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The Summer Scientific Meeting 
and Annual General Meeting 

The venue this year was the 
Department of Biological Sciences, 
Portsmouth Polytechnic. 

The programme was opened by 
the President, Dr. H. 0. W. 
Eggins, who in his address to the 
Society outlined the development 
of biodeterioration and biodegra
dation studies and stressed the 
important role and responsibility 
that the Society would have in the 
future, in the light of growing 
interest in all aspects of materials 
biology. 

The scientific programme proper 
filled one and a half days, and as 
can be seen from the list of papers 
presented, the emphasis this year 
was placed on biodeterioration in 
the marine envirionment. This 
emphasis was continued on the 
last afternoon when members 
visited the Exposure Trials Station, 
Central Dockyard Laboratory, 
Portsmouth. 

The papers presented at the 
meeting are listed below:-

Scientific Session I 
Chairman: Dr. E. B. Gareth Jones. 
"Biodeterioration studies at Ports
mouth Polytechnic" 
Dr. E. B. Gareth Jones. 
"Adhesive production in the ship 
fouling alga Ceramium" 
A. Chamberlain (Portsmouth Poly
technic). 
"Spore germination in Po/ysipho
nia" 
A. L. Fletcher (Portsmouth Poly
technic). 
"Some physiological aspects of 
fouling algae" 
S. H. Gauge (Exposure Trials 
Station, Central Dockyard Labor
atory, Portsmouth). 
"Dynamics of insecticide penetra
tion" 
Drs. R. C. Reay and M. Ford 
(Portsmouth Polytechnic) . 
"Services of the C.M.I. in relation 
to biodeterioration problems." 
Dr. A. H. S. Onions, Common
wealth Mycological Institute, Ferry 
Lane, Kew. 

"Some recent research on the bio
degradation of farm wastes". 
Dr. H. 0. W. Eggins and Mr. K. J. 
Seal, Biodeterioration Information 
Centre, University of Aston, Bir
mingham. (read by Dr. D. Allsopp) 

Scientific Session II 
Chairman: Mr. D. R. Houghton. 
"The effect of water velocity on 
the settlement of Enteromorpha" 
Mr. D. R. Houghton (Exposure 
Trials Station, Central Dockyard 
Laboratory, Portsmouth). 
"An apparent role for an hormon
al system in the control of barnacle 
shell formation" 
Mr. D. J. T. Tighe-Ford (Expo
sure Trials Station, Central Dock
yard Laboratory, Portsmouth). 
"Studies on the operculum of 
Spirobis" 
Dr. C. H. Thorp (Portsmouth 
Polytechnic). 
"An electron microscope study of 
some Serpulid opercula" 
Dr. A. Bubel (Portsmouth Poly
technic). 
It is not proposed that the proceed
ings of the meeting shall be 
formally published; requests for 
further details should therefore be 
addressed directly to authors. 

The Society wishes to record its 
thanks to the Head of the Depart
ment of Biological Sciences of the 
Portsmouth Polytechnic, Miss J. 
Switzer for her hospitality to the 
Society; to Dr. E. B. Gareth Jones 
of that same Department, and also 
to Mr. D. R. Houghton of Central 
Dockyard Laboratory for organis
ing the meeting, not least· for 
arranging for members to stay at 
the Polytechnic Management 
Centre. Our thanks go also to the 
Lord Mayor and Corporation of 
the City of Portsmouth for their 
hospitality to the Society in the 
form of a reception given in 
our honour at the Guildhall. 

The Annual General Meeting 
of the Society was held at Ports
mouth on the 30th June, and all 
members will receive minutes in 
due course. It is appropriate, 
however, that the results of this 
years Elections of Officers to 
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Council formally announced ai 
the meeting, should be mentioned. 

Council Officers elected this year 
were:-
President: 

Dr. H. 0 W. Eggm>. 
Hon. Secretary: 

Dr. D. Allsopp (rc-ctecuOnJ. 
Hon. Treasurer: 

Mr. N. J. Butler (re-election). 
Council Members: 

Mr. D. R. Houghton. 
Dr. R. H. Tilbury. 
Professor T. A. Oxley. 

Dr. R. H. Tilbury has been ap
pointed by Council to serve as the 
Honorary Programme Secretary. 
Other members of Council in 
office this year are as follows:-

Mr. A. 0. Lloyd (Honorary 
Programme Chairman) 
Professor D. A. A. Mossel 
Dr. A. H. S. Onions. 
The Council wishes to record 

its thanks to the Immediate Past 
President, Dr. H. J. Hueck, and 
also to Mr. J. J. Elphick, Dr. B. 
Jarvis and Mrs. C. E. Skinner, 
whose service on Council ended 
this year. 
Honorary Regional Meetings Sec
retaries. 

It is hoped that Meetings 
Groups will shortly be formed in 
Japan and India by the following 
members:-

Professor T. Haraguchi 
Faculty of Agriculture 
Tokyo University of Agricul
ture and Technology, 
(Tokyo Noko University) 
Fuchu, Tokyo 183, Japan. 
Professor Haraguchi is Chair-

man of the Research Group on 
Biodeterioration of the Japan 
Wood Research Society. 

Professor S. M. Nair 
Department of Museum Studies 
Birla Institute of Technology 
and Science, 
Pilani, 
Rajasthan, 
India. 
The Society wishes both these 

members every success in their 
efforts. We look forward to hearing 
from them in this newsletter. 
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Haldane Consultants Ltd. 
The firm of Galloway & Barton· 

Wright is now incorporated as: 
Haldane Consultants Ltd., 
Haldane Place, 
London, England, 
SW18 4 NA 
Telephone: 01 874 4208/4190 
Telex: 929922 
Associated with this change will 

be some expansion of activities in 
the area of biochemistry and bio
technology but the main services 
provided will continue to be in 
microbiology for the pharmaceuti
cal, food and cosmetic industries. 
Conference on Animal Feeds 

An International Conference on 
Animal Feeds of Tropical and Sub
Tropical Origin will be held in 
London from 1-5 April 1974. 
This conference is one of a series 
organised biennially by the Tropi
cal Products Institute (a scientific 
establishment of the United King
dom Overseas Development Ad
ministration). 

The Conference will be restric
ted to concentrate feed materials, 
in relation both to the setting up 
of feed industries in developing 
countries and the production of 
feed components for the inter
national trade. A provisional pro
gramme has been arranged in 
which papers on the quality, utili
sation, marketing and other aspects 
of feed materials presently produ
ced or which could be produced in 
tropical and sub-tropical coun
tries will be given. 

It is hoped that a large propor
tion of papers given at the Confer
ence will be contributed by work
ers in developing countries, and 
the Programme Secretary (Mr. D. 
Halliday) would be pleased to 
receive offers of papers for con
sideration by the Publications 
Committee. 

The Registration Fee for the 
Conference will be £25, which will 
include the cost of one copy of the 
Conference Proceedings. 

For further details pleas• write 
to: Public Relations C, Tropical 
Products Institute, 56-62 Gray's Inn 
Road, London, England WCI X SL 
Seventh British Insecticide and 
Fungicide Conference 

This conference will be held 
under the auspices of the British 
Crop Protection Council, Novem-

ber 19•23, 1973 at the Hotel 
Metropole, Brighton, Sussex, Eng
land. The subjects of sessions will 
be: 
The future of agriculture in the 
European Economic Community; 
Cereal pests and diseases; Behav
iour of pesticides in the soil; 
Uptake and translocation of pesti
cides by plants; Pest and disease 
control in ornamental and glass
house crops; The control of ecto
parasites on animals; Pest and 
disease control in plantation crops 
-tropical perennial crops; Prob
lems affecting pesticide develop
ment and use; Problems in apply
ing pesticides; Assessment and 
forecasting methods; Nematicides; 
Pests and diseases of soft fruit and 
hops; Control of soil insect pests; 
Control of soil-borne pathogens of 
crops other than cereals; Post
harvest deterioration of vegetables 
and fruit crops; New formulations 
and new compounds. 

Registration forms and further 
information can be obtained from 
Mr. W. F. P. Bishop, Frank Bishop 
(Cotiference Planners) Ltd., Con
ference Secretary, 87 London Road, 
Croydon, England, CRO 2RF. 
Rodent bait box 

A hygienic bait box for the 
control of infestation by rats or 
mice in industrial and commercial 
premises has been developed by 
Pestoxin Ltd., 28 Knowsley, Man
chester, England. 

The bait box is adaptable to 
various baits according to circum
stances, keeping dry bait clean and 
dust-free while being readily con
vertible to liquid bait for rat 
control. 

Easily identified, clean and re
quiring minimum attention the 
bait box takes little storage space 
and is simple to date mark. 
[Int. Pest Contr. Nov./Dec. 1972] 
Industrial biocide film 

A film from ICI Organics 
Division, What the eye doesn't see 
... , shows how specialised bio
cides can help to solve problems 
of spoilage of raw materials and 
finished goods in a wide range of 
industries, including those dealing 
with paper, paint, latex, emulsions, 
engineering oils, brewing and 
leather. The film is in 16mm 
colour, runs for 18 min. and may 
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be borrowed free from the ICI 
film library. 
[Chern. & Ind. 2 June 1973.] 

Fungicidal plugs 
Solid sticks of concentrated 

fungicide for placing in damp 
brickwork near timber are being 
marketed by Protim Ltd., Field
house Lane, Marlow, Bucks., Eng
land. 

"ProtimPlugs" are water soluble 
and the dampness in the walls 
causes them to dissolve slowly and 
form a permanent fungicidal bar
rier around the timber. Dry rot 
strands are thus prevented from 
reaching the timber. 

Protim Plugs can be inserted 
easily and quickly into the mortar 
joints behind skirtings, around 
joist ends, adjacent to joinery etc. 
to enable the walls to become 
self-irrigating with a fungicidal 
solution. 
[Int. Pest Contr. Mar./Apr. 1973] 

Pre-storage fruit treatment 
The Hudson Major Drenching 

Machine Mk. III will treat 17 tons 
of fruit with pesticide per hour. It 
can be loaded with bulk bins 
holding 20 to 30 bushels of fruit 
or with 24 40lb. boxes on a pallet. 
A metered amount of pesticide is 
delivered on to each bin from a 
140 gal. header tank. The surplus 
pesticide is recirculated. The ma
chine is manufactured by John 
Wilson, Agricultural and Industrial 
Engineer, Wisbecl1, St. Mary, Cam
bridgeshire, England. [PANS 1973, 
19 (I)] 

UL V spray machine 
A new range of ultra low volume 

insecticide application equipment 
has been introduced by Micro
Gen Corp. of the U.S.A. 

The equipment is expected to be 
of special value to food processing 
and other storage situations where 
uniform distribution of chemicals 
is necessary. 

It produces a fine spray permit
ting economical use of insecticides 
such a pyrethrins. The units are 
high-pressure, cold process spray
ers. One-and two-nozzle units are 
available, both powered by com
pact rotary engines. 

Details are available from United 
Export Corp., PO Box 147, South 
Bend, In. 46624, U.S.A. 
[Int. Pest Contr. Jan/Feb. 1973]. 
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MICROBIAL ASPECTS OF THE BIODEGRADATION OF 
SYNTHETIC DETERGENTS: A REVIEW 

A. J. Willetts' 

Aspects microbicns de Ia biodegradation des detergents syntbe
tiques: une revue. 

MikrobielleAspekte der ZerstOrungvonsynthetischcn Detcrgentien 
durch Organism en: eine LiteraturUbersicht. 

Aspectos micrObicos de Ia biodeterioraci6n de los detergentcs 
sintc!iticos: una rcsciia. 

The first detergent to be utilised by man was soap, 
an innovation traditionally attributed to Ancient 
Egyptian culture. However, when the word detergent 
is used today, it is generally assumed to refer to the 
synthetic detergents (syndets, surfactants) which have 
assumed increasing chemical and economic importance 
in the post-war period. The world-wide manufacture 
of synthetic detergents has increased from the 1949 
level of 30,000 tons to a projected level in 1973 of 
900,000 tons. A significant increase in the material 
expectations of industrialised societies and the 
concomitant rise in popularity of the automatic 
washing machine has been the primary influence on 
the increased production levels demanded of the 
synthetic detergent industry. The failure of this 
dramatic increase in synthetic detergent manufacture 
and usage to cause a parallel increase in the detectable 
levels of waste detergents accumulating in various 
water ecosystems is indirect evidence that the bio
degradation of synthetic detergents must occur in 
nature. 
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The most widely distributed class of surfactants 
currently being marketed are the alkylbenzene sui
phonates (ABS). The chemistry of their industrial 
production is shown in Figure I. The majority of 
alkylbenzene sulphonates manufactured are derived 
from benzene and short-chain a-olefins, as illustrated 
by a-dodecene. The initial alkylation product com
prises, in this case, an isomeric mixture of five of the 
six theoretically possible phenyl position isomers of 
phenyldodecane: no !-phenyl isomer is produced. The 
subsequent sulphonation process using oleum yields 

predominantly para-substituted aryl sulphonates of 
such phenyldodecanes, which are extracted from the 
minor ortho- and meta-substituted aryl sulphonate 
isomeric products by virtue of the selective solubility 
of the para-sulphonated isomers in water or alcohol. 
The final product of such an industrial synthesis will 
be a mixture of the para-sulphonated 2-, 3-, 4-, 5-
an~ 6'phenyl position isomers of phenyldodecane, 
which is currently being marketed under such trade 
names as Dobane JNX and Marlon A350. 

Bacterial genera 

Pseudomonas 
Corynebacterium 
Alcaligenes 
Citrobacter 
Klebsiella 
Arthrobacter 
Mycobacterium 
Bacillus 

Fungal genera 

Cunninghamella 
Cladosporium 
candida 
Torulopsis 

Table I 

The biodegradation of the synthetic detergent 
content of commercial and domestic waste waters 
that occurs in sewage treatment plants and in the 
ultimate open-water receiving ecosystems, is primarily 
the result of microbial action, as is the case with the 
other organic molecules in such waste (Davis & 
Hughes, 1968). The genera of microorganisms so far 
identified in authenticated synthetic detergent bio
degradation are shown in Table I. It is a widely 
accepted generalisation (Stanier et a/. 1971) that 
strains of many of the species of microorganisms 
listed in this Table can metabolise a wide variety of 
organic compounds to satisfy energy and growth 
requirements. The variety of biochemical mechanisms 
involved in these biotransformations is considerably 
less than the variety of compounds metabolised, since 
a given mechanism can be used to biodegrade many 
chemically related compounds. Synthetic detergent 
biodegradation will presumably be brought about by 
these same basic biochemical pathways. It has been 
recognised for a number of years that the molecular 
architecture of a synthetic detergent can influence its 
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biodegradable potential (Swisher, 1970), but most 
previous research has, however, been limited to whole 
cell studies with mixed micro-flora derived from 
sewage or river water, biodegrading in many instances 
a multi-isomeric mixture of alkyl benzene sulphonates. 
With few exceptions, little concerted study has been 
made of the metabolic pathways utilised in ABS 
biodegradation, the environmental factors which 
influence any preferred pathways, and the regulation 
of the enzymes which microorganisms employ in 
order to effect such biodegradations. This review 
summarises some of the recent findings that have been 
made in my laboratory on the enzymic complement 
of pure cultures of synthetic detergent· biodegrading 
microorganisms. 

There are certain characteristic features exhibited 
in ABS biodegradation which arise from the molecular 
architecture of the synthetic detergents themselves
strongly hydrophobic and strongly hydrophilic groups 
joined together in the same molecule. Accordingly, 
as a preliminary to the discussion of the enzymology 
of ABS biodegradation, the more likely metabolic 
pathways will be reviewed. Some of these pathways 
are shown in Figure 2. 

JUno: clunu ot 
""71 ,..,l«r 

Figure 2 

a) Activation of the terminal methyl group ofthe alkyl 
side chain. 

By analogy with the previously characterised bio
degradation of straight-chain hydrocarbons (McKenna 
& Kallio, 1965), the initial activation of tbe alkyl side 
chain of an ABS isomer involves molecular oxygen 
and the sequential production of a C-terminal alcohol, 
aldehyde and carboxylic acid i.e.:-

--- CH,-CH,-CH3 
t 

---CHrCHrCH20H 
t 

--- CH2-CHrCHO 
t 

--- CH2-CHrCOOH 

Several alternative mechanisms, summarised in 
Figure 3, for the initial oxygen-dependent activation 
have been suggested from the analagous activation of 
hydrocarbons by bacteria. The presence of an NAD+ 
-dependent mixed function oxygenase resulting in the 
production of ABS derivatives containing a primary 
alcohol-w-substituted alkyl side chain from a wide 
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range of ABS homologues (mechanism (i), Figure 3) 
has been directly confirmed by spectrophotometric 
enzyme assay in several bacterial and fungal isolates 
elected from soil by their capacity to use ABS isomers 
as the sole source of carbon and sulphur (Willetts, 
1973a). This enzyme is always constitutive in such 
microorganisms, suggesting the enzyme is unlikely to 
be exclusively involved in ABS biodegradation, but 
merely capable of accepting various ABS isomers 
among a range of other cellular substrates: an exami
nation of the full substrate specificity spectrum of this 
enzyme may give some insight into its potential 
involvement in microbial metabolism. Some ABS 
phenyl-position isomers are susceptible to oxidative 
attack at both ends of the alkyl side chain (see Figure 
3) and the resulting a-dicarboxylic acids have been 
detected by GLC analysis (Kester & Foster, 1963). 
On the other hand, there is no evidence from such 
GLC monitoring experiments of either bacterial or 
fungal cultures for the occurrence in ABS-elected 
microorganisms of an alternative mechanism of 
alkyl side chain oxidation recognised in certain 
hydrocarbon-utilising microorganisms, and resulting 
in the production of an a-methyl ketone moiety (see 
Figure 3). 

Figure 3 

b) Biodegradation of the activated alkyl side chain 

The subsequent biodegradation of the activated 
alkyl side chain of an BS isomer would be predicted 
to occur by biochemical mechanisms analogous to 
those by which straight-chain fatty acids are broken 
down in microorganisms. The currently available 
literature on these mechanisms is voluminous, but 
may be entered by way of recent reviews (Greville & 
Tubbs, 1968; Lennarz, 1970). Two basic mechanisms 
have been characterised in classical microbial fatty 
acid catabolism, as shown in Figure 4: 

i) a-oxidation: a series of enzymically-catalysed 
reactions involving the progressive removal of the 
alkyl side chain one carbon atom at a time, as C02. 

ii) ~"oxidation: an alternative series of enzymically
catalysed reactions involving the progressive 
removal of the alkyl side chain two carbon atoms 
at a time as ~ acetyl-CoA. 

I 

i 
I 
! 
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In both alternative mechanisms the progressively 
shortened alkyl side chain is recycled through the 
various molecular biotransformations until total 
chain biodegradation has occurred. 

CoASH fl. CHrrl.COO'!rp 
H20 AOP• PI 

RCH;JOlz<O·S.C.oA 

/ HAD~tu0H1 
R·~·S·O.... A.cH=CIHXl-5-CaA, 

CHsCO·S-CoA~Co.lSH /llzO 
11-~·tHz-CO-x:-QTOO.S·Ctlol. 

"""' ""' 
,..., ....... 

.... , ...... 
Figure 4 

Evidence obtained from both GLC and TLC moni
toring of transitory intermediates (Willetts, l973a; 
Willetts & Cain, 1972a and b), plus enzyme induction 
studies (Willetts & Cain, 1972a and b) indicates that 
all ABS-metabolising microorganisms so far examined 
contain key enzymes of a classical ~~oxidation path
way i.e. acyl-CoA synthase, acyl-CoA dehydrogenase 
and ~~hydroxyacyl-CoA dehydrogenase. Further, in 
all ABS metabolising microorganisms examined, a 
comparison of relative specific activities of key ~
oxidation enzymes after growth on either fatty acids, 
or ABS isomers or a combination of both growth 
substrates, ·together with a subsequent examination 
of the relative substrate specificities of such partically 
purified enzymes (Willetts & Cain, 1972b) indicates 
that both fatty acid and ABS ~-oxidations are cataly
sed by a single multieuzyme complex with a substrate 
specificity broad enough to accept a range within both 
molecular species as substates. In all ABS~metabolising 
isolates so far examined this broad specificity multi
enzyme complex is capable of accepting all straight 
alkyl side chain ABS isomers, plus some methyl
branched alkyl side chain ABS isomers (Figure 5) as 
substrates. However, certain other methyl-branched 
alkyl side chain ABS isomers cannot be oxidised by 
this classical ~~oxidation mechanism alone, for 
example ABS isomers containing a ~-methyl substitu
ted alkyl side chain (Figure 5): ~-oxidation of such 
isomers is mechanistically impossible because the 
molecular rearrangements involved in the enzyme 
mechanism demand an unsubstituted ~-carbon atom 
adjacent to the terminal site of oxidative attack. 
This particular problem created by molecular archi
tecture of the ABS isomers has been overcome by a 
particular species of Micrococcus, Jl, specifically 
elected for growth on such ~-methyl branched chain 
ABS isomers. This microorganism degrades ~~mono
methyl-branched chain ABS isomers by a combination 
of ~-plus a-oxidations (Figure 6), as evidenced by the 
occurrence of both the appropriate GLC and TLC 
monitoring patterns of transitory intermediates and 
the appropriate induced enzymes (Willetts, 1973a). 
A similar ingenious combination of these two oxidation 
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mechanisms has been previously postulated to explain 
the mammalian metabolism of phytanic acid (Stein
berg et a!. 1967). The comparative scarcity in number 
of isolates obtained during election experiments with 
~-methyl branched ABS isomers indicates that this 
ability to combine ~- and a-oxidation mechanisms is 
a rare biochemical attribute, and may provide the 
explanation of previous empirical observations that 
such isomers are comparatively resistant to bio
degradation in the classical river die-away test 
(Swisher, 1970). 

~c-c-c-c-c-c 

• I 
e ~-COOH • 2x C~coo-1 

ff-c-c-c-c 

e I 
;:sr:ooH • 2 ll CHJCOOH 

e 
~ J§fc-c-c-c-c-c 

" I f 
~C-COOH• C-COOH.• 

£-'-"" 

e:,.-C·C-COOH 
e;.:::eJ 

I 
e J§J"""" 

Figure 5 
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c 
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Two other kinds of alkyl side chain oxidations of 
very limited distribution have been preliminarily 
characterised in specifically elected ABS-metabolising 
soil isolates. Firstly, the only isolate (an unidentified 
bacterium) so far elected by the capacity to grow at 
the expense of ABS isomers containing a terminal 
dimethyl branched alkyl side chain appears to utilise 
the pathway shown in Figure 7, as evidenced by GLC 
and TLC monitoring experiments. It has been found 
to contain an enzyme equivalent to 3-hydroxy
isobutyryl-CoA hydrolase, which is involved in the 
catabolism of the amino acid valine, a molecule 
containing an equivalent dimethyl substituted terminal 
carbon atom, and requiring prior activation as a 
preliminary to oxidative biodegradation (Figure 7). 
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An apparently identical enzyme, as assessed by 
behaviour on various gel-filtration columns, is 
specifically induced in the microorganism by growth 
on either valine or terminal dimethyl substituted ABS 
isomers, but not unbranched ABS isomers. Prelimi
nary kinetic examination and substrate specificity 
studies of partially purified enzyme indicates an 
apparently single enzyme molecule with approximately 
equal activity towards valine and several terminal 
dimethyl substituted alkyl side chain ABS isomers. 
Thus again, as in the case of the more common ~
oxidation of ABS isomers by ABS biodegrading 
microorganisms, the possibility exists that biodegra
dation is the prerogative of these microorganisms 
containing a classical biochemical pathway originally 
genetically selected for the capacity to metabolise a 
naturally occurring molecule, but catalysed by 
enzymes with a substrate specificity spectrum sufficien
tly broad enough to accept appropriately substituted 
man-made alkylbenzene sulphonates at the active site. 
Biodegradation of synthetic detergents may thus 
reflect a relatively minor genetic variation expressed 
at the level of the primary, secondary, tertiary (and 
possibly quaternary) structure of individual enzymes, 
with its associated effects on enzymic specificity, 
rather than a major genetic variation resulting in the 
coding of a novel enzymic pathway. 

Figure 7 

Figure 8 

The occurrence of the second oxidation mechanism 
of limited distribution is associated with the capacity 
to biodegrade ABS isomers containing a gem dimethyl
substituted quaternary carbon atom (Willetts, 1973a) 
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(Figure 8), and further substantiates the above postu
late. All three bacterial isolates so far elected for the 
ability to grow at the expense of such ABS isomers 
contain an enzyme which is apparently identical on 
the basis of selective induction, gel-filtration fraction
ation patterns, and substrate specificity, to the de
hydrogenase involved in pantothenic acid catabolism 
in these same isolates. Thus again the comparative 
scarcity of microorganisms able to biodegrade man
made ABS isomers containing gem dimethyl-substitu
ted carbon atoms in the alkyl side chain may possibly 
be linked to the requirement for an element of varia
bility in the substrate specificity of a pre-existing 
enzyme: again this molecular postulate may explain 
the previously recorded empirical observation that 
such isomers are resistant to biodegradation in river 
die-away tests (Swisher, 1970). 

c) Biodegradation of the aromatic nucleus 

Substituted and unsubstituted aromatic nuclei occur 
in all living organisms, for instance in the amino acids 
phenylalanine and tyrosine, and a wide range of 
microorganisms contain enzymes capable of degrading 
aromatic compounds. Microorganisms almost always 
degrade aromatic rings by an initial substitution of 
the ring with two adjacent hydroxyl groups, and 
subsequent attack of this dihydroxy derivative by an 
oxygenase (Hyashi, 1966), an enzyme which introduces 
both atoms of molecular oxygen into the aromatic 
ring, with an associated ring cleavage. This oxygen
dependent aromatic cleavage can go by one of two 
alternative species-dependent pathways shown in 
Figure 9:-

i) the 'ortho cleavage' pathway which involves ring 
cleavage between the two hydroxyl groups (Orns
ton & Stanier, 1964). 

ii) the 'meta cleavage' pathway which involves an 
alternative ring cleavage adjacent to the two 
hydroxyl groups (Dagley, 1964). 

~goH 

I 
o~cCOOH 

COOH 

_.--1--__ 
HOOC-CHz-CHz-COOH + CH;jC0-5-CoA 

Figure 9 
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~ 
CHJCHO • CH)-CO-COOH 
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All the evidence presently available from both 
enzyme induction profiles and GLC and TLC sampling 
programmes indicates that every one of the microbial 
ADS-metabolising isolates obtained in the current 
research programme perform exclusively 'ortho cleav
age' of various aromatic nuclei, including those 
moieties (3, 4-dihydroxybenzoate or 3,4-dihydroxy
pheny!acetate) obtained from various ABS isomers 
during their biodegradation. Whether this enzymic 
trend is an exclusive characteristic of all ADS•meta
bolising microorganisms,and the possible evolutionary 
significance and taxonomic potential of such an 
exclusion principle as already exemplified in the 
classification of Pseudomonas species (Canovas & 
Stanier, 1967), remains to be confirmed by a further 
examination of the enzymes of other ADS-utilising 
microorganisms obtained from various ecosystems. 

d) Removal and subsequent utilisation of the ring
substituted sulphonate group 

The time-dependent sequence of induction of a 
number of key ADS-degrading enzymes (Willetts & 
Cain, 1972b) in several bacterial ADS-utilising isolates 
indicates that the biochemical events involved in 
sulphonate group removal and subsequent metabolism 
are as shown in Figure 10. All the enzymes implicated 
in this scheme have been characterised in ADS-grown 
microorganisms. The enzyme-catalysed molecular 
biotransformations ensure the replacement of the 
ring substituted sulphonate group by a hydroxyl 
group, and the dissipation of the released sulphite 
moiety among a number of alternative metabolic 
fates, including biosynthesis of the amino acids 
methionine and cysteine, and the biosynthesis of 
sulphate-substituted sugars, phenols and steroids. 

Figure 10 

These results confirm earlier biodegradation studies on 
the removal of the sulphonate moiety of benzene
sulphonate, toluene-p-sulphonate (Cain & Parr, 1968), 
and taurine and cysteic acid (Bird & Thompson, 1967), 
but contrast with the recently reported absence of 
sulphite as a detectable intermediate in benzene
sulphonate metabolism by a Pseudomonas species 
(Ripin et. al., 1971). It is possible to speculate that 
the replacement of a ring-substituted sulphonate 
grouping, which is strongly charged, by a hydroxyl 
group which can undergo subsequent esterification or 
some other dehydrating conjugation reaction to 
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produce a much less polar aromatic moiety, may 
possibly be involved in the initial transport of ADS 
detergents across the cellular membrane in a similar 
role to the postulated involvement of retinyl esterase 
in the transfer of vitamin A between various animal 
cellular systems (Ganguly, 1969). Alkylbenzene sui
phonates contain both hydrophobic and hydrophilic 
zones and as such will tend to disrupt biological 
membrane systems, and hence be difficult to transport 
inside the enclosing membrane of microorganisms 
metabolising these molecules. However, if an ADS 
isomer is desulphonated by a microbial enzyme acting 
either extracellularly or within the cytoplasmic mem
brane, and the hydroxyl-substituted product of this 
reaction is then further esterified by a second enzyme 
system localised at the cell periphery, then a molecular 
species much less capable of causing membrane dis
ruption, and hence much more susceptible to intra
cellular uptake, is created. The molecule could be 
de-esterified once inside the boundary membrane. 
This speculative interpretation of the known involve
ment of a desulphonating mechanism which produces 
a hydroxyl-substituted ring as an initial end-product, 
plus the significant initial release of substantial 
amounts of sulphite into the medium during bio
degradation of ABS isomers (Willetts, 1973a) (see 
later discussion), remains to be confirmed directly by 
examination of both the intracellular localisation of 
the desulphonating enzyme, plus the possible occur
rence of the proposed esterification enzyme in ADS
metabolising microorganisms. The proposed sequence 
of events cannot be applicable to all organisms, 
however, as certain fungal isolates are known to 
produce an unsubstituted aromatic ring during 
desulphonation and the products are susceptible to 
further intra-cellular fungal biodegradation (Cain et 
al., 1972; Willetts, 1973b). 

The foregoing brief review has considered selective 
aspects of the biodegradation of various component 
molecular moieties of typical marketed ADS isomers. 
Several other important aspects of synthetic detergent 
biodegradability by microorganisms are introduced 
when ABS isomers are considered as integrated 
molecular species. Two of the major aspects which 
such an appraisal at the whole molecule level raises, 
and which have been investigated are:-

i) in what sequence do the various molecular bio
transformations previously discussed in terms of 
individual moieties occur in the overall biodegra
dation of the integrated molecule e.g. does alkyl 
side chain removal precede desulphonation, or 
vice versa? 

ii) in what way does the overall rate of biodegrada
tion of ADS isomers vary with molecular architec
ture? 

A combination of GLC and TLC sampling tech
niques, to determine the sequence of appearance of 
transitory intermediates, plus a comprehensive com
parative study of the time-dependent order of appear
ance of inducible enzymes in several bacterial ADS
metabolising isolates (Willetts, 1973a) indicates that 
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the most widely-distributed sequence of biochemical 
events involved in total ABS biodegradation so far 
recognised is as shown in Figure II i.e.:-

i) the initial biochemical attack on any ABS isomer 
almost always appears to involve desulphonation 
of the aromatic ring (see earlier discussion of the 
possible significance of this biotransformation), 
although one bacterial isolate, i.e. Lb, has been 
obtained which can apparently degrade the side 
chain without prior desulphonation (Figure ll(c)) 

ii) only after this initial desulphonation has occurred 
can the second biochemical attack, involving 
w-oxidation of the terminal methyl group of the 
alkyl side chain to a carboxylic acid group, take 
place. 

iii) this is followed by the progressive removal of the 
alkyl side chain which can involve a-oxidation, 
~-oxidation, valine-type oxidation or pantothenate
type oxidation, according to the ABS isomer being 
biodegraded and the enzymic potential of the 
individual microorganism being investigated. 

iv) finally the mono-hydroxylated aromatic nucleus is 
biodegraded by dihydroxy ring substitution follow
ed by oxidative 'ortho cleavage' of the ring. 

This general bacterial scheme, two variations of 
which are exemplified in Figure II (a) and (b) by a 
!-phenyl position isomer of an ABS isomer with an 
unbranched alkyl side chain, needs to be modified only 
slightly when considering the biochemical constraints 
implied by the molecular architecture of various other 
ABS isomers. For example the various methyl
branched ABS isomers considered in Figure 12 are 
biodegraded by certain bacterial isolates by this same 
general soquence of enzymic biotransformations, 
resulting in a difference only in the number and type 
of terminal biodegradation products derived specific
ally from the different alkyl side chain pattemisations. 
A similar combination of this general bacterial 
sequence of enzymic biotransformations, i-iv, com
bined with a consideration of the molecular variations 
implicated by the chemical architecture of different 
ABS isomers can adequately explain the observed 
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differences in the terminal biodegradation products of 
the various phenyl position isomers of n-dodecane
benzene-p-sulphonate, as shown in Figure 13. The 
major biochemical innovation encountered in the 
biodegration of this particular group of ABS isomers 
is that the alkyl side chain of the 4-,5- and 6-phenyl 
position isomers is treated as two separate molecular 
moieties by the appropriate microbial enzyme comple
ment, and is oxidised as such by di-terminal activation 
and subsequent oxidation. The relevance of these 
bacterial biodegradation sequences (Fig. II, 12 and 
13) to the fungal metabolism of ABS isomers remains 
uncertain as few fungal species have been examined 
in any detail at the molecular level. Those fungal 
species that have been examined appear to contain 
a mechanistically-distinct desulphonating enzyme 
producing an unsubstituted aromatic ring (Cain 
eta/., 1972; Willetts, 1973b). The pathway summarised 
in Figure 14 is probably a more correct expression 
of fungal ABS biodegradation in the light of 
available evidence (Cain eta/. 1972; Willetts, 1973b). 
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n+ 1 CH3-C0-5-CoA 
2 

Figure 14 

The relative bacterial biodegradation patterns of 
various ABS isomers in relationship to molecular 
architecture introduces a final point for discussion. 
It has been recognised for many years from both 
empirical observations and the laboratory-based river 
die-away test that certain ABS isomers are less 
susceptible to biodegradation. Perhaps the most 
widely recognised example is the acknowledged low 
biodegradability of branched alkyl side chain ABS 
isomers in comparison to equivalent straight chain 
alkyl side chain isomers. This observation resulted in 
the voluntary marketing of only unbranched ABS 
isomers by the British detergent manufacturing 
industry, and a similar mandatory agreement in 
West Germany. It has always been assumed that this 
phenomenon could be explained as a dichotomy in 
the enzymic complement necessary to biodegrade 
branched and unbranched alkyl side chain isomeric 
variants. The confirmation by the present investiga
tions at Exeter that certain methyl branching architec
ture in the alkyl side chain requires the specific induo
tion of a 3-hydroxyisobutyryi-CoA hydrolase activity 
with a sufficiently broad substrate spectrum to accept 
branched alkyl side chain ABS isomers, and the 
comparative rarity of ABS-metabolising isolates 
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elected which contain such an enzyme compared to 
the large number of isolates obtained which do not 
contain such an enzyme, seems to provide a possible 
enzymic explanation of the observed phenomenon. 

Similarly it has been observed for many years that 
there is a time differential between the biodegradation 
rates of the various phenyl position isomers of any 
alkylbenzene sulphonate, for example 1- or 2- or 3-
or 4- or 5" or 6- phenyldodecane-p-sulphonate. The 
time interval involved in the biodegradation of a 
finite quantity of these various phenyl position iso
mers, as assessed by both GLC sampling and the 
river die-away test (Swisher, 1970), increases progres
sively from about 12 hours for the !-phenyl and 
2-phenyl position isomers up to 15 days for the 
4-phenyl position isomer, suggesting some causal 
relationship between molecular architecture and 
relative biodegradability which has always been 
assumed to reflect some enzymic phenomenon. One 
possible enzymic explanation of this phenomenon 
has resulted from very recent studies at Exeter. A 
detailed kinetic analysis of several different ABS
utilising isolates grown on a number of single ABS 
isomers as sole growth substrate mdicates in each 
different isolate the induction of an apparently 
identical single molecular species of desulphonating 
enzyme, irrespective of the ABS isomer used as the 
growth substrate (i.e. inducer). The relative substrate 
specificities of these partially purified single molecular 
species of desulphonating enzyme from all ABS
utilising isolates so far examined show the same high 
degree of activity with the 1- and 2-phenyl position 
isomers of n-dodecanebenzene-p-sulphonate, and 
significantly less activity with the 3-, 4-, 5" and 6-
phenyl position isomers (Figure 15). Such a situation 
may possibly be an expression of the genetic composi
tion of ABS-metabolising isolates, and may possibly 
indicate in such isolates the occurrence of a single 
structural gene producing a single desulphonating 
enzyme, but susceptible to regulatory control by a 
regulator gene capable of recognising a wide range of 
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phenyl position isomers as inducer molecules. The 
known relative substrate specificity of this single 
desulphonating enzyme product of the single struc
tural gene, together with the recognised occurrence 
of desulphonation as the initial biodegradation step 
in the catabolism of all ABS isomers by nearly all 
bacterial isolates so far examined, provides the basis, 
in bacteria at least, of a possible enzymological 
explanation which would exactly parallel the em
pirically recorded variance in biodegradation rates of 
various ABS phenyl position isomers. The speculative 
nature of this extrapolation is recognised by the author. 

As a general conclusion, it is apparent from the 
results obtained using ABS-metabolising isolates so 
far examined that the selective ability of microorgan
isms to biodegrade ABS isomers is a combination of 
two distinct enzymic features:-

a) the possession of certain adaptive enzymes novel 
to ABS metabolism e.g. the desulphonating 
enzyme, the induction of which requires the 
specific presence of ABS isomers in the medium 
and the appropriate novel genetic complement. 

b) the possession of certain other enzymes, often 
constitutive, which are normally component 
enzymes of other classical biochemical pathways 
e.g. the ~-oxidation pathway enzymes, but which 
have a substrate specificity spectrum wide enough 
to accept ABS isomers or metabolites as alter
native substrates. 

Two further major problems remain to be examined 
in the microbial biodegradation of ABS isomers. 
Firstly, is it possible for some of the initial transitory 
intermediates of ABS biodegradation produced by 
any individual microbial species to influence the 
biodegradation of further ABS isomers 1 Such co
oxidation phenomena are well-recorded in the 
closely related field of hydrocarbon biotransforma
tions (McKenna & Kallio, 1965). Secondly, in a 
natural ecosystem which will contain a number of 
separate species of ABS-metabolising microorganisms, 
what is the individual and cooperative contributions 
of such microorganisms towards the biodegradation 
·of any single ABS isomer1 On an even more ambitious 
scale, what are the individual and cooperative contri
butions of such a mixture of microbial species towards 
the 'biodegradation of the multi-isomeric mixture 
which constitutes a typical ABS•based marketed 
detergent 1 These and similar fascinating problems 
are the stimuli of work either currently being under
taken or under active consideration at Exeter 
University. 
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IMPROVED MINERAL SALTS SOLUTION FOR THE 
GROWTH OF AMORPHOTHECA RESINAE 

D. G. Parberyt and P. J. Thistlethwaite2 

Summary. The investigation leading to the development of a 
modified Bushnell and Haas mineral salts solution for use in 
culture media incorporating aviation fuel as the carbon source 
is described. This solution is consistently better for growing 
isolates of Amorphotheca resinae than was the original solution. 
The composition of the new solution is given and the reasons 
for its support of good growth of most isolates is discussed. 

Solution amelioree des sets mineraux pour Ia culture d'Amorpho 
theca resinae. Description d'une investigation qui menait au 
d6veloppemcnt d'une solution modifiee des sels mineraux 
Bushnell et Haas pour employer dans des moyens de culture 
incorporant le carburant d'aviation comme Ia source du carbone. 
Cette solution est toujours mieux pour cultiver les isoles d'Amor~ 
photheca resinae que Ia solution originelle. L'article donne Ia 
composition de Ia nouvelle solution, et un expose des qualitCs 
qui Ia rendent favorable A faire bien croitre Ia plupart des isolCs. 

Introduction 

During recent studies of the nutrition of Amorpho
theca resinae Parbery, conidial state Cladosporium 
resinae (Lindau De Vries), it became evident that the 
widely-used Bushnell and Haas (1941) solution was 
unsuitable for growing all isolates of this mould 
(Parbery, 197lb). For example, it was considered 
earlier (Parbery, 1968) that only 67% of Australian 
soil isolates could metabolise aviation fuel. As a 
result of the present investigation it is now known 
that a much higher proportion of isolates can poten
tially metabolise fuel but are discouraged from 
growing by the composition of Bushnell and Haas 
solution. 

The modification of this solution has resulted in the 
growth of approximately 98% of all isolates in media 
with fuel as the only carbon source, and has improved 
the growth of several isolates that grew only moderate
ly well on the old Bushnell and Haas solution. The 
following contribution describes the investigations 
conducted to find out why this mineral solution was 
unsuitable and to find a more suitable one for growing 
A. resinae. 

Materials and Methods 

In all experiments the aviation fuel used was Av. 
Tur. (Commercial jet kerosene, supplied by the Shell 
Company of Australia Ltd.). In each experiment 
uniform batches of200 ml Erlenmeyer flasks containing 

Verbesserte MineralsalzlOsung fiir das Wachstum von Amor· 
photheca resinae. Es wird eine Untersuchung bcschrieben, die 
zur Entwicklung cincr modifizierten Bushnell und Haas-Mineral
salzlBsung als Kulturmedium mit Zusatz von FJugzeugtreib
stoff als Kohlenstoffquelle flihrte. Diese LYsung ist deutlich 
besser zur ZuCht von Isolaten von Amorphotheca resinae 
geeignet also die urspriingliche. Die Zusammensetzung der 
neuen LOsung wird angegeben, und die Grfinde fiir das gute 
Wachstum werden besprochen. 

SoluciOn de sales minerales mcjorada para el crecimiento del 
Amorphotheca resinae. Se describe Ia indagaci6n que condujo al 
desarrollo de una soluci6n modificada Bushnell y Haas de sales 
minerales para el empleo en los medics de cultura que incluyen 
el combustible de aviaci6n como origen del carbOn. Esta 
soluci6n resulta siempre mejor para el cultivo de aislados de 
Amorphotheca resinae que Ja soluci6n original. Se da Ia composi
ci6n de Ia nueva soluci6n y se discuten las razones por las 
que fomenta un buen crecimiento de los mas aislados 

100 ml of the required aqueous mineral salts solution 
plus 20 ml of kerosene were used. Inoculations were 
made with aqueous spore suspensions (Parbery, 
1971c). Experiments were conducted in duplicate 
unless otherwise stated and a number of isolates 
were used because of their differences in origin and 
behaviour (Parbery, 1969): 

Forma avellaneum; from fuel, C!Ol; from soil, V2.1, 
V3, V5, V7, Wl.I, 89A, 95B. 

Forma resinae; from soil, V14. 
Cultures were incubated at 30"C. 

Experiments and Results 

The approach taken was to modify the solution 
known to be partially satisfactory rather than to try 
to find a new composition by trial and error. 

Salts composition and concentration 

As a pilot experiment several comparisons were 
made. Growth on Bushnell and Haas solution was 
compared with that on Czapek-Dox solution (Ains
worth, 1971) and full concentrations of each were 
compared with one tenth concentrations as well as 
with sterile water, since it is widely reported that 
A. resinae grows in field situations such as aircraft 
and some storages where the salts concentrations 
could not be expected to be high. 

The results of this experiment involving several 
different isolates are shown in Table I. 

!School of Agriculture, University of Melbourne, Parkville 3052, Australia. 
2Department of Chemistry, University of Melbourne, Parkville 3052, Australia. 
(Copy originally received July 1972. Authors' final approval to publish Macrh 1973). 
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TABLE 1 A study of the ability of different isolates of A. resinae to grow in aviation fuel 
when various minerals and concentrations of minerals are supplied 

Mineral Solutions Isolates (estimated growth after 6 weeks) 

WJ.I V2.1 V3 Y7 Vl4 ClOt 89A 95B 

Distilled water + + 
Czapek-Dox + + + + 
1/10 Czapek-Dox ++ + ++ ++ + 
Bushnell and Haas +++ + +++ +++ ++ 
!/lOB & H +++ +++ + +++ ++++ +++ 
-,no growth; +.meagre growth; ++.moderate growth,; +++.good growth, 
mycelial mat covering the interface of the two-phase medium; ++++.abundant 
growth, thick mat. 

Evaluating the effects of individual components In addition, for Bushnell and Haas solutions with 
ammonium nitrate, the converse experiment, of 
maintaining individual salts at their normal levels 
whilst reducing the concentration of all others to one 
tenth, was performed. 

The effect on the growth of A. resinae, of each salt 
in the above solutions, was evaluated by reducing 
each component in turn to one tenth of the usual 
concentration while the remainder of the salts were 
kept at their usual concentration. In each case 
duplicate experiments were performed using ammo
nium nitrate and sodium nitrate as nitrogen source. 

Two different isolates were studied. The results are 
shown in Table 2. 

TABLE 2 Growth of two isolates of A. resinae at varying concentrations of salts in Bushnell and Haas 

A. Bushnell & Haas 

Ammonium 
Nitrate 

B. Bushnell & Haas 
Sodium Nitrate 

C. 1/10 Bushnell 
&Haas 
Ammonium 
Nitrate 

D. Czapek-Dox 
Sodium Nitrate 

E. CzapekMDoxn 
Ammonium 
Nitrate 

and Czapek-Dox salts solutions 

Individual Salts Individual salt concentrations (gm/1) 
1 2- 3 4 5 6 

Mg. SO< 7H,O 0.2' 0.02*• 0.2 0.2 0.2 0.2 
CaCh 0.02 0.02 0.002 o.oz 0.02 0.02 
KH2 P04 1 1 I 0.1 1 I 
K2 HP04 I 1 I I 0.1 I 
NH4NOa I 1 I 1 I 0.1 
GROWTH-101 +++ +++ +++ +++ +++ +++ 

V7 ++ ++ ++ ++ ++++ ++ 

Mg so,.7H.O 0.2 0.2 0.2 0.2 0.2 
Ca Cl, O.o2 0.002 0.02 0.02 0.02 
KH,P04 I I 0.1 I 1 
K2 HPO, I I I 0.1 1 
NaN03 2 2 2 2 0.2 
GROWTH-ClOt ++ ++ ++ ++ ++ 

-V7 + + + +++ + 

Mg S0,.7H,O 0.2 0.02 0.02 0.02 0.02 
Ca Cl, 0.002 0.02 0.002 0.002 0.002 
KH2 PO, 0.1 0.1 1.0 0.1 0.1 
K, HP04 0.1 0.1 0.1 1.0 0.1 
NH<NOa 0.1 0.1 0.1 0.1 1.0 
GROWTH-ClOt +++ +++ +++ +++ +++ 

V7 ++++++++++++ +++++ 

NaN03 3 0.3 3 3 3 
K2 HP04 I I 0.1 I I 
Mg S04.1H,O 0.5 0.5 0.5 0.05 0.5 
KCI 0.5 0.5 0.5 0.5 0.05 
GROWTH-C!Ol ++ ++ ++ ++ ++ 

-V7 

NH4NOs 1 0.1 1 I 1 
K, HPO, 1 I 0.1 I I 
Mg S0,.7H,O 0.5 0.5 0.5 0.05 0.5 
KCI 0.5 0.5 0.5 0.5 0.05 
GROWTH-ClOt +++ +++ +++ +++ +++ 

-V7 + + +++ + + 
*Concentrations given in column 1 are those usually needed. 
• *the figure in bold type in each column is the reduced, or in C2-C6 normal. concentration 

of the salt. 
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Tests with dipotassium hydrogen phosphate 

It was evident from the preceding experiment that 
the inclusion of dipotassium hydrogen phosphate at 
the concentration normally present in Bushnell and 
Haas solution had resulted in reduced growth for 
isolate V7. Therefore the tolerance of a number of 
isolates, V3, V7, .95B and CIOI, to variation in the 
concentration of dipotassium hydrogen phosphate 
was examined by growing these isolates on the media 
specified in Table 3. This experiment was conducted 

in triplicate and incubated at 30'C for four weeks. 
The results are recorded in Table 4. By comparing 
the growth of the four isolates on media B and C, 
where it was relatively uniform, with that on the 
other media, where there was fair to marked variation 
in growth, it can be seen how easily this variation in 
growth could have been interpreted as differences in 
ability to metabolise aviation fuel, when in fact the 
difference seems to lie in the mineral salts medium 
used. 

TABLE 3 V arlo us modifications of Bushnell and Haas mineral salts solution used in 
evaluating the effet of K, HPO, on the growth of A. resinae 

Components (gm.) 

Mg SO,. 7H,O 
CaCio 
KH2 P04 
Ko HPO, 
NH, NO, 
Fe Cl3 
Water 

*1 drop of a saturated solution 

Six modifications of Bushnell and Haas solution 
A B C D E F 

0.2 
0.02 
o.s 
0.1 
0.5 

1 drop• 
1000 

0.2 
0,02 
0.5 
0.01 
0.5 
I drop 
1000 

0.2 
0.02 
o.s 
0 
o.s 
1 drop 
1000 

0.2 
0.02 
0.5 
1.0 
0.5 
·I drop 
1000 

0.1 
0.02 
0.5 
0.5 
0.5 
1 drop 
1000 

0.2 
0.02 
1.0 
1.0 
1.0 
I drop 
1000 

TABLE 4 Growth of four isolates of A. resinae on six different mineral solutions 

Growth on the six solutions given in Table 3 
Isolates A B C D E F 

V3 
V7 
95B 
CIOI 

+++ 
+ 

++ 
I++ 

+++ 
++ 

I++ 
I++ 

+++ 
++ 

+++ 
+++ 

++ +++ 
+ + 
I ++ 

+ ++ 
/, growth begun but not continued, extremely meagre less than +: 
I+ +, growth intermediate hetween + + and + + + (see Table 1). 

++ 
+ 
I 

+ 

Nitrogen source 

It has been found that sodium nitrate is not a good 
source of nitrogen for A. resinae and so it is rarely 
used. Frequently, however, ammonium sulphate is 
substituted for ammonium nitrate. The following 
experiment (Table 5) tested the response of eight 
different isolates to varying concentrations of nitrogen 

supplied either as ammonium nitrate or ammonium 
sulphate. With the exception of the nitrogen content 
and the dipostassium hydrogen phosphate which was 
deleted altogether, the composition of the salts used 
was one tenth the normal Bushnell and Haas value. 
The composition of this "modified Bushnell-Haas 
solution" is given at the end of this paper. 

TABLE 5 Growth of eight isolates of A. resinae on modified Bushnell and Haas medium containing 
varying amounts of ammonium sulphate 

Growth of Isolates (mg) 

Nitrogen Cone. • Wl.l V2.1 V3 V5 V7 Vl4 89A 95B 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
0.001% 11 I 7 0 36 40 33 35 27 48 3 I 40 52 35 61 
O.ot% 5 0 7 0 148 76 78 72 63 56 3 I 201 163 132 98 
0.1% 4 0 7 0 91 18 86 I 50 22 3 I 182 45 216 II 
1.0% 4 0 9 0 16 5 9 2 6 I 7 0 11 2 11 0 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Total•• 50 2 60 0 582 278 412 
Mass 

••. total mass (D.W.) of mycelium produced by one isolate. 
•. weight of nitrogen/weight of water. 
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Discussion 

From the growth figures given in Table 2 three 
general trends may be discerned. First, in the case 
of the Bushnell-Haas type solutions (A, B and C) 
isolate V7 has grown best in solutions where the 
H2PO.;- : HPO.; weight ratio is high (A5, B5), other 
concentrations being the same, and the worst where 
the H2PO.;- : HPO: weight ratio is low (C5). Isolate 
C!Ol was generally rather insensitive to any change. 

Second, in Bushnell-Haas solutions replacement of 
NH4N03 with NaN03 at constant N atom concentra
tion tended to lead to diminished growth, other 
conditions being equal (cf. A and B, Table 2). 

Third, for isolate V7 the Czapek-Dox type solution 
(D) was unsatisfactory but was considerably improved 
by replacing sodium nitrate with ammonium nitrate, 
although in this case the nitrogen atom concentration 
was not the same for the two cases. 

Table 4 which gives growth figures for the solutions 
specified in Table 3 also shows the trend of increased 
growth for high H2PO.; : HPO.; weight ratios (see 
Table 4; isolate 95B, cases B and C; isolate ClOl, 
case C). 

The explanation of these results is best given in 
terms of the pH effects of the various constituents. 
In the Bushnell-Haas solutions with sodium nitrate as 
the nitrogen source (Table 2, case B) there are no 
appreciably acidic or basic constituents other than 
the two phosphates so that the pH of the solution 
will be determined by the HzPO; : HPO.;; weight ratio. 
For a solution having an H2PO; : HPO: weight 
ratio of 10:1 (molar ratio of 12.7:1) the theoretical 
pH can be calculated approximately by Henderson's 
equation, 

pH = PKH2Po4- log 12.7, to be 6.1 

In solutions where this ratio is 1 and 0.1, the pH's 
are expected to be respectively 7.1 and 8.1 Replacement 
of sodium nitrate with ammonium nitrate has a 
further complicating effect. Additions of NHt will 
tend to reduce the pH of the solutions and the effect 
will be most marked for solutions having initial 
H2PO; : HPO.; weight ratios of 1 and 0.1. The 
reduction in pH due to NHt will be accompanied by 
a conversion of HPO.; to H2PO.;-. In the case ofthe 
Czapek-Dox solutions which initially have no H2PO.;-, 
and hence a high initial pH, the addition of NH.t 
will considerably reduce the pH and convert a con
siderable amount ofHPO.; toH2PO.;-. ThurtheCzapek
Dox solution with NH.t added will, at equilibrium, 
be similar to the Bushnell-Haas solutions. 

The results in Table 4 also indicate increased growth 
at lower pH. Modification C is expected to have the 
lowest pH; the theoretical value being 4.7 (calculated 
from the equation pH = t (PKH3P04 + PKH2P04). 
In this solution the NHt exerts little effect since the 
pH starts off low as a result of the omission of HPO.;. 
The actual measured values of the five solutions A, 
B, C, D and E were respectively 5.8, 5.2, 4.7, 6.8 and 
6.5. 
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Seen in this light the data of Tables 2 and 4 indicate 
that the growth of A. resinae is favoured by reduced 
pH in a quite sensitive way down at least to a pH of 
approximately 5. In fact it is probably favoured by 
pH's of 4 or even 3 (Parbery 1971b). 

On the basis of the foregoing arguments it is inter
esting to return to a comparison of A4 and A5 with 
B4 and B5 (Table 2). It would be expected that the 
effect of moving from A to B (NHt removed) would 
be more marked in case 4 where the H2P04 : HPO.; 
weight ratio is 0.1 than in case 5 where the ratio is 
10. In fact, comparison of the growth of isolate V7 
in cases A4 and B4 shows a greater reduction of 
growth on removal of NH.t than occurs in going 
from A5 to B5. 

The results in Table 5 throw light on the question 
of the best nitrogen source for A. resinae. In general 
the figures indicate better growth when ammonium 
nitrate is the nitrogen source rather than ammonium 
sulphate, the nitrogen atom concentration being the 
same in the two cases. The situation here is somewhat 
different from that earlier. The argument based on 
pH lowering can no longer be applied. For a given 
nitrogen atom concentration a solution of ammonium 
sulphate would give a lower pH than ammonium 
nitrate as the former would provide twice as many 
ammonium ions. Thus if reduced pH were the essen
tial factor here, ammonium sulphate would support 
more growth than ammonium nitrate, which is 
contrary to observation. 

In any case the omission of HPO.; in these "modi
fied" Bushnell•Haas solutions means that the pH 
starts off low enough that addition of ammonium 
salts up to a nitrogen concentration of 1 % will be 
unlikely to further reduce pH. 

Isolates such as Wl.l, V2.1 and V14 which always 
grow poorly in kerosene regardless of salts concen
tration or composition fail to grow at all, or grow 
very poorly indeed, when ammonium sulphate is the 
nitrogen source. Of the other isolates some occasionally 
grew equally well on both sources at specific concen
trations. In addition it was noticeable that isolates 
which usually grow well on media containing kerosene 
as the only carbon source grew better on ammonium 
sulphate than on ammonium nitrate in the case of 
the lowest concentration tested. However, at the two 
highest concentrations tested, ammonium nitrate was 
the better source in all cases. The optimum concentra
tion of total nitrogen for growth was between 0.01 
and 0.1 %. 

In view of the inapplicability of the pH lowering 
argument in this case, the growth figures in Table 5 
appear to indicate a preference for nitrate ion over 
ammonium ion on the part of A. resinae. The apparent 
preference for ammonium indicated by the comparison 
of D and E in Table 2 must be attributed to the 
predominance of the pH effect over the nitrogen 
source preference. 
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The interpretation of the results in Table 2 in 
terms of pH remains slightly equivocal. Reducing the 
concentration of HPO.; in a solution with no ammo
nium ion will cause a drop in pH. On the other hand 
when the pH of a solution containing both H,P04 
and HPO; is reduced by addition ofNHt, or another 
acid, the HP04 concentration will drop and the 
H2P04 concentration will rise. Thus it could be said 
that the results show a preference by A. resinae for 
H2P04 over HPO;. Since it is impossible to vary the 
pH independently of varying the ion ratio, determina
tion of whether the response to deleting dipotassium 
hydrogen phosphate is a response to pH, or a pre
ference for H 2P04, or a combined effect, is not 
possible. 

One interesting aspect of the results is the observa
tion (Table I ; Table 2, A and C) that the simultaneous 
reduction of all concentrations in the Bushnell-Haas 
and Czapek-Dox solutions leads to better growth in 
most cases. This cannot be explained on the grounds 
of pH and another explanation must be sought. The 
effect of oxygen availability on the growth of A. 
resinae has been investigated by Mimura, Kawano 
and Kodaira (1969). They claim that oxygen was 
transferred from kerosene into water more rapidly 
than from air into water. It is difficult to see oxygen 
availability being jnvolved in the present experiments. 
Reducing the salts concentration at the present levels 
will not affect the solubility of oxygen in the aqueous 
phase but it could conceivably affect the rate of 
transfer of oxygen from the kerosene into the aqueous 
phase. This idea is to be tested by growing A. resinae 
in a single phase aqueous medium with glucose as 
the carbon source. 

The increased growth on reduction of salts con
centration cannot readily be related to decreased 
osmotic pressure, as A. resinae is known to grow well 
in media containing glucose levels giving osmotic 
pressures much higher than in the present media 
(Parbery, 1971b.). 

The ionic strength of the aqueous phase could 
possibly be involved. As A. resinae grows at the 
kerosene-water interface the ease of transfer of hydro
carbons across this interface may be of some import
ance. One might expect this transfer to be somewhat 
easier when the ionic strength of the aqueous layer is 
lower. Further work is needed here. Also, since 
Rothstein (1965) has pointed out that the general low 
permeability coupled with high specific ion transport 
capacity in yeast cells is probably related to adaption 
to a very dilute environment, and since this would 
seem a probable adaption in many fungi, it may be 
that A. resinae is metabolically more efficient at 
lower concentrations of minerals. 

The findings of this investigation support the main 
conclusions drawn from an earlier study (Parbery, 
197Ib) in which it was found that isolate CIOI 
preferred the nitrate ion to the ammonium ion as a 
nitrogen source. The earlier study also indicated that 
the above two nitrogen sources were better than 
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sodium nitrate although whether this was because of 
an inhibitory effect of sodium ion or an increased pH 
in solutions without ammonium ion is a matter of 
further study. 

In the present study a nitrogen concentration of 
between 0.0) and 0.1% was found most satisfactory, 
when the nitrogen source was ammonium nitrate. 
The reason for the decline in growth at nitrogen 
concentrations greater than this is not clear. One 
possibility is that the overall ion concentration has 
become too high. With ammonium sulphate the 
optimum level for growth is between 0.001 and 0.01% 
rather than between 0.01 and 0.1% as for ammonium 
nitrate. The presence of the doubly charged SO: ion 
means that for a given N concentration the ionic 
strength of ammonium sulphate solution is three 
times higher than for ammonium nitrate. Possibly 
this fact is related to the falling off of growth at 
lower N concentration in the case of ammonium 
sulphate. However, despite these difficulties in inter
preting results, it remains evident that for A. resinae 
ammonium nitrate is a substantially better nitrogen 
source than ammonium sulphate. 

In earlier work (Parbery, 197lb) maximum growth 
was obtained at a C:N ratio of 3:1. Again pH could 
have been involved. The importance of the C:N 
ratio on growth in a fuel medium is unknown but it 
could be important in explaining some of the present 
observations. 

The present study has further emphasised the need 
to use a variety of isolates to study the basic require
ments and reactions of A. resinae, and also to take 
into account the effect on pH of variation in the 
composition of a mineral medium. The evidence for 
considerable variation in this species, regardless of 
whether isolates are collected from soil or aviation 
fuel, is great. It has recently been reviewed by Parbery 
(1971a). 

It is concluded that provided three changes are 
made, the salts used in Bushnell and Haas' (1941) 
mineral salts solution are suitable for the growth of 
most isolates of A. resinae in aviation fuel or other 
hydrocarbons when minerals are required, as for 
example, when experiments are being run in vitro. 
The recommended changes are:-

I. delete the dipotassium hydrogen-phosphate, 

2. reduce the concentration of all components, 
except the nitrogen, to one tenth the concentra
tion given by Bushnell and Haas (1941), 

3. use only ammonium nitrate as the nitrogen 
source, unless an organic nitrogen source such 
as peptone is acceptable and keep the nitrogen 
concentration at approximately 0.033 %- The 
usefulness of other sources of nitrogen has been 
reviewed elsewhere, (Parbery, 197lb). 
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The composition of the modified Bushnell and 
Haas solution is as follows:-

MgS0.47 H20 
Ca C12 
KH2 PO, 
Fe C1 3 

NH, NO, 
water 

Acknowledgements 

0.02 gm 
0.002 gm 
0.1 g. 
2 drops 1/10 saturated 

solution 
0.95 gm 
1000 mi. 
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THE USE OF CALORIFIC VALUE FOR THE MEASUREMENT OF 
THE MICROBIAL DETERIORATION OF VULCANIZED RUBBER 

A. M. Cundel!l and A. P. Mulcock2 

Summary. The loss in calorific value of the deteriorated 
natural rubber from twenty pipe joint rings was determined 
using a bomb calorimeter. The deteriorated vulcanized rubber 
had, on average, a calorific value 28% less than the undeterior
ated rubber from the same pipe-joint ring. 

L'emploi de Ia valeur calorifique pour mesurer 1a deterioration 
microbiale de Ia gomme vulcanisee. On determina Ia perte de 
valeur calorifique dans Ia gomme naturelle dCtCriorisee de 20 
anneaux des jointures de tuyaux, en employant un calorimetre. 
La gomme vulcanisee dCteriorisCe avait une valeur calorifique 
moyenne de 28% moins que Ia gomme non-deteriorisee du 
mc!me anneau. 

Introduction 

There have been a number of reports concerning 
microbiological deterioration of natural rubber pipe
joint rings from underground pipelines, (Rook, 1955; 
Leeflang, 1963 and 1968; Hills, 1967; and Dickenson, 
1965 and 1968). These authors have discussed the 
nature and occurrence of the problem. 

The pattern of deterioration of the pipe-joint rings 
was distinctive. It was usually found to be confined to 
the inside surface at the rubber-sewage-air interface. 
However, deterioration was observed to occur on the 
surface exposed to the soil in some instances. 

Deteriorated pipe-joint rings have a cracked and 
brittle surface, and may be likened in appearance to 
charred wood. An explanation for this is that micro
organisms utilize the rubber hydrocarbon leaving the 
inorganic filler, accelerator derivatives, sulphur and 
some unconsumed rubber. It was considered that the 
reduction in rubber content of the deteriorated pipe
joint rings would be reflected in corresponding 
reduction in calorific value. 

Deteriorated cordwood was investigated by Hilborn 
(1936) who showed that fungal decay reduced the 
calorific value of wood of red maple, paper birch and 
beech. Over a four year period he recorded decreases 
of between 40% and 89.5% of the original values. 

Wood (1939) listed the values of a range of physical 
constants of rubber and reported that the heat of 
combustion of vulcanized rubber was 10,500 calories 
per gram of rubber. 

Die Verwendung des Hcizwcrtcs fiir die Messung der mikrobieUen 
ZerstOrung von vulkanisiertem Gummi. Die Verminderung des 
Heizwertes von zerstOrtem Naturgummi aus 20 ROhrenverbin
dungsringen wurde mit Hilfe cines Bombenkalorimeters besti
mmt. Der Heizwert von zerstOrtem vulkanisiertem Gummi 
wurde durchschnittlich urn 28% gegeniiber dem unzerstOrten 
Gummi aus dcm gleichen ROhrenverbindungsring vermindert. 

En emplco del va1or calorifico para medir Ia dertcrioraciOn 
micrObica de Ia goma vulcanizada. Se dctermin6 Ia perdida en 
valor calorffico de Ia goma natural deteriorada de veinte anillos 
de coynnturas de tuberia empleando un calorimetro bomba. 
En termino medio, Ia goma vulcanizada deteriorada tenia un 
valor calorifico de 28% de menos que Ia goma no deteriorada 
del mismo anillo de coyuntura de tuberia. 

Method 

Twenty natural rubber pipe-joint rings used in 
sealing four inch diameter domestic sewer sidelines 
and collected in Christchurch were investigated. The 
pipe-joint rings installed .after 1958 complied with the 
British Standard Specification (B.S. 2494:1955) which 
emphasizes the tensile properties of the rubber and 
its ability to resist compression set and heat aging. 

The deteriorated rubber was removed from the 
surface of the rings with forceps and from the on
deteriorated surface by buffing with an electrically 
driven grindstone. The calorific value of the rubber 
samples was measured with an adiabatic bomb calori
meter (Gallenkamp Autobomb automatic adiabatic 
bomb calorimeter Model C.B. 110). The total heat 
liberated during the combustion of approximately 
0.5g of rubber sample was calculated from the heat 
capacity of the bomb and surrounding water jacket 
and the observed temperature rise. This figure was 
corrected for heat liberated on firing the bomb and 
heat released by the combustion of filter paper used 
to wrap the sample. The effects of conversion of sulphur 
in the sample to sulphuric acid and the nitrogen of 
the air to nitric acid were also taken into account. 
From the results of volumetric analyses of sulphuric 
acid formed the sulphur content of the vulcanized 
rubber was determined. The calorific value of the 
rubber samples was expressed in calories per g of 
rubber compound. 

Results and Discussion 

The age of pipe-joint rings, the calorific value 
of the undeteriorated and deteriorated rubber from 

!Plant Pathology-Entomology Department, University of Rhode Island, Kingston, R.I. 02881 USA. 
2Microbiology Department, Lincoln College, Canterbury, New Zealand. 
(Copy first received October 1972. Final version received January 1973). 
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the surface of the pipe-joint rings, sulphur content, 
percentage loss in calorific value and change in sulphur 
content were determined and are set out in Table 1 

TABLE 1 Details of age, change in calorific value and 
sulphur content of pipe-joint rings collected in 

Christchurch, New Zealand 

Years Calorific value Sulphur content 
After (cal per g) (%) % 

Installa- Undct. Deter. % Loss Undct. Deter. Change 
tion 
28 3140 2060 34.0 1.5 1.2 --1>.3 
17 8330 6120 26.5 1.3 0.7 --1>.6 

8280 6600 20.0 0.6 0.5 --1>.1 
8200 6000 27.0 1.1 0.5 --1>.6 
6810 4250 37.5 1.4 1.5 +0.1 
6970 4880 33.0 1.5 1.4 --1>.1 

16 5100 3790 33.5 1.7 1.2 --1>.5 
11200 5630 59.0 2.0 1.5 --1>.5 

13 6990 5630 19.5 1.4 2.0 +0.6 
11 8510 7730 9.0 0.6 1.0 +0.4 
11 8640 7370 15.0 0.7 1.2 +0.5 
10 6560 5300 19.0 1.8 1.5 --1>.3 
9 7970 6010 24.5 1.8 2.1 +0.3 
8 7560 5270 30.0 1.9 2.0 +0.1 

7770 5590 28.0 2.1 2.1 0.0 
7800 6530 16.0 2.0 2.1 +0.1 

8 7930 5080 36.0 2.4 1.9 --1>.5 
8 6810 4660 31.5 1.7 1.7 0.0 
8 7130 5770 19.0 0.6 1.0 +0.4 
7 7910 4290 46.0 2.3 1.4 --1>.9 

The average calorific value of the undeteriorated 
rubber was 7510 cal/g and the deteriorated rubber 
5420 caljg. The average loss in calorific value was 
28% (significant at the I % level). The average sulphur 
content of the undeterioratcd rubber was 1.5%; 
deteriorated rubber 1.4% (non-significant at the 5% 
level). 

The reduction in calorific value of the deteriorated 
rubber was not unexpected. As previously suggested 
the micro-organisms responsible for the deterioration 
of the rubber presumably utilized the rubber hydro
carbon as a carbon and energy source. As the rubber 
content was depleted the surface became brittle and 
cracked when dry; the inorganic filler, zinc oxide, 
and accelerator residues remain until the supporting 
network of rubber was insufficient to retain its 
integrity and the surface erodes away. However, 
there was no correlation between the loss in calorific 
value of the deteriorated rubber and the number of 
years after installation that the pipe-joint ring was col
lected. The continued presence of visibly deteriorated 
rubber at the surface presumably depends on the 
formulationofthe pipe-joint ring and the severity of the 
erosion. It may be possible to refine the method to 
establish a relationship between the loss in calorific 
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value and the extent of microbial penetration into the 
rubber ring. The experimental procedure is applicable 
to the measurement of the microbiological deteriora
tion a variety of organic materials such as wood, 
leather, plastics and textiles. 

The figures for the sulphur content suggest that the 
sulphur crosslinks are not lost concomittantly with the 
surrounding rubber. 

The calorific value of the vulcanized natural rubber 
from the pipe-joint rings was considerably lower than 
those quoted by Wood (1939) for gum vulcanizates. 
This was probably due to the practice of including 
inorganic fillers and carbon black as dilutents in 
pipe-joint ring formulations in New Zealand. 
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THE INFLUENCE OF GROWTH TEMPERATURE UPON 
THE RESISTANCE OF A SPOILAGE MOULD 

TO INHffiiTORY PROCESSES 
D. I. McRobbiel and M. S. Parker' 

Summary. By the use of two indices of viability, spore swelling 
and colony fonnation, the effect of growth temperature upon 
the resistance of Aspergillus niger to inhibition by heat and 
chemical treatment has been investigated. Temperature has a 
profound effect upon the morphological pattern of development 
of the species of A. niger used, such that its early cultural history 
influences resistance to physical and chemical methods of 
control. 

L'influence de Ia temperature pendant Ia croissance sur Ia 
resistance d'une moisissure de dichets contre Jes reactions 
inhibitoires. Par moyen de l'emploi de deux indices de viabilite, 
I'enfture de Ia spore et Ia formation des colonies, on examina 
l'effet de Ia temperature pendant Ia croissance sur Ia resistance 
i'1 !'Aspergillus niger contre l'inhibition par Ia chaleur et par le 
traitement chimique. La temperature a u n effet tres profond :;ur 
le dessin morphologique du d6veloppement de l'espece A. niger 
dont on se servit, ainsi au commencement de son histoire 
culturcllc, il y a des influences sur Ia Iisistancc a des methodes 
de control physiques et chimiques. 

Introduction 

Moulds are common contaminants in pharmaceuti
cal and cosmetic products. A survey conducted by the 
Food and Drugs Administration (Bowman, Knoll, 
White and Mislivec, 1972) to obtain a profile of the 
microbial contamination in all antimicrobial ophthal
mic ointments manufactured in the United States, 
showed that 19.5% of the 82 batches tested were 
contaminated. Sixteen of the batches contained moulds 
and in addition to this, three batches also contained 
yeasts; three other batches contained yeasts and 
Bacillus sp. Of the thirty-seven organisms isolated 
thirteen were of Aspergillus sp., there being seven 
isolates of Aspergillus niger, four of A. jfavus, and one 
each A. versicolor and A. nidulans. Each of the isolates 
of A. jfavus was tested for its ability to produce 
aftatoxins, potent, naturally occurring carcinogens, 
and one of the isolates showed substantial amounts of 
aflatoxin B1 and B2. 

There is doubt whether fungi recovered as contami
nants can be considered as inherently pathogenic or 
merely as opportunistic pathogens. However, Vaughan 
and Riegelman (1963) have claimed that while fungal 
corneal ulcers were not common, there was an un
deniable increase of incidence. 

The species of A. niger used in this study possesses 
a novel development pattern, that of microcycle 
conidiation. Anderson and Smith (1971, 1972) have 
shown that under certain cultural conditions this 
organism has an abnormal growth cycle. Thus, when 
spores of A. niger were incubated at 44' for 48 h in a 

Der Einfluss der Wachstumstemperatur auf die Widerstnnds
fahigkeit cines Schimmelpilzes gegeniiber hemmenden Vorgiingcn. 
Durch Verwendung von zwei Lcbcnsfahigkeitskriterien, d.h. 
Anschwellen von Sporcn und Koloniebildung, wurde der 
Einfluss der Wachstumstemperatur auf die Widerstandsfahig
keit von Aspergillus niger gegeniiber hernmenden Einflussen 
von Hitze und chernischer Behandlung untersucht. Die Tempcr
atur iibt einen tiefgehenden Einfluss auf das morphologische 
Entwicklungsbild der verwendeten Pilzart. A. niger aus, insofern 
als die Bedingungen im frUhen Entwicklungsstadium die Wider
standsfagkeit gegenliber physikalischen und chernischen Be
k ampfungsmassnahrncn bccinflusst. 

Influjo de Ia temperatura de crecimento en Ia rcsistencia de un 
moho de despojo n los proccdimientos inhibitorios. Por el uso 
de dos indices de viabilidad, a saber el hinchaz6n de las esporas 
y Ia fonnaci6n de las colonias, se ha indagado el cfecto de Ia 
temperature del crecimiento en Ia resistencia de Aspergillus 
niger a Ia inhibici6n por el calor y el tratamicnto qufrnico. La 
temperatura ejercc un cfecto profunda en el sistema rnorfol6gico 
del desarrollo de Ia especie de A. niger empleada, a tal punto 
su prirnera historia cultural influye en Ia resistencia a los metodos 
fisicos y quimicos de gobiemo. 

chemically defined medium, germ-tnbe formation was 
suppressed, and spore-diameter increased some four
to•five-fold. If, after this period, the temperature was 
reduced to 30', conidiophores were produced without 
prior mycelial formation. The optimal rate of spore 
swelling did not occur at 44' but a lower temperature 
around 37'. We have confirmed this using the Coulter 
Counter and shown that the swelling rate of A. niger 
is optimal at 37'. The swelling rate of this spore is 
much greater than that of other spoilage moulds we 
have examined such as Trichoderma viride (McRobbie, 
Parker, Smith and Anderson, 1972), and a consequence 
of such comparisons was evidence that the faster the 
rate of spore swelling, the more resistant that spore 
is to changes in its physical and chemical environments. 

Since the two most common inhibitory procedures 
used in the processing of pharmaceuticals are heat 
and chemical treatment, the effect of these upon 
A. niger at different culture temperatures has been 
investigated. 

Materials and Methods 

The organism used was Aspergillus niger van Tieghem 
(IMI 41873). The optimum temperature for spore 
swelling of this organism in static malt extract broth 
has been shown to be 37', and that for linear growth 
on malt extract agar 30' (McRobbie et a/., 1972). 

The inhibitory effects of heat and chemical treatment 
on spores developing at 30' and 37' were found using 
two indices of viability; spore swelling and colony 
formation. 

!Department of Pharmaceutical Technology, University of Strathclyde, Glasgow, Scotland, Gl IXW. 
(Copy received November 1972). 
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(a) Spore Swelling 

Spores were harvested from a 10-day culture on 
malt extract agar (Oxoid) grown at 30°. Spore suspen
sions were filtered, washed three times by centrifuga
tion, and shaken to break up any spore clumps as 
previously described (McRobbie et a/., 1972). 

Spores developing in a static culture of malt extract 
broth (Oxoid) at 30° and 37° were sampled periodically 
and sized using a Coulter Counter Model B (with a 
Model J Plotter) (Coulter Electronics Ltd.) with a 
50 J.lm orifice tube; instrument settings; gain trim, 48; 
aperture current, I; amplification, I; and 0.9% wfv 
NaCI as electrolyte (Parker, Barnes and Bradley, 
1966). The experiment was repeated with the preserva
tive chlorocresol (4-chloro-m-cresol, B. D. H. Labora
tory Reagent) incorporated into the medium to 
provide a concentration ·range of 0.01-0.1% wfv 
(Parker eta/., 1966). 

(b) Colony formation 

(i) Effect of heat. Spores cultured in malt extract broth 
(at 30° and 37°), were sampled at intervals and 
exposed to 50°. Survivors were counted after 3 min. 
contact at this temperature. 

(ii) Effect of chlorocresol. Chlorocresol (0.05 %) was 
incorporated into malt extract broth at both 30° 
and 37° as in (a) and samples were periodically 
removed for counting, or spores were developed 
in plain malt extract broth (30°, 37°) as in (b) (i) 
and periodically samples were transferred to an 
aqueous solution of 0.05% chlorocresol, and 
survivors counted after 3 min. contact. 

All counts involved suitable dilution procedure, 
which in the case of the chlorocresol experiments 
inactivated any preservative carry-over. The recovery 
medium was malt extract agar containing 0.025% w/v 
rose bengal (Edward Gurr Ltd.) to limit colony size 
for ease of counting (Gerrard, Parker and Bullock, 
1962). Incubation was at 30° until maximal count 
was obtained. Each experiment was carried out in 
duplicate and for each count 10 plates were used. The 
correlation coefficient was less than 10 %. 

Results 

The swelling rate of spores is greater at 37° than at 
30°. The depression of swelling by cblorocresol which 
is an index of anti-fungal activity is less at the higher 
temperature. Furthermore, when swelling rate in the 
presence of chlorocresol expressed as a percentage of 
the control swelling rate (i.e. Swelling Response, S.R.), 
is plotted against ambient concentration of chloro
cresol, it .is verified that spores cultured at the higher 
temperature (37°) are more resistant (Fig. 1). 

The effect of heat on colony formation is such that 
the faster swelling spores (37°) are more resistant than 
the slower swelling spores (30°), the respective 50% 
survival times being 2.10 hand 1.40 h (Fig. 2). 

20 

100 
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20f- 0 

0 
Cone Ch\orocresol 

Figure 1. Swelling response (S.R.) at 37° and 30° 
plotted against ambient concentration of chloro
cresol, 0-0 37°, •-• 30°. 

The effect of chlorocresol on colony formation, in 
contrast to that on spore swelling, is less at the lower 
temperature (30°). Thus the 50% survival times at 
37° and 30° respectively are 2.25 h and 2.68 h when 
chlorocresol is present in the medium, and 0.78 h 
and 1.62 h when the spores are exposed to aqueous 
chlorocresol (Fig. 3). The spores developing in the 
presence of chlorocresol are less susceptible to its 
action than those spores which have begun developing 
before exposure to the preservative. 

Discussion 

It was shown as early as 1929 by Tomkins that if 
any of the factors influencing the rate of mould growth 
were altered so as to reduce this, then there would be 
an accompanying decrease in resistance to inimical 
conditions. More recently, it has been reported that 
the rate of spore swelling during germination influences 
resistance to environmental stress, the faster the rate 
of swelling, the greater the resistance (McCafferty and 
Parker, 1970; McRobbie eta/., 1972). 

In this case we have a mould which shows a tempera
ture dependent development pattern both for vegeta
tive structures and for spores (Anderson and Smith, 
1971, 1972). During germination the resistance 
response is such that the spores swelling at their 
faster rate (37°) are more resistant to chlorocresol and 
to heat than those swelling more slowly (30°). 

Once the germination phase is passed, however, 
the response to chlorocresol changes in that colony 
development from fast swelling spores (37") is more 
sensitive. An explanation for this might be that the 
speed of development at 37° carries the spores more 
rapidly from dormancy into the susceptible phase of 
growth, than is the case for the slower development 
at 30°. 
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Percentage 
Survival 

0·1 ...._ _ _L. __ .J.__--1. __ ..... 

0 1 2 3 

Time.h. 
Figure 2. Effect of heat (50' for 3 min) on viability of 

spores of A. niger developing at 0-0 37' and 
and •-• 30'. 

Another feature of the response to chlorocresol was 
that spores developed in its presence were more 
resistant than when initially cultured in the absence 
of the preservative and then exposed to it. Terui, 
Mochizuki, Irie and Takano (1960) showed that 
spores of Aspergillus oryzae would germinate and 
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Percentage 
Survival 

Time. h. 

Figure 3. Effect of chlorocresol (0.05 %) on the via
bility of spores of A. niger at two development 
temperatures 37' (open symbols) and 30' (closed 
symbols). 0-D, •-• spores developing in the 
presence of chlorocresol. 6.-6., ..o..-..o.. spores 
developing in plain malt extract broth, then exposed 
to aqueous chlorocresol for 3 min. 

grow in the presence of respiratory inhibitors while 
those spores initially cultured in the absence of 
inhibitor failed to germinate when inhibitor was later 
added. They found that this acquisition of resistance 
to inhibitor during germination was not caused by 
selection of .resistant mutants but by the adaptation 
of each germinating spore to inhibitor. A. niger and 
Penicillium purpurogenum exhibited similar behaviour. 

The response of colony development to heat treat
ment is that the faster swelling spore is more resistant. 
In this case there is an additional factor in the mor
phological difference in the mycelium produced at the 
two development temperatures. At the higher tem
eraturc the mycelium is thick and branched, whereas 
at 30', the rate of germ-tube formation is greater, 
and mycelium thin and unbranched (Plates 1 and 2) 
(Anderson and Smith, 1972). It is speculative whether 
the coarser structure produced at 37' could explain 
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Plate J. Elongation of thin unbranched germ-tube 
from a spore of A. niger after I Oh in chemicall y 
defined medium at 30~ . Phase contrast, Y 1840. 

P late 2. Development of thick branched germ-tube 
from a spore of A. niger after l Oh in chemically 
defined medium at 37°. Phase contrast, x 1840. 

its greater resistance to heat than the more delicate 
mycelia developing at 30°. An alternative explanation 
could be the close r d ifferential between the challenge 
temperature (SO ) and the higher growth temperature 
(37 ), having a less disruptive effect on mctaboli m 
than when spores are grown at 30· . 

This mould and any other with such temperature 
dependent characterist ics represents a novel spoilage 
form. Thu~ the processing temperature fo r any 
manufacturing process could influence resistance of 
such co ntaminants to chem ical and physical mea ures 
taken to control spo ilage. 
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MODEL TESTS ON THE MECHANISMS OF MICROBIAL 
DETERIORATION OF FILLED VULCANIZATES 

2. INFLUENCE OF PSEUDOMONAS SP. ON THE BONDS 
FORMED IN THE SYSTEM PARAFFIN OIL-CARBON BLACK 

B. J. Zyska', P. S. Fudalejl, B. J. Rytych' and D. S. Fudalejt, 

Summary. Carbon black suspension in paraffin oil was used 
in investigations on the mechanisms of microbial degradation 
of filled vulcanizates. In the samples of the model system 
paraffin oil-carbon black the· relationship between the current 
and applied voltage was measured to establish the type of bonds 
between the particles of carbon black before and after the 
influence of Pseudomonas sp. After a period of 75 days of 
deterioration the nature of the bonds carbon black-carbon black 
was unchanged, but the current showed a drop of 30 per cent 
in comparison with control sample. Measurement of the specific 
conductivity as a function of temperature indicates that the 
spatial carbon black structures in the suspension are more 
durable in the control than in the sample deteriorated by 
Pseudomonas sp. Measurement of the specific conductivity as a 
function of the filler ratio of the carbon black suspension 
indicates that with increase of the filler ration the influence of 
Pseudomonas sp. on the paraffin oil<arbon black system is 
greater. 

Etudes de modele sur le mecanisme de Ia degradation microblale 
des vulcanisates remplis. 2. Influence de Pseudomonas sp. sur le 
caractiirc des liaisons dans le systeme huile de paraffine-carbon 
black. Pour examiner Jes micanismes de Ia degradation micro4 

biale des vulcanisates remplis on a employe Ia suspension de 
carbon black dans l'huile de paraffine. Dans Cchantillons du 
systCme en modele huile de paraffine-carbon black on a mesur~ 
l'intensitC de courant en fonction de Ia tension application de 
Pseudomonas sp. Apres 75 jours J'influence de Pseudomoas sp. 
n'a pas change le caract ere des liaisons carbon black- carbon 
black, mais l'intensitC de courant etait de 30% plus basse que 
dans l'ethantillon tCmoin. La mesure de Ia conductibilitC 
specifique en tant que Ia fonction de temperature montrc que 
les structures spatiales de carbon black en suspension dans 
l'ethantillon tCmoin sont plus durables que dans J'echantiilon 
sownis a l'~inftuence de Pseudomonas sp. La mesure de Ia 
conductibilite spCcifique en fonction du taux de remplissage de 
Ia smpension de carbon black montre qu' avec un taux de 
remplissage plus haut, )'effect de !'influence de Pseudomonas sp. 
sur le systCme l'huile de paraffine--carbon black est plus 
considerable. 

Introduction 

The mechanisms of microbial deterioration of 
elastomers and polymers has aroused growing interest 
during recent years (Rodriguez, 1971; Kestelman et 
a/., 1971; Osmon eta/., 1971; Pankhurst et al., 1971). 
This interest is undoubtedly due to the increasing 
world consumption of elastomers and polymers. 
Assuming length of working life as the criterion, 
these products may be classified into two groups: 

I. elastomers and polymers intended for long-term 
use; 

2. elastomers and polymers intended for short
term use. 

Modell~Vcrsuche Uber den Mechanismus des mikrobiellen Abbaus 
von gefiilltcn Vulkanisaten. 2. Einfiuss von Pseudomonas sp. auf 
die Art der Bindungen im System ParaffinOI~Russ. Urn den 
Mechanismus des mikrobiellen Abbaus von gcfallten Vulkanisa~ 
ten zu verfolgen wurde in Versuchen cine Russ-Suspension in 
ParaffinOl angewandt. In den Proben des ModeU-Systems 
ParaffinOl-Russ wurde die Abhangigkeit der Stromstarke von 
der Spannung gemessen urn die Art der Bindungen zwischen 
den Russ-Partikeln vor und nach der Einwirkung von Pseudomo
nas sp. festzustellen. Nach 75 Tage dauernden Einwirkung von 
Pseudomonas sp. die Art der Bindungen Russ-Russ blieb 
unverii.ndert, doch die Stromstiirke sank urn 30% im Vergleich 
zu der Kontroll-Probe. Die spezifische Leitfahigk:eit, gemessen 
als Temperatur~Funktion zeigt, dass die raumlichen Russ
Strukturen in der Kontroii-Probe bestiindiger als in der durch 
Pseudomonas sp. bewirkten Probe sind. Die spezifischc Leit~ 
fahigkeit, gemessen in Abhiingigkeit von dem Russ-Fiillungs
grad der Suspension zeigt, dass bei hOherem FUIIungsgrad der 
Einwirkungsefekt bedeutlicher ist. 

Pruebas modelos de los mecanismos de Ia deterioraciOn micrObica 
de los vulcanizados llendados. 2. Influjo de Pseudomonas sp. 
en las uniones fonnadas en el sistema aceite de parnfina~negro de 
carbOn. Se emple6 la suspensi6n del negro de carb6n en 
el accite de parafina para indagar los mccanismos de Ia degrada~ 
ci6n microbica de los vulcanizados llendados. En las muestras 
del sistema modelo aceite de parafina-negro de carb6n Ia relaci6n 
entre Ia corriente y el voltaje aplicado fue medida para estable
cer el tipo de uniones entre las partfculas del negro de carb6n 
antes y despuCs del influjo del Pseudomonas sp. Despues de un 
periodo de 75 dfas de deterioraci6n quedaba sin cambio Ia 
naturaleza de las uniones negro de carb6n-negro de carb6n, 
pero Ia corriente indicaba una mengua de 30% en comparaci6n 
de Ia muestra de mando. La medici6n de Ia conductividad 
especifica como funci6n de la temperatura indica que las 
estructuras espaciales del negro de carb6n en Ia smpensi6n 
son mas duraderas en Ia muestra de mando que en Ia rnuestras 
deteriorada por Pseudomonas sp. La medici6n de Ia conductivi
dad especffica como funci6n de Ia raz6n de llenar de Ia suspen
si6n del negro de carb6n indica que con el acrecentar Ia raz6n 
de llenar se hace mas grande el influjo de Pseudomonas sp. en 
el sistema aceite de parafina-ncgro de carb6n. 

For products of the first group a high durability to 
microorganisms is required. The products of the 
second group must essentially be biodegradable, as 
it is important that the microorganisms should 
eventually help in the purification of the natural 
environment from elastomers and polymers (Rodri
guez, 1971). 

Knowledge of the mechanisms governing interac
tion of microorganisms with elastomers and polymers 
has to progress in two directions. There is a need for 
more information on the physiology of microorgan
isms influencing elastomers and polymers, but at the 
same time physico-chemical investigations of changes 
in the internal structure of elastomers and polymers 
due to microorganisms are of equal importance. 

!Central Mining Institute, Plac Gwarkow I, Katowice, Poland. 

(Copy received August 1972). 
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In the previous work (Zyska et a/., 1971) the form 
of the structure in a paraffin oil-carbon black system 
and the changes in thixotropic properties influenced 
by Pseudomonas sp. was reported. The formation of 
spatial carbon black structures is one of the significant 
aspects in the physical chemistry of reinforcing elas
tomers by fillers. The carbon black suspension in 
paraffin oil is an accepted model of processes taking 
place in the filled vulcanizates. The notably large 
decrease in the structure-forming ability of this 
system as a result of deterioration by Pseudomonas sp. 
suggested that accurate investigation of these pheno
mena could be of value. 

The properties of spatial carbon black structures 
formed in the model depend principally on the type 
of bonds existing between the carbon black particles. 
Two types of bonds are distinguished, i.e. carbon 
black - carbon black and carbon black - elastomer -
carbon black. One of the available methods of invest
igating spatial carbon structures in the model system 
is to measure the current intensitivity and conductivity. 

The mechanisms of the passage of current in 
elastomers filled with a conductive filler has not yet 
been clearly explained. According to Dogadkin (1952) 
the passage of the current is enabled by the chain 
structures formed by the particles of the conductive 
filler which are in a direct contact. Polley and Boonstra 
(1957) on the other hand explain the passage of 
current by the thermal emission of electrons between 
the particles of the filler. Some authors (Gut et a/., 
1968) discussing the mechanisms of passage of current 
in filled polymers, assign some significance to the 
tunnel effect, but in this case the distance between the 
particles of the filler must be of the order of the 
wavelenth generating the electron motion. Theoretical 
comparison of the effects of thermoemission and the 
tunnel effect suggest that the tunnel effect is more 
probable in moderate temperatures. 

In the case of direct contact of the particles of the 
conductive filler the current is directly proportional to 
the applied voltage, hence the voltage-current relation 
is linear. Where Ohm's law is not applicable then a 
different mechanism of passage of current is indicated. 
In the case of thermoemission or of tunnel effect the 
current has an exponential form, i.e. the rectilinear 
relationship does not apply. Examining vulcanizates 
with conductive fillers Dogadkin and coworkers (1952) 
established an empirical relationship between current 
and voltage: 

I= cVn 
where I = current 

V = applied voltage 

(I) 

c, n = coefficients, characteristics for the given 
systems 

When the bonds in the vulcanizate are of the carbon 
black-carbon black type, equation (1) is rectilinear. 
The occurrence of bonds of the carbon black- elasto
mer-carbon black type, or of both types results in 
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several mutually interfering current passage mechani
jsms, giving in effect nonlinear voltage-current 
characteristics. 

This work report investigations on the influence of 
Pseudomonas sp. strain 111 on the bonds between the 
particles of carbon black in the model system paraffin 
oil-carbon black and on the degree to which the 
intensity of deterioration of the tested suspension by 
Pseudomonas sp. is governed by the amount of carbon 
black filler present. To explain these phenomena it 
was planned to investigate the form of the current
voltage curves, the relation between specific conduct
ivity l.m and the temperature and also of l.m and 
the filling ration of suspension samples influenced by 
Pseudomonas sp., together with parallel investigations 
of control samples. 

Experimental 

Mode of preparation of the paraffin oil-carbon 
black suspension was similar to that described in the 
previous work (Zyska et a/., 1971). Erlenmayer flasks 
of 100 ml. capacity, each containing 40 ml. of Bushnell
Haas medium (1941) were sterilized at 121 'C for 0.5 
hrs. A paraffin oil-carbon black suspension, containing 
20 parts by weight channel carbon black SAO (manu-· 
facturer Carbochem, Gliwice, Poland, specific surface 
90.88 m2fg. evaluated in argon by the BET method) 
in 100 parts by weight of paraffin oil was prepared 
and sterilized separately under the same conditions. 
Ten grammes of cooled suspension was added to 
each Erlenmayer flask under aseptic conditions. The 
sterile flasks containing the medium and the suspension 
were each inoculated with 0.5 ml. of a 14 day culture 
and shaken at 30'C for up to 75 days. Strain Ill of 
Pseudomonas sp., obtained from the Petroleum Insti
tute in Cracow, Poland, was used in these tests. 
Controls were set up under the same conditions. 

On removal from the flasks after a set time the 
suspensions were dried as in the previous work 
(Zyska eta/., 1971) until constant weight was attained 
and then placed in a glass cell 10 X 18 X 25 mm. 
Copper electrodes 10 x 25 mm were used and a 
measurement temperature of 30'C was maintained. 
The current was measured using mirror and pointer 
type galvanometer with a measurement range of 3.5 
. J0-3 A and 75 . 10-3 A. The measurement system 
was supplied with d.c. of continuously controlled 
value ranging from J0-2 V up to 6 . 102 V. The poten
tial gradient was calculated per 1 em of the tested 
sample. 

The relation between specific conductivity l.m and 
temperature was measured by the compensation 
method using a Wheatstone-Thomson bridge 0.1 %; 
MWT 77a (manufacturer ZOMP Polit.Sl., Gliwice, 
Poland). The mode of measurements was as in the 
previous work (Zyska et a/., 1971) but the paraffin 
oil-carbon black suspension contained 20 parts by 
weight carbon black in 100 parts by weight of paraffin 
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oil. Suspension samples having an increasing filling 
ratio were treated as describe above and after a set 
time the maximum specific conductivity 1-m was 
measured. 

Discussion of Results 

The current-voltage relation shown on Figure I for 
low voltage and on Figure 2 for higher voltage has a 
rectilinear form both for control samples and for those 
influenced by the Pseudomonas sp. strain. The agree
ment with Ohm's law shows clearly that in the investi
gated model system the bonds occurring are mainly 
carbon black-carbon black type and the deterior
ation of the paraffin oil by Pseudomonas sp. did not 
cause changes in the nature of the bonds. Using 
equation {I) in logarithmic form the value of coefficient 
n = 1.00 for control samples may be calculated and 
for samples of suspension after the microbiological 

"test n = 1.02. The two rational values of n are very 
close to each other. According to Dogadkin (1952) 
these values characterize the bonds of carbon black
carbon black type. Although in the carbon black 
suspension deteriorated by Pseudomonas sp. bonds of 
the same type as in the control suspension occur, 
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Figure 1. The current-voltage relation for the paraffin 
oil-carbon black suspension after 75 days action of 
Pseudomonas sp. in a low voltage range 
x - control o - strain 111 
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considerable differences in the current for the same 
potential gradient are observed. The current in the 
treated sample is approximately 30 per cent less than 
in the control sample. This fact gives clear evidence 
of weak contact between the particles of carbon 
black even if on the whole the type of bonds is not 
changed. It seems probable that the bonds between 
the carbon black particles are weakened due to the 
metabolites of paraffin oil acting on the tested suspen
sion as surface active compounds. The weakening of 
the bonds between the particles of carbon black is a 
result of the peptization action of the metabolites of 
Pseudomonas sp. The consequence of this peptization 
is a partial, or in extreme circumstances a complete, 
destruction of the existing coagulating carbon black 
structures in the suspension. 
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Figure 2. The current-voltage relation for the paraffin 
oil-carbon black suspension after 75 days action of 
Pseudomonas sp. in a higher voltage range 

x - control o - strain I I I 

The next step was to measure relationship between 
the maximum specific conductivity l.m and tempera
ture (Fig. 3). Comparison of curves found for the 
control samples and the samples influenced by 
Pseudomonas sp. show both a difference in form and 
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conductivity Am and temperature for the paraffin 
oil-carbon black suspension after 75 days action of 
Pseudomonas sp. 
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a considerable difference in the value of the maximum 
specific conductivity ).m. Measurements were made 
in the temperature range from 20"C to 6o•c. It 
should be noted that evaporation of volatile meta
bolites of Pseudomonas sp. during tests was impossible 
since the samples were predried at 50°C in air and in 
a vacuum drying oven at 5o•c and 60 mm. Hg. Hence 
it may he taken the observed differences in the 
maximum specific conductivity Am as between the 
control samples and the treated samples is due solely 
to the strong reaction between the metabolites and 
the carbon black surface, perhaps sorptive bounded. 
Increase in the specific conductivity Am with tempera
ture increase is caused by the rise in kinetic energy 
of the carbon black particles (U Shu-Tsyu eta/., 1956) 
giving more frequent collisions in unit time, and this 
providing possibility for additional electrical contacts. 
As the temperature rises Am increases only to a 
certain temperature value since further increase in 
kinetic energy of the carbon black particles results 
in destruction of the existing carbon black structure, 
followed by decrease in the number of electrical 
contacts. 

Analyzing the form of curves of Am as a tempera
ture function it can be stated that Am increases with 
increased temperature both for control samples and 
for treated samples, but the percentage gain of Am 
is higher in the range over 3o•c for treated samples 
than for the controls, although the absolute values 
of Am for the controls are higher at every measuring 
point. The total number of electrical contacts is 
higher in the control sample because of their unaffected 
carbon black structure, but the temperature effect is 
more evident in the samples influenced by Pseudomo
nas sp., because the partial peptization of the carbon 
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black structure enables a greater mobility of these 
particles. 

Examination of maximum specific conductivity Am 
for varying filler ratios of the paraffin oil-carbon 
black suspension (Fig. 4) enabled the relation between 
quantity of carbon black filler and intensity of deterior
ation of the model system by Pseudomonas sp. to be 
found. 
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Figure 4. The relation between the maximum specific 
conductivity Am and the quantity of carbon black 
filler for the paraffin oil-carbon black suspension 
after 75 days action of Pseudomonas sp. 

x- control o- strain Ill 

Comparison of Am as a filler ratio function for the 
control samples and for samples influenced by 
Pseudomonas sp. it is evident that in both cases the 
specific conductivity is a rising function. The value of 
Am are greater for the control than for the treated 
samples, and the rate of growth for the treated samples 
is less. This means that in samples with a high filler 
ration the destructive influence of Pseudomonas sp. 
is manifested to a higher degree. Assuming that the 
adsorption ability of one part carbon black by 
weight relative to the metabolites in the test system 
with fixed measurement conditions, is a constant value, 
then it may be presumed that increase in filler ratio 
results in increase of adsorbed metabolites, and 
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hence the percentage proportion of metabolites, in the 
composition of the tested paraffin oil-carbon black 
suspension also increases. By this reasoning, the 
increase in the degrading influence of Pseudomonas 
sp. in the carbon black structure with increasing 
filler ratio of the model system may be explained by 
the increasing sorption of metabolites on the carbon 
black particles. 
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RESISTANCE OF POLYMERIC CABLE COVERINGS TO 
SUBTERRANEAN TERNUTEATTACK 

Raymond H. Beall, J.D. Bultman 2and C. R. Southwe1J2 

Summary. Twenty-seven polymers formulated to meet the 
requirements for cable sheathing material were exposed to sub
terranean termites in the laboratory and at four field sites, two 
temperate climate and two tropical. A total of 1350 samples 
were tested for periods of 3 to 3t years. 

Increasing surface smoothness or specimen thickness, or 
incorporating mineral fillers, moderately improved termite 
resistance of polyvinyl chloride plastics; increasing hardness 
considerably increased their resistance. 

Ethylene-propylene rubber, chlorinated polyethylene and 
chlorosulfonated polyethylene were more termite resistant than 
the best of the polyvinyl chloride polymers of equal hardness. 

RCsistance des armemcnts polymfriques des dlblcs il l'attaquc 
des tennites souterraincs. 27 polymCres, fonnules selon les 
exigences du matCriel pour l'armement des cl.bles, Ctaient 
exposes aux. termites souterraines dans le laboratoire ct dans 
quatre locations sur place, deux dans un climat tempere et 
deux dans un climat tropical. On mettait a I'Cpreuve en somme 
1350 exemplaires pendant des pCriodes de 3 a 3t ans. 

En augmentant I'CgalitC de Ia surface, ou l'Cpaisseur de 
l'exemplaire, ou en incorporant des mastics minCraux, Ia 
resistance des plastiques de chlorure polyvinylisb: s'amCliorait 
d'une fa~n modCrCe. A vee plus de duretC, leur resistance 
s'aggrandait considCrablement. 

La gomme ethyU:ne-propytene. le polyethylene chlorine et Ie 
polyethylene chlorosutfanisC r6sistaient mieux aux termites que 
Jes meillcurs polymeres de chlorure polyvinylisCe de Ia meme 
durete. 

Introduction 
Power transmission and communications lines are 

increasingly being placed underground, and the low 
resistance of some cable covering materials to sub
terranean termite attack has led to costly failures. 
The termite resistance of many new plastics is un
known. This paper reports relative resistances of 
flexible polyvinyl chloride (PVC) plastics and some 
other polymers suitable for cable coverings. Several 
testing methods are described. 

PVC polymers are desirable for cable covering 
because of their low cost, good electrical properties, 
and stability, but they have proven susceptible to 
termite attack. In 1965, the Wood Products Insect 
Laboratory (WPIL), USDA Forest Service, Gulfport, 
Mississippi, and the U.S. Naval Research Laboratory 
(NRL), Washington, D.C., began a joint study of 
methods for chemically increasing termite resistance 
of flexible PVC formulations. In these studies (Bult
man et a/., 1966, 1967; Bultman et a/., 1972) high 
concentrations of lindane and aldrin in PVC formula
tions were found to prevent attack. With the trend 
toward limiting use of such toxicants, however 
incorporating them into cable sheathings may no 
longer be acceptable. Furthermore, these materials 
may be hazardous in manufacturing and handling. 

Die Widerstandsfahigk.eit von polymercn Kabcliibcrziigen gegen 
Angriff erdbewohncnder Termiten. 27 fUr Kabelumhiillungen 
entwickelte Polymere wurden dem Angriff von erdbewohnenden 
Termiten imLaboratoriumundan4StellcnimFreilandausgesetzt, 
2 davon in gem3.Iligtcm und 2 in tropischem Klima. Insgesamt 
wurden 1350 Proben jeweils 3 bis 3! Jahre lang geprlift. 

Zunehmende Oberft3.chengHitte oder Probendicke oder die 
Einarbeitung von MineralfUllstoffen verbesserte die Tenniten
widerstandsf3.higkeit von PVC-Material geringfUgig; eine 
grOOere Harte des Materials erhOhte die Widerstandsfiihigkeit 
hingegen erheblich. 

Athylen-Propylen-Gummi. chloriertes und chlorsulfoniertes 
Poly.H.thylen erweisen sich als widerstandsffihiger gegen Termiten 
als die besten PVC-Polymere von gleicher H.H.rte. 

Resistencia de las envolturas polim&icas de los cables al ataque 
subtemineo de los termitas. Veintisiete polymers formulados 
para llenar el objeto de las materias para envolver los cables 
estuvieron expuestos a los termitas subternineos en el labora
torio y en cuatro sitios en el campo. dos de clima templado y 
dos de clima tropical. Se probaron en total 1350 muestras 
durante perfodos de tees ai'i.os a tres ai'i.os y medio. 

El procedimiento de aumentar Ia lisura de Ia superficie o Ia 
espesura de Ia muestra, o de ai'i.adir embutadores minerales 
acrecent6 Ia resistencia de los p!Asticos polvinyl cloruro. 
Aumentar Ia dureza acrecent6 su resistencia hasta un grado 
considerable. 

La goma ethylene-propylene, el polyethylene clorurado y el 
polyethylene clorosulfonado resistieron a los termitas mas 
eficazmente que los mejores polymers polyvinyl cloruros de 
dureza. igual. 

Other types of additives were considered after 
Australian scientists reported favorable effects of 
adding silica sand to flexible PVC (Gay & Wetherly, 
1962). In 1967 it was decided to concentrate research 
primarily on nontoxic additives for PVC and on 
other polymers that might be substituted for PVC's. 
Accordingly, only a few data on insecticides are 
reported here. 

Materials 

Because prior investigations were hampered some
what by a lack of knowledge of the makeup of the 
polymers, it was decided to compound in the labora
tory all plastics used in this study. Twenty-four PVC 
formulations varying in hardness, thickness, plasti
cizer content and surface smoothness, or containing 
a variety of additives, were prepared (Table 1). 

The various plastics were compounded on a roller 
mill operated at 127°C. For each PVC formulation, 
the resin, whiting, and plasticizer were blended. Then 
carbon black, lead maleate, and dibutyltin laurate 
were added in the order given. Finally, the appropriate 
inert filler (if used) was added. A coupling agent 
(silane) was also added in some formulations to bind 
the particles of inert filler in the plastic matrix. 

'Wood Products Insect Laboratory, Southern Forest Experiment Station, USDA Forest Service, Gulfport, 
Mississippi 39501, U.S.A. 
2U.S. Naval Research Laboratory, Washington, D.C. 20390, U.S.A. 
(Copy received January 1973) 
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TABLE 1. Selected polymers exposed to subterranean termites 

Category Code Alterations 

Control A None, basic control mixc. Soft, flexible PVC. 
B 4% added silica flour. 

Thickness and A, Double thick (100 mils). 
smoothness A, Surface compression-molded for smoothness 

Hardness increased by A3 Plasticizer reduced 33% 
plasticizer reductions A, Plasticizer reduced 67%. 

c Plasticizer reduced 80%. 

A, All plasticizer omitted. 

Internal hardness D 10% CaMg(CO,), (270-400) 37-53~'. Soft 
increased with mineral angular crushed sand, Moh hardness = 3.5. 
fillers 

E 10% SiO, (270-400) 37-53~. Hard, smooth 
natural Ottawa sand, Moh hardness = 7.0. 

E, 10% SiO, (270-400) 37-53~. E plus I% Silane'. 

E, 5% SiO, (270-400) 37-53~, I% Silane. 

E, 15% SiO, (270-400) 37-53~, 2% Silane. 

E, 10% SiO, (170-270) 53-88~, I% Silane. 

F 10% SiC (270-400) 37-53~. very hard, 
sharp carborundum, Moh hardness = 9.1. 

F, 10% SiC ( <AOO) <37~). 

F, 15% SiC ( <400) <37~, 2% Silane. 

F, 15% SiC ( <400) <37!-L, plasticizer reduced 33 %, 
2% Silane. 

G 7% fiberglass, 6.4 mm. fibers millground 10 minutes. 

H Creosote substituted for 50% of DOP plasticizer. 

Toxicants added I B plus 2.6% aldrin in PVC resin. 

I, Toxicant added. Same formulation but double thick 
to provide a larger reservoir of insecticide. 

I, 2.6% aldrin, 10% SiC ( <400), 2% Silane. 

Non-polyvinyl ] Ethylene-propylene rubbe~. 
chlorides 

Chlorinated polyethylenei. K 

L Chlorosulfonated polyethylene;. 

M Cross-linked hard polyethylenek. 

aCumulative rating after 3 years of tropical exposure. 

bNumber of specimens perforated at times indicated. 

Shore Field damage 
hardness rating" (0-100) 

53 A 96 
68A 76 

53 A 68 
56A 59 

22D 64 
48D 7 

60D 2 

SOD 0 

58 A 62 

58A 76 

62A 57 

59 A 58 

57 A 55 

62A 64 

60A 47 

60A 61 

60 50 

SOA 13 

70A 42 

65A 14 

70A 0 

73A 2 

72A 0 

56 A 

65A 18 

55 A 6 

5SD 2 

Perforation 
in lab• (0-10) 

No. Months 
10 3 
8 3 

10 7 
d 

5 40 
0 40 

0 40 

0 4o 
8 3 

10 3 

7 3 

5 3 

5 3 

7 3 

6 3 

5 3 

5• 3 

d 

7 3 

5 40 

0 3 

0 3 

0 3 

2 40 

3 40 

0 40 

o• 40 

cBasic PVC mix contains (parts by weight): 100 PVC resin (Geon 101), 100 plasticizcr-dioctyl phthalate (DOP), 20 carbon black, 
3.5 lead maleate, 2.0 dibutyltin laurate, and 30 whiting. 

dNot tested in the laboratory. 

eu. S. Standard sieve sizes: 170 = 88!!, 270 = 53!!, 400 = 37tJ.. 

r Silane coupling (bonding) agent Y2967 is added as 1 or 2% gy weight of total filler. 
8 Five specimens exposed to Coptotermes only. 

hThe ethylene propylene rubber contains (parts by weight): 100 Nordel 1070, 60 Philblack A, 10 stearic acid, 20 process oil, and 1.5 
Thionex. 

jThe chlorinated polyethylene contains (parts by weight): 100 Plaston resin, 6.0 Epon 828, 10.0 Philblack A, 8 mercaptoimidazoline 
(NA-22) and 1.0 sulfur. 

i The chlorosulfonated polyethylene contains (parts by weight); 100 Hyplon 40 resin, 30 Thermax, 10.0 Severn 100, 25 litharge, 0.5 
2~benzothiazolvl disulfide (MBTS), and 2.0 Tetrone A. 

kPetrothone XL 6301. 
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Resistance of polymeric cable coverings to subterranean termite attack. 

R. H. Beal. J . D. Bultman and C. R. Southwell. 

After thorough mixing of the charge. the rollers were 
adjusted to give a 50 mil ( 1.3 mm.) clearance and the 
plast1c wa!> sheeted off. When a toxicant was part of 
the formulation, it was added to the mix just prior 
to sheeting to al low only minimum expo ure to heat. 
The total mill ing time for each cha rge was 15 to 20 
minutes; the milling ti me for the toxic aJJitives was 
5 minutes. The material, as it ca me from the mill , 
was sufficiently smooth and uniform for preparing the 
specimens. 

At the stan of the study the po sibility that none 
of the PVC form ulations might be effective was 
recognized . When gouged with a fine needle point 
under a microscope the PVC's appeared to be almost 
puttylike. Polyethylene and synthetic rubbers had 
tougher, more resil ient surface!> that were difficult 
to damage. It wa therefore decided to select four 
non-PVC polymers for inclusion in this study. These 
were : (I) ethylene propylene rubber (EPR), a matenal 
of low cost wi th excellent weathering and electrical 
propcrt1cs; (2) chlorosulfonated polyethylene (CSPE). 
a polymer offering good electrical properties and 
excellent weather resistance: (3) chlorinated poly
ethylene (CPE). a high-density polymer with excellent 
weathering and electrica l properties ; and (4) cross
linked polyethylene (XPE). a semi-ngid material 
with superior crack, temperature, and tOughness 
propcrues. These materials were also com pounded 
and fabricated into specimen panels at 1 RL. 

Methods 

Exposure conditions 

Specimens were exposed to termi tes in fo ur natural 
field environments and in accelerated-attack experi
ments in the laboratory. In the fie ld exposures 1t is 
desirable to tes t in very acti ve a reas, so that controls 
and baitwood are generally attacked and a high 
probability of termite contact with each formulati on 
is assu red. Four sites were employed, two tropical 
and two temperate, with different termite species at 
each. The si tes and principal termite species were: 

I. USDA Fore!>! Service test area at Cerro Cedro 
on Pacific side of the Panama Canal Zone : Copto
termes spp. 

2. NRL test bed ( avy Tank Farm) on Caribbea n 
side of the Panama Canal Zone: Heterotermes spp. 

3. Harrison Experimenta l Forest ncar Gulfport. 
Mississippi : Reticulitermes spp. 

4. Lake Charles. Louisiana : Coptotermes formo
Satlus Shiraki. 
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Ten replicates of each polymer form ulation were 
exposed at each location (Figure I); speciments 
were normally 3 / 5 inches (7.6 , 12.7 em.) and SO 
mil (1.3 mm.) thick . Two exposure techniques were 
used at both tropica l sites; in one, the plastic sheets 
were placed directly on the ground (fiat) and covered 
with a 6 '<. 6 · 3/4 inch (15.2 x 15.2 x 1.9 em.) 
piece of unt reated pine sapwood (baitwood). Half of 
the samples were exposed in this manner and half 
were sandwiched between pieces of ba itwood (Figure 
2), with the bottom board of the sand wil:h touching 
the grou nd. These exposure assemblies were placed 
in alternate rows, with all polymer formulat ions 
represented and randomly distributed in each row. 

Figure l. Test site in Panama Canal Zone, Caribbean 
side. 

Figure 2. Close-up of damaged sample in sandwich 
exposure. Note holes in sample, as well as termite 
damage to the wood and termites on the plastic 
sample. 
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At Harrison Experimental Forest all 10 samples of 
each formulation were exposed by the sandwich 
method. Since the central nests of termites are, in 
most cases, in cypress stumps at Lake Charles, 
specimens were separated by baitwood, bundled 
together, and buried in the ground radially around a 
heavily infested stump. All formulations were repre
sented and randomly distributed in each bundle. 

In the laboratory trials, a colony of approximately 
4000 worker termites was placed in a !-litre jar with 
baitwood and soil. The mouth of the jar was covered 
with the test sample, and the jar was inverted. To 
escape from the jar the termites had to perforate the 
test material. Coptotermes and Reticu/itermes species 
were placed in different jars. Tests with each species 
were replicated five times. 

Field specimens and the contacting batiwood were 
examined annually by the same individuals through
out the study. Ratings were by visual inspection 
according to the following numerical scheme: 

Numerical Polymer 
rating 

0 

I 

2 

3 

4 

5 

No attack 

Etching or cutting to a 
depth of 5 mil (0.1 mm.) 

Termites cutting to a 
depth of 5-20, mil 
(0.1-0.5 mm.) 

Termites cutting to a 
depth of 20-35 mil 
(0.5-0.9 mm.) 

Termites cutting to a 
depth of 35-49 mil 
(0.9-1.2 mm.) 

Complete perforation of 
sample 

Baitwood 

No attack 

Trace attack 

Light attack 

Moderate 
attack 

Heavy attack 

Very heavy 
attack 

The numerical ratings for the 20 replicates of each 
material exposed under tropical conditions were 
totalled to compute what was termed cumulative 
attack. For example, if 10 samples of like composition 
had ratings of 5, the cumulative attack would be 50. 

Results and Discussion 

Both the field and laboratory testing procedures 
proved successful. Increasing the thickness or smooth
ness of specimens, incorporating mineral fillers, and 
increasing hardness improved resistance to termites by 
PVC plastics. Several materials other than PVC 
proved to be more resistant to termites. Table I 
describes the formulations that were tested and 
summarizes the results. 
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Exposure sites 

TABLE 2. Tennite activity on two non-resistant 
control fonnulatians after 3 years in field beds 

Exposure location 

Canal Zone, 
Caribbean side 

canal Zone, 
Pacific side 

Lake Charles, 
Louisianab 

Harrison Experimental 
Forest, Mississippi 

Specimens Specimens Cumulative 
auackeda perforated11 damage rating 

(0-100) 

20 17 93 

20 13 79 

II 2 35 

0 0 0 

a Observations on 20 specimens. 

b 3t years of exposure. 

Termite activity in the field varied greatly by site 
(Table 2). The termites in the two beds in Panama 
were much more aggressive than those in the U.S. 
beds. Between the two tropical sites there were only 
minor differences. All the control PVC's were attacked 
at both sites, but penetration depths were slightly 
higher at the Caribbean site. The Caribbean site, 
populated almost entirely by the genus Heterotermes, 
was newly established for this study. The Pacific site 
was older, but has always shown high activity. Both 
Heterotermes and Coptotermes are found there, with 
the latter predominating. The Lake Charles bed was 
established in an area known to be infested with 
C. formosanus, the tropical subterranean termite that 
has recently been found in the Continental United 
States (Beal, 1967). 

Since very rapid damage was expected at Lake 
Charles, the first samples were inspected after only 
6 months exposure rather than the usual I year. 
Activity was much less than anticipated; after 3t 
years only II of the 20 non resistant control samples 
were attacked, and only two of these were penetrated. 
During this period the Harrison Experimental Forest 
site was even less active. This site was an old establi
shed test area that had a record of high termite 
activity, but during these 3 years no termites attacked 
either the samples or the contacting baitwood. Such 
a decrease of activity in specific areas is well known in 
biodeterioration studies. In fact, during an earlier 
exposure a tropical bed at Galeta Island, Panama 
Canal Zone, lost most of its termite population after 
10 years of reliable activity. The results of these 
studies clearly emphasize the need to test in more 
than one very active area. 
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Exposure methods 

In both tropical beds, results with single baitwood 
covers and with sandwiched specimens were similar. 
All controls were attacked with both methods of 
exposure; 16 of the 20 panels were perforated in the 
sandwiches, while 14 of the 20 ground-contacting 
control panels were perforated. Since the sandwich 
method keeps the specimens cleaner and easier to 
rate, it may be slightly preferable. 

The laboratory jar tests were very effective for 
rapid screening of non toxic materials. Coptotermes, 
being more agressive, penetrated the materials much 
faster, but after 40 months most of the materials 
perforated by the Coptotermes species were also 
perforated by the Reticulitermes species. With poly_ 
mers containing insecticides, however, the jar tes1 
was practically worthless, because there was sufficient 
insecticide in the jars to destroy the captive termites 

Thickness and smoothness of PVC 

The normal PVC specimen was 50 mil (1.3 mm.) 
thick, with an as-milled surface. In the soft, flexible 
condition this material is very susceptible to perfora
tion by subterranean termites (Table 2). Doubling 
the thickness of the specimens reduced termite 
perforations in the field by two-thirds. As expected, 
the number of sites of measurable attack (pits) was 
not appreciably reduced. 

Smoothing the surfaces of the specimens was about 
as effective as doubling thickness in reducing field 
perforations. It was anticipated that the number of 
pits would also be lowered by smoothing, but for 
some reason total number of pits was not appreciably 
reduced. 

Neither sample thickening nor surface smoothing 
was sufficiently beneficial to depend upon as a termite 
deterrent. In conjunction with other adjustments, 
however, they may be useful in achieving reliable 
termite resistance of PVC's. 

Hardness 

Increasing hardness by reducing percentages of 
plasticizer or eliminating the plasticizer definitely 
deterred termite attack. In the accelerated laboratory 
tests, sufficient hardness of the PVC's provided a 
complete barrier to termite penetration. Although the 
"A3" mix, at 33% reduction in plasticizer and 22D 
Shore hardness, was rapidly perforated by Copto
terrnes, the native Reticuliterrnes were unable to go 
through any of the five replicates during the full 40 
months of exposure. At 48D hardness and above, 
there was no penetration by any of the termite colonies 
in the laboratory. 

In the jungle exposures, termite resistance of the 
PVC also was related to hardness, and it was possible 
to plot smooth curves for average penetration and 
number of perforations as functions of Shore D 
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hardness (Figure 3). The steep negative slope of the 
curves between 15 and 35D Shore shows that increas
ing hardness in this range will considerably decrease 
the termite susceptibility of the plastic. 
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Figure 3. Termite damage as a function of hardness of 
PVC plastics 50 mls thick. Each point represents 
results with 20 samples exposed for 3 years in the 
Tropics. 

It appears advisable in areas of high termite hazard 
to select as hard a PVC cable material as installation 
and operation requirements permit. 

Mineral additives to PVC. 

When Australian scientists increased "internal 
hardness" by adding 5% fine silica sand or certain 
other mineral particles, they considerably improved 
termite resistance (Gay & Wetherly, 1962). In the 
present studies three different inorganic granular 
hardening materials and three different size fractions 
of silica sand were tried. Beside the granular additives, 
one formulation was made by the addition of fiber
glass cut into about 1/4 inch (6.4 mm.) lengths and 
mill-ground into the mix for 10 minutes. 

The number of samples attacked was only slightly 
decreased by most of the mineral fillers, but the 
number of perforations was appreciably reduced 
(Table 1). However, only one formulation ("F3" 1/3 
less plasticizer) had no perforations, and in this case 
resistance was probably more the result of increased 
overall hardness than effectiveness of the filler. 

Dolomite sand (CaMg(C03h) with a Moh hardness 
of 3.5, silica sand (Si02) with a Moh hardness of 
7.0, and fine carborundum (SiC) with a Moh hardness 
of 9.1 were all tried at 10% of the total mix volume. 
It was anticipated that the very hard, sharp SiC might 
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be a superior deterrent due to its probable cutting 
and abrading of termite mandibles. Some reduction 
in attack was obtained with the SiC additive, but the 
beneficial effect was not as great as hoped for; 14 of 
the 20 samples were attacked to some degree and six 
samples were perforated. The slight superiority of 
dolomite over the harder silica sand may have been 
the result of better bonding to the matrix provided 
by the more angular shape and rougher surfaces of 
the dolomite particles. These three mixes did not 
contain the silane coupling agent. 

Penetration ratings after 5%, 10%, and 15% silica 
additions differed little; they were 68, 57 ,and 55, 
respectively. Fifteen per cent was about the maximum 
amount of material that could be added without 
adversely affecting workability and flexibility of the 
plastic. 

The silane bonding agent moderately decreased 
total perforations, from J2 to 5 in the field and 
from 10 to 7 in the laboratory. 

Varying the size of mineral fillers from 88 to Jess 
than 37p only slightly affected perforation. The 
lowest number of perforations in the field (5) was 
with the mid-size (53-37p) fraction. 

The addition of7% fiberglass (a practical maximum) 
in formulation "G" provided above-average resistance 
in the field; only four of20 specimens were perforated. 
In laboratory tests, however, only average resistance 
was obtained with fiberglass. Seven of 10 specimens 
were perforated in 3 months. Also, fiberglass hardened 
the PVC slightly. 

To be rated highly resistant to subterranean termites 
for all natural exposures, a material should have 
completely resisted perforation during the 3 years of 
tropical field testing and also exhibited much improve
ment over the control PVC in the laboratory jar tests. 
None of the filler-additive formulations met either of 
these criteria. Mineral fillers can probably assist in 
improving termite resistance of PVC's when used in 
conjunction with other alterations, such as increased 
hardness and surface smoothness. In this manner the 
desired degree of resistance may possibly be obtained 
without resorting to toxic additives. However, before 
relying completely on these combinations of physical 
deterrents, the material should be screened by a 
series of laboratory jar exposures. The best combina
tions obtained should then be exposed under tropical 
conditions. 

Non-PVC polymers 

All of the non-PVC's tested were superior to all 
PVC formulations except those in which the plasticizer 
was greatly reduced (Table 1). There were no perfora
tions of these matenals in the field, while perforations 
of modified PVC's ranged from 5 to 13 for 30 samples 
exposed per formulation. Of the 20 soft materials in 
the study, EPR and CSPE were the two most resistant. 
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Between these two formulations there was no apparent 
advantage. The EPR formulation was almost immune 
to attack in the natural exposures, receiving only one 
exploratory etching among the 30 samples exposed to 
tropical termites (20 in Panama and 10 in Louisiana); 
but in the laboratory jars all five of the specimens 
exposed to Coptotermes were perforated within 3 
months, and two of five exposed to Reticulitermes 
were perforated within 40 months. Apparently, under 
extreme conditions the material can be penetrated by 
termites. 

The CSPE was not quite as resistant in the field 
exposures; six samples of the 30 exposed were etched 
by termites, two to a depth of 5-20 mils (0.1-0.5 mm.). 
This damage is slight and the CSPE material can be 
considered highly resistant. In the laboratory experi
ments not a single specimen of the 10 CSPE specimens 
exposed to the two termite species was performated 
during 40 months. This was the only polymer other 
than the non-plasticized PVC that survived laboratory 
jar testing without a single perforation. CSPE and 
EPR appear worthy of serious consideration for 
termite-hazardous areas. 

The XPE was included to compare with the hardest 
PVC's. As already shown, hard materials repulsed 
termites; both the "C" formula PVC and the "M" 
formula XPE at Shore hardnesses of D60 and D55, 
respectively, were almost completely resistant in all 
exposures. If this degree of hardness can be tolerated, 
either material can be used with little or no risk of 
termite damage. 

Toxic versus non toxic deterrents 

The toxic formulation "I" (2.6% aldrin) included 
in the experiment was for comparison with the non
toxic specimens. Not only were these aldrin-containing 
samples completely untouched, but the baitwood was 
attacked much less often and to a lesser degree than 
the baitwood contacting nontoxic samples. This effect 
was probably due to transfer of insecticide into the 
baitwood and the soil below. Laboratory tests failed 
to provide good comparative data, because diffusion 
of the toxicant from the samples quickly killed the 
captive termites. 

Although toxic additives protect specimens from 
termite attack, manufacturing and handling hazards, 
plus the possibility of ecological disturbance, may 
outweigh the benefits. Recognition of these risks was 
an important stimulus for t!1:s reaserch on nontoxic 
formulations. 

Pesticide precautionary statement 

This publication reports research involving pesti
cides. It does not contain recommendations for their 
use, nor does it imply that the uses discussed here 
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have been registered. In the U.S.A. all uses of 
pesticides must be registered by appropriate State 
and/or Federal agencies before they c an be re
commended. 

CAUTION: Pesticides can be injurious to humans, 
domestic animals, desirable plants, and fish or other 
wildlife, if they are not handled or applied properly. 
Use all pesticides selectively and carefully. Follow 
recommended practices for the disposal of surplus 
pesticides and pesticide containers. 
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DECAY MECHANISMS OF MICROFUNGI WHICH MIGHT 
PRODUCE AN ENHANCED PERMEABILITY IN WOOD 

B. King! and H. 0. W. Egginsl 

Summary. Some aspects of the ecology of mould and blue 
staining fungi were investigated with particular reference to 
their wood permeability enhancing mechanisms. 

The thirty three species tested were all seen to be considerably 
amylolytic but many species did not exhibit a similar intensity 
of cellulolytic or pectinolytic activity. Most test species possessed 
active cellulase systems while a smaller number possessed both 
active cellulase and pectinase systems under the test conditions. 

It was suggested that the cellulolytic or pectinolytic activities 
of these species might considerably influence their ability to 
enhance the permeability of wood. 

Lcs mccanismcs de Ia pourriture dans Jes microfungi qui pourraient 
produire une permeabilit6 augmentee dans le bois. On examina 
des aspects de l'c!cologic de Ia· moisissure et des mycoses au 
colorant bleu, surtout avec reference a leurs mechanismes pour 
rcndre penneabte Ie bois. On mettait 33 espc!ces a l'epreuve, et 
taus se revelaient fort amylolytiques, mais beaucoup d'entre 
eux ne montraient pas une activitC cellulolytique ou pectinoly
tique tellement intense. La plupart des especes examinees 
possCdaient des systCmes cellulases actifs, tandisqu'un numCro 
moins grand possedaient a Ia fois des systemes actifs cellulases 
ct pectinases, sous conditions d'Cpreuve. On suggtrait que les 
activitts cellulolytiques ou pectinolytique de ces espCccs pour
raient dans une mesure- considerable influencer leur abilitC de 
rendre Je bois plus permeable. 

Introduction 

Considerable interest has been aroused in recent 
years by enhancement of permeability of refractory 
woods, e.g. spruce (Picea spp.), using biological 
methods. Such enhancement has commonly been 
associated with green wood storage methods prior 
to log conversion, i.e. either ponding of logs or piling 
of logs at the sawmill. 

Permeability enhancement associated with ponding 
has generally been attributed to bacterial activity, 
{Ellwood and Ecklund, 1959; Cowling, 1965; Vasilev, 
1965; Shigo, 1965; Lutz, Duncan and Scheffer, 1966; 
Schulz, 1968; Liese and Karnop, 1968; Vakin eta!., 
1968; Dunleavy and McGuire, 1970; and Dunleavy 
and Fogerty, 1972) whilst permeability enhancement 
associated with dry storage of green wood (storage 
of wood on land as distinct from in water) has 
generally been attributed to mould and staining 
fungal colonisation of the wood (Blew, 1952; Lindgren, 
1952, Lindgren and Harvey, 1952; Lindgren and 
Wright, 1954; Graham, 1954; Perry, 1955; Schulz, 
1956; Panek, 1957; Vakin et a!., 1968; Hulme and 
Shields, 1970; and Greaves and Barnacle, 1970). 

Permeability enhancement produced by bacteria 
would seem to be associated with a cellulolytic or 
pectinolytic activity of the causative organisms. 

Abbaumechanismen von Mikropilzen, die cine l'crbesserte 
DurchHissigkcit des Hohes erzeugen kOnnen. Einige Aspekte der 
Okologie von Schimmel- und BIOucpilzen wurden untersucht 
unter besonderer Berlicksichtigung der Mechanismen, die eine 
bessere Durchliissigkeit von Holz bewirken konnen. Die 33 
untersuchten Arten erwiesen sich aile als ziemlich amylolytisch, 
aber viele Arten zeigten keine vergleichbarc cellulolytische odcr 
pektinolytische Aktivit at. Die me is ten Priifpilze besassen ein 
aktives Cellulase-System. wfihrend eine kleine Anzahl unter 
den gewfihlten Versuchbedingungcn sowohl aktive Cellulase~ 
als auch Pektinase-Systemc besassen. 

Es wurde darauf hingewiesen, dass die cellulolytische oder 
pektinolytischc Aktivitat dieser Arten ihre Fiihigkeit. die 
Durchliissigkeit von Holz zu erhohen. erheblich beeinfltwen 
konnte. 

Mecanismos de podredumbre de los microhongos que bien pudiescu 
producir en Ia madera una pcrmcabilidad acrecentada. Se indaga
ron, con referenda especial a los mecanismos de acrecentar la 
permeabilidad de Ia madera, various aspectos de Ia ecologfa 
del moho y de los hongos que tii\en, de azul. Se probaron 
treintitrCs cspecies, y se not6 que todas eran amyloliticas basta 
un grado considerable, pero muchas especies no mostraron 
intensidad parecidad de actividad celulolitica o pectinolitica. 
Las mas de las especies probadas poscian sistemas celulase 
actives mientras un numero menor posefan bajo las condiciones 
de Ia prueba sistemas activos y celulase y pectinase. 

Se sugiri6 que las actividades celuJoiiticas y pectinoliticas 
de estas cspecics bien pudiesen inftuir en su capacidad de 
acrecentar la permeabilidad de Ia madera. 

(Soulahti and Wallon, 1958; Knuth and McKoy, 
1962; Knuth, 1964; Henningson, 1967; Liese and 
Bauch, 1967; Liese and Karnop, 1968; and Highly 
and Lutz, 1970). Either of these activities would 
result in a breakdown of parenchyma tissue of the 
wood and also of pit tori and margo microfibrils. 
Nicholas and Thomas (1968) using the enzymes 
pectinase, cellulase and hemicellulase observed that 
pectinase was the most active of the three enzymes 
in producing enhanced permeability while Bauch, 
Leise and Berndt (1970) comparing the effects of both 
cellulase and pectinase on wood permeability observed 
that either enzyme caused a similar permeability 
increase, cellulase by acting on the pit margo micro
fibrils and pectinase by acting on the tori of pits. 

In contrast to the physiological data available on 
the activities of bacteria producing enhanced perme
ability during ponding of wood, few data seem to be 
available on the degradation activities of mould 
and staining fungi (Liese, 1970a) which might produce 
the same result. Similarly there is a scarcity of infor
mation on what the exact role of mould and staining 
fungi is in the ecology of wood deterioration. 

General data emerging from observations of mould 
or staining fungal colonisation of wood (Savory, 
1954a, 1966; Duncan 1960, 1963; Liese and Schmid, 

t Biodeterioration Information Centre, Department of Biological Sciences, University of Aston in Birmingham, 
80 Coleshill Street, Birmingham, England, B4 7PF. 
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1962; Karkanis, 1966; Norkrans, 1967; Butcher, 1968; 
Olofinboba and Lawton, 1968; Umezurike, 1969) 
indicate that their roles are essentially non-degrada
tive being confined for the most part to passive 
penetration of parenchymal and vertical elements of 
the wood in conjunction with utilisation of the 
contents of those cells. However under circumstances 
which inhibit basidiomycete colonisation of wood, 
e.g. very high moisture content, and lack of oxygen 
a number of micro fungi may act as soft rot fungi. 

Conflicting evidence (Krapivina 1960; Corbett, 
1965; Merrill, 1965; Merrill and French, 1966) 
indicates that many mould and staining fungi may 
produce significant soft rotting and degradation of 
wood and wood products under conditions. presum
ably not unconducive to basidiomycete colonisation. 
Rosch, Liese and Berndt (1969) showed 'that a group 
of staining and mould fungi including Aureobasidium 
pullulans and Alternaria humicola produced a range of 
enzymes including carboxymethly-cellulose, poly
galacturonase pectinesterase and diphenyloxidase and 
Umezurike (1969) showed that while wood could be 
degraded by Botriodiplodia theobromae after utilisa
tion of cell contents, it appeared that wood colonisa
tion and degradation might be limited unless cell 
contents were present in the wood to stimulate either 
or both of these functions. 

Levy (1969, 1971) and Liese (1970b) considered that 
organisms colonising wood could be broadly divided 
into seven categories: bacteria, moulds, staining fungi, 
staining fungi also capable of causing soft rot in 
hardwoods, soft rot fungi, brown rot fungi and white 
rot fungi, while Banerjee and Levy (1971) suggested 
that the sequence of succession of organisms colonising 
wood in soil content was generally bacteria, moulds, 
staining and soft rot fungi and then basidiomycetes. 

Microfungi colonising wood and causing discolor
ation may be described in the literature as "blueing 
fungi"' usapstain fungi"' "blue staining fungi" and 
"mould fungi" sometimes with little differentiation 
between the terms used (Eslyn, 1967); similarly 
many microfungi causing discoloration as described 
above may also cause soft rot (Savory, 1954b; Duncan 
and Eslyn, 1963; Levy, 1969; and Nilsson, 1973). 
Gorschin and Krapivina (1969) in experiments with 
stakes placed in soils found that in swampy and sandy 
soils basidiomycetes did not colonise the stakes during 
a four year burial period and that under these condi
tions the wood was degraded for the most part by 
microfungi. They considered that most of the micro
fungi colonising wood were highly flexible but poorly 
specialised organisms, their high flexibility enabling 
them to re-organise their enzymatic systems, adapting 
them to changing conditions. They therefore suggested 
that the arbitrary distinctions between mould, staining 
and soft rot fungi should be discarded, and that for 
the future microfungi colonising wood should be 
considered only as micromycetes with basidiomycetes 
referred to as macromycetes. 
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It is therefore apparent that from one viewpoint 
mould and staining fungi might be considered only 
to passively colonise wood, from another viewpoint, 
they might be considered to play a very important 
succession role between passively colonising organisms 
and wood rotting organisms, and from a third view
point they might be considered to be, as a group, 
wood degrading orgamisms. It was in this context 
that their role as permeability enhancing organisms 
was considered to require clarification particularly 
with reference to enzyme systems producing perme
ability enhancement. 

Using simple microbiological techniques preliminary 
investigations were undertaken with a representative 
group of mould and staining fungi to provide basic 
data on possible degradation mechanisms of these 
organisms. 

Materials and Methods 

Test Organisms 

Thirty three fungal species (named in text) were 
used as test organisms. These included many of the 
commonly found species of mould and staining fungi 
associated with infestation of green timber. The test 
species were obtained from the Commonwealth 
Mycological Institute, Kew, England, and from the 
Building Research Establishment, Princes Risborough 
Laboratory (formerly Forest Products Research 
Laboratory), Princes Risborough, England. 

Deconposition tests 

In vivo studies 

Starch degradation activity was measured by the 
iodine staining method of Fergus (1969) using a I% 
starch agar which included the ancillary nutrients of 
the cellulose medium of Eggins and Pugh (1962). 

Cellulose degradation was assessed by the method 
of Rautella and Cowling (1966) using the cellulose 
medium of Eggins and Pugh (1962) (but with a ball 
milled cellulose concentration of 0.25% W /V). 
Cellulolytic activity was also assessed by loss of tensile 
strength of fibrous cellulose strips after they were 
incubated in the perfusion systems of Eggins, Malik 
and Sharp (1968). These strips were prepared from 
chromatography paper (Whatman No. 3). Dumbell 
shaped strips of this paper were cut using a small 
hand press cutter (manufactured by H. W. Wallace, 
Croydon, England) in such fashion that the fibre 
alignment in the paper was parallel with the length 
of the strip and were eighty mm in length and three 
mm wide. 

Pectinolytic activity was assessed by the gel liqui
fication method of Luckhurst (1953), modified by 
Eggins (1956), and further modified to include the 
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same ancilliary nutrients as were used in the cellulose 
agar. The gels were also supplemented by addition of 
glucose at 0.01% concentration. 

In vitro studies 

Cellulolytic and pectinolytic actlVlties of the test 
organisms were also assessed in vitro. The thirty three 
species were each grown on three liquid media, all 
containing the mineral salts of the Eggins and Pugh 
medium but each containing respectively as carbon 
sources (1) 1% cellulose (Avicel-RC, Honeywell and 
Stein Ltd.), (2) 0.95% Cellulose (as above) and 0.05% 
sodium polypectate (Sigma Ltd.), and (3) 0.05% 
sodium polypectate (as above). 

After seven days incubation the culture filtrates of 
each organism on each medium were tested viscosi
metrically on both 0.1 % carboxymethycellulose solu
tion (Hercules 7HF) in acetate buffer at pH 4.4 and 
a 0.2% sodium polypectate solution (Sigma Grade 
11 No. 1879) in acetate buffer at pH 4.0. Filtrates 
tested for pectinase activity were treated with an 
ammonium oxalate solution (4 ppm concentration) 
to precipitate traces of calcium remaining from the 
original culture medium. These traces which were 
present particularly in extracts of slow growing 
species were seen to increase the viscosity of the sodium 
polypectate solution in the viscometer. 

The viscometer used was of the reverse flow type 
(Gallenkamp No. VS340 size B) and tests were carried 
out at 40'C±0.5'C. Results were recorded as the 
reciprocal of the time, in minutes, for 50% loss in 
viscosity of the reaction mixture expressed in relative 
viscosity units. (Bateman, 1966, 1969). 

Results 

The results of the in vivo studies are presented in 
Figure I. These results indicate the relative amylolytic, 
cellulolytic and pectinolytic activities of the test 
species, related to their relative growth rates on starch 
agar (measured by colony diameter) all after fourteen 
days incubation. 

Growth rate values were calculated on the greatest 
diameter that could be produced by the test organisms 
during the test period. This diameter, 9 em, the 
diameter of the petri dishes used, was considered to 
equal 100% growth with proportional values for 
fungi not reaching this diameter within the test 
period. Both amylolytic and pectinolytic activities 
are expressed in similar terms to growth rate. Amyloly
tic activity is expressed as the percentage clearing 
clearing of starch agar after staining with a solution of 
0.1 % iodine in I % potassium iodide, and pectinolytic 
activity is expressed as the percentage liquifaction 
produced in pectate gels. 

Cellulolytic activity results are expressed both in 
terms of the percentage loss in tensile strength of 
fibrous cellulose strips (calculated on the strength of 
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control strips similarly treated) and the percentage 
clearing of cellulose agar in columns. Because cellulo
lytic activity was determined in columns rather than 
in plates, the concept of complete colonisation equal
ling 100% could not be applied. Cellulolytic activity 
was therefore related to the amount of clearing 
produced by Trichoderma viride (= 100%) as that 
species showed an extremely rapid growth rate, was 
extremely amylolytic, rapidly induced strength losses 
in fibrous cellulose, and produced, apart from Botrytis 
cinerea, the greatest depth of clearing within cellulose 
agar columns during the test period. 

The results of the in vitro studies of cellulolytic and 
pectinolytic activities are presented in Table I. These 
results indicate the cellulase and pectinase production 
of each test species when grown on each medium. 
Asterisks included in the table indicate distinct but 
not measurable viscosity losses of the test substrates. 

Discussion 

The present amylolytic activity studies confirmed 
that all the mould and staining fungi tested degraded 
starch. This activity was strongly associated with the 
extent of growth of the individual species, slow growing 
species showing lesser degrees of amylolytic activity 
than the faster growing species but this was proportion
al to their slower growth rates. 

Although all of the fungi tested showed amylolytic 
activity only a limited number (eleven in all) seemed 
capable of cellulose degradation, as indicated by 
visible clearing, in cellulose agar columns, and these 
included many of the faster growing species. The 
remaining twenty two species instead of producing 
visible clearing caused an excessive dehydration of 
agar columns, or the fungal hyphae penetrated deeply 
into the medium; both of these reactions obscured 
any clearing which might have been produced. 
Cellulolytic activity as indicated by tensile strength 
loss showed that all but four test species produced 
significant strength losses in fibrous cellulose strips 
thus indicating the probable cellulolytic activity of 
the majority of the test species. However the degrada
tion produced by rapidly growing species, e.g. B. 
theobromae and Scytalidium lignicola, extended over 
the length of the strips, whereas degradation produced 
by slower growing species, e.g. Phialophora melinii 
and Phialophora fastigiata was limited to areas in the 
vicinity of inocula. 

Only six fungal species showed an ability to produce 
pectate gel liquifaction. The remaining twenty seven 
species produced varying degrees of surface colonisa
tion of gels but did not produce measurable liquifac
tion. Many species, e.g. Aspergillus niger produced a 
dappled effect on the gel surface comprised of minute 
pinpoints of liquifaction, but these were considered 
to be insignificant for the purposes of quantitative 
assessment. 



Decay mechanisms of microfungi which might produce an enhanced permeability in wood. 

B. King and H. 0. W. Eggins. 

% Figure 1. Relative amylolytic, cellulolytic and pectinolytic activities assessed in vivo. 
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TABLE I. Relative Viscosity Units of cellulase and pectinase produced by the test organisms when grown 
on cellulose, cellulose-sodium polypectate and sodium polypectate mhdia. 

Cellulase I Pectinase 
Test Organisms 

I I I c CP p c CP p 

Botriodiplodia theobromae 26.7 44.7 3.7 • 0.1 0.3 
Botrytis cinerea 0.9 • • • 0.2 0.5 
Trichoderma viride 8.0 25.0 • 0.3 1I.l • 
Ceratocystis pilifcra 2.0 40.0 3.7 0 • 0.3 
Scytalidium lignicola 1.3 0.7 • 0 0.6 0.4 
Leptographium lundbergii • 0 0 • • • 
Diplodia natalensis 39.1 40.0 3.8 • • • 
Diplodia pinea 0.5 0.6 0.2 0 • 0 
Cytospo.ra leucostoma 36.4 13.6 • 0 • • 
Trichocladium canadense 0.4 0.1 • 0 0 • 
Diplodia sapinea 0.7 2.4 • • • • 
Alternaria tenius 8.5 5.9 • 0.9 0.6 0 
Helminthosporium 

herythrospilum 111.0 55.6 3.8 • 1.3 0.8 
Pythium aphaniderrnatum 0.1 • • 0 0 • 
Aspergillus niger 0.1 • • 0 0 • 
Paecilomyces varioti • • • • 0 0 
Ceratocystis picea 2.0 0.3 0.2 0 0 0 
Aurcobasdiium pullulans 0.9 • • 0 0.1 0 
Discula brunneo-tingens 5.2 4.7 0.7 0.8 0.4 • 
Cephalosporium acrcmonium 07. 0.2 • • • • 
Sclerophoma pithyophila • • • 0 • • 
Gliocladium roseum 5.7 • • 0 0.1 • 
Phialophora melinii • • 0 0 • • 
Phialophora fastigiata • • • 0 0 • 
Graphium sp. 1.4 2.5 0.6 • 0 0.1 
Bisporomyccs chlamydosporis 0.6 1.1 1.1 0 • • 
Myxotricum deflexum 0 • • 0 • 0 
Phialophora americana 0.6 0 0 0 • 0 
Rhinocladiella atrovirens I.l 0.3 • • 0 • 
Ceratocystis ulmi 0.8 0.3 • 0 0 • 
Phialocephala phycomyces • • 0 0 • 0 
Cladosporium herbarum • • • • 0 • 
Ceratocystis coeruiescens 9.5 16.0 1.3 0 • • 
C = Cellulose medium CP = Cellulose sodium polypectate P = Sodium polypectate 

From the results of the in vivo studies it therefore 
appears that the mould and blue staining fungi tested 
were all amylolytic, many were cellulolytic and only 
six species were pectinolytic. It was evident however 
that whereas clearing of I % starch agar was produced 
by all test species including slow growing species, 
clearing of the 0.25% cellulose agar was produced 
generally by only faster growing species; only two 
slow growing species (those species which colonised 
less than 25% of the surface of the agar medium 
during the test period) Graphium sp. and Bisporomyces 
chlamydosporis, produced clearing of cellulose agar. 
It was also evident that even though most of the test 
species displayed a cellulolytic activity by reducing 
the tensile strength of fibrous cellulose strips, the 
extent of degradation produced by the faster growing 
species was greater than that produced by the slower 
growing species. 

This would indicate that the apparent cellulase 
production of the slower growing fungi was less 
than that of the faster growing species and it is 
similarly apparent that the amylase production of the 
slower growing species was distinctly less than that 
produced by the faster growing species. Hulme and 
Shields (1972) have indicated that rate of colonisation 
of wood by Trichoderma viride or Phoma spp. resulted 
in rapid depletion of cell contents in green wood, 
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and that slower growing species were unable to com
pete against them. The present studies have shown 
that enzyme production by rapidly growing fungi 
was greater than that for slow growing fungi and it 
may well be that the rate of metabolism of many 
wood colonising micro-fungi might correlate well 
with their rate of wood degrading enzyme production. 

Cellulolytic and pectinolytic activities assessed in 
vitro produced broadly similar results to the in vivo 
studies. Carboxymethylcellulase activity correlated 
well with cellulolytic activity as determined by tensile 
strength loss. However whereas only six species 
produced pectinase as indicated by pectate gel liqui
faction, eleven species produced pectinase as indicated 
by loss in viscosity of the sodium polypectate solution. 
Generally, faster growing species again produced 
greater quantitites of both cellulase and pectinase 
than slower growing fungi; only one slow growing 
species, Graphium sp., produced pectinase. 

In all, twenty five species produced measureable 
quantities of carboxymethylcellulase, and of these, 
ten species did not require cellulose in the growth 
substrate before carboxymethyl-cellulase was produ
ced. Two slow growing species, Phialophora fastigiata 
and Phialophora me/inii, produced slight but not 
measurable viscosity reductions in the carboxy
methylcellulase solution which were linear with time 
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indicating a possible endwise rather than random 
breakdown of the cellulose molecules (Wood, 1971). 
There may be some connection between this form of 
cellulose breakdown and the known soft rotting 
activity of both these species. 

Enzyme production on the medium containing both 
cellulose and sodium polypectate was particularly 
interesting. While none of the tested species were seen 
to require polypectate in the growth substrate before 
a measurable cellulase production was noted, five 
species, Gliocladium roseum, T. viride, Alternaria 
tenuis, Aureobasidium pullulans, and Discula brunneo
tingens required cellulose in the growth substrate 
before production of pentinase; the remaining six 
pectinolytic species, however, required only the 
presence of sodium polypectate before they produced 
pectinase. Maximal viscosity reductions of the sodium 
polypectate solution were recorded for A. tenius and 
D. brunneo-tingens when they were grown on cellulose 
media. Rosch, Liese and Berndt (1969) have observed 
the analogous situation for Alternaria humicola which 
showed maximal cellulase production when grown on 
glucose media. 

The presence of sodium polypectate in the cellulose
sodium polypectate medium appeared to produce an 
inhibiting effect or else acted as a stimulant to enzyme 
production. Six species which produced cellulase when 
grown on the cellulose medium failed to produce 
cellulase when grown on the cellulose-sodium poly
pectate medium, while two species which produced 
pectinase when grown on the sodium polypectate 
medium failed to produce pectinase when grown on 
the cellulose-sodium polypectate medium. Both of 
these latter organisms instead produced cellulase 
while three of the non cellulase producing organisms 
instead produced pectinase. 

Tests were not carried out for individual pectic 
enzymes but only for those which might be produced 
at the pH levels of green wood, pH 5.0-5.6, (Hatton, 
1970; Highly and Lutz, 1970) and which would be 
active at the general pH levels considered optimal 
for cellulase activity, pH 4.0-5.0 (King, 1966; Bemillar, 
Teglemeier and Papellis, 1968; Bateman, 1969; and 
Wood, 1971). However the circumstantial evidence of, 
pH of the growth medium on which the pectinase 
was produced, pH of enzyme activity, the types of 
growth and test substrates, and the influence of 
calcium ions on enzyme activity, would suggest that 
the pectic enzyme produced by the test species might 
well be an endo-polgalacturonase (Deuel and Stutz, 
1958; Wood, 1960; Bateman and Millar, 1966; and 
Codner, 1971). 

Comparing the cellulolytic and pectinolytic activi
ties of the test species it would seem that under the 
test conditions, the cellulase system was the dominant 
enzyme system, since while many of the cellulolytic 
species did not produce pectinase, all of the pectino
lytic species produced cellulase. Similarly it may be 
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noted that whereas none of the cellulolytic species 
required the presence of sodium polypectate in the 
growth medium before measurable cellulase produc
tion was detected, a significant number of the pectino
lytic species ( 45 per cent) only produced pectinase 
when cellulose was included in the growth medium. 

Of the species producing cellulase it is suggested 
that fifteen species might have possessed adaptive 
cellulase systems, i.e., they produced measurable 
cellulase only when grown on media which contained 
cellulose. The remaining ten species might be con
sidered to possess constitutive cellulase systems since 
they produced cellulase when grown on media which 
did not contain cellulose. Of the species which pro
duced pectinase all but three might be considered to 
possess essentially adaptive pectinase systems, i.e. 
they produced measurable pectinase only when 
sodium polypectate was included in the growth 
medium. It is suggested that the pectinase systems of 
the three species which produced measurable pectinase 
when grown on the media containing cellulose only 
might therefore be considered to be constitutive. 

It therefore seems that the group of mould and 
staining fungi examined possesses potential degrada
tion mechanisms additional to the starch degradation 
commonly associated with their growth. These 
activities included degradation of fibrous cellulose, 
ball milled cellulose, carboxymethylcellulose and 
sodium polypectate. It is not unrealistic to conclude 
that many mould and staining fungi colonising wood 
may possess degradation mechanisms which in en
vironmental conditions favourable to growth may 
result in degradation of woody tissue. 

Krapvina (1960) and Levy (1967) have shown that 
blue staining and soft rot fungi have similar patterns 
of gross penetration of wood, i.e., initial colonisation 
of ray tissue followed by colonisation of vertical 
elements frequently through the pits. It is both the 
structure of ray tissue and aspiration of pits which 
impede the movement of liquids into dried spruce. 
The nature of the present study was essentially com
parative and the results presented are only relative to 
the organisms under test. However a general trend 
is indicated which suggests that many mould and 
staining fungi while easily capable of starch degrada
tion are also to some extent capable of both cellulose 
and pectin breakdown. Ray tissue and pit margo 
microfibrils are respectively susceptible to the action 
of pectinases and cellulases and the action of these 
enzymes may produce dissolution of those tissues 
impeding permeability. It is significant that the 
colonisation pattern of mould and staining fungi 
includes penetration of rays and pits and it may well 
be that the possession of cellulolytic or pectinolytic 
systems by many of the species examined, particularly 
if these are constitutive, would explain the perme
ability enhancement resulting from the mould and 
staining fungal colonisation of wood· outlined in 
the Introduction. 
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The work of Cowling (1970) on the nitrogen 
metabolism of wood colonising fungi showed that 
whereas representative wood rotting basidiomycetes 
could colonise and degrade wood under conditions 
of high carbon to nitrogen ratios, e.g. 200-2000:1, 
representative soft rotting microfungi could only 
produce cellulases under relatively low carbon to 
nitrogen ratios, e.g. 20-200:1. (Levi and Cowling, 
1969). 

Since most softwoods have high carbon to nitrogen 
ratios (the C:N ratio in spruce may be as high as 
1200:1) it is understandable that microfungi have 
not been frequently seen to produce a deep degrada
tion of wood since their nitrogen requirements for 
cellulase production may not be fulfilled by the wood 
alone. However King, Oxley, Eggins and Long (1973) 
have shown that changes occur in the nitrogen content 
of spruce as it is dried. Preliminary data showed that 
the sapwood cell contents, of spruce contained nitro
gen, presumably in the form of proetinaceous materials 
or in ionic forms translocated from the roots. During 
continued respiration of the wood after felling and 
during drying these materials are gradually lost from 
the wood. Water soluble nitrogen in these latter forms 
were frequently present in the sapwood of green 
spruce at levels about double those of the dried wood. 
It is significant that it is normally only the sapwood 
areas of spruce which are rendered permeable by 
either bacteria or fungi and it is considered that this 
available nitrogen, i.e. that which is water soluble, in 
conjunction with the water soluble carbon sources of 
green wood, would provide the relatively low carbon 
to nitrogen ratios required by microfungi to produce 
wood degrading enzymes. : 

It would seem that two factors could influence the 
ability of microfungi to enhance permeability of 
wood; 

(i) the ability of the colotiising organisms to produce 
wood degrading enzymes. 
and 

(ii) correct environmental conditions, including the 
presence in the colonised substrate of the nutri
tional requirements of' the fungi, to enable them 
to produce wood degrading enzymes. 

' 
This present work appears to indicate that many 

common mould and staining fungi possess the 
degradation mechanisms necessary to enhance the 
permeability of wood. Further separate research indic
ates that wood, when in the green state and most 
susceptible to microfungal colonisation, contains 
some of the nutritional requirements most necessary 
for the production of these enzymes. 
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Summary. Blocks of Pinus radiata D. Don sapwood were 
treated with a highly fixed copper-chrome-arsenic preservative, 
having an atomic Cu:Cr:As ratio of 1:2:1, and exposed to agar
block and soil-block decay tests with and without the addition 
of soluble phosphates to the blocks. Phosphate rendered the 
preservative appreciably less effective against Poria cocos 
(Schw.) Wolf, P. monticola Murr .• Polyporus palustris Berk. et 
Curt., and Coniophora olivacea (Fr.) Karst. but not against the 
arsenie-tolerant Lenzites trabea Pees. ex Fr. 

Reducing the arsenic content of the CCA preservative caused 
some decrease in effectiveness, particularly against Poria cocos. 
When arsenic was reduced to i of its normal level, the preserva
tive was still much more effective than copper chromate against 
most of the test fungi, especially Coniophora olivacea, but the 
addition of arsenic at this level actually stimulated decay by 
Lenzites trabea. 

L'efficacite anti~fongueusc des prfsenntifs de cuivre-chromc
nrsenic dans un environnement phosphatlque. Des blocs d'aubier, 
Pinus radiata D. Don, Ctaient assujettis 3. un traitcment avec 
un prtservatif fortement fixe de cuivre-chrome-arsenic, dont 
les proportions atomique Cu:Cr:As: 6taient de 1:2:1, et exposes 
a des 6preuves de Ia degradation avec des agar-blocs et des 
tcrre~blocs, avec et sans l'addition des phosphates solubles aux. 
blocs. Le phosphate rendait le prCscrvatif beaucoup moins 
efficace centre Poria cocos (Schw.) Wolf, P. Monticola Murr., 
Polyporus palustris Berk. et Curt., et Coniophora 0/ivacea (Fr.) 
Karst., mais pas centre les Lenzites trabea Pees. ex Fr .• qui est 
tolerant de rarsenic. 

Reduisant le contenu de l'ars6nic du pteservatif CCA occasion
nail une dimiinution d'efficacite. surtout centre Ia Poria cocos. 
Quand !'arsenic etait reduit jusqu'a t de son niveau habitue], le 
preservatif C:tait encore beaucoup plus efficace que le cuivre 
chromate centre Ia majorite des mycoses de l'Cpreuve. surtout 
Coniophora olivacea, mais l'addition de l'ars6nic a ce niveau 
en effet stimulait Ia dCgradation par les Lenzites trabea. 

Introduction 

Fixed water-borne inorganic wood preservatives 
based on various formulations of copper, chromium 
and arsenic compounds are in world-wide use and 
have proved very effective against fungi, insects and 
marine borers. Recently, it was found desirable to 
modify the commercial formulations being used for 
treatment of pine fence posts in Australia in order to 
reduce their tendency to cause "afterglow" once a 
post is ignited in a grass fire. Suitable modifications 
have been developed in this laboratory (McCarthy 
and Seaman, 1968). These involved the incorporation 
of phosphorns and zinc compounds in the preserva
tive and it was found that this caused a loss of decay 
protection in laboratorytests(especiallyagainst copper
tolerant fungi), ranging from slight to serious accord
ing to the formulation (McCarthy et a/., 1972). This 
effect was ascribed to a counteracting effect of the 
phosphate on the fungitoxic effects of the arsenic. 

Die pilzwidrige Wirksamkcit eincs Kupfer~Chrom-Arsen~Schutz
mittels in einer phosphatischen Umgebung. SplintholzklBtzchen 
aus Pinus radiata D. Don wurden mit einem stark fixierenden 
Kupfer-Chrom-Arscn-Schutzmittel behandelt, dessen Atomver
hiiltnis von Cu:Cr:As wie 1:2:1 war. Sie wurden dann mit und 
ohne Zusatz von IOslichen Phosphaten in Agar-KIBtzchen:
und Erdc-KlOtzchen-Versuchen dem Pilzbefall ausgesetzt. Das 
Phosphat vcrminderte die Wirksamkeit des Schutzmittels 
gegenilber Poria cocos (Schw.) Wolf., P. montico/a Murr., 
Polyporus palustris Bcrk. et Curt. und Coniophora olivacea (Fr.) 
Karst. erheblich. Dies war bei der Arsen-resistenten ArtLenzites 
trabea Pees. ex Fr. nicht der Fall. 

Eine Verringerung des Arsen-Gehaltes verminderte die Wirk
samkeit des CKA-Schutzmittcls etwas, besonders gegeniiber 
Poria cocos. Wenn der Arsen-Gchalt auf t seiner urspri.inglichen 
Menge verringert wurde, war das Schutzmittel immer noch viet 
wirksamcr als Kupferchromat gegenUber den meisten PrOfpilzen, 
besonders gegeniiber Coniphora olivacea. Der Zusatz von Arsen 
in dieser Menge fOrderte hingegen tats ii.chlich den Befall durch 
Lenzites trabea. 

La eficacia contra los bongos de los preservativos de cobre-cromo
arsCnico en un medio nmbiente fosfatico. Unos bloques de 
madera de savia Pinus radiata D. Don fucron tratados con un 
preservative cobre-cromo-aesenico altamente fijado teniendo 
una raz6n at6mica Cu:Cr:As de 1:2:1. Fueron expuestos a 
pruebas de podridumbre de bloque agar y de bloque suelo con 
y sin Ia aNadidura de fosfatos solubles a los bloques. El fosfato 
bacia apreciablemente menos eficaz el preservative contra Poria 
cocos (Schw) Wolf, P. monticola Murr, Polyporus palustri:s 
Berk et Curt, y Coniophora olivacea (Fr) Kast, pero no contra 
el Lenzites trabea Pers. ex Fr tolerante del ars6nico. 

El reducir el contenido arsenico del preservative CCA 
ocasion6 cicrta disminuci6n de Ia eficacia, particulannente 
contra Poria cocos. Cuando el arsenico se redujo a a octava 
parte de su nivel normal, el preservative resultaba todavia 
mucho mas eficaz que el cromato de cobre contra los mas de 
los bongos de prueba, especialmente Coniophora olivacea, pero 
Ia aNadidura de arsf:nico a estc nivel estimul6 en efecto Ia 
pudridumbre por Lenzites trabea. 

It was shown by Da Costa (1971, 1972) that the 
inhibiting effect of arsenate m agar cultures was 
strongly affected, for all microorganisms tested, by 
the amount of phosphate in the medium. 

This suggested that the effectiveness of CCA 
preservatives might be affected not only by the 
incorporation of phosphorus compounds in the 
formulation (which could affect fixation of the salts) 
but also by the presence of appreciable amounts of 
phosphate in the environment to which the treated 
wood was exposed, even after fixation of the CCA 
preservative in the normal manner was complete. 
Two series of tests were therefore set up-firstly to 
determine whether commercial CCA salts were 
likely to be affected by phosphate and secondly to 
determine the amount of arsenic which had to be 
added to a copper chromate preservative for protec
tion against copper-tolerant fungi and the effect of 
phosphate on this requirement. 

l Forest Products Laboratory, Division of Building Research, CSIRO, Melbourne, Australia. 
(Copy received June 1972) 
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Materials and Methods 

Effect of phosphate on commercial-type CCA preserva
tive. In this test, specimens of Pinus radiata D.Don 
sapwood, treated with various concentrations of a 
CCA preservative, were soaked in solutions containing 
amounts of KH2P04 calculated to give various simple 
ratios of P to As atoms in the blocks (Table I). They 
were then exposed to· attack by wood-destroying fungi 
established on an agar medium containing the same 
concentration of KH2P04 as present in the water in 
the blocks, so that loss or gain of phosphate by the 
specimens would be minimal. 

Blocks 6 in. long x t in. x t in. were impregnated 
with solutions of requisite strength to give retentions 
of 0.1, 0.2, 0.4 and 0.8 lb.dry salt/cu. ft. of a preserva
tive with the formulation:-

CuS04.SHzO 36.9%; K2CrzO-r 43.3%; Asz0s.2Hz0 
19.8%. This had an atomic ratio of Cu:Cr:As equal 
to 1:2:1 and resembled the CCA preservatives 
commonly used in Australia. The blocks were wiped, 
weighed and stored wet for several days at room 
temperature for diffusion and fixation to proceed, 
then dried slowly. Half an inch was discarded from 
each end and the remainder docked into 3/16 X 
t x t inch specimens for test. The test specimens 
were impregnated with distilled water and leached 
for two days with several changes of water to remove 
the K2S04 formed during the fixation process and any 
unfixed preservative. The specimens were then dried, 
weighed, and soaked in solutions of KH2P04 to 
bring the moisture content to 80%. The soaked 
specimens were sterilized by propylene oxide fumiga
tion, and placed on the cultures of the test fungi, 
under conditions which minimized loss of water 
during the process. 

The decay test was carried out in petri dishes each 
containing 30 ml of a basic medium containing 
carboxymethylcellulose 0.5%; mycological peptone 
0.2%; MgS04.7H20 0.2%'; thiamine hydrochloride 
0.002 %; agar 3%, togethe( with appropriate concen
trations of KHzP04. 

The test fungi were established on the agar plates 
and the sterilized test blocks laid on the fungal mat 
and incubated for 8 weeks at 27'C, before being 
removed, cleaned and re-weighed. Each plate con
tained five blocks, representing one control and four 
levels of CCA treatment; three replicate plates of 
each set were used. The test fungi used were Poria 
montico/a Murr. DFP 7522; Poria cocos (Schw.) 
Wolf DFP 7281, Polyporus pa/ustris Berk. et Curt. 
DFP 7140, and Lenzites trabea Pers. ex Fr. DFP 
7520. The percentage weight loss of each specimen 
was calculated and the summarized results are given 
in Table 1. 
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Table 1 Effect of soluble phosphate on CCA performance 

Test fungus CCA Loadings (lbs/cu. ft.) 
and ~ 

phosphate level 0.0 0.1 0.2 0.4 0.8 ------1-
Poria monticola 

0.0 16.1a 0.2 -0.6 -0.6 -1.0 ----------1-
0.1b 8.0 4.7 8.0 4.5 1.3 

----------1-
0.2 9.3 4.3 6.4 5.6 3.9 

----------1-
0.4 2.5 4.9 3.2 -1.0 -1.1 ------1---,_ 
0.8 -0.5 4.7 4.0 0.0 -1.7 

-
Poria cocos 

0.0 30.0 -0.2 -0.3 -0.7 -0.6 
1--------- -

0.1 34.9 24.9 11.7 1.8 0.4 
1----------

0.2 43.1 44.7 21.2 17.8 7.9 -----------
0.4 10.9 18.0 5.5 0.0 1.8 -----------
0.8 12.5 15.9 1.5 0.3 -0.8 

-------
Lenzites trabea , 

0.0 26.5 13.2 2.4 0.1 -0.6 
--- ------1-

0.1 26.2 14.1 10.5 1.5 -0.2 - --------1-
0.2 26.4 15.4 10.5 0.3 -0.4 

-----------
0.4 24.7 12.4 10.8 0.8 -0.6 

---------- -
0.8 2.9 9.8 2.1 1.0 -1.4 
-------- -

Polyporu.s palustris 
0.0 33.5 13.2 7.7 -0.3 0.2 

-----------
0.1 29.1 20.4 24.1 21.7 9.5 

-- -
0.2 36.7 16.9 21.5 19.6 6.0 

----1----- -
0.4 23.2 16.8 19.9 13.5 10.2 

-----------
0.8 32.9 15.2 18.1 15.3 ll.8 

(a) Mean %weight loss of three 3/16 x :i x t inch blocks in 
8 weeks. 

(b) Expressed as .. atomic equivalents" of arsenic in CCA 
treatments i.e. 0.1 units of phosphate gives the same con
centration of P atoms as that of As atoms in the wood 
treated with 0.1 lb/cu.ft. of CCA. At 0.4 phosphate level 
and 0.2 lb/cu. ft. CCA loading, the atomic P:As ratio is 
0.4:0.2 or 2:1. 

Effect of added arsenate on performance of copper
chromate preservative. 

In these tests, a copper-chromate preservative was 
used, to which various amounts of arsenic were added. 
Blocks of Pinus radiata D. Don sapwood were treated 
with these preservatives and tested in agar-block and 
soil-block tests with and without addition of phos
phate. The preservative with the highest arsenic 
content was similar to a commercial CCA preserva
tive, having CuS04.5H20, K2Cr207 and As205.2H20 
present in ratios calculated to give an atomic Cu :Cr :As 
ratio of 1 :2: I. This was mixed with varying propor
tions of a copper-chromate preservative with CuS04. 
5H20 and K2Cr207, providing an atomic ratio of 
1Cu:2Cr, to give atomic ratios of Cu:Cr:As of 1:2:1, 
1 :2 :t, I :2 :t, 1 :2 :i and 1 :2:0. The solution strength 
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of each preservative was adjusted to give a Cu content 
in the wood equal to that in 0.1, 0.2, 0.4 or 0.8lb/cu.ft. 
of the high As preservative with ratio I :2:1. The test 
fungi used were Poria cocos, Poria montico/a and 
Lenzites trabea as for the earlier test together with 
Conioplwra olivacea (Fr.) Karst. DFP 1779. 

In the agar-block tests, blocks measuring 3/16in. 
longitudinally x i in. X i in. were treated in packs 
of 15 blocks, which were stored for several days to 
allow diffusion and fixation to proceed and then dried 
(still in packs to prevent accumulation of solute on 
the end grain surfaces of the blocks). They were then 
separated, leached for 4 days with continuous shaking 
in distilled water to remove soluble salts, air"dried, 
weighed and sterilized by propylene oxide fumigation. 

The sterilized specimens were placed on fibre-glass 
insect screening on petri dish cultures of the test fungi. 
The test medium for P-free tests had the composition:
carboxymethylcellulose I%; peptone 0.04%; MgS04. 
7H20 0.2 %; thiamin 0.002 %; agar 3 %; for phosphate
agar tests 0.6% KH2P04 was added. After 6 weeks 
incubation at 27°C, specimens were removed, air· 
dried, re-weighed and the percentage loss of weight 
calculated. These results are given in Table 2. 

In the soil-block tests, specimens measuring I em 
(longitudinal) x 2 em (radial) x I em (tangential) 
were treated in packs of 16 (8 layers of 2). The blocks 
were held wet for fixation and diffusion to proceed, 
then allowed to dry in packs. The preservatives and 
retentions used were similar to those used in the agar
block tests. After propylene oxide sterilization, the 
test blocks were placed on pure cultures of the test 
fungi established on Pinus radiata feeder strips on 
moist soil in glass jars. Six blocks were placed in each 
jar, representing 5 retentions of the one preservative 
and an untreated control. The incubation period was 
decided by the results of matched inspection jars 
withdrawn at intervals from the test. It was seven 
weeks for the low phosphate level tests and eight 
weeks for the high phosphate level, except for Lenzites 
trabea which caused only slow decay and was incuba
ted for 14 weeks in each case. Since the experiments 
are concerned with the effects of varying copper and 
arsenic concentrations within each fungus and 
phosphate level combination, the variation in incuba
tion times is not important. At the end of the incuba
tion period, the blocks were removed, re-weighed and 
the percentage loss of air-dry weight determined. 

This was the procedure for testing in a low-phos
phate environment (some phosphate being present in 
the soil). For a high-phosphate environment, the 
treated blocks were impregnated with a O.IM solution 
of KH2P04 and re•dried before sterilization and the 
feeder strips were also impregnated with O.IM 
KH2P04 before use. The results of the soil-block 
tests are given in Table 3. 

Resnlts 
Results of the first test (Table I) varied with the 
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test fungus. Attack by the two copper-tolerant, 
arsenic·sensitive fungi, Poria monticola and P. cocos 
(Da Costa and Kerruish, 1964) occurred in CCA
treated wood only when moderate amounts of phos
phate were present. (On high phosphate media decay 
by the test fungi was markedly inhibited even in 
untreated blocks). Decay by P. montico/a was relatively 
slight, even in untreated blocks, probably because 
block moisture contents in this type of test were too 
high for this fungus. With the arsenic-tolerant 
Lenzites trabea, the addition of phosphate increased 
decay at 0.2 lbfcu. ft. level of CCA but had no effect 
elsewhere. With Polyporus pa/ustris, which is both 
copper- and CCA-tolerant (Da Costa and Kerruish, 
1964), addition of small amounts of phosphate 
caused an increase in the amount of decay, but 
further additions of phosphate had little effect (cf. 
Da Costa, 1972). 

In the second series of tests, the agar-block test 
(Table 2) showed that in low phosphate conditions, 
copper chromate was reasonably toxic to both Poria 
monticola and Coniophora o/ivacea, especially to the 
latter, but the addition of arsenic even in small 
quantities made the preservative much more toxic, 
especially to C. olivacea. The addition of phosphorus 
to the agar reduced the toxicity of the arsenical 
treatments to Poria monticola in most cases, but had 
no effect with Coniophora olivacea. 

The soil-block test produced higher weight losses 
in general than did the agar-block test. With the first 
three fungi, the addition of arsenic to the preservative 
increased its effectiveness, especially for C. olivacea, 
less so for P. monticola and least for P. cocos. With 
Lenzites trabea, which is copper-sensitive, but arsenic
tolerant, the addition of arsenic markedly increased 
the amount of decay. Once again, the presence of 
phosphate reduced the effectiveness of the arsenical 
preservatives with P. montico/a and C. olivacea, and 
even more markedly with P. cocos, where severe 
decay occurred at the highest loadings of even the 
most arsenical preservative tested. Addition of 
phosphate made little difference with L. trabea, 
except that it may have made the preservative slightly 
more effective, particularly at the lower levels of 
arsenic. 

Discussion 
In all three tests, the effectiveness of the commercial 

type (1:2:1 ratio) CCA preservative was markedly 
reduced by the presence of phosphate in the testing 
environment, the effect being least in the agar-block 
test of the second series (Table 2), in which the 
amount of phosphate added was least. (In this test, 
phosphate was added only to the medium and not to 
the blocks.) In the soil-block test, (Table 3) in which 
the conditions were most favourable for decay and 
the amount of phosphate added to the blocks them
selves was at a maximum, the counteracting effect 
was most marked. 



Table 2 
Effect of arsenic content of CCA on decay in agar-block tests 

Atomic Amount of decay at various retentions of preservative 
Test Fungus Cu:Cr:As 

I ratio On phosphate-free agar On phosphate agar 

0.0 0.1 0.2 0.4 0.8a I 0.0 0.1 0.2 0.4 0.8 

Poria monlicola I :2:0 39.0b 29.8 20.1 13.8 5.2 36.4 12.8 8.0 2.2 - 2.4 

I :2:t 40.2 17.7 15.3 9.8 4.1 39.6 19.0 12.8 14.7 1.7 

I:2:t 40.6 11.4 13.2 3.5 2.2 41.1 19.9 10.1 11.3 0.5 

I :2:t 39.0 6.5 6.3 0.9 1.3 40.3 17.4 8.6 5.9 2.3 

I :2:1 41.7 2.3 0.5 0.8 1.2 41.5 16.3 5.8 4.2 0.6 

Coniphora olivacea I :2:0 19.9 17.2 13.5 4.1 -1.0 50.9 27.6 22.7 11.9 -1.9 

I :2>t 15.7 3.7 0.6 1.4 --0.5 59.7 7.7 -0.3 4.2 -0.8 

I :2:t 20.8 3.2 --0.1 --0.7 --0.7 61.8 2.4 0.3 1.2 0.3 

I :2:t 23.1 --0.1 --0.7 -1.0 --0.8 57.2 -1.1 -1.5 -1.2 -1.8 

I :2:1 23.8 --0.4 --0.6 --0.6 --0.8 57.7 -1.8 -1.6 -2.0 -2.0 

. . (a) Retentions of preservat1ves For 1.2.1 ratto, retentions m lb. dry salt/cu. ft . 
For other ratios, retention adjusted to give equal Cu retentions to 1:2:1 retentions. 

(b) Average %weight loss of three specimens (3/16 x t x tin.) 

Table 3 
Effect of arsenic content of CCA on decay in soil block tests in presence and in absence of phosphate -

Amount of decay at various preservative retentions 

Test fungus Atomic Without added phosphate With added phosphate 
Cu:Cr:As 

ratio Retention Retention 
------------------------

0.0 0.05 0.1 0.2 0.4 0.8a 0.0 0.05 0.1 0.2 0.4 0.8 --------------------
Poria monticola 1:2:0 50.7b 50.3 51.7 47.7 30.5 6.6 60.8 59.8 60.2 54.4 32.8 13.4 

1:2:t 54.0 52.5 43.3 23.1 7.8 0.4 63.1 64.6 63.4 56.0 30.8 11.3 

I :2:t 49.7 40.4 19.9 9.0 3.1 0.2 61.9 59.9 55.1 47.0 24.3 4.0 

1:2:t 50.4 26.0 10.6 6.2 1.5 --0.5 62.4 61.0 54.1 44.0 24.6 4.3 

I :2:1 53.2 21.2 4.4 1.4 --0.3 --0.5 64.1 61.2 44.2 22.6 3.9 0.0 
------------------

Poria cocos 1:2:0 63.5 62.4 61.8 60.6 53.6 47.5 69.1 66.8 52.5 53.9 48.6 42.1 

I :2:1 65.3 64.8 62.4 55.4 51.3 12.4 69.1 67.8 50.7 49.2 45.4 49.3 

1:2:t 68.7 64.8 60.2 53.6 28.6 1.5 68.8 68.0 62.1 52.8 50.7 47.1 

I :2:t 67.9 53.0 29.6 43.0 10.4 --0.8 69.5 68.6 63.2 64.4 59.8 60.6 

I :2:1 67.2 47.7 22.1 8.4 -0.8 --0.6 69.6 68.6 68.0 62.5 58.8 33.9 
1-----~ ----------------

Coniophora olivacea 1:2:0 51.9 50.2 52.9 47.5 42.2 41.8 65.5 64.3 66.7 66.0 62.4 60.2 

I :2:t 55.4 28.7 15.0 --0.6 --0.7 --0.5 67.1 62.4 60.0 42.0 18.5 2.2 

I :2:t 61.3 25.0 18.1 -0.6 0.4 -0.3 66.2 34.4 40.8 15.2 4.1 1.3 

1:2:t 61.4 3.9 1.2 --0.4 --0.6 -0.5 67.2 25.4 17.0 --0.4 -0.4 -0.1 

I :2:1 55.3 --0.4 --0.6 -0.4 --0.6 --0.4 64.0 15.5 4.9 -0.4 --0.4 --0.2 

Lenzites trabea 1:2:0 59.6 47.8 32.6 20.7 4.0 --0.3 65.0 56.5 27.6 14.9 0.9 0.2 

1:2:t 55.3 58.2 49.1 31.8 21.2 4.2 67.8 65.0 43.8 27.9 7.0 0.4 

I :2:t 58.4 62.8 52.6 37.2 23.7 5.0 68.4 65.4 39.6 31.7 9.4 0.4 

1:2:t 63.2 60.0 45.6 31.2 22.6 0.4 66.8 67.2 42.8 29.1 8.3 0.0 

I :2:1 67.0 55.2 38.0 25.1 9.1 0.0 65.2 66.4 49.2 45.6 20.9 0.6 

(a) Retentions of preservative. For 1.2.1 ratto, as lb dry salt/cu. ft .. for other ratios~ retentions are adJusted to gJVe same Cu 
retention as 1 :2:1 ratio. 

(b) Average% weight loss of four specimens (1 x 2 X 1 em). 
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Anti-fungal effectiveness of copper-chrome·arsenic preservatives in a phosphatic environment. 

E. W. B. DaCosta and Lynette D. Bezemer 

Granted that the presence of large amounts of 
phosphate is likely to reduce the effectiveness of CCA 
salts, is this of practical significance? This really 
depends on whether levels of phosphate used in these 
tests are likely to be encountered by treated timber in 
service. The lowest figure tested, 0.052% KH2P04 in 
the substrate, markedly reduced effectiveness against 
P. palustris {Table I) and it is probable that even 
lower concentrations could have an effect. This is 
equivalent to about 250 ppm P205 and such amounts 
are often present in cultivated soils as total phosphate 
although the amount of soluble phosphate is very 
low. It is considered that the counteracting effect 
takes place in or on the fungal cell, the excess phosphate 
preventing the arsenate from interfering with oxidative 
phosphorylation (DaCosta, 1972), so that the critical 
factor is the amount of phosphate available to the 
fungus. Since many wood-destroying fungi produce 
organic acids and can solubilize phosphates, this 
amount would be somewhere between the soluble 
and total phosphate figures. If it corresponded to the 
"available phosphate" as normally analyzed, it would 
rarely reach 250 ppm P205 but it is probable that 
lower figures than this may affect CCA performance. 
In general, it seems likely that the phosphate content 
of soil may occasiOnally be high enough to affect 
CCA preservatives, though normally it would be too 
low to have any practical effect. 

From the economic aspect, the other important 
question related to these tests is that of the amount 
of arsenic needed in a CCA preservative. While the 
arsenic is less costly than the other components, 
there is often a desire to minimize its concentration 
because of real or alleged health hazards. It seems 
from Table 3 that any reduction of arsenic content 
below the I :2: I elemental ratio commonly used will 
lower the effectiveness of the preservative against 
Poria cocos, although an appreciably smaller amount 
of arsenic would be effective against fungi like C. 
olivacea. In general, it would seem wise to maintain 
the arsenic content at this upper level. 

These results, especially those in Table 3, suggest 
that arsenic may be more important for decay protec
tion by CCA preservatives than previously believed. 
In "scoring" the toxic effect of various formulations 
of chromated preservatives, without regard to per
manence, we have assessed each unit weight pf arsenic 
as having half the effect of a unit of copper (Tamblyn, 
1961). An examination of Table 3 suggests that an 
increase in arsenic content was actually much more 
effective than a corresponding increase in copper to the 
first three fungi. This effect may apply only at approxi
mately these levels of copper and arsenic, but even so, 
it would probably cover most commercial preserva
tives. 
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The test fungi used, apart from Lenzites trabea, 
were all relatively copper-tolerant and it may be 
argued that the relative importance of arsenic and 
copper could best be assessed by a wider and more 
representative range of wood-destroying fungi of 
varying copper tolerance. On the other hand, it might 
be argued that the toxic effect of arsenic only becomes 
critically important when other parts of the preserva
tive are ineffective as with copper-tolerant fungi. Two 
of the test fungi, P. monticola and C. o/ivacea, are 
important causes of destruction of above-ground 
timbers in Australia and the effectiveness of arsenic 
against them has immediate application. The increased 
decay by Lenzites trabea caused by addition of arsenic 
to copper chromate (Table 3) was unexpected. It may 
be due to chemical effects, the arsenic rendering the 
copper less soluble, or otherwise less toxic, or it may, 
less probably, be due to a direct stimulation of the 
fungus by the presence of arsenic (cf. Da Costa & 
Kerruish, 1964; Da Costa, 1972 for such effects in 
other fungi). 
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BOOK REVIEWS 
THE GENUS FUSARIUM 

C. Booth 

Commonwealth Mycological Institute, Kew, Surrey, 
England, 1971. 237 pp. Price £3.00. 

Species of Fusarium are widespread and abundant 
in nature. They are regularly isolated from the soil, 
from materials in contact with the soil and from 
various natural substrates. They may be isolated, for 
example, from seeds when freshly collected and after 
storage, when they may produce toxins. Fusarium spp. 
are also very important economically for the vascular 
wilts and other diseases which they cause in plants, 
and, although less well known, for the mycotic 
infections which they can cause in man and animals 

The book under review is the result of Dr. Colin. 
Booth's work over the last 15 years at the Common
wealth Mycological Institute, and it is a masterly 
account of this genus which has caused difficulty to 
most mycologists who have had reason to identify 
isolates of Fusarium. The first two chapters cover 
morphology of spores and sporogenous cells, pigmen
tation of the culture, isolation from soil and plant 
material, preparation of single spore cultures, stimula
tion of sporulation and the media normally used. 
Chapter 3 deals briefly with preservation of cultures, 
which is most important because of the ease with 
which isolates mutate, and this is followed by an 
esoteric account of the nomenclature of this genus, 
including perithecial states. 

The main part of the book is the 154 pages which 
comprise Chapter 5. Dr. Booth recognises 12 sections, 
in which he places 44 species and 7 varieties. Several 
species, and notably F. oxysporum are sub-divided 
into formae speciales which are based on the host 
range. There are extensive keys, very clear line 
drawings and 20 large plates containing 60 micro
photographs. The detailed descriptions of each species 
cover the appearance of the colony, spore morphology 
and ontogeny (and the perfect state when one is 
known). This is followed by important biological 
notes on topics such as ecology, symptoms, trans
mission~ host range, control measures and toxin 
production, when applicable. These accounts illustrate 
Dr. Booth's great knowledge of his subject. 

For anyone who needs to identify isolations of 
Fusarium and who then needs to know what the 
species can do, this book is magnificent. However, 
and most unfortunately the Index is concerned only 
with fungal names. If the reader wants to know, for 
example, which species occur on seeds, or are toxin 
producers, or cause storage rots, then he must read 
all the descriptions. This is a serious defect in a book 
which is a work of great scholarship, which is excellent 
value for money, and which should be in every 
laboratory where Fusarium is regularly encountered. 

G. J. F. Pugh. 
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MICROBIAL TOXINS-A COMPREHENSIVE 
TREATISE 

Volume 1-Bacterial Protein Toxins. 

Edited by S. J. Ajl, S. Kadis and T. C. Montie. 
Academic Press, New York, 1970. xxii + 517 pp. 

Price $23. 

Volume 2A-Bacterial Protein Toxins. 

Edited by S. Kadis, T. C. Montie and S. J. Ajl. 
Academic Press, New York, 1971. xix + 412 pp. 

Price 22$. 

These are the first two volumes in a series planned 
to cover the whole field of microbial toxins. The first 
volume contains 13 chapters by authoritative authors 
on general problems, and approaches used, in investiga
tions on bacterial protein toxins The questions of no
menclature of toxins, the differentiation and nature of 
exo- and endo-toxins and the role of toxins in host
parasite relationships are all discussed fully. Other 
chapters consider the purification of protein toxins, 
their pharmacology and immunology, and the use of 
tissue culture for their assay. The relationship between 
the role of bacterial toxins and the structure and 
metabolism of bacteria, and studies on the uptake of 
toxins by cells are considered in some detail, together 
with advice on laboratory methodology. 

In the second volume, the specific bacterial toxins 
are considered, with the exception of diphtheria 
toxins, which are detailed in a special volume (Vol 
IIB). Chapters are devoted to the toxins associated 
with botulism, tetanus, cholera, Shigella dysenteriae, 
Salmonella typhi-murium and Escherichia coli, Borde
tel/a, Listeria and Clostridium perfringens. In each 
instance, the nature of the toxin(s), the factors 
affecting their production, pruification and detoxifi
cation, and their immunology and pathogenesis are 
considered. 

The books are well produced and well edited and, 
for multi-author books, there is little unnecessary 
repetition between the different authors. Unfortunate
ly, because of the price, the books are unlikely to be 
purchased by individuals. However, they are essential 
reference works for anyone in the field of microbial 
toxicology but there is little of direct interest to the 
worker in biodeterioration of materials. 

MODERN FOOD MICROBIOLOGY 

J. M. Jay 

B. Jarvis. 

Van Nostrand Reinhold Co., New York, 1970.448 pp. 

Price £5. 

A gap currently existing in undergraduate texts on 
food microbiology, both for students of food science 
and technology and for students of general micro-



biology, is filled to some extent by Professor Jay's 
book. Although there are similarities between this 
and earlier books on food microbiology, the commod
ity approach which has been used for so long has at 
last been superceded. This book is concerned largely 
with the principles of food microbiology. Factors 
affecting the growth and survival of microorganisms 
in food materials, and the significance of micro
organisms to food spoilage and food poisoning are 
approached in a fundamental manner. The basic 
concepts in the use of chemical preservatives, irradia
tion, high and low temperatures and dehydration are 
all emphasized. 

The approach to food poisoning organisms is 
unusual in that the author has divided them into the 
Gram-positive cocci, the Gram-positive spore forming 
bacteria and the Gram-negative bacteria. This ap
proach avoids the traditional problem of differentiating 
between the infective and toxin types of food poisoning 
but it may be confusing to some readers. In the 
chapter on other biological hazards associated with 
foods the author considers briefly viral and other 
food-borne diseases, and the role of mycotoxins. In 
his opening comments on the latter he states "that in 
lieu of an exhaustive list of mycotoxins, only the most 
important ones will be discussed in any detail the 
ajiatoxins". It is a matter of opinion but many workers 
may well feel that mycotoxins other than aflatoxins 
justify more than the cursory mention given. Some 
examples of other mycotoxins together with an 
indication of the associated disease syndromes of man 
and animals would be of value to the student food 
microbiologist. 

The introductory chapters are concerned with the 
history of food microbiology and with common food
borne microorganisms. Other than a mention that the 
genus Acinetobacter has recently been established to 
include those non-motile species formerly grouped as 
Achromobacter, no reference is made to this genus 
(even in the Appendix, q.v.). The sequential alpha
betical arrangement of genera is unusual and the 
amount of specific information about them is too 
limited other than to introduce the genera to the 
student. Nothing is mentioned of the important 
methods of classification which differ from Bergey 
and this is a major defect since to the food micro
biologist many other systems of classification are of 
prime importance. Similarly, the description of the 
common filamentous micro fungi is limited; the 
thumbnail sketches are inadequate and the labelling 
system is confusing. 

My other major criticism concerns the organisation 
of the chapters concerned with radiation preservation 
and resistance (Chapters 9 and 20 respectively) and 
with psychrophily and thermophily (Chapters 18 and 
19). In view of the limited present day interest in 
radiation processing offoods, it is somewhat surprising 
to find two chapters devoted to this topic especially 
since the treatment of food preservation by low and 
high temperatures imd by desiccation is somewhat 
shallow. The information given in the chapters on 
psychrophily and thermophily is largely fundamental 
and whilst of importance in understanding the effects 
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of temperature on the survival and growth of bacteria, 
it is generally above the level of the rest of the book. 
My impression is that the author realized the superficial 
nature of much of the material and added a few chap
ters on selected topics to upgrade the book. 

The section concerned with food sanitary require
ments and microbiological standards considers the use 
of faecal indicator organisms, including enterococci, 
in assessing the quality of foods. The author cites 
typical American "house standards" published pre
viously by Frazier (1968). Whilst reiterating arguments 
of other workers regarding the desirability or other
wise of bacteriological standards for foods, the author 
puts forward few new constructive ideas. At no time 
is the tendencious question of enforcement of micro
biological standards and jurisprudence discussed. 

The book concludes with an Appendix which 
includes a schematic key for the tentative generic 
identification of food-borne bacteria. The pages could 
have been put to a much better use! However, the 
book is generally well produced and the indexing is 
adequate and accurate. The typographic errors will 
doubtless be corrected in any future edition. The book 
constitutes a useful introductory text in food micro
biology for the undergraduate but is too superficial 
for more general use, other than by the chemist or 
chemist or technologist who requires a brief introduc
tion to the microbiology of foods. 

B. Jarvis. 

METHODS IN MICROBIOLOGY 

Volume SA 

Edited by J. R. Norris and D. W. Ribbons. 

Academic Press, London and New York, 1971. xm 
+ 450 pp. Price £7.75. 

The first part of the fifth volume of this excellent 
series is concerned with methods for the direct 
observation and study of microbial cells. Its various 
chapters describe the theory and practice of all 
methods of light microscopy, including staining 
techniques, the use of optical brightening agents and 
immunofluorescent techniques. Methods for studying 
the motility of bacteria and for the isolation of 
flagella are described and immunological reactions of 
both bacteria and toxins are considered in some 
detail, together with a very useful chapter on the 
handling of laboratory animals. The chapters on 
isolation and purification of cell walls includes much 
valuable practical information. Chapters on the 
methods for determination of molecular weight of 
DNA and on hybridization of DNA and RNA are 
included also in volume 5A. However, the volume is 
incomplete without the second part which is concerned 
with methods for cell disintegration and chemical 
analysis. 

The book provides an excellent compendium of 
techniques of value to the practicing microbiologist. 
Many of the techniques described have been developed 
during fundamental studies on microorganisms but 
lend themselves to investigations within the area of 



biodeterioration. The use of fluorescent antibody 
techniques to study microbial colonization of 
materials is one aspect which comes immediately to 
mind, and other techniques will undoubtedly be 
potentially as useful to the workers in microbial 
biodeterioration. 

The book is essential reading for the practicing 
microbiologist and, together with the other volumes, 
should be on the bookshelf in any laboratory. What 
a pity it is that the price puts it out of the reach of the 
average individual. 

B. Jarvis. 

METIIODS IN MICROBIOLOGY 

Volume6A 

Edited by J. R. Norris and D. W. Ribbons 

Academic Press, London, 1971. xiv + 593 pp. Price 
£9.00 

The sixth volume of this series occupies nearly a 
thousand pages and emphasizes the impact of bio
chemistry on the study of microorganisms. Whereas 
Volume 6A focusses attention on metabolic and 
enzymological approaches to microbiology, volume 
6B is much more concerned with physical and bio
physical applications. The styles of presentation to be 
found in this volume are more heterogeneous than 
those adopted in most of the preceding ones and this 
is an impression which reflects the very different types 
of subject matter treated. On the one hand we find 
articles on such topics as biochemical tests for bacterial 
identification, analytical procedures for fermentation 
products and the assay of microbial enzymes which 
are full of practical recipes and methods, all of which 

·the laboratory worker cau use immediately. On the 
other hand, chapters dealing with electron transport 
and oxidative phosphorylation, the determination of 
metabolic pathways and enzyme regulation are far 
removed from straight methodology. These latter 
subjects are treated in review form; the reader will 
find abundant discussion of the experimental approa
ches which can be made but then, of necessity, he will 
have to go away and design his own experiments. 

The first two chapters describe the standard bio
chemical tests used in bacterial identification (Holding 
& Collee) and the more precise detection of enzymatic 
activities in whole cells and extracts (Kersters & 
De Ley). These discussions, on balance, are compre
hensive although the reader might have been usefully 
directed to some of the automated features of bacterial 
testing and been made aware of the various "kits~· 
which are now available for the analysis of entero
bacteria, for example. And why no reference to 
Skerman's monumental collection of methods prepared 
under the auspices of the International Assoc. of 
Microbiological Societies? In my view the most 
valuable feature of this volume is the massive compila
tion of methods for the analysis of fermentation 
products prepared by Dawes and his colleagues. It 
comes as a surprise to discover that no detailed 
presentation of this subject has appeared since Neish's 
important N.R.C.C. Report of 1952. During the 
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twenty intervening years numerous innovations have 
been made in analytical biochemistry and these are 
given through appraisal in Dawes' article. This 
chapter, in effect, is the ideal complement to the one 
on the chemical analysis of microbial cells (Herbert, 
Phipps & Strange) included in volume 5B of the 
Series. Next come chapters on the evaluation of meth
ods used to determine metabolic pathways (Dagley 
& Chapman) and for studying enzyme regulation 
(Patricia Clarke) and in both cases it is the principles 
involved, rather than detailed experimental procedures, 
which are elaborated. Gould's guide to the study of 
bacterial spores again is well prepared but seems 
rather out of place in this volume. A brief treatment 
of respiratory chain inhibitors (Heinen) precedes a 
chapter concerned with the use of metabolite analogues 
in microbiology (Elizabeth Work). Regretably metabo
lite analogues in this context means those limited to 
an effect on wall synthesis and bacterial walls at that. 
Volume 6A concludes with four chapters of enzyme 
assays-enzymes of carbohydrate catabolism, TCA and 
glyoxylate cycles, aromatic and CO, metabolism. 

In some respects this volume of Methods in Micro
biology is the least satisfactory of the series and for 
two main reasons. First, and in spite of its biochemical 
orientation, it lacks the cohesion of its forerunners. 
Second, and much more important, is the debatable 
question of what topics ought to be covered in a 
series of this type. In such a large undertaking the 
tendency must exist to be all-embracing in the choice 
of material. However, I find the inclusion of so much 
detailed description of enzymic assays hard to justify; 
the microbiologist requiring such information will find 
it without difficulty in Colowick & Kaplan (Methods 
in Enzymology) and Bergmeyer (Methods of Enzyma
tic Analysis). Nevertheless, 6A will command a place 
next to the other Volumes on the shelves of all 
laboratories working with microorganisms. 

A. T. Bull. 

METHODS IN MICROBIOLOGY 

Volume 6B 

Edited by J. R. Norris and D. W. Ribbons, Academic 
Press, London and New York, 1972. xiv + 385 pp. 

Price £7.00 

Previous volumes in Methods in Microbiology are 
already recognised as invaluable sources of sound 
practical information on microbiological technique. 
In Vol. 6B attention is directed to the application of 
physico-chemical and radiobiological techniques to 
problems of microbial physiology and biochemistry. 
Chapters cover the use of electron acceptors, donors 
and carriers, the use of electrodes for measurement of 
oxygen and of carbon dioxide. For those involved in 
the use of radioisotopes there are chapters on ioniza
tion methods of counting, liquid scintillation counting 
techniques, techniques for pulse labelling of micro
organisms, the use of isotopes in tracing of metabolic 
pathways and on radio respirometric methods. The 
applications of physical techniques include discussions 
of cellular electrophysiology and microcalorimetry 
while two chapters relate to automatic and continuous 
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assessment of fermentation parameters and automated 
microbiological assay. The rather specialized chapter 
on the acetylene reduction test for nitrogen fixation 
presumably owes its place in this volume to the 
application of gas-liquid chromatography involved. 

The techniques discussed in this volume have so far 
contributed more to the realms of fundamental 
research in microbial physiology than to the ecological 
phase of much present research in biodeterioration. 
However biodeterioration studies can only proceed 
effectively in the light of a thorough understanding of 
the physiology of the microorganisms involved. Thus 
while it may require a highly imaginative approach to 
adopt some of these techniques in a field situation 
with mixed populations those working on detailed 
physiological studies of organisms isolated from 
spoilage situations cannot afford to ignore the, often 
sophisticated, techniques discussed in this volume. As 
with other volumes in the series there is a very satis
factory balance between the technical details and the 
basic theories underlying the techniques. 

J. Hopton. 

DORMANCY AND SURVIVAL 
13th SYMPOSIUM OF THE SOCIETY FOR 
EXPERIMENTAL BIOLOGY 

Edited by H. W. Woolhouse 
Cambridge University Press, 1969. viii + 598 pp. 

Price £5.00. 

The capacity of some organisms to survive during 
long periods of adverse conditions is constantly 
impressed on the worker in the field of biodeteriora
tion. Of course many biodeteriogens survive as small 
residual populations but others certainly do so by 
diapause or as dormant spores or vegetative cells. 
In some practical problems our lack of knowledge of 
the potentialities and limitations of dormant survival 
limits our ability to devise control measures but our 
experience leads many of us to work on the principle 
that the biodeteriogen is always present and that it 
will develop if the conditions are right. 

In this situation one opens this symposium volume 
on "Dormancy and Survival" in hopeful anticipation 
that it may answer many accumulated problems. 
That it does not do so is disappointing. This book is 
not, and was presumably never intended to be, an 
arithmetically balanced account of knowledge within 
its nominal field. It is a collection of mostly interesting 
and sometimes provocative individual contributions 
by distinguished authors. The fact that they are 
pitched at a fairly fundamental level is characteristic 
of the Society but I found it rather disturbing that in 
some chapters the contents bore such little relationship 
to the titles. For example A. S. Sussman's chapter on 
"The dormancy and survival of fungus spores" is 
concerned almost exclusively with the ascospores of 
Neurospora while the last chapter "Principles and 
further problems in the study of dormancy and 
survival" by L. Irving which one might expect to 
integrate the earlier contributions is in fact mainly 
an account of specific work on arctic animals. On the 
other hand some chapters such as that by G. E. Fogg 
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"Survival of algae under adverse conditions" both 
promise and fulfil the review role while yet others 
are closely circumscribed in both title and content. 

Biodeterioration research now covers a wide field 
and it would be rash indeed to suggest that most of 
this book has, despite its title, little relevance to 
workers in it. However to this reader there were only 
one or two chapters which, apart from the isolated 
serendipitous flash, seemed linked to general problems 
in biodeterioration. The worker with particular 
interest in insect diapause or dormancy in storage 
organs of higher plants might well take a more 
favourable view and there is no doubt that the 
volume as a whole is packed with stimulating material 
of general biological interest. 

G. Ayerst. 

WOOD PRESERVATION-A GUIDE TO THE 
MEANING OF TERMS 
N. E. Hickin 

Hutchinson, London (The Rentokil Library), 1971. 
109 pp. Price £2.25. 

Over the last few decades wood preservation has 
become a branch of technology in its own right, an 
amalgam of other disciplines ranging from architec
ture, surveying and various craft industries through 
the basic sciences to recent developments in advanced 
technology. The practitioner and particularly the 
newcomer in the field may well be confused by the 
mixture of terms he will encounter, coming as they 
do from the whole range of these disciplines. It is very 
convenient and useful therefore to have this simple 
guide in which Dr. Hickin has set out some 800 terms 
in alphabetical order without subject subdivision 
covering all aspects of timber preservation. 

In some instances Dr. Hickin gives definitions only, 
but for most terms there is a succint encyclopaedic 
account which makes the book far more than a diction
ary. For instance wood preservation processes such as 
Boucherie, Rueping, double vacuum, are accorded 
short technical descriptions and entries for individual 
species of wood boring insects outline their life history, 
biology and economic importance. The entry for 
Ptilinus pectinicornis, for example, gives an account 
in under 200 words which is more up"to-date and 
accurate than any textbook, and other species are 
excellently described. 

It would be pleasant to report that it maintained 
this illuminating quality throughout. There is how
ever an authoritative and up4o-date British Standard 
BS 4261 :1968 defining terms relating to timber 
preservation and by deliberately departing from the 
recommendations of this Standard in a number of 
instances an element of confusion is introduced. The 
word "decay" for instance in wood technology has the 
precise connotation of decomposition of wood by 
fungi and other micro-organisms, a definition support
ed not only by BS 4261 but also by the British Com
monwealth Forest Terminology. Dr. Hickin in 
seeking to introduce the more generalised usage of the 
Oxford Dictionary would open the term to include 
insect attack and chemical degradation (why not 
combustion also?) By doing so a usefully precise 
term would be lost. Yet he is not consistent in this 



since he accepts the restricted definition of "incipient 
decay". His definitions of other terms such as "dote", 
"durability", "resistant", "oven dry", "sapstain" all 
depart in concept, not merely word form, from the 
accepted definitions of the British Standard. This is 
not to say Dr. Hickin is wrong but a lexicographer 
takes a heavy responsibility if he attempts to lead 
not to follow word usage. 

Actual errors are few and seem mainly to concern 
the description of fungal terms. Dr. Hickin describes 
spores as single celled structures and appears to 
regard them all, including ascospores, as a means of 
asexual reproduction-they are in fact sexual and in 
many instances multicellular. The different, vegetative 
nature of the conidium is not recognised and his 
generalisation that all conidia are thin-walled and 
borne terminally on a specialised hypha is incorrect. 
There are a few misprints, some like "napthenate" 
unimportant, but reference to the "solid-block" test 
instead of soil-block on page 12 causes a moment's 
bewilderment. 

However these criticisms are minor and the book 
will undoubtedly be widely used. It is produced in the 
attractive form we have come to expect from the 
Rentokil Library under the Hutchinson imprint and 
includes I 5 colour plates. The price, £2.25 is in line 
with the quality of production but perhaps when 
future editions are produced-and they are certain to 
be needed-a cheaper paperback version without the 
beautiful but inessential plates might be considered. 
This would put the Guide within the means of every 
student. It is to be hoped by then that Dr. Hickin 
may have aligned the more heretical of his definitions 
with BS 4261 ! 

J. M. Baker 

INHIBffiON AND DESTRUCTION OF THE 
MICROBIAL CELL 

Edited by W. B. Hugo 

Academic Press, London and New York, 1971, 819 
pp .. Price £12.50 

This volume consists of a series of reviews by 
British and North American authors within the wide 
scope provided by the title. The book is divided into 
two sets of chapters; the first section deals with inhibi
tion and destruction from the classical viewpoint of 
destructive agent whereas the second section deals 
with the topic from the point of view of types of 
organisms. The editor aptly describes the two approa
ches as 'weaponry' and 'targets' respectively. The 
latter approach is claimed to be entirely new and to 
have involved considerable collection of diverse 
literature. 

Three chapters are given over to destruction of 
microorganisms by physical means (heat, cold and 
radiation) and a further three chapters, including one 
long sub-divided chapter containing contributions 
from seven sets of authors, are devoted to various 
types of chemical agents. The micro-organism aspect 
of the second set of chapters is heavily weighted in 
favour of bacteria and consists of reviews dealing 
with the destruction and inhibition of Pseudomonas 
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aeruginosa, cocci, enterobacteriaceae and myco
bacteria as well as one chapter on viruses and one on 
moulds and yeasts. The final chapter covers the 
effect of the prehistory of micro-organisms on their 
response to physical and chemical stresses. 

Lest the readers of this review obtain the impression 
that each of the topics considered is covered in a wide
ranging manner it is essential to point out that in 
many cases the terms of reference of the articles have 
had to be restricted. The most obvious restriction 
which the editor has imposed is that sulphonamides 
and antibiotics are excluded from the work. This 
exclusion is general with the exception of the chapter 
dealing with moulds and yeasts where it was felt that 
adequate coverage necessitated the incorporation of 
antibiotics effective against fungi. The chapter dealing 
with Pseudomonas is largely limited to medical and 
pharmaceutical aspects with little mention of plant 
pathology or food spoilage. Enterobacteriaceae are 
dealt with from the pathology and public health 
aspects as are mycobacteria. Thus in the latter review 
there is deliberately little reference to chemotherapeutic 
agents. In contrast the author of the chapter on 
moulds and yeast deals with the topic largely from a 
chemotherapeutic standpoint and is concerned mainly 
with pathogenic organisms. This review has been 
approached more from a "weaponry' than 'target' 
aspect but in view of the size of the target this is 
understandable. 

The format of the book results in a certain amount 
of duplication but the editor has accepted that this is 
not only unavoidable but beneficial. Certainly each 
review is self•contained and within the limitations 
given above appears comprehensive. For these reasons 
it is felt that the work will be of interest to micro
biologists in research as well as those involved in 
public health, the medical profession and the pharma
ceutical industry. 

J. L. Bennett. 

THE BIOCHEMISTRY OF FRUITS AND 
THEm PRODUCTS 
Edited by A. C. Hnlme 

Academic Press, New York and London, Vol. J, 
1970 xviii + 620 pp. Price £10.00. Vol. 2, 1971, xvi + 
788 pp. Price £12.00. 

These two volumes together constitute the latest 
addition to the series of monographs on Food Science 
and Technology published by Academic Press, and 
in their overall standard of production and scientific 
quality, they more than live up to the standards which 
have been set by earlier publications in the series. 

The biochemistry of fruits and fruit products is a 
subject which has been growing steadily for several 
decades past; but in spite of its increasing practical 
and scientific importance, it is not a field which, 
until recently, has attracted the serious reviewer. It is 
therefore most timely that a specialist such as Dr. 
Hulme should have been prepared to devote himself 
to the editing of monumental work such as this. 

A multi-author text must naturally suffer to some 
extent from variability of treatment, but in this case 
the field has become far too large to be tackled in 



any other way, and Dr. Hulme has not only drawn 
upon a wide but carefully~chosen spectrum of exper
tize, but has also combined the various contribution, 
editorially, into a satisfactorily coherent whole. 

The first volume is divided into four parts-The 
first 380 pages cover the basic chemistry of fruits, 
individual chapters treating the various constituents 
such as sugars; polysaccharides; pectic substances; 
organic acids; amino acids; proteins; enzymes; vola
tiles; phenolics; terpenoids and vitamins. The next 
88 pages in Part 2 cover pre-harvest factors such· as 
physiology and nutrition in the growth and develop
ment of fruits. Part 3a covers in 52 pages the biochemis
try of maturation and ripening, while physiological 
disorders of fruits are discussed in the final 34 pages 
of Part 3b, followed by a comprehensive author and 
subject index. 

In the second volume, a somewhat different ap
proach is adopted. Part I of this volume (482 pages) 
is devoted to individual commodities, avocado; 
banana; citrus; grape; melons; mango; olive; persim
mon; pineapple; pome fruits; soft fruits; stone fruits 
and tomato; each fruit or group being discussed in a 
separate chapter (pineapple runs to two) by a separate 
author. In Part 2 of this volume, the subject of the 
biochemistry of fruit processing is covered, various 
chapters dealing with canned fruits (canned citrus 
warranting a chapter on its own); fruit juices; dehy
drated fruit; freezing preservation; radiation treat
ment; pigmentation changes during processing; and 
finally quality: a total of 243 pages. 

Although there is naturally some variation of 
quality of treatment, the standards are in general very 
high, and this book should prove of great value to 
biochemists and physiologists concerned with fruits 
and similar plant products, to food scientists and 
technologists, and also fruit growers and processors. 
Dr. Hulme and his collaborators are indeed to be 
congratulated on the production of the work. By 
present-day standards, even the price is moderate for 
such a comprehensive text. 

D. G. Coursey. 

MEASUREMENT OF MOISTURE IN SOLIDS 

P. J. Geary 

Sira Institute, Chislehurst, Kent, England, 1970. 89 pp. 
A4 size, card covers. Price £10.50 to non SIRA 
members. 

There is no frequently made measurement of more 
technological significance than that of moisture (i.e. 
water) in solids. Also, there is no concept more 
deceptively simple yet in practice more difficult of 
precise definition than that of "moisture content". 
The technological significance of water in solids is so 
wide that an immense range of techniques has been 
developed, frequently on a purely empirical basis, 
many of which are unsound in principle however 
useful they may be in practice. 

There is no conceivable physical principle which 
has not been exploited in the effort to find better, 
quicker, more accurate or more reproducible measure
ments of moisture in solids, yet no single method has 
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proved to be the perfect answer to all demands. 
Hence the literature is immense and confusing and a 
comprehensive, descriptive bibliography is very wel
come indeed, not least those who are concerned with 
biodeterioration so much of which is largely controlled 
by moisture levels in solids. 

Although this monograph (which is a revision of that 
published by the author in 1956) is expensive, it is 
very well worth its cost for the time it will save 
anyone who needs to know what methods are avail
able to suit his particular needs. Not the least of its 
merits is a very useful brief survey of the concept of 
"moisture content" which is contained in the intro
duction. This is followed by a few paragraphs of 
admirable clarity on each of the more important 
principles of measurements. 

T. A. Oxley. 

WASTE DISPOSAL 

4th International Congress of the International Research 
Group on Refuse Disposal (I.R.G.C.) 2-5 June, in Basel. 
Schweizerische Zeitschrift fur Hydrobio/ogie 31 (2), 
185-783 (1969). 

This congress report is a collection of papers and 
working reports describing particular and important 
aspects in solid waste disposal. 

The welcoming speech by 0. Jaag (Switzerland) 
summarises the history of such congress and their 
significance. The first paper is by Jaag and this 
outlines the extensive international co-operation in 
waste disposal. R. Kojetinsky (Austria) follows with 
a review of organisation at a local level. 

R. D. Vaughan (U.S.A.) describes solid waste 
management in America and R. E. Bevan does 
likewise with controlled tipping of urban and industrial 
waste in Great Britain. 

Further papers are devoted to aspects of waste 
disposal and each are followed by a working group 
report examining some of the related topics that arise 
from the paper. Thus W. Niemitz (Germany) discus
ses the disposal of industrial sludges. J. Defeche 
(France) attempts to explain various corrosion 
problems in plants concerned with the incineration of 
domestic refuse and C. Tietjen (Germany) presents an 
account on the uses of co111posted domestic refuse 
and suggests some explanations for the difference 
between supply and sales. B. Bohnke (Germany) 
analyses methods for the treatment of sewage sludge 
and A. Bjorkman (Sweden) handles thermal treatment 
of sewage sludge. 

Finally there is an appendix with lists and descrip
tions of refuse disposal plants in Switzerland. 

The report is successful in providing a comprehen
sive survey of waste disposal practices up to 1969 but 
is deficient in giving balanced accounts in some 
papers where an admittance of a lack of information 
could be included. This deficiency possibly aggravates 
the impression given of a low amount of opinions 
expressed on the future of waste disposal management. 

R. F. Sharp. 
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ENQUIRY SERVICE 
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VISITORS 
Visitors are always welcome at the Biodeterioration Information Centre where the entire literature collection 

and the advice of the Centre's staff are at their service. 
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paints. 
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