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BIODETERIORATION SOCIETY NEWSLETTER
Dr. S.M. Nair
Dr. Nair who is the Honorary Regional Meetings
Secretary of the Society for India plans to renew his
activities in this field. For the past few years he has been
much pre-occupied with the setting up of the National
Museum of Natural History in New Dellii. Indian
members who are interested in local activities of the
Society should write to Dr. Nair at the National Museum
of Natural History, Ficci Museum Building, Barakhamba
Road, New Delhi-! 10001. Telephone 387073.

I.B.R.G.
Arrangements have been made for the secretary of
the Society (Dr. B. Hollingsworth) to attend meetings of
the Bureau of the International Biodeterioration
Research Group (IBRG) in order to improve liaison
between the two bodies.

Further Abstracts of Papers presented at the Symposium
on Biodeterioration Problems of Modem Marine Exploitation
held at Portsmouth Polytechnic, 6th July 1978.
(These abstracts were not received in time for publication
in the last issue of the Newsletter)

Title:

Life history and attachment studies in the
marine fouling brown alga Giffordia
granulosa (Sm.) Hamel.

Title:

Adhesive systems in marine foulding diatoms

Author:

G.F. Daniel

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

Author: R.L. Fletcher
Address: The Marine Laboratory,
Department of Biological Sciences,
Portsmouth Polytechnic, Ferry Road,
Hayling Island, Hants. POll ODG.

ABSTRACT

Observations on samples taken from the hulls of
ships, toxic and non-toxic test panels has shown a
variety of systems used by diatoms for attachment.
The mechanisms utilized are all based on the
modification of mucilaginous secretions and in many
this forms an integral part of subsequent colony
formation. light and scanning electron microscopy
showed five main systems in operation. These attach·
ment systems are:- (I) raphe secretions only (some
Navicula, Nitzschia and Pleurosigma spp.), (2) invest·
ment in a mucilaginous capsule (Amphora and
Amphiprora spp.), {3) mucilaginous sheaths (colonial
Navicula, Berkeleye and Nitzschia spp.),
(4) the
secretion of adhesive pads (Synedra, Grammatophora,
(5)
Biddulphia, Melosira and Cocconeis spp.),
mucilaginous stalks (Licmophora and Achnanthes spp.).

ABSTRACT

light and electron microscopical studies (T .E.M. and
S.E.M.) were reported on plurispore differentiation,
settlement and growth in Giffordia granulosa from
floating structures on the south coast of England.
A detailed account was given of the ultrastructure
of the plurispores and of their attachment to a substrate
and subsequent development. Pluriocular sporangia were
seen on the plant body which developed from the
plurispores which suggested that a "direct" life history
operates. Development of an anastomosing system of
branched filaments from which erect shoots arise was
described.
Detailed studies of the actively growing rhizoid apex,
and of the process of secondary rhizoid formation, were
also described.

Transmission and S.E.M. studies on acid clean
frustules of pad and stalk developers showed pore fields
or defmite regions through which secretion occurs.
Histochemical analysis of the mucilage indicates that it
is composed predominantly of sulphated and carboxyl
polysaccharides.

The provision of these abstracts by authors does not constitute formal publication. Those interested should write
direct to authors, not the society.
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Title:

Calcification studies in a marine fouling
Polychaete.

Authors: Andreas Bubel and Clifford H. ThorQ.
Address: Portsmouth Polytechnic,
Department of
Biological Sciences, Marine Laboratory,
Ferry Road, Hayling Island,
Hants. POll ODG.

in weakening the adhesive material of the settled zoo·
spores. When these enzymes were tested against the
rhizoidal glue they failed to cause any noticeable
weakness. This suggests a difference in the chemical
nature of both spore and rhizoid glue. In order to justify
the above statement, further infonnation on the
mucilagenous material is needed and will require analysis
by histochemical and biochemical methods.

ABSTRACT

Pomatoceros trif[ueter is a tube-dwelling polychaete
worm which produces a calcareous habitation tube. This
tube provides a fouling nuisance on ships bottoms and
other marine structures. Anteriorly ,P. trif[ueter posseses
a crown of branchial ftlaments one of which is modified
to fonn a tube plug, the operculum. The operculum is a
basin-shaped structure which is reinforced by a
calcareous plate, is regenerated in a matter of a few days.
Opercular regeneration experiments are being used as a
model system for the study of the calcification process
in this organism. Experiments using opercular regener·
ation have, therefore, been designed with a view to
inhibit calcium secretion by chemical inhibitors.
Investigations of this type, it is hoped, may eventually
lead to the design of a suitable antifouling system.

Title:

Settlement studies in U/va lactuca

Author:

A.M. Jones

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

ABSTRACT
The effect of light, temperature, salinity and surface
roughness on zoospore settlement of U/va lactuca are
described in an attempt to elucidate the optimum
conditions for settlement. In addition to this, a number
of enzymes were tested against the adhesive material
secreted by both newly settled zoospores and rhizoids of
young U/va germling. From the latter it was hoped to
determine the effectiveness of certain enzymes in attack·
ing the adhesive material secreted by both spore and
rhizoid, and any differences in the chemical nature of
the adhesive material secreted by both spore and
rhizoids.
The effect of light, temperature and salinity appears
to play an important role in the spore settling process.
However, the major initial influence on settlement is
undoubtedly the availability of a suitable substratum
and, given this, settlement will proceed under a con·
siderable range of conditions.
The use of specific enzymes such as o<. -amylase,
Actizyme,
ex: chymotrypsin, a combination of both
()(-amylase + protease and protease proved successful
The provision of these abstracts by authors does not constitute fonnal publication. Those interested should write
direct to authors, not the society.
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FORTHCOMING CONFERENCES, MEETINGS AND COURSES

Date

Subject and Title of Meeting

Location

Contact

Last week in March 1979
(preferred date)
(Private meeting but any
person wishing to
participate should ask·
the secretary for an
invitation).

Biodeterioration
International Biodeterioration
Research Group
Spring 1979 meeting.
IBRG is an international group mainly
concerned with development and
evaluation of test techniques. The
following groups will meet:
Constructional Materials; Taxonomy f
Ecology; Paints; Industrial Problems

Spain
(probably
Barcelona)

Dr. D. Allsopp
Biodeterioration Information Centre
80 Coleshill Street, BIRMINGHAM,
B4 7PF.
England.
Phone: 021-359 3611
Extns: 229 and 6258.

Control of Insects and Rot .in
Buildings
Three day course.
Fee £25

Princes
Risborough
(Near Aylesbucy)
England

Miss Diane Poole
Building Research Establishment
Princes Risborough Laboratory
Princes Risborough
AYLESBURY Bucks.
HP17 9PX.
Phone: 084 44 3101.

9-12 July 1979

Mechanisms of Degradation and
Stabilisa.tion of Hydrocarbon
Polymers
19th Prague Microsymposium on
Macromolecules.
Only saturated and olelmically
unsaturated hydrocarbon polymers
will be included.

Prague
Czechoslovakia

Pmm Secretariat,
Institute of Macromolecular Chemistry
162 06 PRAGUE 616
Czechoslovakia
Phone: 360341.

22 July -II August
1979

Food Microbiology
Advanced course in Food
for microbiologists who already
have some experience in food
analysis. Fee £250 excluding
accommodation.

Guildford,
Surrey
England.

Mrs. O.M. Murphy,
Department of Microbiology,
University of Surrey,
Guildford, Suney. GU2 5XH.

26-31 August 1979

Environmental Biogeochemistry
4th International Symposium
on Environmental Biogeochemistry.

Canberra
Australia

Conference Secretary,
Australian Academy of Science,
P.O. Box 783
Canberra City, ACT 2601
Australia.

3-7 September 1979

Actinomycete Biology
International Symposium on
Actinomycete Biology.
Sessions on: Taxonomy,
Morphology, Ecology, Physiology
and Biosynthesis, Genetics.

Cologne
Germany

Professor Dr. D.P. Schaal,
Hygiene-Institute der Universitat
Goldenfesstrasse 21
5000 Koln41
Germany

18-21 September 1979

Extracellular Products of
Microorganisms
Joint NWEG/FEMS/SGM meeting.
Symposia on: Extracellular
Enzymes; Bacterial Toxins.

Dublin
Ireland

Dr. W.M. Fogarty
University College,
Dept. of Industrial Microbiology,
Ardmore,
Stillorgan Road, Dublin 4.
Ireland.

15-17 April1980

Livestock Wastes
4th International SymposiJJm
on Livestock Wastes

Amarillo
Texas, U.S.A.

A.S.A.E.
Box 410 St. Joseph
Michigan 49085
U.S.A.

June 1980

Marine Corrosion and Fouling
5th International Congress on
Marine Corrosion and Fouling.

Barcelona
Spain

Secretaria del Congreso
Revista "CP CORROSION y
PROTECCION"
Calle Londres 17
MADRID -28
Spain.

(Incorporating ~odents and Biocides).
13-15 February 1979
20-22 March 1979
25-27 September 1979

6-8 November 1979

v
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PROPIONIC ACID AS A PRESERVATIVE OF SOYBEANS
IN STORAGE IN A MEDITERRANEAN CLIMATE
N. Paster

Unfortunately the following table was omitted from the published version of the above paper. The Editor tenders
his apologies to readers and the author.
Table 2
Changes in soybean moisture content (m/c), free fatty acids (F.F.A.}, and fungal
infestation during storage

Days
in
storage

m/c (%)

F.F.A. (%)

Bin number

Bin number

% Infected beans
Bin number
4
3
2

I

2

3

4

0.75

0.73

0.57

0.66

0

0

100

100

!59

0.76

0.99

0.76

0.74

16

22

100

100

15.8

!.54

1.57

1.99

1.61

17

22

100

100

I

2

3

4

5

16.2

15.8

16.5

16

36

15.8

15.4

16.4

72

15.6

15.03

15.8

vi
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A COMPARATIVE STUDY OF THE
MICROORGANISMS PRESENT IN THE
ALTAMIRA AND LA PASIEGA CAVES
Somavilla,J.F. 1 , Khayyat, N. 1, and Arroyo, v. 1
V ergleichende Untersuchung der Microorganism en in den HOhlen
von Altamira und l.a Pasiega.
Zur Feststellung von Mikroorganismen, die m"Oglicherweise Schaden an den historischen
Wandmalereien in der spanischen HOhle "Aitamira" anrichten,
wurden an verschiedenen SteUen der HHhle Proben aus der Erde,
der Luft und dem Tropfwasser entnommen und analysiert.
Gleichzeitig wurden zur Kontrolle Proben aus der. HOhle von
"La Pasiega" analysiert, die in d((r gleichen Gegend liegt,jedoch
wenig von Touristen besucht wird. Nachdem die HOhle von
Altamira 6 Monaten lang geschlossen war, wurde die Analyse
Wiederholt. Es wurde festgestellt, dajj die Mikroorganismenpopulation fast vollstandig verschwunden war, wahrend in La
Pasiega fast iiberhaupt keine Veritnderung festzustellen war.

Summary.
In order to determine the presence of microorganisms possibly causing damage to the historic paintings in
the Spanish cave 04Altamira", samples of earth, air, and leaching
water, were analysed from several sites in the cave. At the same
time, as a control, samples were analysed from the cave "La
Pasiega" which is in the same region but very little visited by
people. After Altamira cave had been closed for 6 months the
analysis was repeated and it was found that the population of
microorganisms had lllmost completely disappeared while there
was little change, if any, in La Pasiega.

Etude comparative des microorganismes prCscnts dans les grottes
d'Aitamira et de La Pasiega. En vue de d6terminer la pfesence
des microorganismes susceptibles de provoquer des d€gttts aux
fresques historiques dela grotte d'"Altamira", des Cchantillons
de terre, d'air et d'eaux de ruisseUemcnt pretevCs difUrents
emplacements de ce lieu ant· et6• analyres. SimultanCment, h
titre de t6moin, ant !~ egalement analy~s des echantillons
provenant de Ia grotte de "La Pasiega", grotte situ€e dans Ia
m€me re'gion mais qui re(foit tres peu de visiteurs. Apies
fermeture de Ia grotte d'Aitamira pendant 6 mois, les analyses
ant ete renouvell€es. 11 a Cte alors constatC que Ia population des
microorganismes trouves Iars des premieres analyses avait
presque compU~tement disparu, alors que peu de modifications,
si toutefois il y en a eu, ant Cte enregistrees dans Ia grotte de
"La Pasiega ...

Estudio co.mparativo de los microorganismos presentes en las
cuevas De Altamira y La Paseige.
Con objeto de determinar
Ia presencia de microorganismos causantes de Ia posible
alteracion de las pinturas prehistoricas de la cueva espanola de
..Altamira", se analizaron muestras de tierra, aire y agua ftltrante
en distintos sitios de la Cueva. AI mismo tiempo, como control,
se analizaron muestras de Ia cueva "La -Pasiega" que
perteneciendo a Ia misma zona es muy poco visitada par el
publico. Despucs de haberse cerrado 1a cueva de "Altamira"
durante seis meses se repitio el analisis encontrandosc que Ia
poblacion microbiana de esta cueva casi habia desparecido
mientras pocos cambios se observaron en "La Pasiega ".

a

Introduction

possible effect of persons visiting the cave on the micro·
ecosystem and the influence of this on microbial growth.
The great number of people leads to a great increase in
microbial habitats and to an increase in carbohydrates
as well as an increase of certain organisms on stones
(Kuznetsov, Jvanor and Lyalikova, 1963: McLaren and
Peterson 1967).

Because of possible future deterioration of the
paintings in the cave of Altamira (Spain), there was set
up by Ministerial Order (22.1.1976) a Commission of
experts who could function as authorities in this field.
One of us was a member of this Commission.
The cave of Altamira is visited by a great number of
people who wish to see the paintings on the ceiling of
the "Policroma Hall" (Hall of Paintings"), these
paintings being of exceptional prehistoric value.

Materials and Methods
Samples were taken from the caves at Altarnira and
La Pasiega (Santander). During the year 1976 access to
Altamira cave was restricted to 500 persons per day,
divided into groups of ten, and later it was closed
completely from November to July of the following
year. La Pasiega remained closed to the public
throughout the year except for a few people of special
categories, mainly technicians.

The biodegradation of rock has been studied by
numerous workers: e.g., Ahmad and Jha (1968), Jatan
(1972), Krumbein (1972), Wood and McRae (1972),
and Savostin (1973 ). These workers have observed
the action of microorganisms on silicates, felspar,
muscovite, siderite, etc., and have concluded that
microorganisms, by altering the solubility of inorganic
compounds, cause a loss of weight from the rocks.

Sampling in Altamira cave
In figure I the cave of Altamira is shown in plan, to
scale, wtth numbers indicating the sampling sites. In the
Policroma Hall we took samples from 5 points. Sample
3 L \vas taken from point 3 close to a source of light.

In addition to normal biodeterioration caused by
microorganisms it is necessary to take into account the

1 instituto de Fermentataciones Industriales, Departamento de Microbiologia, Juan de Ia Cievra, 3,
MADRID-6, SPAIN.
(Received March 1978,in Spanish. In fmal form June 1978).
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HALl OF PAINTINGS 6-7-8-9-10

THECAVEOF ALTAMIRA

o.C==--c~~~~s~o~~---=~~too
SCALE IN METRES

Figure l PLAN OF THECAVE
in duplicate, using the same technique.

Soil samples are numbered:
IT, 2T, 3T, 4T, ST, 6T, 7T, ST, 9T, and lOT

Media used for analysis of water samples
Water samples are numbered:
lA, 2A, 3A, 4A, SA, 6A, and 7A. These
samples were taken by means of sterile pipettes.

Preparations for analysis were begun 24 hours before
samples were taken. For total bacterial count the
medium was:-

Air samples: two were taken, one within the
Policroma Hall and one at point 2. The air samples
were used for fungi and bacteria. Samples were
taken over a period of IS minutes at a flow rate
of 60 lit res per hour in a rotary sampler. We used
the equipment, materials, and methods of the
Millipore company.

Triptona
S Dg
Yeast extract
2.Sg
Glucose
I Dg
Agar
ISJJg
Water to
I OOOml.
(All materials from Difco)
For the yeast count the medium was:Yeast nitrogen base (Difco)
6.7g
Glucose
S Dg
Agar
20Dg
Water to
I OOOml

Samples of earth, water, and air, were taken in
October 1976 and in Aprill977.

Sampling in La Pasiega cave
Sampling within this cave was at suitable sites taken
at random.
Soil samples are numbered:
IP, 2P, and 3P.

The presence of coliforms was determined by the
method of Harrigan and McCance (1976). Bacterial
media were incubated at 20°C.

Media for analysis of air samples

Water samples are numbered:
lAP, 2AP, and 3AP.

The media recommended by the Millipore company
were used.

Soil and water samples were taken in October 1976
and April 1977. Samples of air were taken only towards
the end of April 1977. As in Altamira these were taken

Media for analysis of soil samples
For direct counts of fungi in soil samples were used
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the method proposed by Harrigan and McCance (1976)
and the following media:
Czapek
Czapek plus streptomycin
Malt agar
Malt agar plus streptomycin

Based on the work of Jaton (1971) we determined
the population of fungal microflora, evaluating the
functional groups, and the bacterial and actinomycete
microflora. The evaluation of the functional groups
involved observing: aerobic and anaerobic fixation of
molecular nitrogen, ammonification, nitrification,
denitrification, oxidation of sulphur, and anaerobic
mineralisation of organic sulphur.

Table 1
Species of bacteria present in the various water samples

Month

Bacteria

.ci.

-;;e

.C"

Water Samples
Outside the Hall of
Paintings

Inside

"~

ggu

~
~

o:l

0
E-<
0

u

-e.:
...<
~

2A

3A

+

+

.... o

lA

Hafnia alvei

20

+

Aeromonas hydrophila sub. anaerogenes

20

+

Alcaligenes faecilis

20

+

Bacillus pumilus

37

+

Hafnia alvei

37

+

Bacillus pantothenticus

20

Paeudomnoas pseudoalcaligenes

20

+

Bacillus licheniformis

20

+

Bacillus pantothenticus

37

+

Paeudomonas pseudoalcaligenes

37

+

Paeudomonas fluorescens

20

+

Xanthomonas fragariae

20

+

Enterobacter aerogenes

37

+

Aeromanas hydrophilia sub. anaerogenes

37

+

Pseudomonas aeruginosa

37

+

Erwinia trachephila

20

+

Pseudomonas alcaligenes

20

+

Flavobacterium devorans

20

+

Erwinia trachephila

37

+

Erwinia caratovora var. atroseptica

37

Bacillus licheniformis

37

Bacillus larvae

20

+

Streptomyces spp.

20

+

Paeudomonas putida

37

+

Flavobacterium rigense

37

+

Alcaligenesfaecalis

20

+

Pseudomonas alcaligenes

20

+

-
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4A

SA

+

6A

7A

+

+

+
+
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Table 2

Table 3

Number of fungi in the samples of soil

Dominant Bacterial Species in Samples of Air

Cave

Time of year in which isolated
Sample

Microorganisms per
gram
X 10 3
60

2T

74

3T

25

4T

6&

5T

5

6T

28

Pasiega

April

October

IT

La

Altamira

Species of bacteria

Inside
Hall of
paint·
ings

Microorganisms per
gram
X JQ3

Outside
Hall of
paint·
ings
Total

37
OCTOBER

+
+++

Micrococcus luteus

20

Klebsiella ozaenae

I

Pseudomonas
pseudo mallei

8

Planococcus citreus
Pseudomonas lemoignei

+++
+
+++

263

6

8T

10,526

7

9T

35

8

JOT

18,000

4

IP

95

14

-

+
+

·=

""'"
-a

.

E

z~

+

Serratia marcescens
7T

~

"
0"

.0
0

0

Acinetobacter

+

calceoaceticus

APRIL
Flavobacterium
ferrugineum

Table 4
Species of yeast present in samples of air and soil

+++

Bacillus pantothenticus

+++

Staphylococcus
saprophyticus

+++

+++

Acinetobacter

+++

calceoaceticus
Species of yeast
present

Sites from which samples
were taken

Sacch. cerevisiae

Air. Altamira cave. Outside Hall of
Paintings.

T. auricularia

Air. Altamira cave. Outside Hall of
Paintings.

Sp. antarticus

Air. Altamira cave. In the Hall of
Paintings.

Cr. neoformans

Soil. Altamira cave. Sample 3L.

Altamira

Tr. pullulans

Soil. Altamira cave. Sample IT.

Inside Hall of Paintings

Tr. pullulans

Soil. Altamira cave.

Sample IT.

Tr. pullulans

Soil. Altamira cave.

Tr. pullulans

Soil. Altarnira cave.

- = Zero;

+, ++,

+++ = increasing numbers isolated.

Table 5
Summary of microorganisms in the air

Numbers Numbers
of
of
Bacteria Fungi
October
April

44

33

21

8

Sample 6T.

Outside Hall of Paintings October
April

124
10

24
9

Sample 3T.

LaPasiega

8

7

106

April

A Comparative Study of the Microorganisms present in the Altarnira and La Pasiega Caves, J.F. Somavilla, N. Khayyat,
and V. Arroyo.

Taxonomy
For the yeasts we followed the methods given by
Lodder (1970) and Barrett and Pankhurst (1974).
For the classification of bacteria we followed
Harrigan and McCance (1976) and Bergey's manual
(Buchanan and Gibbons,l974).

Table 6
Summary of microorganisms in water
Sample No.

Results

•c•
Oct.
37
20

lA

2A

4A SA 6A

3A

13

4

110 ISO 3SO 233 4SO 120

8

8

IS 300

300

Apr.
37

lAP 2AP

All the results are shown in the tables.
Table I summarises the species of bacteria found in
the water samples together with the incubation temperatures employed.

93

Table 2 indicates the numbers of fungi found in soil
samples.

400

17S

20

7A

Altamira

Table 3 presents the bacteria found in the air, with their
predominance, in the Altarnira cave and La
Pasiega cave.

LaP(JlJiega

•c•
Oct.
37
20

Table 4 summarises the species of yeasts isolated from
the various sampling sites.

Apr.
37

TableS lists the organisms found in the sir of the caves.

20
• Incubation Temperature.

Table9
Dilution at which growth became visible

Table 8
Summary of the total number of organisms present
in each sample according to the medium employed

Weig!J.t
of
Sample Sample
g.

Sample
~ number

u

OCTOBER
APRIL
Sample Growth Sample Growth
weight
visible in weight
visible in
g.
dilution
dilution g.
number
number

Malt
agar
Malt
agar
and
streptomycin

Czapek
and
Czapek
streptomycin

IT

1.6S

3

2.71

2T

134

3

2.16

2

IT

2.71

20

26

24

100

3T

0.80

3

236

2

2T

2.16

I

13

IS

4

4T

1.80

3

2.16

2

3T

236

43

39

37

50

ST

0.62

3

2.00

4

"§"'

6T

0.73

3

1.98

I

<

7T

190

3

2.11

3

~

0

-

3.

4T

2.16

I

ST

2.00

34

16

4

16

6T

198

I

3

0

4

8T

038

3

2.00

2

7T

2.11

45

so

12

14

9T

0.63

3

2.03

2

8T

2.00

I

4

2

IS

JOT

0.69

3

23S

3

9T

2.Q3

16

18

20

17

3L

0.8S

3

1.90

2

JOT

2.35

2

s

10

9

llb IP

0.42

3

1.75

I

.:3.!! 2P

0.58

3

1.80

I

.!!!

IP

1.7S

s

0

4

24
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Table 6 shows the numbers of organisms found in water
of the caves at the two incubation temperatures
20° and 37°C.

Discussion
The number of microorganisms present in the air of
Altamira cave is much greater in October than in April.
Bacteria of the genera Pseudomonas and Flavobacterium
present in the air in October were not evident in April.

Table 7 shows the numbers of fungi related to the
weight of the sample, and the culture medium
used after 4 days' incubation in October and
April.
Table 8 summarises the number of microorganisms
present in each sample depending on the
medium employed.

From the tables it is easy to see how great a con·
lamination occurs in the cave which is visited most
frequently. When visitors are excluded from the cave
no bacteria are found in the water of the Policroma Hall
at 37° or 20° incu'lation.

Table 9 shows the final dilution at which growth
appeared from each of the soil samples.

The count on Czapek medium showed a dramatic
fall in fungi in the various samples once the cave had

Table 7
Number of fungi related to the weight in grams of the sample and the culture medium
PAS !EGA

ALTAMIRA
Culture medium
IT

2T

3T

4T

5T

6T

7T

8T

9T

lOT 3L

IP

2P

3P

0.4

1.2

03

0.2

0.2

0.2

0.5

0.4

0.1

0.1

0.1

0.2

0.2

0.1

35

30

in

in

in

in

in

32

in

13

14

0.2

October 1976

Czapek
+streptomycin

Weight

Number in

in

in

Czapek

Weight

0.5
in

03

0.1

in

0.4
91

0.1

3

0.3
in

0.2

in

0.1
45

0.1

Number in

9

in

0.1
14

0.2
40

0

0.2
30

Weight

0.4

0.1

0.4

0.1

0.2

03

0.2

03

0.2

0.1

0.1

0.3

0.2

0

3

2

in

12

in

0

2

1

0

0.2
4

0.6

0.1

0.2

0.3

in

0

0.1
39

1

0

Malt agar
+ streptomycin

0.2

0.1

Number 9

3

Weight

0.1
Number 30

0.1

0.2

0.6

0.2

0.2

0.4

7

7

in

4

in

in

0.3
3

Czapek
+streptomycin

Weight

0.3

0.4

0.1

0.2

0.4

0.1

0.3

0.2

0.4

0.2

0.3

0.3

Number 20

20

9

3

in

42

6

50

in

8

18

20

Czapek

Weight

0.7
Number 40

0.4

0.4

03

0.2

0.4

0.3

0.3

0.5

in

in

in

in

0.3
in

0.4

in

0.2
in

in

0

in

700

Weight

0.5

0.1

0.4

0.1

0.3

0.6

0.3

0.2

0.4

0.1

0.3

03

Number

12

3

0

25

5

I

4

13

6

15

13

0.3
6

0.2
18

0.4

0.2
35

0.3
25

0.3

0.3

0.2

15

16

12

0.2
4

Malt agar

Apri/1977

Malt agar
+streptomycin

Malt agar

Weight

0.7
Number 3

•5

0.5

0.4

3

7

in ; Number too large to count.
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i
I

been left to rest for a few months. The decrease in this
type of organism was more evident in the Hall of
Paintings (samples 7T, 8T, and I OT).
In the assessment of functional groups we only
observed differences in the growth at different
dilutions of the soil samples on earth extracts.

Conclusions
The continuous stream of visitors to the cave brings
an increasing number of microorganisms which were
found inside as well as outside the Room of Paintings
of Altamira cave. The samples contained large numbers
of microorganisms known to cause damage, directly or
indirectly, to stone. It is known that the deterioration
of rocks is the result of several factors: chemical, physio·
chemical, and biological hence there is no doubt that an
increased proliferation of microorganisms will
supplement the effect of the other factors. Closure of
the cave reduced the microbial counts to normal, as
measured against an unvisited cave as control.
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A METHOD FOR RAPID EVALUATION OF
MATERIALS FOR SUSCEPTIBILITY TO
MARINE BIOFOUUNG
A. Zachary 1, M.E. Taylor2 , F.E. Scott 3 , and R.R. Colwell 1 .
Ein Verfahren zur schnellen Priifung von Materialien gegenUber
Mikroorganismen im Mcerwasser. Die Rasterelektronenmikros·
kopie wurde in einer Reihe von f'reiland· und Laboratoriumsversuchen verwendet, urn cine Reihe von Matcrialoberfiiichen
auf Besiedlung durch marine Mikroorganismen vergleichend zu
untersuchen. Kurze Versuchszeiten von nur wenigen Stunden
reichten aus, urn Unterschiede in der Bewuchsdichte
festzustellen. Dieses rasterelektronenmikroskopische Verfahren
kann zur schnellen Prlifung der Anf<illigkeit von Matcrialien
gegen mikrobiologischen Bewuchs angewandt werden.

Summazy. Scanning electron microscopy (SEM) was used in a
series of iwJd and laboratory studies to determine the
comparative susceptibility of a variety of material surfaces to
colonization by marine microorganisms. Short exposure times of
several hours were adequate to assess differences in the levels of
microfouling of the surfaces. This SEM technique may be used
as a method for rapid testing of susceptibility of materials to
biofouling.

Un methodo para Ia rapida voloracion de materiales susceptibles
a Ia biocontaminacion marina. La microscop!a electr6nica de
barrido rue usada en una serie de estudios para determinar Ia
susceptibilidad relativa de las superficies de distintos materiales
a Ia colonizaci6n par microorganismos marinas. Exposiciones
cortas, de sOlo algunas horas, fueron suficientes para ascqurar
diferencias en los niveles de microcolonizaci6n de las superficies
- de los materiales. Esta tCcnica. de microscop1a electr6nica de
barrido puede ser usada como un metoda para una
determinaciOn rapida de la susceptibilidad de los matcriales a Ia
biocontaminacion.

Une mti:thode rapide pour essais de materiaux pour leur
sensibilite aux souillures biologiques marines.
On a utilire le
microscope electronique a balayagedans une sCrie d'6tudes en
essais de champs et de laboratoire afm de defmir Ia sensibilite
comparee 3: Ia colonisation par les microorganismes d'une vari~te
de materiaux de surface. De courtes p~riodes d'exposition de
quelques heures furent adequates pour etablir des diff€rences
dans les niveaux de microsalissure des surfaces. Cette technique
peut Stre utilisee comme m6thode d'essais repide de Ia sensibilite
des materiaux aux biosalissures.

an early indication of the rate and extent of biofouling
that can occur on a surface. In the study reported here,
results of several short term experiments in which
scanning electron microscopy (SEM) was employed
showed t)lat the SEM can be used effectively to monitor

Introduction
The role of microorganisms in the formation of
primary slime layers occurring prior to colonization
by macroorganisms, i.e., biofoullng, on material surfaces
immersed in sea water is well documented (ZoBel! and
Allen, 1935; Wood, 1950, 1967; O'Neill and Wilcox,
1967; Marshall eta/., 1971; Mitchell and Young, 1972;
Characklis, 1973; Newman, 1974; Sieburth, 1975;
DiSalvo and Daniels, 1975). The succession that occurs
during biocolonization of surfaces is initiated with
attachment of bacteria to the surface, followed by other
microorganisms, including diatoms, fungi, microalgae
and protOZO"\IS (Skerman, 1956; Aleem, 1957; DiSalvo,
1972; Corpe, 1973; Sieburth, 1975; Gerchakov et a/.,
1976; Cundell and Mitchell,l977). Results of a number
of studies indicate that formation of a microbial slime
layer is a prerequisite for the fmal stage of the biofouling
succession which involves attachment and growih of
macroscopic invertebrates and algae (Wood, 1950;
Knight-Jones and Crisp, 1953; Daniel, 1955; Meadows
and Williams, 1963; Corpe, 1970; Crisp, 1974). Thus,
susceptibility to microbial attachment could provide

on a comparative basis, marine microbial colonization

of material surfaces.
Materials and Methods

Preparation of sample surfaces
Small discs, (8mm dia.) of glass, i.e., coverslips
routinely employed in light microscopy, nylon
parachute material, brass, and stainless steel were affixed
to scanning electron microscope (SEM) stubs with epoxy
cement. For some trials,epoxy was also applied as a test
surface to SEM stubs. In addition, SEM stubs were
fabricated from test alloys, including 2219 aluminium
and D6AC steel. The latter were coated with primer
and epoxy top coat paints, i.e., the 2219 aluminium
stubs were coated with Bostik No. 463-6-3 primer
and No. 463-3-1 top coat and the D6AC steel with
Rustoleum No. 9373 primer and No. 9392 top coat.

l Department of Microbiology, University of Maryland, College Park, Maryland 20742.
2Institute for Physical Science and Technology, Electron Microscope Central Facility, University of Maryland, College
Park,Maryland 20742.
3National Aeronautics and Space Administration, Marshall Space Flight Center, Huntsville, Alabama 35812.
(Received April, 1978).
Ill

Rapid evaluation of marine biofouling, A. Zachary, M.E. Taylor, F.E. Scott and R.R. Colwell.

C) Surface of control aluminium surface exposed 5.5
h . to f1lter-sterilized in situ water at 20°C (X 17);
D) Aluminium surface exposed for 5.5 h. at 6°C (X I 7).

Figure I .
Aluminium surfaces exposed to estuarine
waters at Annapolis , Maryland . A) Tubular sampler
used to expose sample surfaces i11 situ; B) Surface of
aluminium SEM stub exposed fo r 5.5 hat 20°C (XI7) ;
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In some cases, coated aluminium and steel stubs were
surfaced, in addition, with sealants, either PR1422
polysulfide or DOW DC93-D76 dimethylsilicone. Prior
to use in fouling tests, the stubs were dipped in 95%
ethanol to sterilize the surfaces.

Results
Chesapeake Bay, Maryland, field studies
Aluminium SEM stub surfaces were submerged in
Annapolis Harbor for 5.5 h. on October 6, 1976, when
the water temperature was 20°C and on November 15,
1976, when the water temperature was 6°C. Salinity on
both occasions was ca. 10 /oo. As a control for abiotic
changes in the aluminium surface, a stub was exposed
for 5.5 h. at in situ conditions on October 6, 1976 to
filter-sterilized in situ water. The control stub (Fig.IC)
showed no microorganisms present and far less surface
fouling than the test surface on which microorganisms
were active (Fig. !B). A comparison of scanning
electron micrographs of the aluminium test surfaces
(Figs. I B and I D) provided evidence of reduced fouling
in winter months when the temperature was lower.
Although the extent of surface colonization by micro·
organisms was different, the types of microorganisms
were similar, i.e., predominately rod-shaped, coccoid
bacteria as well as budding and/or stalked bacteria,
phycomycete fungi and pennate diatoms.

Method of surface exposure
The pegs of the SEM stubs were snugly fitted into
3.2mm holes, on a 250mm long, 25 .4mm diameter,
polyvinyl chloride tubular pipe. The sample holders
were constructed such that nine holes in linear
arrangement, on opposite sides of the pipe were drilled,
permitting 18 stubs to be mounted, with surfaces
outwardly exposed to the aqueous environment in a
lateral orientation (Fig. I A). The tubular holder
was suspended horizontally and weighted to maintain
vertical stability and to allow the holder to rotate
freely in response to water current, so that frictional
drag on the stub surfaces was minimized and the surfaces
were maintained a constant lateral orientation (Fig.IA).
The sample holders were suspended in situ
approximately lm below the surface of water. The
sample stubs were removed at appropriate time intervals

°

Table I

for microscopic examination.

Mean number of microbial colonies appearing per plate
of selective agar media streaked from various material
surfaces. Results from several experiments of different
exposure times are shown.

Surface water temperature and salinity were
measured at the site in the field.
In the laboratory tests, SEM stubs were submerged
in a 3 salts solution (0.25 M NaCl; 2.8 mM KCl; O.Ql8
M MgS04 .7H2 0) containing 0.05% (Difco) yeast extract
and ca. 2 x I 0 7 cells/ml of Vibrio natriegens (ATTC
No. 14048) in log phase. Sample stubs with surfaces of
brass, glass, stainless steel and epoxy were removed and
prepared for SEM examination after exposure for 3 and
5.75 hours, respectively.

Material
Surface

Preparation of stubs for SEM
Sample stubs, upon removal from laboratory or in
situ waters were immediately fixed in a 2% gluteral·
dehyde solution in either, filter-sterilized in situ water,
or 3 salts medium, the latter having been adjusted to
pH 7.4 with 0.2 M sodium cacodylate buffer. Fixation
time ranged from I to 5 days. Fixed samples were
refrigerated. The samples were processed by dehydration
through a graded ethanol series, after which they were
critical point dried under carbon dioxide, sputter-coated
with gold-palladium, and examined using a Cambridge
Mark lJ scanning electron microscope equipped for
energy dispersive X-ray analysis.

Exposure Colonies/ Colonies/
Time
plate
plate
(hours) 2216
2216

Contro11
Control 1

Isolation and purification of cultures attaching to the
material surfaces
The surface of the stubs, removed from in situ
exposure, was immediately streaked onto an agar
medium (two petri plates were streaked with each stub
tested). Two media were used: 2216 marine agar (Difco)
and 2216 marine agar modified by addition of 0.01%
streptomycin sulfate (Sigma) and 0.01% penicillin
G. sodium (Sigma). The control for the experiments
consisted of a sterile SEM stub dipped into the in situ
surface water and immediately streaked on to the same
media employed for the test stubs. The inoculated media
were incubated at 25-27°C and examined after
incubation for 24 and 48 h.

marine

marine

agar

agar&
antibiotics

67
71

0
3

Epoxy painted alumin.
Epoxy painted alumin.
Epoxy painted alumin.

4
26
68

130
TMTC2
TMTC

4
18
67

Epoxy painted steel
Epoxy painted steel
Epoxy painted steel

4
26
68

255
TMTC
TMTC

9
30
62

Dimethylsilicone on
aluminium
Dimethylsilicone on
steel

68

TMTC

52

68

TMTC

59

Polysulfide on alumin,
Polysulfide on steel

68
68

TMTC
TMTC

96
69

1 Standard stub dipped in water and immediately plated.
2Too many to count.
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Cocconeis and secondary layer containing large pennate
diatoms {X212); D) Epoxy painted aluminium after
68 h. showing diatom, Co ccuneis and numerous bacteria
(X2200); bacteria and abiotic deposit (X6 240);
F) Silicone sealant after 26 h . showing attached diatom
(X I2960).

Figure 2. Surfaces exposed to estuarine wate rs in the
Banana River . Florida . A) Epoxy painted aluminium
surface after 4 h. exposure showing rod and coccoid
bacteria and organic "Floc' ' (X3 180) ; B) Bacterial
attachment on epoxy painted aluminium after 8 h.
(X4400); C) Epoxy painted aluminium after 68 h.
showing primary layer of bacteria and diato m,
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Banana River, Florida, field studies

fungi, algae and protozoans (Skerman, 1956; Marshall,
1976; Gerchakov et a/., 1976; Cundell and Mitchell,
1977). Our observations are also in agreement with
those of other investigators who showed that, in the
laboratory and the Held, microbial attachment occurs
rapidly, i.e., within several hours to several days (Di
Salvo and Daniels, 1975; Dexter eta/., 1975; Fletcher,
1977; Marshall eta/., 1971; Corpe, 1973). Thus, short
exposure times are sufficient to allow assessment and
comparison of surface susceptibilities to microbial

Experiments were conducted in the Banana River
estuacy (NASA causeway), Florida in March 1977 at
a time when the water temperature was ca. 25°C and
salinity was ca. 18 °/oo. The number ofviable,hetero·
trophic bacteria, as well as antibiotic-resistant micro·
organisms (yeast, fungi and bacteria) isolated from the
epoxy-coated metal surfaces was greater than on the
control stub as early as 4 h after exposure (Table 1).
Colonization of the surfaces was indicated by increasing
numbers of attached microorganisms observed to occur
upon longer exposure to Banana River water (Table 1).

colonization.

In Chesapeake Bay short(< 6 h) exposure experiments
clearly allowed observation of changes in the rate and
extent of fouling and corrosion of aluminium due to
absence of microbial activity and seasonal changes in
water temperature, both in the field and in the
laboratory. The latter was shown by Fletcher (1977)
employing pure cultures of a marine pseudomonad
attaching to polystyrene, in experiments carried out at
3 and 20°C. Fletcher found that attachment saturation
in polystyrene surfaces occurred within 25-3h, which is
in agreement with the observation reported here that no
apparent increase in attachment of Vibrio natriegens on
glass, stainless steel or epoxy-coated aluminium surfaces
was observed between 3 and 5.75 h. Dexter eta/ (1975)
found that the rate of marine bacterial attachment was ·
most rapid on non-toxic, high energy surfaces, such as
glass, compared with lower energy plastic and toxic
copper surfaces. Our laboratory observations were
similar, showing no attachment of V. natriegens, within
the time period of the study, on brass surfaces. Based
on the observations of Dexter eta/ (1975), the similarity
in the extent of attachment of V. natriegens to glass,
stainless steel and epoxy surfaces indicate similar suface
energies for these materials.

Results of the culture studies were confirmed by
SEM observations showing that at 4 h only bacteria
were attached (Fig. 2A), but after longer exposure, an
increased number of bacteria, fungi and diatoms could
be seen (Figs. 2 and 3). The extent of microbial attachment was similar on the epoxy-coated steel and the
dimethylsilicone surfaces (Fig. 2). However, the rapidity
and extent of microbial colonization was far greater on
the polysulfide surfaces (Fig. 3A-D). After 26 h the
number of microorganisms attaching to the polysulfide
surface was similar to the numbers attached on the other
material surfaces exposed in situ for 68 h. In addition,
after 68 h a greater diversity of microorganisms was
observed on the polysulfide surface, including bacteria,
fungi, diatoms and protozoans (Fig. 3 A-D).
Abiotic particles were found on the coated steel
surfaces (Fig. 2E). However, the particles were absent
from the coated aluminium and did not occur through
the coating. The pegs of the steel stubs were not coated
and rapid rust formation occurred during exposure to
estuarine water. The abiotic particles appeared to be the
result of iron corrosion. This conclusion is based on
results of energy dispersive X-ray analysis, whereby
an elemental X-ray map of the particles was obtained.
Fig. 3E shows an electron scanning micrograph of a
suspect particle. The energy dispersive X-ray spectrum
for the same area of the stub surface revealed the
presence of iron atoms, in addition to the metals
present in the paint and those used in sputter coating.
An X-ray map of the same area generated by scanning
with the spectrophotometer adjusted to record only
energy in the iron peaks, resulted in the image of the
particles shown in Fig. 3F, confirming corrosion as the
origin of the particles.
In laboratory experiments, stainless steel, epoxycoated aluminium and glass surfaces were found to be
rapidly colonized by the marine bacterium Vibrio
natriegens (Figs. 4 A-C). In contrast, brass surfaces
were free of bacteria (Fig. 4D). Bacterial attachment
on non-toxic surfaces in laboratory experiments was as
rapid as on surfaces exposed in the field.

Discussion
The results of studies reported here are in agreement
with results published by other investigators who
concluded that microbial colonization follows a successional pattern, in which bacteria are the fusno attach,
followed by other microorganisms, including diatoms,

In the Banana River, Florida, the more rapid and
extensive colonization of polysulfide sealant, compared
to silicone sealant and epoxy-painted metals, was clearly
evident after a test exposure of only 24 h. Furthermore,
after 68 h the presence of high numbers of diatoms and
· protozoans only on the polysulfide indicated that the
colonization of that sealant had proceeded rapidly
beyond the initial stages of the microbial succession. By
comparison, Gerchakov et a/. (1976), reported that the
diatom and protozoan attachment stage of the fouli)lg
succession on glass and stainless steel surfaces occurred
after exposure of two to three weeks in Biscayne Bay,
Florida, and Cundell and Mitchell (1977) reported that
1-3 week exposures were required for diatom and
protozoan attachment on wood surfaces submerged in
an embayment at Fort lauderdale, Florida. The
similarity in the periphytic succession and types of
organisms (e.g., the diatom Cocconeis and the colonial
protozoan Zoothamnion) attaching to a wide variety
of surfaces, as observed in our study and by Gerchakov
et a/. (1976) and Cundell and Mitchell (1977), suggests
that there is a characteristic periphytic microbial
population in Florida coastal waters, and that on a vecy
attractive surface, such as polysulfide, the same microfouling succession will occur after a short exposure as
occurs on less attractive surfaces in longer term biofouling experiments.
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Figure 3.

Surfaces exposed to estuarine wate rs m the
Banana River , Florida . A) Polysultide sealant after 26 h .
with numerous bacteria , a fungal fila ment and attached
pennate diatom (X 1352); B) Bacteria on polys ulfide
s urface after 26 h . (X2 720) ; C) Polysultide sealant after

68 h. showing colonial protozoan Lootlwmnion (X l 37) ;
D) Underlaying layer of diatoms and bacteria o n poly·
s ulfide after 68 h . (X I920) ; F) X-ray dispersive map for
iron secondary electrons of same particle in Figure 3E
(Xl 920).
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Figure 4.
Surfaces exposed 5.75 h. to ma rine
bacterium, Vibrio natriegens in labora tory. A) Class
surface (X3280);
B) Epoxy surface (X3360); C)

Stainless steel su rface (X3280);
D) Brass surface
showing no bacteria attached (X3280).
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Di Salvo, L.H. 1972. Early steps in the microbial
fouling of optical surfaces in the marine environment.
In: 47th Ann. Tech. Prog. Rept., Naval Biomed.
Res. Lab., Univ. of California, Berkeley. pp. 357378.

In conclusion, the short exposure SEM method for
assaying biofouling potential of various materials has
proved valuable in both laboratory and field testing of
material surfaces, and may be especially useful as an
indicator of the rate and extent of macroorganism biofouling to be expected subsequent to microbial attachment. This assumes that the response of one type of
organism to an environment (the surface) is reflected
in the response of a secondary successional organism, as
for example, algae, to the modified environment (the
microbial film on the surface). The combined use of
SEM with energy dispersive X-ray analysis, as
demonstrated in this study, adds a further advantage in
that assessment of the nature and extent of abiotic
corrosion of material surfaces can also be measured.

Di Salvo, L.H. and G.W. Daniels. 1975. Observation on
estuarine microfouling using the scanning electron
microscope. Microbial Ecology 2 234-240.

Fletcher, M. 1977. The effects of culture concentration
and age, time and temperature on bacterial attachment to polystyrene. Can. J. Microbial. 23 1-6.
Gerchakov, S.M., D.S. Marszalek, F.J. Roth and L.R.
Udey. 1976. Succession of periphytic microorganisms on metal and glass surfaces in natural sea
water.
4th International Congress on Marine
Corrosion and Fouling.
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PROTEIN PRODUCTION BY A MIXED BACTERIAL
CULTURE USING PARACRIL 1880 AND SELECTED
NITROGEN SOURCES
Henry E. Voegeli 1 and Jeffrey J. Cousminer2
Summary.
A mixed culture of bacteria was grown in media
containing Paracril 1880 (butadiene-acrylonitrile rubber) as the
sole carbon source. The resulting bacterial cells were lysed and
growth reported in mg of protein produced/100 ml of medium.
Cultures having 0.17Sg nitrogen/ I 00 ml added in the form of
urea, glutamic acid, ammonium nitrate and Milorganite (a
commercial fertilizer) produced 7.6, 4.3, 3.1, and 1.5 mg of
protein (respectively)/100 mt of medium.

Protein-Erzeugung
einer
Bakterienmischkultur
unter
Verwendung von Paracril 1880 und ausgewahlten Stickstaff.
queUen.
Eine Bakterienmischkultur wwde in einem Substrat
gezuchtet, welches Paracril 1880 (Butadien-AcrylnitriiKautschuk) als emz1ge Kohlenstoffquelle enthielt. Die
entstandenen Bakterienzellen wurden lysiert, und ihr Wachstum
wurde in mg' Protein, welches pro lOOm! des Substrats
produziert wurde, angegeben. Kulturen, denen 0,175 g Stickstaff
pro lOOml in Form von Harnstoff, Glutaminsaure, Ammoniumnitrat und Milorganite (ein handelsubliches Dungemittel aus
organischem Abfall) zugegeben wurde, ergaben jeweils 76, 43,
31 und 12 mg Protein je 100ml, im Vergleich zu 12 mg Protein
je IOOml in den Kontrollen ohne Zusatz von Stickstoff.
Produccion de proteina por un cultivo mixto de bacterias usando
Patacril 1880 y fuentes nitrogenadas seleccionadas. Un cultivo
mixto de bacterias se· Uevo a cabo en medias conteniendo
Paracril 1880 (goma butadicno-acrilonitrilo) como unica fuente
de carbona. Las bacterias resultantes fueron lisadas y el
crecimiento fue representado en mg de proteina producida par
lOOml de media. Los cultivos conteniendo 0,175 g. de Nitrogeno
por lOOml de media, adicionado en forma de urea, ac.
glutamico, nitrate arnonico y Milorganite (fertilizante
comercial obtenido a partir de desechos organicos) produjeron
76, 43, 31 y 12 mg de proteina respectivamente por lOOml de
media, a diferencia de los controles, sin adlcion de nitrogeno,
que dieron un rendimiento de 12 mg de proteina par lOOml de
media.

Production de proteinespar culture bacterienne en melange sur
Paracril 1880 et sources selectionnees d'azote.
On a fait
pousser une culture mixte de bacteries sur un milieu contenant
du Paracril 1880 (caoutchouc butadiene-acrylonitrile) cornme
seule source de carbone. 11 en est resulte' une lyse des cellules
bacteriennes et on a exprirne Ia croissance en mg de proteines
par 100 ml de milieu. Des cultures aYant 0,175 g d'azote par
lOOml ajoute sous forme d'uree, d'acide glutamique, de nitrate
d'ammanium et de Milorganite (engrais commercial abtenu a
partir de dechets organiques) ant produit respectivemcnt 76, 43,
31 et 12 mg de proteines par lOOm! de milieu et les temoins
12mg de proteines par 1 OOml sans addition d'azote.

httroduction

If it can be shown that common soil/water inhabitants
are capable of actively degrading Paracril 1880, and
perhaps similar compounds, its long term use in such
environments would be precluded.

Paracril1880 (Uniroyal Chemical Co.) is a butadiene·
acrylonitrile copolymer known for its resistance to oils,
fuels, and solvents as well as its low temperature
flexibility. It is a major constituent of automotive hoses,
wire and cable jacketing, ignition and battery cables,
shoe soles, and oil seals.
It was hypothesized that a mixture of bacteria might
be encouraged to degrade Paracril 1880 actively.
Previous work (Voegeli, unpublished) established that a
number of mixtures of organisms obtained from natural
sources would attack Paracril if it were the sole organic
carl>on and energy source. Our current work then
centered around the question of finding an effective
nitrogen source. It was not clear whether the nitrile
portion of the acrylonitrile was being utilized by the
microbial mixture. Also, it was thought that added
nitrogen in a readily assimilated form might enhance
the degradation of Paracril 1880 and the production
of protein.

The biodeterioration of butadiene-acrylonitrile
copolymers is of importance to at least two major areas.

On the other hand, it would be desirable to have a
biological method of disposal for such materials that
have "outlived their usefulness". The coupling of such a
biological disposal method with the production of
single-cell protein has obvious advantages. In this
experiment, microbial growth was measured in tenns
of protein production since protein may be the most
significant end-product of such biodeterioration.
The current paper reports on the growth of a mixed
bacterial culture using Paracril 1880 as the sole organic
carbon source. A variety of nitrogen compounds were
added to see how each affected the organisms' ability
to degrade the butadiene-acrylonitrile.
Materials and Methods
Minimal Salt Medium
The medium used was a modification of Konovalt·
schikoff·Mazoyer and Senez (19 56) minimal salts

1Assistant Professor of Biology, University of New Haven, West Haven, CT, U.S.A.
2 Honors Student, Department of Biology, University of New Haven, West Haven, CT, U.S.A.
(Received March 1978).
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medium for enrichment and isolation of bacteria
utilizing hydrocarbons. It consists of 05g KH2P04,
O.Sg MgS04 , O.Sg N~N03, 4.0g NaCI, and a trace of
FeCI 3 per liter of distilled water. Final pH w_as adjusted
to 6.8. Ammonium nitrate was deleted or replaced, as
required, by other nitrogen sources.

Both Paracril 1880 and tire "rubber" were cut into
fme strips, weighed to Sg aliquots, placed in plastic petri
dishes, and disinfected with 70 per cent 2-propanol
for 24 hours. Dishes were drained without removing
the lids and allowed to dry at 26°C for 72 hours. Rubber
bits were then added aseptically to presterilized broth
media in flasks.

Bacterial Cultures
Cultures were obtained from samples of discarded
automobile tires retrieved from several dumping sites.
Strips of tire material of unknown composition from the
soil-tire interface were removed and placed in SOOml
screw capped round bottles containing lOOm! of
minimal salts medium. Incubation was without aeration
at 26°C for ten days. Eight bottles exhibited moderate
to heavy turbidity and !.Om! aliquots of these were
subcultured into lOOm! of fresh media containing Sg
of alcohol-disinfected tire material. This consecutive
subculture procedure was repeated five times over
seven weeks. At the conclusion of this period, there
were seven actively growing cultures. No attempt was
made to identify the component bacteria.

Inoculum
One ml volumes of each of the seven mixed cultures
showing growth were pooled and used to inoculate
I OOml of minimal salts media containing "rubber"
tire or Paracril 1880. These pooled cultures were subcultured weekly into lOOm! of fresh "rubber"-minimal
salts media for one month. One Paracril containing
culture was randomly selected to serve as the inoculum
for the experimental sets.

Harvesting
All cultures were filtered through Whatman No. I
ftlter paper to remove the "rubber" and flash evaporated
to a volume of approximately 15 ml using a Buchler
FE-2C Continuous Flash Evaporator. All samples were
frozen and then thawed just prior to cell disruption by
an Ultrasonics Inc. Model W185 Sonicator Cell
Disruptor.

RL!bber
In addition to discarded "rubber" tires of unknown
composition, Paracril 1880, as supplied by Uniroyal
Chemical Co., was used as a substrate for bacterial
degradation.

If an appreciable mass of cells was retained on the
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FIGURE I. Protein production by a mixed bacterial
culture on Paracril 1880 - minimal salts media utilizing
urea, glutamic acid, ammonium nitrate, or Milorganite
as additional sources of nitrogen. Clear portion of each

ammonium
nitrate

Milorganite

bar represents additional protein obtained by scraping
filter.
•contains Paracril 1880 and bacteria with no additional
nitrogen provided.
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surface of the filter, this was gently scraped with a
spatula. These cells were placed in distilled water blanks
and frozen. The scrapings were subsequently treated in
a manner similar to, though separate from, the filtrate.

and are conservative figures since only the superficial
"slime" on the filter was recovered and analyzed.

Discussion
Each culture sample was sonicated at 75 watts for
30 seconds to disperse clumps and then at I 00 watts
for 2 minutes. Samples were then refrozen for later
protein analysis.

Urea markedly enhanced the utilization of Paracril
1880, increasing protein production five-fold over
controls. Glutamic acid and ammonium nitrate provided
moderate levels of protein production, while
Milorganite showed no increase over controls.

Experimental Procedure
Five groups of bottles, each containing 5 .Og of
Paracril !880 in IOOmi of minimal salts medium (minus
ammonium nitrate) were prepared. Four of the groups
received a different nitrogenous material (i.e., 0.5g of
NH4 N03 per lOOm! or the nitrogen equivalent of urea,
glutamic acid, or Milorganite - a commercial
fertilizer prepared from processed organic waste). The
fifth group reseived no added nitrogen.

It appears from the controls that the nitrogen group
of Paracril is utilized to a limited degree since some
growth and concommitant protein production (1.2 mg
protein/! OOml) were seen in the controls free of added
nitrogen.

Controls indicated that in the absence of an added
carbon source urea, glutamic acid and ammonium nitrate
did not support growth to any appreciable degree. The
acrylonitrile-butadiene appears to be the sole source of
carbon and energy. There was growth and significant
protein production (!2 mg protein/! OOml) in
Milorganite samples containing no Paracril1880. There·
fore, one or more of the organic constituents of this
complex material was utilized by the bacteria.

Bottles were inoculated with 0.1 ml of the mixed
bacterial inoculum and incubated at 26°C for 18 days
(earlier work had shown that growth of such cultures
peaked at about 15 days).

Protein Analysis
A trichloroacetic acid (TCA) protein precipitation
procedure (Meulemans, 1960) was used to determine
protein concentration. Total turbidity, using a
Spectronic 20 at 450, nanometers, of the TCA treated
sample minus the turbidity of the saline treated control
was related to a standard curve to provide protein
concentration. Sample volumes were determined and
protein concentration adjusted to reflect protein
concentration per the original 100 mls of solution.

The constituent bacteria that were dominant in the
Milorganite samples differed from those using other
nitrogen sources as evidenced by the lack of pigmen·
tation in the culture samples, or ftltrate, of the former.
This particular mixture of bacteria actively degrades
Paracril 1880 using it as a carbon, energy, and to a
limited extent, nitrogen, source. The process appears to
be an aerobic one. Biodegradation should be encouraged
by incubation under conditions of agitation and
aeration. Temperature might also be manipulated to
increase microbial growth.

Results
The average protein content of ten samples for each
of the nitrogen forms is presented in Figure I . The
average of controls consisting of Paracril 1880 and
bacteria, without additional nitrogen, was 13 mg
protein /I OOml and is included.

The amount of protein produced might be sufficient
to allow it to be considered as an economical source of
protein supplement for animals. It is encouraging that a
relatively inexpensive nitrogen source, urea, is suitable
to the biodegradation process. The fact that Paracril
was readily utilized by the mixed culture presents some
question regarding the longevity of this material in soil/
water environments.

Other controls consisted of those for each of the
nitrogen amendments in which either the bacterial
culture or the Paracril 1880 was deleted from the
formulation. Those containing Milorganite and bacteria,
without Paracril 1880, were the only ones to show
significant protein production (1.2 mg/IOOml).
A considerable amount of bacteria was retained by
the Whatman No. I filter in all nitrogen-containing
samples except for those containing Milorganite. The
cell mass on the fllter paper was orange in colour in
every case. Milorganite samples were typically uniform
in turbidity and possessed no coloration.
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RESISTANCE OF POLYMERIC CABLE COVERINGS TO
SUBTERRANEAN TERMITE ATTACK AFTER EIGHT
YEARS OF FIELD TESTING IN THE TROPICS
Raymond H. Beat 1 and John D. Bultman2
Widerstandsfcihigkeit von polymeren Kabelumh\iUungen gegen
Erdtenniten nach 8j3.hrigen Freilandvcrsuchen in den Tropen.
Siebenundzwanzig
fUr
KabelumhuUungen
als gceignet
angesehene Polymere wurden auf z.wei FreilandflUchen
Erdtermiten ausgesetzt. Gr0/3cre Hllrte erhOhte die Widerstandsfahigkeit von PVC-Material erheblich, wahrend grO{Jere
Oberfllichengliitte und Stiirke der Proben sowie der Zusatz von
inerten FUllstoffen keine odcr nur geringe Wirkungen batten.
~thylpropylkautschuk,
chloriertes
Poly"f1thylen
und
Chlorsulfonpolyiithylen erwiesen sich als widerstandsf<ihiger
als PVC-Polymere gleicher Hiirte.

Summary.
Twenty-seven polymers formulated to meet the
requirements for cable sheathing material were exposed to sub-

terranean termites at two freld sites.
Increasing hardness improved the resistance of polyvinyl
chloride plastics considerably, but increasing surface smoothness, specimen thickness, or incorporating inert fillers had little

or no effect. Ehtylene-propylene rubber, chlorinated
polyethylene, and chlorosufonated polyethylene were more
resistant then polyvinyl chloride polymers of equal hardness.

Resistencias de cubiertas polimericas de cables al ataquc de
terrnes subterraneas, despues de ocho aiios de pmebas de campo
en los tropicos.
27 polfmeros formulados para cumplir los
requerimientos de materia.les recubridores de cables fueron
expuestos a Ia acci6n de termes subterraneas en dos sitios
diferentes.
A metlida que aumenta la dureza se mejora considerablemente la resistencia. de los plasticos de cloruro de polivinilo,
pero poco 6 ningfm efecto tiene el aumento de Ia lisura de la
superficie, el aumento delgrosor de Ia muestra 6 Ia incorporaciOcn
de cargas inertes. Goma de etilenpropileno, polietilenos clorados
y polietilenos clorosulfonados fueron m5s resistentes que los
pol1meros de cloruro de polivinilo de igual dureza.

Resistance 3 J'attaque des termites souterrains de reVetements
de Cables par des polymeres apres 8 ans d'essais de champs so us
les tropiques. On a expose aux termites souterrains dans deux
terrains d'essais vingt sept polymeres devant satisfaire aux
besoins des gaines pour cables. En augmentant Ia durete on a
am61iore considerablement Ia resistance des plastiques au
chlorure de polyvinyle, mais on n'a obtenu que peu ou pas
d'effet en augmentant le poli de surface, l'epaisseur des
echantillons ou en incorporant des charges inertes. A durete
'egale, du caoutchouc &thyO;mepropyUme, du polyl':thyl~ne
chlor'e et du polyC'thylf:na chlorosulfone furent plus resistants
que les polym~res au chlorure de polyvinyle.

reduced significantly by adding a small amount of a
nontoxic mineral filler (Gay and Wetherly, 1962).

Introduction
Power transmission and communication lines are
increasingly being placed underground where they are
subject to attack by subterranean termites. Low
resistance of many new polymeric cable coverings to
these insects has led to costly failures.

Insecticides, lindane and aldrin, were also found
effective in preventing termite attack to PVC
fonnulations in field tests against Coptotermes and
Heterotermes spp. in Panama (Bultman et al., 1966,
1967).

Conclusions from two comprehensive reports on the
resistance of plastics to tennites (Gay and Wetherly,
1962, 1969) were that plastics vary considerably in their
susceptibility, that very few materials are wholly
immune to attack, and that some of the more commonly
used materials, such as plasticized polyvinyl chloride,
polyethylene, and cellulose esters were often severely
damaged. Severity of attack depended on the termite
species involved; Nasutitermes exitiosus (Hill) attacked
less often than species of Coptotermes. Gay and
Wetherly also concluded that tennite resistance could
be improved by manipulation of physical and chemical
factors. Primarily, thickness determined termite
susceptibility of plastic films and foils while hardness
appeared to be more important for piping or cable
products. The most consistently successful results were
obtained by using the insecticide additives, aldrin and
dieldrin, but toxic hazards of their widespread use in
plastics may present problems. Tennite damage was also

Becker (1964) outlined details of laboratory tests
in which five different genera of termites were placed
on 50 plastics of different types. While his results varied
as to the type of plastic tested, he found that: (I)
polyethylene, polystyrene, and polyvinyl chloride with
low plasticizer content were resistant; (2) polyurethane,
soft polyethylene, and plasticized polyvinyl chloride
were attacked; and (3) polyester, polyamide, polymethylmethacrylate, epoxy resins, and phenoplastic
and mainoplastic, if they are sufficiently hard with no
susceptible ftllers, were tennite resistant. Becker thought
hardness and surface fmish affected practical
performance of the material.
The present paper reports the relative resistance of
flexible polyvinyl chloride plastics and some other
polymers suitable for cable coverings. We initiated the
study to search for suitable nontoxic additives that

Forestry Sciences U.boratory, Southern Forest Experiment Station, Forest Service, USDA, Gulfport,
Mississippi 39503, U.S.A.
2 Marine Biology Branch, U.S. Naval Research U.boratory, Washington, D.C. 20390, U.S.A.
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123

Resistance of polymeric cable coverings to subterranean tennite attack after eight years of field testing in the tropics,
Raymond H. Beal and John D. Bultman.

Methods

would tennite·proof PVC, or for other polymers that
might be substituted for PVC. A preliminary report
(Beal et aL, 1973) presented 3~ear exposure data;
this report presents data after 8 years of exposure.
The field exposures at Lake Charles, Louisiana,
(Coptotennes [onnosanus Shiraki) and Harrison
Experimental Forest, Mississippi, (Reticu/itennes
spp.) were discontinued after 3 years because of a
The laboratory
declining population of tennites.
exposure was concluded, and the results presented in
the earlier report. Only tests at the Panama sites are
considered here.

Exposure conditions
To assure a high probability of tennite contact with
experimental materials, we selected two tropical
exposure sites that had high tennite activity: (I) the
Forest Service exposure site at Cerro Cedro on the
Pacific side of the Panama Canal Zone, and {2) the
NRL exposure site at the Navy Tank Farm on the
Caribbean end of the Panama Canal Zone. Coptotennes
spp. and Heterotennes spp. occurred on both test sites;
Coptotermes were dominant on the Pacific side while
Heterotermes were dominant on the Caribbean side.

Materials

Ten replicates of each polymer formulation were
exposed at each location; specimens were 7.6 x 12.7
em and 13 mm (SO mil) thick. Two exposure
techniques were used. Five replicates per polymer
were placed directly on the ground (flat) and covered
with a IS 2 x IS .2 x 1.9 em) piece of untreated,
southern yellow pine sapwood to act as bait, and five
replicates were sandwiched between two pieces of the
bait with the bottom piece in contact with the ground.
The specimens were exposed in rows alternating by
exposure technique, with all polymer fonnulations
randomly distributed in each row.

Because earlier investigations were hampered by a
Jack of knowledge of the compositions of the polymers,
we compounded all plastics used in this study in the
laboratory. Twenty·three PVC formulations varying in
hardness, thickness, plasticizer content, and surface
smoothness, or containing a variety of additives were
prepared (Table 1).
Plastics were compounded on a roller mill operated
at 127°C. For each PVC formulation, the resin, whiting,
and plasticizer were blended. Then carbon black, lead
maleate, and dibutyltin Jaurate were added in that
order. Finally, the appropriate inert filler (if used) was
added. A coupling agent (silane) was also added in some
formulations to bind the particles of inert filler in the
plastic matrix. After the charge was thoroughly mixed,
rollers were adjusted to give a 13 mm (SO mil)
clearance, and the plastic was sheeted off. When a
formulation included an insecticide, the insecticide was
added to the mix just before sheeting so that it would
be exposed to heat for a minimum time. Thus, the
milling time for the toxic additives was only S minutes
of the IS to 20 minutes each charge was milled. The
material, as it came from the mill, was sufficiently
smooth and unifonn for preparing specimens. Besides
granular additives, one fonnulation contained fiber·
glass cut into lengths of about 6.4 mm (1/4 inch) and
mill-ground into the mix for 10 minutes.

Each year, we visually examined field test units
and rated damage according to the following numerical
scheme:
Numerical Condition of Polymer
rating

Condition of Baitwood

0

No attack

No attack

Etching or cutting to a
depth ofO.l mm {S mil)

Trace attack

2

Termites cutting to a
depth of
0.1-1).5 mm (S-20 mil)

light attack

3

Tennites cutting to a
depth ofO.S-0.9 mm
(20-3S mil)

Moderate attack

4

Termites cutting to a
depth of0.9-1.2 mm
{3S--49 mil)

Heavy attack

S

Complete perforation of
sample

Very heavy attack

All samples were measured for indentative hardness
with a surometer (Shore hardness A or D, Table 1).
The possibility that all PVC fonnulations might be
ineffective was recognized, because gouging them with
a fme needle point suggested they were nearly putty·
like. Therefore, four materials with tougher, more
resilient surfaces were selected for inclusion in the
study: (1) ethylene propylene rubber (EPR), a low·
cost material with excellent weathering and electrical
properties; (2) chlorosulfonated polyethylene (CSPE),
a polymer offering good electrical properties and
excellent weather resistance; (3) chlorinated poly·
ethylene (CPE), a high density polymer with excellent
weather and electrical properties; and (4) cross~ink
polyethylene (XPE), a semirigid material with superior
crack, temperature, and toughness properties. These
materials were also compounded and fabricated into
specimen panels at the Naval Research Laboratory.

After each examination, we computed what was
termed "cumulative attack", by totalling numerical
ratings for all replicates of each fonnulation. For
example, if 10 samples of like composition each had
a rating of S, the cumulative attack would be SO. The
cumulative attack for both exposure beds was totalled
and results are given in Table I . Although specimens
were examined each year, the results given are for the
final, eighth year only and represent the fmal condition
of the specimens.
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Table I
Selected polymers and their final year damage ratings after exposure to subterranean termites for 8 years
Code

Specification
and Alterations

Shore
hardness

Control
A
No alteration. Basic control
mix {parts by weight): 100
PVC re_sin (Geon 10 I), I 00
plasticiser: dioctyl phthalate
(DOP), 20 carbon black, 3 .5
lead maleate, 2.0 dibutyltin
laurate, 30 whiting. A soft,
flexible PVC.
B

4% added silica flour

53 A

Field
damage
rating

97

Thickness and SmOQthness
Double thick (100 mils,
AI
2.5mm)

53 A

91

~

56 A

Hardness Increased by Plasticiser
Reductions
Plasticiser reduced 33%
A3
Plasticiser reduced 67%

480

11

c

Plasticiser reduced 80%

600

5

As

All plasticiser omitted

800

0

Intemal Hardness Increased
with Mineral Fillers
D
10% CaMg(C03)2 Thru U.S.
sieve (53u), over sieve 400
(37u). Soft angular crushed
sand, Moh hardness 3.5.

58 A

10% Si0 2 Thru U.S. sieve
270 {53u), over sieve 400
(53 u). Hard, smooth, natural
Ottawa sand, Moh hardness
7.0

58 A

El

I 0% Si0 2 Thru U.S. sieve 270
{53u), over sieve 400 (37u).
E plus Silane coupling
(bonding) agent Y2967 added
as I% by weight of total filler.

62A

80

E2

5% Si0 2 Thru U.S. sieve 270
(53u), over sieve400 {37u)
plus I% Silane.
15% Si0 2 Thru US. sieve 270
(53u), over sieve 400 (37u)
plus 2% Silane.

59 A

95

57 A

89

62A

75

E4

10% Si0 2 Thru U.S. sieve I 70
(88u), over sieve 270 {53u),
plus I% Silane.

10% SiC Thru U.S. sieve 400
(37u)

60A

80

F2

15% SiC Thru U.S. sieve 400
(37u) plus 2% Silane

60A

58

F3

15% SiC Thru U.S. sieve 400
{37u), plasticiser reduced 33%
plus 2% Silane
7% fiberglass, 6.4 mm fibers
millground 10 minutes.

80A

22

70A

75

Creosote substituted for 50%
of DOP plasticiser

65A

31

70A

0

Toxicants Added
B plus 2.6% aldrin in PVC
I

resin
II

Toxicant added as in I but
double thick to provide a
larger reservoir of insecticide.

73A

2

12

2 .6% aldrin, I 0% SiC thru
sieve400 (37u) plus 2%
Silane.

72A

0

85

E

E3

Fl

H

A4

Field
damage
rating
79

89

87

Shore
hardness

10% SiC Thru U.S. sieve 270
60A
{53u), over sieve 400 {37u).
Very hard, sharp carborundum,
Moh hardness 9 .I

G

220

Specification
and Alterations

F
96

68A

Surface compression-moulded
for smoothness

Code

Nonpolyvinyl chlorides
J
Ethylene-propylene rubber
56 A
containing (parts by weight):
100 Nordell070, 60 Philblack
A, I 0 stearic acid, 20 process
oil, 1.5 Thionex.

95

4

K

Chlorinated polyethylene
containing (parts by weight):
100 Plaston resin, 6.0 Epon
828, 10.0 Philblack A,
8 mercaptoimidazoline
(NA-22), I D sulfur.

65A

19

L

Chlorosu!fonated polyethyl55 A
ene containing (parts by
weight): I 00 Hyplon, 40 resin,
30 Thermax, 10.0 Severn
100, 25litharge,O.S 2benzothiazolyl disulfide
{MBTS) 2.0 Tetrone A.

11

M

Cross-linked hard polyethylene. (Petrothone XL
6301)

11

550

Note: "Field Damage Rating" is the total damage score of 20 specimens marked 0 - 5 at the end of their eighth year
of exposure. 0 =zero damage, 5 =maximum damage, Maximum possible rating= 100, see text.
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Results and discussion

this formulation were attacked and 11 specimens were
perforated.

Increasing hardness improved termite resistance of
PVC plastics, but increasing the thickness of smoothness
of specimens, or incorporating mineral filler did not.
Several polymers (J, L. and M) other than PVC were
more resistant to termites than PVC (Table 1).

Damage rating for formulations containing 5, IO,and
15 per cent silica sand were 9 5, 89, and 79, respectively.
Fifteen per cent was about the maximum amount of
this material that could be added without adversely
affecting workability and flexibility of the plastic.

Exposure sites

The silane bonding agent moderately decreased total
perforations from 17 to 8. The variation in particle size
of mineral fillers from) 37)1 to 88)1 affected the perfor·
ation very little with the fewest specimen perforations
(II) occurring in formulations containing the midsize
(53-37p) range of particles.

All the control PVC's were attacked at both sites,
but termites penetrated the exposure sample slightly
deeper at the Navy Tank Farm site.

Exposure methods
At both sites, results with single baitwood covers and
with sandwiched specimens were similar. All controls
were attacked in both methods of exposure; all 20
panels were perforated in the sandwiches, while 18 of
the 20 ground-contacting control panels were
perforated. Because the sandwich method keeps
specimens cleaner and easier to examine,it is preferable.

The addition of 7 per cent fiberglass (a practical
maximum) hardened the PVC slightly and provided
marginal resistance with 12 of 20 specimens perforated.
To be rated "highly resistant" to subterranean
termites for all natural exposures, a material should have
completely resisted perforation during the 8 years of
tropical field testing. None of the formulations
containing inorganic ftllers met this criterion. However,
mineral fillers probably c'an improve termite resistance
of PVC's if used with other induced physical characteristics such as increased hardness and surface smoothness.
In this manner resistance may be obtained without
resorting to toxic additives.

Thickness and smoothness of PVC
The normal PVC specimen was I 3 mm (SO mil)
thick, with an as·milled surface. In the soft, flexible
condition this material was highly susceptible to
perforation by subterranean termites. Doubling the
thickness of normal PVC specimens did not reduce
termite perforations. By themselves, sample thickness
and surface smoothness were not beneficial as a termite
deterrent as they had seemed to be after 3 years of
exposure (Beal eta/., 1973).

Non·PVC polymers
The other polymers evaluated were superior in
termite resistance to all PVC formulations except those
PVC's in which the plasticizer was greatly reduced
(Table 1). Non·PVC materials were not perforated,
while perforations of modified PVC's ranged from 9
to 17 for the 20 specimens exposed per formulation.
Of the 20 soft materials in the study, EPR and CSPE
were the most resistant. The EPR polymer was almost
immune to attack, receiving only four exploratory
etchings in the 20 samples. Only five of the 20 CSPE

Hardness
In these exposures, increasing the hardness of PVC
by reducing the plasticizer content or entirely
eliminating the plasticizer defmitely deterred termite
attack, and an inverse relationship between number of
specimen perforations and Shore D hardness occurred
(Fig. 1). The degree of negative slope of the curve
between I 5 and 45 D Shore hardness indicates that
increasing PVC hardness in this range will considerably
increase termite resistance of the plastic. Thus, in areas
of high termite hazard one should select as hard a PVC
cable material as installation and operational requirements permit.

~20r-~.~.~----------------------------,

~

o,e

I: ' ,,,

Addition of mineral fillers

13
~

The presence of mineral fillers did not reduce
appreciably the number of specimens attacked or the
number of perforations of the PVC (Table I). One
formulation (A3) in which plasticizer content was
reduced by one·third had no perforations, but resistance
was probably more the result of the increase in hardness
than of the presence of the inorganic ftller.

~

18

A3

"'

12
10

B

'

',

'

~ 6
::;

4

~

2
0

~

Dolomite sand (CaMg(C0 3h), silica sand (Si0 2 ), and
a fme carborundum (SiC) all were tried at 10 per cent
of the total mix volume. We expected that the very hard,
sharp carborundum particles would cause excessive wear
of the termite mandibles and thus provide superior
deterrence to termite attack. Some reduction in attack
was observed with carborundum sand, but the beneficial
effect was not as great as expected; all 20 specimens of

''
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HARDNESS, SHORE 0 SCALE

Figure 1. - Termite damage as a function of hardness to
PVC plastics 1.27 mm (50 mils) thick. Each point
represents results from 20 specimens exposed for 8 years
in the tropics. The formulation codes are indicated on
the curve.
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specimens exposed were etched by termites, two to a
depth of 0.1-0.5 mm (5-20 mils). This damage is
slight, so the CSPE formulation can be considered
highly resistant. Both CSPE and EPR are worthy of
serious consideration for high termite-hazard areas.
We included XPE in this study so that we could
compare it with the hardest PVC's. like the "C" PVC
formulation at Shore D 60, the "M" XPE formulation
at Shore D 55 was almost completely resistant at both
sites. If this degree of hardness can be tolerated, either
material can be used with only slight risk of termite
damage.

Toxic versus nontoxic dete"ents
The PVC specimens containing 2.6 per cent aldrin
insecticide were completely untouched. Also, adjacent
baitwood was attacked much less often and to a lesser
degree than the baitwood contacting nontoxic samples,
probably because of a slow transfer of insecticide from
the plastic into the baitwood and into the soil below.
Although aldrin and other toxic additives will protect
PVC formulations from termite 'attack, manufacturing
and handling hazards and possible subsequent environmental restrictions on their use may outweigh the
benefits. Recognition of these risks provided an
important stimulus for this research on nontoxic PVC
formulations.
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Conclusions
Short-term field or laboratory exposures (Gay and
Wetherly, 1962, 1969; Becker, 1964; and Nigam eta/.,
1970) of polymeric or rubber base materials can
eliminate very vulnerable materials from those that
need further consideration. But fmding suitable material
for electric coverings that will resist termite attack over
extended periods is sometimes difficult, as this study
shows. If field exposure had been concluded at 3 years,
(Beal, Bultman and Southwell, 1973), we would have
suggested use of mineral fillers and surface smoothness
as a slight deterrent to termite attacks. But after 8 years
these materials were damaged almost as severely as the
iasic control formulation. However, either increasing
hardness by reducing plasticizer content or adding a
toxic material (aldrin) withstood the test of time, and
either treatment should continue to provide protection
longer than the 8 years the study was conducted. The
non-PVC polymers all resisted termite attack for the
entire 8 years of the study. CSPE and ERP were the two
best of the softer samples evaluated (excluding the ones
containing insecticides) and should ,be used in
preference over the PVC's.
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INVESTIGATIVE MYCOLOGY.
R.F. Sharp. Heinemann Educational Books, London.
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is of very limited application. From the teacher's point
of view its major use would be to provide extra
"snippets" of information, although most biology
teachers would probably prefer to spend their time
and money attempting to keep pace with modem
developments. From the student's point of view, most
of the text books they use include the historical
development of a topic by way of introduction.

Traditionally, mycology as taught in schools has been
rather stale in both approach and content, but recent
changes, particularly in the JMB 'A' level syllabus, have
illustrated the need for a good practical guide to the
subject incorporating much more than the usual Mucor,
yeast and edible mushroom. Investigative Mycology
therefore fills the needs of most microbiology teachers
for a series of new, simple practicals which act as good
teaching aids.

Bearing these points in mind the book is nevertheless quite an interesting, easy read with the developments of a fairly wide variety of topics from hormones
to nucleic acids being treated in separate sections.

Most of the practicals in this book are easily followed
with clear instructions and a useful list of materials
and suppliers is also given in the appendix. The use of
heavy type for important words or phrases is also useful
and should enhance the attractiveness of this book to
the student especially.

However, with fmancial restrictions as they are in
schools, I can see few biology teachers being willing
to invest approximately £3 on a book of such limited
scope.
C. McShane.

There are, however, some fairly basic omtsswns
which, if included, would have made much of the work
easier. For example, no guide to pouring plates is given,
neither is there a guide to the types and uses of various
inoculating techniques. Some other sections may also
leave the teacher and student frustrated since they are
rather vague. Examples are the sections on water
cultures, compounds in woods, and fruit body
identification. Perhaps this criticism could have been
avoided by incorporating a guide to the useful reference

DEVELOPMENTS
lN
BIODEGRADATION
HYDROCARBONS
R.J. Watkinson, Ed. X+ 232 £16.
Applied Science Publishers LONDON.

OF

Studies on the biodegradation of hydrocarbons
fall into two broad categories, the biological and the biochemical and in this book an excellent balance is
achieved between the two. Some biologists might
fmd the biochemistry hard going but this is compensated
for by the physiological ecological and genetic aspects
which are also included. Since the biochemistry of all
major groups of hydrocarbon have been reviewed these
chapters provide a useful reference source.

section.

Aithough £5 for a science book is not expensive,
schools must rationalise their relatively small
expenditure on books in relation to the numbers of
students catered for and the areas of syllabus covered.
Most schools could justify only one copy since on both
counts the scope for use of this book is narrow. Neither
do I feel that the diagrams, particularly of equipment,
are sufficiently professional for a book of this price.

In the first chapter, Colin Ratledge reviews the biodegradation of aliphatic hydrocarbons and covers both
biological and biochemical aspects of the problem.
In addition to the degradative pathways and mechanisms
of oxidation this chapter also contains a balanced
presentation of the theories relating to hydrocarl>on
uptake and the effect of a hydrocarbon diet on the
morphology and composition of the cell. P .W. Trudgill
describes the four basic patterns of alicyclic ring cleavage
and provides a well documented account of the
metabolic pathways involved. DJ. Hopper presents a
review of the biochemistry of the degradation of
aromatic hydrocarbons, followed by R.E. Cripps and
R.J. Watkinson who deal with the degradation of poly·
cylic aromatic hydrocarbons. Interestingly the latter
also include the metabolism of these compounds in
the microsomal systems of mammals to form

A shorter, softback, student guide without the nonpractical chapters 7 - I 0 may have been more
appropriate for individual student use and this would
have left scope for a more advanced and comprehensive
teachers' guide. However, for the microbiology teacher
who wishes to widen his repertoire of practicals
Investigative Mycology is a very worthwhile, if rather
costly, buy.
C. McShane.

carcinogenic arene oxides. The increasing importance

BIOLOGY - ITS HISTORICAL DEVELOPMENT
H. Baumel. Philosophical library Inc., New York.
101 pages. $6.

of microbial genetics is underlined by P.A. Williams'.
illuminating review of the role of episomes in hydrocarbon degradation by bacteria. It has become apparent
that many of the properties previously attributed to
the bacteria are due to episomes. These are virus like
particles which can be passed from cell to. cell and
endow the recipient with the genetic information to

A publishers' note informs the reader that this book
was written to cater for a course developed by the
author, and unless anyone concerned with developing
a similar course needs such a guide, I feel that the book
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since the draconian nature of much recent US legislation
must have, and indeed has, influenced the content of
this and all other, US -texts in related areas. Thus a
reader from the United Kingdom coming fresh to waste
treatment and disposal, would have no indication that,
excluding bulk effluents discharged to rivers and sewers
or treated biologically by the producer, about 90% of
all solid and liquid toxic industrial waste produced
in the UK is disposed of quite safely to landftll. Further,
research in the UK sponsored by the Department of the
Environment, has shown, so far, that with only a few .
exceptions, this disposal method is environmentally
satisfactory at sites that have been selected with care and
are responsibly managed. Thus in the UK the first
question to be asked about a solid or liquid waste is
'can it be sent to a controlled landfill?' Only if the
answer to this question is 'No' need recourse be made to
the present book. Let us hope that the 'econuts', to use
a term hallowed by Lord Rothschild, are never as
influential in the UK as they appear to be in the USA
and that we can continue to treat and dispose of our
waste in a rational way while maintaining concern for
the prevention of unacceptable pollution of our
environment.

manufacture additional degradative enzymes. This has
facilitated the development 'sugar bugs' able to degrade
a wide range of hydrocarbons. In his chapters on oil in
the marine environment A.C. van der linden states that
almost 5 million tons of mineral oil are inadvertently
discharged into the sea each year. The relative roles of
microbial degradation, evaporation, photo-oxidation
and dispersal by wave action are discussed. It is
suggested that the role of micro organisms may have
been over-rated since degradation is limited by nitrogen
deficiency in warm waters, and by temperature in the
more fertile but cold northern oceans.
The industrial implications of microbial degradation
of hydrocarbons are covered by E.C. Hill who chose to
classify the problems and describe the symptoms and
control treatments rather than review the literature.
The result is an interesting and informative account
based, in part, on personal experience.
This book will prove useful to research workers and
fmal year students or their lecturers.
R.N. Smith.

The chemical treatment methods considered by
Hackman include: microbiological systems, oxidation
and ozonation, photo-oxidation, thermal methods and
the use of high energy radiation. Physical separation
techniques applicable to waste treatment covered
include:
adsorption,
electrostatic
precipitation,
solvent
extraction, filtration and many other techniques.

TOXIC ORGANIC CHEMICALS: DESTRUCTION AND
WASTE TREATMENT
E. Ellsworth Hackman III
Pollution Technology Review No. 40; Chemical
Tecirnology Review No. 107; Noyes Data Corporation,
Park Ridge, New Jersey, USA., 1978.
317 +XIV pages. US S 42.

The section on treatment of industrial wastes deals
with wastes arising from pesticide production, organic
chemicals exemplified by cumene, tricresyl phosphate,
acrylonitrile
and pentachlorophenol production,
petroleum refming, polymers and plastics production,
textile manufacture and coal conversion.

This is a well produced book, clearly printed in larger
type than that used in the past by this publisher for this
series of monographs. The text is set out in two columns
per page and the page size (170 x 220 mm) is generous.
Users will fmd the book easy to read without eye strain,
though its size will, perhaps, prevent it being read with
comfort on the top deck of an omnibus. I suppose that
one must also, reluctantly, accept that the price is not
outrageous in these inflationary times.

A fmal chapter examines waste treatment methods
and costs in more detail, using polychlorinated biphenyl
wastes as an example for this more complete analysis.

The major portion of the book is devoted to
descriptions of several currently practised or promising
new treatments for effluents, solid wastes and emissions
to the atmosphere containing toxic organic chemicals,
though the emphasis is on the treatment of liquid and
gaseous effluents. The text is divided into two main
parts; the first part deals, in fairly general terms, with
"toxic organic pollutant problems and potential
methods for waste treatment" while the second, and
larger, section covers industrial sources of toxic organics
and typical treatment methods, their capital and
operating costs.

From this description of the contents of the book it
will be seen that the ground covered is very extensive
and the treatment is often, inevitably, superficial -and
sometimes seems perverse. Thus in the section devoted
to general treatment methods, microbiological
procedures receive about the same number of column
inches as dye-sensitised photo-oxidation. (However, the
former method is treated in more detail, related to
specific wastes, in those sections dealing with industrial
wastes). Many of the separation methods described are
given very meagre coverage - reverse osmosis receives
less than ten column inches for example. However, the
treatment is, in general, adequate to indicate whether or
not the process is likely to be of value in solving
particular problems; and references are usually given to
sources of more detailed information. However, there
are exceptions and in my opinion the coverage given
to reverse osmosis is inadequate, with no reference given
to a source of more complete information. The section

The book is produced in the U.S.A. where,no doubt,
its largest sales will be. It is therefore understandable
that its' technical content is highly influenced by the
imperatives of US anti-pollution and environmental
protection law. Indeed I have been unable to fmd any
reference to non-U.S. legislation in the text. This is
of some consequence to readers in other countries
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on incineration, I believe·, is also inadequate and does
not reflect the operational complexity and difficulty of
the technique.

to question this apparently xenophobic attitude to non·
US work. My second criticism is perhaps more serious.
This book has no index! Noyes Data Corporation have
claimed that they have their authors construct their
texts so that in conjunction with a very detailed
contents list, an index is not necessary. I disagree; this
book needs an index and for me its useability is damaged
by the omission.

Other, similar, criticisms can be made of the book,
but nevertheless it does seem to me to be a valiant
attempt at a nearly impossible task. Its greatest value
will perhaps be to chemists employed by a waste
producer rather than to waste disposal contractors
since it deals mainly with 'pure' wastes unmixed with
other waste streams. Despite these comments I believe
this to be one of the most valuable books on the subject
now available. However I do have two further
comments. Firstly almost all the references cited are to
U.S. work. This could be held only to reflect the fact
that US workers produce the bulk of the literature in
this field as in so many others but one is sometimes Jed

In summary, I believe this book to be a most useful
compendium of information, well produced with good
legibility, ample tabular and graphical information, well
chosen illustrations and diagrams generally well
reproduced, all at a reasonable cost. It is not perfect,
indeed it is something of a curate's egg- but it is one of
the best curate's eggs in the bookshops at the moment.

E .E. Finnecy.
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LITERATURE COLLECTION
The Centre collects all literature on the deterioration of materials of economic importance by living organisms.
Retrieval from this collection is the basis for the rapid answer of enquiries.
ENQUIRY SERVICE
The Centre offers internationally a confidential detailed question answering service on all aspects ofbiodeterioration.
Telephone or postal enquiries are accepted. Bibliographic lists can also be compiled inresponse to enquiries.
All enquiries which involve a literature search will be charged at £10 each inclusive of photocopying up to 40 pages
(anything over 40 pages will be charged at the rate of 8p per page). If the search time involved exceeds 2 hours
subsequent time will be charged at £6 per hour. British enquirers will be advised by telephone if it is found that more
than 2 hours or extra photocopying is needed. Overseas enquirers will be sent the results of up to 2 hours' wprk and up
to 40 pages of photocopying, if appropriate, and advised iffurther work is likely to yield further results.
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The Centre will supply single copies of papers from the literature collection at a cost of 8p per page, minimum
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CONTRACT RESEARCH
The Centre undertakes a wide variety of contract research projects including testing of products by standard or
specially developed methods. Organisms available for use in research and testing include a comprehensive collection
of micro·organisms, insects including termites, and a colony of wild strain mice. Contract research rates are very
competitive.
SPECIALISED BIBLIOGRAPHIES
Specialised bibliographies on specific aspects of biodeterioration and biodegradation are produced from the
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published literature on all espects of biodeterioration ·and biodegradation. About 2000 references per annum.
Waste Materials Biodegradation Research Titles (WMB) A bibliographic journal simiiar to BRT dealing with all aspects
of the biological treatment of solid and liquid wastes and the biodegradation of waste materials in nature. About
1800 references per annum.
PERSONAL CALLERS AT THE CENTRE
The Centre welcomes visitors. Visitors may search the document collection free of charge but a charge of 8p per
page will be made for photocopies of any documents taken.
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For over twelve years the BIC has been assisting industry at home and
abroad in solving material decay problems by its information and research

services.
We offer a wide range of laboratory facilities and test organisms for the

biological evalUation of materials and products on a contract basis.
We are most willing to devise biological test procedures for your products

if none exist at present.
We also run short courses on introductory microbiology designed to cater
for individual industrial situations.
Why not contact us it you think you have a problem? The potential
savings could be great. Our service is confidential; please ring us and talk
things over.
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