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BIODETERIORATION SOCIETY NEWSLETTER 

New Biodeterioration Laboratories 
at Princes Risborough 

A major addition to the labor
atory facilities in UK. for research 
in biodeterioration was recently 
completed at the Princes 
Risborough Laboratory of the 
Building Research Establishment. 

The new building has been 
specifically designed for research 
on those microorganisms and 
insects which are of special concern 
in deterioration of buildings. Of 
major concern, naturally, are wood 
and wood-based building materials. 
But in addition, protective fmishes, 
especially paints, which are subject 
to biodeterioration are also studied. 
More recently the research 
progranune has been extended to 
include biodeterioration of stone 
and concrete. 

The building is well provided 
with constant temperature rooms, 
including a simulated 'fungus cellar' 
which will allow tests of a type not 
previously possible at the Princes 
Risborough Laboratory. Care has 
been taken to segregate insecticide 
work from the biological studies on 
insects, and to keep areas for the 
receipt of handling of naturally 
infested wood isolated from 
culturing laboratories. 

All workers in biodeterior
ation must welcome this sub
stantial addition to the world total 
of facilities available for research in 
the subject. We wish the workers 
who are now engaged in research 
in the new building every success 
and we look forward to an 
increasing number of scientific 
communications from them. We 
cari only regret that it was not 
possible, at present, to increase 
their numbers to the maximum 
who could advantageously make 
use of the excellent facilities 
which have now been provided. 

Course in Advanced Food Micro
biology at the University of Surrey 

A specialist course in Food 
Microbiology is held every two 
years in the University of Surrey. 
This course, of three weeks' 
duration, is organised by an expert 
advisory committee and confonns 
to the recommendations of the 
report on the NGA/FAO/WHO 
informal consultation on Post 
Graduate Training in Food 
Microbiology. The next course, 
the fourth in the series, will be 
held from 22nd July to 11th 
August 1979. For further 
infonnation and applications fonns 
please contact Mrs. O.M. Murphy, 
Department of Microbiology, 
University of Surrey GU2 SXH. 

Biodeterioration Meeting in Tokyo 

A joint symposium on the 
Enzymatic Degradation of Wood 
organised jointly by the Japan 
Wood Research Society and 
members of the Biodeterioration 
Society in Japan was held on 12th 
November 1977. The programme 
was as follows: 

Identification of Basidiomycetes by 
isozyme patterns, by Dr. M. 
Hagaki, Tokyo University of 
Agriculture, Setagaya, Tokyo, 
156. 

Reducing enzymes of benzoic and 
cinnamic acids and the enzyme 
system of vanillic acid fonnation 
from ferulic acid in Basidiomycetes, 

by Mr. A. Nishida and Dr. T. 
Fukuzumi, University of Tokyo, 
Hongo, Tokyo 113. 

Extracellular xylanase from 
Tyromyces palustris, by Dr. M. 

Ishihara, Dr. K. Shimizu, and 
Dr. T. Ishihara, Forestry & 
Forest Products Research 
Institute, Ushiku, Ibaraki 300-
12. 

Bavendum reaction of Stereum 

iii 

frustulosum, by Mr. A Yamaguchi 
and Professor T. Haraguchi, 
Tokyo University of Agricul
ture and Technology, Fuchu, 
Tokyo 183. 

This meetipg was the second 
joint symposium organised jointly 
by the two Societies. About forty 
members attended and discussion 
was active. No proceedings are 
published. Those wishing further 
information should write directly 
to the authors at the addresses 
given. 

Australasian Soft Rot Study Group 

A study group with the above 
title (ASRSG) has just been 
formed. It consists of researchers in 
Australia, New Zealand, and Papua 
New Guinea who are working on 
the soft rot problem. 

The aims of the group are to 
achieve a more complete under
standing of this fonn of decay and 
to produce good preservation 
practice for controlling it. It is 
intended that work in the Group 
will be coordinated so that the 
individual research programmes 
should be complementary. There 
will be a free interchange of results 
and progress and planning of future 
efforts will be integrated for the 
maximum overall benefit. 

The ASRG will welcome contact 
with any members of the Rio
deterioration Society, or other 
interested researchers. The 
coordinator of the Group, to whom 
enquiries should be addressed, is 
Dr. H. Greaves, CSIRO Division 
of Building Research, P.O. Box 
56, Highet!, Vic. 3190 Australia. 

Portsmouth Meeting 

The Annual Summer Meeting of 
the Society was held in 
Portsmouth. Attendance was 
exceptionally ~ood and showed no 
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sign of having been impaired by 
the imminence of the Berlin 
symposium. Abstracts of most of 
the papers presented are published 
In this Newsletter as usual but 
unfortunately not all authors 
provided them in time for this 
issue. There was an encouragingly 
large number of papers presented 
for the usual session of short 
contributed original papers which 
suggests that an Increasing 
number of younger workers are 
Interested In the general field .of 
Biodeterioration. 

4th International Biodeterioration 
Symposium; Berlin. 

This symposium was held at the 
State Institute for Materials Testing 
(BAM) "In Berlin, Dahlem, from 
28th August to 1st September. 
About 60 papers were presented 
in 12 sessions at all of which both 
attendances and discussions were 
good. 

Registrations, however, were 
disappointing at about 100 whereas 
up to 180 had been expected. Much 
of the deficiency was In the support 
by American members, many of 
whom sent regretful apologies at 
the last moment. It is possible 
that sudden restrictions In 
Government expenditure was, in 
part, responsible for this. 

The reduced number of 
registration fees received will result 
in there being barely adequate 
fmance available for publication of 
the proceedings. It is Intended that 
the Biodeterioration Society will 
itself undertake publication in the 
most economical marmer possible 
which is consistent with a high 
standard of production. It is 
Intended to produce a normal 
typeset, hard cover volume, similar 
to the three previous publications 
In the series, but In A4 size. The 
style will be that of tlie 
International Biodeterioration 
Bulletin. It will be edited by 
Professor T.A. Oxley, Dr. D. 
Allsopp and Professor Dr. Dr. h.c. 
Giinther Becker. 

Microbial corrosion. 
Sulphate reducing bacteria in the 
petroleum industry. 

Institute of Petroleum, London 

6th September 1978. 

A meeting on the above topic 
attracted a capacity audience of91, 
with many on the waiting list. This 
is perhaps a reflection of the 
current Interest In this topic, a 
multi-million pound problem to the 
Industry, combined with the lack of 
meetings at which the subject has 
been substantially discussed. 

Mter an Introduction by the 
chairman (Ted Hill, University 
College, Cardiff), Barry Herbert 
(Shell Research, Sittingbourne) 
presented a paper on oil field 
problems with excellent photo· 
graphs illustrating pipe-line 
corrosion. Julian Wimpenny 
(University College, Cardiff) 
presented a stimulating paper on 
mixed culture microbiology, 
emphasising the importance of 
gradients, particularly oxygen 
gradients, in heterogeneous 
systems. Barbara Crouch (BP 
Research, Sunbury) gave a very 
practical account of the problems 
facing microbiologists in field 
Investigations of S.R.B.'s and 
described how her company had 
standardised their approach. 
Michele Bryder (University of 
Aberdeen) described a radio· 
tracer technique which she had 
developed with Nigel Poole, In 
which Incubation for a few hours 
with labelled sulphate was followed 
by an assay for radioactive 
hydrogen sulphide. Sulphate 
reducing activity was thus measured 
as an alternative to the tedious, 
contentious and erratic colony 
count methods. John Parkes (now 
at UWIST, Cardiff) gave an account 
of his work with Nigel Poole which 
linked temperature and sulphide 
concentration in estuarine 
sediments with numbers of S.R.B. 
A final paper by Bob Lovitt 
(University College, Cardiff) gave 
the results of regular sampling In 
gas oil storage tanks and 
described models currently being 
developed to stabilise gradients in 
heterogeneous systems. 

Although superficially a some· 
what mixed bag of papers, they 
attracted lively discussions and a 
common theme emerged 
emphasising the pitfalls of sampling 
and counting, the importance of 

iv 

mixed culture work and a need to 
consider activity as a guide to 
aggressiveness. 

E.C. Hill. 

Annual General Meeting 

This was held, as usual, during 
the Annual Summer Meeting. It was 
decided that the post of Programme 
Secretary, responsible for organ
ising all meetings and symposia 
in the United 1Gngdom, be 
abolished on the retirement from 
this arduous post of Dr. Richard 
Tilbury. In future it is proposed 
to work by nominating 
particular Individuals to be 
responsible for particular meetings. 
Mr. A. R. Barr of Catomance Ud., 
has been appointed co-ordinating 
secretary for the programme. 

It was also decided that the 
subscription will be increased from 
1st April 1979. From that date 
the world subscription will be £3. 
The subscription for members in 
Great Britain and Ireland will be 
£/1.50. 

The price of the Society's tie 
is £2 .SO, available from the 
secretary, Dr. Hollingsworth, Philip 
Lyle Memorial Laboratories, Tate 
& Lyle Ltd., P.O. Box 68, The 
University, READING Berks. 
RG62BX. 
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Abstracts of Papers presented at a Symposium on 

BIODEfERIORATION PROBLEMS OF MODERN MARINE EXPLOITATION 

Portsmouth Polytechnic, 6th July 1978 

Title: Oil in the marine ecosystem - input, fate 
and effects. 

Authors: R. Hardy, P. Mackie, K. Whittle, and 
A. McGill. 

Address: Torcy Research Station, P.O. Box 31, 
Abbey Road, 
ABERDEEN AB9 8DG. 

Abstract not received 

Title: Oil <legradation in the marine environ
ment. 

Authors: IJ. Higgins and P.D. Gilbert. 

Address: Biologicall.aboratocy, 
tlniversity of Kent, 
CANTERBURY, Kent. CT2 7NJ. 

ABSTRACT 

Both photochemical and micro biological processes 
are involved in mineral oil degradation at or near the 
sea surface but their relative importance is unknown. 
Although there is an extensive literature concerning 
microbial hydrocarbon degradation there have been 
few environmental studies. We have developed a 
method for maintaining weathered crude oils in the 
marine environment. Oil is adsorbed onto cellulose 
acetate filter discs which are enclosed in protective 
equipment allowing free interchange with the 
environment. Gram-negative, facultative, 
psychrophilic rods colonise the discs, maximum 
poptilations being reached in S and II days at 13 and 
S°C respectively. At 5°C, 16 - 8S% degradation 
occurred in 40 days depending on oil composition; 
r.ates at l3°C were three times those at S°C. 
l.aboratocy studies revealed some plasmid-containing 
strains and that some store· oil whilst others 
synthesise hydrocarbons de novo during the 
degradation process. 

Title: Microbial spoilage of ship's engine lubri
cating oil and its signifiCance. 

Author: E.C. Hill 

Address: Microbiology Department, 
University College, 
Newport Road, CARDIFF CF2 ITA. 

ABSTRACT 

Massive microbial infections have occurred 

occasionally in the lubricating oil of slow speed 
marine diesel engines and occasionally .steam tur\lines. 
The temperatures, water content, and nutrients · 
available are conducive to groWth although the 
incidence of the problem is vecy low. When heavy 
infection occurs it can be related to oil 
emulsification, smell, paint failure, staining and 
corrosion. Methods of control by biocides and/or 
heat have been studied and the methods used and 
results obtained were presented. 

The importance of determining the parameters 
for noninfected engines was stressed. 

Title: Fleet microbiology 

Author: Sean A. Gage 

Address: A.M.T.E. Dockyard l.aboratocy 
H.M. Naval Base, 
PORTSMOUTH. 

ABSTRACT 

The microbiological problems encountered by the 
Royal Navy are outlined. Generally the problem 
areas can be defmed as: 

I. Those caused by microorganism groWth in aircraft 
and ship fuels, hydraulics and lubricant systems, 
and 

2. Deterioration of service items in store or use 
caused by these agents. 

As the latter tends to be of a "trouble shooting" 
nature tbis paper concentrates mainly on the fuel 
problem. Problem areas are identified and 
indications given of research efforts in tbis field by 
the Navy. 

Title: Biocide procurement 

Author: G. Jackson 

Address: A.M.T.E. Dockyard l.aboratocy 
H.M. Naval Base 
PORTSMOUTH 

ABSTRACT 

The evaluation of biocides is carried out by the 
Dockyard l.aboratocy to determine their potential 
either as main antifouling agents to prevent the 
settlement of marine fotiling organisms on ships' 
hulls or fungicides to control fungal attack of fuels. 

The provision of these abstracts by authors does not constitute formal publication. Those interested shotild write 
directly to the authors at the addresses given, not to the Society. 
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.In this paper, the problems associated with marine 
fouling organisms and the fungal attack of fuels are 
outlined, and the physical and chemical properties 
the material must meet. The various screening 
techniques and interpretation of the results are also 
covered. 

Title: The screening and development of new 
anti-foulants. 

Author: T. Lovegrove 

Address: International Paint Marine Coatings, 
Biologicallllboratory 
Yealm Road, 
Newton Ferrera, PLYMOUTH Pl.S IBN 

ABSTRACT 

Field trials are carried out on a specially designed 
"Turtle" raft which simulates conditions on a ship's 
hull. Primary screening units are covered with a 
membrane for free diffusion of the contents and 
they are inunersed for a standard period of three 

months. Promising materials are laboratory tested for 
toxicity and solubility and the best performers 
receive more practical treatment. 

In secondary screening small painted plaques are 
"turtle" tested and the screening programme merges 
into the main trials programme of applying patches to 
ships' hulls and removable bilge keel panels. 

Biodegradable organic materials may meet the 
needs of the antifouling market and satisfy the 
doubts of the environmentalists. 

Title: Opercular regeneration in Pomatoceros: 
Calcification in marine fouling animals 

Authors: A. Bubel and C. Thorp 

Address: Department of Biological Sciences, 
Portsmouth Polytechnic, 
King Henry I Street 
PORTSMOUTH PO! 2DY. 

Abstract not received 

Abstracts of papers presented at a paper reading session for short original papers 
Portsmouth Polytechnic, Friday 7th Jniy 1978. 

Title: Life history and attachment studies in the 
ship fouling brown alga, Giffordia 
granulosa 

Author: R.L. Fletcher 

Address: Department of Biological Sciences, 
Portsmouth Polytechnic 
King Henry I Street, 
PORTSMOUTH PO! 2DY. 

Abstract not received 

Title: Adhesive systems in marine fouling 
diatoms 

Author: G. Daniels 

Address: Department of Biological Sciences, 
Portsmouth Polytechnic 
King Henry I Street 
PORTSMOUTH POl 2DY. 

Abstract notreceived 

Title: Settlement studies in Ulva lacruca 

Author: A.M. Jones 

Address: Department of Biological Sciences 
Portsmouth Polytechnic, 
King Henry I Street, 
PORTSMOUTH PO! 2DY. 

Abstract not received 

Title: The bacterial degradation of wood pulp 
in marine sediments. 

Author: I. Vance 

Address: Department of Life Sciences, 
Polytechnic of Central london • ; 
115, New Cavendish Street, · 
LONDON WIM 8JS. 

ABSTRACT 

The fjordic loch complex of loch Eil and loch 
Unnhe on the west coast of Scotland receives 
effluent from a pulp and paper mill situated close to 
Fort Wtlliam. The sediment of the loch bottom, in 
sites adjacent to the effluent outflow, was shown 
to support the highest population density of 
cellulolytic bacteria. Measurements of sediment 
Eh in these areas gave low values and hydrogen 
sulphide was present. 

Degradation of wood pulp fibre, of the type 
discharged from the mill, was studied in laboratory 
sediment models. Cellulolytic bacteria catabolised 
the wood pulp and were shown to produce organic 
acids. Sulphate reducing bacteria became noticeably 
active when the Eh of the sediment models fell below 
0 volts and are presumed to utilise the acids released 
by cellulolysis. The production of hydrogen sulphide 
by sulphate reducing bacteria has the potential to 
profoundly alter the biological and chemical 
functions of marine sediments. 

The provision of these abstracts by authors does not constitute formal publication. Those interested should write 
directly to the authors at the addresses given, not to the Society. 
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Title: Development of a screening method for 
the activity of pyrethroids against the 
wood boring marine crustacean Limnoria 

Authors: D. Rutherford, R.C. Reay, and M.G. 
Ford. 

Address: Department of Biological Sciences 
Portsmouth Polytechnic, 
King Henry I Street, 
PORTSMOUTH POl 2DY. 

ABSTRACT 

A bio-assay has been developed to screen the 
synthetic pyrethroids against the marine borer, 
Limnoria sp., which is based on a topical 
application technique. Analysis of the method has 
indicated that the actual dose applieg by the Arnold 
hand microapplicator is 70% of the theoretical dose. 

The results are analysed by Finney's probit 
analysis and L.D.5 0 's have been estimated for 
Permethrin (2114 pg/animal), Cypermethrin (175 
pg/animal) and Decamethrin (I 54 pg/animal). The 
results were discussed in relation to the structures of 
the pyrethroids. 

Title: Laboratory studies on the effectiveness of 
a biocidal preparation containing tnoutyl
tin oxide as an antifungal preservative. 

Authors: K. Manners and L.H.G. Morton 

Address: Biology Division, 
Preston Polytechnic, 
Corporation Street, 
PRESTON PRI 2 TQ. 

ABSTRACT 

The results of laboratory experiments into the 
effectiveness of a biocidal preparation containing 
T.b.t.o. were presented. 

Data which recorded the effectiveness of the 
biocidal preparation when incorporated into growth 
media and when applied to filter paper and wood 
substrates were submitted. 

Results of viscometry experiments on the effect 
of the biocidal preparation on the activity of enzyme 
filtrates on carboxymethyl cellulose indicated that 
the addition of the biocidal preparation to such 
filtrates produced no significant reduction in enzyme 
activity. 

Data were presented which suggested that 
exposure of the biocidal preparation to long wave 
and short wave u.v. radiation significantly reduced 
its toxicity. Results were also given which suggest 

that exposure of the biocidal preparation to above
ambient temperatures resulted in loss of toxicity. 

Title: The effect of agricultural liiocides on 
cellulose decomposition by soil micro- . 
flora. 

Author: R.N. Smith 

Address: School of Natural Sciences, 
The Hatfield Polytechnic, P.O. Box 109, 
College Lane, 
HATFIELD Herts. ALIO 9AB. 

ABSTRACT 
The rate of cellulose degradation in an agricul

tural soil was detennined by measuring loss of tensile 
strength by a buried textile, weight loss by buried 
mter paper and visual observation of discolouration 
and microbial colonization of filter paper laid on 
moist soil. Three biocides were added separately 
to the soil; these were phenylmercury acetate at 
10 ppm, chlorfenvinphos at I ppm and benomyl 
at 100 ppm. 

Chlorofenvinphos has no effect whilst benomyl 
reduced .cellulose degradation for the frrst four weeks 
whilst the effect of phenylmercury acetate lasted for 
at least eight weeks. The effect on strength loss was 
to cause a 3-4 day delay before the onset of 
degradation. Phenylmercury acetate also caused a 
marked change in the kinetic pattern of weight loss 
of buried mter paper whereby the natural log of 
weight loss was linear with time in treated soil as 
compared with control soil where this natural log 
of residual weight was linear with time. Visual 
observations of mter papers. showed that ftlter papers 
lying on soil treated with phenylmercury acetate has 
much less discolouration and far fewer microbial 
colonies than ftlter papers on control soil. 

Title: Inhibition of germination of Chaetomium 
globosum ascospores by some hard woods. 

Author: A.K. Hardie 

Address: Biodeterioration Information Centre, 
University of ASTON in Binningham 
Department of Biological Sciences, 
80 Coleshill Street, 
BIRMINGHAM B4 7PF. 

ABSTRACT 

The sapwood of Tilia europaea L. was found to 
possess a substance capable of inhibiting germination 
of ascospores of O!aetomium globosum Kunze ex 
Fr. The inhibitory substance could be leached from 
sapwood blocks placed with the end grain in contact 
with water agar. Volatile activity of the substance 
was also demonstrated after oven sterilisation. of the 

The provision of these abstracts by authors does not constitute formal publication. Those interested should write 
directly to the authors at the addresses given, not to the Society. 
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wood. Autoclave sterilisation removed the volatile 
inhibitor but water soluble inhibitors remained. The 
inhibitor was found to have no effect on conidia of 
Alternaria tenuissima (Fr.) Wiltsh. and Trichoderma 
viride Pers. ex Fr. Inhibitors to ascospore 
germination were also found in Oak and ldigbo 
heartwood while enhancers or" germination were 
found in 5 other hardwoods. 

Title: Hydrocarbon catabolism in Qadosporium 
resinae: Effect of hexadecane on succin
ate dehydrogenase activity. 

Authors: A.P.F. Tumerl, K. Gull* and IJ. Higgins' 

Address: I Dept. of Biological Sciences, 
Portsmouth Polytechnic, 
King Henry I Street, 
PORTSMOUTH POl 2DY. 

*Biological Laboratory 
University of Kent, 
CANTERBURY, Kent. 
CT2 7NJ. 

ABSTRACT 

The claim that succinate dehydrogenase in Clados· 
parium resinoe is inhibited by hexadecane was in
vesigated. It was found that the assay used by 
previous workers was unreliable due to hexadecane· 
dependent reduction of 2.6 diclorophenol·indophenol, 
but the mechanism of this reaction remains unclear. 
Succinate oxidation in cel·free extracts of hexa
decane-grown C resinae was demonstrated by 
spectrophotometric and polarographic techniques. 
Hexadecane was not found to inhibit succinate 
dehyrogenase activity in extracts of glucose-grown 
organisms; on the contrary, succinate-dependent 
oxygen consumption was stimulated by the addition 
of hexadecane. Possible mechanisms for these 
reactions were discussed. 

The provision of these abstracts by authors does not constitute fonnal publicatio~. Those interested should write 
directly to the authors at the addresses given, not to the Society. 
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FORTHCOMING CONFERENCES, MEETINGS AND COURSES 

Date Subject and Title of Meeting Location Contact 

16-19 October 1978 Biodeterioration Oxford Dr. D. Allsopp, 
(Private meeting but International Biodegradation E1J8land Biodeterioration Information Centre 
any person wishing to Research Group 80 Co1eshill Street, BIRMINGHAM, 
participate should ask Autumn 1978 meeting. B4 7PF. 
the secretary for an I.B.R.G. is an international E1!8Iand. 
invitation). group concerned mainly with Phone: 021-359 3611 

development and evaluation of Extns. 229 and 6258. 
test techniques. The following 
groups will meet: Paints, 
Industrial problems (new 
group), Taxonomy and 
Ecology, COnstruction 
Materials. 

17-19 October 1978 Control of Insects and Rot in Princes Miss Diane Poole, 
14-16 November 1978 Buildings Risborough Building Research Establishment 
13-15 February 1979 (Three day course) (Near Aylesbury) Princes Risborough Laboratory, 
20-22 March 1979 Fee: £25 England Princes Risborough 
25-27 September 1979 AYLESBURY, Bucks. 
6 - 8 November 1979 HP17 9PX 

Phone: 084 44 3101. 

27-·30 November 1978 Environmental Chemistry, Barcelona EXPOQUIMA 
Analytical Techniques. Spain A v. Ma. Cristina 
Int. Congress on Analytical Palace No.1 
Techniques in Environ. BARCELONA-4 
Chemistry. Spain. 

9-12 July 1979 Mechanisms of Degradation Prague Pmm Secretariat, 
and Stabilisation of Czechoslovakia Institute of Macromolecular Chemistry 
Hydrocarbon Polymers 162 06 PRAGUE 616 
19th Prague Microsymposium Czechoslovakia 
on Macromolecules Phone: 360341. 
Only saturated and olefinically 
un-saturated hydrocarbon 
polymers will be included. 

26-31 August 1979 Environmental Biogeochemistry Canberra Conference Secretary 
4th Int. Symposium on Australia Australian Academy of Science 
Environmental Biogeochemistry P.O. Box 783 

Canberra City, ACT 2601 
Australia. 

3-7 September 1979 Actinomycete Biology Cologne Professor Dr. D.P. Schaal, 
International Symposium on Germany Hygiene·lnstitut der Universitat 
Actionomycete Biology Goldenfesstrasse 21 
Sessions on: Taxonomy, 5000 Koln41 
Morphology, Ecology, Germany. 
Physiology & biosynthesis, 
Genetics. 

18-21 September 1979 Extracellular Products of Dublin Dr. W.M. Fogarty 
Microorganisms Ireland University College 
Joint NWEG/FEMS/SGM Dept. of Industrial Microbiology, 
meeting. Ardmore 
Symposia on: Stillorgan Road, 
Extra Cellular Enzymes DUBLIN 4. 
Bacterial Toxins Ireland. 
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EFFECTS OF A PROPIONIC AND ACETIC ACID 
MIXTURE. ON SOME FUNGI ISOLATED FROM 

STORED PRESERVED CHICKEN MANURE 
R.E. Smith1, O.B. Smith2 , and GK. Macl.eod2 

Summary. Species of Scopulariopsis and Geotrlchum isolated 
from chicken manure containing a mixture of propionic and 
acetic acids (Chemstor 2), showed variow degrees of resistance 
to the acids. Geotrlchum candidum was able to grow in a 
nutrient salts solution containing about 1.6% Chemstor 2 as 
carbon source at a pH of 6.0 or higher. but not at a pH of 3.3 
or lower. The presence of Escherichia coli and the fungus in 
this medium appeared to increase the rate of utilization of the 
volatile acids, at pH values of 6.0 or greater. 

Effets d'un mCiange d'acides propionique et acetique sur 
quelques champignons isol6s a partir de fumier de poulet 
emmagaslne 3 l'abrl. Des especes de Scopulariopsls et 
Geotn'chum isol&s a partir de fumier de poulet contenant un 
melange d'acides propionique et acetique (Cbemstor 2), ont 
montrC divers degr6s de rCsistance aux acides. Geotrichum 
candidum a ~te capable de se developper dans une solution de 
sels nutritifs contenant environ 1.6% de Cbemstor 2 comme 
source de carbone, lorsque celle-d avait un pH egal ou sup&ieur 
l 6.0. Cela ne l'a plus Ete lorsque le pH de Ia solution etait lgal 
ou inf6rieur a 3.3. La presence d' Escherichia coli et du 
champignon dans ce milieu a semble augmenter le taux 
d'utilisation des acides volatils pour des valeurs de pH Cgales ou 
supl&ieures a 6.0. 

Introduction 

The practice of using certain volatile acids for the 
preservation of high-moisture maize for animal feeding 
has been described by various investigators, including 
Forsyth eta/. (1972), McKnight eta/. (1973) and Jones 
eta/. (1970, 1974). Generally speaking, such methods 
are highly effective, but occasionally fungal growth 
occurs in circumscribed areas of the stored grain 
(Stevenson, 1972). It is believed that condensation of 
moisture in localized areas tends to lower concentrations 
of acid to a level which permits certain fungi to grow 
(Burrell eta/., 1973). This has been confirmed by Smith 

'and Stevenson (1975), who also reported evidence which 
suggested that propionic acid might be utilized by some 
microorganisms. 

Recently, during a study by one of us (O.B.S.) of 
the preservation of poultry manure (droppings, faeces) 
for use as an animal feed supplement, it was found 
that fungal growth developed in the presence of 1.0% 
Chemstor 2 (propionic acid: acetic acid in the 
proportions 80:20) within a storage time of 14 days at 
room temperature (Smith eta/., 1977). Two strains of 

Dle Wirkung einer Mischung aus ProplonSiure und EssigSiure 
auf einige Pize, die aus gelagertem schutzmittelbehandeltem 
Hlihnermist isoliert wurden. Arten von Scopulariopsis und 
Geotrichum, die aus HUhnermist isoliert wurden, die eine 
Mischung aus Propionslure und EssigSAuren (Chemstor 2) 
entbielt, erwiesen sich als unterschiedlicb widerstandsflhjg 
gegen die S'liuren. Geotrichum candidum war ftthig, sich in 
einer NiihrsalzlOsung zu entwickeln, die ungef'Qhr 1 P% Chemstor 
2 als Kohlenstoffquelle enthielt bei einem pH~Wert von 6,0 oder 
mehr, aber nicht bei einem pH~Wert von 3,3 oder niedriger. 
Die Gegenwart von Escherichia coli und dem Pilz in diesem 
Medium schien die Ausnutzung der flUcbtigen S'aiwen bei pH
Werten von 6.0 und mehr zu erhohen. 

Efectos de una mezcla de acido propionico y acetico en unos 
bongos a.Islados del estiercol de pollo preseiVado y almacenado~ 
Las especies de Scopulariopsis y Geotrlchum aislades del 
estiercol de polio que contenia una mezcla de acidos propioncios 
Y aceticos revelo varios grados de resistencia a los acidos. El 
Geotrichum Ctind/dum podia crecer en una solucion de sales 
nutritivas que contebia acerca de 1.6% Cbemstor 2 como fuente 
de carbon a un pH de 6.0 o mas, pero no a un pH de 3.3 o 
menos. Parecia que la presencia del Escherichia coli y el bongo 
en este. media acrecentaba Ia velocidad de Ia utilizacion de los 
acidos volatiles a valores de pH de 6.0 o mas. 

Scopulariopsis brevicaulis (PM-3 and PM-6) and one 
of Geotrichum candidum (PM-5) were the only fungi 
which appeared during storage. These were isolated using 
littman's -Oxgall Agar (Difco) containing 40 i'g/ml 
streptomycin. It was decided to determine if any of 
the isolates could grow on culture media in the presence 
of Chemstor 2, and to observe the effects of pH on the 
fungistatic properties of the compound. 

Materials and Methods 

Initially, the effect of Chemstor 2, on growth of 
the three species was studied, using various concen
trations (025, 0.50, 0.75, 1.0 and 125%) in Difco 
Potato Dextrose Agar (PDA) and Brain Heart Infusion 
Agar (BHIA). The basal media were prepared and 
sterilized, and Chemstor 2 was added to the molten 
substrate before plates were poured. The pH of each 
treatment was determined. Inocula consisted of plugs 
of mycelium cut from 7 -day Petri dish cultures grown on 
PDA. These were inverted and transferred to the centre 
of each plate of prepared medium. Growth was 
estimated by measuring colony diameters of replicates. 

I Department of Microbiology, University of Guelph, Guelph, Ontario, Canada Nl G 2WI. 

2Department of Animal and Poultry Science, University of Guelph. 

Dr. Smith's present address: 
O.B. Smith, Dept. of Animal Science, University of lfe, lle-lfe, Nigeria. 
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The study was repeated, using two series of plates of 
manure agar (25% wt/v fresh chicken manure + 1.5% 
agar sterilized at 121 °C for 30 min.) in place of PDA 
and BHIA. The pH of one series was amended with 
0.1 N HCI (see Table 2) to determine if a decrease in 
pH would alter the toxicity of Chemstor 2. It was 
believed that the smaJI amount of Cl ion added would 
have no significant effect on the experiment. 

Following these studies, growth of G. candidum in 
a liquid medium containing Chemstor 2 was investigated. 
The medium consisted of the mineral salts solution 
reported by Reese and Mandels (1963), modified by 
the substitution of yeast extract for the proteose 
peptone, and contained Chemstor 2 (Celanese Canada, 
Ud., Montreal) rather than SoJka Floc as the major 
carbon source. The ingredients (in g/LJ were as follows: 

K~P04 -2.0 
(NH4 )2 SO 4 - 1.4 

Table I 

Growth of three fungal species on agar media 
containing various concentrations of 

Chemstor 2• during incubation 
for I 0 days at 25°C 

% 
Mean Colony Diameter 

M d' Chern-
pH of (rom) 

e !UID t 2 
Media PM-3b PM-6b PM-5c 

s or 

PDAd 5.5 62 21 81 
0.25 3.9 66 
0.50 3.6 
0.75 3.6 
1.00 3.4 

BHIA0 72 85 74 60 
0.25 5.7 76 51 69 
0.50 4.9 68 
0.75 4.6 
1.00 4.4 

3 "Chemstor 2" = propionic: acetic acid in the propor-
tions 80:20 

bscopu/ariopsis species 

cGeotrichum species 

dPotato Dextrose Agar (Difco) 

0 Brain Heart Infusion Agar (Difco) 

Data are means of 4 colony diameters 

-=no growth 
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Urea - 03 
MgS04.7H20 - 0.005 

CaCI3 - 03 

FeS04 .7~0 - 0.005 

MnS04 .H20 - 0.0016 
ZnCI2 - 0.0017 

CoCI2 - 0.002 
Yeast extract (Difco) - I .0 

The medium was prepared and dispensed into 125 ml 

Table 2 

Growth of three fungal species on chicken manure 
agar containing various concentrations of 

Chemstor 2 during 10 days incubation at 25°C 

Species 

PM-3 

PM-6 

PM-5 

% 
Chem
stor 2 

025 
0.50 
0.75 
1.00 

0.25 
0.50 
0.75 
1.00 

0.25 
0.50 
0.75 
!DO 

Colony diameters (mm) 
mean of four 

pH DA(un-
amended) 

69 71 5.6 
52 38 4.6 
4.7 4.4 
4.5 4.2 
42 4.0 

69 57 5.6 
52 28 4.6 
4.7 4.4 
4.5 42 
4.2 4.0 

69 67 5.6 
5.2 75 4.6 
4.7 72 4.4 
4.5 4.2 
42 4.0 

DA 
(amended) 

69 

56 

80 
74 
53 

DA (unamended) = Chicken manure 25%, Agar 1.5%. 
The pH was not amended prior to addition of Chemstor 
2. 

DA (amended) = as above but pH amended to 5 .6 with 
0.1 N HCI prior to the addition of Chemstor 2. 

PM-3 and PM-6 = Scopu/ariopsis species 

PM-5 = Geotrichum species 

- = .No growth. 
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conical flasks (25 ml per flask) which were plugged 
with cotton bungs. Mter sterilization at 12!°C/15 
min., a 0.3 or 0.4 ml sample of Chemstor 2 was added 
to each, giving a pH of 3 3 or 3 .I. The flasks were 
divided into two series. Those of Series A received 
0.6 ml of 6N NaOH, giving a pH of 6.4 or 6.0, while 
those of Series B received 0.6 ml of sterile H20. Media 
in flasks were inoculated either with a spore suspension 
of G. candidum PM-5 (O.D.560 nm =0.45}, with a cell 
suspension of Escherichia coli B566 (O.D.5 60 nm = 
030) or with both (see Table 3}. Two trials were run 
in duplicate, using media of slightly different pH. All 
flasks, including uninoculated controls were incubated 
on a reciprocal shaker at 28°C for 12 days. At the end 

of this period, pH of the cultures was determined and 
contents of the flasks were ffitered under negative 
pressure through tared 4 7 nm Type AE glass fibre 
discs (Gelman Instrument Co., Ann Arbor, Michigan, 
U.S.A.}, using Buchner funnels. The discs were dried 
to constant weight at 55°C, and dry weights of the 
residues were calculated. Filtrates were acidified if 
necessary using I N HCI, and volatile fatty acids were 
collected by steam distillation. Acetic and propionic 
acid content of the distillates was determined by gas 
chromatography, using a Varian Series 2100 Aerograph 
(Varian Corp., Walnut Creek, California, U.S.A.} 
equipped with a Chromosorb 101 column (Ottenstein 
and Bartley, 1971). 

Table3 

Effects of Geotrichum candid urn PM-5 and Escherichia coli grown separately and together 
on mixed volatile acids present in liquid medium 

pH of Medium Volatile Acid Contenf 
Inoculum Initial Final Initial Final 

Acetic Propionic Acetic Propionic 

No inoculum 6.4 6.7 2.4 9.6 1.95 10.15* 
G. candidum 6.4 8.0 2.4 9.6 190 7.00 

"" E. coli 6.4 6.2 2.4 9.6 1.70 8.90 " "" Both 6.4 8.7 2.4 9.6 "" !.50 3.40 ::z::< c.::z:: 
-=o No inocolum 6.0 5.4 3.2 12.8 12.30* :E'~ 2.50 

G. candidum 6.0 7.7 3.2 12.8 030 7.40 
E. coli 6.0 53 3.2 12.8 2.10 13.70* 
Both 6.0 8.8 3.2 12.8 Trace Trace 

No inoculum 3.1 33 2.4 9.6 1.90 9.95* 
::z:: G. candidum 3.1 3.3 2.4 9.6 1.90 10.35* 0 
~ E. coli 3.1 33 2.4 9.6 1.90 9.70 ._ Both' 3.1 33 2.4 9.6 2.85 11.00* 0 
c 

.Sl - No inoculum 33 3.4 3.2 12.8 2.50 !3.30* ::z:::a 
"'"" G. candidum 33 3.4 3.2 12.8 2.50 .,< 12.70 
..:li: E. coli 33 3.4 3.2 12.8 2.50 13.50* 

Both 33 3.4 3.2 12.8 2.70 11.50 

"grams per litre 

bnot significantly different from dry weights of inoculum 

n/d = not determined 

* -apparent increases in propionic acid contents over control values is attributed to experimental error. 
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Biomass 
Dry wt. 

0.740 
0.094 
1.120 

n/d 
n/d 
n/d 

0.168b 
0.020b 
0.204b 

n/d 
n/d 
n/d 
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Results and Discussion 

Table I indicates that the three fungal species varied 
in degree of resistance to Chemstor 2 when growing on 
standard nutrient media. Also, decreasing pH appeared 
to increase toxicity of the preservative, but composition 
of the medium appeared to modify this effect to some 
extent. This was most apparent with G. candidum 
PM-5 when the medium consisted of chicken manure 
(see Table 2). In this case,amending pH of the medium 
containing 0.5% Chemstor 2 (from pH 4.7 to 4.4) 
allowed growth, but growth did not occur at pH 4.5 
with 0.75% Chemstor 2. Geotrichum candidum PM-5 
grew better than did the other organisms in the presence 
of the preservative, and was therefore chosen for a study 
to determine if the fungus could utilize propionic and/ 
or acetic acid as carbon source. Since many viable 
bacteria are present in faeces, it was decided to 
investigate the effects on the systems of E. coli, a 
common intestinal bacterium. Table 3 reports the 
results of attempting to grow the two organisms, both 
individually and in combination, in a nutrient solution 
containing Chemstor 2, and the effects on growth of 
increased acidity. Growth and volatile acid utilization 
did not occur or were minimal, when the initial pH 
of media was adjusted from 6.0 or 6.4 to 3.1 or 3.3. 
However, at a pH of 6!l or higher, growth of both 
organisms occurred. In the case of G. candidum PM-5, 
this resulted in an increase in fmal pH of the medium, 
and a reduction in both acetic and propionic acid 
content. With E. coli B566 alone, results were in
conclusive. Combination of both organisms produced 
a synergistic effect, giving the highest final pH and 
the lowest volatile acid content of media. 

These results indicate that the effectiveness of certain 
volatile acids as preventatives of fungal growth in stored 
nutritive products may be greatly reduced by the 
buffering effect of product constituents. The 
fungistatic effect of propionate increased with a 
decrease in pH, since it is dependent on the 
concentration of undissociated acid (Beech and 
Davenport, 1971). In addition, certain imcroorganisms 
may possess the ability to utilize volatile acids as 
sources of carbon at pH values which permit growth. 
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LABORATORY EVALUATION OF PERMETHRIN 
AGAINST COCKROACHES AND THE RUST- RED 

FLOUR BEETLE 
D.P. Blow1 

Summary. The duration of effectiveness for Permetluin (a 
synthetic pyrethroid) is compared with that of other 
insecticides. A method is discussed in which the knock down 
time for German cockroaches (Blatella germanica) when 
confined on treated glazed surfaces is compared with the results 
obtained when the choice of treated and untreated glass was 
available. It is suggested that such a test will make it possible 
to detect repellent properties in an insecticide. 

Estimation en laboratoire de l'effica.cite de Ia porm6thrine contre 
les blattes et les adultes de Tribollum castaneum Hbst. La 
dur& d'efficacite de 1a PermCthrine (un pyrithroide 
synthCtique) est comparee avec celle d'autres insecticides. La 
valldite d'une methode est discut6e: celle·-ci consistait a 
comparer le temps au bout duquel les blattes germaniques se 
retrouvaient sur le dos quand elles 6taient maintenues sur des 
surfaces vitr€es trait6es, avec les Iisultats obtenw lorsque le 
choix de Ia vitre traitOO ct non traitCe ~tait valable. Le fait qu'un 
tel essai pourrait permettre de decener les proptietes r~pulsives 
d'un insecticide est suggCrC. 

Introduction 

The sunthetic pyrethroid Permethrin (NRDC 143) is 
a reasonably stable insecticide. Elliot et al (1973) state 
that it is 10 - 100 times more stable in light than 
previous pyrethroids. Permethrin also has a low 
mammalian toxicity. Wickham & Chadwick (1975) 
quote an acute oral LD 50 for female rats as 3185 mg/kg 
and an acute dermal LD 50 in excess of 4000 mg/kg for 
male rats. 

Tests were performed under normal laboratory 
conditions (approximately 20 - 22°C and 65% RH) 
to compare the duration of effectiveness of Permethrin 
with other commercially available insecticides. 

Test Methods I, Duration of Effectiveness 

1.1 Routine testing of commercially available 
insecticides (not permethrin) 

Trials were carried out on a routine basis with 
commercially available formulations. For such tests the 
manufacturer's recommended concentration was 
normally used and this was applied at a rate of 78 mlfm2 
Filter papers (Whatman No. I, diam. 90 rnrn), glazed 
wall tiles (ISO mm x 150 rnrn) and vinyl floor tiles 
(ISO mm x ISO mm) were used as test surfaces and 
insecticidal solutions were applied to these by means of 
a pipette. Deposits were allowed to dry for at least six 
hours before tests were started. 

IProtim Ltd., Marlow, Bucks. 
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l.aboratoriumspriifung von Pennethrin gegen Schaben und den 
rostroten Mehlkifer. Die Dauerwirung von Permethrin (einern 
synthetischen Pyrethroid) wird mit der anderer Insektizide 
verglichen. Es wird ein Verfahren besprochen, bei welchem die 
Absterberate fur KUchenschaben (Biateila germanica), wenn sie 
auf behandelten Glasoberflichen gehalten worden, verglichen 
wird mit Ergebnissen, wenn die Wahl zwischen behandeltem und 
unbehandeltem Glas gelassen wurde. Diese Untersuchung wird 
zur Priifung der insektenabweisenden Eigenschaften eines 
Insektizids vorgeschlagen. 

Evaluacion en ellaboratorio del Pennethrin contra las cucarachas 
y el escarabajo rojo de orin de Ia harina. La duracion de Ia 
eficacia del Permethrin (un pyrethroida sintetico) se compara 
con Ia de otros insecticidas. Se discute un metoda en el que el 
tiempo dern"bador para las cucarachas aJemanas (Blatel/a 
gennanica) limitadas a las superficies tratados vidriadas se 
compara con los resultados obtenidos cuando estaba disporu"ble 
Ia opcion del vidrio tratado y no tratado. Se sugiere que tal 
prueba hara posible Ia deteccion de propiedades repelentes en 
un insecticida. 

The insects used in these trials were German 
Cockroaches (Blattella germanica) and Rust Red Hour 
Beetles (Tribolium castaneum). Oriental Cockroaches 
(Blatta orienta/is) were also used in some instances. 
Insects were confined on the treated surfaces for 24 
hours after which time the numbers knocked down 
were recorded. The tests were repeated at intervals 
not greater than two weeks until a knock down less than 
100% was recorded on two consecutive exposures. At 
this stage the treatment was deemed to have failed. 

The same principles were used when testing the 
following formulations of Permethrin. 

1.2 Initial tests with Permethrin in xylene 
The concentration of treating solution used in the 

first tests was fortuitous since a small vial of Permethrin 
(which is believed to be 40/60 cis/trans) was provided 
and when the contents were used to make a solution in 
xylene the strength was 0.586%. This was diluted by 
5 to give a 0.117% solution which was applied at the 
rate of 78 ml/m2 to glazed tiles and filter papers 
(90 mg/m2). Since the 0.117% solution failed to control 
Oriental Cockroaches after only a short period of time 
the original 0.586% Permethrin .solution was used for 
further tests with this insect (460 mg/m2). 

1.3. Permethrin wettable powder 
A wettable powder containing 25% Permethrin 

(25/75 cis/trans) was tested on glazed tiles, vinyl tiles 
and ftlter papers. Three concentrations of wettable 
powder in water were examined namely 0.26%, 0.51% 
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and 0 .77%. Each was applied at the rate of 78 ml/m2 

to the test surfaces. The amount of active ingredient per 
unit area was therefore 50 mgfm2, 100 mgfm2, and 
150 mgfm2 respectively and the knock down of Rust 
Red Flour Beetles, German , and Oriental Cock
roaches confmed on these surfaces was examined over 
a period of time. 

1.4 Aerosol spruys 
An experimental aerosol spray containing 0.25% 

(25/75 cis/trans) Permethrin was compared with a 
commercially available residual spray containing 2% 
Propoxur and 0.5% Dichlorvos. Approximately 05g of 
each spray was applied to 90 mm filter papers and 0.85 g 

Table 1 

The duration of effectiveness of insecticides 
on various surfaces when tested against German 

Cockroaches and Rust Red Flour Beetles 

Insecticide 
(Deposit rate) 

0 3% Bendiocarb 
wettable PQwder 
(235 mg/m2) 

1% Diazinon 
emulsion 
(780 mg/m2) 

I% Fenitrothion 
emulsion 
(780 mg/m2) 

I% Fenitrothion 
wettable powder 
(780 mg/m2) 

0.75% Pirirniphos 
methyl emulsion 
(585 mg/m2) 

1%Propoxur 
emulsion 
(780 mg/m2) 

insect 

Blat ella 
germanica 
Tribolium 
castaneum 

Blatella 
germanica 
Tribolium 
castaneum 

Blatella 
germanica 
Tribolium 
castaneum 

Blat ella 
germanica 
Tribolium 
castaneum 

Blate//a 
gennancia 
Tribo/ium 
castaneum 

Blatella 
germanica 
Tribolium 
castaneum 

Persistence on test 
surface in days 

Filter Glazed Vinyl 
paper tile tile 

63* 94* 18 

)100 )300 )300 

97 83 82 

)300 41 )300 

( 14 153 10 

)300 )300 166 

5 59 40 

61 47 )300 

12 36 5 

138 96 110 

!59 263 )300 

I 64 12 

• Variable results obtained; those shown are 
representative 
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to 150 mm x !50 mm glazed tiles (for deposit rates see 
table 4). Mter allowing sufficient time for the deposits 
to dry, Rust Red Flour Beetles and two species of cock
roach were confmed on the treated surfaces for 24 
hours. Knock downs were recorded as in the previous 
tests. 

Test Methods 2, Repellency 

Repellency tests with German Cockroaches (B. 
germanica) were carried out as described by Jenkins 
et. a/ (1975) method 2, except that two plates of glass 
were used as the floor of the exposure tank instead of 
paper. One of the glass plates forming half of the floor 
was treated with insecticide applied at 78 mlfm2, the 
other plate was left untreated. 

For comparative purposes glazed tiles were prepared 
and cockroaches were confmed on these under glass 
funnels giving them no alternative but to come into 
contact with the treated substrate. 

The insecticides used in this trial were:-

0.2% 
0.3% 

1% 
1% 
1% 

0.75% 
1% 

Permethrin (40/60 cis/trans) in xylene. 
Bendiocarb wettable powder. 
Diazinon emulsion. 
Fenitrothion emulsion. 
Fenitrothion wettable powder. 
Pirirniphos methyl emulsion. 
Propoxur emulsion. 

For corresponding deposit rates see table 5. 

In both sections of the test the number of cock
roaches knocked down were recorded after appropriate 
intervals of time and these results were analysed using 
log time/probits. 1n addition to the study of freshly 

Table 2 

Duration of effectiveness of Permethrin 
when tested by the 24 hour exposure method 

Per cent Days effective 
Test permethrin Deposit filter glazed 
insect in xylene rate paper tiles 

Blatel/a 0.117% 90 mg/m2 (I 253 
germanica 

Blatel/a 0.117% 90mg/m2 not 5 
orienta/is tested 

Blat ella 0.586% 450mg/m2 not 78 
orienta/is tested 

Tribolium 0.117% 90mg/m2 (I )300 
castaneum 

I 
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applied insecticides, tests were also carried out with 
aged deposits of Permethrin,over 15 weeks. 

Results and Discussion 

Duration of Effectivness 

I. Commercially available insecticides 
The duration of effectiveness for six insecticides 

when applied to liter papers, glazed tiles and vinyl 
tiles when tested against German Cockroaches and Rust 
Red Flour beetles is shown in Table L Varisble results 
were obtained with Bendiocarb wettable powder when 
German Cockroaches were exposed to deposits on filter 
papers and glazed tiles. The results shown are represen
tative of those obtained. 

It will be seen from the table that no single 
insecticide had the longest duration of effectiveness for 
all combinations of test insect and treated surface. 

Most insecticides were effective for longer periods 
against Rust Red Flour Beetles than German Cock
roaches. The exception to this is Propoxur emulsion 
which was effective for over 150 days against German 
Cockroaches on all test surfaces, whereas the maximum 
duration of effectiveness against Tribolium was 64 days 
on glazed tiles. 

Three insecticides were effective for over 13 weeks on 
all 3 surfaces when tested against T. castaneum These 
insecticides were Bendiocarb (although the results on 
filter papers were variable), Pirimiphos-methyl and 
Fenitrothion emulsion. 

Probably the best overall result was obtained with 
I% Diazinon Emulsion when both species of insect 

and all three test surfaces are considered. This 
insecticide was effective for at least 40 days on all 3 
surfaces and against both species oftest insect. 

2. Initial results with Pennethrin in xylene 
The results obtained using the first sample of 

Permethrin dissolved in xylene are shown in Table 2. 

With this formulation of Permethrin, 100% knock 
down of insects could not be obtained on filter papers 
with 90 mg/m2 when tested on the day of treatment. 

Table 3 

Duration of effectiveness of Permethrin wettable 
powder (25/75 cis/trans) when tested by the 

24 hour exposure method 

Duration of 
effectiveness in 

per cent Permethrin days 
Test wettable deposit liter glazed vinyl 
insect powder rate paper tile tile 

B/atella 0.26% 50 mg/m2 29 71 29 
gennanica 0.51% 100 mg/m2 29 85 29 

0.77% 150 mg/m2 29 85 29 

Blat ella 0.26% 50 mg/m2 (I I I 
orienta/is 0.51% 100 mg/m2 I 15 I 

0.77% 150 mg/m2 I 15 I 

Tribo/ium 0.26% 50 mg/m2 113 )141 71 
castaneum 0.51% 100 mg/m2 127 ) 141 85 

0.77% 150 mg/m2 )141 )141 85 

Table 4 

Duration of effectiveness of sprays on glazed tiles and ftlter papers 

Filter papers Glazed tiles 

Average Duration of Average Duration of 
Insecticide Insects deposit rate effectiveness deposit rate effectiveness 

(mg/m2) in days (mg/m2) in days 

Permethrin aerosol B. gennanica 195 )300 95 ) 300 
spray T. castaneum 195 )300 95 ) 300 

B. orienta/is 195 I 95 I 

Propoxur aerosol B. gennanica Propoxur 1570 )300 Propoxur 755 ) 300 
spray (with Dichlorvos 395 Dichlorvos 190 
dichlorvos T. castaneum Propoxur 1570 50 Propoxur 755 ) 106 

Dichlorvoss 395 Dichlorvos 190 
B. orienta/is Propoxur 1570 )300 Propoxur 755 )300 

Dichlorvoss 395 Dichlorvos 190 
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Oriental · Cockroaches were found to be difficult to 
control on glazed tiles. When the concentration of 
Permethrin was increased to 4SO mg/m2 the treatment 
remained effective for II weeks on the glazed surface 
against Oriental Cockroaches. On glazed tiles Permethrin 
performed well against German Cockroaches and Rust 
Red Flour Beetles, being effective for more than 2SO 
days in both cases. 

3. Permethrin wettable powder 
The results obtained using the Permethrin wettable 

powder are shown in Table 3. 

This exposure trial was not continued for more than 
141 days, however most of the end points had been 
reached by this time. The wettable powder was only 
found to be effective for short periods against Oriental 
Cockroaches even at 1 SO mgfm2. 

Control of German Cockroaches continued for four 
weeks on both ftlter papers and vinyl tiles. With glazed 
tiles the duration of effectiveness was increased to 12 
weeks at the highest concentration tested. Rust Red 
Flour Beetles showed least resistance to Permethrin 
wettable powder. When the solution giving ISO mg/m2 
was used 100% knock down after 24 hours exposure was 
stlll obtained after 141 days on both ftlter papers and 
glazed tiles. The duration of effectiveness on vinyl tiles 
against Rust Red Flour Beetles was in excess of I 0 
weeks at all concentrations tested. 

When the results obtained with B. germanica and 
T. castaneum are compared with those obtained with 
other insecticides (see Table I) the Permethrin wettable 
powder compares reasonably well. The duration of 
effectiveness being neither short nor excessively long. 

4. A eroso/ Sprti)ls 
The duration of effectiveness for deposits from the 

Permethrin and the Propoxur aerosol sprays are shown 
in Table 4. 

The spray containing Permethrin was only effective 
against Oriental Cockroaches when freshly applied, 
however, it was effective for over 300 days against 
German Cockroaches and Rust Red Flour Beetles on 
both ftlter papers and glazed tiles. The propoxur spray 
was similarly effective against German and Oriental 
Cockroaches on both surfaces but only controlled 
T. castaneum for SO days on ftlter papers and I 06 days 
on glazed tiles. 

Repellency Tests 

I. Comparison of Permethrin with other insecticides 
The result of the log time/probit analyses obtained 

when cockroaches were confmed on treated surfaces 
and when a choice of treated and untreated surface was 
available are shown in Table S. It will be seen that if the 
SO% knock down time (KT SO} figure obtained for a 
specific insecticide when no choice was available is 
doubled the resultant value is similar to the KT SO figure 
when a choice was present. The same pattern is followed 
with figures for knock-down of 90% (KT 90). The 
Bendiocarb results are an exception to this where the 
KT SO for insects with a choice of surface is 
approximately 8 times that obtained when no choice 
was present. Similarly the KT 90 for the choice exposure 
is approximately 12 times greater than the·KT 90 for 
insects confined on a treated surface. Although the 
factors were not the same when previous tests were 

Table 5 

Log time/probit analyses of repellency tests with 
German Cockroaches and various insecticide formulations 

on glazed surfaces 

Cockroaches confmed on Cockroaches with choice of 
treated tiles treated and untreated glass 

Insecticide Deposit Rate KTSO KT90 Slope KTSO KT90 Slope 
mg/m2 hours hours hours hours 

0 2% Permethrin 13S mg/m2 0.16 0.2S 6.47 027 O.S4 4.22 

0 3% Bendiocarb 23S mg/m2 0.60 1.00 S.67 4.77 11.26 3.43 

1% Diazinon 780 mg/m2 0.72 1.42 4.32 1.4S 237 6.02 

I% Fenitrothion emulsion 780 mg/m2 0.78 0.92 17.66 1.38 2.19 6.34 

I% Fenitrothion WP 780 mg/m2 058 0.81 8.97 0.97 1.37 8.50 

0 .7S% Pirimiphos methyl S8S mg/m2 126 2.43 4.so 2.86 423 7.54 

l%Propoxur 780mg/m2 035 0.62 S.28 0.94 1.75 4.72 
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carried out on paper substrates (Jenkins et. al. 197S) 
the increase in KT figures was also greater for Bendio· 
carb in those tests, This would suggest that Bendiocarb 
exhibits repellent properties although this conflicts with 
Story (197S). 

The slope denotes the speed of action of the 
insecticide and as might be expected the majority were 
more shallow when a choice of treated and untreated 
surface was available. Figures I and 2 show the relative 
effectiveness of the insecticides tested. 

When the insects were confined on treated glazed tiles 
the Permethrin was the most effective insecticide at the 
concentrations tested, the KT SO being obtained after 
approximately 10 minutes and KT 90 after IS minutes. 

Of the other insecticides Propoxur was the ftrst to 
achieve SO% and 90% knock downs, these being after 
21 and 37 minutes respectively. 

When a choice of treated and untreated glass was 
available to the insects, the general trend was for the 
lines to move over to the right, indicating a longer 
period of time required before a given percentage knock 
down was reached. Most of the insecticides have 
retained their positions relative to one another. 
Permethrin for example remained the fastest acting 
inSecticide of those tested with a KT SO and KT 90 
of 16 and 32 minutes respectively. 

The Bendiocarb which was originally equal to 
Fenitrothion wettable powder and faster acting than 

Fig. l. German Cockloach knock down times when conf"med on treated glazed tiles. 
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Fig. 2. German Cockroach knock down times when a choice of treated and untreated glass was available . 
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Diazinon, Fenitrothion emulsion and Pirimiphos methyl, 
was the slowest acting insecticide when a choice of 
substrate was available. 

It must be noted that in the repellency tests 
commercially available fonnulations were used. It is 
therefore possible that the apparent repellency of 
Bendiocarb is due to the nature of the inactive 
ingredients used in the product and might not be 
connected with the active ingredient itself. 

2. Choice tests with aged depositS' of Permethrin 
The results of these tests are displayed in Figure 3. 

It can be seen that the log tirne/probit line obtained 
when Pennethrin had aged under lab conditions for 
104 days was almost identical to that obtained when the 
deposit was one day old. Between these trials the same 
deposit was tested at two other intervals. Although the 
results obtained after II and 74 days vary slightly from 
the original, the difference is not great, all four lines 
being in the same position relative to the other 
insecticides examined in the previous trial. The log 
time/probit line obtained for 1% Propoxur emulsion 
when the deposit was recently applied is shown on 
Figure 3 for comparison. The consistency of these 
results after ageing conftrmS the stability of this 
particular Pennethrin fonnulation. 

Conclusions 

When various fonnulations containing Pennethrin 
were applied to different surfaces and tested under 
nonnal laboratory conditions, all were found to be 
effective for reasonable periods on glazed tiles. The 
wettable powder and aerosol spray showed a good 
duration of effectiveness on filter papers. Only the 

Fig. 3 The effect of aging Pennethrin deposits when 
tested by the choice method 

.. 
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wettable powder was tested on vinyl tiles and it was 
found to be satisfactory. The fonnulations were all 
found to be effective against Gennan Cockroaches and 
Rust Red Flour Beetles, but control of Oriental 
Cockroaches was much more difficult. 

When Gennan Cockroaches were confmed on glazed 
surfaces treated with 136 mg/m2 Pennethrin (40/60 
cis/trans) and when a choice of treated and untreated 
substrate was present, the KT SO and KT 90 were found 
to be less than for other insecticides at the concen· 
trations tested. The toxic effects in the choice of 
surfaces experiment remained virtually unchanged when 
tested at intervals over a period of 104 days. 
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THE BIODEGRADATION OF QUATERNARY 
AMMONIUM COMPOUNDS 

Jennifer A. Mackrell1 and John R.L. Walker1 

Summary. The biodegradation of surfactants based on 
quaternary ammonium compounds has been reviewed. Many 
studies have ignored the effects of adsorption and have used non~ 
critical analytical techniques so that disappearance has 
frequently been equated with biodegradation. 

The ability of micro-organisms to utilise long-chain 
quaternary ammonium compounds for growth was also studied 
but no organisms capable of using them for growth were 
discovered. The short chain tetramethylammonium chloride 
and ethyltrimethylammonium chloride did support microbial 
growth but tetraethylammonium chloride could not. Aspects of 
the biochemistry of these processes have been investigated. 

La Biodegradation Des Composes D'Ammonium Quaternaire. 
La biodegradation des agents tensio-actifs a base de compo~s 
d'ammonium quaternaire a ea; revue. De nombreuses Ctudes ant 
ignore les effects d'absorption et ant utilis6 des techniques 
analytiques d€pourvues d'esprit critique de telle fat;on que Ia 
disparition a Ct€ fr€quemment confondue avec Ia biodlgradation. 

La capacite des microorganismes d'utiliser pour leur 
croissance des composes d'ammonium quaternaire a longue 
cha""me a ete egalement Ctudi€e mais aucun d'entre eux n'a ete 
capable d 'assurer cette fonction. Les compos~s il courtes cha'ihes 
comme le chlorure de t~tram€thylammonium et le chlorure 
d'ethyltrim€thylammonium favorise Ia croissance microbienne, 
ce que ne peut faire le chlorure de tetraCthylammonium. Les 
aspects de Ia biochimie de ces processus ont ete ltudie's. 

Introduction 

Quaternary ammonium compounds (QAC's) bearing 
one or more long (C8 _ 18) alkyl side-<:hains are being 
increasingly used as surface sterilants, in hair shampoos 
and conditioners, and in anti-static treatments of 
textiles. There is also an increasing industrial and 
domestic use of these compounds as algicides in cooling 
water systems and in swimming pools. The surfactant 
and bactericidal properties of QAC's are related to both 
the quaternary ammonium cation and the alkyl side· 
chain which, for optimum antimicrobial activity, should 
possess an alkyl side-<:hain between 8 and 18 carbon 
atoms long. The types of QAC's in common use may be 
classified into four groups and these are shown in Table 
I together with examples of common commercial 
QAC's. Our interest in QAC's originated with studies of 
their effects upon plants and their use as algicides 
(Walker and Evans, 1978) but we then became 
concerned with the problem of their biodegradation 
since QAC·treated waters may be discharged directJy 

Der Biologishe Abbau von Quaterri:iren Ammoniumvelhin
dungen. Der biologische Abbau von grenzfllichenaktiven 
Substanzen als quatern'are Ammoniumverbindungen wird 
besprochen. Viele Untersuchungen haben die Adsorptions· 
wirkungen unbeachtet gelassen und nicht kritische analytische 
Verfahren angewendet, so da/3 ein Ausbleiben oft mit einem 
biologischen Abbau glcichgesetzt wurde. 

Die Fahigkeit von Mikroorganismen, langkettige quatern'are 
Ammoniumverbindungen zu ihrem Wachstum zu verwenden, 
wurde ebenfalls untersucht, aber kein Organismus wurde 
entdeckt, der dazu in der Lage war. Das kurzkettige Tetra
methylammoniumchlorid und i\':thyltrimethulammoniumchlorid 
gestattete mikrobielles Wachstum, Tetraathylammoniumchlorid 
jedoch nicht. Biochemische Aspekte dieser Vorgange wurde 
untersucht. 

La Biodegradaci6n de los compuestos cuatemarios del amonio. 
Se ha pasado en revista la biodegradaci6n d~e los surfacqtntes 
basados en los compuestos cuaternarios del amonio. En 
muchos estudios se han pasado por alto los efectos de Ia 
adsorbci6n y sc han empleado t6cnicas anallticas no criticas de 
manera que Ia desaparici6n sc ha igualado a menudo con Ia 
biodegradaci6n. 

La habilidad de los microorganismos para utilizar para su 
crecimiento los compuestos cuaternarios del amonio de cadena 
larga sc estudi6 tambit!n, pero no se descubri6 ningtin organismo 
capaz de utilizarlos para su crecimicnto. El cloruro tetramethyl
ammonio y cl cloruro ethyltri-methyl-ammonio sustentaron en 

· efecto el crecimiento micrObfco, pero no podia hacerlo el cloruro 
tetraethyl amonio. Se han indagado unos aspectos de la 
bioquimica de tales procedimientos. 

into streams or drainage systems. Thus we decided to 
investigate the metabolism and breakdown of QAC's 
by microorganisms. 

It may be significant that, apart from the work of 
Washam et a/. (1976a, b), there have been few reports 
of organisms developing long term resistance of QAC's 
and this may be a consequence of their action on the 
cell's permeability barriers (Newton, 1958). Chaplin 
(1951) reported that Serratia marcesens could develop 
increased resistance to surface active agents but this 
resistance was rapidly lost when the organism was grown 
in the absence of the surfactant. Washam et al. (1976a, 
b) have carried out intensive studies of the factors 
affecting QAC resistance in a strain of Pseudomonas 
aerugenosa and have shown that the concentration of 
protein in the growth medium affects resistance to 
QAC's. Thus they were able to show that lysis of part of 
a cell population afforded protection to the remaining 
cells by partial inactivation of the QAC (Washam et a/., 
1976a). 
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Blok (1975) and Brown (1976)have presented useful 
reviews of methods for assessing the "biodegradability" 
of both anionic and cationic surfactants. Unfortunately, 
when this term is applied to commercially important 
materials it appears to take on a variety of meanings 
depending upon the special interests of the investigator. 
The following terminologies currently appear in the 
literature: 

1. "Primary biodegradation" .. Swisher (1970) has used 
this term when describing the disappearance of a 
compound as monitored by a more or less specific 
assay which, in the special case of QAC's,leave much 
to be desired. No allowance is made for disappearance 
by soil adsorption or similar physical processes. 

2. "Environmentally acceptable biodegradation". (Water 
Pollution Control Federation, 1967). This is a relative 
term implying breakdown to products which do not 
appear to harm· the environment; for example: 
cessation of foaming is a commonly used criterion. 
Again no allowance is made for loss by adsorption 
processes. 

3. "lntimate biodegradation" (Swisher, 1970) or 
"Mineralisation" (Blok, 1975). These terms imply 
the total breakdown of the original material to 
C02, H20 and mineral salts; usually by the action 
of microorganisms. Gledhill (1975) has discussed 
the importance of ultimate biodegradation when 
considering primary degradation processes which 
may yield recaltricant products with markedly 
different physical and chemical properties. One 
example of such a problem is the possible accumul
ation of carcinogic N-nitrosamines during the break· 
down of trimethylamine (Tate and Alexander, 1976). 

In all the processes discussed above the effect of loss 
of QAC's by adsorption has been frequently and/or 
conveniently ignored by many workers studying the 
biodegradation of synthetic molecules. The effects of 
adsorption are particularly marked in the case ofQAC's 
which are very strongly bound onto glass, clay, soil, 
sewage sludge, humus and proteins and this has been 
documented by several workers (McQuillen, 1950, 
Barbaro and Hunter, 1962, Swisher,l970,Jugerman, 
1970), although not always appreciated. For example, 
Krzeminski eta/. (1973) showed that 91%ofa 70 pg/1 
solution of a benzalkonium salt "Hyamine 3500" 
(Rohm and Haas Co) was adsorbed by river silt within 
60 seconds of application. Similar adsorption effects 
have been reported for the bipyrridylium herbicide 
"Paraquat" (I.C.I. Ltd.) (Higgins and Bums, 1975). 
Thus loss by adsorption. could account for many reports 
of primary and environmentally acceptable biodeg
radation of QAC's. 

QAC's are cations and thus may be neutralized in the 
presence of anionic surfactants resulting in the 
formation of insoluble salts; this reaction has been used 
in several methods for the quantitative analysis of 
surfactants. Environmentally this interaction is 
important since sewage usually contains a large excess 
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of anionics and consequently QAC's will not be detected 
by most of the common assay procedures. This failure 
to detect QAC's in sewage or river systems does not 
prove that they have undergone complete bio
degradation or mineralisation. 

A number of workers have investigated the bio
degradation of QAC's and these are reviewed by Swisher 
(1970) but care must be exercised in interpreting their 
results since disappearance by adsorption was often 
equated with biodegradation. l.ambin et a/. (1966) 
reported that they failed in their attempts to isolate 
microorganisms able to grow on 0.4% benzalkonium 
salts as sole source of carbon. However Adair et a/. 
(1969) reported a species of Pseudomonas that grew 
on 0.1% benzalkonium salts as sole source of carbon. 
Polish workers (Janota-Bassalik et a/., 1969) reported 
that cultures of Pseudomonas pictorum could metabolise 
"Eltren" (a Iauryl-pyridinium chloride) to a limited 
extent as judged by disappearance of the QAC. Masuda 
et a/. (1976) investigated the biodegradability of a range 
of QAC's by monitoring 0 2 consumption and substrate 
utilisation in a model activated-sludge system. They 
concluded that alkyl-triniethylammonium salts were 
readily degraded but that the other types of QAC 
(Types II, III and N, ref. Table 1) were far less readily 
attacked when present at 20 mg/1. Krzeminski et a/. 
(1973) investigated the breakdown of radioactive alkyl
benzyJ-(14 C·methylene )-dimethylammonium chloride 
(Hyarnine 3500", Rohm and Haas) in a river-water 
die-away test. In an activated sludge system it was 
found that 80% of the radioactivity was evolved as 
14C02 after 20 days but only 10% of the 14c was lost 
over the same period when the QAC was adsorbed on 
to clay particles. 

Although several of the above reports state that 
various model systems could bring about a decrease in 
QAC concentration there is a paucity of biochemical 
studies of the pathway(s) by which QAC's may be 
broken down. In the authors' opinion such studies are 
a vital proof of ultimate biodegradation. In this 
context the paper by Dean-Raymond and Alexander 
(1977) is valuable since these workers showed that 
strains of Pseudomonas and Xanthomonas could grow 
on decyl- and hexadecyl-trimethylammonium bromide 
(CTAB) as sole carbon source. Furthermore they 
presented evidence that suggested that degradation was 
initiated by t.l-oxidation ofthe terminal carbon of the 
C10 alkyl moiety followed by ll-oxidation to release 
acetyl units. 

In this paper we wish to report the results of our 
studies of the biochemical aspects of the metabolism 
of QAC's by soil microorganisms. 

Materials and methods 

Isolation of microorganisms 
Microorganisms capable of degrading QAC's were 

sought by selective enrichment culture from local river 
waters, mud, soil and from sewage sludge. The culture 
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medium was a simple mineral salts medium containing 
KH2P04 (2g/1), ~f4}zS04 Qg/1), MgS04. 7H20 
(0.1 g/1) plus 10- M·QAC; the pH was adjusted to 6.5 
Additional carbon sources such as glucose, fatty acids 
or benzylamine were added in certain experiments. 
Culture flasks contained 50 m1 medium in a 500 m1 

Erlenmayer flask and were incubated on an orbital 
shaker {80 r.p.m.) at 25°. 

For manometric experiments cells were harvested 
by centrifugation and washed three times with 1% 
KC1 before use. Measurements of gas exchange were 

Table 1 

General structures, trade names and manufacturing of some commercial quaternary ammonium compounds (QAC's). 

Group 1. Alkyl·trimethylammonium halides 

Cetrimide, Cetavlon, Vantoc N. 
Hyamine 23 89 

Group 2. Alkyl-benzyl-dimethylammonium halides 
(benzalkonium salts) 

Hyamine 1622, Hyamine 10-X, Hyamine 3500, etc. ) 
Triton X-400 ) 
Barquat I..B-50, etc. 
Rocca! 
Vantoc CL 
Zephiran 
Bioquat 501 

Group 3. Dialkyl-dimethylammonium halides. 

Bardac 22 
Deciquam 222 

Group 4. Alkyl·pyridinium halides 

Barquat LPC 

x-is usually o- or Br-

CH3 

I+ R-N -CH3 
I 
CH3 x-

I.C.I. Ud. {U.K.) 
Rohm & Haas Co., {USA) 

Rohm & Haas Co. {USA) 

Lonza Inc., (USA). 
Sterwin Chemicals Inc. {USA) 
I.C.I. Ltd. (UK) 
Winthrop laboratories {USA) 
Ivon-Watkins·Don Ltd. (NZ) 

Lonza Inc. (USA) 
British Hydrological Corpn . 

. (UK) 

CN+-Rx

Lonza Inc {USA) 

n.b. This list is by no means exhaustive and in no way endorses any of the above products. 
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carried out in a Gilson Differential Respirometer in an 
atmosphere of air and held at 30°. 

Detailed identification of the microorganisms was 
not attempted at this stage of the work but cursory 
examinations suggested that the bacterial isolates were 
species of Pseudomonas whilst other cultures contained 
yeast-like cells. 

Quantitative analyses 
Many previous reports of QAC degradation have been 

based on following their disappearance using 
quantitative assays of doubtful selectivity. Great 
difficulty was encountered in fmding a sensitive, re
produCible method for the estimation of QAC's and this 
problem has been reviewed in an H.M.S.O. report 
{1970) and also by Wang et al. (1977). In our experience 
the widely used methylene blue method (Mukerjee, 
1956) and its several modifications (AOAC 1975) was 
both tedious and subject to serious errors due to 
adsorption effects. The assay method fmally adopted 
was that of Cross (1965) which involves a two phase 
titration using methyl orange as indicator and sodium 
tetraphenylboron as titrant. 

In manometric experiments the contents of the 
Warburg flasks were analysed by the following 
procedures: ammonia by the method of Johnson (1941) 
using Nessler's reagent, formaldehyde by the chromo· 
tropic acid method (Dawes et al., 1971) whilst formic 
acid and methanol were estimated by prior reduction 
or oxidation to formaldehyde. 

Chemicals 
A.R. grade chemicals were used whenever available. 

Apart from cetyl-trimethylammonium bromide (CTAB) 
the various QAC's were the generous gifts of their 
various manufacturers (as listed in Table I) and were 
used as such without further purification. 

Results 

I. Growth of microorganisms upon QAC~ 
Our attempts to isolate microorganisms capable of 

utilising QAC's as sole source of carbon for growth by 
enrichment culture were consistently and frustratingly 
unsuccessful. However, in view of reports of bacterial 
tolerance to QAC's in the presence of organic - N 
such as portein, (Washam et al., 1976b) micro
organisms were cultured on a glucose mineral salt 
medium containing G.!% glucose and ODI mM -CTAB 
in the hope that some organisms might develop 
resistance and the ability to metabolise this QAC. A 
number of Pseudomonad-like bacteria and some yeasts 
were isolated from the above medium and after ten serial 
transfers four of the isolates had adapted to tolerate 
50 pM - CT AB whilst one could tolerate I mM -
CTAB. No further increase in tolerance could be 
achieved. However, when these CTAB-tolerant organisms 
were examined in manometric experiments it became 
clear that they had not developed their resistance 
through an ability to metabolise the QAC and they 
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could not continue to grow in a mineral salt medium 
with CT AB as sole C-<ource. 

At this stage it seemed worthwhile to consider 
possible mechanisms of attack on the QAC molecule 
with the objective of using C-sources for growth that 
might encourage these reactions. Possible mechanisms 
of biochemical degradation could be as follows: 

a ) 
ring cleavage 

i) Cleavage of the C-N bond followed by /l-oxidation 
ofthe alkyl side chain; 

ii) Activation of the terminal methyl group by w -
oxidation followed by /l-oxidation of the alkyl 
side chain (Dean-Raymond and Alexander, 1977); 

iii) For benzalkonium type QAC's, cleavage of the 
aromatic ring might prelude breakdown. 

With the above ideas in mind CT AB-tolerant 
organisms were grown on mineral salt media containing 
fatty acids or benzylamine plus CTAB but despite good 
growth on these media the organisms did not develop 
the ability to metabolise the QAC as judged by 
respirometric studies. 

Similarly initial attack on the alkyl side chain by 
w -oxidation was encouraged by inoculating the culture 
media with samples of oil-treated soil known to have 
bacterial populations capable of attacking long chain 
alkanes. Again no evidence of QAC metabolism was 
found. 

2. Adsorption ofQAC's by microorganisms 
The adsorptive properties of QAC's have already been 

discussed and it seems that this phenomenon has 
frequently been misconstrued as evidence for bio· 
degradation. The following experiments were carried out 
to investigate the effect of adsorption. 

Cells were grown on mineral salts medium supplemen
ted with octanoic acid (I0-4M) and CTAB (10-4M) 
then harvested and washed three times before being 
suspended in a solution of CTAB (2.775 mM). Mter 
addition of the cells analysis of the solution showed that 
the concentration of CTAB had been reduced to 1.1 
mM, thus 60% of the added QAC had disappeared by 
adsorption on to the cell surfaces. 

A similar phenomenon was observed when attempts 
were made to carry out replacement culture experiments 
with mycelial mats of Aspergillus niger. The concen
tration of CTAB in the replacement culture solution 
(initially 13.7 mM) was found to have been halved 5 
min after introduction. 
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Despite the above negative results it was considered 
possible that actively growing cells might be better 
able to metabolise QAC's but an experiment with cells 
actively growing on octanoic acid plus CTAB showed no 
loss of CTAB apart from the initial rapid drop due to 
adsorption (Fig. I). Some experiments were contained 
for up to eight weeks but still failed to show loss of 
QAC. 

3. The breakdown of short chain QA C's 
In view of the difficulty in obtaining microorganisms 

capable of metabolising long side chain QAC's attention 
was focussed on simpler QAC's as model substrates. 
Cultures of microorganisms able to grow on IOmM· 
tetramethylammonium chloride (TMA) as sole source 
of C were readily obtained by enrichment culture and 
these organisms could be adapted to grow on 10 mM
ethyltrimethylammonium chloride (ETMA). However 
it proved impossible to adapt these organisms to grow ,. 
on the higher homologue tetraethylammonium bromide 
(TEAB). 

The results of investigations of the ability of TMA or 
ETMA-grown cells to metabolise other QAC's are 
tabulated in Table 2 It will be seen that despite its short 
side-<:hains TEAB was not oxidised and it is thought 
that this is due to the "steric protection" of the 

CO«:H. CTAB C!Jl/100 Jll..) 

·I 
.l I \ 

CB.J.. GROWTH iCD450o .. 

Figure 1 - Adsorbtion of CT AB by growing bacterial 
cells. Cell suspension (lg wet wt) added to medium 
containing 0.05mM octanoic acid plus CT AB (0.27 
mM). 
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tetrahedral C-N bonds. Growth on TMA or ETMA 
induced a limited ability for cells to oxidise low levels 
of some long-<:hain QAC's. With TMA and ETMA Or 
uptake and C02 -evolution was completed within 60 min 
whilst experiments with the other QAC's were continued 
for up to 4 hr. In a series of experiments values of 
10-15% of the theoretical Oruptake were obtained for 
I umole CTAB and 10-30% for I umole Vantoc N ., 
but it should be noted that with higher concentrations 
of QAC substrates 0 2-uptake was reduced or suppressed. 
Despite the limited ability of these organisms to oxidise 
low concentrations of QAC's these organisms were still 
unable to grow with CTAB as sole source of C. 

Hampton and Zatman (1973) have reported 
investigations of the breakdown of TMA by cell-free 
extracts of bacteria isolated from sewage to yield 
formaldehyde and anunonia and it was of interest to 
see if our organisms followed the same metabolic route. 
Quantitative analysis of the fmal flask contents from 
manometric experiments gave the following results: 
I umole of TMA required 4.9 umoles 0 2 and yielded 
2.3 umoles C02 0.5 umole formate and 0.5 umole 
NH3. No formaldehyde or methanol was detected. 
These results are in agreement with those of Hampton 
and Zatman (1973) since whole cells will oxidise any 
formaldehyde produced to formate and may have 
assimilated some of the breakdown products into new 
cell biomass. 

300 

c 

30 60 90 
Minutes 

Figure 2 - Oxidation of tetramethyl-anunonium 
chloride by washed cells. Respirometer flasks contained 
pH 6.5 phosphate buffer, and cell suspension; (I )1 

mole (o) or 3 )1 mole (CJ ) substrate added from side· 
arm. Open symbols denote 0 2 uptake, filled in symbols 
denote C02 -evolution. 
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DiscussiOn 

An initial interest in QAC's as algicides (Walker and 
Evans, 1978) led to a consideration of their ultimate 
fate in soil/water systems and to the present studies. 
The contradictory results which exist in the literature 
on the biodegradation of QAC's highlight the need for 
careful defmition of the term "biodegradation" and also 
for a better appreciation of the effects of adsorption 
when considering surface active compounds. The 
problem has been further aggrevated by the use of 
questionable analytical techniques. In the author's 
opinion only a few reports (Adair et a/. 1969, 
Krzeminski et at. 1973, Masda et a/. 1976, Dean· 

Table 2 

Oxidation of QAC's by bacteria grown on IOmM 
tetramethylammonium chloride (TMA) or lOmM· 
ethyltrimethylammonium chloride (ETMA). 

TMA 

TMA 

ETMA 

Tetra-ethyl· 
ammonium 

Percentage 

Cone. 0 uptake of 
2 theoretical COz 

(JlMoles) (JlMoles) 0 2 uptake evolved 

TMA-grown cells 

I 

3 

I 

4.9 

12.0 

3.0 

82 

67 

40 

2.3 

6.6 

X 

bromide (TEAB) nil 

4.0 

4.5 

2.0 

nil 

1.1 CTAB 

Vantoc N I 

Bioquat 501 I 

Deciquam 222 

Vantoc CL 

I 

I 

15 

20 

5 
2.0 6 

endogenous 0 2 uptake 
suppressed 

X 

X 

X 

ETMA-grown cells 

ETMA I 4.7 63 2.0 

ETMA 3 9.7 43 3.0 

TEAB nil nil 

CTAB I 0.7 2.6 X 

Vantoc N I 6.3 30 X 

Bioquat 501 endogenous 0 2 uptake 
suppressed 

x C02 = evolution not determined in these experiments. 

Respirometer flasks contained cells in 0 .02M·phosphate 
buffer pH 6.5, substrate in side-arm in a total volume 3 
m1 and at 30" 
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Raymond and Alexander 1977) can be considered as 
showing convincing evidence for the ultimate bio· 
degradation of QAC's. The work of Krzeminski et a/. 
(1973) also highlights the fact that QAC's are degraded 
more slowly when adsorbed onto clay particles. 

Our present results and our failure to detect QAC· 
degrading microorganisms from a wide range of 
environments, suggest that QAC's should perhaps be 
considered as relatively recaltricant molecules. The 
short chain QAC's TMA and ETMA could support 
bacterial growth but the next higher homologue TEAB 
could not; probably because the close-packed 
tetrahedral structure protects the central N atom. It is 
interesting to speculate that the biochemical 
recalcitrance of long-ehain QAC's may be due in part to 
the presence of the basic quaternary structure in th.,. 
same way that the branched chain alkyl-benzyl· 
sulphonates are resistant to microbial degradation, yet 
the observation that bacteria could be adapted to 
utilise ETMA suggests that the quaternary N structure 
is not completely resistant to biochemical attack. 

To conclude we would suggest that claims for the 
"biodegradation" of a synthetic compound should be 
reinforced by both "die·away" studies making due 
allowance for adsorption, etc. and biochemical tests 
showing ultimate metabolic conversion to C02, H2 0 
and simple mineral salts. 
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COOLING TOWER FUNGI IN INDIA 
K. Natarajan1 and K. Udaiyan 

Summary. Fungi isolated by using Pinus petula and Fagus 
ramnifolia test blocks as baits from the water in a cooling 
tower near Madras over a period of seven months are reported. 
This is compared with the fungi isolated from the timber 
packing, which is preserved with copper-chrome-arsenic, in the 
same cooling tower. 

Champignons rencontr6s dans une tow de refroidissement en 
Indes. La liste des champignons isoles dur des Cprouvettes 
d'essai en Pinus patula et Fagus ramnifolia utiJ..irees pour 
pi6ger l'eau dans une tour de refroidissement situEe pres de 
Madras pendant une p&iode sup&ieure a 7 mois est etablie. Elle 
est compar~ avec celle des champignons isolli:s de l'emballage en 
bois de 1a meme tour de refroidis sement, qui avait re9u un 
traitement preventif du type cuivre-chrorne'1USenic. 

Introduction 

Studies on cooling tower fungi in other countries 
such as the U.S.A., Britain, Germany, the U.S.S.R., and 
Australia, have indicated the importance of the role of 
fungi in the economy of the cooling tower operation 
(Eaton, 1976). Similar work in India on cooling tower 
mycoflora is lacking. In the present work the fungal 
flora of the timber exposed in a mechanical-draught
induced cooling tower at Madras Fertilizers Ud., Manali, 
Madras, was studied. 

Woods of Pinus /ongifo/ia and Pinus roxbu11Jhii are 
used as the timber packing of the cooling tower. These 
are treated with copper-chrome-arsenic preservative at a 
rate to give a dry salt retention of 16 pounds per cubic 
foot. Fresh ground water from Punchetty, about 12 
miles from Manali, is used as the source water for the 
cooling tower and the pH of the water is maintained 
around 7.0 -7.5. 

For the isolation of lignicolous Ascomycetes and 
Fungi Imperfecti the method of submerging the test 
blocks (Pinus patu/a and Fagus ramnifolia) in the cooling 
water was followed. Test blocks with I 0 mm holes in 
the centre were threaded on 2 metre lengths of poly· 
thene rope. Each length of rope carried two blocks 
of each of the two species used and they were separated 
by knots in the rope. Each rope was then secured 
separately to a long line which was stretched above the 
packing timber in the tower in the vicinity of the spray 
nozzle so that the test blocks hung in the spray among 
the packing timber. Six samplings were done over a 
period of seven months. Samples of the service timber in 
the wood packing of the tower were also collected at 
every sampling. The blocks were incubated in moist 

1 University Botany laboratory, Madras-600 005, India. 
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Pilze in Kiihltunnen in lndien. Es wird uber Pilze berichtet, 
die aus dem Wasser eines Kiihlturms in der Nahe von Madras im 
Laufe von 7 Mona ten mit Hilfe von Koderklotzchen aus Pinus 
petula und Fagus ramnlfolia isoliert wurden. Sie werden 
verglichen mit Pitzen, die aus dem Holz des gleichen Kuhlturms 
isoliert wurden, das mit einem Kupfer.Chrom-Arsen 
Schutzmittel behandelt war. 

Los hongus de las tones refrigerativas en India. Se informa 
acerca de los bongos aislados empleando Pinus petula y Fagus 
ramnifolkl en forma de bloques de prueba como anzuelo del 
agua de una torre refri8erative cerca de Madras durante un 
periodo de siete meses. Se comparan con los bongos aislados del 
embalaje de madera. preservado con cobre-cromo~nico de 
la misma torre. 

chambers and examined for the presence of various 
fungi for up to four weeks. 

The results are presented in Tables I and 2. A total 
number of 25 species belonging to 19 genera were 
isolated from this cooling tower. More species were 
observed on Pinus test blocks than on Fagus test blocks 
(Table 1 ). Graphium putredinis and Didymostilbe sp 
showed a preference for Pinus test blocks whereas all 
the other fungi occurred both on Pinus and Fagus test 
blocks. Of the various species of fungi Aspergillus 
sydowi, Fusarium so/ani, F. oxysporum, Glioc/adium 
penicilloides, Trichodenna pseudokoningi, and T. 
viride appeared at 4 or more times of sampling. 
Fusarium so/ani was the only fungus isolated from all 
the six samplings from the test blocks whereas F. so/ani, 
F. oxysporum and Trichoderma viride were isolated 
from all the samplings of the service timber packing 
(Tables 1 and 2). 

The preservatives in the packing timber and the 
tolerance of the fungi to these compounds are important 
factors. The species Alternaria a/temata, Monacro
sporium bembicoides, Paecilomyces in/latus, P. varioti, 
Phaeoisaria c/ematidis, Torula herbarum, Sporonniella 
pilosel/a and Moniliella sp. have been isolated only from 
the treated timber packing of the cooling tower (Table 
2). 

In the present study, 22 species of Fungi Imperfecti 
were recorded which confirms the observation of 
Shearer (1971) that the use of fresh water in cooling 
towers causes predominance of Fungi Imperfecti. 

A comparison of the present list of fungi with that of 
the list of fungi recorded from timber exposed in water 
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Table I 

Species of fungi occurring in successive samplings on Pinus and Fagus wood test blocks 
exposed in a freshwater cooling tower 

Fungi Sampling dates 

13 Oct. 29 Oct. 3 Nov. 28 Jan. 16 Feb. 
1976 1976 1976 1977 1977 

p F p F p F p F p F 

Alternaria tenuissima (Kunze ex Pers.) Wiltshire + 
Aspergillus sydowi (Bain. & Start). 

Thorn and Church + + + + + + 
Curvularia lunata (Wakker) Boedijn + + + + 
Curvularia senega/ensis (Speg). Subram + + + + 
Didymostilbe sp. + 
Drechslera hawaiiensis (Bugnicourt) 

Subram. & Jain + + 
Emericella nidulans (Eidam) Yuill. + 
Fusarium oxysporum Schl. ex Fries + + + + + + + + 
Fusarium so/ani (Mart.) Sacc. + + + + + + + + + + 
G/iocladium penicil/oides Corda + + + + + + 
Graphium putredinis (Corda) Hughes + + + 
Penicillium rubram Stoll. + + + 
Petrie/la seti[era (Schm.) Curzi 
Trichoderma pilu/iferum Webster and Rifai + 
Trichoderma pseudokoningi Rifai + + + + + + 
Trichoderma viride Pers. ex Fries. + + + + 

P - Pinus test blocks; F - Fagus test blocks. + - Present; - - Absent. 

Table2 

Species of fungi occurring in successive samplings of the service timber packing of a freshwater 
cooling tower. This timber is treated with copper-chrome·arsenic preservative. 

Fungi Sampling dates 

2 March 
1977 

p F 

+ + 
+ + 

+ + 
+ + 

+ + 

13 Oct. 29 Oct. 7 Jan. 
1976 1976 1977 

28 Jan. 16 Feb. 2 March 

Alternaria alternata (Fr.) Keissler 
Alternaria tenuissima (Kunze ex Pers.) Wiltshire 
Ascochyta vulgaris Kab. & Bub. 
Curvularia lunata Wakker) Boedijn 
Drechslera hawaiiensis (Bungicourt) Subram. & Jain 
Fusarium oxysporum Schl. ex Fries 
Fusarium so/ani (Mart.) Sacc. 
Monacrosporium bembicodes (Drechsler) Subram. 
Paecilomyces inf/atus (Burnside) Carmichael 
Paecilomyces varioti Bainier 
Penicillium rubrum Stoll 
Phaeoisaria clematidis (Fucke1) Hughes 
Sporormiel/a pi/osel/a (Cain) Ahmed & Cain 
Torula herbarum (Pers.) link ex Fries 
Trichoderma pi/uli[erum Webster and Rifai 
Trichodemul pseudokoningii Rifai 
Trichoderma viride Pers. ex Fries 
Moniliella sp. 

+ - present; - - absent. 
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cooling towers from other countries given by Eaton 
{1976) reveals that, excepting Fusarium so/ani, 
Alternaria tenuissima, Trichoderma viride, and Torula 
herbarum, all the other fungi in the present list are new 
records for this habitat. 
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A GREEN ALGA GROWING ON A PLASTIC FILM 
USED TO PROTECT ARCHEOLOGICAL REMAINS 

M. Augusta Fa vall+, Nicoletta Barbieri++ and Maria Bassi0 

Summary. In the course of studies on the conservation of the 
archeological remains of Luni (North Italy), it was noted that 
some of them were covered by a thick carpet of a green alga, 
which grew also on the zones protected with a plastic 111m. 
This alga was isolated and, on the basis of its morphological 
and ultrastructural features, identified as Stichococcus bacillaris. 
It was proved that this alga grows well "in vitro" on a purely 
mineral substrate and can also survive for 3 weeks on a layer of 
epoxy or acryl·siliconic resin without the addition of nutrients. 
The very low food requirements of S. bacillan"s explains why it 
continues to grow, even if slowly, on the archeological stones 
protected with a plastic layer. Its growth is certainly favoured by 
the high relative humidity of the environment, which remains 
around values of 70% all the year round, even in the months 
with scanty rainfall. 

Une Afgue verte qui pousse sur un fllm de plastique usC pour 
protes;er les restes archOOlogiques. Au. coors des "Etudes sur Ia 
conservation des restes arch€ologiques de Luni (Italic du Nord), 
on a remarqUe que maintes d'entre eux t;taient couverte 
d'algues vertes, m€me Ia oU i1s avaient Cte proteges par une 
coUche de plastique. On a isole les algues et, 8. la suite des 
observations au microscope photonique et 61ectronique, on Ies 
a identifi€es comme Stichococcus bacillarls. On a demontre 
que cette algue peut 'Stre cultivee tres bien dans un milieu 
contenent seulement des dels min6raux, et qu'elle peut survivre 
pendant 3 semaines sur une couche de plastique sans addition 
d'elements nutrififs. C'est probablement grice a ses tres basses 
exigences nutritives que S. bacilloris peut s'accroftre m'Sme sur 
les pierres protEgees par une oouche de plastique. Cette 
croissance est certainement favori&ee par l't';levee humidite 
relative de eatmosph~re, qui Je&te toute l'annee autour de 70%. 
meme dans les mois oU les precipitations sont rares. 

Introduction 

Our laboratory has been interested in studies on the 
causes of deterioration and methods of conservation of 
the archeological remains of Luni, a Roman town on 
the left side of the river Magra (liguria, North Italy), a 
few kilometers from the Thyrrhenian sea. In the course 
of these studies it was found that the floor and columns 
of a house which had been brought to light quite 
recently were covered by a thick film of green algae. The 
algal growth did not seem to slow down in any season, 
not even in summer, when the relative humidity was 
presumed to have been lower. Since parts of the columns 
and floor were deteriorated by their exposure to 
atmospheric agents, two conservative treatments were 
applied, consisting in spreading their surface with two 
different resins, which, according to the manufacturers' 
statements, should prevent also microbial growth. In 
fact, it seemed at first that these treatments had 

+ Jstituto di Scienze Botaniche, Universita di Milano, 

++Centro Gino Gozza, Politecnico di Milano, 
0 Jstituto di Botanica, Universita di Messina, Italy. 
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Uber eine griine Alge die wiichst auf einem PlastikfUm und wird 
dazu angewendet urn Archliologische Reste zu beschUtzen. Im 
Verlauf der Studien zur Konservierung archS.ologischer 
Grabungsreste in Luni (Norditalien) wurde festgestellt, dass 
einige Fundstucke von einer starkschichtigen GrUnaJgendecke 
uberzogen waren. Die GrUnalge wuchs auch auf den mit einer 
Plastikfolie geschUtzten Stellen. Aufgrund morphologischer 
und ultrastruktureller Untersuchungen an isolierten Exemplaren 
wurde die Griinalge als Stichococcus bacillarls identifiziert. Es 
konnte nachgewiesen werden, dass die AJge in vitro auf rein 
mineralischen BOden gut gedeiht und auf Kunststoffsubstraten 
ohne Hinzulugung von Nahrsubstanzen drei Wo$en lang 
iiberlebt. Der liusserst geringe N""ahrstoffbendarf des S. bacillaris 
bedingt auch das stetige, wenn auch verlangsamte Wachstum 
auf den mit Plastikfolien abgedeckten Steinen. Im vorliegenden 
FaD wird das Wachstum zweiffelos durch die hohe relative 
Luftfeuchtigkeit des Gebiets geffirdert, die auch in der nierder
schlagsa.rmen J ahreszeit stets urn 70% liegt. 

Una alga que crece sobre una 13m ina de plistico usada para 
proteger residuos arqueotOgicos. Durante estudios sabre de Ia 
oonservaci6n de los restos arqueolOgicos de Luni (ltalia del 
Norte), se not6 que algunos de los mismos estaban cubiertos par 
un tupido manto de un alga verde, que crecla tambien sabre las 
zonas protegidas par una capta de plastico. Esta alga fue aislada 
y, en base a sus caracteristicas morfologicas y ultraestructurales 
fue identificada como Stichococcus bocilloris. Se demonstro 
que esta alga crece bien "in virtro" sabre un terrene puramente 
mineral y que puede sobrevivir par 3 semanas sabre una capa de 
plastico sin que se Ie agregue ningiin substrata nutritivo. E1 
hecho de que S. bocillaris tenga tan pocas necesidades nutritivas 
explica el porque puede crecer, aun si lientamente, tambien 
sabre piedras protegidas por una capa de plastico .• Su 
crecimiento es indudablemente favorecido por Ia elevada 
humedad relativa dellugar, que se mantiene siempre ahededor 
del 70% basta en los meses de pocas Duvias. 

succeeded in blocking the spreading of the algae, but 
after a few months it was noted that small green colonies 
of algae appeared here and there on the treated surfaces, 
and that these colonies tended progressively to enlarge. 
In view of this fact, we thought it interesting to isolate 
the algae in axenic culture in order to identify them and 
test "in vitro" their capability of growing on the plastic 
materials used to protect the stones. In addition we 
recorded for a whole year the main environmental 
factors which could influence algal growth, that is: 
temperature, relative humidity and rainfall. 

Materials and Methods 

Light Microscopy 
Algal samples were gently scraped off the surface of 

the floor and columns, either from untreated areas, 
where algal growth was abundant, or from areas 
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Figure 1. Floor of a Roman house in luni . The top and 
bottom areas show an abundant algal growth (darker 
zones in the picture). In the central area, covered with 
a protective plastic film, algal growth is scanty, but still 
present . 

previously covered with a protective mm of the epoxy 
resin XC 41 (Ciba~eigy), or the acryl-siliconic resin 
E0057 (Raccanello, Padua), where algal growth was 
less conspicuous (Fig. 1). The samples were observed 
directly with a light microscope. 

Scanning electron microscopy. 
Fragments of the floor and columns were taken from 

the same areas as above, and fiXed immediately in 
buffered 3% glutaraldehyde. They were then critical 
point dried. coated with carbon and gold and observed 
with a scanning electron microscope, JSM U3. 

Transmission electron microscopy 
Algal samples, collected as for light microscopy, were 

immediately fixed in phosphate-buffered 3% gJuteral· 
dehyde, post fixed in phosphate-buffered osmium 
tetroxide, dehydrated in ethanol , and embedded in 
Epon-Araldite . Ultrathin sections were stained with 
uranyl acetate and lead citmte and viewed with a 
Siemens Elmiskop I A. (It was not possible to reproduce 
these pictures in the present paper. Editor). 

Axenic cultures 
Algal samples, collected as for light microscopy, were 

put to grow in sterilized Petri dishes on a mineral solid 
medium containing sucrose (Linsmayer and Skoog, 
1965), and also on a solid medium containing only 
mineral salts (Baslerova and Dvorakova , 1962). They 
were kept at room temperature. under normal light 
conditions. and were transplanted every three weeks. 
Their growth was checked every week by light 
microscopy . 

Other samples were put in Petri dishes whose bottom 
had been previously covered with the same plastic 
materials as used to protect the stones in Luni. No 
substrate was added to these . 

At first sampling bacteria were seen to be present in 
all algal cultures but they were eliminated by the 
repeated sterile transplantation of the algae thus 
producing true axenic cultures. We checked that bacteria 
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were not present at each sub~ulturing both by light and 
transmission electron microscopy. 

Results and Discussion 

By light microscopy the algae appeared unicellular, 
cylindrical and sometimes connected end·to-end to 
form unbranched filaments, which fragmented very 
easily and gave rise to patches of loosely appressed 
cells (Fig. 2). The cells measured 2 - 3.5 f in diameter 
and 3 - 8 Jl in length. 

When the fragments of floor and columns were 
observed by scanning electron microscopy, they 
appeared covered by a dense population of these 
organisms strictly adjacent to one another (Fig. 3). 

The algae grew rapidly on agar-sucrose, and grew 
also pretty well on agar containing only mineral salts. 
The samples put on plastic films apparently did not 
grow but survived well for 3 weeks. 

The algae grown on the surface of agar had the same 
aspect as those grown on the floor and columns. Fig. 4 
shows that the algal ftlanlents can easily fragment into 
unicells , which pack together to form tightly appressed 
layers. The filaments can be straight, curved or coiled 
(Fig. 5). By transmission electron microscopy , the 
algae appeared to contain one single chloroplast, which 
occupies most of the cell volume (Fig. 6) and stretches 
from one cell end to the other, as seen in longitudinal 
section (fig. 8). The chloroplast contains a pyrenoid in 
its median region (Fig. 6) and several starch grains. The 
grana seem to be composed of three thylakoids. Each 
cell contains a flattened nucleus, two mitochondria, 
two or more peroxisomes, a Golgi body and many 
polysomes (Figs. 6, 7 and 8). In the cell wall two layers 
of about the same thickness are recognizable : an outer , 
electron-transparent layer and an inner electron-<>paque 
one (Figs. 6 and 8). 

During cell division the chloroplast and nucleus 
divide, and a constriction forms in the median region of 
the cell {Fig. 9). Cell division is completed by the 
formation of a divisory sept (Fig. 10). 

The morphological data obtained by light micro
scopy suggest that this green alga can be identified as 
Stichococcus bacillaris aegeli , family Ulotrichaceae. 
To the san1e conclusion lead its ultrastructural features 
and division modalities, which are quite similar to those 
observed in another species of Stichococcus (Pickett· 
Heaps, 1974). 

It is known that this alga grows very easily in 
different places, and is one of the microorganisms 
responsible for the "rnaladie verte" of Lescaux (Lefevre 
and Laporte, 1969). Apparently, it has very low food 
requirements, as demonstrated by the fact that it grows 
well on a substrate containing only mineral salts, and 
that it can survive "in vitro" for several days on plastic 
fJ.!.ms. The fact that it can not only survive but also grow 
on the stones covered with plastic materials suggests that 
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Figure 2. ught micrograph of the algae scraped directly 
from the floor. They are unicellular, cylindrical and 
often connected end·to~nd to form ftlaments. x 620. 
Figure 3 . Scanning electron micrograph of a fragment 
of column . The surface is covered by many unicellular 
algae. x 1000. 
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Figures 4 and 5. Light micrographs of the aJgae grown 
in culture and identified as Stichococcus bacillan·s. Note 
the coiled aJgal ftlaments and the masses of single cells 
tightly packed together (arrows). Fig. 4, x 155; Fig. 5, 
X 620. 
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F igures 6, 7, 8. Transmission electron micrographs 
(TEM) of S. bacillaris. Note the large chloroplast 
(Ch), which stretches from one cell end to the other 
and contains a pyrenoid (py) and many starch granules; 
a mitochondrion (M) , peroxisomes (po), polysomes, a 
Golgi body (G) and myelin figures (arrows). The cell 
wall shows two distinct layers of different electron 
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density. Fig. 6. x 29 ,000; Fig. 7, x 34,000; Fig. 8. 
X 23,000. 
Figures 9 and 10. TFM of S. bacz1laris during cell 
division. In Fig. 9 two chloroplasts (Ch) and two nuclei 
(N) arc visible. x 22,000. In Fig. I 0 the divisory sept is 
completed and two distinct cells still joined together are 
visible . x 17.000 . 
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Table l 

Mean values of temperature (T), relative h\lffiidity 
(R.H.) and rainfall recorded in Luni in 1976 

T(C) R.H.(%) Rainfall (mm H2 0) 

Jan. 8.5 75 163 

Feb. 10.5 76 85 

March 12.2 73 89 

April 133 70 27 

May 15.6 73 76 

June 17.9 67 14 

July 21.4 70 95 

Aug. 21.1 72 126 

Sept. 16.8 69 36 

Oct. 13.1 71 100 

Nov. 10.8 71 100 

Dec. 8.3 73 168 

even the spreading of the plastic film is not enough to 
provide a complete isolation of the algae from their 
substrate, or that small cracks may form in it after 
consolidation. Alternatively, the minimum food supply 
for algal growth could be provided by tiny amounts of 
mineral substances brought by the wind onto the plastic 
film surface. In any case, algal growth is certainly 
favoured by the high degree of atmospheric relative 
humidity, which, contrary to expectation, remains fairly 
constant around 70% all the year round, even in those 
months when rainfall is scanty (see Table 1). 

As a conclusion, it can be stated that although the 
use of plastic films proved effective in protecting the 
archeological stones against atmospheric agents 
(Alessandrini et a/., 1978), it may not be effective in 
preventing microbial growth if the microorganism in 
question has very low nutritional requirements and the 
relative humidity of the enviromnent is vecy high. 
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A NEW TECHNIQUE FOR SCREENING FUNGICIDES 
FOR WOOD PRESERVATIVES 

H.P. Sutter1 

Summary. A new technique for the screening of active 
compounds for wood preservatives is described. 

Thin chips of transversely cut pine sapwood are impregnated 
with solutions of different concentrations of the potential 
toxicant. Preferably solutions in water or alcohol are used. 

The treated chips are then exposed to fungal attack on a 
well developed mycelium of Conlophora puteana, Poria placenta 
or Polystlctus versicolor. 

The effectiveness of the toxicant is determined by the degree 
of deterioration of the wood three weeks after exposure. 
Comparative tests with commonly used fungicides have shown 
a good correlation between the toxic limits obtained by means 
of the screening procedure described and those obtained by 
DIN 52 176 orBS 838. 

Nouvelle methode de Jaboratoire pour l'examination des 
produits actifs 3. effet fongicide dans le domaine de Ia protection. 
L'application des produits actifs est fait sur des sections 
transversales d'aubier a fat"ble Cpaisseur, seton le processus 
d'impr6gnation sous vide. Comme solvants sont employes avant 
tout reau ou differents alcools. 

Les sections transversales impregnt'es sont posees sur un 
mycelium abondant de Coniophora puteana, Poria placenta ou 
Polistictus versicolor peridant une durCe d'incubation de trois 
semaines. Les echantillons sont en suite jugCs seton leur degr6 
de destruction visible. 

Des tests comparatifs avec des produits actifs, connus selon 
leur pouvoir fongicide, ont donnes preuve d'une bonne 
correlation entre Ia m"ethode ci-dCcrite et les mCthodes seton DIN 
52 176 ou BS 838. 

Introduction 

A number of methods to determine fungicidal 
activity of wood preservatives has been described in 
recent years. Besides the national standard methods 
(DIN 52 176, ASTM 1413-61, BS 838 etc.) some time 
saving procedures for the screening of potential fungi
cides for W<>od preservatives have been published. 
Standard methods require high quality and carefully 
selected wood, special equipment and are connected 
with a considerable amount of work. Because cellulosic 
substrate should be used for testing, a number of test 
techniques using such material as sawdust, veneer or 
paper has been described 

Other methods e.g. the evaluation of the Minimal 
Inhibition Concentration (MIC) or agar-diffusion tests 
are useful for a preliminary screening to test for 
fungicidal activity in general, but they are not suitable 
for an evaluation of toxic limits against wood destroying 
fungi. 

I ACIMA Ud., Buchs, Switzerland. 
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Methode zur screeningsmiissigen prlifung von wirkstoffen f'Ur 
Holzschutzmittel. Als substrat dienen dlinne splintholzquer
schnitte, welche im vakuum imprilgnierverfahren mit den 
betreffenden wirkstoffl~sungen imprilgniert werden. Als 
IOsungsmittel werden vorzugsweise wasser oder. alkohole 
verwendent. 

Die imp&gnierten querschnitte werden auf einen gut 
entwickelten pilzrasen von Coniophora puteana, Poria placenta 
oder Polistictus versicolor aufleget und w3hrend drei wochen 
bebriltet. Die priiflinge werden nach ihrem sichtbaren 
zerstOrungsgrad beurteilt. 

Verschiedene~ bekannte wirkstoffe wurden nach dieser 
methode geprUft. Die erhaltenen grenzwerte gegenU.ber 
Coniophora puteana lagen innerhalb der durch die standard
methoden DIN 52 176 und BS 838 gegebenen bereiche. 

Una Tecnica nueva para cnDar los fungicidas para los 
preservativos de la madera. Se describe una tecnica nueva para 
cn1Jar los compuestos actives de los preservativos de la madera. 

Se taman astillas delgadas de albumo de pino cortado 
transversalmente y se las impregna con soluciones de 
concentraciones variadas del toxico potencial. Se emplean de 
preferen~ solJtciones en agua o en alcohol. 

Entonces quedan las astillas asi tratadas expuestas al ataque 
hongal en un mycelium bien desarrollado de Coniophora 
puteana, Poria placenta o Polystictus versicolor. 

La eficacia del texico se determina por el grade de Ia 
deterioration de Ia madera despues de expuesto durante tres 
semanas. Las pruebas comparativas con fungicidas comunmente 
empleados han revelado una buena correlacion entre los limites 
toxicos obtenidos por media del procedimiento de cn1Jar aqui 
descrito y los obtenldos por el DIN 52 176 o e1 BS 838. 

The main features described in the technique 
reported here are: 

I. wood is being used as the substrate 
2. the chemicals are homogenously incorporated by 

vacuum treatment 
3. test tesults are expressed as toxic limits and 

available within 3-4 weeks 
4. the resulting toxic limits are highly reproducible 

and correspond with those of standard methods. 
5. considerable saving of time. 

For the evaluation of the toxic limits against 
basidiomycete fungi, thin cross sections of pine sapwood 
of 1-2 mm thickness are impregnated with solutions of 
different concentrations of the potential toxicant and 
exposed to fungal attack. 

When screening large numbers of chemicals the 
method can be further simplified by choosing one 
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Figure 1 
Inhibition of the fungicidal activity as a result of drying 
the sample on an unsuitable support. 
l11e contact surface is heavily deteriorated by 
Conioplzora puteana while the contact free zone is 
still in good condition. 

concentration leading to a predetermined retention. 
Chemicals failing at this predetermined retention 
(kg/m3) would then be discarded. Impregnation tests 
with pine sapwood have shown very small deviation 
of the average absorption of solvent within one test run. 
The deviation of the average absorption was found to 
"be equal to or less than the deviation indicated for 
DIN-standard block (Schroeter and Bauer, 1964). 
Trials carried out with a series of well known fungicides 
provided toxic values against Coniophora puteafUJ which 
compared well with those obtained by different standard 
methods. 

The procedure described has proven to be a time
saving and reliable routine laboratory test method not 
only to evaluate fungicidal activity of potential wood 
preservatives but also to study synergistic or inhibitory 
effects. 

Material and method 

l'11aterial 
Thin chips of transversely cut pine sapwood of about 

40 mm x 40 mm x I 2 mm are used as the substrate. 
fhe chips are cut from well conditioned pine sapwood 
blocks of 40 mm x 40 mm x I 00-J SO mm . 

The wood used should be free of knots and of homo· 
genous structure, and especially the moisture content 
should be well equilibrated within the individual wood 
block. 

Before and during the cutting of the chips, the 
density of the wood must be measured by weight and 
volumetric determination . The density is measured at 
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Figure 2 . 
Test specimen (cross-section of pine sapwood) during 
mycological test on Coniophora puteana. 

least three times at three different locations in the block . 

Careful determination of the wood density is 
important since the volume of the chips is calculated 
from their weight and the density of the wood block 

The samples are cut from the block using a fine 
toothed band-saw, then weighed and in1pregnated 
without further delay. 

Impregnation a1ul drying 
The samples are immersed in the treating solution 

and in1pregnated by short vacuum treatment at 100 
mbar for S- 10 minutes. After another 10 IS minutes 
at atmospheric pressure , the samples are fully 
impregnated. At least S samples should be used for each 
concentration. 

The excess of solution is removed by a short pressing 
between paper tissues and the samples are then weighed 
on an electric top.J.oading balance. The solvent retention 
is then calculated as follows : 

(Wt. impregnated initial wt.) x Density x UP = Kg/m3 
initial weight 

In principle, any solvent used in wood preservation 
is suitable for impregnation, but water o r alcohol have 
proved to be most advantageous. Samples impregnated 
with water or alcohol are ready for the mycological test 
24 hours after treatment . Treated chips are dried 
horizontally on two wires stretched tightly over a tray or 
on a wire screen . However, the contact area should be 
reduced to a minimum and the contact surface should 
be chemically inert . To illustrate the consequence of 
failure to observe this requirement figure I shows a well 
1mpregnated chip which was dried on an aluminium 
lattice before being placed on a fungus mycelium. The 
contact surface is heaVIly deteriorated by Coniophora 
puteana while the area out of contact is still in good 
condition . Trials with a dye solution (Rhodamin B) 
have shown that this effect is due to migration of the 
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impregnating solution as a result of capillary action and 
increased evaporation from the parts of the chip not in 
contact with the. screen. 

Afycologicaltest 
Mter drying, the samples are placed on a fully 

developed mycelium of the test organism such as 
Coniophora puteana, Poria placenta or Polystictus 
versicolor. The strain of fungus mainly used has been 
Coniophora puteana (Persoon) Duby, BAM EBW 15 
cultivated on malt extract/casein peptone agar. Plastic 
petri-dishes of 90 mm diameter were used as test 
containers. 

Between the sample and the agar surface a distance 
of about 5 mm should be maintained. For this purpose 
glass rings or trays as described in DIN 52 176 are 
suitable. 

T!) prevent drying the petri dishes are kept in poly· 

Average 
No. density 

Table 1 

Retention of aqueous solutions 

Average Standard Co
retention deviation efficient 
kgfm3 of 

variation 

1 0.5040* 72636 14.8 20% 

2 0.5492 63930 19.2 3D% 

3 0.5566 62438 20.0 3.2% 

* Oven dried wood. 

Table2 

Retention of ethanolic solutions 

Average Average Standard Co-
No. density retention deviation efficient 

kg[m3 of 
variation 

1 0.5063* 492.25 691 1.4% 

2 0.5062* 493.25 4.80 097% 

3 0.4572* 520.45 5.71 1.1% 

4 0.5663 456.16 5.66 12% 

5 05663 476.58 6.03 13% 

6 0.5710 44154 752 1.7% 

* Oven dried wood 

Number 
of samples 

27 

24 

25 

Number 
of samples 

27 

27 

30 

25 

30 

24 
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ethylene bags and incubated at 25° - 26°C for three 
weeks. ln most cases the control samples are heavily 
deteriorated and disintegrate easily after three weeks 
on C. puteana. Samples which are sufficiently protected 
by the material under test do not show any visible 
traces of fungal attack. Weight loss is not evaluated. 

Results 

Retention of impregnating solution 
Tables I, 2 & 3 show the average retentions 

(kgfm3) obtained by different, independent trials with 

Table 3 

Retentions of hydrocarbon solutions 

Average 
No. density 

1 0.5221 

2 0.5802 

3 0.5545 

4 0.5800 

Average Standard Co
retention deviation efficient 
kg[m3 of 

variation 

475.12 10.07 2.1% 

445.01 7.19 1.6% 

447.48 4.05 09% 

437.42 8.16 19% 

Table4 

Number 
of samples 

30 

35 

20 

20 

Colorimetric determination of o-Pheriylphenol 
( oPP) in impregnated Pine Sapwood 

oPP-Contenti/Chip kgoPP/m3 Difference 
(parts per million) 

No. calcul- deter- calcul- deter- % 
a ted mined a ted mined 

1 2140 2121 1.016 1007 -0.9 

2 2080 2097 0988 0996 +0.8 

3 2080 2132 0988 1.013 +25 

4 2140 2156 1016 1.024 +0.8 

5 2120 2121 1.007 1.007 0 

6 1080 1086 0.488 0.499 +0.6 

7 1090 1096 0.489 0.493 +0.6 

8 1100 1096 0.494 0.493 -0.4 

9 1100 1081 0.494 0.486 -1.7 

10 1090 1096 0.489 0.493 +0.6 
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aqueous and solvent solutions of active compounds for 
wood preservatives. 

The material for each trial was cut from one pine 
sapwood block of 40 x 40 x 100 mrn which yielded 
about 35 chips. The blocks differed in number and 
run of annual rings and did not meet standard 
specifications. 

The impregnation cycles were as follows: 

Impregnation solution Vacuum phase Atmospheric 
100 mbar pressure 

Water 
Ethanol 
Hydrocarbons 

10 minutes 
5 minutes 
5 minutes 

15 minutes 
5-10 minutes 
15 minutes 

No increase in solvent retention was observed with an 
extended impregnation tilhe up to 30 minutes. However, 
smaller deviations of the average absorption values were 
obtained when the atmospheric pressure phase was 
extended from 5 to 15 minutes. 

· 0>/oriinetric Determination of Active Compound in 
treated chips 

This trial was conducted to estimate the error of the 
method caused by weighing and evaporation of solvents. 
This was thought desirable since the toxic limit is 
·calculated on the basis of small weights and small 
volumes. Sample weights rarely exceed 15 g. 

·For tach concentration of the active compound, 
5 cross-sections of pine sapwood of 40 x 40 x 15 mrn 
were impregnated. As active compound o-Phenylphenol 
in ethanolic solution of 0.1 and 0.2% was applied. 

The absorbed o-Phenylphenol was determined by a 
colorimetric method using 2.6 Dibromo-N-chloro-p-

Method and Reference 

BS 838 Savory and Carey 1976) 

ditto 

ditto 

Agar block Hof (1969) 

Various methods Cockcroft (1974) 

Soil feeder Richardson (1974) 

DIN 52 1 76 Bokranz & Plum (1971) 

DIN 52 1 76 Metzner et al (1977) 

Cross section 'Chips' 

benzoquinone-imine as the reagent. The retention 
values of o-Phenylphenol as determined by the 
colorimetric method lay within narrow limits of those 
obtained by calculation on the basis of absorption of 
the impregnating solution (see table 4). 

The analytical error of the colorimetric method was 
+ 1.4%. 

Detennination of toxic limits 
Toxic limits against Oiniophora puteana of 4 

fungicidally active compounds used in wood 
preservatives have been determined by the cross-section
technique. The products tested were: 

TBTO 
TBT-E 
o-PP 
PCP 

Bis-(Tri-n-butyltin)oxide 
TBT -Ethoxilatea 
o-Phenylphenol 
Pentachlorophenol 

(Ethanol) 
(Water) 

(Ethanol) 
(Ethanol) 

a TRAETEX 98-10, trademark of ACIMA Ltd. 

The solvent used for impregnation is in brackets. 
For determination of the toxic values at least four trials 
were carried out for each product. 

The values found by the cross-section technique are 
well within the range obtained by the standard methods. 

Table 5 shows the toxic limits against Coniophora 
puteana. The toxic limits of TBT-Ethoxilate are 
calculated on basis of its TBTO equivalent and are 
therefore comparable. 

These trials show that the TBT -radical is about twice 
as active when applied in suitable aqueous solutions as 
compared to application in organic solvents (see also 
Richardson, 1974). 

kgTBTO/m3 

Figure 3 
Toxic limits of TBTO in unleached pine sapwood against Oiniophora puteana. 
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Conclusion 

It has been shown that the corss .. ection technique 
is a useful instrument to evaluate the suitability of new 
chemicals for the control of wood destroying fungi. 
It is also applicable for comparative testing of wood 
preservative formulations. Compared to standard 
methods the saving of time is remarkable at each step 
of the procedure. Except for the need for a fme band· 
saw, no special equipment is required. 

The quantity of sapwood needed is reduced to a 
minimum. Since a large number of samples (up to 50) 
is cut from one small single wood block, the homo· 
geneity within one test run is largely ensured, though 
no specially selected wood is used. 

The resulting toxic limits are highly reproducible 
and correspond with the toxic values obtained by 
standard methods. 

Figure 3 shows a comparison of toxic limits for TBTO 
against Coniophora puteana obtained by the cross
section technique with values published by various 
workers. 
All toxic values were determined for uuleached samples. 
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BOOK REVIEWS 

WATERAcrnnTYANDFOOD 
J.A. Troller and J.H.B. Christian. 
Academic Press, London, 1978. 
ISBN: 0.12.700650.8. 
pp XIV+ 235. £12.65. 

Since W J. Scott's seminal review in 1957 on the 
water relations of food storage microorganisms there has 
been steady progress in the acceptance of water activity 
as the most useful index of the water status of food in 
relation to both microbial activity and other chemical 
changes. The need for such a universal quantitative 
index has increased as the study of food preservation 
has continued to develop from the art of processing 
specific foodstuffs to the science in which generalis
ations are made from one situation to another and in 
which technologists seek to predict the storage 
behaviour of new food products at the time of 
formulation. 

During this period the results of specific research 
projects have been summarised in a number of specialist 
reviews and symposia but there has been no single 
coherent source of information for the non .. pecialist 
Food Technologist. The authors of the present volume 
have set out to meet this need by encapsulating relevant 
knowledge of water in food into a single compact 
volume. 

The resulting book is very clearly food orientated. 
The discussion of specific topics is always related to this 
theme and there is repeated evidence of appreciation of 
the organoleptic and technological limitations it 
imposes. On the other hand relevant fundamental 
physical phenomena and biological reactions to environ
ment are treated seriously and soundly. 

In the production of a relatively compact book from 
the vast amount of information available, intelligibility 
has been retained. The style is clear and the frequent 
references to the literature do not impede the flow of 
discussion. Condensation has been achieved frrstly by 
deliberate exclusion of some of the more esoteric 
information on the structure of water and the 
physiology of microbial water relations; secondly by 
frequent explicit direction to other publications for 
detailed information on specific topics and thirdly by 
reserving intensive treatment for those subjects which 
the writers regard as most important. This last 
procedure will offend some susceptibilities. This reader, 
for example, welcomed the relatively full account on 
some food borne pathogens but deplored the dismissal 
of cereal grain deterioration in two pages with no 
mention of recent important reviews of the subject. 
This despite the fact that damp grain is one of the most 
important sources of mycotoxins in animal, and some
times human, food. 

While one is in a critical vein it may be pointed out 
that, although generally accurate, the book is not 
completely free of numerical errors of transcription 
from original data. This is of little account if the 
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information is used as intended, to illustrate general 
poirits, but any reader requiring specific values for other 
purposes would do well to consult the original sources. 

The span of topics covered Is impressive and relevant. 
After introductory chapters on basic concepts and 
practical methods of measuring and controlling water 
activity in experimental systems there follow two 
chapters on the effects of water activity on non· 
microbial characteristics and changes in food and then 
two on microbial growth and survival. These are 
followed by the special chapter on pathogens and then 
by an account of methods of control of moisture in 
foods. In this section the theory and practice of drying 
is surveyed in a few pages and the specific use of 
humectants in Intermediate Moisture Foods is discussed 
concisely. The fmal two chapters on Packaging, Storage 
and Transport and Food Plant Sanitation provide 
extremely concise but still useful treatments of these 
topics. 

The book is produced to the high standards one 
expects of the Academic Press, being clearly printed 
on good paper and strongly bound. The index seems 
very adequate and, a point that pleased this reader 
particularly, the references to the literature are given 
in full. It is strongly recommended to Food 
Technologists and to others who require a clear, 
modem introduction and over view of the subject. 

G.AYERST. 

POLLUTION EVALUATION- THE QUANTITATIVE 
ASPECTS 
William F. Pickering. 
New York, Marcel Dekker Inc. IBSN 0-8247-6621.0 
208 pages Sw.Fr.54 

The author's statement in the preface that ''pollution 
evaluation is a complex problem involving many 
arbitrary decisions; quantitative analysis is an exact 
science - the bridges between them have to be built 
with care" describes the basic problem of pollution 
evaluation very succinctly. His approach in the opening 
chapters of this book, which sets out to bridge the gap 
between the social science aspects of pollution and 
environmental matters and analytical principles, 
emphasizes the importance which must be attached to 
the choice of analysis to be carried out and of the 
sampling techniques to be used if the results are to be of 
value. The degree of reliance which can be placed on 
such data is illustrated by the intelligible use of statistics. 

The system of oddi!urnbered chapters to describe 
general pollution evaluation and evenilumbered chapters 
to describe the fundamental principles of some of the 
methods of analysis used in this context works well, 
since it enables the reader to become acquainted with 
the broader aspects of pollution evaluation without 
becoming too involved with the principles of the 
techniques used. 
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The discussion of pollution evaluation in the odd
numbered chapteiS is dealt with purposefully in fairly 
general tenns. However, many of the methods used to 
assess the degree to which the environment is 
polluted rely on monitoring gross changes which occur. 
For example, in the monitoring of water pollution 
BOD, COD, TOC, DO and pH are often used as the 
author rightly indicates, but the interpretation of the 
acquired data requires a more detailed explanation than 
has been given if the uninitiated reader is to grasp their 
true significance. 

The even-numbered chapteiS cover the fundamental 
principles of selected methods of analysis to a reasonable 
depth but in such sections where one would expect to 
fmd references dealing with the principles discussed 
none are given. Instead, at the end of some chapteiS 
suggestions for further reading are given to enable the 
reader to puiSue the topic of his interest. 

The necessary condensation of such a wide-ranging 
topic (the book deals with pollution of air, water and 
soil) has produced, surprisingly, few erroneous or 
garbled statements; examples relate to entrophication 
and the use of oxygen as an energy supply for micro
organisms. Other erroiS, which should be corrected in 
future editions, are the confusion over free and saline 
ammonia, and the pH value at which to carry out 
distillation; the implied use of the carcinogen 
naphthylarnine for the determination of nitrite; what 
is 'potable and viable water'? 

A more serious criticism concerns the appearance of 
the printed page; the use of heavier type for section and 
sub-ooction headings would have relieved the monotony 
as well as making it easier to find one's way round the 
text. 

However, in spite of this the book should provide a 
good general background for those not acquainted with 
pollution evaluation and provide sufficient reference 
for a more detailed knowledge. For the chemistry 
student, it provides social reasons for chemical analysis, 
while for the scientist engaged in environmental studies 
it serves to highlight the importance of not isolating 
the analysis from the original objectives of his study 
as well as giving guidelines to help him decide which 
techniques to use. 

A.R. PASKlNS. 
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