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MICROBIAL CONTAMINANTS INFLUENCING THE 
ELECTROCHEMICAL BEHAVIOUR OF ALUMINIUM AND 

ITS ALLOYS IN FUEL/WATER SYSTEMS 
M.F.L. de Me!e1, R.C. Salvarezza 1 and H.A. Videla 1 

Summary. Two of the most important microbial contaminants 
of jet fuel/water systems are Qadosporium resinae and 
Pseudomonas aeruginosa. · It would be of great intrest to know 
the role played by these microorganisms in the corrosion process 
of aluminium and its alloys. To elucidate the importance of 
each spec~s on corrosion, we used the pitting potential as the 
electrochemical parameter simultaneously with evaluation of the 
biological variables: microorganism number and pH. 

A marked decrease of pH and the pitting potential was 
observed in cultures of Qadosporium resinae but no appreciable 
change was found bt these figures in the "Case of Pseudomonas 
aeruginosa. Experiments using mixtures of metabolites of both 
microorganisms confirm these results. 

No direct action by cells on pitting potential values was 
demonstrated by our experiments. 

Consequently the electrochemical behaviour of aluminium 
and its alloys in the presence of one or several species can 
properly 1:e followed by the use of the pitting potential as the 
main experimental parameter. 

Die wirkungen mikrobiologischen anstechender auf das clektro· 
chemische verhaltcn des aluminiums und seiner legierungen in 
den systemen Wasser Dlisentreibstoff. Mikroorganismen der 
Typ. Gadosporium resinae und Pseudomonas aeruginosa sind 
die bedeutensten mikrobiologischen Anstechender der Systeme 
Wasser DUsentreibstoff. 

Es ist von grossen Interesse zu wissen, welche Rolle diese 
Mikroorganismen in der Korrosionsprozesen des Aluminiums 
und seiner Legierungen spielen. 

Urn die Wirkungjeder einzelnen Spezies auf der Korrosion zu 
kli:ren, baben wir das lochfrasspotential als elektrochemischen 
Parameter benutzt, in Abb'angigkeit der biologischen Werte wie 
die Mikroorganismen Zahl und des pH werts. 

lm Fall von Cladosporium resinae ergab sich eine bernerkens
werte Erniedrigung des pH Wertes und Potentials, die aber bei 
Pseudomonas aeruginosa nicht gefunden wurde. Versuche mit 
Mischungen aus den metabolischen Produkten beider S!imrne 
bestHttigen die oben genannten Ergebnisse. In keinem 
Versuch wurde eine direkte Wirkung der Zellen auf das 
Lockfrasspotential beobachtet. 

Die Ergebnisse zeigen, dass das elektrochemische Verhalten 
des Aluminiurns und seiner Legierungen in anwessenheit eine 
oder mehrere mikro biologischen Spezicn mittels des 
Lochfrasspotenthds als bezeichnenden Parameter untersucht 
werden kamt. 

Introduction 

Several attempts have been made to fmd a mechanism 
to explain the microbiological corrision of aluminium 
and its alloys by microbial contaminants of jet fuel in 
fuel/water systems (Hedrick, Crum, Reynolds and 

Influence des souillerurs microbiologiques sw Ia conduite 
elcctrochimique de l'aluminium et de ses alliages dans des 
systemes carburant-eaux. Parmi les plus importants 
soilleurs microbiologiques des carburants d'avions a 
rftropropulsion on peut singnaler le Cladosporium resinae et Ie 
Pseudomonas aeruginosa. II scrait tres inthessant de connaitre 
l'activite dt!velopp& par ces microorganismes dans te processus 
de corrosion de !'aluminium et ses alliages. 

L 'importance de chaqueesp~ce microbienne dans la corrosion 
peut etre ecJaire au moyen du paten tiel de rupture utru.se comme 
variable Cle'ctrochimique, simultarWment a la determination des 
variables biologiques: le nombre de microorganismes et le pH. 
Une diminution notable du pH tout autant que le potentiel de 
rupture, peut etre observ~ dans les cultures de Cladosporium 
resinae. Aucune variation appreciable a ces valeurs a Cte trouve 
avec Ia Psuedomonas aeruginosa. Les experiences faites en 
utilisant des melanges de produits metaboliques confirrnent ces 
rCsultats. Dans cc travail U n'a peut etre Verif'.e' aucune action 
directe des microorganismes sur le potentiel de rupture. En 
consequence il a ete possible d'e'tudier Ia conduite 
6tf!ctrochmique de !'aluminium et de ses alliages en presence 
d'une ou de plusieurs esp'ece biologiques, par l'emploi du 
potentiel de rupture comme variable etectrochimique plus 
importante. 

Influencia de los contaminantes microbianos en el comportam· 
iento electroquimico del atuminio y aleaciones en sistemas 
combustible--agua". El Cladosporium resinae y Ia 
Pseudomonas aeruginosa son dos de los microorganismos 
contaminantes mas importantes en sistemas aguafcombustible 
de jet. Seria de gran in teres conocer el papel que juegan estes 
microorganismos en el proceso de corrosion de aluminio y sus 
aleaciones. 

Para dilucidar la importancia de cada especie en el proceso de 
corrosion hemos usado el potencial de picado como parametro 
electroquimico simultaneamente con Ia determinacion de 
variables biologicas como el numero de microorganismos y el pH. 

En cultlvos de Cladosporium resinae se observe un marcado 
descenso del pH y el potencial de picado. En el case de Ia 
Pseudomonas aeruginosa no se encontre una variacion apreciable 
de esos valores. Las experiencias realizadas con mezclas de 
metabolites de ambos microorganismos confirman esos 
resultados. 

Nuestras experiencias demuestran que no existe Utta acdon 
directa de las celulas sobre el potencial de picado. Por 
consiguiente, el comportamiento electroquimico del aluminio y 
sus aleaciones en presencia de una o varias especies biologicas 
puede ser adecuadamente seguido mediante Ia utilizaction del 
potencial de picado como parametro electroquimico mas 
irnportante. 

Culver, 1967; lnverson, 1967; Miller, Herron, Krigrens, 
Cameron and Terry, 1964; Blanchard and Gaucher, 
1967). 

The lack of a sound interpretation of this problem 
could well be attributed to the difficulty of evaluating 

1 Instituto de Investigaciones Fisicoquimicas Teoricas y Aplicadas, Division Electroquimica. Sucursal 4, Casilla de 
Correo 16, 1900 La Plata, Argentina. 

(Received January 1979). 
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the relative importance of each one of the biological 
species involved in the process (cf. Parbery, 1968) and 
the complex interrelation between biological and 
electrochemical parameters. 

In recent years relevant progress has been made in 
knowledge of the microbiological aspects of the problem 
as well oo the development of different systems of 
protection (Parbery, 197la,b; Sheridan, 1972; Tanaka, 
Shimizu and Fukui, 1968; Park, 1973; Cooney and 
Felix, 1972). Notwithstanding this, the electrochemical 
aspects of the process have not yet been properly 
studied. 

Several studies on the corrosion of aluminium and its 
alloys in different inorganic media have used potentia.' 
static polarization techniques to study the corrosion 
process. The pitting potential (Ep) obtained from these 
curves is used as one of the principal electrochemical 
parameters, especially in the case of aluminium and its 
alloys which commonly present localised corrosion 
(Mtiller and Galvele, 1977; De Micheli, 1978). Pitting 
and intergranular corrosion is frequently found with 
these metals in the presence of microorganisms in fuel/ 
water systems (Hedrick, Miller, Halkias and Hildebrand, 
1964; Hedrick, 1970). 

The pitting potential of a metal can be defrned in 
a potentiostatic polarization curve as the potential 
below which the metal surface remains passive and 
above which pitting nucleates on the metal surface 
(Galvele, 1977). It is well known that the increase of 
the concentration of an aggressive substance in a 
medium produces a decrease in the Ep value (Galvele 
and De Micheli, 1970). 

There is a scarcity of information on the metabolites 
produced during the growth of mixed cultures of 
bacteria and fungi in fuel/water systems as well as on the 
interaction between these microorganisms. For this 
reason we have concentrated our efforts on the study of 
the individual influence of each isolated species, 
especially those more frequently found in the microbial 
sludge of fuel storage tanks, such as Cladosporium 
resinae and Pseudomonas aeruginosa on the electro
chemical parameters. 

In our own earlier research work (Salvarezza and 
Videla, 1978) we have studied the role of Qadosporium 
resinae in the corrosion of aluminium 99 99% and two 
alloys. In that work the direct effect of metabolic 
products on the Ep decrease was reported. 

The purpose of the present work was to study the 
influence of the microorganism number, the pH, and 
metabolites, on Ep values of aluminium 99.99% and its 
alloys for pure cultures of Ps. aeruginosa. To obtain a 
better understanding of the role of different micro
organisms involved in the corrosion process, C. resinae 
was also included. Attempts were made to understand 
the behaviour of both species and their mixtures. 
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Experimental 

Pure cultures of Ps. aeruginosa and C. resinae isolated 
from fuel storage tanks were used. 

The composition of the solution employed as · 
electrolyte and culture medium was: 

CaC12 1.8 x lQ-4 M 
MgS04 1.7 x lQ-3 M 
(NH4hS04 7.6 X l0-3 M 

is deionized water. Initial pH adjusted to 7.00 by 
additionofeitherH2S04 0.1 N,orNaOHO.l N. 

Fungal and bacterial culture were performed in 
erlenmeyer flasks of 500 ml. The fuel to medium ratio 
was 1/1 (100 ml of sterile medium and 100 ml of JPI 
as carbon source) for the fungus and 4/1 (200 ml of 
sterile medium and 50 ml of JPI) for the bacteria. 

Static conditions were chosen for C. resinae but in 
the case of Ps. aeruginosa cultures were agitated during 
the frrst 24 hours fo provide an adequate oxygen supply. 
Mter growth was initiated, static conditions were used 
for this organism also. Temperature was maintained at 
28°C. To estimate fungus growth, the mycelium weight 
method was adopted, while for bacteria the viable count 
method (nutirient agar) was employed. 

Electrochemical measurements were made in a pyrex 
glass cell using aluminium 99 99%, SAE 332 and 2024 
chemically polished probes of 1 cm2 exposed area. 

In Table 1 the composition of the two alloys is 
shown. 

Table 1 

Chemical composition of alloys 
in weight percent 

Alloy 
designation Cu 

SAE 332 "3.50 

2024 3.80 

Mg Zn Si Fe 

0.53 0.08 10.00 0.40 

1.53 0.09 0.15 032 

The counter electrode was a platinum wire. The 
potential of the working electrode was referred to a 
saturated calomel electrode through a Luggin capillary. 

The experimental temperature was 28°C. Potentia· 
static polarization . curves were performed changing 
potential values by steps of 10 mY each minute. A 
previous de-aeration of the electrolyte with pure 
nitrogen was carried out before the anodic curve was 
run. 

When polarization curves were performed to obtain 
Ep in the presence or in the absence of cells, two 
aliquots coming from the same culture were used. ·one 
of these was flltered through Geiman membranes 
(0 .2 p pore diameter) in order to remove the cells. 
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Results 

The relation between the growth of C. resinae and the 
pH variation of the medium can be seen in Figure I. 
The marked pH decrease is a consequence of the fungus 
growth; pH values in the range 4.0 to 5.0 are reached. A 
different effect is found for 1he strain of Ps. aeruginosa, 
Figure 2 shows the pH variation vs. the microorganism 
number for this bacteria. In this case , the pH values 
are between 6.0 and 7,0 for a wide range of micro
organism concentration. 

The Ep vs. pH relation for AI 99 99%, SAE 332 and 
2024 alloys in the presence of C. resinae can be seen in 
Figure 3. In this figure, the values obtained at pH 7.0 
correspond to the sterile medium. In all cases, the Ep 
values found in contaminated media (pH 4.0 and 5 .0) 
are more cathodic than those corresponding to sterile 
controls. If aluminium and its alloys are compared, 
the highest values of Ep correspond to the aluminium. 

On the other hand, Figure 4 shows the Ep variation 
as a function of the microorganism number in pure 
cultures of Ps. aeruginosa for AI 99 99% and the two 
alloys. Ep values obtained are similar to those 
corresponding to sterile controls except for the 2024 
alloy which shows a small decrease of Ep. 

In Figure 5, anodic polarization curves for AI 99 .99% 
in active cultures of Ps. aeruginosa are compared to 
similar curves obtained using the cell free solutions. 
Figure 6 shows similar experiments for C. resinae. It 
could be deduced from these results that similar EP 
values are obtained either for active cultures or cell
free solutions. 

Occasionally, potentiostatic polarization curves 
without electrolyte de-aeration were performed. The 
Ep values were similar to those found with previous 
pure nitrogen treatment. 

To clarify the role played by different micro
organisms in the process, several mixtures obtained 
from pure cultures were made. In these mixtures Ep 
values were determined. Figure 7 shows anodic 
polarization curves for AI 99 99% performed in a sterile 
medium, in a Ps. aeruginosa culture and in a mixture 
of metabolites. Figures 8 and 9 show similar results 
for SAE 332 and 2024 alloys. 

Discussion 

The electrochemical nature of the corrosion process 
of metals remains valid whether biological agents are 
present or not (Booth, 1971 ). Consequently, the 
direct or indirect participation of microorganisms in the 
process could be followed by the evolution of the 
electrochemical parameters such as corrosion potential 
and Ep. In the case of aluminium and its alloys the Ep 
value assumes a particular importance (Wexler and 
Galvele,1974). 

Several authors have observed a marked decrease of 
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pH due to metabolites produced during the growth of 
C. resinae (Hendey, 1964; Parbery, 1968). Different 
research works are related to the metabolic breakdown 
of hydro.carbon by various species of bacteria. The 
principal pathway of n-alkanes degradation involves the 
terminal oxidation through the alcohol and the aldehyde 
to the monoic acid. The fatty acids produced enter in 
the tricarboxllic acid cycle via acetyl CoA. Only 
recently some information has been given on the 
metabolic utilization of hydrocarbon by several species 
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of fungi. Citric, cisaconitic, isocitric, o<-keto-glutaric 
and oxal-acetic acids are mentioned among other 
metabolic products in the case of C. resinae (McKenzie, 
Akbar and Miller, 1977; Walker and Cooney, 1973). 
Different authors attribute the main responsibility for 
the corrosion process to these acids. It has already been 
reported that the formation of citric acid by C. resinae 
on undecane, reached 91% of the total carboxilic acids 
produced in 17 days of culture (Un, lida and l.izuka, 
1971). 
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Our results, using Ep as the electrochemical 
parameter to evaluate the degree of medium 
aggressivity, show that the metabolites produced by the 
fungus during growth are the principal agents of the Ep 
decrease (Salvarezza and Videla, 1978). 

Nevertheless, the electrochemical behaviour of 
aluminium and its alloys in the presence of citric acid 
is different from that corresponding to active cultures of 
C. resinae. This suggests that unidentified metabolic 
products could probably play a relevant role in the 
corrosion process. fu this respect, the selective attack 
on different mineral components of alloys (e.g. 
magnesium) is very significant. 

When other species of microorganisms such as 
bacteria of genus Pseudomonas are present, the scope of 
the influence of the metabolites on the process becomes 
more complex. 

Unlike C resinae, the strain of Ps. aeruginosa used in 
this work does not produce significant changes of the 
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medium pH. While the cells are viable, the pH values 
remain near neutrality. Coincidently, Bushnell and Haas 
(1941) using different strains of the genus Pseudomonas 
metabolizing hydrocarbons, reported a slight 
acidification of the medium. 

From our experimental results, it can be seen that 
bacterial growth has a behaviour for aluminium and its 
alloys dissimilar from that of C resinae. On this subject, 
it is interesting to remark the correspondence of these 
results with those of Guillaume, Brisou eta/., (1977) on 
the action of different bacteria on copper, zinc, nickel 
and aluminium in a sea water environment. An in· 
hibiting action by living bacteria, is indicated by these 
authors. Only in the case of death of the bacteria are 
metabolic products which are free in the medium able 
to produce a corrosion effect. 

On this subject our results performed in the absence 
of cells show no difference with reference to Ep values, 
from those obtained in the presence of microorganisms. 
This suggests an Ep dependence on metabolites 
production. 

The use of electrochemical parameters (such as Ep or 
corrosion potential) enables us to follow the 
modification of the medium agressivity simultaneously 
with the evolution of biological variables. 

In our case the Ep seems to be a good exper
imental parameter to decide the influence of each 
microbiological species on the corrosion process. like
wise, this parameter is useful to distinguish between 
the direct action of biological species and metabolic 
products on corrosion. 
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EVALUATION OF A NEW LABORATORY DECAY 
TECHNIQUE USING SERPULA LACRYMANS 

J.D. Thornton1 

Summary. The work describes mass loss and moisture content 
data obtained every three weeks during decay of Pinus rodiata 
D. Don sapwood by Serpula lacrymans Gray in covered metal 
trays. Each tray contained 36 blocks raised above the agar 
substrate by means of glass tubes. These conditions were 
conducive to steady, continual mass loss increases throughout 
the 12-week test. Statistical analysis of data from four replicate 
trays inoculated with a single isolate indicates that for the 
technique to detect differing decay by several cultures it would 
be necessary to have tray replication for each culture. Although 
no significant effect of either tree origin or within-traY block 
location was detected it is thought wise in future to adopt 
complete block randomization within each tray. 

Nouvelle technique de "gradation en laboratoirc utilisant 
Serpula lacrymans. Le travail decrit les pertes de masse et le 
taux d'humidit€ obtenus par p6riode de trois semaines au coors 
de l'attaque de Pinus radiflta D. Don par Serpula lacrymans 
Gray dans des plateaux metalliques couverts. Chaque plateau 
contenait 36 blochets install~s au dessus de substrat agar au 
moyen de tubes de verre. Ces conditions furent favorables 3. 
une augmentation fixe et continue de Ia perte de masse au cours 
de 12 demaines d'essais. L'analyse satistique des rCsultats a 
partir de 4 plat.caux inocu!e"s avec un isolat unique montre qu'il 
serait necessaire d'avoir plusieurs essais pour chaque culture afm 
de d6tecterdes d6gradations difftrentes au moyen de plusieurs 
cultures. Bien que l'on n'ait pas decete d'effet significatif en 
fonction de l'origine de l'arbre ou de Ia situation du blochet dans 
Ie plateau, on pense qu'il serait raisonnable "a l'avenir d'adopter 
une repartition statistique des blochets dans chaque plateau. 

Introduction 

Standard laboratory testing of the natural durability 
of timber comprises chiefly agar-flask (Cartwright and 
Findlay 1958) and soiljar (ASTM 02017-71, 1971) 
methods, or variations on these two techniques. 
Essentially these standards employ one test block per 
vessel and are, therefore, labour-intensive techniques. 
This problem can no doubt be lessened somewhat by 
the adoption of multiple-block test vessels and it was 
thought desirable to develop a suitable test method 
for use with basidiomycetous fungi. Preliminary studies 
(Thornton !979a) formulated a method using glass 
boiling tubes to support blocks above the agar. This 
paper reports testing and evaluation of this multiple· 
block decay technique using sapwood of P. radiata 
(radiata pine) and employing several trays, each with the 
same fungal isolate. Although this technique is intended 
as a normal 12-week decay test, for evaluation purposes 
sequential harvesting of blocks was performed. 

PrUfung eines neuen Laboratoriumsverfahrens zur Untersuchung 
von Pilzabbau unter Verwendung von Serpulo locrymans, Die 
Arbeit beschreibt MeBdaten, die in 3 wOchi,gen Abstanden tiber 
Gewichtsverlust und Feuchtigkeitsgehalt von Pinus radiata D. 
Don Splintholz gewonnen wurden, welches von Serpula 
lacrymans Gray in abgedeckten Metallschalen abgebaut wurde. 
In jeder MetaUschale befanden sich 36 Kl8tzchen, die auf 
Glasr8chrchen Gber dem Agarsubstrat lagen. Diese Bedingungen 
fiihrten zu einem sti.indigen Anstieg der Gewichtsverluste inner
halb der 12 wbchigen Versuchsdauer. Eine statistische Analyse 
von Ergebnissen von vier Parallel-Versuchen mit dem gleichen 
Pilz zeigten, daB zur FeststeUung von unterschiedlichem Befall 
durch veschiedene Kulturen Wiederholungsversuche fur jede 
Kutter angesetzt werden mGssen. Obwohl ein unterschiedlicher 
Standort der aaume oder die Position der KlO'tzchen in den 
Schalen keinen signifik:anten Einflui\ ausubten, wird es r'Ur die 
Zukunft als glinstig angesehen, die KIOtzchen in jeder Schale 
ganz nach Zufallsgesichtspunkten anzuordnen. 

Voloracion de una tecnica nueva de decadencia de laboratorio 
usando Serpu/a Locrymans. El trabajo describe los datos de Ia 
perdida en massy el contenido de Ia humedad obtenida cada tres 
semanas durante Ia decadencia de Pinus radiata D. Don de 
albura por Serpula Lacrymans de 36 bloques son levantadas por 
encima del agar substractivo por medio de tubas de cristal. Estas 
condiciones fueron conductivas a permanentes, aumentando Ia 
pcrdida de masa continua durante las 12 semanas de pruebas. El 
analisis estadistico de datos de cuatro bandejas de replica 
inoculadas con un aislador sencillo indica que para Ia tecnica 
para detactar 1a decadencia diferencial por las diversas culturas 
sera necesario tener respuesta de bandeja para cada cultura. 
Aunque ning~n efecto significante o bien el origen del arbol o 
dentro de Ia localizacion del bloque de Ia bandeja fue detectado, 
es juicioso que en el futuro se adopte Ia aleatorizacion del 
bloque completo dentro cada bandeja. 

Materials and Methods 

Timber substrate 
Sapwood of three trees of Pinus radiata was machined 

to produce blocks 19 x 19 x 25 mm, with the last 
measurement along the grain. Blocks from each of 
the trees were then selected so that they all had similar, 
narrowly spaced growth rings and visually appeared low 
in resin content of latewood bands. 

Test fungi 
The culture used was an isolate of the true dry rot 

fungus Serpula lacrymans (DEP 16508) which was 
originally obtained from decayed floorboards of a 
Melbourne residence in 1977, with the aid of the specific 
isolation medium of Coggins and Jennings (1975). 

Between its isolation and use in the present test the 
culture was maintained on 125% malt extract (1.0 -
125% agar) at 18-20°C. 

lcsiRO, Division of Building Research, Highet!, Victoria 3190, Australia. 

(Received, November 1978; in fmal form March 1979). 
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ALUMINIUM FOIL COVE~ 

TEST BLOCK GLASS TUBE FUNGAL INOCULUM MALT AGAR 

Figure I. Cross«ctional view of multiple block decay chamber. 

Figure 2. Plan view of multiple-block decay technique, showing layout of blocks and their times of removal 
from test. Number to left of dash indicates tree of origin. Number to right of dash indicates week of removal 

from test. 

Decay technique 
The method used is illustrated in Figure I. Briefly 

this involves the pacing of large boiling tubes (which 
for the present test were of internal diameter 27 mm, 
length 180 mm, and external diameter across the mouth 
of 36 mm) in the base of a large metal tray so that there 
is a gap (approximately 3 mm) between adjacent tubes 
along their length. A solution of 1.0% malt extract 
(15% agar) is poured into the tray to reach a height 
approximately equal to the radial measurement of the 
tubes. After autoclaving, the inoculum is allowed to 
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grow so that it reaches the uppermost point of the 
tubes' outer surfaces. Sterilized test blocks are then 
placed above the spaces between adjacent tubes so that 
each row of blocks is supported by two adjacent tubes. 
An aluminium foil cover is placed over the top of each 
tray prior to incubation at 20 + I °C. 

For a nor!Jlal test of 12-weeks's duration, test blocks 
would usually be randomly placed within each tray. 
However, for the present tests, where some blocks were 
to be removed after three, six, nine and 12 weeks' -
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incubation, blocks were segregated into three groups, 
each of which corresponded to the same tree of origin. 
Titis restriction of randomization was performed solely 
for ease and speed of block removal to exclude 
contaminating micromganisms. The layout of blocks 
and their times of removal from test are shown in Figure 
2. 

Results relate to four replicate trays, each Inoculated 
with S. lacrymans culture 16508, and three sterile trays 
from which the fungus was omitted. 

Tray 
no. 

Table I 

Moisture content changes of radiata pine blocks 
In the absence of fungus 

Mean moisture content percentage 
(SD in parentheses) 

Time in weeks 
3 6 9 12 

Block conditioning and reconditioning was to 12 per 1 32(2) 35(3) 36(3) 35(3) 
cent equilibrium moisture content in every case and, 
following each removal time, appropriate measurements 2 31(1) 34(4) 34(3) 35(1) 
were made In order to calculate the mass losses and 
moisture contents of all blocks at removal. 3 33(3) 34(5) 34(3) 34(1) 

Results and Discussion 

Table I presents data illustrating between-tray 
moisture content variation of timber in the absence of 
decay. By the end of three weeks' incubation blocks 
have increased from their initial 12 per cent moisture 
content to the value expected for fibre saturation 
(around 32 per cent) and threafter increase only a few 
per cent throughout the remaining test periods. This 
uniformity of moisture content of uninoculated timber 
contrasts with those variable moisture contents obtained 
In this laboratory using standard soiljar testing (Tam 
and Thornton 1978; Thornton 1979b). 

Data concerning block mass loss following 
inoculation with S. /acrymans are given in Table 2. A 
standard three-way analysis of variance was performed 
on the mass loss values of all replicate blocks. This 
showed a significant effect (at the 0.1% level) of time 
on mass loss. It would of course be expected that mean 
mass loss values would increase fairly unifonnly with 
time. However, this contrasts with determinations made 
in a soil-jar test with radiata pine sapwood blocks and 
the white rot fungus Fames lividus (Kalch.) Sacc. where 
the author found a marked reduction in the rate of mass 
loss at later measurement times with no significant 
differences between the 10 and 12 week determinations, 
even though mass losses had by then reached only 
around 30 per cent (Thornton 1979b). Whether or not 
F. lividus would exhibit continual mass loss increases 
using the present test method is not koown at the 
moment. Statistical analysis showed the only other 
significant variable to be that of the tray itself (at the 
0.1% level), this variation being entirely due to the 
significantly lower (at the 0.1% level) mass losses 
achieved in tray number 2 (Table 2). This fmding of 
greater variation between trays than within trays was 
also obtained using the soil·tray technique (each tray 
containing nine blocks) of Greaves (1977). These results 
show, therefore, that In order to detect significant 
differences between a number of fungi, or mixed 
populations of fungi, using multiple-block techniques, 
replication of containers is essential. 

Data concerning block moisture content at removal 
from incubation with S. lacrymans isolate DEP 16508 
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Table 2 

Decay of radiata pine blocks after inoculation of trays 
with the same isolate of S. /acrymam. 

Mean mass loss percentage • 
(SD In parentheses) 

Tray Time in weeks 
no. 3 6 9 12 

I 5.2(6.6) 21.4(6.1) 329(5.7) 40.3(5.0) 

2 1.7(2.1) 14.8(6.6) 27.7(5.7) 38.4(7 .2) 

3 4.8(5.6) 21.3(65) 33.6(6.3) 44.8(4.2) 

4 4.2(5 .3) 21.0(4.0) 35.6(4.6) 45.3(5.2) 

* Mass loss values presented are those following 
correction for sterile controls. 

Table 3 

Moisture content changes in radiata pine blocks after 
inoculation of trays with the same isolate 

of S. lacrymam. 

Mean moisture content percentage 
(SD in parentheses) 

Tray Time in weeks 
no. 3 6 9 12 

. I 43(4) 54(4) 61(4) 64(4) 

2 42(4) 46(5) 53(4) 61(6) 

3 42{2) 54(7) 64(7) 71(5) 

4 42(3) 50(3) 60(3) 70(8) 

are presented in Table 3. Mter only three weeks' 
incubation, mean block moisture contents were higher 
than any recorded for the sterile controls (Table 1), 
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which would be expected since block decay (Table 2) 
had begun during this three·week period. Again a 
standard analysis of variance was performed on moisture 
content readin~. Significant effects (at the 0.1% level) 
on moisture content were found to occur with tray and 
time. As with mass loss data (Table 2) the significant 
tray variation was due entirely to significantly lower (at 
the 0.1% level) moisture contents of blocks in tray 
number 2 (Table 3). 

The data presented here concern a single fungus 
species which may be said to exhibit exceptional powers 
of colonization and translocation. However, a range of 
Basidiomycetes have now been used with this technique 
and reproducibly high mass losses have been achieved 
(Thornton, unpublished data). 

Although this technique was designed initially for 
natural durability testing, it is currently in use in this 
laboratory for the screening of potential preservative 
formulations against Basidiomycetes (Thornton and 
Greaves 1978). The use of preservative treated wood 
probably necessitates a higher inoculum potential than 
for untreated timber, and volatile preservatives would 
be expected to cause problems in a multiple-block 
situation. For these reasons this technique has so far 
been used only with leached blocks and with the 
addition of "feeder strips" above the glass supports 
(Thornton and Greaves 1978). 

Conclusions 

The multiple-block decay technique assessed here 
with S. lacrymans provided a continuous and steady 
decay of the sapwood of the softwood timber P. radiata 
to reach a reasonable value for the decay at the end of 
12 weeks' test period. In the absence of fungus the 
timber increased from an initial moisture content of 12 
per cent to a fibre saturation value (30 to 34 per cent) 
within three weeks. At this moisture content, initial 
fungal attack could normally be expected to occur. 
Using this technique blocks do not become too wet for 
decay to be expected to continue throughout the 
duration of a standard laboratory test period. 

Although no significant mass loss variation due to 
either tree origin or spatial distribution of blocks within 
tray was detected, when using the technique as a 
12-week decay test it would be wise to randomly 
distribute all blocks within each and every tray. 

If, using this technique, direct comparisons of 
different fungi are required then tray replication is 
essential for each and every isolate employed. 
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THE ANTI-MOLLUSCAN BORER EFFICACY OF 
SOME BENZYPHENOLS 

John D. Bultman1 and Leonard Jurd 

Summary. A series of benzyl monoalkyl- and dialkylphenols 
were evaluated for their ability to protect pine from teredinids 
and pholads. The most effective compound at 0.9% concen
tration in the wood was 2-benzyl4.6-di+butylphenol (I); 
removal of the t-butyl group from the 6-position of the phenolic 
ring completely destroyed this activity toward teredinids, and 
decreased it toward pholads. The other phenols were less 
effective than I, however wood impregnated at a concentration 
as low as 0.8% with those compounds containing a 1-phenylethyl 
substituent was only lightly attacked by teredinids; wood 
impregnated with phenols containing a 4-methoxybenzyl or 
benzyl substituent was only lightly attacked by pholads. The 
mode of action of the active benzylphenols is not known. 

L'cfficacitC contre les mollosques ter€brants de quelques benzyl 
phenol. Une seric de monoalkyle et dialkyles p~€!lols a etC 
essay€e pour Ia protection du pin centre les teredmtdae et les 
pholades. Le compose' le plus efflcace ~ Ia concentr~tion de 
0{)% dans 1e bois fut le 2·benzyle4,6-d!-l-butyle phenol (1). 
L 'enl~vement du groupe t·butyle de Ia position 6 du noyau 
phe'nolique a tot:llement detroit cette activite vis a vis des 
teredinidae et l'a diminuCe vis a vis des pholades. Les autres 
phCnols furent mains efficaces quie I; cependant, du bois 
impregne a une concentration aussi faib_..le que 0,8% avec ces 
composis renfermant un substituant !-phenyl ethyle ne fut que 
Ie'ger~ment attaquG par les teredinidae;le bois impregne avec des 
phenols contenant un substituant 4-methoxybenzyle ou benzyle 
ne fut que lcgerement attaque par les pholades. Le mode 
d'action des benzylphenols actifs n 'est pas connu. 

Introduction 

As part of a study on the natural resistance of 
tropical American woods to wood-destroying organisms 
(Bultman and Southwell, 1976; Southwell and Bultman, 
1971; Bultman, 1974), a series of lienzyl monoalkyl
and dialkylphenols, many of which have shown repellent 
or other biological activity against terrestrial organisms, 
(Jurd, 1976; Pridantseva and Voldkin, 1974), have 
received a preliminary evaluation as potential anti
marine-borer wood preservatives. 

Experimental 

Pine sapwood discs (6.5 mm x 50 mm diameter), 
previously dried by a solvent extraction procedure 
(Stamm, 1964) to increase their porosity, were 
impregnated with acetone solutions containing sufficient 
of each of the henzylphenols to provide a concentration 

1 Naval Research Laboratory, Washington, D.C. 20375. 

(Received, March 1979). 
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Die Wirksamkeit einiger Benzylphenole gegen den Angrlff von 
Mollusken. Eine Reihe von Benzybnonoalkyl- und -diakyl
phenolen wurde auf ilue Flihigkeit untersucht, Kiefemholz vor 
Teredinidenund Pholadidenbefall zu schiitzen. Die wirksamste 
Verbindung war eine 0,9% ige Konzentration von 2-Benzyl4,6· 
di+butylphenol (I} lm Holz. Die Entfemung der t·Butylgruppe 
aus der 6-Position des Phenolrings zerstOrte diese Wirkung 
gegen Terediniden vOllig und setzte sie gegen Pholadiden herab. 
Die anderen Phenole waren weniger wirksam als I.jedoch wurde 
Holz, welches mit einer 0,8% igen Konzentration jener Vera 
bbtdungen, die - ein laphenyllithyl Substituent enthielten, nut 
geringfugig von Terediniden angergriffen; Holz, welches mit 
Phenolen, die 4-Methoxybenzyl oder Benzyl als Substituenten 
enthielten, impra'gniert waren, worden nur schwach von 
Pholadiden angegriffen. Die Wirkungsweise der aktiven Benzyl
Phenole ist nicht benkaimt. 

La eficacia de Ia raiz penetrante de anti-moluscos de algunas 
bencifenolicas. Una serie de monoalkilicos y dialkifenols 
fueron valorados par su habilidad para proteger el pino par Ia 
teredinids y pholads. El compuesto mas efectivo en 0.9% de 
concentracion en Ia madera, fue el 2-benzol4,6-di+butifenol 

. 0); 1a remocion ·del grupo t-butilo de 6-posiciones del anillo 
fenolico completamente destruyo esta actividad con respecto 
al teredinids, y lo disminuyo tocante a los pholads. Los otros 
fenolicos fueron menos efectivos que I, sin embargo, Ia madera 
impregnada en una concentracion tan baja como 0.8% con esos 
compuestos conteniendo un substituyente de Henoletal 
ligeramente fue atacada por el teredinids; Ia madera impregnada 
con fenol conteniendo un 4-metoxibenzol o benzol como 
substituyente, fue atacada solo llgeramente por pholads. La 
composiclon de la accion de Ia actividad de las bencifenolicas no 
se conoce. 

of the solute in the wood varying from less than one to 
nearly four per cent. A modified Bethel full-cell 
vacuum/pressure technique was employed (Hunt and 
Garratt, 1953). The treated wood was exposed in the 
marine environment at Naos Island, Canal Zone 
(Pacific) for three months. Representative of the marine 
borer population at-this site are Teredo panamensis, T. 
bartschi, and Martesia striata; no limnorians have been 
observed at this site for several years. The treated wood 
was sufficiently immersed to be one meter below the 
water surface at low tide. Wood damage was estimated 
using a subjective rating system which combined the 
results of a visual inspection of a number ofx.ray prints 
with the average number of organisms in the specimens, 
as determined by microscopic examination. 

Results and Conclusion 

Several of the benzylphenols provided some 
protection against teredinids, pholads or both, as shown 
in Table 1. However, the most effective compound was 
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2-benzyl4 ,6-di-t-butylphenol {1), a compound also used 
as a stabilizer and anti-oxidant for rubber and polymeric 
hydrocarbons (Green, 1965 ; Spacht, 1960). Wood 
impregnated with I at concentrations of 1 .8 to 3.8 per 
cent was undamaged (Figure 1 ). At 09 per cent , the 
lowest concentration employed , the wood discs were 
invaded only by one small teredinid and four small 
pholads , although there were many abandoned entry 
pits in the wood surface . While the other phenols were 
less effective than l , most of the wood impregnated with 
compounds containing a 1-phenylethyl substituent , e.g. , 
2 -o-phenyle thyl)4-ethyl phenol (II), at a concentration 
as low as 0.8 per cent was only lightly attacked 
(rating ::: 1) by teredinids ; wood treated with most of the 
phenols containing a 4-methoxybenzyl substituent , e.g., 
4{4-methoxybenzyl)-2 ,6 -<li·t-butylbenzylphenol (Ill) , o r 
a benzyl substituent , was only light ly attacked by 
pholads. Interestingly , the removal of the 6 -t-butyl 
substituent from I destroyed its activity against 
teredinids. 

The mode of action of the active benzylphenols on 
te redinid and pholad larvae is not known . They may 
be acting as larvicides, or they may function on the 

--

II Til 

wood surface as repellents which discourage the settle
ment of the larval forms . Highly hindered phenols such 
as I and III, are insoluble in water, are relatively inert 
chemically, and can be synthesized cheaply and easily 
from phenol. These compounds, therefore, may prove 
to be of practical use as preservatives for wood in the 
marine environment. Further studies on the relation. 
ship between the molecular structu re of benzylphenols 
and antiborer efficiency are in progress . 
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Table 1 

Summary of the exposure data for the benzyl phenols showing the average damage rating for each 
set of treated wood. Rating scale: 0 = no apparent damage, I =light damage, 2 =moderate damage, and 

3 = heavy damage. 

Compound 

2-benzyl4,6-di-t-butylphenol 

2-{I-phenylethyi)4,6-di-t-butyiphenol 

2·(4illethoxybenzyl)4{J-di-t-butyiphenol 

4-{I -phenylethyl)-2,6-di-t-butylphenol 

2-{1-phenylethyi)4-ethylphenol 

2-{1 -phenylethyl}-4-t-butylphenol 

2-benzyl4-ethylphenol 

2-[ 1-{ 4 illethoxyphenyl)-propyl] 4 ,6-di ·t·butylphenol 

4-(4-methoxybenzyl )-2 ,6-di -t-butylphenol 

2-benzyl4illethylphenol 

4-benzyl-2-butylphenol 

2-benzyl4-butylphenol 

Acetone controls 

Untreated controls 
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%Solute Average Rating 
Concentration teredinids phoiads 

09 I I 
1.8 0 0 
3.8 0 0 

0.8 1 2 
1.6 I 2 
3.2 I 2 

0.7 1 I 
1.4 2 1 
2.8 2 1 

0.8 2 3 
1.5 I 3 
3.1 1 3 

3.1 1 

3.2 2 

35 I 

3.1 2 3 

0.7 2 I 
1.5 2 1 
29 2 I 

33 2 I 

3.1 3 1 

3.6 3 I 

3 3 

3 3 
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CO-OXIDATION OF 2,4-DICHLOROPHENOXYACETATE 
BY PSEUDOMONAS SP. 

S.R. Bauer1, E.M. Wood2 and R.W. Traxler2 

Summary. A Pseudomonas species was isolated by enrichment 
culture on sodium benzoate. It did not utilize 2,4-dichloro
phenoxyacetate (2,4-D) as a sole source of carbon and energy 
but did co-oxidize 2,4-D when growing on sodium benzoate. 
The p-chloro .eoup was removed from the ring structure. 
Studies with 1 C-labeled 2,4-D showed removal of the acetate 
moiety of the co..substrate. Radiochromatography demonstrated 
the formation of a co~xidation product. 

Cooxydation du 2,4-d.ichlorophenoxyacetate par Pseudomonas 
sp. Un Pseudomonas a· ~tC isol€ en culture enrichie sur 
benzoate de sodium. On n'a pas utills€ le 2,4 dichlorophenoxy
acetate (2,4 D) comme seule source de carbone et d'(nergte mais 
1a co-oxydation du 2,40 piir croissance sur benzoate de sodium. 
Le groupe chloro en position Para a ete enlevC de 1a structure du 
noyau. Des Ctudes avec du 2,4 D marqu6 en 14C ont montre 
Ia coupure de .la partie acetate du co-substrat. Une radio
cluomatographie a montr6 .la formation d'un produit de co· 
oxydation. 

Introduction 

When organic molecules are introduced into soil or 
water environments, many different microbiological 
phenomena determine the fate of the molecules. The 
material may be completely oxidized to carbon dioxide 
and water, it may be transformed without modification 
of the carbon skeleton, it may be partially oxidized or 
it may not be modifred by the resident microbial 
population. 

The phenomenon of co-oxidation was introduced by 
Leadbetter and Foster {1959) to describe oxidation of 
ethane to acetic acid by Pseudomonas methanica 
deriving growth energy and carbon from methane. Some 
confusion exists today regarding this process since it has 
been modified and expanded in concept (Jensen, 1963; 
Horvath and Alexander, 1970; Raymond Jamison and 
Hudson, 1967). 

The phenomenon of co-oxidation requires the 
involvement of two substrates, a growth substrate and a 
second substrate which is not mofified in the absence of 
the growth substrate. In addition, there is some 
accumulation of a partially oxidized product of the non· 
growth substrate. 

To the practicing microbiologist concerned with the 
fate of organic molecules, co-oxidation is a real 
phenomenon. It may be a practical event, however, 
rather than a specific physiological event explained 
by a universal mechanism. The explanation of the 
phenomenon may in different systems be related to 

Ko.Oxidation von 2 ,4-Dichlorphenoxyacetat durch eine 
Pseudomonos·Art. Durch eine Anreicherungskultur wurde 
eine Pseudomonas-Art auf Natriumbenzoat isoliert. Der Pilz 
verwendete 2,4-Dichlorphenoxyacetat (2,4-D) nicht als einzigo 
Kohlenstoff- und Energiequelle, sondern ko-oxidierte 2,4-D, 
wenn er auf Natriumbenzoat wuchs. Die p.Chlorgruppe wurde 
aus der Ringstruktur entfernt. Untersuchungen mit 
C14-markiertem 2.4.1J zeigten, daB das Acetat aus dem 
Kobustrat entfernt wurde. Rad.iochromatographie bewies die 
Bildung eines Ko{)xidations-produktes. 

Co-oxidacion de 2,4-d.iclorofenociacetato por Pseudomonas sp. 
Una especie de Pseudomonas fue aislada por cultura enriquecida 
en benzol sodico. No fue utilizado 2,4-dicroifenociacetato 
(2,4..0) como J.lR solo foco de carbon y energia pero si co-oxido 
2,4-D cuando se crecia en benzol sodico. El grupo p-cloro fue 
removido de la estructura del anillo. Estutios con 14"C-irradiato 
2.4-D demostro la remocion del acetate ijugosidad) co
substralda. Radiocromatograrta demostrada por la formacion de 
un producto co-oxidado. 

different physiological 
enzyme specificity, 
permeability. 

mechanisms such as repression, 
adaptation or membrane 

This report describes the ability of a soil 
pseudomonad to co-oxidize 2,4<iichlorophenoxyacetic 
acid (2,4·0) in the presence of sodium benzoate, and 
will be used as a basis for determining the mechanisms 
of co-oxidation of this system. 

Materials and Methods 

Isolation and culture conditions 
The Pseudomonas sp. used in this s!Udy was isolated 

by enrichment culture from garden soil in M-9 medium 
(Roberts eta/., 1955) containing 0 .I% (w/v) of sodium 
benzoate at pH 7 .0. The isolate was identified as a 
member of the genus Pseudomonas by comparison of 
its characteristics with those of the genus description in 
Bergey's Manua! (1974). Bacteria were grown in 250 ml 
of medium in a I liter flask on a gyrotory shaker at 120 
rpm for 24 hours at 27°C. The cells were harvested by 
centrifugation at 2840 RCF for IS minutes, washed 
three times and suspended in 0.02 M, phosphate buffer, 
pH 7 .0. Reactions were performed in Warburg flasks 
containing S-7 mg cells (dry weight) suspended in 
phosphate buffer and the compound(s) tested. The 
total flask content was 3.2 mi. Growth experiments 
were performed in 250 ml flasks containing 50 ml of 
medium. 

i4C·iabeled, 2,4-D experiments. 
Experiments using labeled 2,4-D (ring·UL-14c, 

I Present address: Acme Cotton Products, Box 16, Brooklyn, Cf, USA 06234. 

2 University of Rhode Island, Kingston, R.I. 02881 USA. (Please write to Dr. Traxler for reprints). 

(Received November 1978;in revised form, Feburary,l979). 
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carboxy(.14 C, acetic·2 .14 C; Mallinckrod t) were perform· 
performed in 250 ml flasks containing 50 ml of medium 
at 27°C in a gyro tory water bath shaker. Each flask 
contained 1.08 mg of unlabeled 2 ~-D (Eastman Organic 
Chemicals), 14.18 mg of sodium benzoate (Mathewson, 
Coleman & Bell), 032 mg of 14Chbeled 2,4·0, and 
20 mg of cell suspension. Air was passed through 
ascarite (Arthur H. Thomas Co.) to remove C02, tben 
through the reaction flask to carry metabolic C02 into 
two, 5 ml methanol: monoethanolarnine (4:1) traps. 
The traps were changed at 2 hr. intervals to prevent over 
saturation and all traps from a reaction vessel combined 
before counting. The total volume from the traps was 
divided in to 2.5 ml aliquots and added to 12 ml of 
scintillation cocktail. The cells were collected at the end 
of the experiment by centrifugation, washed on an 0 22 
urn GS Mi!lipore membrane and dried. The membrane 
and cells were then placed in a scintillation vial for 
counting. The cell-free culture supernatant was counted 
by placing 0.1 ml aliquots into IS ml of scintillation 
cocktail. The cocktail for supernatant and C02 trap· 
counting was 4 g of 2,5-diphenolxyazole (PPO, 
Amersham/Searle) in 400 ml of 95% ethanol brought to 
I liter with toulene (Scintanalyzed, Fisher). The 
cocktail for cell counts was 4g of PPO and 50 mg 1,4-bis 
(2{5-phenyloxazole)) benzene (POPOP, Amersharn/ 
Searle) in 250 ml of toluene. All counting was done in a 
Nuclear Chicago, Mark I liquid scintillation spectro
meter. 

Dechlorination 
Chloride ion release was demonstrated in tbe 

indicator medium of Loos (1975) and by a modification 
of the Mohr method (Skoog and.West, 1969) in which 
the silver nitrate was reduced IO·fold to increase the 
sensitivity of the reaction. 

Analytical techniques 
2 ,4·D was quantitated as the ethyl ester in a Tracor 

Mikrotek model 220 gas chromatograph equipped with a 
1.5% OV-17/195% QF-1 on 100/120·meshSupelcoport 
14" x 6' glass column at 200°C with the nitrogen carrier 
at 70 ml/min. The electron capture detector was set at 
325°C. The 2,4·D was extracted from the aqueous 
medium by diethyl ether at pH 3.0, washed by trans· 
ferring back to the water phase at pH 10.0 and re· 
extracted into ether at pH 3.0. The fmal ether phase 
was protected with I ml ofO.Ol% mineral oil in hexane 
and then evaporated to dryness. The acids were 
esterified by the method of Woodham, Mitchell, Loftis 
and Collier, (1971). 

Paper chromatography was used to distinguish 2,4·D 
and possible metabolites. Whatman No. I paper was 
prewashed in distilled water and dried before spotting. 
The solvent system was n.!Jutanol saturated with l.SN 
NH40H. The indicator spray was 0.04% (w/v) 
bromocresol purple in formaldehyde :ethanol (I :5) 
followed by exposure to ammonia vapor. When 
14Chbeled substrates were used, the solvent was run 
for 16 em and each solvent path was cut into I em 
segments for analysis in the liquid scintillation counter 
(Nuclear Chicago, Mark I). 
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Results and Discussion 

This Pseudomoms sp., isolated on sodium benzoate, 
was shown previously (Bauer and Traxler,1977) to grow 
on either sodium benzoate or a mixture of sodium 
benzoate and 2,4·D but not 2,4-D as a sole source of 
carbon and energy. Oxygen uptake by cell suspensions 
on the mixture of sodium benzoate and 2~·D was 
shown to be greater than on sodium benzoate alone and 
oxygen uptake on 2,4-D alone was equal to the 
endogenous oxygen uptake of the isolate (foe. sit.). 
This information suggested that the Pseudomonas 
utilized 2 ,4·D as a co-oxidizable substrate when growing 
on sodium benzoate. 

0./oride ion release 
Growth of this Pseudomonas sp. on tbe indicator 

medium of Loos {1975) indicated that chloride was 
removed from 2 ,4-D. A quantitative test in growth 
medium containing both sodium benzoate and 2,4·D 
indicated that 24% of the available chloro groups were 
removed from the 2,4.1) molecule (Table 1). The 
organism was able to partially dechlorinate 2 ,4-D in the 
absence of the growth substrate indicating that this 
reaction is not dependent upon co-oxidation. However, 
there was a significant increase in tbe amount of 
chloride released from the ring structure if sodium 
benzoate was present. Evans, Smith, Fernly and Davies, 
(1971) showed that in the dissimilation of 2,4-D the 
fust metabolic step was the removal of tbe p-chloro 
group. 

Table I 

Chloride ion release by a Pseudomonas sp. from 
2 ,4-D in 7 day flask experiments 

Substrate(s) 

2,4-D 

2 ,4-D + Sodium benzoate 
Sodium benzoate 

u moles 
'cr-
1.006 

3.08 
0.0 

2,4 ·D is 2 ,4-dichloro phenoxyacetate. 

Table 2 

%available 
a-
s 

24 
0 

2,4·D lost from Warburg vessel 
after 3 hours incubation 

J'g 2,4.1) )'g 2,4·D % 
Substrate(s) added recovered lost 

2,4·D 84 81.1 3.5 

2,4-D +Sodium benzoate 84 639 23.9 

2 ,4-D is 2 ,4-dichlorophenoxyacetate. 
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Figure l. Radio-chromatograph of culture filtmtes 
from sodium benzoate-2,4-D labeled in the COOH or 
-CHr positions. 

0 Reference 2 ,4-D 
e -COOH labeled 2 ;4·D 
A.-CH2-Iabeled 2,4-D 

The co-oxidation system showed 24% loss of available 
2,4-D (I mg/flask) by gas chromatographic analysis 
(fable 2) during the short term experiments. This data 
does not represent total potential degradation of 2 ,4-D 
in the system. The appearance of a partial oxidation 
product at 14 em in a system designed to separate the 
aromatic chloro compounds (Fig. 2) suggests that the 
product contains at least one chloro group. 

Carbon dioxide release 
In order to establish the moiety of the 2,4-D 

modified in this co-oxidation system, 2,4-D 14C~abeled 
in the carboxyl group, methylene carbon or uniformly 
ring-labeled was amended with unlabeled sodium 
benzoate and metabolic C02 measured for radioactivity 
(fable 3). 

Measurement of 14c radioactivity associated with the 
cells and culture filtrate demonstrated that there was 
2,4-D uptake by the cells but that the major portion of 
the 2,4-D or its metabolic product was located in the 
culture filtrate. There was 14C02 produced from both 

to• 

e .. 
0 .... 
~ a. 
c 

t0 1 

4 16 

Figure 2. Radio-chromatograph of culture filtrates 
from sodium benzoate-2,4-D labeled in. the ring or 
COOH positions. 

.A. Reference 2 ,4-D 
0 COOl! labeled 2,4-D 
e,Ring labeled 2,4-D 

the carboxyl- and methylene~beled 2,4·D indicating 
that the acetate group was oxidized in this system. 
There was no I4co2 detected from 2,4-D labeled in the 
ring indicating that co-oxidation does not result in 
dissimilatory rfng clevage products. 

Radiochromatography 
The filtrates obtained from sodium benzoate+2 ,4-D 

(labeled)· grown cultures were extracted to recover 
2,4-D and its co-oxidation products. The extracts were 
chromatographed on paper which was then cut into I 
em segments for radioactivity measurement. The 
results from the 2 ,4·D labeled in the carboxyl or 
methylene positions are shown in Figure I. 

There were no differences in the peak geometries of 
the radioactive compounds recovered from co
oxidation nitrates generated from acetate~abeled 2 ,4·D. 
The uniform peak geometries mean the compounds 
detected from each flask represented unreacted 2,4·D. 
The only compounds which were detected by this 
method contain either all or part of the acetate group 
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Table 3 

Distribution of 14c activity in co-oxidation 
from 2 ,4-D labeled in various positions 

Fraction DPM 14C Label 
Position Measured Radioactivity 

C02 None 

Cells 5.5 X J03 
Ring UL 

Filtrate 1.7 X 106 

C02 
7.4 X J04 

Cells 32 X J03 
-COOH 

Filtrate 6D x 106 

C02 
2.4 X 104 

Cells 3.] X J03 

Filtrate 5.1 X 103 

attached to a chlorinated benzene nucleus. This data 
indicated that any co-oxidation product formed from 
the sodium benzoate-2,4-D system did not contain the 
acetate moiety of2,4-D. 

Figure 2 is a similar plot of the co-oxidation mixture 
containing ring-UL-2 ,4-D. In this case the radio
chromatogram shows a modified peak geometry and the 
formation of a new peak at 14 em from the origin. The 
new peak represents a chlorinated benzene compound 
with at least one polar group and lower molecular 
weight than 2,4-D. This observation, coupled with 
evidence for decarboxylation of the acetate moiety, 
no evidence for disimilatory ring cleavage and 
dechlorination from the ring moiety, suggests that this 
Pseudomonas sp. carried out a co-oxidation reaction 
in which the acetate moiety is disimilated to carbon 
dioxide and one chloro group is removed from the 
benzene nucleus. 
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A REPETITIVE DIE-AWAY TEST COMBINING SEVERAL 
BIODEGRADABILITY TEST PROCEDURES 

J. Blok1 

Summary. A method is described to screen chemical 
compounds for their biodegradability, and for comparative 
studies. The reproducibility of the m'ethod is given and the 
advantages are illustrated. The method combines measurement 
of dissolved organic carbon and oxygen uptake. ThiS makes the 
test more u!eful than any other comparable method. Repetitive 
incubation answers questions concerning adaptation time and 
degradation rate. 

Essai ~p6titif de d6,-adation lente combinimt plusieurs modes 
op&atoiies de biodegradabilite. On dfc:rit une m€thode de 
criblap de composts chimiques pour €tudier leur 
biodegradabilit€ et Ies comparer. On indique la reproductibilite' 
de Ia rne'thode et on met en {vidence ses avantages. La m6thode 
combine Ia mesure du crubone organique dissout et !'assimilation 
d'oxyg~ne Ceci rend l'essai plus utile que toute autre m~thode 
comparable. Des incubations rep{tC'es r{pondent aux questions 
concernant Ia dure'e d'adaptation et la vitesse de ~gradation. 

Introduction 

Biodegradation studies are conducted for different 
reasons. Frequently the potential biodegradability is 
measured as a property of a compound for the environ· 
mental assessment of new products. Especially for the 
screening of new chemicals and for comparative studies, 
some standardized and reproducible laboratory methods 
are required. 

In addition, biodegradation may be studied as a 
process in some environmental situation. For this 
purpose simulation methods must be used. In some 
cases this becomes a research task, but for general use 
five different simulation methods could be standardized 
for such conditions as: activated sludge, surface water, 
sea water, anaerobic sludge, or soil. (Blok, 1975; Gilbert 
and Watson, 1977). 

A fmal answer to difficult questions about bio· 
.degradation can be provided by field studies, but 
simulation and field studies take much time and are 
expensive. One of the merits of a screening method is 
that it reduces the amount of research to be done. This 
is based on the experience that most substances which 
are degraded in a screening method are also degraded in 
simulation methods and in the environment. There
fore, the screening method should not have an extremely 
high biodegradation potential. Further studies need 
then be made only with compounds that are repeatedly 
not degraded in a range of screening tests. 

The choice of a screening method for biodegrad
ability depends on the purpose of the study, the 

: 

Eine Kombination venchiedener Verfahren zur PrUfung der 
biologischen Abbaubarkeit. Es wird ebt Verfahren beschrieben, 
das sich sowohl zur Priifung der biologischen Abbaubarkeit 
chemischer Verbindungen eignet als auch (tir verglelchende 
Untersuchungen. Das Verfahren ist reproduzierbar, und seine 
Vorteile werden erliiutert. Es bcsteht in einer kombinierten 
Messung der Aufnahme an gelOstem organischent Kohlenstoff 
und Sauerstoff. Dadurch wird das Verfahren n\itzlicher als jedes 
vergleichbare Verfahreti. Wiederholtes lnkubieren gibt Antwort 
auf Fragen der Anpassungszeit und der Abbaugeschwindigk,eit. 

Una prueba de amortiguamiento o decrecimiento repetitive 
combinidadndo varios procedimientos de preubas de 
biodegradabilidad. Se describe un metoda para proteger los 
componentes quimicos por sus biodegrabilidad y para los 
estudios comparatives. La reproductibilidad de metodo es dada 
y las ventajas estan ilustradas. El metoda combina 1a medida del 
carbon organico disuelto y Ia coptac/on del oxigeno. Esto hace 
1a preuba mas util que otros metodos comparables. La 
incubacion repetitiva responde a preguntas en consecuencia con 
el tiempo de adaptacion y la velocidad de degradacion. 

analytical possibilities, toxicity, water solubility, and 
vapour pressure of the compound. The main criterion 
for a screening method is a reproducible analytical 
procedure. Specific analyses for special compounds, or 
functional group analyses for certain chemically related 
compounds, are possible. In this way a primary degrad
ation or a loss of functionality is determined. For the 
environmental assessment this primary degradation may 
be of great interest, especially when the original 
structure gives rise to certain environmental problems 
such as foaming or toxicity. Finding an analytical 
procedure for all new chemicals to be tested, however, 
is difficult. Moreover, the environmental assessment is 
not complete with a primary degradation; the ultimate 
biodegradation to carbon dioxide, minerals, water and 
biomass, is the only safe criterion. Incomplete mineral
isation gives rise to questions about residual toxicity 
and ·accumulation. 

The analytical methods for ultimate biodegradation 
are: Chemical Oxygen Demand (COD), Dissolved 
Organic Carbon (DOC), carbon dioxide evolution, and 
oxygen uptake. Recent experience gained with DOC 
analysis and with dissolved oxygen measurement is 
such that they can be considered to be the most 
appropriate methods for biodegradation studies. 

Although commercial instruments are sensitive to a 
level below 5 ppm, the smallest significant concentration 
difference that can be measured is 5 ppm DOC because 
of variations in blank values. Dissolved oxygen 
concentrations, however, may be differentiated at a level 
of 0.1 ppm. When 5 mg DOC/litre is the residue of a 

1 Akzo Research, Corporate Research Department Arnhem, Netherlands. 

(Received, November 1978;in fmal form, January 1979). 
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Figure I. Percent oxidation of kerosine and diethylhexylphosphoric acid (Depha) In an RDA test, impregnated on 
mUlipore filters. 

Fresh material is added each week up to and Including the fifth week and the height of each point represents the 
percentage of this material, together with that remaining unoxidlsed from the previous week, which is oxidised during 
the week. 

degraded substance, the level of the test compound 
before degradation should be SO mg DOC per litre. For 
some compounds this concentration may already be 
toxic to fresh water microorganisms. In this case the 
DOC method is not applicable. 

The main disadvantage of DOC analysis is the 
limitation to water .. oluble compounds. Many chemicals 
to be tested adsorb to the sludge or glass walls, 
precipitate during the test, or are Insoluble, or nearly 
insoluble, in water. When these circumstances exist 
the so-called bioelimination, instead of biodegradation, 
is measured. This disadvantage can be overcome by the 
simultaneous measurement of the oxygen uptake, which 
is real proof of the oxidation of the compound. 

The theoretical oxygen uptake by a compound at 
a level of 50 mg DOC/litre will normally vary between 
100 and ISO mg 0 2/litre. This amount, however, is not 
soluble in water. This paper describes a m~thod which 
makes it possible to measure simultaneously the oxygen 
uptake and the residual amount of dissolved organic 
carbon at a level of SO mg DOC/litre. 

A typical complication with biodegradation studies 
is the phenomenon of adaptation. During the 
degradation of a compound the product could be more 
or less recalcitrant to further degradation. A rapid 
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degradation at the end of the incubation time may mean 
an adaptation to the original molecule, but it may also 
point to an increased biodegradability of the break· 
down products. For the interpretation of the results for 
practical situations this is of great importance. It should 
be known whether the incubation time is necessary 
because of the slow degradation rate or because of the 
time required for the induction of adaptation. This 
problem can be overcome by repetitive incubation. The 
adapted flora is fed with a new sample of the original 
compound and if a real adaptation has occurred the 
degradation rate increases with repetitive incubations. 
Using this experimental technique, the incubation period 
for each increment of the newly·added substance is only 
one week. The biodegradation potential of this test is 
more in accordance with relevant environmental 
situations. 

A repetitive Incubation has some further advantages. 
Because of the repetitions the statistical value of the 
fmal result is higher. Also, the adsorption capacity of 
the system is gradually saturated and the toxicity of 
non-degradable compounds, or residual compounds, may 
be measured at different levels. Furthermore, when 
some information about metabolites is necessary, the 
repetitive incubation gives an accumulation of a 
measurable amount of the recalcitrant metabolite. 

The test method described in this paper is an attempt 
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to combine several existing methods. The Sapromat 
method (Steinecke, 1968), the Japanese MITI method, 
and the Closed Bottle test of Fischer (Fischer, 1973), are 
all based on oxygen uptake. The disadvantages of the 
Sapromat type of apparatus are its expense and the 
carbon dioxide depletion which could result in a 
limitation for certain bacterial species. The Closed 
Bottle test is not very accurate because of the low 
concentration but can be recommended for toxic 
compounds. 

The revised OECD screening test using DOC analysis 
(I.S.O. 1978) and the French AFNOR test (AFNOR, 
1977) are very similar to each other. These methods do 
not measure the oxygen uptake. Checking for physico· 
chemical eliminations is done by a sterile control, but 
this control does not contain any sludge. The 
sterilisation procedures and the bacterial counting 
advised do not seem to be strictly necessary. The 
OECD screening test should be carried out at the level 
of 10 mg DOC/litre. This level decreases during bio
degradation and becomes too low for accurate 
measurement. The recommended filtration procedure 
could give contamination with organic substances from 
the filter. Therefore the filters must be washed 
extensively with sample, which requires big samples. 
The same holds also for the possible adsorption of 

organics on the paper surface. Centrifugation for 5 
minutes at 5000g is much easier, only small sample 
volumes are needed and a clear supernatant is produced. 

The OECD screening test and the AFNOR test are 
strictly limited to water-soluble non -adsorbing 
compounds with low volatility. 

The new elements in the method described in this 
paper are: 

I. The simultaneous measurement of oxygen uptake and 
residual amount of organic carbon. 

2. The repetitive incubation. 

In this way most drawbacks of other existing 
methods are removed. 

Experimental 

Test Principle 
The test compound is brought together with poly

valent aerobic microorganisms in a mineral medium. 
This medium contains some vitamins and an inhibitor of 

. nitrification. The concentration of the test compound 
is about 50 mg/litre expressed as organic carbon. Each 
week the oxygen uptake and the amount of dissolved 
organic carbon (DOC) are measured. After these 
measurements have been made a further quantity of 
the test compound is added. The process is repeated 
at weekly intervals, an equal quantity of the test 
compound being added on each occasion after the 
measurements have been made. This is continued for 
four weeks; on the next two weekly occasions measure~ 
ments are made but test compound is not added. 
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Incubation takes place in the dark at neutral pH 
and 20° C on a rotary shaker (200 rpm). The flasks are 
two thirds filled with liquid leaving me third their 
volume of air. Oxygen is measured with a dissolved 
oxygen electrode and the total oxygen uptake is 
calculated from the per cent decrease in dissolved 
oxygen multiplied by the amount originally present in 
the water and air together. 

Mineral Medium 
The mineral medium is obtained by diluting I : 1000 

of equal quantities of the stock solutions A - F of 
composition given below with distilled water. The 
constituents suffice for the formation of about 150-
200 mg/litre biomass or for the ultimate biodegradation 
of about lg/litre of test compound. 

Solution A: KH2P04 2.83 g per litre 
K2HP04 7.25 g per litre 
Na2HP04.2aq 11.13 g per litre 

Section B: MgS04.7aq 75 g per litre 
CaCI2 9.2 g per litre 
FeCI3.6aq 0.083 g per litre 

Solution C: NH4CI 127 g per litre 

Solution D: Allylthiourea 2 g per litre 

Solution E: Yeast extract 5 g per litre 

Solution F: H3B04 1.2 g per litre 
CuS04.Saq 1.2 g per litre 
KI 05 g per litre 
MnS04 23 g per litre 
NaMo04 23 g perlitre 
ZnS04.1aq 4.7 g per litre 

Preparation of fresh inoculum 
to obtain a polyvalent 

inoculum, various sources of aerobic organisms are used 
together. To 70 ml tap water the following are added: 

10 ml stock solution A 
10 ml fresh activited sludge 
10 ml fresh river sludge 
I ml fresh domestic sewage 

500 mg fresh compost or garden soil. 

This mixture is homogenised with an ultrasonic mixer 
for 10 - 20 seconds and paper-filtered. The filtrate is 
used as soon as possible, in any event within one hour. 
3 ml of this inoculum is added to each 600 mi of mineral 
medium. 

Incubation procedure 
The test is carried out in brown incubation bottles of 

280 ± I ml with stirrers provided with ground glass 
stoppers (n 19/26) each containing the appropriate 
quantity of mineral medium plus test substance and 
inoculum. Each determination is carried out in 
triplicate. 

Each test series should include a blank (without test 
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compound but with inoculum) and a reference and a 
toxicity control (made by combining test compound and 
reference). The test compound is added to the mineral 
medium from a stock solution, or directly by weighing 
in the case of a water-insoluble compound. The 
concentration should not exceed a theoretical oxygen 
demand of 100-150 mg/litre. The reference measure
ment is made with sodium acetate. 5 ml of a stock 
solution containing 3094 g/litre NaAc3aq is added to 
600 ml mineral medium. Each flask is numbered and 
contains a teflonised magnetic stirrer. Each flask is 
charged with 187 ml of the aqueous mixture, carefully 
closed, and placed on a rotary shaker for ooe week. 

Oxygen measurement 
Each flask is placed on a megnetic stirrer in the 'ofr 

position. The stopper is removed and the calibrated 
oxygen probe is immediately put in its place. The probe 
passes through a rubber stopper which closes the flask 
while the measurement is made. The stirrrer is switched 
on and the oxygen concentration is read when the value 
is stable. Because the volume of the electrode is greater 
than that of the stopper some air is displaced when the 
electrode is inserted. No problems have been met in 
practice due to possible entry of fresh air during this 
process. 

Dissolved organic carbon measurement 
A mixed sample of 7 5 m1 is prepared by taking 2 5 

ml from each of three flasks. The samples are centri· 
fuged for 5 minutes at about 5000g. The supernatant is 
decanted and acidified with one drop of 2N H1 S04 • 

Carbon dioxide is stripped with a nitrogen flow through 
a glass capillary for three minutes. The amount of 
organic carbon is then determined with a commercial 
DOC analyser. 

Reincubations 
After sampling and dissolved oxygen measurements 

the pH is measured and corrected if necessary. The 
water is aerated by bubbling air through for 15 minutes 
until saturation: I I> ml of the stock solutions of test 
compound and/or reference material is added. The 
volume is adjusted by addition of mineral medium to 
187 ml and the flasks are closed for the next one week 
incubation period on the shaker. This procedure is 
followed after 7, 14, 21,28 days but after 35 days and 
42 days the measurements are made but no new test 
compound is added. This completes the test. 

Calculation of the results 
The blank value (DOCtbl is subtracted from the 

measured amount of dissolved organic carbon (DOCtl· 
The added amount of organic carbon (TOCadde.V is 
calculated; for water-insoluble compounds this is a 
theoretical amount based on the dry weight addition. 
The. results are expressed as per cent elimination of the 
dissolved organic carbon, calculated as shown: 

per cent eliminated ~ 

TOCadded - (DOCt - DOCtb) 

TOC,.dded 
X 100 
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The oxygen uptake is corrected for that in the blank 
and related to a measured chemical oxygen demand or 
to a theoretical oxygen demand (TOD) of the amount 
added. The maximum oxygen uptake per litre of flask 
volume is 2/3 of this TOD. 

The total oxygen per litre of flask volume at 20°C 
and 76 em Hg before the incubation is: 

in air 1/3x 1/22.4x iJi x32x021- 93mg02 

in water 2/3 x 8.8 ~ 6mg02 

Total 99 mg 0 2 

This figure has a standard variation of + 2 mg 
because of variations in the atmospheric pressure. 

The per cent degradation follows from: 

where: 

DOtb ~ 

DOt ~ 

DO,t ~ 

TOD ~ 

per cent degradation -

(DOtb - DOt) 99 xlOO 

D051 2/3 TOD 

dissolved oxygen in blank after incubation 

dissolved oxygen in test after incubation 

dissolved oxygen at saturation (known from 
the temperature) after incubation. 

Total (or Theoretical) oxygen demand of the 
substance added at the beginning of incub-
ation (mg/litre water). 

Remarlcs on the method 

I. If the oxygen uptake in the toxicity control is lower 
than in the reference the test must be repeated with a 
lower concentration of the test compound. 

2. The dissolved oxygen should not fall below I mg/litre 
during incubation because otherwise the per cent 
degradation cannot be calculated. If this occurs the 
next incubation should take place with addition of 
less test compound. 

3. For volatile compounds the liquid must not be 
aerated, only the air in the flask should be replaced. 
This can be done by pouring the contents in to a clean 
flask and back into the test flask. The dissolved 
oxygen concentration is measured before the incubat
ion without waiting to reach equilibrium with the gas 
phase. The dissolved oxygen deficit (saturation value 
minus the measured value) times ·2/3 is subtracted 
from 99 in the formula. 

4. Water-insoluble fluids can be added by impregnating 
them on a cellulose-acetate millipore filter. This may 
be done directly on a microbalance. Dilutions of 
water-insoluble compounds can also be made in 
diethylether or ethanol. They are adsorbed volume-
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trically on a millipore filter and the solvent is evap
orated before placing the ftlter in the flask. 

S. An increased oxygen uptake in the blanks together 
with a decrease of the pH points to nitirifcation. In 
that case the next incubation should be done with an 
extra addition of2 ppm allylthiourea. 

6. The method can be modifred to permit lower con
centrations which will give less accurate weekly DOC 
measurements but the same reproducibility after S 
repetitive incubations. This is achieved by increasing 
the water fraction in the flask. With 9/10 volume 
parts of water and 1/10 volume parts of air, five 
repeated additions of 10 ppm DOC are made. The 
formula then is: 

Results 

per cent oxidation -

(DOC1b - D01) 36 

D0,1 0.9 TOD 
X 100 

The method has been applied to a readily degradable 
reference, namely sodium acetate (NaAc), and a poorly 
degradable reference, namely triethylenetetrarnine (tta). 
For this test, blank, NaAc, and Ita were tested six times 
in triplicate to measure the reproducibility and standard 
deviation. The results are given in tables I -4. 

From these data it can be concluded that the oxygen 
uptake with NaAc is about 80% of the theoretical 
oxygen demand. As 98% DOC was removed this means 
that about 20% of the compound is not oxidised but is 
found back in the synthesised biomass. So an 
oxidation of 80% can be regarded as a biodegradation 
of 100%. 

The reproducibility of the results is good. The least 
controllable factor is the inoculum composition. For 
the less degradable compounds, especially, this will vary 
the time required for adaptation. To check this factor 
sodium acetate is not an appropriate substance. 

The standard deviation of the DOC measurements 
show that indeed about S ppm DOC is the lowest level 
to obtain an accurate measurement. 

The results with tta show that no oxidation takes 
place. Some reduction of the DOC related to the 
amount of TOC added takes place in the fttst weeks. 
The repetitive incubations, however, show some 
degree of saturation. In separate studies it has been 
shown that a primary degradation takes place without 
oxidation and that two of the four main groups are 
split off and can be found back as anunonia. The 
metabolite has the same organic carbon content but is 
less ·adsorbed to soil, glass, or sludges and is also less 
toxic to Daphnia magna. 

The test has also been performed with two poorly 
water-soluble compounds, namely diethy!hexylphos-
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phori~ acid (Dehpa) and kerosine. These compounds 
were Impregnated on a mil!ipore fllterl. Figure I gives 
the oxygen uptake expressed as a percentage of the 
theoretical oxygen demand. DOC measurements were 
not made in these cases. The tests were continued for 
56 days. It can be seen from the figure that the 
repetitive incubation gives an increased oxidation 
capacity up to 80% in one week becau"' of the 
adaptation during the previous six weeks. The time 
necessary for the induction of an adapted flora 
however, is evidently different for these twd 
compounds. 

Discussion 

Biodegradability is an important factor for the 
environmental assessment of a new product. An 
incomplete or slow biodegradation has to be put in 
the context of overall world production, distribution 
pattern, water-solubility of product and metabolites 
volatility, adsorption to soil as well as sludges and 
toxicity. ' 

The new test described is a good tool for obtaining 
part of this knowledge. The results can be used to make 
a "'lection for further research or simply to avoid 
expensive studies. The accumulated metabolites can be 
employed for analytical studies or for toxicity tests 
with fJSh and Daphnia etc., and the accumulated sludge 
can be used for further respirometric studies. The 
applicability to water-insoluble and volatile compounds 
is attractive because so many organic compounds are 
poorly water-soluble. 

This test method can easily be modified to permit 
lower concentrations in the case of toxic compounds 
and to permit higher concentrations of sludge and test 
compound in order to be more akin to sludge tests such 
as those described by Zahn and Wellens (1974) and 
Pitter (1976). 

Without difficulty a modification for "'a water is 
possible. When inoculation is done with special sludges 
from soil columns, river bottoms, or purification plants, 
the results may be used to show some level of adaptation 
to special compounds which these sludges may contain. 

The repetitive incubation is a step towards semi
continuous test methods (FIScher, Gerike and Holtman 
1975). This makes the test more easy to compare with 
these systems and with natural situations. 

The test can be conducted in multiple for a series of 
compounds without necessitating enormous investments. 
When the DOC measurement is carried out with an 
automatic injection system the test cen be performed 
on a routine basis which requires two man/days per 
test compound. 

In our experience millipore membranes give no 
oxygen uptake or relea"' of dissolved organic carbon. 
For security, however, membranes could be added 
to the blank. 
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Table 1 

Oxygen uptake in the RDA test, related to the 
theoretical oxygen demand of sodium acetate added 
in five weekly quantities each of 4 7 mg/lltre TOC 

Incubation 
week 

DOth x mg/litre 

n=6 s 

DOth x mg/litre 

n=6 s 

DOth -DOt 

DOst 7 

Integral oxygen 
uptake mg/1 flask 

TODadded 
mg/1 flask 

%oxydation 

I 2 3 4 5 6 

850 855 8.75 8.63 851 8.60 

OD9 0.08 O.o7 0.12 0.10 0.11 

290 2.41 2.78 2.86 3.07 7.06 

0.19 0.30 0.39 0.33 0.69 0.45 

0.64 0.70 0.68 0.66 0.62 0.18 

63 1325 200 265 326 344 

84 167 251 334 418 418 

75 79 80 79 78 82 

Mean value 79 + 5%. 

Table2 

Dissolved organic carbon in the RDA test related to 
the amount of sodium acetated added in five weekly 

quantities each of 47 mg/litre TOC 

Incubation 
week 1 2 3 4 5 6 

D0<1b x mg/litre 2.0 45 2.0 4.0 45 3.0 

n=6 s 055 9,75 1.25 150 2.0 1.25 

ooctb x mg/lltre 35 9.0 35 7.0 7.0 4.0 

n=6 s 2.7 15 2.2 2.6 3.8 0.8 

%elimination 97 95 99 98 99 100 

tOo] 

Mean value 98 + 2%. 

62 

Table 3 

Oxygen uptake in the RDA test related to the 
theoretical oxygen demand of triethylenetetramine 
added in five weekly quantities of 38 mg TOC/Iitre. 

Blank values as in Table 1 . 

Incubation 
week 

DOt x mg/lltre 

n=6 s 

DOtb- DOt 

DOst 

Integral oxygen 
uptake mg/ I flask 

TODadded 
mg/1 flask 

%oxydation 

Mean value 2 ± 2%. 

I 2 3 4 5 6 

8.63 8.24 8.61 8.65 8.67 8.28 

0.11 0.14 0.09 0.08 OD9 0.12 

0.00 0.04 0.02 0.00 0.00 0.04 

0.0 4 6 6 6 10 

100 200 300 400 500 500 

0.0 2 2 15 1 2 

Table4 

Dissolved organic carbon in RDA test related to the 
amount of triethylenetetramine added in five weekly 
quantities. Blank values are the same as in Table 2 

Incubation 
week I 2 3 4 5 6 

DOC! x mg/litre 28 62 101 154 196 185 

n =6 s 0.8 l.l 1.7 4.7 6.0 59 

% elimination 32 24 13 0 0 4 
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SPECIAUSED 
Prepared and published by the Biodeterioretion Information Centre 

Specialised bibliographies are produced from the Biodeterioration Information Centre's document collection 
from 1965 as listed in the bibliographic journals Biodeterioration Research Titles (B.R.T.) and Waste Materials 
Biodeterioration (W.M.B.). 

Bibliographies may be updated by use of B.R.T. and W.M.B. or purchase of new editions of existing titles. 
Copies of papers listed may be purchased from the Biodeterioration Information Centre. 

Following are Bibliographies currently available -all currently updated 

SB1 Glass, Ceramics and Optical Equipment- 28 references £3.00 

SB2 Stone, Brick and Concrete -85 references £4.00 

SB3 Microbial Corrosion of Metals - 250 references £5.50 

SB4 Micro-organisms in Metal Extraction -100 references £4.00 

SB5 Marine Fouling -4 75 references £8.00 

SB6 . Fouling of Pipelines and Watar Systems -145 references £4.50 

SB7 Aquatic Weeds and Fouling of Waterways - 150 references £5.00 

SBB Rubber and Plastics Biodeterioration - 235 references £5.50 

SB9 Fuels, Hydrocarbons and Lubricants in Biodeterioration -425 references £7.00 

SB10 Pharmaceutical Products and Cosmetics -180 references £5.00 

SB11 Termites- behaviour and control -350 references £7.00 

SB12 Composting of Agricultural and Municipal Wastes - 130 references £4.50 

SB15 Paints - 360 references £7.00 

SB16 Works of Art and Museum Specimens - 70 references £4.00 

SB17 Rodents - 570 references £9.00 

SB18 SingiEH:ell Protein from Wastes - 294 references £6.00 

SB21 Pulp and Paper - 252 references £6.00 

SB22 Algae as Doteriogans - 186 references £5.00 

Orders for published Specialised Bibliographies or requests for the preparation of Specialised Bibliographies 
in other subjects should be addressed to: 

Dr. D. Allsopp, Biodeterioration Centre, 
The University of Aston, 
St. Peter's College, Collega Road, 
Birmingham BB 3TE, England. 



II 

Int. Biodeterior. Bull. (ISSN 0020-6164) IS {2) 1979. 

i FORTHCOMING CONFERENCES, MEETINGS AND COURSES 
' !. 
il Date Subject and Title of Meeting Location Contact 

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

Canberra City, ACT 2601, 
Australia. 

i 
Cologne ! 3-7 September, 1979 Actinomycete Biology Professor Dr. D.P. Schaal, 

II 
International Symposium on Germany Hygiene-Institute der Universitat, 
Actinomycete Biology. Goldenfesstrasse 21 

I• Sessions on: Taxonomy, 5000 Koln 41 
I Morphology, Ecology, Physiology Germany. 
I and Biosynthesis, Genetics. 
I 
I 18-21 September 1979 Extracellular Products of Dublin Dr. W.M. Fogarty, 

Microorganisms Ireland. University College, 
Joint NWEG/FEMS/SGM meeting. Dept. of Industrial Microbiology, 
Symposia on: Extracellular Ardmore, Stillorgan Road, 
Enzymes; Bacterial Toxins. Dublin 4. 

Ireland. 

25-27 September 1979 Control of Insects and Rot in Princes Miss Diane Poole 
6-8 November 1979 Buildings Risborough Building Research Establishment 

Three day course. (Near Aylesbury) Princes Risborough Laboratory, 
Fee: £25. England. Princes Risborough, 

AYLESBURY, Bucks. 

I 
HP17 9PX. 
Phone: 084 44 310 I. 

I 13-15 November 1979 Post -Harvest Food Crop Harrogate Association of Consulting 

I Conservation England Scientists 
Organised by the Association Owles Hall, 

I of Consulting Scientists. BUNTING FORD, Herts. 

I England. 

I 6-8 February 1980 Industrial Waste Stockholm Box 21060 
I 3rd International Congress SWEDEN S-100 31, 
I on industrial waste water and Stockholm, 
I wastes. (sponsored by I.U.P.A.C.). SWEDEN. 
I 
I 15-17 Apri11980 Livestock Wastes Amarillo A.S.A.E. 

I 4th International Symposium on Texas, U.S.A. Box 410, St. Joseph, 

I livestock Wastes Michigan 49085, 

I U.S.A. 

I June 1980 Marine Corrosion and Fouling Barcelona Secretaria del Congreso 

I 5th International Congress on Spain Revista "CP CORROSION y 

I 
Marine Corrosion and Fouling. PROTECCION" 

Calle Londres 17 
MADRID-28, 
Spain. 
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BIODETERIORATION INFORMATION CENTRE 
DEPARTMENT OF BIOLOGICAL SCIENCES, 

THE UNIVERSITY OF ASTON IN BIRMINGHAM, 
80 COLESHILLSTREET 
BIRMINGHAM B4 7PF. 

ENGLAND 
TELEPHONE: 021-359 3611 EXTNS. 229 & 6258 TELEX: 336997 

LITERATURE COLLECI"ION 
I 

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' work and up 
to 40 pages of photocopying, if appropriate, and advised if further work is likely to yield further results. 

PHOTOCOPY SERVICE 
The Centre will supply single copies of papers from the literature collection at a cost of 8p per page, minimum 

charge £1 (UK.), £2 (Overseas), providing that a photocopy declaration is signed in compilance with the 1956 British 
Copyright Act. 

CONTRACT RESEARCH 
The Centre undertakes a wide variety of contract research projects including testing of products by standard or 

specially developed methods. Organisms available for use in research and testing include a comprehensive collection 
of micro-organisms, insects including tennites, and a colony of wild strain mice. Contract research rates are very 
competitive. 

SPECIALISED BIBUOGRAPHIES 
Specialised bibliographies on specific aspects of biodeterioration and biodegradation are produced from the 

document collection from 1965. A list of titles and prices currently available is published in most issues of the 
International Biodeterioration Bulletin, or may be had on request. 

JOURNALS PUBLISHED BY THE CENTRE 
Three quarterly journals are published:-
Intemational Biodeterioration Bulletin (IBB) A scientific journal for publication of original works, including reviews 

and book reviews on all aspects ofbiodeterioration and biodegradation. Each issue also contains the Biodeterioration 
Society Newsletter which includes short abstracts of papers presented at meetings of the Society in Great Britain and 
Ireland, and also details of forthcoming me!'tings, conferences and symposia. 

Biodeterioration Research Titles (BRT) A bibliographic journal which presents, in classified form, references to 
published literature on all espects ofbiodeterioration and biodegradation. About 2000 references per annum. 

Waste Materials Biodegradation Research Titles (WMB) A bibliographic journal similar 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. 

SUBSCRIPTION RATES 

Standard Rate International Biodeterioration Bulletin (IBB), per annum 
Biodeterioration Research Titles (BRT), per annum 
Both of the above, per annum 
Waste Materials Biodegradation (WMB), per annum 

Reduced Rate for private individuals, members of the Biodeterioration Society, who 
undertake that they do not purchase on behalf of an Institution 
IBB per annum 
BRT, per annum 
Both IBB and BRT, per annum 

Sustaining Associates subscribe at the rate of, per annum 
and receive all three journals to a maximum of 12 copies in any combination 
of each issue. They are entitled to advice and specialist visits at preferential 
rates. 

1978 1979 

£20 £22 
£16 £18 
£30 £34 
£14 £16 

£11 £12 
£ 9 £10 
£15 £17 

£80 £100 

Microfiche All three journals are published simultaneously in microfiche at the same subscription rates. 

Back Copies Back copies of most issues are available. All issues are available in microfiche. 



THE POTENTIAL FOR 
MICROBIAL GROWTH 
CAN LEAD TO 
EXPENSIVE LOSSES 

CALL IN THE EXPERTS! 
The testing of materials for their physical and chemical properties in relation to end use is routine 

practice today, but BIOLOGICAL TESTING is often neglected.· This can result in service failures. 

The potential for biological attack can be tested and the BIODETERIORATION CENTRE is 
able to offer advice and carry out trials on a contract basis to evaluate susceptibility of a product 
to biological damage. We have facilities for testing against BACTERIAL, FUNGAL, ALGAL, 
INSECT and RODENT ATTACK and are able to offer advice on general factory hygiene and plant 
contamination. 

Our information and technical services section can provide the latest published information on the 
biodeterioration of materials. 

We also regularly run short courses on the various aspects of microbiology involved in industrial 
situations. 

Why not contact us if you think you have a problem? The POTENTIAL savings could be great. 
Our service is confidential; please ring us and talk things over. 

Contact: 
DR. KEN SEAL, CONTRACT RESEARCH MANAGER BIODETERIORATION CENTRE 

St. PETER'S COLLEGE, UNIVERSITY OF ASTON 

Published by the Blodeterloratlon Information Centre 

COLLEGE ROAD, 
SALTLEY 

BIRMINGHAM BB 3TE. 

Telephone: 021-3593611,ext.229/6258; Telex: 336997 
(Mark "For the attention of Biodeterioration Centre") 

Printed in England by Louis Drapkin Ltd. 
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