of loss with fresh flui~an .the'Tegulatdis~s 'o~the 
tjo~wm ~~~~~ plant.R'nd in th/la,bo'rnfory, sinc'e e l!,ad entire tank preventedobuil<fup of inhibitor. ~ "' 
1/f \ ' , "'\ I '/ ' I ~ J I ~ 
If I , \,.'""7 • \ \,I ., £ ~ : I E ~ 
., \ .. v, • c:= c:= 

:' . \'t ·J ~"" :~.' ~"" •I I c.,) I.. ~ 
I '\ TABLE 3-Weekly inhi itOl"additions with final concentral in ppm := , . v I'~ .! 
~~-::-:---::--:-~~-:--o:---:--::--J.., D ""'d"""DN'Wee · ;....,.--~~-:-~-'-0 
~r rr or e 8 \ a 2 ~ r ~ r q rr or e a 1 R r. ~ £ s r 

2MJ]W HI JMIT 1-4 5 6-IOB3YI HI ,31(1H 12 

Machine I, 
Laboratory model I & 4 0 1800 Ql 900 Q IOOOG 2500 G 

Machine 2, 
Laboratory model 2 & 5 0 5200 G2 2500 G IOOOG 2500 G 

Machine 3, 
Laboratory model 3 & 6 0 2200 D3 1100 D 1000 G 2500 G 

I. N-alkyl dimethyl benzyl ammonium chloride 
2. Hexahydro-1, 3, 5,-tris-2-hydroxyethyl-(S)•triazine 
3. 1-(3-chloro allyl)-3,5, 7•triaza-l-azonia-adamantane 

Sy~\~P.Iv.2 (Ji'ig.]~).r in which additional 
compound G was begun at week 5, all counts dropped 
to 0. In one (Fig. I) the addition ofQ from weeks 5-10 
had minimal effect. The subsequent addition of G at 
week II produced a sharp drop in total count. How
ever, in System 3 (Fig. 3) D produced a drop in sulfate 
reducers but not in total aerobic count; the addition 
of G at week 11 here resulted in an increase in 
counts, suggesting a possible antagonism and indicated 
the necessity of knowing previously such interactions 
before making large-scale commitments. 
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Figure 1 Comparison of bacterial levels in a machine 
cutting fluid sump with a derived laboratory model. 
N-alkyl dimethyl benzyle ammonium chloride was 
added to both from weeks 5 to 10 and Hexahydro- · 
1,3,5-tris-2-hydroxyethyl-(s)-triazine added during 
weeks 11 to 12. Cast iron chips and cottonseed 
mash were added at week 2 and hydraulic oil at 
week 4 to the laboratory model 
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Figure 2 Comparison of bacterial levels in a machine 
cutting fluid sump with a derived laboratory model. 
Hexahydro-1,3,5-tris-2-hydroxyethyl-(s)-triazine was 
added to both from weeks 5 to 12; cast iron chips 
and cottonseed mash were added at week 2 and 
hydraulic oil at week 4 to the laboratory model. 
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Figure 3 Comparison of 'bacterial levels in a machine 
cutting fluid sump with a derived laboratory model. 
l-(3"chloro allyl) -3,5, 7-triaza-1-azonia-adamantane 
was added to both from weeks 5 to 10 and Hexa
hydro-1,3,5-tris-2-hydroxyethyl-(s)"triazine added 
during weeks II to 12. Cast iron chips and 
cottonseed mash were added at week 2 and hydrau
lic oil at week 4 to the laboratory model. 
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Figure 4. Comparison of bacterial levels in a machine 
cutting fluid sump with a derived laboratory model. 
The following additions were made to the laboratory 
model: N-alkyl dimethyl benzyl ammonium chlo
ride was added from weeks 5 to 10 and Hexahydro-
1,3,5-tris-2-hydroxy-ethyl-(s )-triazine added during 
weeks II to 12. Cast iron chips and cottonseed 
mash were added at week 2 and hydraulic oil at 
week 4. 
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Figure 5. Comparison of bacterial levels in a machine 
cutting fluid sump with a derived laboratory model. 
The following additions were made t<ithe laboratory 
model: Hexahydro-1,3,5.tris•2"hydroxyethyl-(s)-tri
zine from weeks 5-12; cast iron chips and cotton
seed mash were added at week 2 and hydraulic 
oil at week 4. 
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Figure 6. Comparison of bacterial levels in a machine 
cutting fluid sump with a derived laboratory model. 
The following additions were made to the laboratory 
model: 1-(3-chloro allyl) 3-, 5, 7- triaza-1- azonia
adamantane was added from weeks 5 to 10 
and Hexahydro•l ,3,5•tris-2-hydroxy-ethyl-(s )4riaz
ine added during weeks II to 12. Cast iron chips 
and cottonseed mash were added at week 2 and 
hydraulic oil at week 4. 

In Systems 4, 5, and 6 (Fig.'s 4, 5, and 6), no 
germicidal additions were ever made to the machines 
in the plant but were made in the laboatory equivalents 
at the time indicated. These results for the most part 
reiterate those of Systems 1-3. Compound D (Fig. 6) 
is successful in lowering sulfate reducers counts but 
not total aerobic populations. Compound Q (Fig. 4) 
again proved ineffectual. However, compound G (Fig. 
5) reduced the levels of both types of bacteria to 
undetectable levels . 

In Table 4, the pH's for the entire test period are 
listed. The fluctuation in the machine pH's reflects 
primarily the dumping and re•charging that took 
place approximately every 2 weeks. In System 2 
(Fig. I) there is the best correlation between machine 
and its laboratory model; this is the system with the 
best microbial control and it emph~si~s· that drops 

Key to figures 1-6 --- Sulfate-reducer machine 

Aerobic bacteria machine 

---- Sulfate-reducer lab model 

- - - - Aerobic bacteria lab model 

TABLE 4-pH measurements in emulsion systems 

Week-pH 
1 2 3 4 5 6 7 8 9 10 11 12 

1 L 7.4 7.2 7.2 7.5 7.7 7.7 7.7 7.8 7.4 8.3 8.3 8.5 

M 7.4 7.8 7.9 8.0 8.2 6.8 8.1 8.1 7.8 7.6 6.8 7.5 

2 L 7.6 7.5 7.4 7.8 7.8 9.1 9.0 9.1 9.1 9.1 9.0 9.0 

M 7.6 7.4 7.6 8.0 8.2 9.2 9.0 9.1 9.2 9.2 8.8 8.5 

3 L 7.4 7.8 7.5 8.0 8.1 8.1 8.2 8.2 8.1 8.0 8.1 8.3 

M 7.4 7.5 7.3 8.2 8.3 9.0 6.8 6.6 6.6 7.2 7.4 7.8 

4 L 8.1 8.8 7.2 8.2 8.7 8.4 9.3 8.8 8.2 8.4 8.8 8.8 

M 8.1 9.0 8.8 6.8 9.1 9.1 9.2 9.2 8.1 9.2 9.1 9.2 

5 L 8.1 8.3 7.8 7.9 8.2 8.1 8.8 9.2 9.2 9.3 9.1 9.0 

M 8.1 9.1 8.1 6.9 9.3 7.9 8.7 9.1 8.6 8.7 8.8 9.2 

6 L 8.1 8.1 6.9 8.0 8.5 7.9 8.5 8.5 8.4 8.4 7.2 7.9 

M 8.1 8.1 8.6 6.9 9.1 9.1 9.2 9.2 8.9 9.1 9.1 9.1 

L = Laboratory model 
M =Machine 
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in ambient cutting fluid pH below 8.5 results from 
microbial action. 

In view of the fact that the machine tanks had to 
be dumped at regular intervals because of accumula
tion of tramp (hydraulic) oil, more irregularity might 
have been expected in the bacterial counts from those 
cutting fluids. This was apparently not the case, 
implying that each machine may have its own resident 
flora which reinfect the new charge of cutting fluid. 
Since the machines were not cleaned between charges 
and since there is good indication that growth of 
microorganisms takes place primarily on surfaces 
and crevices, the assumption is no doubt a reasonable 
one. It would be wise, therefore, whenever possible 
to utilize an inoculum derived from the machines in 
which the inhibitor is to be subsequently used in 
evaluating that inhibitor. Although we have no 
comparable data for extrapolation, the same recom
mendation should be made for large central recirculat
ing systems that are difficult to control. 

At any rate, in the 6 systems evaluated, and in 
particular systems 1, 2, and 3, only compound G 
proved effective in reducing bacterial levels in the 
emulsions. From extensive observation in the labora
tory and in the field, we have concluded that total 
counts must be maintained below J07fml for at least 
6 weeks in assessing the capabilities of a biocide; 
compound G successfully passed that test. 
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FACTORS AFFECTING THE DISTRIBUTION OF THE BURROWS 
OF THE MARINE WOOD-BORING ISOPOD LIMNORIA 

S. K. Eltringham I 

Summary. An analysis of the distribution of bores produced 
by the wood-boring isopod Limnoria suggests that the borer 
exhibits a strong positive thigmotaxis and a strong negative 
phototaxis. It shows a weak positive geotaxis while on the 
surface of the wood but once inside the burrow, the taxis is 
reversed. Other minor factors are considered and the adaptive 
significance of the reactions are discussed. 

Des facteurs qui influent sur Ia distribution des trous, perc& dans 
dubois, de l'isopode marin Limnoria. Une analyse de Ia distribu
tion des trous perces dans dubois par l'isopode Limnoria suggi!:re 
que l'animal montre un thigmotaxis fort positif et un phototaxis 
fort negatif. II montre un geotaxis faiblement positif sur Ia 
surface du bois, mais quand il se trouve dans le bois le taxis 
est renverse. Des autrcs facteurs moins importants son con
sideres, et on discute Ia signification adaptive des reactions. 

The marine wood-boring isopod Limnoria, which is 
also known as the gribble, is a serious pest of sub
merged timber in coastal waters throughout the world 
but is particularly destructive in temperate seas. 
Infestation of new wood is achieved by the adults 
which leave their burrows during the migratory phase 
in the life history and swim freely in the water. There 
appears to be no chaemotactic response to wood and 
the chances of a swimming gribble reaching new timber 
must be random but once on the surface of the wood, 
the selection of a place at which to burrow was shown 
by Menzies and Widrig (1955) to be non-random. 
They suggested that the invading animal wanders 
over a limited area, termed the scouting area, and 
settles next to an existing burrow if one is present. 
The scouting area was estimated to be 4-8 sq. inches 
in extent (about 26-52 sq. em.). Other factors besides 
aggregation have been shown to have an effect upon 
the settlement of Limnoria, e.g. water currents (Doo
chin, 1964) and light (Isham, Smith and Springer, 
1951) while the intensity of attack may show a vertical 
zonation (Johnson and Miller, 1935; Somme, 1940; 
Black and Elsey, 1945; Greenfield, 1952). In an 
attempt to pursue this problem further, the opportun
ity was taken to study the distribution of bores on 
test blocks used in field and laboratory experiments. 
The principal factors considered were gravity, light 
and, in the case of the field test blocks, marine fouling 
organisms. The possible influence of the grain direc
tion was also investigated. A study of these factors is 
of economic interest since a full knowledge of the 
biology of the pest species is very helpful in the 
application of control methods. 

Einfliisse die nuf die Verteilung der Bnuen von der holzbohrenden 
Meeresassel Limnoria beriibren. Eine Analyse der Verteilung 
der BohriOcher die, die holzbohrende Asset Limnoria vorgelegt 
hat. schligt vor dass die Assel eine starke positive Thigmotaxis 
und eine starke negative Phototaxis zeigt. Sie zeigt_ eine schwiiche 
positive Geotaxis, indem sie auf der Holzftiiche liegt, aber in 
dem Tierbau wird diese Taxis umgekert. Andere Nebemfaktoren 
werden iiberlegt und die anpassungsfiihige Bedeutung Reak
tionen wird besprechen. 

Factores que influyen en Ia distribucl6n de los agujeros taladrados 
por el isopod marino Limnoria taladrador de Ia madera. La 
anAiisis de Ia distribuci6n de los agujeros producidos por el 
isopod marino Limnoria taladrador de madera sugiere que este 
taladrador muestra una thigmotaxis positiva fuerte y una 
phototaxis negativa fuerte. Muestra una geotaxis positiva dCbil 
mientras este en Ia superficie de Ia madera; pero una vez penetrada 
Ia superficie, Ia taxis es Ia contraria. Otros facto res men ores se 
consideran, y se discute el significado adaptive de las reacciones. 

Material 
The test blocks examined during the work were 

those used in investigations described by Eltringham 
(1961) and Eltringham and Hockley (1961) plus some 
blocks from unpublished experiments. Basically, they 
were of three types:-

1. Deal test blocks, 4.5 x 4.5 X 1.0 em. in size, with 
the grain running parallel to the long axis. They 
were used in pairs during laboratory experiments 
with the inner faces of each pair separated by a 
piece of glass rod 3 mm. in diameter. One block 
of each pair was orientated with the grain of the 
wood running parallel to the substratum and the 
other with the grain running vertically. 

2. Deal boards, 30 x I 0 x 2.5 em. in size. These 
boards were used in field work at Southampton. 
They were loosely secured to a concrete pile in 
the intertidal zone by means of a piece of galvanised 
wire passed around the pile and through a hole 
bored in the I 0 em. axis of the board. 

3. Corsican pine battens !50 X 5 X 2.5 em. in size. 
These battens were bolted onto iron frames which 
were suspended in the sea at Calshot, in South
ampton Water. 

Three species of Limnoria occur together in South
ampton Water (Eltringham and Hockley, 1958) and 
all three species were found in the test boards and 
battens or used in the laboratory experiments. The 
species are Linmoria (Limnoria) /ignorum (Rathke), 
L. (L) quadripunctata Holthuis and L. (L.) tripunctata 
Menzies. 

lNuffield Unit of Tropical Animal Ecology, Queen Elizabeth National Park, Uganda. 
(Copy received November, 1970). 
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Methods 

The influence of environmental factors upon the 
boring activity of Limnoria has been deduced mainly 
from analyses of the distribution of bores on the 
test blocks and battens. The number of bores 
on various regions of the test blocks was noted 
and any differences were subjected to statistical tests 
to see whether the mean difference departed significant
ly from zero. 

The following comparisons were made. 
L Laboratory test blocks. 

(a) the number of bores on the upper and lower 
halves. 

(b) the number of bores on the inner and outer 
faces (the inner face is the one facing the other 
block of the pair). 

(c) the.number of bores on blocks with a vertical 
grain and on those with a horizontal grain. 

2. Field test boards. 
(d) the number of bores in the upper and lower 

halves. 
(e) the number of bores in the outer and inner 

faces (the inner face is that next to the concrete 
pile). 

3. Field test battens. 
(f) the number of bores in three equal divisions 

(each 50 em. in length) of the test battens. 

In order to test !he hypothesis that the distribution 
of the bores along the test battens was influenced by 
a light factor, photometer readings were taken at 
selected points on battens immersed vertically in the 
sea at various stages of the tide. Two balanced 
selenium cells were used with the air cell exposed to 
incident daylight. Measurements were taken with the 
sea cell facing towards the surface at the top of the 
batten and at 50 em. intervals down its length. Thus 
measurements were made at either end of the sections 
into which the batten was divided for counting pur
poses. Measurements of the surface light intensity 
were made with the sea cell just submerged. 

Direction of burrowing 
An analysis was made of the burrow direction in 

relation to the grain in the test blocks used in labora
tory experiments. Five directions were recognised, 
n~mely directly upwards and downwards, obliquely 
upwards and downwards and horizontal. The number 
of bores running in each of these directions was 
counted and the results expressed as percentages of 
the total number of bores. 

Results 
The results of the various analyses are given in 

Table I. The significance of the differences noted in 
the first five comparisons was tested by means of 
t-tests. In the case of the three regions of the battens, 
chi-squared tests were used to see if the distribution 
of the bores was significantly non•random. 

TABLE 1-The distribution of Limnoria bores in test blocks and battens. 

No. of Region of No. of Significance. 
blocks test block bores (P) 

I. Lab. test (a) 120 lower half 1248 0.01-0.001 
blocks. upper half 919 

(b) 120 inner face 987 <0.001 

outer face 367 
(c) 94 horizontal 1003 >0.1* 

blocks. 
vertical blocks 945 

(The total number of bores is not the same in analyses (a) and (b) because the sides of the 
blocks were not considered in (b)) 

2. Field test 
boards (d) 37 lower half 2027 0.1-0.05* 

upper half 1564 
(e) 37 inner face 3136 <0.001 

outer face 455 

3. Field test 
battens (f) 10 top (0-50 em) 146 

middle (50-100 em) 365 <0.001 
bottom (100-150 em) 128 

*not significant. 
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A significantly greater number of bores was found 
in the lower halves and the inner faces of the laboratory 
test blocks than in the upper and outer regions, but 
there was no difference between the blocks in relation 
to grain direction. The difference between the outer 
and inner faces is particularly striking, but that 
between the upper and lower halves is at a lower level 
of significance. Although there was no selection by 
Limnoria of wood with a particular grain direction, 
the bores were not always uniformly distributed 
between the two blocks. This is no doubt due to the 
tendency towards aggregation in Limnoria. 

No significant difference was noted in the number 
of bores found in the upper and lower halves of the 
test boards exposed in the inter-tidal zone. This 
may seem surprising "In view of the appreciable 
difference between the two totals, but the big differen
ces were seen in only a very few blocks. In such 

~ 
UJ 
0 

8915 

8160 

0 
LIGHT IN TENSITY 

blocks, the total number of bores was over 200 and 
there was a tendency for the attack to be concentrated 
in the lower half of the board. There is little doubt 
about the differential attack on the two faces of these -
boards as nearly seven times as many bores were 
found on the inner face as on the outer. 

The distribution of the bores between the three 
selected lengths of the battens from Calshot is shown 
by chi-squared tests to be significantly different from 
a random one. The significance of the observed 
vertical zonation was established by !-tests which 
revealed a greater difference between the bottom and 
middle lengths (P < 0.001) than between the middle 
and upper sections (0.02> P> 0.01). The results of 
the measurements made to correlate this distribution 
with decreasing light intensity are shown in Fig. I. 
At all stages of the tide, there was a marked reduction 
in the illumination of the batten from top to bottom. 

9875 

5000 
(CANDELAS) 

Figure 1. Light intensities, in candelas, at 50 em. intervals along the length of test battens immersed in the 
sea at Calshot. In each section, the hoirzontalline represents the tidal level when the measurements 
were made. The figures beneath these lines are the surface light intensities. Each set of readings 
has been corrected for a standard incident light intensity. X show the position of the battens in 
relation to the tidal level. 
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Direction of burrowing 
The numbers of bores running in the five recognised 

directions are shown in Table 2. It is clear that there 
is a considerable tendency for the direction of burrow-

ing to follow that of the grain in the wood. In the 
vertically grained blocks, about 75% of the bores 
were vertical and about 64% of the bores in the 
horizontally grained blocks ran with the grain. 

TABLE 2--The direction of burrowing in relation to grain in 56 test blocks used in laboratory experiments. 
Burrow direction Perpendicular grain Horizontal grain 

No. % No. % 

across 0 

up III 

down 66 

obliquely up 33 

obliquely down 20 

Discussion 
The previous analyses have shown that the distribu

tion of the bores in the test blocks and battens was 
far from uniform. The possible causes of this differen
tial attack are discussed below. 

I. Gravity 
The comparisons between the upper and lower 

halves of laboratory and field test blocks suggest 
that the attack of Limnoria is influenced by gravity. 
In the case of the field test blocks, the difference was 
not statistically significant although a tendency 
towards a greater number of bores in the lower half 
was apparent on heavily attacked blocks. The level of 
significance noted in the laboratory test blocks was 
not as high as that obtained from the other analyses. 
These observations suggest that the reaction to 
gravity is a weak one or, alternatively, other more 
powerful factors may tend to obscure its effects. Such 
a factor could be aggregation. It is assumed that the 
gravity reaction occurs in the crawling Limnoria after 
it has alighted on the wood. The total area of one 
face of a laboratory test block (20 sq. em.) is less that 
the scouting area (26-52 sq. em.) derived by Menzies 
and Widrig (1955). Hence the crawling animal could 
reach any part of the block face and one would expect 
a gravity reaction, if present, to be apparent. This is 
not so with the field test boards which have a much 
larger area (300 sq. em. per face), so that any Limnoria 
alighting on the top portion of the board would be 
unlikely to reach the bottom half. The greater con
centration of bores in the lower half of heavily attacked 
boards is probably due to the downward movement 
of migrants settling on the middle region. With a light 
attack, the effect of this movement may not be 
apparent. 

A second and independent indication of the sensi
tivity of Limnoria to gravity is provided by the study 
of the direction of burrowing in relation to grain. In 
the vertically grained blocks a higher percentage of 

64 

0 132 64 

48 9 4 

29 2 I 

14 40 20 

9 23 II 

bores ran directly or obliquely upwards than down
wards, while in the horizontally grained blocks a 
greater number ran obliquely upwards than obliquely 
downwards. A few burrows in the latter blocks had 
cut right across the grain to run directly upwards, 
but no bore ran across the grain in the vertically 
grained blocks. The relatively high proportion of 
burrows running obliquely upwards in the horizontal 
blocks may represent a compromise by the borer to 
the conflicting stimuli of gravity and grain direction. 

The conclusion from these analyses is that Limnoria 
tends to be positively geotactic while wandering on 
the surface of the wood, but when boring commences, 
the taxis is reversed and the animal tends to burrow 
upwards against the force of gravity. 

The distribution of the bores on the test battens has 
been interpreted below on the basis of a light reaction, 
but it is possible that gravity may have played a part 
in determining the level of attack. 

2. Light 

It is considered that the vertical distribution of the 
bores in the tests battens and the differential attack 
on the outer and inner faces of field and laboratory 
test blocks indicate the influence of a light factor upon 
the behaviour of Limnoria. 

The hypothesis is supported by the photometer 
measurements made along the length of the battens 
while in the sea. At all levels of the tide, there is a 
marked correlation between the increased attack and 
the reduction in light intensity. Light has been shown 
to have an effect upon the settlement of Limnoria 
(Isham, Smith and Springer, 1951) and some experi
ments carried out during the present work have shown 
that the animal avoids light and moves to regions of 
reduced illumination. There is, therefore, direct 
evidence for the operation of a light factor. 
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It has been shown by other workers (Johnson and 
Miller, 1935; Somme, 1940; Black and Elsey, 1945; 
Greenfield, 1952) that the attack by Limnoria on test 
blocks increases with the depth below the surface. 
However, these findings were not confirmed by 

Johnson and Menzies (1956), working with L. tripunc
tata in San Diego Harbour, California, as they found 
that there was no marked preferential settlement in 
relation to depth. 

TABLE 3-Percentage distribution of 3115 bores on five fir battens at Flodevigen (compiled from data in Somme, 
1940) 

Distance from top of battens. 

0-100 em. 

100-200 em. 

200-270 em. 

A consideration of the vertical distribution of bores 
on individual battens appears to have been made 
only by Semme (1940). The battens were of fir, 
measuring 3 x 7 em. in cross section and varying 
in length from 270 to 330 em. although only the top 
270 em. was considered in each case. Semme's data 
relating to five of these test battens, have been sum
marised in Table 3, and the figures for the percentage 
distribution of the bores show clearly that the lowest 
regions of the battens were the most heavily attacked. 
S<Jmme suggests that this distribution may be interpre
ted on the basis that the lower part of the batten is 
the first to be encountered by a swimming Limnoria 
as it rises from the sea floor, and the attack moves 
upwards only when the bottom becomes overcrowded. 
However, her figures show that overcrowding cannot 
be a factor in the vertical distribution and her hypo
thesis does not appear to be satisfactory on other 
grounds. One objection is that migrant Limnoria do 
not originate from the sea floor but come from nearby 
infested timber which may be at any level below the 
water line. Limnoria is not a strong swimmer and it is 
possible that the migrants first sink to the bottom 
before rising to attack the timber, but in view of the 
more direct evidence provided by the light intensity 
measurements, the present theory that the vertical 
distribution is controlled by a light factor is preferred. 

The greater attack on the inner faces of field and 
laboratory test blocks is believed to be due to a 
photokinesis on the part of Limnoria, as these faces 
were less brightly illuminated than the outer ones. 
This is particularly so in the case of the field test 
boards since their larger area would ensures that less 
light diffused in from the edges, and this may account 
for the greater difference between their faces compared 
with the laboratory test blocks. However, another 
factor, marine fouling, is believed to have played an 
important role. Kofoid and Miller (1927) found no 
difference in the attack on differentially illuminated 
sides of timber blocks in the laboratory. 

3. Marine fouling organisms 

The effects of this factor apply only to those blocks 
that had been exposed in the sea. Weiss (1948) found 
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that test blocks from which fouling organisms were 
removed by weekly scrapings were attacked by 
Limnoria and Teredo while blocks that were allowed 
to accumulate this cover were free from boring attack, 
presumably as a result of the mechanical barrier 
afforded. It is probable that this factor was at least 
partly responsible for the greater attack on the inner 
faces of the test boards at Southampton. During the 
early summer months, when the Limnoria migratory 
season was at its height, the outer faces of the boards 
become covered with dense growth of green algae 
(Enteromorpha) while the inner faces were quite clear. 
Barnacle settlement was less noticeable and, in any 
case, occurred on both faces. 

4. Grain direction 

The results of these analyses show conclusively 
that there was no selection by Limnoria of wood with 
a particular grain. This is hardly surprising as the 
chances of a swimming migrant locating any timber 
cannot be high and it would not be selectively advan
tageous for it to refuse to settle on wood because of 
the grain direction. No doubt the ideal situation is 
one with the grain running vertically as the evidence 
suggests that Limnoria prefers to bore upwards against 
the force of gravity as well as along the grain. The 
tendency to burrow in the same direction as the 
grain presumably rests in part on physical considera
tions as it requires less energy to bore into the soft 
summer wood than into the harder winter wood. 
It is also possible that the softer wood has a higher 
food content. 

5. Miscellaneous factors 

Some factors, other than those considered so far, 
may have influenced the distribution of the bores 
to some extent. 

(a) Wave action and water movement 

These factors apply only to those test blocks im
mersed in the sea. The test boards in the inter-tidal 
zone were exposed to wave action and water currents 
which could have reduced the settlement of Limnoria 
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on the outer faces. However, conditions were calm 
and wave action slight so that it is unlikely that water 
movements at the site ever approached the limiting 
velocity, estimated experimentally by Doochin (1949) 
to be between 1.5 and 1.9 knots (c.2.8 - 3.5 km per 
hour). 

The top 10 or 20 em. of the battens at Calshot were 
exposed at low water springs and were then subject 
to the effects of wave action which could be partly 
responsibible for the reduced attack on the top third 
of the batten. However, as only a short length was 
involved and the period of exposure was limited to a 
few hours each month, it is unlikely to have been 
very significant. 

(b) The thigmo-kinetic behaviour of Limnoria 

It is well known that Limnoria exhibits a strong 
thigmo-kinesis and this factor may have played a 
part in influencing the distribution of the bores on 
the inner faces of both laboratory and field test blocks. 
The distance between the two inner faces of a pair 
of laboratory test blocks was too great to satisfy 
the thigmo-kinetic reaction of a small animal like 
Limnoria, but the line of contact between the separating 
glass rod and the wood provided suitable conditions. 
There was evidence that some Limnoria tended to 
burrow along the length of the glass rod and it is 
possible that the presence of the glass on the inner 
face attracted a number of animals. 

Thigmo-kinesis probably had a negligible effect 
upon the settlement of Linmoria on the field test 
boards. Each board had some freedom of movement 
on the holding wire while the inner face was held 
about one centimetre from the pile. 

(c) The nature of the surface and knots in the wood 
These factors were not of importance in the present 

investigation, as all the test blocks used were of 
uniform grain and free from knots. However, they 
can be of considerable significance in Limnoria attack 
on piling. The borers show a marked preference for 
wood which presents a roughened surface because of 
the run of the grain. Similarly, the "end grain" in the 
cross section of piles appears to be very attractive. 
Limnoria will not bore into knots and the presence of 
these will have a marked influence upon the distribu
tion of the bores. 

(d) Aggregation in the Limnoria attack 
The significance of the tendency towards aggrega

tion in the Limnoria attack has already been pointed 
out. Aggregation may accentuate differences in heavily 
attacked blocks and obscure them in blocks with only 
a few bores, but it is unlikely to mask completely the 
effects of other factors. 

Adaptive significance 
The adaptive significance of many of these reactions 

is often clear. The reactions to light and gravity lead 
the animal to seek situations in which the deleterious 
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factors of wave action and sessile organisms are 
absent or reduced, while the light response and thigmo
kinetic behaviour help to keep it within its burrow. 
The tendency for Limnoria to crawl downwards while 
on the surface of the wood, ensures that the animal 
avoids possible desiccation at low tide while the 
upward direction of the subsequent boring may 
assist in clearing frass and detritus from the burrow. 
The advantages of aggregation have been pointed out 
by Menzies and Widrig (1955). It is believed to assist 
in mate selection and to facilitate the penetration of 
water into the wood, thus allowing for the construc
tion of deeper burrows. 
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Fungal biological flora II. Epicoccum nigrum link. 

FUNGAL BIOLOGICAL FLORA IT EPICOCCUM NIGRUM LINK 
J. L. Mulder! and G. J. F. Pugh2 

Summary. Epicoccum nigrum Link, an active biodeteriogcn, is 
described with regard to its taxonomy, general distribution, 
pathogenicity, cUltural characteristics, morphology, development 
and its physiological attributes. 

Des mydtes ll. Epicoccum nlgrum Link. Epicoccum nigrum Link, 
une biodCtCriogf:ne active, est decrite en faisant attention a sa 
taxonomic, sa repartition g61Crale, sa pathogenicite, ses carac4 

tCristiques de culture, sa morphologic, son developpment et 
ses attributs physiologiques. 

Taxonomy 

The genus was erected by Link in 1815, with E. 
nigrum as the type species. No reference was made 
to the septate condition of the conidia. A number of 
species have been described, but these were all reduced 
to synonymy by Schoi-Schwartz (1959). This view 
was adopted by Barron {1968) but Malone & Musket! 
(1964) and Domsch & Gams (1970) preferred to 
retain E. purpurascens Ehrenb ex Schlect. 

General Distribution and Pathogenicity 

This species is a widespread and common member of 
the air spora. It was found to be common in Britain 
by Gregory (1952) and Richards {1956). Frey & Durie 
{1962) working in Australia, reported it to be the third 
commonest species, while Dransfield (1966) found it 
to be the fourth commonest member of the air spora 
in Northern Nigeria. ft is a common parasite of millet 
in this region, and its peak concentrations coincided 
with the millet growing season. 

It has been reported as causing damping off of 
seedlings of Pinus banksiania and Caragana arborescens 
by Vaartaja & Cram (1956); Bedwell (1937) isolated 
this species in connection with Twig blight of Asiatic 
chestnuts; it causes 'Red Blotch disease' of harvested 
rice grains (Ito & Iwadare, 1934) and has been re
corded on spotted spikelets of rice in Italy by Baldacci 
& Picco (1948). It was regarded as a virulent wound 
parasite causing boll rot of cotton by Hopkins (1932) 
and Greene (1949) thought it may be a weak parasite 
of Soy Bean leaves. A brown rot of apples can be 
caused by E. nigrum at cold storage temperatures as 
well as at 20°C (Ruehle, 1931). Parasitism also·extends 
to other fungi, as it has been recorded as an internal 
parasite of spores and mycelium of Helminthosporium 
sativum, causing an inhibition of this species patho
genic activities (Campbell, 1956). 

Cultural Characteristics 

The cultural characteristics depend on the medium 
used, the temperature used and the fungal strain. On 

Biologischen Pllzflora II. Epicoccum nigrum Link. Epicoccum 
nigrum Link, ein t3.tiger Verschlecterungsagent wird in Bezug 
Taxonomie, allgemeine Verteilung, Pathogenizitdt, zuchtige 
Eigenschaften, Morphologie, Entwicklung und physiologischc 
Merkmale beschritben. 
Flora biolOgica hongosa II. Epicoccum nigrum Link. Epicoccum 
nigrum Link, un biodeteriogen activo, se describe respecto 
de su taxonomia, distribuci6n general, pathogenicidad, rasgos 
caracteristicos culturales, morfologia, desarrollo y atributos 
fisiol6gicos. 

potato dextrose and malt agars there is a characteristic 
red exudate, particularly on the reverse of the colony 
and at temperatures up to woe. At higher tempera
tures the colour becomes increasingly. orange, and the 
reverse varies from yellow to brown to almost black. 
Aerial mycelium is sparse at woe, and is floccose at 
25°C. On cellulose agar (Eggins & Pugh, 1962) there 
is a well developed white floccose aerial mycelium at 
25°C, which may be as high as I em in the centre 
of the colony. The reverse is normally yellow. Sporo
dochial production is more prolific on cellulose agar 
than on P.D.A. and malt agar. On Czapeks Dox agar, 
at 25°C there is a well developed aerial mycelium I em 
high, greenish yellow to almost brown in colour, with 
a dark brown to black reverse. Sporodochial formation 
is rare on this medium. 

On all of these media, the radial extension of 
growth was similar with the colony attaining a dia
meter of 8 em within 6 days at 25°C. This rate of 
extension is greater than that of other fungi with 
which E. nigrum frequently occurs in nature, such as 
Alternaria tenuis and Cladosporium herbarum. 

The characteristic pigments were isolated by 
Grivanovski-Sassu & Foppen (1967) and were identi
fied as ~-carotene and torularhodin. Another was 
thought to be rhodo"xanthin, which had not previous
ly been found in fungi. 

The temperature range for growth 'Was between 
3°C and 28°C, with maximum radial extension occur
ring at 25°C. Spores were able to germinate at 30°C, 
but did not develop further. 

Morphology and Development 

The conidiophores, which are short and clavate 
(6-121-' x 341-'), are normally grouped together in 
sporodochia, but may arise singly on the mycelium. 
They are hyaline or slightly pigmented at first, but 
darken after production of conidia. The conidia are 
terminal aleuriospores, fitting Section III of Hughes' 
classification (1953) and IIIB of Tubaki's {1958). They 
are globose to subglobose, verrucose or echinulate, 

I Present address: Commonwealth Mycological Institute, Ferry Lane, Kew, Surrey, England. 
2Department of Botany, University of Nottingham, Nottinghamshire, England. 
(Copy received February, 1971) 
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brown to almost black, 16•301-' diameter. The develop
ment of the conidium has been described by Ellis 
(1956) and by Schol-Schwartz (1959). 

Sporulation Swan & Barnett (1963) showed that 
light is necessary for conidial formation: continuous 
light (70 ft c) induced sporulation after three days; 
alternating exposures to light and dark(12hourseach) 
produced concentric zones of conidial production, 
with the light response being situated in the young 
mycelium. Ultraviolet radiations at 2537 A • (within 
the lethal range for bacteria) stimulated conidial 
formation when cultures were exposed on three con
secutive days for 60 minutes. This confirmed the 
results of Leach (1961) who showed that E. nigrum 
sporulated profusely when exposed for IOdays at 70°F 
through pyrex glass using a fluorescent blacklamp 
generating 3200-3800 A". A twelve hour UV-dark 
alternating cycle gave maximum sporulation. 

Germination Ellis (1956) showed that germination, 
by one or more germ tubes per conidium began It 
hours after inoculation on P.D.A. The effect of 
relative humidity on germination was studied by 
Webster & Dix (1960) who reported that no germina
tion occurred below 92% and no mycelial growth 

below 93%. At 100% R.H. the latent period for 
germination was 0-3 hours, and the growth rate for 
germ tubes was 31.61-' per hour. 

Spore discharge and dispersal Spore dispersal shows 
a diurnal periodicity, with a peak near 10 a.m. (Mere
dith, 1966). This coincided with increasing tempera
tures and wind velocity. The effect ofR.H. is important, 
as the diurnal pattern is changed if there is no marked 
decrease in R.H., and during rainy weather. Meredith 
also pointed out the violent discharge of the conidia. 
Webster (1966) suggested that this form of discharge 
is brought about by the rounding-off of the· turgid 
cell at the base of the conidium. In addition to aerial 
transport of conidia, they have also been recorded on 
woodlice (Talbot, 1952), which probably act as another 
agent of dispersal. 

Physiological Attributes 

Siu (1951) reported that this species is able to 
decompose cellulose, and that it causes a red dis
coloration of fabrics. It rapidly clears cellulose agar, 
where it can be seen to inhibit the growth of some 
other fungi. Epicoccum ·has been reported as producing 
pectolytic enzymes by Hamilton & Johnston (1961). 

Figure 1. Epicoccum nigrum 
Left: Young sporodochium~'-with conidia at different stages of development. 
Right: Conidia showing typical septation, and the attached stalk cell. 
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It producl an antibiotic flavipin, which is also Hamilton, I. R. and Johnston, R. A. (1961). Studies 
produced !by Aspergillus flavipes and A. terreus on cucumber softening under commercial salt-stock 
(Bamford, !Norris & Ward, 1961). Flavipin prevented condition in Ontario. II. Pectolytic micro-organisms 
the germil)ation of conidia of Botrytis a/Iii at a isolated. Appl. Microbiol., 9: 128-134. 
concentration of 12.5 mg/ml but was relatively 
weakly effective on other fungi. It is only stable in 
aqueous solution at low pH values (pH 3.5), and at 
pH 4.5 its :activity is rapidly lost. It may be inferred 
from this that the antibiotic is of little importance 
as an aid in competition when substrates are not 
strongly acidic. In dual cultures at pH 6.5, E. nigrum 
by its rapid growth, prevents the spread of Alternaria 
and Cladosporium. 
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RODENTS AND BIODETERIORATION* 
D. C. Drummond! 

Summary. Details are given of the rodent incisors, their position, 
use, wear, growth and effectiveness. Damage to stored food and 
to electrical and other equipment is covered together with 
methods of prevention and rodent control. 

Des rongeurs, et Ia biodCtliriorotion. On donne des details des 
dents incisives des rongeur~. leur position, emploi, usure, 
accroissement et efficacitC. On indique les dommages occasionnes 
par des rongeurs a Ia nourriture en depot et a l'c!quipment 
electrique. et des methodes de Iigler les nombres des rongeurs 
sont discutees. 

Biodeterioration is a new word for a problem which 
at least from the rodent aspect must have taxed man's 
ingenuity from very early times. He was, at any rate, 
apparently catching rodents in pottery traps in Iran, 
Afghanistan and Pakistan in the third millenium B.C. 
(Cardi, 1967). Many centuries later Aristotle speaks 
of the rapid increase to upwards of 120 individuals of 
a single pregnant mouse accidentally enclosed in a 
jar of miller seed (Thompson, 1967) and Aelian reports 
the inadequacy of ditches and smooth walls in Egypt 
to prevent: the depredations of rodents on newly 
harvested grain (Schofield, 1959). 

Thus, even if we decline to take quite literally the 
stories that some rats in these early times were able 
to eat iron (Scholfield, 1959), the ancients certainly 
had their rodent biodeterioration problems and these 
problems have largely persisted through to the present 
time. Indeed, mainly for two reasons, rodent damage 
to materials seems to have become even more import
ant than hitherto, particularly over the last few 
decades. First, man's rapidly growing population 
requires that greater attention should be paid to 
preventing his stored food from disappearing into 
the mouths of hungry rodents. Second, his increased 
use of sophisticated bits of machinery places him 
more and more at the mercy of even a single rat or 
mouse. Damage to electrical equipment for example 
is not always a simple matter of repairing the damaged 
component. It may lead to fires in warehouses and 
breakdowns in communications with a variety of 
expensive complications. Such sudden secondary 
effects may also not infrequently endanger human 
life. 

These two important topics of damage to equipment 
and of damage to food will be dealt with separately 
because the rodent species involved, the reasons for 
damage and the most suitable preventive measures 
are often somewhat different. First however it may 
be worthwhile to consider the nature of the organs 
with which most of the damage is done-the rodents' 
incisor teeth. 

Nagetiere und Bfoverschlcchterung. Einzelheiten werdenangege
ben von den Schneiderzahnen des Nagetiers, ihre Lage, ihr 
Gebrauch, ihre Haltbarkeit, ihr Wuchs und ihre Wirksamkeit. 
Man bespricht auch die Schiiden an gelagerte Lebesmittel und 
an elektrische und andere Ausrlistung, zusammen mit Verhind
erungsmethoden und der Nagetierenkontrolle. 

Los roedores y Ia biodeterioraci6n. Se dan los detail~ de los 
dicntes incisivos roedores, su puesto, uso, gasto, crecimiento y 
eficacia. Se tratan las cuestioncs del da~o a los comestibles 
almacenados y a los aparatos ei&tricos y otro equipaje, y 
tambien los mCtodos de impedir tales cosas y de teni:r a raya 
los roedores. 

RODENT INCISORS 
Position and use 

All rodents have single pairs of upper and lower 
incisors separated from the cheek teeth by a large gap 
or diastema and this tooth arrangement is one of the 
chief features that separate the Rodentia (rats, mice, 
squirrels, chipmunks, , voles, etc.) from all other 
classes of mammals. (Figure 1). However, the Lago
morpha (i.e. rabbits and their allies) h.ave such similar 
incisors-differing only in a very small additional 
pair behind the large anterior upper pair-that for all 
practical purposes what can be said about the nature 
and use of rodent incisors applies equally well to 
those oflagomorphs which are sometimes responsible 
for similar types of damage. 

The incisors are used for gnawing and nibbling 
food into suitable sized fragments before it is ground 
into finer particles by the cheek teeth. They are also 
used to gnaw through and remove non-food particles 
that may intervene between the rodent and its food 
or that may obstruct its way, particularly perhaps 
while it is digging its burrow. In this latter activity 
the animal, because of its large diastema, is able to 
close its mouth so to speak behind its incisors and 
thus can continue to gnaw without ingesting any 
undesirable non-food fragment. 

Wear and growth 
During gnawing, the incisors become worn down 

and blunt, but the sharpness of their cutting edge is 
continually being restored by the rubbing of the hard 
enamel front faces of the upper incisors against the 
backs of the lower incisors and, conversely, the fronts 
of the lower incisors against the backs of the upper 
pair. The fact that rats placed in a glass jar with only 
soft food to eat wore their teeth down just as fast as 
rats with normal opportunities for gnawing suggests 
that this tooth sharpening process rather than gnawing 
may also be the main cause of tooth wear (Addison & 
Appleton, 1915). 

*Paper presented by D. C. Drummond to the First Scientific Meeting of the Biodeterioration Society, November 
1970. 

!Pest Infestation Control Laboratory, Ministry of Agriculture, Fisheries and Food, Tolworth, Surrey, England. 
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Figure l. Skull of Norway rat showing rodent charcteristic of large gap between incisors and cheek teeth. 
(Crown Copyright) 

However whatever causes tooth wear, the wear 
itself is made good by the continuous growth of the 
incisor teeth and the rate of growth varies with the 
extent of use of the teeth. Thus the lower incisors 
which do most of the work during gnawing grow faster 
than the upper pair. The rates for the Norway rat 
(Rattus norregicus) for example are 0.40 and 0.31 mm. 
per day for lower and upper incisors respectively 
(Addison & Appleton, 1915), whilst the comparable 
rates for a species of pocket gopher (Thomomys 
bottae), which apparently uses its incisors extensively 
for burrowing through hard ground, are 0.99 and 
0.62 mm. (Howard & Smith, 1952). 

Experimental evidence indicates that the growth 
rate of the incisors of individual animals is mediated 
through the pressure of one incisor on the one oppos
ing it. If the pressure is increased by artificially 
lengthening a tooth the growth rate is decreased, 
whilst artificial shortening induces it to grow at about 
twice its normal rate until contact is made again 
with the opposite incisor (Schour & Massier. 1942). 
If, however, for any reason one of the incisors fails 
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to meet its opposite number and is diverted to one 
side, both the teeth involved will continue to grow 
in length until the animal dies, which may be unduly 
early because it cannot feed with such deformed 
teeth, or as sometimes apparently happens, because 
a tooth has grown round and eventually penetrated 
its owner's brain. 

To summarise, it seems that rodents mainly wear 
their incisors down while grinding them together to 
sharpen them and the amount of wear is rather neatly 
and precisely compensated for by varying their rates 
of growth. This suggests that the often repeated 
explanation-continual gnawing by rodents is neces
sary to keep their constantly growing teeth in check
for otherwise apparently inexplicable examples of 
rodent damage by gnawing (see e.g. Herold, 1950) is 
unsatisfactory and the true explanation for such 
damage almost certainly lies elsewhere. 

Effectiveness 
Apart from their sharpness the effectiveness of 

incisors is largely determined by the hardness of their 
enamel and the ease with which they can obtain a 
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p urchase on the surface to be gnawed . Measured on 
Mohs' scale for scratch hardness (see e.g. Lysaght, 
1949) the enamel of the lower incisors of the Norway 
rat scores 5.5. and this seems to be comparable to the 
hardness of the lower incisors of a number of other 
rodents including the roof rat, house mouse. water 
vole. and field mouse (Herold, 1950). Theoretically 
then rodents could gnaw iron with a value of 4 on 
Mohs' scale. In practice however they on ly effectively 
gnaw anything with a value lower than about 3.5-
e.g. lead (1.5), aluminium (2.0) and copper (2.5 - 3.0). 

Also, unless the material is very soft indeed. the 
rodent, to gnaw effectively, must be able to get it o r 
part of it between its upper and lower pairs of incisors. 
Neuhaus ( 1957) for example found that smooth round 
objects of 22 mm in diameter were at the limits of 
gnawability for the orway rat, but that cable of 
hardness of 2 on Mohs' scale was not damaged when 
it reached a diameter o f 12.5 mm. 

RODENT DAMAGE TO STORED FOOD 

Rodent species 

A large number of differen t rodents damage newly
planted or growing crops, the species involved general
ly varying with the crop concerned a nd the country 
in which it is growing. Once however, the crops have 
been harvested and stored, further damage in most 
areas of the world is almost entirely due to three 
rodent species which have a more or less world wide 
distribution. These are the Norway ra t (Rattus nor
vegicus), the roof rat (Rattus rattus) (Figure 2) and 
the house mouse (Mus musculus). Other species 
which may become locally important are the lesser 
bandicoot rat (Bandicota bengalensis) of India. the 
multimammate rat (Mascomys natalensis) of Africa, 
the Polynesian rat (Rattus exulans) of the South 
Pacific and the spiny mouse (Acomys cahirinus) of 
Egypt and neighbouring countries. 

Figure 2. The roof rat. One of the rodents most destr uctive to stored food, particularly in tropical countries. 
(Crown Copyright) 

Damage 

Rodents that damage stored food are generally very 
catholic in their tastes a nd p robably no food, raw 
or processed, for ma n's own consumption or for 
tha t of his livestock is immune from their attack, ln 
addition a varied diet is by no means essential. The 
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house mouse for example seems to be able to survive 
fairly well on nothing but flour or only on frozen 
carcasses. 

D amage occurs in a variety of ways. First there is 
the amount of food actually eaten. As a rough guide 
rodents eat about 10 per cent of their body weight 
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every day. Thus an average sized otway rat of say 
250 g would eat a bout 9 kg per year and a house 
mouse about o ne tenth as much. Next there is the 
amount of food wasted. Where there is an abundance 
of food, rodents rarely tin1sh one item before turning 
their attention to another. In addition once the initial 
damage has been done. it often leaves the way open 
for further deterioratwn by other biological agents 
such as moulds and bactena. 

Another aspect of rodent damage to food is con
tamination. Only a proportion of the food eaten i 
converted into energy and rodent flesh. The remainder 
is scattered liberally-each rodent produces about 50 
droppings and several milltlitrcs of urine per day
throughout the animal's environment. often including 
otherwise undamaged food. ln many countries food 
for human consumption is subject to inspection and 
if found to contain an undue amount of rodent 
contamination or other filth. is either condemned or 
diverted to other less profitable use (see e.g. Harris, 
1968 and Maes. 1966). This practice i~ not simply to 
ensure that human food is maintained at a high 
nutritional and ae thetic standard. lt also helps to 

minimise the spread of those disease-causing organisms 
which may be present in rodent faeces-e.g. Salmonella 
bacteria (Smith, 1969) and such protozoan parasites as 
L'ntamoeba hisrolytica (Neal, 1951) and Giardia muris 
(Conroy, 1960)-or in urine-e.g. Leptospira spp. 
(Alston & Broom, 1958). 

Various survey~ have shown within the last two 
decades in some a reas o f Britain (Kent, 1959) and in 
the U.S.A. (Harris eta! .. 1952) that rodent contamina
tion. at any rate of cl.!rcal products intended for human 
consumption, has not been particularly uncommon, 
anti there is no reason to believe that the ~ituation has 
been any better elsewhere. 

Another feature commonly associated with rodent 
damage to food is damage to the container in which 
the food is stored. (Figure 3). This damage may occur 
while the rodent is gaining access to the food or if the 
materia l is something soft like paper or hessian, it 
may be shredded up to provide nesting material. In 
some cases the cost o f replacing the damaged con
tainers may outweigh that of damage to the food 
(Barnett. 1951). 

Figure 3. The orway rat damaging bagged grain . 

(Crown Copyright) 
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Prevention 
Details of the vario us methods of controlling 

rodents and preventing damage are readily available 
in a number of publications (see e.g. Davis, 1970: 
Jenson, 1965; Bjornson & Wright. 1960) and no 
attempt will be made here to do more than outline a 
few general principles. Firstly if rodents are al ready 
present in a food sto re they need to be completely 
eliminated and this ca n generally be read ily accomp
lished by using a suitable po ison bai t. Once the rodents 
have been eradicated appropriate precaut io ns need to 
be ta ken to make sure that they are not rapidly 
replaced by others. Such precautions may include the 
complete rodent proofing of the sto re, supplemented 
where neces ary by keeping anticoagulant rodenticides 
permanently avai lable to intercept rodents travelling 
in its vicinity. In addition it will be desirable to 
maintain the sto red food itself in such a state of 
orderliness and cleanliness that any reinfestation can 
be speedily detected and dealt with . Constant vigilance 
to prevent infesta t ion is the most effecti ve and econo
mical way of keeping rodent damage to stored food 
to a minimum. 

DAMAGE TO ELECTRICAL AND OTHER 
EQUIPMENT 

Rodent species and damage 
Rodent damage to equipment m urban areas wi ll 

a lmost certainly be due to one of the rodent species 
mentio ned above as damaging stored food . It is 
frequently necessary however. to lay cables for 
carrying electrical power and for communication 
purposes through rural territory where quite different 
species are present to cause damage. Mo reover in 
such si tuations the species involved may vary from 
one country to another. In Europe for example it is 
generally fie ld mice and voles that are chiefly involved 
wh ilst in orth America various species of pocket 
gophers are important. Almost certainly in many 
other parts of the world where cables have not yet 
been extensively laid. there live o ther rodent species 
that will cause damage in the future. 

Probably there is a fair amount of rodent damage 
of a trivial nature to various types of equipment as 
exemplified by the mouse that buil t a nest in a type
writer using the felt pad and the ribbon (Cox , 1958). 
However, as will already have been made clear, 
important damage is almost entirely confined to the 
current-carrying part of electrical equipment. That 
a rodent is responsible can generally be inferred from 
its traces such as burrows, greasy smears, and drop
p ings but in particular from its characteristic teeth 
marks at the site of da mage. (Figure 4). Very occasio n
ally the rodent itself, especially when it has suffered 
sudden death by electrocution, may still be present. 

1~''1'''; ~''I''~~~ ''I''~~~ ''I'''~~~·T~':J l"so M I LLI METRES l 
Figure 4. Mouse-gnawed electric cable. 

(Crown Copyrighl) 
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Despite: the relative ease with which rodents can be 
incriminated, very little information seems to be 
generally available on the overall frequency and 
effect of their damage. However, in Switzerland over 
the 10 year period 1927 to 1936, faults on telephone 
cables due to rodents were estimated as 4 per cent of 
the total (Gertsch, 1938). On the other hand claims 
such as that reported for U.S. Insurance companies, 
that about 25% of the fires of undetermined origin 
in the United States are caused by rats (Anon, 1957) 
are far from satisfactory. It is to be hoped that the 
producers and users of electric cable have sufficient 
statistics on the size of the rodent problem to deploy 
adequate preventive measures. 

Prevention 
For most rodent damage to equipment in urban 

areas the methods of rodent control and proofing 
already mentioned for the protection of stored food 
will be effective and practicable, though where cables 
are involved consideration might be given to routing 
them away from places likely to be frequented by 
rodents. On the other hand in rural areas the removal 
of all rodents is out of the question and complete 
protection of underground cables by proofing is 
likely to prove very expensive. Nevertheless some 
measure of protection from gophers has been sought 
by sheathing cable with copper tape (Livingstone, 
1946). The method suggested by Howard (1953) of 
using wire mesh, made of wire too fine for the rodents 
to get an effective grip on, seems not to have been 
adopted. 

An ideal solution would of course be to incorporate 
into the plastic coating of the cable a repellent that 
would deter rodents from gnawing it altogether. 
However the ability of rodents, already mentioned, to 
gnaw inedible materials without ingesting them, 
militates against such a solution. Nevertheless early 
research to find suitable repellents for incorporating 
into food packaging materials was by no means 
completely unsuccessful. Repellency was demonstrated 
for a number of chemicals including cycloheximide 
and tributyltin acetate (Tigner & Bessar, 1962). Whilst 
these proved to be too toxic for food packaging, they, 
or at any rate substances like them, may prove to be 
useful for cables where toxicity is less important, 
provided the workmen involved can be adequately 
protected. Perhaps however they will not be needed, 
if two fairly recently publicised materials live up to 
their manufacturers' early claims. These are Rotran 
R-55 containing tert-butylsulphenyl dimethylditho. 
carbonate produced by Phillips Petroleum company 
and bioMet, a rodent repellent coating for field 
telephone cable developed by M & T Chemicals. 
Hopefully full scientific data demonstrating ' the 
effectiveness of these materials will soon be made 
available by the firms concerned. On the other hand 
it seems not unlikely that if really effective ways of 
repelling rodents are discoverable, they will not be 
found until further fundamental studies have been 
made on the behaviour and physiology of rodents 
like those of Teichner et a/ (1969). 
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BIODETERIORATION AND ENVIRONMENTAL POLLUTION* 
H. J. Hueckl 

Summary. In a theoretical introduction some links between 
the biodeterioration of materials and environmental poJiution 
are discussed.lt is pointed out that biodeterioration is essentially 
the same process as natural biodegradation of matter which in 
itself because of mineralization and recycling of matter is one 
of the regulating factors of the (human) ecosystem. Interference 
with biodeterioration will lead to non-biodegradable materials 
or give rise to pollution if persistent pesticides are used. The 
close relation with other undesirable influences on the natural 
biodegradation process is pointed out. Some instances of 
environmental nuisance in this respect are given. The deviating 
breakdown of human fat in corpses into adipocere Wlder 
influence of anaerobic conditions is discussed. ln the field of 
fouling prevention it is pointed out that the use of copper
containing paints does not contribute significantly to the heavy 
metal burden of the North Sea. However, if chlorination is 
used for anti-fouling in stationery cooling systems detectable 
damage (decrease of primary production) may be observed. 
Finally the danger of the use of organo-mercurials as material 
protectants in the paint industry and in the pulp and paper 
industry is discussed. As a conclusion the desirability of using 
non-persistent pesticides also in the prevention of biodeteriora
tion of materials is stressed. 

La biodet&iorntion et Ia pollution de l'environnement. On discute, 
dans Wle inti"oduclion theorique, quelques liens entre Ia bio
deterioration de matiere et Ia pollution de J'environnement. 
On explique le fait que Ia biodeterioration est essentiellement 
le memc processus que Ia biodegradation naturelle de matiere, 
qui est, elle-meme, W1 des facteurs qui r(glent l'Ccosystc!me 
(hwnain), a cause de la mineralization ct Ia qualitC cyclique de 
matiere. Aucune intervention dans Ia biodCterioration menera 
a la production des materiaux qui ne seront pas atteints par Ia 
biodegradation, au engendrera Ia pollution si on emploie des 
pesticides persistants. On indique le rapport intime avec d'autres 
influences indc!sirables sur le processus nature! de biodegrada
tion, et quelques exemples de dommage cause a l'environnement 
a cet egard sont donnes. On discute la decomposition du tissu 
gras des cadavres humains en adipocere sous !'influence des 
conditions anaerobiques. Aus sujet des precautions contre Ia 
pollution, on montre que l'emploi des peintures qui contiennent 
du cuivre ne fait pas de contribution significative au fardeau de 
metaux Iourds de la mer du Nord. Cependant, si on emploi 
Ia chloruration contre Ia poilution dans des systfmes de rcfroi
dissement stationnaires, on peut trouver des dommagcs rnani~ 
festes (Wle diminution de production primaire). Finalement, 
on discute les dangers impliques dans l'emploi des composes 
organo-mercuriels comme protection matc!rieiie dans Ies indus
tries qui fabriquent des peintures et du papier. Pour conclure, 
on insiste sur les avantages d'employer des pesticides non~ 
persistants dans remp&hement de la biod6tCrioration des 
matt'lriaux. 

Introduction 

It is rather fashionable nowadays to discuss en
vironmental problems in scientific meetings. One 
should not be amazed for example to read about a 
symposium on the importance of the study of lin
guistics for the solution of the oil-spill problem. 
However, if I am speaking today about biodeteriora
tiort and pollution, it is not for opportunistic reasons. 
I hope to show that really close links exist between the 

Bim:erschlcchterung und Umgebungspollution. Man bespricht in 
einer theoretischer Einlcitung manche Verbindungen zwischen 
der Bioverschlechterung von Materiellen Wld der Umgebungs
pollution. Man weist darauf hin, dass Bioverschlechterung, im 
GrUnde genommen, derselbe Prozess ist, wie naturelle Entartung 
des Steffes, der selbst, wegen Mineralisierung und wcgcn der 
RfickfUhrung in den Kreislauf des Steffes, einer der regulicrcnden 
Faktoren des (menschlichen) Ecosystems ist. Intervention in 
.Bioverschlechterung fUhrt nichtentartende Materiellen herbei 
und gibt Anlass zur Pollution Z.B. wenn man ausdauernde 
Schiidlingsbekiimpfungsmittel gebraucht. Die enge Verbindung 
mit anderen unerwUnschten Einftiissen auf den naturellen 
Entartungsprozcss wird augezeigt. Man gibt einige Beispielc 
von Umgebungs3.rgernis in dieser Hinsicht. Man bcspricht 
der abweichende Katabolismus des menschlichen Fetts zu 
das Fettgewebe im Leichnan durch Beeinfiiissung der anaerobi
schen Umstande. Im Feld der Bewuchsverhinderung, es wird 
augezeigt dass Gebrauch der kupfereinhaltcnden Anstrichsfarben 
wird nicht zum Metallendruck der Nordsee beitragen. Aber, 
wenn ChlorOng wird gegen Bewuchs in gleichbleibenden 
Kfihlanlagen bcniitzt, mann kann nachweisbare ZerstOrung 
(Abfall der hauptsiichlichen Produktion) beobachten. Man 
bespricht die Gefahr im Gebrauch quicksilberorganischc 
Vcrbindungen als Schutzagenten in der Farbenindustric Wld 
in der Pulp und Papierindustrie. Zum Schluss, dcr Vorzug 
fOr nichtausdauerude SchadlingsbekRmpfungsm.ittcl auch in der 
Verhinderung der ZerstOrung wird hcrvorgehebt. 

La biodeterioraciOn y Ia poluciOn del medio ambiente. En una 
introducci6n teorc!tica se discuten algunos de los enlaces entre 
Ja biodeterioraci6n de los materiales y la poluci6n del medio 
ambientc. Se demucstra que la biodeterioraci6n es en el fonda 
el mismo procedimiento que Ia biodegradaci6n natural de los 
materiales, Ia que, a causa de Ia mineralizaci6n y el reciclismo 
de Ia materia, es WlO de los factores reguladores del ecosistema 
humano. Una ingerencia en Ia biodeterioraci6n conducini a 
Ia producci6n de materiales no biodegradables o a la poluci6n 
si se emplean pesticidas pcrsistentes. Se seiiala la uni6n estrecha 
con otros influjos desventajosos en el procedimicnto de Ia 
biodegradaci6n natural. Se dan respecto de csto algunos 
ejemplos de dai\o al media ambiente. Se discute Ia desviaci6n y 
decomposici6n de Ia grasa humana en los cad<iveres para formar 
el adipocere bajo el inftujo de las condiciones anaer6bicas. 
En cuanto a Ia cuesti6n de impedir el ensuciar el ambiente, se 
indica que el empleo de pinturas que contengan el cobre no ha 
contribuido de manera apreciable a Ia cantidad de metales 
disueltos en el Mar del Norte. Sin embargo, se puede obscrvar 
W1 dai'io significative (disminuci6n de Ia produci6n primcra) 
si se emplea Ia clorinaci6n como media contra cl ensuciar en 
los sistemas refrigerativos estacionarios. Finalmente se discute 
el peligro del usa de los organo-rncrcurialcs como protegedores 
de materiales en las industrias de las pinturas, de la pulpa y del 
papel. Como conclusi6n se subraya lo desable del empleo de 
los pesticidas no persistentes tambitn para impedir Ia bio
deterioraci6n de los materiales. 

study of biodeterioration and certain environmental 
problems as we have to face them now. Furthermore 
I should like to add that in my laboratory, aspects of 
both biodeterioration and pollution are subjects of 
study so that I have an active interest in the inter
relation of these subjects. 

On previous occasions (Hueck, 1965, 1968) I have 
defined the biodeterioration of materials as "any 
undesirable change in the properties of a material 

*Paper presented by H. J. Hueck to the First Scientific Meeting of the Biodeterioration Society, November, 1970. 

ICentraal Laboratorium, T.N.O., Delft, The Netherlands. 
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caused by the vital activities of organisms". If we 
accept this then biodeterioration is a special branch of 
the general phenomenon of the biodegradation or 
decay of matter. 

An ecologist might define pollution as a process 
developing from the interaction of a noxious agent 
and the human ecosystem leading to a disturbance 
of the harmonius functioning ofthe biocoenosis in such 
a way that normal variations in its functioning are 
surpassed. 

FLOW OF _E_N_EXG.'( AND NUTRIENTS 
IN A NATURAL COMMUNITY 

SOLAR El'ERGY 
SOIL ~ RAIN 
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g 

GM. WOODV>a.L (1970) 

dio:Jrom 1. 

An ecosystem depends on many factors for the 
maintenance of its structure. One of the essential 
features is the presence of negative feedback mechan
isms leading to a certain stabilization of the system. 
The well-known cycles of materials or energy are an 
expression of this. An example of such a cycle (adapted 
from Woodwell, 1970) is shown in diagram l. In this 
diagram "decay organisms" take a prominent place 
as they do in cycles of carbon, nitrogen etc. (cf. the 
issue of Scientific American, September, 1970). 
Mineralization of biodegradable materials and re
cycling of their constituents, therefore, can be con
sidered to be one of the mainstays of the human 
biocoenosis. Interference with this recycling of matter 
may be taken to be one of the severest forms of 
pollution. 

With this in mind we can draw up diagram 2 which 
tries to outline the relation between biodeterioration 
and biodegradation and to assess the possible types 
of pollution with which we, as biodeteriorationists, 
may be concerned. In the centre of this diagram "the 
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straight and narrow path" of Nature is shown where 
biodegradation leads to mineralization and recycling 
of biodegradable matter. Human use and technology 
turn matter into materials and in doing so waste is 
produced alongside useful items. From the human 
point of view the general process of biodegradation 
becomes the undesirable "biodeterioration" if it is 
applied to serviceable materials, but it is deemed 
highly desirable if applied to biodegradable waste. 
No better example of this can be found than in 
hydrocarbons. If these compounds are attacked, in 
fuel-tanks or in cutting oil emulsions, by micro
organisms it is considered to be a nuisance which 
should be controlled by preventing these micro
organisms from doing "what comes naturally". If 
on the other hand, however, oil is spilled on the sea, 
as in the Torrey Canyon disaster for example, essen
tially the same activity of comparable organisms is 
one of the possibilities for getting rid of the mess. 
It is the active interference of man with these processes, 
whether they are called biodegradation or biodeterior
ation, which may lead to environmental nuisance. In 
the prevention of biodeterioration two things may be 
feared. First of all the use of pesticides, be it fungicides, 
algicides, bac£ericides or insecticides, as material 
protectants is rather widespread. It is generally felt 
nowadays that the use of pesticides should be carefully 
thought over. Perhaps one can say that the amount 
used of material protectants is much smaller than 
that of agricultural chemicals. This is balanced, 
however, by the fact that persistency of pesticides is 
technologically a positive factor in the protection of 
materials so that the environmentally dangerous 
persistent pesticides, such as heavy metal containing 
chemicals, are more widely used. 

Secondly, if biodeteriorationists are efficient they 
turn environmentally acceptable biodegradable mate
rials into non-biodegradable materials. This in the 
long run leads to the production of waste and litter. 
A well-known example is of course the plastic nuisance. 
Though these materials were certainly not developed 
solely for the purpose of controlling biodeterioration, 
the resistance to biological attack was, in the beginning 
looked upon as an asset. Many people, however, 
doubt at this moment whether the replacement of 
cellophane by polythene-foil and the development of 
plastic throw-away bottles has been all to the good of 
our country-side (cf. Staudinger, 1970). 

Biodeterioration of materials itself gives rise to 
spoiled materials and some additional metabolites. 
Though this may constitute waste, I do not think that 
this in itself should lead to great trouble. Generally, 
the normal processes of breakdown of this biodegrad
able waste will suffice. The diffuse occurrence of 
biodeterioration all over the world is a safeguard 
against massive disturbances of the environment. 
Exceptional cases may exist. The formation of afla
toxin in ground nuts for example certainly is a de
plorable phenomenon and harmful to human beings. 
It is, however, doubtful whether we should call this 
environmental pollution. An example of an un
desirable type of biodegradation that has something 
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in common with this theoretical possibility of en
vironmental disturbance due to biodeterioration is the 
formation of adipocere in corpses. It would be un
gracious to refer to human remains as a material, 
but they are, of course, in essence biodegradable 
matter, liable to be broken down by the same agents 
as we usually study in biodeterioration. In diagram 
2 this is made a special case. 

SUBSTRATE 

--·--·--

diogrom 2< 

Adipocere formation 
If human remains are interred it is supposed that 

the fleshy parts of the corpse will be broken down 
until the skeleton remains. Agents in this process are 
both micro-organisms {den Dooren de Jong, 1961) and 
insects (Payne et a/., 1968). It is usual that after some 
time graves containing only bones are evacuated. In 
the Netherlands a minimum period of 10 years is 
prescribed by law for this. The bones may then be 
placed in an ossuary. However, it was found in the 
Netherlands in a number of cases that the decomposi
tion of the corpses after the legal period of rest was 
still incomplete. The greater part of the body had 
been converted into what is called "adipocere images", 
the fleshy parts having been transformed into a waxy 
substance. This state of affairs of course has both 
ethical and social-economical consequences in the 
densely populated Netherlands as graveyards cannot 
be evacuated in due time. A committee investigated 
this unusual phenomenon (Wester, 1963) and came 
to the following conclusions: 

After this theoretical introduction I should like to 
discuss a few examples of the polluting phenomena 
indicated in the diagram shown. As such I propose 
to treat the adipocere formation because of its ex
ceptionality, the implications of anti-fouling measures 
for the environment and the dangerous properties of 
organomercurials as material protectants. 
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Adipocere is formed under anaerobic conditions 
through the conversion of human fat into a complex 
of saturated fatty acids by a great variety of bacterial 
species occurring in and on the decomposing body 
{den Dooren de Jong, 1961). Under the prevalent 
conditions these acids are not broken down. In the 
Netherlands two factors are conducive to the establish
ment of anaerobic conditions in the soil of grave yards. 
First of all a high ground water level and subsequently 
humid soil which inhibit good gas-diffusion, are 
prevalent in certain parts of my country. Secondly 
overpopulation leads to the piling up of coffins in 
some graves sometimes 4 or 5 on top of each other. 
The lower coffins show a significantly higher per
centage of adipocere corpses than the higher ones. 
The remedy is obvious. Spacious grave yards with 
a porous soil will not lead to these untoward pheno
mena. Both commodities, however, are at a premium 
in the Netherlands. It should be mentioned moreover 
that an efficacious solution such as cremation is not 
acceptable to a large part of the Dutch population on 
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religious grounds. This small environmental problem 
also may have been aggravated of late by a change 
in burial practice. Shrouds made of PVC foil and 
coffins made of resin impregnated board perhaps may 
influence the desirable aerobic decomposition of 
corpses. For this purpose a second committee has 
been formed to which I, as a biodeteriorationist, have 
been invited. On the outcome of the discussions 
of this committee I cannot inform you, because the 
question is still under consideration. It only shows in 
what peculiar circumstances the study of biodeteriora
tion can be of use. 

Environmental implications of anti-fouling measures 
To a laboratory aiming at the study of, on the 

one hand, marine pollution by heavy metals especially 
copper, and on the other hand, the control of fouling 
of ships' hulls by means of copper-containing paints 
it would be a somewhat embarrassing situation if it 
could be shown that anti-fouling paints based on 
copper, as advocated by one party, contributed sub
stantfally to the environmental pollution as evaluated 
by their colleagues. Though this might be considered 
to constitute a nice symbiosis, the anti-fouling people 
keeping the pollution people from unemployment and 
vice versa, it nevertheless is a situation that should be 
faced. In the Journal of Commerce of lOth June 1970 
one can find a rough calculation for the oceans of the 
amount of copper getting into them from anti-fouling 
paints. This estimate is based on knowledge of the 
size of the world merchant fleet (50,000), its surface 
exposed to the water (75,000,000 m2) and the often 
quoted leaching rate of copper of 10 1!-g/cm2fday or 
~ 40 gfm2fyear (cf. De Wolf, Van Londen, 1966) 
which is the minimum for efficient protection against 
fouling. On this basis a release of 3,000 ton Cufyear 
was calculated, which is negligible on a world-wide 
scale. In the crowded and shallow North Sea, how
ever, conditions may be somewhat less favourable 
especially as its contents are only replaced once in 
every two years by oceanic water (cf. De Wolf, 1965). 
According to Lloyd's register some 600 ships enter 
the North Sea each day through the Straits of Dover. 
Taking into account the short distances to be covered, 
a rough guess may be that as a mean some 500-1000 ships 
are present on the North Sea all the time. This is I or 2% 
of the world's fleet giving rise to a release of 30-60 ton 
of copper a year in the North Sea. In its 54,000 km3 
of water this amounts to a burden of about 0.001 ppb. 
The natural level of copper in the North Sea is about 
4 ppb so that the amount added by anti-fouling of 
ships' hulls is negligible. Moreover detectable damage 
to organisms (zooplankton) due to copper according 
to a private communication of Miss D. M. M. Adema 
of my laboratory, appears to occur at the level of 
about 10 ppb copper added, which leaves a wide margin 
between toxic levels and the amount added through 
this type of fouling control. 

Relative to another type of fouling, viz. that occur
ring in cooling water systems for power stations and 
similar stationary plants, we can not be so optimistic. 
Local effects may be expected. To prevent this type 
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of fouling, chlorination is generally practised (cf. 
Anderson & Richards, 1966, James, 1967). According 
to Holmes (1970) most power stations in Great 
Britain now use a schedule of continuous low chlorina
tion, where a residual concentration of about 0.5 
mg/1 (0.5 ppm) is maintained throughout the system. 
It deals efficiently with mussel fouling. Holmes (toe. 
cit.)is of the opinion that in this way very little chlorine 
is discharged into the sea where it, moreover, will be 
quickly adsorbed by suspended particles and organic 
matter. The local situation, however, is apparently 
of paramount importance as Hamilton et al (1970) 
describe measurable effects of intermittent chlorina
tion on estuarine primary production in Maryland 
U.S.A. In this case the maximum rate of water used 
by the plant has been estimated to be 30% of the 
rate of supply of fresh water to the adjacent segment 
of the river. 

Primary production at the outlet was depressed up 
to 91%- In the adjacent region a loss of 6.6% was 
calculated. As a biologist I feel that in such cases 
too much reliance is placed on the engineers' "guessing 
stick". Proper experimentation and careful observa
tion of the environment, though slow and expensive 
should be given due attention. 

Environmental dangers due to the use of organomer
curials 

Alarming news on unusually high concentrations of 
mercury in fish first from Japan, then from Sweden 
and now from U.S.A. (editorial C & EN, June 22, 
1970) has focussed attention on dangerous properties 
of mercury compounds, widely used as seed dressings, 
in the metallurgical industry and as material protect
ants in paper mills and in paints. According to the 
cited editorial the use of mercury in paints ranks third 
in the list of mercury comsumption in USA (table 1), 
outranking pulp and paper making, which in Sweden, 
on the contrary, are most important. These two items 
are relevant to biodeterioration studies. It shows that 
their consumption for the prevention of undesirable 
breakdown of materials may contribute greatly to 
environmental pollution. Organomercurials especially 
can be very dangerous. These compounds are accumu
lated to high concentrations in animal tissues. Hannerz 
(1968) found concentration factors in fish of 2,000-
9,000. In fish-eating populations in regions where 
mercury is released into the water, this may lead to 
disaster, such as occurred in Minamata Bay, Japan 
where a severe disturbance of the central nervous 
system was observed in 1956 and called Minamata 
disease. The disease could be identified as food 
poisoning through fishes and crustaceans containing 
methylmercury compounds. The origin of these 
compounds finally could be traced to discharge of 
industrial sewage and the agricultural use of mercury 
containing fungicides. 

The number of people killed by this disease in 
Japan lies between 150 and 200. Recognition of the 
danger involved has led in Sweden and the USA to 
the prohibition of fishing in certain areas. In Sweden 
a tolerance limit of I mg Hgfkg fresh weight of fish 
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is used; in the USA one of 0.5 mg Hg/kg fresh weight. 
Undoubtedly more data on the occurrence of Hg 
in our food is sorely needed. One wonders why 
especially the organomercurials, out of all fungicides, 
are so dangerous. An important factor without doubt 
is the indestructibility of the heavy metal contained 
in this compound. According to Wood et al. (1968) 
inorganic mercury may be transformed by micro
organisms into methylmercury compounds so that any 
mercury compound, be it organic or inorganic, may 
be mobilized and enter into food chains. As biodete
riorationists we may draw an important lesson from 
this. We should not look for the most stable compounds 

TABLE 1-Mercury consumption in U.S. tops 6 
million pounds 

1969 consumption 
(Thousands of pounds) 

Electrolytic chlorine 1572 
Electrical apparatus 1382 

Paint 739 
Instruments 391 
Catalysts 221 
Dental preparations 209 
Agriculture 204 
General laboratory use 126 
Pharmaceuticals 52 
Pulp and paper making 42 

Amalgamation 15 
Other 1082 

Total 6053 

Note: Consumption based on 76-pound flasks. 
Source: U.S. Department of Interior, Bureau of Mines 

TABLE 2-Mercury levels in fish exceed 0.5-p.p.m. 
limit • 

Mercury, p.p.m.b 
Walleye pike 1.40-3.57 

Sucker 0.88 
Northern pike 0.64 
White bass 0.53-0.80 
Channel catfish 0.32-1.8 
Yellow perch 0.32-1.70 
Coho salmon 0.24-0.96 
Gizzard shad 0.24 
Sheepshead 0.24 
Steelhead <0.15 
Carp 0.08-0.28 
a Fish from Lake Erie and St. Clair River. 
b Based on wet weight, edible portions. 
Source: Bureau of Commercial Fisheries 
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to be used as fungicides. Ecologically far better are 
compounds which are slowly broken down into 
innocuous metabolites. The efficacy of a fungicide 
should not outlast the useful life of the material it is 
supposed to protect. Fungicides should be. sensitive 
to slow oxidation or actinic degradation. 
In my early life as a student of biodeterioration I 
thought such properties, present in a number of well
known fungicides, to be undesirable and requiring 
improvement. Nowadays under the growing threat of 
environmental pollution I venture to say that techno
logical perfection of this type should not be our final 
aim. 
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Biodegradation-a friend or foe to the paper industry . 

• 
BIODEGRADATION-A FRIEND OR FOE TO 

THE PAPER INDUSTRY 

(Abstract of the paper presented by R. L. Hughes (Pira) to the 
First Scientific Meeting of the Biodeterioration Society, Nov
ember, 1970). 

Biodegradation - un ami ou un ad,·crsaire de le papeterie. (Resume 
de Ia communication faite par R. L. Hughes (Pira) a Premiere 
Assembll!e Scientifique de Ia Societe de BiodetCrioration, 
Novembre, 1970). 

The paper industry uses many natural products e.g. 
plant fibres, starch, rubber latex, casein and gelatine. 
These products of plant and animal origin ultimately 
rely on soil fertility. Thus the biodegradation that 
occurs here is vitally important. Water is at present 
vital to the industry and self purification within the 
river is important to keep it in reasonable quality. 

On the other hand natural products can be limited 
by the adverse biodegradation caused by pests and 
diseases during growth, harvesting and storage. Even 
the water supply can carry unwanted bacterial and 
fungal infection, which can cause slime problems, 
corrosion, attack of structural timber etc. These 
hazards can be controlled to varying degrees by e.g. 
good forest or crop management, careful storage, and 
correct dosage of chemicals to water supply within 
the mill. Corrosion and timber losses within the mill 
can be reduced by careful selection of materials 
used in plant construction. Design of plant bearing 
these biological problems in mind can be most 
rewarding . 
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Biocntartung. Freund oder Feind lur die Papierindustrie. (Auszug 
des Vortrags von R. L. Hughes (Pira) beim ersten wissenschafft
Iichen Konferenz der Gesellschaft fUr Bioverschlechterung, 
November, 1970.) 

La biodegradnclon como amigo o encmigo de Ia industria de Ia 
fabrkacion del papel. (Un abstracto de un articulo por R. L. 
Hughes (Pira) a Ia primera reunion cientifica de la Sociedad 
de Biodeterioracion en noviembre de 1970.) 

Water soluble materials extracted during the process 
need careful watching as they often help slime forma
tion and lead to effluents with unacceptable BODs. 
These effluents can be controlled advantageously by 
careful use of biodegradation processes. Care is 
required to ensure unbalanced biological systems do 
not appear in the river on receipt of the effluent e.g. 
sewage fungus growths in nuisance proportions. Yet 
sewage fungus under control can help reduce this 
problem. 

Paper and board products need at times to be 
protected from disfigurement or loss in strength when 
permanence is required, but its degradable nature can 
be advantageous in disposable products. 

Thus the industry is highly dependent upon bio
degradation for its raw materials and effluent disposal, 
yet has at times to limit this activity to gain maximum 
productive efficiency and specific end usages. 
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Ridley, J. E. Int. Biodetn. Bull., 7 (2), 89, (1971). 
Algae versus man. 

ALGAE VERSUS MAN 

(Abstract of the paper presented by J. E. Ridley (Metropolitan 
Water Board) to the First Scientific Meeting of the Biodeteriora
tion Society, November, 1970). 

L'alguc contrc l'homme. (Resume de Ia communication faite 
par J. E. Ridley (Metropolitan Water Board) A Ia Premiere 
Assemblee Scientifiquc de la BiodetCrioration, Novembre, 1970). 

The battle between freshwater algae and man 
became evident in Britain at the turn of this century. 
At that time there were rapid extensions of piped 
water supplies for domestic and industrial purposes, 
and this involved greater utilisation of surface waters 
to supplement underground sources. 

Waterworks undertakings were then faced with a 
variety of quality control problems involving removal 
of algae from river sources or from their newly con
structed storage reservoirs, some of which resembled 
small lakes. 

These problems are still of common occurrence, 
owing to the ever-increasing demand for potable 
water which now requires even greater usage of 
surface sources which, by many chemical and bio
logical standards, are continuing to deteriorate. 

For this reason, the study of freshwater algae in 
relation to water supplies has now become a multi
disciplinary science, with engineers and pure scientists 
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Algeo gegen den Menschen. (Auszug des Vortrags von J. E. 
Ridley (Metropolitan Water Board) bein crsten wissenschafft
Iichen Konferenz der Geseiischaft far Bioverschlechterung, 
November, 1970). 

Los algas contra el hombre. (Un abstracto de un articulo 
presentado par J. E. Ridley (Metropolitan Water Board) a la 
primera reunion cientifica de 1a Sociedad de Biodetcrioracion 
en noviembre de 1970). 

collaborating to ensure that public health require
ments are safeguarded. 

Basically, the algae are an economic problem and 
this requires numerous in situ methods of COfltrolling 
undesirable blooms in reservoirs and impoundments, 
as well as fundamental research on filtration tech
niques.* To some extent, greater protection of rivers 
from unacceptable sewage effluents and industrial 
wastes is retarding the rates of deterioration, although 
costs of pollution prevention are not always acceptable 
to the administrator. 

For details of algal problems in relation to water 
supplies in southern England the reader is referred to 
Reports of the Director of Water Examination, 
Metropolitan Water Board, London, from 1935 to 
date. 

*During presentation of this paper, the author 
described the types and quantities of algae occurring 
in the Rivers Thames and Lee, and in the associated 
storage reservoirs and filtration works. 
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Current biodeterioration problems in newly felled softwood timber. 

CURRENT BIODETERIORATION PROBLEMS IN NEWLY 
FELLED SOFTWOOD TIMBER 

(Abstract of the paper presented by J. G. Savory (Forest 
Products Research Laboratory) to the First Scientific Meeting 
of the Biodeterioration Society, November 1970). 

Des probl~mes courants dans Ia biodeterioration de bois tendre 
qu'on vient d'abattre. (Resume de Ia communication faite par 
J. G. Savory (Laboratoire pour Ia Recherche des Produits 
Forestiers) A Ia PremiCre AssernblCe Scientifique de Ia Societe 
de Biodeterioration, Novembre, 1970). 

In this instance the term "newly felled" is taken to 
include the period up to the utilisation of the timber. 
In 1969 solid timber valued at about £200 million 
was imported into Britain, £170 million worth of this 
being softwood, the main sources of which were 
Russia, Scandinavia and Canada. 

Traditional patterns of timber handling minimised 
biodeterioration caused directly by log-boring beetles 
or indirectly by their introduction of fungal infection 
into logs, and also the deterioration caused by staining 
and wood destroying fungi themselves in logs and 
sawn timber. However, changes in sources of supply 
of timber and especially changes in timber handling 
methods aimed at reducing labour costs, have caused 
changes in incidence of fungal degradation. Utilisation 
changes have also led to the discovery that bacteria 
affect softwoods by increasing permeability to wood. 
preservatives, sometimes beneficially, sometimes detri
mentally. 

Production of timber by the Forestry Commission 
plantations, currently estimated at 3 per cent of total 
British requirements-and increasing, has introduced 
problems of fungal staining of home-grown pine logs. 
Protection by water storage practised elsewhere is 
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Jetztige Bioversch1eclttenmgsprobleme in frischgefiillten Nadel
holz. (Auszug des Vortrags von J. G. Savory (Forest Products 
ForschungsJaboratorie) beim ersten wissenschafftlichen Kon
ferenz dcr Geseilschaft fUr Bioverschlechterung, November~ 
1970). 

Problemas actuales de Ia biodetcrioracion en Ia madera blanda 
recientcmcntc cortada. (Un abstracto de un articulo presentado 
por J. G. Savory (del laboratorio de investigaciones de los 
productos de los bosques) a Ia primera reunion cientifica de Ia 
Sociedad de Biodeterioracion en noviembre de 1970.) 

uneconomic in Britain. Experimental log protection 
by chemicals has pointed to the great importance of 
barkboring beetles as vectors of staining fungi in the 
forest and the need to protect logs by mixtures in
corporating fungicides as well as insecticides. 

Packaging of timber to facilitate mechanical 
handling is increasing and currently amounts to about 
one-third of imports. Decay has arisen in sawn timber 
from Canada protected by superficial fungicidal 
treatments but packaged without being seasoned. It 
has been found that this decay arises from deep seated 
infection occurring in Canada prior to conversion. It 
can be prevented either by penetrating dip-diffusion 
treatment of the green lumber with soluble borates 
prior to packaging or by avoiding long storage in 
Britain. 

Pine from Scandinavia is much more susceptible 
than the Canadian timbers to fungal staining and it is 
becoming apparent, with the advent of packaging, 
that wrapping to prevent rewetting during transport 
and storage is likely to be needed to supplement 
protection already afforded by superficial chemical 
treatments and initial drying. 
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BOOK 

METIIODS IN MICROBIOLOGY: Volume 3A 

Edited by J. R. Norris & D. W. Ribbons. (Academic 
Press, London and New York, 1970. xi + 505pp. 
Price £7.00). 

Volume 3A of Methods in Microbiology is concer
ned with techniques for isolating, culturing and pre
serving microorganisms. 

The lengthy first chapter covers the maintenance of 
a wide range of bacteria. The composition of one 
hundred and fourteen growth media is given together 
with cultural conditions for each bacterial genera. The 
second chapter deals with bacterial culture collections 
and the preservation of bacteria. A full account of 
freeze drying methods is given. These two chapters by 
S. P. Lepage and J. E. Shelton ofN.C.T.C. and T. G. 
Mitchell and A. R. Mackerizie of N.C.I.B. provide 
valuable information for the bacteriologist and the 
specialist technician. 

Chapters 3, 4 and 5 are concerned with design of 
growth media, relationships between growth media 
and microbial cellular yields, and the use of enrichment 
cultures in open and closed systems. 

The final two chapters deal with the isolation of 
mutant microorganisms and the improvement of 
microbial strains by mutation, hybridisation and 
selection. Mutagenic treatments are presented and 
discussed, and bacteria, actinomycetes and fungi are 
mentioned in these chapters. 

A companion to Volume 3B, which deals with 
selected groups of microorganisms, this excellent book 
should certainly be on the bacteriologist's laboratory 
shelf. 

J. Mills. 

FRESH MEAT PROCESSING 

E. Karmas 
(Food Processing Review No. 12. Noyes Data Corpor
ation, Park Ridge, New Jersey, 1970. 236 pp. 
Price £15.75). 

This is an unusual book in that it consists entirely of 
information gleaned from the U.S. patent literature. 
The oprice $35, is remarkable too for a volume cheaply 
printed and bound in paper covers. 

The author divides his material into that relating to 
palatability (Part I, 141 pp.) and, more to our purpose, 
that concerning preservation (Part II, 90 pp.). Part I 
is largely on methods aimed at improving tenderness, 
with smaller sections on aspects of colour, flavour, 

0 and texture. In Part II, the subjects are moisture 
retention (23 pp.), antimicrobial treatments (23 pp.) 
and ionizing radiations (31 pp.), with a further 12 
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pages on miscellaneous methods of preservation. Of 
just over 100 patents quoted in the review, slightly 
more than half relate to preservation. Company, 
inventor, and U.S. patent indexes complete the book. 

As an introduction to the U.S. patent literature the 
· book is fascinating and can be recommended because, 
in the reviewer's experience, it is unique. However, 
as a comprehensive review of advances in fresh meat 
processing over the past decade it leaves much to be 
desired. The author's claims in the Foreword that 
"the U.S. patent literature is the largest and most 
comprehensive collection of technical information in 
the world", that "information obtained from the 
patent literature is extremely reliable and compre
hensive", and that "the patent literature is a prime 
source of basic commercially utilizable information" 
are not substantiated by the selection he presents in 
his book. It is observed, accurately, that much of the 
information is not available in the journal literature, 
indeed this is what gives the book its main interest, 
but a review of the literature published since 1960 
would give a much more balanced view of the state 
of the, art than Dr. Karmas's review. 

There is a credibility gap between the methods 
described and those known to be in use in the meat 
industry today, or likely to be used in the future, 
largely because the author offers no critical com
mentary. Consequently, the reader may suppose that 
it is lawful to use a wide range of chemicals, drugs, 
and antibiotics, to say nothing of ionizing radiations 
in the processing of fresh meat whereas, in fact, it is 
not, either in the U.S.A. or elsewhere. Thus, to the 
uninitiated, the book is misleading. Also, for any 
reader it makes difficult reading. Each section consists 
of a cursory introductory paragraph followed by 
details from the patent application "indicating only 
information that is significant, and eliminating much 
of the legal jargon (Foreword)". Even so, the text 
remains tediously repetitious, not only in that the 
various patents on the same subject go over the same 
background by way of introduction (and. this has not 
been edited out), but because too much of the original 
style of the patent application is retained. For example, 
a statement on the use of salt to equalize pH is used 
3 times in 2 successive paragraphs on p. 183. 

The last example illustrates another fault. Many of 
the 'explanations' that form part of the descriptions 
of the patented processes seem highly speculative and 
rarely are data given in support of them. In the above 
example, sodium chloride is said "to aid in establishing 
a uniform pH throughout the macerated tissues by 
osmotic effects", but no figures are quoted, not even 
for the salt concentration to be used to achieve this 
desirable end. In another, we are assured that carbon 
dioxide under pressure (1200 ps.i.) exerts its anti
microbial activity by lowering the pH of meat; a not 
unlikely explanation but no pH values are given; 
also, if it is true, it raises the question, Are there not 
easier and cheaper ways to reduce pH? The 



proposal to vacuum pack meat in cans using as a 
preservative for room temperature storage only an 
extract of maize, dandelion and tomato plants would 
be more reassuring if bacteriological count data were 
provided, to say nothing of some comment on the 
flavour of the product. 

Perhaps the worst example in the book of completely 
useless information is the description of a microbial 
spoilage indicator for refrigerated meat. Freeze dried 
cells of a lactic acid bacterium, yeast, or mould are 
mixed with dehydrated culture medium, the whole 
being rehydrated and introduced, with the meat, into 
the cold store. Either a pH indicator change or 
turbidity in the indicator pack warns of the approach 
of the end of the useful storage life of the meat. Apart 
from all its other faults (the vagueness about details 
of culture media, for example) the method overlooks 
one of the principal determinants of the storage life 
of refrigerated meat viz. the initial number of con
taminants; this varies so much in practice that it 
would be impossible to match the inoculum in the 
indicator system with the number on the meat. Also, 
the dominant bacteria in the spoilage flora of re
frigerated fresh meats are Gram negative rods of the 
Pseudomonas-Achromobacter association whose be
haviour is unlikely to be predicted by use of Pedio
coccus cerevisiae. 

To summarize, then, this is not a book for the 
uninitiated to read as a guide to current practices in 
the meat industry. For those with a knowledge of 
fresh meat processing, however, it affords fascinating 
glimpses of some of the possibilities explored in the 
last decade to maintain and improve the quality of 
fresh meat. 

A. G. Kitchell. 

PANS MANUAL No. 3: PEST CONTROL IN 
RICE 

(Ministry of Overseas Development, London, 1970. 

270pp. Price 62! p.). 

This is the third of the useful little PANS (Pest 
Articles and News Summaries) manuals to appear 
from the Overseas Development Administration's 
Tropical Pesticides Research Headquarters and In
formation Unit. Like its predecessors, it is designed 
to provide the tropical agriculturalist with all he 
needs to know on the protection of a particular crop. 
Naturally the bulk of the text is concerned with 
protection of the growing crop but a useful section of 
17 pages deals with protection of stored rice; this is 
of interest to the specialist in Biodeterioration. 

The variety of forms in which rice is stored, and 
their bearing on the techniques of biodeterioration 
prevention, are well brought out. The principal insect 
pests are briefly but clearly described with good line 
drawings of adult and larval forms and accounts are 
given of the important features of life history which 
relate to methods of control. There is a sufficient 
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account of the role of rodents and of appropriate 
control measures which can be supplemented by 
reference to the much larger section on rodents as 
pests of the field crop. Moulds receive little attention, 
presumably because no practical control measure 
other than maintenance of a low humidity can be 
recommended. 

This is, of course, not a comprehensive account of 
grain storage hazards or control measures since it is 
intended for the practical man in a poorly developed 
country where nothing more sophisticated than 
spraying, dusting, or fumigating, by the simplest 
methods, can be considered. The value of hygienic 
measures, however, is given full weight. All the 
methods are described in sufficient detail to enable a 
practical man to carry them out (although the need 
for trained personnel to perform methyl bromide 
fumigations is emphasized), and quantities and dose 
rate are given. The index and bibliography are both 
excellent. 

T. A. Oxley. 

TERMITES; A STUDY IN SOCIAL BEHAVIOUR 

P. E. Howse 
(Hutchinson, London, 1970. 150pp. Price £1.75, cloth; 

75 p paper.) 

This book is about termite biology, not about 
termites as pests, and is complementary to the book 
by Harris, W. V. (1961) Termites, their recognition and 
control (Longmans, 1961). Much research on termite 
biology has been published in French and German 
and in journals and this up-to-date review in English 
is therefore most welcome. 

Men have often compared insect societies to their 
own and it is perhaps for this reason that social 
insects have received so much attention from ento
mologists and naturalists. The truly social insects 
belong to two orders, the Hymenoptera (ants, bees and 
wasps) which have a white legless grub or larva and a 
pupal stage in their life cycle and the Isoptera (termites) 
in which the nymph hatching from the egg, bas six 
legs and looks essentially like the mature insect it 
develops into through a series of moults. There is 
therefore no relationship between the two groups of 
social insects and the name white ants which is often 
applied to the termites is a misnomer which can only 
cause confusion. In the Hymenoptera the larvae and 
pupae are cared for by the adults. In the Isoptera the 
nymphal stages play an essential part in the life of the 
colony. The social life has an altogether different 
basis, therefore, in the two kinds of insects. 

This book, as a study in social behaviour, is largely 
devoted to different aspects of the life of termites in 
complex societies and should be of interest to those 
working in the biodeterioration field for the basic 
information provided. The author also refers briefly 
to certain biodeterioration problems. Napoleon's ship 
Le Genois was destroyed by termites and three of the 
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six families of termites are wood eaters which damage 
and destroy structural timbers. Over a million pounds 
is spent each year in the U.S.A. on termite control. 
Termites damage not only structural timbers but also 
synthetic materials including plastics and metal foil. 

Termite mounds rising many feet (up to six metres) 
above ground level are a most conspicuous feature of 
tropical landscapes which, in low-lying areas for 
example, are important in the ecology of other 
animals and plants. Some termites, with their fungus 
gardens growing on egested carbohydrate material 
(lignin) which also includes nitrogenous excretions, 
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were taking advantage of the protein enrichment 
process long before men started to use fungi for this 
purpose. Some termites damage crops but others 
contribute to soil aeration and drainage and may 
play a part in the recovery of misused and even of 
seriously eroded soils, bringing mineral rich clays up 
to the soil surface and using faecal organic matter 
in mound construction. 

The text is well illustrated by photographs and 
drawings and should be of interest to other people as 
people as well as entomologists. 

R. Barrass. 
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