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ABSTRACT

The present study was inltiaEed under a contract with the New

Zealand Defence Scient,ific Establishment to document the nature,
extent and possible sources of nicrobial contamination of middle

distillate fuel (rDiesof) held in storage tanks at Devonport,

Auckland, and to study possible methods for control of such

contamination.

Thirty-one fungal species and five bacteria were isolated
during the period 1982-1984. The principal contaminants were the
fungi Cladosporiua resinae (the anamorph of Anorphotheca resinae
Parbery), Penicil-7iun corylophilun and PaeciTonyces variotii. All
three fungi produced dark nyceliaL nats ar rhe water/diesel fuel
lnterface in laboraEory studies. Interactions between Lhese fungi
were observed. In the presence of Bushnell.-Haas mineral salts/diesel
fuel phases Cladosporiun resinae predominated while in seawater/diesel
fuel phases Penicil.Tiua coryTophilua predominared. All Ner* Zealand

and Australian isolates of C. resLnae grew profusely in Bushnell-Haas
mineral salts/diesel fuel phases.

The biostatic/biocidal effects of chemicals on the predominant

fungi in diesel fuel were studied in laboratory and field tests during
1984-1985. The most effective biocides in controlling C. resinae were

benomyl, imazalil and Kathon 886. fmazalil had no effect on

Paecil-onyces variotii but when used in combinaEion with benomyl a

synergistic effect occurred at 100 ppm. Biobor JF, DEGME and EGME

performed poorly in laboratory tests regardless of the anount of water
present, but gave tenporary inhibition of C. resinae in the field
tests. Isolates from tanks treated with Biobor JF and DEGME grew well
in the presence of these conpounds in the laboratory. DML-7 and

Proxel AS inhibited C. resinae and PeniciTTiua spp. in both laboratory
and field tests at a high dose of 300 ppm but were less effective
against P. variotii. The effects of the biocides on engine
performance and carbon deposits on engine components were studied.

Recomnendations for control of microbiol.ogical contamination of
stored diesel fuel are given. In electron nicroscope studies no

difference vas observed in the intracellular structures betueen jet
and diesel fuel isolates of c. resinae and the non-hvdrocarbon
utilizing Cladosporiun cladosporioides.

VICTORIA UNIVERSITY OF \I/ILLINCTC.If_11 _
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1.1

All heterotrophic nicro-organisms, vhether bacteria or fungi,
have sinilar generar requirenents for grovth. They require a sourceof organic carbon to supply both carbon skeletons for the fornation ofnew cel1 constituents and to provide the necessary energy followlngpartial or conplete oxidation. Such organisns have been called
chercorganotrophs (Harker and Linton, LgTg). Hydrocarbon fuers
contain between g0z and g9z carbon (King and lkKenzie, r9r7) and thusshould be abre to provide an excerlent source of carbon energy.
However they vary in their susceptibirity to ricrobial degradatlon.

certain organic naterials vhich are noy quite co'mon
environnentar contaninants uere not always so comnon, and the
hydrocarbons which conprise the various types of modern riquid fuelsare prime examples. rn recent years due to the rapid devel0pment inindustry, transportation and naval activity large quantities of fuelare stored for 10ng periods providing a nan-oade environnent where
nicro-organisns can thrive. Hany other nan-nade organic norecures
such as plastics and other synthetic naterials uidely used by nanprovide eyen Eore recent additions to the environnent and nay be
capable of forning a substrate for nicrobial grovth. The ability ofmicro-organisns to netabolise hydrocarbons yas denonstrated long ago
by Miyoshi (1895). More recently it has been shom that a range ofnicrobial species have the capacity to break doun various hydrocarbons(ZoBell, 1946i Beerstecher, 1954; Fosrer, 1962).

Aliphatic and 10ng chain hydrocarboDs appear to be nore
susceptible to nicrobial attack than aronatic and short chain
hydrocarbons' Molecules containing fron l0 to lg carbons are attacked
nore frequently and rapidry, and they support abundant Eicrobiar
gronth (Lukins, 1962). The reason fuel conEaining aromatic
hydrocarbons is less readily attacked, nay perhaps be due to toricityor the requirement for nore speciarised enzJrnes to degrade such
conpounds (ZoBell, 1950).
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0ther nutrients namely nitrogen, phosphorus, potassiun and trace
elements are less abundant in fuer, although their levels may be
supplemented by fuel additives, rubber, paints, hunan waste and
seawarer (Hill and Hughes, 1969).

rt is therefore not surprising to find nicro-organisns
associated with aviation fuels (gasoline and kerosene in both subsonic
and supersonic aircraft and in storage Lanks), diesel fuer (niddle
distillate fuel) in storage, in road and rair vehicres, diesel
generators, central heating fuel and diesel fuel 0nboard ships,particularly rhere rater displacement is used in order to naintain aconsistent ttrinr- Green et a.. (1967) reported that rocket
propellants were also susceptibJ.e to nicrobiar attack. The
hydrocarbons are predoninantly aliphatic but in sone fuels, a high
content of aronatic hydrocarbon may be present, for example some jetfuel contains 252 aronatics. The additives whlch nay be present in
the aviation fuels incrude anti-oxidants, netar deactiyators,
corrosion inhibitors, antistatics and anti-icing agents. fire termrdiesel fuelt covers a wide range of differing hydrocarbon blends,
sone of which nay also contain cetane number inprovers and corrosioninhibitors (Genner and Hi1l, lggl). The navy uses a special type ofnarine diesel called tdiesot.

A11 organisns including hydrocarbon utirizing organisns depend
upon a certain atrount of sater in various forns. Gronth of nicro_
organisms appears Eo occur in the water phase yhich is nearly always
found in conmercial hydrocarbons. For exanple hydrocarbon fuels viu
absorb water fron the atnosphere to the ertent of 100 ppm and thls
tends to separate out to generate che free vater phase nhen subjectedto tenperature or pressure fluctuations. rf hydrocarbon fuels are
conpletely dry, it would appear that grovth cannot occur but sone
contaninants nay survive. survival of cells can vary considerabry(sharpley, 1966). Bacteria nay survive for only a few hours vhile
resistant stages such as the conidia of cradospriua resinae (ananorphof Anorphotheca resinae) are knovn to survive for proronged periods(Hill, Evans and Davies, 196l). Survival of nicrobial spores in dry
hydrocarbons arso appears to vary depending on tenperature (sharprey,
1966).

-2-



1.1.1

The earliest published reports on bacterial attack of fuels and
oils were in the 1930ts. Tausson and Aleshina ( Ig32) reported attack
on fuel by anaerobic sulphate-reducing bacteria. Thaysen (1939)
investigated the explosion of a kerosene storage tank and found that
growth of sulphate-reducing bacteria was responsible due to evolution
of gas during their growth. The first report of yeasts assinirating
hydrocarbons was by Tausson (1939). He reported that species of
Debaryonycest Endomycesr rransenura, Torulopsis and Monilia vere
capable of growth on hydrocarbons.

Bushnell and Haas (1941) studied the nicro-organisns present in
the raLer bottons of aircraft storage tanks, and found that many of
the bacteria present were capable of hydrocarbon oxidation and could
utilize gasollne and kerosene. Allen (1945) also studied the effects
of bacterial growth on gasoline in storage tanks. He concluded that a
major factor in the escalation of this problem was due to the
increased storaSe at higher temperatures and this had increased the
incidence of rnlcrobial growth in the fuel tank water bot,tons.

Evidence that corrosion courd resurt from microbial growth on
hydrocarbons was presented by Ganser (1940). He reported rhat
sulphate-reducing bacteria were responsi_ble for corrosion in
pipelines. rn rhe r960ts aviation gasorine and jet fuel on aircraft
carriers and anphiblous assaul-t ships became corrosive from fuel
soluble sulfide generated from reduction of sulphate by anaerobic
bacterla in the seanater stored in the bottom of storage tanks.
(Kelley , 1967 I Klernne, 196g) .

The first reports of problems arising from bacterial attack ofjet aircraft kerosene were published in Ehe late I950s. Bakanauskas
(1958) found that fuel-filter clogging in aircraft was due to the
bacterial slirne forned at the fuel/water interface in the tanks of the
aircraft and that fungi were not present. However, Ehe nechanical
strength of these bacterial sli.nes was subsequentry thought to be
insufficient to cause filter blockage implying that fungi were
present.

-3-



De Gray and Killian (1960) reported that bacterial slines occurring in
fuel-storage tanks courd increase corrosion of tanks and pipelines,
due to the production of rorv morecurar-weight organic acids rrhich
lovered the pH value of the aqueous phase. These acids could also
react with mineral salts in solution to produce more corrosive acids.

The first report of fungal" activity in jet fuer systens nas by
Klennre and Leonard (1960) who found that fforaodendrua resinae (later
known as cr.adosporiua resinae) vas the predoninant fungus present.
Hazzard (196r) reported that fuel tank corrosion in Lockheed aircraft
was associated with fungal contanination of the fuel. He found that
fungal growth nas present in a high proportion of sanples taken fron
storage tanks, aircraft tanks, tankers, refuelring vehicles andpipelines. Thereafter carefur, extensive and conprehensive studies
rdere carried out by nany researches on Ehe history of the problen of
microbial contamination of aviation fuel and the deveropment of
control measures (stormont, 1961; parbery, lgTl; sheridan, Nelson and
Tan, 1971; and Genner and Hill, lggl).

cTadosporiun resinae possibly appeared in diesel fuel at the
same time as in the aviation fuel, but because the fuer was used inless sophisticated diesel engines it probably passed unnoticed untilits presence in jet fuel caused concern. A conprehensive survey byLiggett (1976) of narine, rair and road dieser fuels, tractor
vapourizing oil, paraffin, gas oirs and central-heating fueLs gave aclear indication of the widespread na.ure of the microbial
contamination. This survey also reported associated system
malfunctions' parricurarly filter plugging and lovering of interfacial
tension between fuel and vater. Hostetrer and porrers (1963) have
denonstrated that injector failure in diesel roconotives can be
attributed to contanination of the fuel and they quote figures
indicating that biocides nininize formation of ,gun, sedinents andfilter plugging in heating oirs, rair and road vehicre fuers.

cTadosporiua resinae was found to be present in rdiesor and
moreover this fungus was reported to constitute the bulk of therbiomasst (Houghton and Gage, L9r9: Neihof, r9g0; Bruce, Lgg2;
Arnold, l9g3).

-4-



Some bacteria and fungi isolated fron hydrocarbons, do not survi.ve in
fuer for as long as the fuer-degrading organisrs. This suggests that
these are chance contaninants introduced through inadequate fuel
sanpling techniques or through recent fuel systeo contanination
(Cooney and Kula, l97O).

The rnicro-organisns found in fuel can originate from a variety
of sources. Bacteria and fungi may find their vay fron air, nater and
soil into storage tanks, oil-fired furnaces, diesel loconotives,
trucks' aircraft and ground storage tanks. c. resinae, the coonoD
contaninant of kerosene and diesel, is knovn to be ridespread in soils
and as airborne spores in Australia, British rsles and Europe
(Parbery, 1969) and Nev zealand (sheridan, Lg72). The ubiqultous
presence of c. resinae suggests that it vill eventualry find lts vay
into fuel tanks but such contamination nay be harnless unless uager is
present to provide the ideal habitat for growth (sharpley, 1966).

As this study is focussed on the microbiological contamination
of diesel fuel used nainly by frigates, it is appropriate to discuss
the type of tanks used in warships and hov nicrobiological
contamination courd affect the fuel systen. uarship fuel systens
provide basically tuo different microbial environments.
These are as follows:
(i) I tanks (vater corpensated tanks) nay

contain a high ratio of vater t.o fuer (refer Figure l.l) and
offer a vide range of nutrients, in addition to those al.ready
in the fuel. The nature and quantity of these supplementary
nutrients will depend on the type of rater used to fill the
header tanks, nhich Day range fron highly saline deep-seavater
to estuarine uater. Factors such as sevage content and trace
netal contamination of the vater nay affect the extent of
colonization (Nelhof and May, l9g3).

(ii) undispr.aced fuel tanks (non-rater co'pensated tanks) contaln a
lov ratio of vater to fuel and generalry less particurate
organic natter. Figure 1.2 illustrates such a sysEen.
Nutrient leveLs rilr be deternined by the previous hlstory of
the fuel and subsequent factors such as deterloratlon of tank
linlngs and seals.
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Both the above systens nay use the coarescer to effect
separation of entrained uater. rn the coalescer elenents a continuous
flow of fuel and water passes over ensnared organisns, supprying their
nutrient requirenents and renoving their metabolic products.
Degradation of the cotton, used in the construction of the coalescer
elements, may suppry alternative carbon sources. During the fuelrs
journey through the systen, the concentration of some nutrients
decreases, vhire levels of metabolic and cerr rysis products Eay
increase (Turner, Eaton and Jones, l9g3).

The sea-water displaced systeo of both steao and gas turbine
povered ships nas proyed to be vulnerable to fueL syste' bl0ckages
resulting fron microbiar contamination of fuel. prior to delivery to
englnes the solid natter and water content of the fdieso, could be
reduced by filtration and water separation techniques. High levels offuel sludge result in prenature failure of filters and water-separator
systens and may cause acute fuel starvation (Turner, Eaton and Jones,1983)' The fuel temperature reflects the externar sea tenperature and
hence can be expected to vary fron 4oc to 25oc, rhich supports
microbial growth.

According ro Genner and llill (l9gl), nicrobial grovth in fuers
can result in several types of problems which can be grouped into tvo
major classes, whether they are caused by netabolisn of organisns or
by the physical presence of organisns.

Both corrosive substances and gas are knom to be produced
during microbiar netaborisn. For exanple it has been found that four
carboxylic acids vere produced by c. resr.nae (Rivers , rg73; McKenzie,
Akbar and Miller, 1916) and they uere identified as dodecanoic,
acetic' glycolric and glyoxyric acids (siporin and cooney, 1975).
studies of the corrosive effect of c. resinae have centred on
aluniniun and its arloy: pitting, surface exfoliation, blistering of
the oxide layer, and intergranular corrosion have connonry been
reported, as uelr as generar weight loss (Hedrict et aJ., 1965;
Parbery, 1968; Rivers l9l3i Al_Haidary, lgll; Hansen, Tighe_Ford and
George, lg8l).
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The acid netaborites increased corrosion by rowering the pitting
potential 0f aluuriniun and aluminiu.n-copper a110y (de Male, sarvarezza
and Videla, 1979; de Meybauo and de Schiapparelli, l9g0;
de Schiapparelli and de Meybaun, l9g0). Clearly, neshed fungal
nyceliun wourd lead to physicar blockages of piperine firters and
drain holes and narfunction of coalescers and fuer gauge probes.

Ttre technicar innovation of using steam and gas turbines as
power units for naval vessers has been acconpanied by predictable
nicrobial problens. Diesel fuerred gas-turbine poyered engines, oost
cor'on in Anerican and British frigates, use eater dlsplaced tanks
vhich are likely to be affected by the consequences of nlcrobialgrovth' Here seawater displaces fuel as it is used to elininate
yapour space in the tanks. The Royal N.z. Navy shtps have steam
turbine-powered engines using both displaced and undispraced fuel
tanks systems.

rn the gas-turbine povered engines, the diesel is ignited to
produce gas nhich drives the turbine. rt is operated on a sinirarprinciple to a jet aircraft engine. rn the stean-turbine powered
engine, the diesel is injected into the boiler. water is constantry
circulated through tubes in the boiler, vhere the diesel is fired toconvert the water into stean. Thus the stean drives the turbine. rtr*orks on the same principre as the stea' driven turbine in a thernar
power station.

ships using water displacenent systems have encountered
occasional difficulties fron rapid acc'mulation of particulate r'Eterin centrifugar purifiers and coalescer filters (Neihof and May, l9g2).
A centrifugal purifier is designed to r@ove Eost of the partrculate
oatter and entrained rsater before the fuer enters the service tank.
There are no centrifugal purifiers in the fuer syste' in r{.2. frrgates
(Defence Scientific Establishnent (DSE) per. conn.). Coalescerfilters re'ove residuar water before the fuel goes to the engine. Theground storage tanks used by the New Zealand Navy acquire yater
bottons by rain-nater seepage and condensation of Hater carried ln thefuel. The nicrobiar growth occurs at the interface of this aqueous
phase.

-8-



L.L.2 Morphologv of Cladosporjua resjnae.
cTadosporiun resinae (Lindau) de vries is the anamorph of therkerosene fungust Anorphotheca resinae parbery. rt has recentry been

renamed Hornoconis resinae (Lindau) von Arx and de vries (1973). The
reason for transferring the tkerosene fungust to the genus Hornoconis
is based on the lack of prominent basal scars on Lhe conidia,
diagnostic of the genus CTadosporiun. Since C. resinae is rridely used
and accepted, this name is used throughout this study. Four forns
have been identified. Two forms have morphologicalry distinct
reproducEive structures - f. avel-laneun and f. resinae. An albino may
possess either morphologY - f. aibidun and there is a sterile form -f- steriTe (de vries, Lg52; parbery, rg6g; sheridan, Tan and Nelson,
L972). rntermediates and variants of each forn exist (Tan, rg72).
This variability, together with variati.on in the ability to gro!, on
petroleun products such as aviatlon kerosene, diesel and in other
substrates including creosoted wood (christensen er ar., r94zl
Marsden' 1954), wood treated with copper-chrome or arsenic
preservatives (Nilsson and Henningsson, lgTl), coniferous resin and
asphalt pavements have stimulated research interest in this fungus.
These substances are nornally considered to be fungistatic or
fungicidal, yet c. resinae can utilize these as a source of carbon.
studies of anatony and ultrastructure using both the scanning and
electron nicroscope have been attempted to explain the properties of
this ulost unusual fungus (Tan, 1972; sheridan and rroughton, 1973;
soteros, L973; cooney, siporin and smucker, 19g0; srnucker and cooney,
1981; Snucker and Cooney, l9g3).

crobiolocical con ination in h rbon fuel.

solutions to che problem of microbiar growth in diesel fuel
systetrs have been sought by various groups (Landsdown, 1965; Edmonds,
19661 Hill er aI., 1967; Hendey et at., LglL: Siporin and Cooney,
L975; upsher, L976: Houghron and Gage, L979; Turner, rggr; wycislik
and Al1sopp, 1983). The general conclusion from these studies is that
there are several ways to prevent rpicrobiologicar growth in fuel
systems: good housekeeping, the addition of biocides and the use of
tank linings.

L.2
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Good housekeeping and biocides can be used to rininize both
contanination and growth, vhil.e tank linings can nininize corrosion
should contanination occur. The control of oicrobial contaminatlon by
application of heat directLy to the fuel on ships or in land storage
depots has been considered (upsher, 1916; Houghton and Gage, L979;
Wycislik and Allsopp, l9g3).

There have been reports of a novel type of contror in New
Zealand, carled the thydronagt (nevs report anon, t9g6). This device
is described as a snall inexpensive filter containing circular ceramic
nagnetic disc plates through vhich the fuel passes on lEs vay to
conventional filters. rhese are nou installed in trial Auckland
Regional Authority buses (ARA pers. conm.). The prelininary results
uere reported to be favourable but inconcrusive. The use ofthydronagt r"y not be practical in large volune storage tanks at
ground installations or in the frigates. The corrosion problems
associated with nicrobial contaminants during storage, and in the fuel
llnes nay not be elininated by the use of this device.

Good housekeeping prinarily involves renoval of free ryater fron
ground storage tanks and onboard ship tanks thereby nininizing the
likelihood of nicrobial growths becooing established. rn underground
fuel installations such as those of the N.z. l{avy at Devonport, free
L'ater cannot be entirely reooved because of the poor design of the
storage tanks systen. rnevitably, water is present and the use of
biocides must be considered. rn Australia, the tanks are designed to
have conical bottons to drain vater readiry (sheridan per. co@.).
corrosion is not a problen in the underground storage tanks because
the valls are made of concrete. rt could be a problern, hovever,
further downstream particularly in tank ships. The fungus netabolizes
fuel by beta-oxidation to produce carboxyric aclds (cooney and proby,
l97li I'Ialker and cooney, r9r3). Large volume and rapid turnover
prevenrs any significant change i.n conposition of fuel (Hill, lgTg);
but the acid production can cause a drop in pH of vater bottom and
this can lead to increased corrosion of netar tanks. Good fuel
naintenance is not honever the co[prete solution, it appears that the
only practical nethod for control of c. resinae and other predominant
fungi is use of appropriate biocides.

-10-



The effect of addition of biocides to jet fuel has been widely
studied (Klernme and Leonard, 1960; Hitzman, Shotton and Alquist, 1963;
Hendey, 1964; Hedrick and carrorl, 1966; Elphick and Hunter, 196g;
Rogers and Kaplan, 196g; Rabotnova et ar., 19703 park, L973; Milrer,
Mohan and strickland, 1975; Klemme and Neihof, 1976; Neihof and
Bailey' 1978). Fev studies have been nade on diesel fuel (stormont,
1962'Hostetler and powers, 1963; smith and crook, lggo; smith and
crook, 1983). Little work has been done on the effects of biocides on
engine perfornance and the cornponents of the combustion chamber.

Singer (1976) has described a nethod for recognizing biocidal
activity in fuel. Elphick and Hunter (196g) and Rogers and Kapran
(1968) have described experinents nhich differentiated berween
biocidal and biostatic properties; but these were only qualitative.
Smith and Crook (l9so) descrLbed experinents which gave quantitative
resulEs on the effects of biocides in contaninated fue1.

Accordi-ng to Mirler, Mohan and strickrand (1925) srudies ro
identify biocides for the inhibition of growth of nicro-organisns intdlesor-water systens have indicated that in addition to in vitro
broad spectrum biocidal activity, such conpounds must exhibit htgh
solubility in the fuel coupled with an effective partitioning betneen
the fuel and the uater phase where the gronth of micro-organisns
occur. The water to fuel ratio can markedly influence the
effectiveness of the biocide, a l:40 ratio being consldered ideal for
nicro-organisn growth (Bennett, Lg74). The narrower the water to fuel
ratio, the srnaller is the concentration of biocide required to inhibit
the fungal grovth.

L.2.1

The choice of a fuel biocide is restricted due to stringenE
specifications enforced by engine manufacturers. According to Hill
(1982) the desirable properties of a biocide are as follows.
It should:

- be combustible, r+ith no residual ash
- not interfere with fuel properties or the conbustion process,

or any other aspects of engine performance

- ll -



- be soluble (or very niscible) in fuel but preferentiarry
soluble in water

- present no health hazard during handling or conbustion
- not be corrosive

- preferably achieve a total rkirlr of nicro-organis's at
nininun dose.

To this list could be added that it nust be environrnentally acceptable
especially nhere seavater is used for displacenent. No such bioclde
has been developed for conmercial use. Horyever a fen biocides have
achieved oarket penetration, although deficient in sone of the listed
characteristics. These are Biobor J.F., EGME and DEGME ridely used injet fuel.

Nunerous reports in the literature indicate the effectiveness
of EGME (Hitznan, 1964; London, Finefrock and f,illian, 1964) and
organoboroD compounds in jet fuel (De Gray and Fitzgibbons, 1966;
Rogers and Kaplan, rg6g; Elphick and Hunter, lg6g). Elphick and
Hunter (1968) focussed on the possible effectiveness of these
naterials vhen used as internittent treatnents for jet fuel systens
vhile the others refe*ed to the exposure of nicro-organi.s's to
biocides as continuous additives to jet fuel.

rt is inportant to consider the intermittent use of the
available chenicals, because factors may arise vhich uilitate against
the use of biocides as continuous additives to fuel. There nay be
physical or econonic reasons associated nith the incorporation of
biocide in fuel at a nunber of different ports vhere a ship nay be
required to refuel. A ship nay be treated vith biocide-containing
fuel, and alloned to stand thus fuelled during routine naintenance
periods. At the end of these periods this fuel nay either be drained
off and the ship refuerled vith untreated fuer, or the biocide-
containing fueL nay be used during the nert satl, subsequent
refuelling being nith untreated fuel. Alternatlvely, or ln additlon
to this procedure, a ship nay receive biocide-contalnlng fuel at more
or less regular intervals during service, e.g. at o'e or nore of its
regular refuelling points.

-t2-



Biobor JF (u.s. Borax & chenical corporation), a nixture of tno
organoboron conpounds, vas reconnended for use at 270 ppn for
disinfection and 136 ppn for continuous dosage in jet fuer. rt has
been found, however that Biobor JF uhen used at nore than ten tines
the reconnended dose rate in jet fuel still arlowed c. resinae to
renain viable for up to six veeks (Berner and Ahearn, lg77) and a doserate of 5000 ppm was necessary to kilr vegetative hyphae nithin two
days (singer, 1976). The use of Biobor JF has been criticized by
Klemne and Neihof (1976) vho found that 201000 ppn uas needed in theyater phase to control sulphate-reducing bacteria. Moreover, certain
engine manufacturers currentry discourage the use of organoboron on aregular basis in fuel because it leaves an ash on conbustion and takesseveral days to be conpletely effective biologically (Genner and Hilr,
1981; Hill, l9B2).

Ethylene glycor nonomerhyl ether (EclE) is used mainly innilitary aircraft as an anti-icing additive in the fuel to prevent i.ce
formation fron entrained water. rt uas reported by Hitzman et aJ.(1963) and Rogers and Kaplan (196g) to be effecrive in conrrolling
nicrobiol0gical contamination in kerosene type fueLs. EGME at 1500
ppn (0.152) is used t,o provide both anti-icing and antinicrobial
activity. The najor deficiency, however, is that at low
concentrations it is readily netabolised by nicro_organisns and hence,if used intermittently, there is a real risk tbar growth nilr be
pronoted (Hi11, lg8z). EGME affects the flash point of the fuel and
there are noves to replace it with a related coopound, DEGDTE
(di-ethylene grycor monomethyl ether). This vas reported to be asuirable repl-acenent as it was effective as a biocide at lor0oo _
20'000 ppn (L-22) in aqueous phase coopared rirh r0or00o - 170,000 ppn(10-172) for EGME (Neihof and Bailey, l97g). rte dose rates of both
biocides are reratively high and neither uas likely to be very
effective when the ratio of vater to fuer yas greater than l:40o
(Hi11, 1982). since rgg3 DEGUE has been used yidely in the Austrarian
l{avy (Sheridan pers. comm.).

-13-



There are reports (Genner and Hilr, rggl; Hirr, l9g2) of
attenpLs to prevent the e'ergence of resistant organisms by using
mixtures of biocides at different concentration. walters (r971)
suggested that constant concentration treatment nith biocides uay
cause difficulties under practical condition through the appearance of
resistant microbiological nutants.

Kathon 886 (active ingredr.ents are 5-chroro-2-nethy1-4-
lsothiazolin-3-one and 2-methyl-4-isothiazolin-3-one) ras found to be
biologically active in fuel vhen used in conbinatlon with EGHE at the
very low concentration of about l ppn (rhonas and Hill , !g7z).
Benomyl and imazalil are agricultural. fungicides and the forner yas
found Eo be effective in suppressing grovth of c. resinae at a
concentration of 1 ppn (wlu) in a l:r fdiesor fuer/water ratio (sdith
and Crook' 1983). rnazalil has been suggested as a potentiar biocide
for diesel fuer (Janssen pharnaceutica Ltd. pers. corur.) but no
published material is available.

Biocides may present sotre hazard to shipsr personnel and can
have unfavourable environmental effects when they are off-loaded
(ileihof et a1., rgrg). Recently Neihof and May (r9g3) discouraged the
routine use of a biocide in ships operated on diesel fuel with a yater
conPensated systetr. rt has been observed that fuel contanination has
origi-nated before the ships leave the shipyard because of the
introduction of particulate natter in silt laden, polluted rrater into
the tanks (Neihof and May, 19g2). This inposed a burden on the
centrifugal purifiers and provided a favourable environment for
subseguent microbial grorth. Most of the particurate natter nould
appear to be the fuel lnsolubles forned frou inherently unstable fuels
and an array of particles introduced wiEh the barrast yater. These
workers have nade recornnendations for ninirnizing these sources of
contanination.

Anti-microbial activity depends upon effective contact between
the chenical and the nicro-organisn and the nechanlsn i.nvolves
disruptive interaction vith a biochemical or physicar component of the
organisn nhich is essential to its structure or metabolisn
(Kostenbauder, l97l; Albert, lgTg).
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The target nay be a singre enzyme, a cerl nenbrane, a more generalised
aspect of the cell 0r a conbination of these and the nature of the
acEion is dependent on the organism and the environnent in nhich the
interaction occurs as nelr as on the anti-oicrobial agent. For
example quaternary amnoniurn agents are known to be surface active
agents which nay influence the cytoplasmic nembrane and thereby upset
the osmotic balance and perneability that are essential to the life of
the cell. rn fuel, quaternary ammoniun conpounds appeared to be
particularly suitabLe, sone resultlng in sterir.ization after trro hours
exposure' and arso they had good cleaning properties (Genner and Hil1,
1981). However, they nay lower the interfacial tension betveen fuel
and vater and becone non-persistent and rose their act,ivity
progressively in enulsions, often within a few days and particularly
above anbient tenperature (Russelr, t9g2). Benomyr is knom to
interfere ulth nitosis by disruptlng the noroal assenbly of thenitotic spindle (Davidse, rg73i Hammerschlag and sisler, Lg73). rn
aqueous solution, benomyl hydrolyses rapidly to form trro compounds,
carbendazim and butyl isocyanate, both of rvhich show antifungal
properties (Clemons and Sisler, L969; Ham,nerschlag and Sisler, 1973;
Chiba and Doornbos, 1974).

rn New Zealand, najor problens uith diesel fuer brockages andfuel gauge failures have occurred in navy ships, in the fBountyr
replica (pers. conn.), and in Auckland Regional Authority buses (News
report-Anon, lggl). Little work has been camied out to establish the
nai-n cause of these probLems. rn the rast decade the Royar N.z. Navy
has encountered cont,inuous problens in frigates using uater
displacenent tanks (DSE pers. conn.). The najor problens involved
fuel flow blockages and englne failures.

Ains of Studv.

the present study was initiated under a contract with the New
zealand Defence scientific Estabrishrnent. This concerned

(i) docunentation of the nature, extent and possibre sources
of nicrobiological contanination of niddle distillate fuel
(rdiesor) herd in storage tanks at the RNZ naval base at
Devonport, Auckland.

1.3
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(ii) study of possible uethods of contror of contaninatlon
using biocides. The effects of biocides on fuel
effectiveness and engine corrosion vere also considered.

Methods for detection of nicro-organisns in diesel fuel held in
the I'arge underground storage tanks sere evaruated. The most
efficient nethod was used to document the uicro-organisns present.
changes in the microflora rrere studied over a tvo year period. The
influence of factors such as container type, transport, shaking and
tine on nicro-organisns in sanples after collection uas investigated.
rnteractions betveen the predoninant fungal contaminants nere studied.

Comnercially available and experinental biocides yere added to
diesel fuel and their effects in inhibiting grovth of nicro-organisns
in the laboratory and in field tanks (25,5oo litres fuel capacity)
uere studied. The ain was to find an effective biocide vhich did not
have a deleterious effect on engine perfornance and rife.

The norphology and ultrastructure of the najor conta'inants
were also studied to extend previous observations of pecuriarities
that nay explain their unusual netabolic capabilities.

-16-



2.

2.1

PART I

I-{ATERIALS AND METIIODS.

Sanpline of storage tanks.

2.1.1 Tank description.
Tvo cliff storage tanks containing diesel, at the Royal naval

base, Devonport, AuckJ"and, were investigated for nicrobiol0gical
contanination. The horizontally placed, cylindrical tanks (nunbers 2
and 3) are approxinatery rl5 n rong and 9 n deep. fire fuel taoks and
the fuel reticulatlon systeo are illustrated in figure 2.1.
underneath each cliff tank there are ffield tilesr consisting of a
spaced series of short round, coarse ceranic pipes (300 nn 10ng x 76
nn wide)' These pipes are designed to absorb any diesel that soaks
through the tank wall and also the ground uater seepage. The liquids
are channelled into a snarl sulrage tank (2.4 n high x l.g n
diarneter), one for each cliff tank. l,tithin the botton of each clifftank' there is a sullage pipe that drains the yater and soae botton
fuel into the sullage tank. The sulr-age tank contents are pulped intothe separating tank. Everyday as the fuer rises in the separating
tank, it cascades over and is puoped directry into tank 3 nhire the
water is punped into the sea. There is no filter systen in between
tank 3 and the separating tank.

The tanks are adequately ventilated as shom in figure 2.2.
Tank 3 rvas seleeted for fuel testing because it was the onry tank
vhere the fuel uas constantry circurated. fire fuel in tank 2 yas
frequently used by frigates aud the fuel usage vas hi.gher than fron
Lank 3. The fuel fron arl the cliff tanks froryed through the sanepipeline to the yharf.
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fuel sanples from the top, niddle,
tyo cliff storage tanks (tanks 2 and
- Decenber 1984.

In addition rhe following fuel sanples yere tested:
(i) Fuel and water surps were corrected separately fron the

separating tank to observe the contamination level in the fuel
re-entering tank 3.

(1i) Fuel fron nharf sanples nas collecEed fron the water coarescer
(nater separator) before the fuel is punped into the patrol
craft- This vater coalescer (refer figure 2.r) is nade of
cotton and inside there is fine brass gauze. l,ater it becaoe
evident that it nas inportant to test the fuel entering the
patror craft (after and not before the vater coarescer) for
biological contanination lever. The fuer for the frigates is
punped directly fron the criff tank and not through the above
uater coalescer. Onboard frigates, before the fuel goes iDtO
the engine system, it is filtered through a coalescer uhich
consists of glass fibre elenents vith a hydrophilic coating.(iii) A single fuel sanple was obtained fron the sherl storage tank
(situated directly on the opposite side of the Devonport
wharf). shell was the supplier of fuel to the base.(iv) A single fuer sarople fron the tank cleaning vessel (rEV) was
collected. Tcv ras used for cleaning and naintenance of the
shipboard tanks. rt also collects fuel fron the shelr tanks
and pumps the fuel into the cliff tank and occasionalry punps
the fuel fron the frigates to the cliff tanks.

Ttrese sampres were inportant because they night estabrish the
source of contani.nation in the ground lnstallation tank. Ilue to
manageDent difficulties, it vas inpossible to obtain fuel sanples fronall of the above positions regur.arly. rt ras not possible to sanple
the fuel along the fuel rine, since nost of the pipes are buried
underground,

2.1.2

bottom

3) were

Collection of sanples
A total of ninety three
and fvery bottonr of the
tested between l4ay l9g2
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2.1.3 Sarnpline nethods

Fuel fron the top (0.6 n fron the top of the tank ceiling),
niddle (2 n bel.or the surface of the fuel), botton (6 n belov the
surface of the fuel) of the storage tanks vas saopled by a weighted
sanpling can (figure 2.3A). This is a brass bottle rvith a capacity of
one litre. rt fills rith fuel after being lovered to the appropriate
1evel where the stopper is removed by the captive rope.

The rvery bottont of the tank vas sanpled by a zone sanpler
also sometines called the rthieff (figure 2.38). This sanpler al.l0vs
the fuel to pass through as it descends through the fuel in the tank.
This is nade possible by the top and bottoo valves opening due to the
pressure of the fuel against the descending saapler. I{hen the sanpler
contacts the very botton of the tank, the valves c10se and the sanple
is retained as the sanpLer is retrieved to the surface. Ttris fuel
sample is thus fron one nn fron the very bottoo of the tank to 300 m
to the top of the sanpler.

The tenperature of the fuel was recorded by dipping
thernometer into the fuer sanple as soon as it ras brought
surface.

a

to the

2.1.4 Sanpling pattern

The fuel samples vere innediately transferred into crean,
sterile containers in such a nanner as to mininize contanination from
the environnent and transported to l{errington, vhere the
nicrobiological examination uas carried out. rnitlally tvo types of
containers: glass preserving Jars and tin caDs yere used, to observe
rhether container type had any effect on the recovery of nicro-
organism. rt vas found that glass bottles and tin cana yere equally
sultable. Hovever the forner uere preferred because they do not
corrode and are easier to clean and sterilize. For routlne use the
sanpling cans and glass preserving jars vere vashed in detergent,
rinsed with 952 alcohol and sterilized at 20ooc in a hot air oven for
three hours before collection of the diesel fuel.

Fungal and bacteriar assajrs rere carried out on the sanples
both i.unediately and twenty-four hours after sanpling.
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later this nas extended to 4-5 days in order to detect any change in
the conposition and relative abundance of the nicroflora in the sanple
over tine' As the tine of testing of sanples after collection did not
appear to be critical, innediate testing in Auckland was discontinued.
The fuel was always visuarly examined before subjecting it to
microbiological procedures.

2.2

2.2.1 Culture nedia
22 na]-t agar vithout peptone and dertrose and v-g juice agar

(shertdan, steel aod Knox, r97l) yere used for grorth and isolation of
fungi. sterile Petri-dishes containing v-g juice agar vith creosote
vere used selectively to isolate c. resiaae fron the atnosphere
(sheridan and Nerson, lgTl). water agar yas used on settre plates to
trap air spora. Czapek-Dox agar (pltt, lglg) vas used as an
identification nediun for penicirriua spp. lrutrient and blood agar
base (collins and Lyne, Lg76) were used to isolate bacteria.
selective nedia such as starkey, Baarrs agar (sharpley, 1966), Bacto
sulfate API broth vith and without sodiurn chr.oride (Hill, 1975) were
used to isolate sulphur bacteria. Macconkey nediuo (collins and tyne,
1976) was used for the deteccion of E. cori. Bushnell-Haas ninerar
salt mediun rras prepared according to parbery and rhistreuaite (1973)
and used in conjunction with a selected hydrocarbon as carbon source.
A11 the nedia were prepared by dissolving the agar before the
constitutents nere added and uixed. sterilizatlon vas by autoclaving
at 103 kPa (12loc) for 15 nins, except in the fotloring cases:

(i) for the blood agar, the sterile defibrinated horse blood
was added to the autocl_aved oediru at AgoC;

(ii) vhen creosote was used it vas autocrayed and added
aseptically to sterile nolten nedia (55oc) just before
pouring the plates.

2.2.2 Menbrane filtration
The fuel sample vas shaken thoroughry before filtering through

a nenbrane filter. The size of the fuel sanples tested varled betneen
50 cn3 - 200 .r3 d"p.nding upon the contenination rever.

-22-



sterile cellurose acetate firters nith a pore size 0.45 pn, 47 nn
dianeter (0.45 um, filters, rype HAIrI 0047 sl) and with a pore size
0.22 pm (o.zz pm filrer Gsl.lp 04700) vere used ro isorare fungi and
bacteria respectively. suction nas appried by a nechanicar vacuum
pump for 30 seconds after the last drops of the sanpre had passed
through the nenbrane. A trap uas arways used between the punp and the
uenbrane, to prevent any fuel entering the puap, The punp was then
disconnected and the menbrane transferred, using sterile forceps, to
the centre of a sterile petri-dish. The selective nediun (at 55oc)
was poured over the filter nenbrane and the petrl-dishes vere
incubated at 25oC in the dark for 5 days.

l{henever the sanpres exuded the strong f rotten egg srneil.l
characteristic of sulphur bacteria, or if there was an increase in
water at the tank uater bottom, the yater suEps and the rvery botton,
sanples fron the cliff tanks were tested for sulphur bacteria. The
samples were filtered using o.22 un filters and these were plated on
sterile Petri-dishes. The serective nediun (see culture media) was
poured over filters. These plates rvere incubated in gaspak anaerobic
jars at 35oC for 5 days.

0n the lgth April 1993, ir was suspected that sewage could have
leaked into the tank. Thus the sanples uere tested for the presence
of Escherichia cor-i (8. coli). The rrater sanples from the very bottonof tanks 2 and 3 and the separating tank rvere filtered using o,Zz1tn
filters. Tlre Macconkey nediun vas poured over the nembranes and the
plates rere incubated at 37oc for 24 hours. The bacteria isolated
fron the uater sanples uere tested for breakdoyn of ractose and the
subsequent production of acid and gas at 44oc, a test vhich is
diagnostic for E. coli (Collins and Lyne, 1976).

Quantitative estimation of the level of contnnination in the
tanks vas made by recording the number of colonies of each fungus on
each plate and the number of sanples in vhich a colony forning unit of
a particul-ar fungus occurred. Each discrete corony forned by a fungus
on a culture plate was recorded as one colony forning unit (cF"t ).
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For each sanple assayed five aliquots uere filtered and the counts of
CFU recorded are the mean number of colonies froo these five filters
for each fungus.

2.2.3 Direct 0bservation
Duplicate 100 cm3 of each sample nere filtered separately using

a 0.45 p n filter. The filters were then transferred aseptically to
sterile Petri-dishes. The spores were either stained nith cotton blue
or nounted in colourless lactophenol and examined under the phase
contrast nicroscope innediately to record the range of spore types
present.

2.2.4 Pour plate nethod

Duplicate sanpres of 5 cn3 fron vater surps, fron the
separating tank and sonetimes vater fron the rvery bottont sanple fron
tanks 2 and 3 rrere aseptically pipetted directly into sterile petri-
dishes. Molten selective culture nedia at 45oc yas poured over the
sample and nixed by rotating the dish clockwise and anticlockylse co
disperse the organisms. After incubation for 5 days the colonies were
identified and counted.

2.2.5 Spread plates
sanples of fuel or rraEer bottom were vigorously shaken and

duplicate samples of 5 cn3 were pipetted onto a selective agar nedium
and a sterile bent glass rod vas used to spread the sanple over the
entire surface of the plate. To observe the groyth of anaerobic
sulphur bacteria, the plates vere incubated in an anaerobic gaspak jar
at 35oC for 5 days.

2.3

rnitially the air spora in Lhe innediate vicinity of the
storage tanks ras exanlned by the settle plate aethod. l,later agar
plates were exposed in duplicate inside and outside the area
surrounding the tanks at different tines during the day. rn the
laboratory, v-8 juice agar with and vithout 0.lz creosote vas poured
over the water agar plates. The creosote yas used to selectively
isolate creosote tolerant fungi (cf. Section ff).
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In order to obtain data on the seasonal variation of c. resinae
and other creosote tolerant fungi, Ehe atnosphere around the storage
tanks was continuously nonitored by a seven day Kramer-{ollins spore
sanpler (Kraner et a7., 1976) over a period of.24 nonths. The spore
sanpler was situated on the top of the cliff tanks, near the air inret
vent of the tank. rn the laboratory the strips of double-sided
cellotape coated with sterile vaseline vere cut fron the cassetLe and
placed in sterile petri-dishes. v-g juice agar containing 0.lz
creosote was poured over then and plates vere then Lncubated at 250c
for 5 days before observation. Because the aoount of air enterlng the
trap and the rate of novenent of the tape past the orifice ls knoun,
the concentration of the fungal spores in the alr together rith the
time at nhlch they landed can be calculated.

The soiLs were examined for the presence of c. resinae by the
nodified creosote naEchstick nethod (sheridan, steel and Knox, l97l).
The soils were collected fron around the tanks into clean plastic bags
using a sterile spoon. These soils were compared nith a standard
Brooklyn soil which had previously given positive resurts for the
presence of c. resiaae. A11 tests rere set up in duplicate.

rn Novenber 19g3, soiJ. sanpres from the vicinity of the criff
tanks vere collected (as above) and tested by the diluLion prate
nethod described below to determine the species of fungi present for
conparison with those found in the fuel.

2.3.L Dilution platine
5 grans fron each of 22 soir. sanpres vere veighed accurately

into 50 cm3 of sterile uater and shaken on a nechanlcal shaker for I
hour (100 rotation per ninute). Nine dilutions fron l0l to 109 vere
nade in standard test-tubes. I cn3 aliquots fron the undiluted
suspension, the x 10, x 102, 105 and x 109 ditution^ rvr A rv , r lrr- ans x ru- ollut'.on yere separately
added to 15 cn3 of cooled (45oc) nart extract agar, contained in
sterile 90 no dianeter plasEic Petri-dishes. The dishes uere rotated
gently to disperse the spores in the agar. The colonies were observed
after 5 or 6 days incubation at 25oC. The penjc illlua spp. isolated
fron the plates were re-inoculated into nalt extract and czapek-Dox
agar nedia to identify the species.
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2.4

Fungi were exanined rnicroscopicarly and identified using
available keys. The commonwealth Mycological rnstitute, Kew, England
identified or confirmed identification of a nunber of species.

2.5

2.5.1 Growth studies
Growth studies of fungi isolated fron fuer, air and soil in

this study and of a range of fungi isolated froo other sources uere
carried out using conidiar suspensions as inocurun into aqueous/dlesel
phases. Growth and interactions were studied by observing the grovth
of nixed lnocula and arso by inocurating conidial suspensrons into
aqueous/dlesel fuel phases recovered after six veeks growth of the
same or different fungi. The selectivity of fungi yas studied further
by comparing growth obtained fron diesel and aviation fuel as carbon
source. rn addition to growth neasuretrents (dry weight) the survival
of colony forming units (spores) or other fragrents nas also
determined after the growth period,

(i) Single soecies culture (Table 2.1)
Growth was initiated by inoculating 100 cn3 of the culture
media contained in a 200 cur3 nedicar flat bottle, wirh a spore
suspension. The culture nedia varied betyeen experinents, an
initial set conparing diesel fuel arone uith a l:l nixture of
seanater/fuel, distilled nater/fuel, tapvater/fuel and
Bushnell-Haas nineral salt medium (BH)/fuel.
seavater nas corrected fron the Zoorogy Harine raboratory,
weLlington, left in the dark for several veeks before use in
order to kilr off any photosynthetic organiens and subsequentry
sterilized by filtration (using o.22 yn filters) in order to
preserve the nutrient constitutents. Diesel fuel was also
filter-sterilized. arl the other aqueous nedia yas autoclaved
at 103 kPa (l2loC) for 15 rrinutes.
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Table 2.1 Growth Studies of slngle species ln various nedia
I

1ASpecies Diesel
Fuel only

Seavater/ DGEEITa pvater/ BH/Diesel Warer/Diesel Diesel'Diesel
BH/

Jet Fuel

C. resinae*
ex diesel

C. resinae*
ex soil (SB2)

C. reslnato 
"*air (A82)

C. resinae
ex jet fuel (KlOf)

Paecilonyces*
variotii ex diesel
(P82)

Penicllliun*
coryJ.ophilun
ex dieset (IMI 2gOO45)

2. Australian Isolates

C. resinae ex
Arny cultwe (25/5/83)

C. resinae
ex Tasnania (24/6/93)

C. resinae ex
Cook fsland (l/B/83)

C. resinae F.
aTbidua ex
Austral.ia (28/9/83)

C. resinae ex
UI'{AS Cerebue (4/t /83)
C. resina"* 

"*diesel (c82)

C. reslnae ex
Jet Fuel (Kf0f)

xxx

x

ii;tr;r;s2:f'o
P. coryTophtlua*

P. echinulatuu*
(rr4T277s7o)

x

I
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Table 2.1(cont.) Gronth Studles of slngle specLes in various nedia

1
Species Di ese L Seana t erl Disti l-

Fuel only Diesel Water/Diesel
pvater/
Diesel

BH/
Dlesel

BH/
Jet Fuel

P. expansun+
(rHr282480)

P. digLtatua*
(rr4I277577)

P. frequentans*
(TMr277573)

P. spLnulo"ur*
(rr{1277s7L)

C. resinae*
ex diesel

C. resinae ex
Jet fuel (KfOf)

PaeciTonyces*
variotii

4. So11 Isolates

PeniciTTlun
aculeacum+

(T1,828247t)

P. breviconpactum*
(Ttfr.282467)

fr}{{;f; 
*

P, Toll.ense*
(rur282469)

P. aigricans*
(rltr282460)

P. verruco"ur*
(rIfi282470)

Trl.choderw
harzianua]

(Tt'J282478)

T. hanatun*
(T$r28247s)

x

x

x

x

x

xx

xx

x

x

x

x

xx

x

* 
These species were isolated frou this
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The conidial suspensions were prepared fron two veek-old
cultures gro,o on v-8 juice agar at 25oc. 20 cn3 of BH nediun
was shaken over the v-8 juice agar culture and the resulting
suspension centrifuged in a 15 cm3 sterile glass centrifuge
tube at 1520x g for 20 ninules. The conidia were resuspended
into 20.r3 BH nedium and o.r cn3 containing approximately 5 x
106 spores/cr3 vas inoculated into the BH/fuel. The t,ests uere
set up in 200 cu3 nedical flat bottles (previously sterilized
in an oven at 200oC for 3 hours). The aluniniun caps with the
rubber liner renoved, were screved on 100se1y and the bottles
incubated at 25oc for 6 weeks. At the end of thls period, the
growth ras assessed visuarry. Regardless of grovth or no
grorrth, the cont,ents of the bottles vere filtered through
0.45 pn menbrane filters, partially yet in sterile uater and
diesel fuel. The filter nenbranes yere dried to constant
weight at 80oc in a hot-air oven. constant weight was achieved
in two days in the case of growths froo dieser fuer. The dry
weights of the nembranes were recorded in mg. The pH of the
aqueous phase was deternined initially and at weekly intervals
throughout the 12 yeeks.

aqueous phase was removed

returned to the renaining
deternination).

(ii) Gronth in nixed cultures

vith a sterile pasteur pipette and
growth nediun after pH

(For each deternination 5 cm3 of the

The same nethod used in (i) was used in the folloving grovth
experinents.
Tuo series of experinents uere carried out to determine the
effects of fungal growth upon the abirity of media to support
and maintain viability of subsequent, spore inoculum.

(a) P. coryTophirun ex diesel and c. resinae ex diesel rere
gronn as nixed inoculuo on searrater/Diesel(D. fuel),
distilled water/D. fuel, tapvater/D. fuel., Bushnell-
llaas/D. fuel and D. fuel only. After 6 veeks, grovth was
neasured. Sanples of 5 cn3 yere reooved frou the
interface and used for pour plate on v-g juice nediuo and
observed for grovth.
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The aqueous phase was also examined in the light microscope
to determine the extent of gernination.

(b) Growth of P. corylophiLun and paecilouyces variotir was
deternined after 6 weeks growth in nedia which had
previously been used for growth of c. resinae for 6 weeks.
c- resinae was grown on seauater/D. fuel, distilled
water/D. fuel, Bushnelr-Haas/D. fuel at l:l ratio at room
tenperature, and harvested after 6 weeks and dry weights
being recorded. The filtered nedia r*ere then inoculated
rith other fungi p. corylophilun and p. variotii
separately. The pH of the agueous phase was deternined
initially and at weekly intervals throughout the 12 yeeks,
The initial pH of seawater was g.3; of BH 

-7, 
tapsater

-7 
and distilled v6!g' 

-/. 
rn order to establish

whether gernlnation had occurred, in doubtful cases, snall
anounts of water at the fuel-water interface were renoved
for nicroscopic examination. The nicrobial grovth was
observed visually and a rating systen employed as followsl

0 - no gernination nor grovth
+ - thj_n spore mat, very llttle growth
# - very thin colourless nycelial mat,

+++ - thick dark nycelial nat.

(c) A second Dore extensive set of nixed spore cultures
including more isolates were established as follows:
candlda arbLcans (404) was grown. Alone and with each of
the foll0wing fungi separately: c, resinaer penrciTTiun
coryTophiTunt P. expansuno paeciloayces variotii.

C. resjnae was grown alone and with p. corylophiTual p.
expansun, and p. variotii.

coryTophilua was grown alone and with p. expansum, and
variotii.

P. expansura alone and with p. variotii.

P.

P.
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P. variotii grown alone.

The above fungi were grorn for
tapwater, BH, seawater/Diesel,
After 6 weeks, where there was

6 veeks i"n seanater,
Lapvater/Diesel, BH/Diesel.
no visual growth, the

bottles vere shaken thoroughly before removing 5 cn3 of
the suspension for pour plate, to check the viabirity of
the conidia. rn the case of grovth, the nycelial nat ryas
harvested as mentioned previously and dry weights recorded
and pH was monitored at veekly intervals.

(d) rn a separate experinent nediurn in vhich p. coryraphirun
had grown for 6 neeks vas inoculated vith c. resinae,
nediun in which c. resinae had grom ras inoculated yith
P. variotli and nedlun on nhich p. varLotji had grom yas
inoculated nith p. coryrophirua. Growth was measured
after the first 6 weeks and the second 6 yeeks of curture.
The growth nedia were filtered before the second batch of
inoculation. Growth nedia used vere seayater/diesel fuel,
seanater' Eapwater/fuel, tapnat,er, BH/fuel and BI{ only.
pH nas oonitored weekly throughout the experinent.

2.5.2

rsolates fron soil around the cliff tanks, diesel fuel in the
tanks, Australian diesel, jet fuel and cladospriua spp. fron other
sources were cotrpared to deternine their ability to grou in the
presence of a range of creosote concentrations (table 2.2).

The concentrations of creosote used on v-g Juice agar uere 0.052,
0.12, 0.321 0.52, O.IZ, O.gZ, lZ. Agar plugs of 0.5 nn rere taken
fron 7 day old v-8 juice agar cultures of the above fungi and
inoculated centrally on the duplicate creosote plates. plates yere
incubated at 25oc for 14 days. At two days intervar, the grovth
diaoeter was neasured.
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2.5.3

Ttre possibility that transporting fuel sampres from Auckland to
l'lellington caused changes in the recovery of microbial contaminants,
was examined in a series of sinple tests.

(i) Filter-sLerilized diesel fuel, r50 cn3 in srerile 200 cn3
nedical flats was inoculated with spore suspensions in BH

rediun. 0.1 cn3 containing different concentrations (5 x 102
and 5 x 105 spore/cr3) of c. resinaer p. coryrophi-ruo and p.
variotii (all diesel isolates) singly and as a nixture of all
three were added to a duplicate set of bottles. Each bottre
vas thoroughly hand shaken one hundred tines and shaken by
rechanical agitation for up to g hours, before reisolating the
spores by filtration through a mirlipore firter (0.45 uE pore
size). The filters Here transferred aseptically to sterile
Petri-dishes, covered with v-g juice agar and incubated at 25oc
for 5 days.

Further sanples of c. resinae were inoculated into filter
sterilized fuels (500 cm3) in one litre tin cans and treated as
indicated in table 2.3 in order to deternine the effects of
road transportation on viability.

viable spores remaining nere deternined by nembrane filtration and
growth on V-8 juice agar as described above.

2.6

C. resinae F. avellaneun (ex jet fuel), C. resinae F.
avellaneun, PaecLroayces variotjj r penic illiua corylophirua (ex diesel
fuel) and cladosporiua cradosporioides ex soir (vzg) yere used
throughout this study. They were naintained on v-g juice agar prior
to examination. 5 day old curtures uere used after growth at 25oc.

(ii)

2.6.1 Light nicroscopv studv
Portions of a 5

mounted in lactophenol
Zeiss plano-apo x40 oil

day culture fron the
and photonicrographs

innersion objective
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Table 2.3 The effects of road transportation on spore viability

Spore source and

concentration in inoculum
Treatnent

-

Replication

C. resinae ex dlesel
C. resinae ex diesel
C. resinae ex diesel
C. restnae ex jet fueL
C. resinae ex diesel
C. resinae ex jet fuel
C. resinae ex jet fuel
C. resiaae ex diesel

37 x lo6/cn3
37 x lo61s^3

40 x lo6lcn3
40 x lo6lcn3
40 x to6/cn3
40 r 106/cn3

40 x 106/cn3

40 x 106/cn3

Diesel fuel A

Diesel fuel B

Diesel fuel C

Dlesel fuel C

Kerosene C

Kerosene C

Diesel fuel D

Keroeene D

x5

x5

x2

x2

x2

x2

x2

x2

A - Tins were kept stationary in the laboratory
B - Tins transported intermittently over 300 km

C - Tins transported internittently over 500 km
D - replicates inoculated and filtered/analysed

or t.ransPort.

over 3 days

during 3 days

during 2 days

wlthout shaking
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2.6.2

Because of the dericate nature of the above mentioned fungalnaterial, it was necessary Lo use a preparatory procedure which
preserved the original shape of the celJs as well as the structuralrelationship between conidial chain and conidiogenous cel1s. Thecritical point drying method has denonstrated very good preservationof conidia and conidiogenous cel1s of deuteror'ycetous fungi (cole,
L973, L974, rgr5, 1976) and has been used exclusivery in this study.

A sporur"ating curture vas first frooded vith a nixture of equalvolunes of 62 grutaraldehyde and rz osmiun tetroxide (0s04), eachprepared at 4oC in O.l m sodiun cacodylate buffer (pH 7.1 _ 7.4).snal1 blocks (approxinately 50 mn square) of agar and nyceriun werethen excised fron the flooded culture and placed in a vial containingfresh, cold fixative sorution and left in the dark for 2 hours. The i
samples were then washed in buffer (r0 rimes) and placed in lz 0s04buffered as above for z hours. This is considered to be an importantstep in the preparation of sofr biorogical naterial for the s&t (cole
& samson, tgTg). Kelly et a7. (rg73) have shom that osmium forns athin coat (4a-2oo Ao in thickness) over the surface of cells whichprovides the specinen with some resistance to contanination fronelectron bean during long term observation in the SEM. The specimenswere subsequently washed in buffer (r0 tines) and then dehydrated in agraded acetone series (30, 50, 70, gO, 95, IOOZ).

The blocks of myceriurn were then praced in Beem capsules vhoseends were cut and replaced vith fine nesh screens permitting free f10wof liquid through the capsules while retaining the fungal sanples.
The Beem capsules were roaded with agar blocks in a snall petri_dish
filled with absolute acetone. Extrene care *,as taken to prevent thespecimens from drying out. The l0aded capsules yere then quicklyplaced in the bomb of the polaran critical point drying apparatus andthe latrer was filled imnediately with liquid carbon dioxide (c02).
Ttre bornb was frushed rvith liquid co2 for 2 ninutes and then filred andsealed off for l hour. rt was then partially enptied (pressure inbomb reduced to approxinately 250 p.s.i.). Finall-y, the bomb wassealed and its pressure increased to 1200 p.s.i. by heating with yaterat approxinately 3ZoC.
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The c02 gas was subsequently rereased and the dried specimens were
removed from the Beem capsules and mounted on aluniniun stubs ryhich
were coated with conductive silver paint. The stubs were placed on an
omnirotary tabre in a Dynavac sputter coater Model sc 150 high vacuum
evaporator and coated with about 100 Ao (Russ and Kabaya, lg70) of 

.gold palladiuu. The material was examined in a phirrlps sEM 505. The
scanning electron nicrographs were recorded with pAN_F nediun speedfiln.

2.6.3

c. resinae (ex jet and diesel) and c. c'adosporioides (ex soir)
cultures were used for this study. srnarl blocks (approxinatery 5_10
nm square) of agar and nyceliun were excised fron culture. A nunberof fixation procedures nere used in this study and these are detailed
on table 2.4.

After fixation, the naterial was dehydrated in an ethanol
series (30, 40, 50, 70, 90, 95, IOOZ). Routinely, specinens were
post-stained in 2z uranyL acetate in the 702 ethanol stage during
dehydration for 45 ninutes. The materiar was then plac ed, in 252
spurrrs 1ow viscosiry resin (1969) (obtained from poryscience rnc.) in
absolute ethanor for l hour, with continuous, gentre agitation on arotating stage. The sanples vere then transferred to a 502 resin
solution for 4 hours, to g0z resin for 4 hours and l00z resin
overnight. The material was then renoved from the vials, praced infresh l@z resin in capsules and alrowed to porynerise at 70oc
overnight.

The specinens were sectioned using standard techniques on an LKBs8OO
ultratone rrr. Thin sections vere picked up on copper grids
(400 nesh). Before electron microscopy, grid mounted sections yere
further stained with 0.52 aqueous uranyl acetate (20 ninutes) and
Reynoldts (1963) lead citrate 7 ninutes. The naterial was exanined ina Philips EM420 twin Transmission Electron Microscope (rEM).
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2.7

The totar water (free and dissolved nater) in the fuel
vas deternined at the Defence scientific Establishnent by the
Fisher nerhod (ASIMD n44-64).

sanple

Karl

2.8 Meteorological records

A Thernohygrograph ras set up rithin the entrance corrrdor
leadlng to cliff tank 2 to provide a continuous record of tenperature
and hunidlty during Ehese studies. Rainfall data for Auckrand ras
obtalned fron the Metereol'gical office at wellington.
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3. 
STUDIES

3.1

Thirty-one species of viable fungi were isolated from rdieso,
fuel sanples corlected fron fuel storage tanks at the naval base at
Devonport, Auckrand. Most belonged to the Hyphomycetes but
Zygomycetes, Ascomycetes and Basidiomycetes were arso represented.
0nly five bacteriar isolates were obtained. These incruded a sulphur_
reducing bacterium. Fungi and bacteria isolated and identified over a24 nonth period are Listed in Eable 3.1.

Tables 3.2 and 3.3 present a suonation of the quantitative data(refer appendices 3.r , 3.2 and 3.3), obtained fron the assay of the
nonthly sanples for each of the two storage tanks, the separatlng
tank, the shell tank and the nharf sanpling point. Mean nunbers of
cF[J rrere obtained for each fungus and for each separate position
analysed. The tables also list the frequency of isolation of each
fungus as a percentage of the total samples analysed.

The most frequently isolated contaminants were the fungi
cladosporiua resinaet penicilliua coryrophirun and paeciroayces
variotii (table 3.2). These were isolated fron both storage tanks ateach monthly sanpling date over the 24 nonth period. Tank 3 was moreheavily contaminated than tank 2. The nean nunber of cFU tended to behigher at the bott'on or tvery bottont of the tanks. The above threefungi were also the predoninant contaninants found in the fuel sanplesfrom the separating tank, wharf sampr.ing point, shelr tank and tankcleaning vessel (mble 3.3). The highest mean number of cFU forc. resr-nae were found in the tank cleaning vess eL (3rz cFU/litre) andShe1l tank sample (320 CFu/litre).
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lgnei isolared and idenrified
(1982-re84) fron N.Z. stored diesel fuel

ZYGOMYCEf,ES

l/ucor sp.
Rhizopus sp.

ASCOMYCETES
Anorphotheca resjnae parberv
Chaetoniun globosua Kunze

BASIDIO'fYCSTES

Unidentified isolates with clanp connexions.

I{YPHOMYCETES

Alternarl.a alternata (Fr.) Keissler
Aureobas-idiun_ pullulans (de Bary) ArnaudAsperglTlus fuaigatus* Fres.
lseerrillus seJunctus* Bainier and SartoryAspergillus yersjcolor* (Vuill. I firaUo".iiAspergillus niger Van Tiegh
nocrytis sp.
cTadosporiua resi.nae (Lindau) de vries state of Auorphotheca resinae.C_Tadosporiun cj adosporioides' (Fresen. ) de VriesEplcoccua purpurascens Ehrenb. ex SchlechtFusariua sp.
GTiocladiun roseua Corda
PaeciTouyces variotjj Bainier
PaeciTonyces JjJacjnus* (Thom) SansonPeniciTt iua corytophjlua,i ti;;.LreniciTTiua digitatun* (pers. ex Fr.) Sacc.P,enicil7iu, eclinujatud Raper & Thon ex Fassatiova

P_enic i 7 7 iun ch r ysogenua* Thon

:1i4. il: r.un f re.quentans* tJestling
Penici 7 7 iun s pinulosua+ Thon
PeniciTTiun expansua* Link
Phoaopsis sp.
Triehoderaa viride pers. ex S.F.
Trichoderna hanatun* (fonoraenj
Trichoderna har zianun* Rifai
Ulocladiua so.
Yeasts

Bacteria

Baci-lJus sp.
Pseudouonas gp.
Micrococcus sp.
Desul. fovibrio desul furicans

Table 3.1

Gray
Bainler

* rdenttfied or identification confirned by the connonnearrhMycological Instttute, Kev, England, '
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Table 3.3 Mean Nunber of Colony Forming

of isolation of fungi from the
tank, tank cleaning vessel and

Units (CfU) and frequency
separating tank, Shel1
uharf sampling point

Fungus Separation

Tank
Cleaning

Vessel

Shell
Tank

Wharf

cru/l+ F(z)* cFu/r+ Ct"U/1+ cF'u/l+ F(Z)*

C. resinae
FeniciTLiun

PaeciLonyces

Yeast

sPP.

variotii

238

415

38

52

11

5

I
4

63

79

l7
21

17

13

4

4

320

170

453

10

10

372

103

30

222 100

315 100

165 100

967

18 33

AspergilTus sp.
Fusariua sp.
Alternaria sp.
Trichoder,aa sp.
Rhizopus sp.
ifucor sp.

6720

CF[J/litre
Frequency (Z)

The total water (dissolved and free water) was usuarly nore
than 130 ppm in tank 3 while tank 2 had less than 105 ppm. sonetlnes
three-quarters of the tvery bottonr of tank 3 sanple and the
separating tank sanple contained water. t{ith excessive anounts of
waterr the pH usually exceeded g and the conditions became nore
favourable for anaerobic bacteria. During the day the flow of fuel in
the separating tank fron all the cliff tanks ras monitored and only
fuel was punped back into tanks, At night, however, both fuel and
water were automatically punped into tank 3 causing an increase in the
water level and possibly contanination levels.

+
*
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seven species of penicirriun were isolated from the storage
tanks, the most frequent being p. corylophilun and p. digitattn The
others which occurred ress frequently and in low nunbers were
P. echinuTatun; p. chrysogefiutro p. frequentansr p. spinuTosua and
P- expansua. PaeciTonyces variotii occurred nore frequencly than
P- l.ilacinus. Trichoderna viridet T. hauatun and r. harzianun were
found occasionally in the tanks when the predominant fungi were in low
nunbers. They did not grow in fuel but renained as viable spores (see
section fI).

The data in figures 3.rA and 3.lB show the fluctuation of
temperature, hunidity and the najor fungi ln the storage tanks over
the twenty-four nonths. The air tenperature (l5oc - 2ooc) and the
hunidity (70 - 952) were ideal for rhe grorrh of nost of the fuel
fungi. The surface fuel tenperature was the same as the surrounding
air tenperature and it was arnost constant with depth in the tank
apart fron an occasional difference of loC.

No regular seasonal pattern was observed for the predominant,
fungi ' c. resinae' occurred in greater nurobers between May tgz -April f83 and December rg3 - February rg4 while p. variotji occurred
frequently in 1ow numbers compared to c. resinae and penicirJiua spp.
PenicilTiun spp. nunbers nere consistent throughout the two years of
sampling and peaked during Septernber rg4.

Figures 3.2A, B and c shows the variarion in the cFU of the
three najor fungi in the separating tank, and tanks 2 and 3 over
tvel-ve months. Betreen JuLy l9g2 and septenber 19g3, the separating
tank was contaninated with high nunbers of c. resjnae which decreased
during the subsequent nonths. During the sane period, the cFU ofc' resinae in tank 3 were Low initially and then increased in nunber.
rn tank 2' c. resinae remained 1ow compared to the other two tankg.
PeniciTTiua spp. uere persistent in all the tanks.

Bacteria
bacteria becane

separating tank

occurred in lou numbers in the diesel fuel. Sulphur
a problen yhen the very botton of tank 3 and the
contalned an excessive anount of rater.
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Figure 3.2 Conparing the occurrence of the pned,oninant

fungi in the separatlng tatk uith that of
Eanks 2 and 3 (f982-l9g-4)

Mean nun.ber o,f CF'U/litre of fungJ.

occurring i.n the separating tank

Mean number of, CFU/Iitre of furlgi
occurring Ln Ehe storage ta,nk l
(page 46)

Mean nunber of, CFlillitre of fungi
occurri-ng in the sto,rage tank 3
(page ar7)

A.

B.

c.
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The commonly isolated bacteria vere pseudononas spp., Micrococcus spp.
and BacilJus spp' (table 3.4 and 3.5). The onry sulphur-reducing
bacterium isolated was Desur fovibrio desuifuricans from the water
bottoms. fsolation of this organism coincided vith an obvious snell
of hydrogen sulfide emanating from the fuel. On Baarts medium and ApI
broth and agar the presence of Desulfovibrio was indicated by the
medium Eurning black. Attempts to isolat e E. coii failed indicating
that sewage contamination of the stored fuel had not occurred.
colonies on Macconkey nedium were sticky and shoved confluent growth.
The organisms nere Gram negative, rod-shaped, non-sporing and non-
lactose fermenting and therefore not g. coii. The nunber of bacteria
occurring in diesel fuel decreased vith storage.

Table 3.4 rncidence and levels of bacteria found in diesel fuel at
differenL test.ing dates.

Number of Bacterial Colonies per litre

Date and time
of sampling

Hicrococcus sp.

Tank 2 Tank 3

Pseudoaonas sp.

Tank 2 Tank 3

EaciJJus sp.
Tank 2 Tank 3

Julv l9B2

fmrnediate

24 Hours later

Aueust 1982

Innediate

24 Hours later
48 Hours later
72 Hours later
96 Hours later

0

4
I

20

0

0

22

t3

L42

40

107

27

53

60

72

93

27

0

0

27

7

0

0

0

30

67

7

7

52

67

0

0

0

0

0

0

0

0
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3.2 Comparison of isolation methods

Direct observation of filters showed a wide variety of fungi
existing in fuel including AiEernaria, Drechsrerat Epicoccunt
Trichoderma and UTociadium and many unidentified spores. This method

was Eedious because of the large amounts of inert non-biological
material present and the difficulties of distinguishing fungal spores.
Furthermore the majority of these fungi failed to sporulate on culture
plat,es.

Pour and spread plate methods were used when fuel samples were

saturated with water or contained a distinct water layer. As a
routine the menbrane filtration technique was used because it allowed
both qualitative and quantitative studies. A nunber of modifications
were examined. The one giving consistently highest counts was adopted
i.e. medium poured over the filter nenbrane (see table 3.6). v-8
juice agar mediun gave reliable and consistent results and was used
throughout.

Table 3.6 Conparison of two nedia and various nodified nenbrane filter
techniques for trro separate fuel sanples. (10 replicates)

CFU/litre
Fungus Sample I Sanple II

v-8

0

Malt

0 US

v-8

0

C. resinae
Penicilliun spp.

PaeciTonyces variotii
Fusariua sp.

601

149

166

2

300

104

4

11

I9

16

I
0

142

308

159

9

212

139

10

2

S = Filter placed on the surface of the mediun

0 = Medium poured over the filter in the dish
U = Filter inverted on the surface of the nedium
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3.3 Comparison of container tvpe used for collecting samples
(Table 3.7't

Generally the bottle counts of C. resinae were lower than the
counts from tin stored'samples. The cFU for both container types
fluctuated during the different sampling period. However, the forner
were preferred because they do not corrode and are easier to
sterilize.

3.4 Effect of time of collection and Lestinp of sanples on the
recoverV of C. resjnae (Table 3.7)

rnitial Lests were carried out with a mininum deray Eo avoid
changes in the composition and relative abundance of the microflora.
Subsequent tests were carried out at intervals up to five days after
collection. rn jet fuel, delayed testing resulted in failure to
recover c. resinae (sheridan pers. comn.). The July ?g2 samples were
tested imnedi.ately and after 24 hours only. Mean counts of.C. resinae
in tank 2 decreased fron 62 C[I0/fitre to Zg Cru/litre within 24 hours.
The apparent drop in tank 3 was due to very low figure obtained for
the bottle sanples which were not tested imnediately after collection.
In the August sanpling this drop did not occur. Furt.her sanpli.ng in
October and Novenber showed less ruarked differences on the recovery of
c. resinae within each tank, w'ith the different tixne of testing.

3.5 Sources of fuel contanination

The occurrence of C. resinaer PenicilTiun spp. and Paeci Toayces
variotii in the surrounding atmosphere near the tanks can be seen in
figures 3.3A, B and c. P. coryTophilun, p. digitatun and p. expansun
frequently occurred in the air spora and showed a corresponding high
incidence in Ehe fuel storage tanks. But no such observation was made
for C. resinae and Paeci Tonyces variotii. I'tost of the C. resinae and
P. variotii spores were trapped in sumner and autumn and occurred in
small numbers. rn tank 2 anong the three fungi penicilliun spp. and
P- variotii showed high peaks in April l9g3 and lulay l9g4 after lov
numbers in Ehe preceding months.
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Table 3.7 Effect of time

on recovery of
of testing of samples and container types

C. resinae

CFU/1itre

Date and time

of testing Tank 2* Tank 3+ Wharf Tin* Bottle*

July 1982

Innediate
24 Hours later

August 1982

Innediate
24 Hours later
48 Hours later
72 Hours later
96 Hours later

October 1982

24 Hours Later
48 Hours later
72 Hours later
96 Hours later
120 Hours later

Novenber 1982

62

28

25

25

173

70

73

13

7

10

t3
62

23

t5
7

l1
7

1000

533

22s

307

3sl
32r

438

288

397

403

410

745

372

246

295

513

111

1000

s36

115

458

5r0

25

28

285

255

2t5
295

630

598

451

L24

178

s46

2L2

286

23t
231

227

257

422

209

158

183

347

99

183

zst
282

lll
160

r62

163

r65

L62

46r

246

136

163

253

14

24 Hours

48 Hours

72 Hours

96 Hours

120 Hours

later
later
later
later
later

*
+

not-tested
mean for tanks 2

nean for tin and

and 3

bottle samples
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Flgure 3.3 The occumence of the predornlnant fungi
in the atnosphere and the storage tanks 2 and

(r982-1984)

Mean number of colonles/n3 of fungi
oecurring i.n the air spora

Mean nuobe.r of CFU/XtEre o,f fungi
occurring in Uhe storage tank 2

Mean number of CFUllitre of fungi
occurring in the atorage tank 3

A.

B.

c-.
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This could be due to the occasional pumping of fuel from tank 2 into
the frigate and its replenishment from the tank cleaning vessel (TCV)

may have contributed to the fluctuation of the number of fungi.

Table 3.8 lists the fungi isolated using the Kramer collinfs
airsampler, and indicates their tolerance t,o creosote (0.12).
Fusariun sp., urocladiun sp., .4spergilJ-us spp., chaetoniun globosunr.
Botrytis sp., l/ucor sp. , Rhizopust cladosporiun cTadosporjoides and
Aureobasidiurz sp. grew on culture plates exposed in the storage tanks
indicating that they were air borne. ATternaria sp. occurred in
abundance on filters E,hrough which fuel had been passed and also on
the air spora plates with and without creosot,e. This fungus was only
infrequently isolated fron the fuels and it could be suppressed by
other dominant fungi in fuel.

The fungi isolated from the soils surrounding the tanks are
listed in table 2.1. C. resinae was isolated from soils surrounding
the tanks. Most of the penicirriu@ spp. occurring in the fuel were
isolated from the air spora plates but rarely from the soi1. Among

the different Penicilriun spp. isolated from the soil by serial
dilution and direct plating of the soi.l on selective media,
P. expansun was the only species isolated from both the sources.
P. variotii was not isolated from soil. A1l Ehe species of
Trichoderna occurring in the fuel were isolated fron the soil.
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3.6 Discussion

In this study of micro-organisms associated with the diesel
fuel storage tanks systen at Devonport, thirty-one fungal species were
isolated during a twenty-four nonth period in l9g2-19g4. The most
frequently isolated fungi were C. resjnaer penicillium spp. and
Paecilonyces variotij. These could be classified as thigh act.ivityt
organisns capable of good growth in fuel. A similar range of
organisns had been isolated from jet fuel (Sheridan and Soteros,
1974)- Although c. resinae is a significant diesel conlamis6ng,
PeniciTLiun sppo tntr/ be equally important as observed in jet fuel
distribution sysr,ens (soteros, rg73) and i.n diesel (Bruce, Lgsz). rn
both tanks, Penici 77iua spp. were found to be persistent and sonetines
in greater nunber than C. resinae. PeniciTTiurn spp. also increased
markedly with corresponding peak occurrence in the surrounding
atmosphere. Most of the penicirliun spp. found in the fuel
have been reported ro be soil inhabitants (pitt, rgTg) but in rhis
study' most of the species isolated fronn diesel fuel were present in
the air spora.

The PaeciTonyces spp., penicilliuo spp., Fusariua spp.,
Alternaria spp., Trichoderaa spp., Rhizopus sp. , Mucor sp.,
Aureobasidium sp., Aspergillus spp., Epicoccur' sp., and Botrytis sp.
were known to be soil borne and air borne and have been reported to
play a vital role in biodegrading differenr subsrrares (ZoBell, L946;
Miyoshi' 1895; Hendey, 1964; Lonsane, singh and Baruah, 1975;
Klausmeier and Andrews, 1981). They may have entered into the fuel
from the atmosphere and rernained as casual colonizers. The ability of
some of these fungi to utilize diesel fuel is discussed in chapter 4.

If microbial fuel problems are directly related to ghe numbers
of colony forming units able to be isolated from samples, t,hen it is
clear that both PeniciTTium and PaeciTonyces must be included as well
as c. resinae when considering causes and cures for problems due to
micro-organisms in diesel fuel. rt is not surprising that with titre
more micro-organisms wilr grow and become genetically adapted to the
prevailing conditions in the fuel.
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In the main storage tanks there hras a gradient i-n contamination
levels of C. resinae. The highest concentration of CFU occurred at
the botEom and tvery bottomt of the tanks. Data obtained from
laboratory experiments conclusively showed a greater occurrence of
C. resinae at, the fuel/water interface and in nater bottoms. It
appears that the spores of C. resjnae were suspended at. the fuel-water
interface. c. resinae spores are larger (3-7 x z-4 lln) than
PeniciTTiun spp. spores (2.5-3 prn). c. resinae spores possibly have
greater affinity for water and the settling out process may be more
rapid- There r.tas a higher incidence of nicrobiological contamination
in Lank 3 than in tank 2. The rvery bottonr of tank 3 constantly
contained abundant water because all the vater bottoms from the main
storage tanks were usually drained into a separating tank. As the
fuel partitions from the water in the separating tank, the fuel. is
pumped back into tank 3 and r.rater to Ehe sea, thereby unknowingly
maintaining the contamination level in tank 3.

The temperature and humidity of air entering the tanks through
ventilation provide favourable conditions for the growth of the major
fungi. These conditions rvould a1low continuous condensation and
accumulation of water particularly on the exposed tank wal1 and fuel
surface. Diesel being viscous, water will settle ouL slowly and has a

tendency to form and maintain a stable water-fuel incerface.

Bacteria do not appear to be najor diesel fuel contaminants.
The detection of Pseudononas sp., Micrococcus sp. and Baciljus sp. in
the water bottom of the separating tank and the fvery bottomr of tank
3, appears to show the necessity for free vater for growth of bacteria
in fuel tanks. Fass and Miller (1980) have suggested that bacteria
die at a nuch faster rate than fungi in fuel. All the genera isolated
in this study are knowa to contain hydrocarbon utilizers (sohngen,
1913; ZoBell, 1946). The aerobic bacteria in the separating tank have
been reported t.o first lower the redox potential and Ehis promotes
suitable conditions for the growth of anaerobic sulphate reducers such
as Desurfovibrio desuTfuricans (walter, L97r; rsenberg and Bennett,
1g5g).
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The pH of the environmenE is one of the controlling parameters

for microbial growth and probably affects the stages of succession.
It is known thau bacteria and yeasts secreEe low molecular weight

fatty acids (Landsdown, 1965) which will subsequently lower the pH of
the aqueous environment making it suitable for fungal colonizat,ion.

An alternative source of contanination which needs to be

considered before any control measures for the storage tanks can be

i-mplemented is the fuel as supplied by the rShellr and TCV. There is
sone degree of correspondence between the contanination det,ected in
tshellf and TCV as compared with tanks 2 and 3. Clearly any attempts
at a general reduction must, take this int,o account. The high level of
microbial contamination in sanples from TCV are of concern in that
thi.s could provide large contaninant inocula if this diesel is ever
returned to vessels and storage tanks before being properly cleaned or
filtered.

Techniques and sampling devices used for the isolation of
bacteria have been in use for a considerable tine (Sharpley, 1966;

Hill, Davies, Pritchard and Byron, L967; HiLl, 1970) bur rhere is a

lack in the developtrent of techniques for estinating viable fungal
spores from hydrocarbon fuels. There has been little advancement over
the last twenty years since Hazard (1963) developed the nembrane

filter technique. There is a need for the development of a better
technique to isolate the increasing number of fuel contaminants.
Among the methods used in this study, Hazzatd,rs method proved to be

the best. Hill (1970) described a rapid merhod for determining the
level of contamination in aviation fuel condensat,e samples by testing
the phosphatases, a group of enzymes rridely distributed in micro-
organisn. They split off phosphate from organic phosphate compounds

which can readily be detected. The problern wit.h such a chemical
method is that it gives no indication about the identity of the
potential contaminants.

Most methods used were found to have distinct disadvantages, some

were unpredictable in that they did not give consistent and

reproducible recoveries of viable organi-sms.
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Apart from Lhe filtraEion method the other techniques have limitaLions
which are reflected by the sample size used, and they are dependent

upon the degree of contamination of the sample for them to be

effective. MeLhods for the detection of viable organisms do not give
accurate quantitati-ve estirnates of the nunber of organisms present in
contaminated diesel fuel, as only viable organisns that grow on the
cullure mediun are counted. Although counts have been expressed

quantitatively they should be considered to be only qualitative. This
is because a single fungal hypha rnay be fragmented during sampling
and could give rise to a number of colonies fron the fragnents on

culturing thereby indicating a count higher than the true one.

converselrr an aggregation of spores nay be counted as one colony by

giving rise to one nycelial mass.

The culture method of pouring the ruediun over the nembrane

inverted on the mediun gave greatest numbers of Lhe Lhree major
species. But placing the menbrane on the nediun r+ith the right side
up rras understandably less valid. This nethod gave 1ow recoveries of
C. resinae. It may be that the hydrophobic nature of the membrane

does not, allow adequate nutrients to pass Ehrough for the spores to
grow. The disadvantage of placing the nenbrane inverted on the nediurn

is that the colonies growing on the surface of the nediun, underneath
the nenbrane are crowded, antagonisn and other inLeractions between

the organisns nay have affected the number of viable counts. However

using the modifLed Hazzardfs rnethod (1963) described in this work the
above disadvantages are mainly overcome by pouring the mediuru over the
menbrane. In this way the spores are dispersed by the mediurn and the
masking and suppression effects from over-crowding are reduced. This
gave consistent and reproducible count,s of viable organi.sms.

The pour and spread plate used for water bottom samples gave

accurate and reliable counts when the saurple of fuel was heavily
contaminated. They were not satisfactory, when aliquots of fuel
sample larger than I cm3 floated on the top of the medium. Growths

submerged in fuel were difficult to see and the colonies appeared

darker in colour.
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Time of analysis of the fuel samples was standardized to twenty-
four hours despite some difference in the number of cFU of fungi
recovered fron zero to tt^'enty-four hours. This difference was

insignificant for this delay period. It r+as irnpossible to apply
statistics t.o the colony numbers recovered due to the variable nature
of the CFu which included spores and mycelial fragrnents, each having
its own characteristic viability and multiplication rate. To have

filtered two single, say 500 cm3 samples from each litre would have

seriously underestimated contanination in most samples. while
filtering twenty 50 cn3 samples could perhaps have resurted in a

reasonably accurate estinate of viable CFU at t.hat time. To test such

numbers of replicates nas impossible given the financial and human

resources available. Thus the data obtained from the filters cultured
from each sample will have some limitaLions because high nunbers of
colonies of a part.icular fungus may obscure some potential CFU of
another fungus and the variation of this nature of the CFU makes

statistical treatnent irrelevant.

Alchough contai-ner type, analysis time, number of filters assayed
were standardized, it was recognized that different individual fungi
nay have responded differentl-y after renoval from diesel fuel. Thus
the resulLs presented can only be discussed j.n raEher general terms in
order to aLtenpt a better understanding of the source of and cure for
nicrobial contamination. The aim throughout has been to obrain trends
which Eay then be subjected to further laboratory and field testing
under nore defined conditions, hopefully giving some significant
findings.

Direct observation of filters revealed a wide variety of fungal
spore types in st,ored diesel fuel. Air spora studies suggest that
many such as d-lternaria, Epicoccunt UTocladiun, Trichoderna, Fusariun,
C. cTadosporioides and others could have entered the tanks from the
surrounding air. But these fungi could not utilize the fue1, for they
were highly selective as to the type of substrate that they would
degrade. C. resinaet PeniciTTiun spp. and P. variotii occurred in the
surrounding attrosphere near the tanks. However, CFU may arise from
any of these potential contaminants as soon as there is water in the
fuel.
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But the time lag in detect.ing the fungi in Ehe rvery bortomr will
depend upon the settling rate of the individual contaminanL. Also Ehe

time lag between contamination and causing engine problerus will depend

on spores get,ting Lo the diesel/wat,er interface, and subsequent

laboratory experiments sholred spores of all three major species can be

detected as CFIJ on V-8 juice agar, iurmediately after inoculation at
various periods of tine.

Sharpley (1966) suggested a possible correlation between the
seasonal variation of C. resinae in air and that in fuel. In the
present study, PenicilTiuo spp. were observed to occur in high levels
in the atnosphere and a corresponding increase in CFu in the fuel, but
this was less evident for C. resinae and Paecilonyces variotii. But

air must sti1l be recognised as a source of fuel contamination.
Sheridan and Nelson (1971) and Sheridan (1974) nonirored r,he

atnosphere for C. resinae in hlellington and found sinilar autumn and

sumner peaks. But they did not correlate the seasonal incidence of
c" resinae from the atmosphere to its incidence in fuel. It appears
that contanination of fuel is a cornplex problen.

According to Reichart (1983) fungal spores are always present in
the atmosphere and therefore will eventually find their way into fuel
tanks but these are harmless unless water is present to provide the
ideal habitat for growth. Once established the fungus produces r,rater

as a by product of growth, which is probably the reason for its rapid
proliferation.

one obvious source of the air spora isolated near the tanks in
this study was analysed by determining the soil microflora and it is
clear that both c. resinae and a number of Penicilliun spp. were

abundant adjacent to the tanks. C, resinae uas found to be widespread
in soil in New Zealand (sheridan and Knox, 1970; sheridan, L974).
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The possible sources and causes of high levels of microbial
contamination in the storage tanks at Devonport may be summarised as

follows:

- The major fuel-utilizing contaninants were C. resinae,
PeniciTl.iua coryTophiTun and PaeciTonyces variotii.

- Tank 3 had some continuous re-inoculation by the contaminants

because of the regular return of fuel and water fron the
separation tank.

- Fuel as supplied is seldorn (if ever) free of microbial
contamination.

- Funga1 spores fron the air were a continuous source of
inoculum and this was significant for PeniciTTiua spp. r

conpared with C. resinae and P. variotii.

- Any source of inoculum will only present a problen if the
fungi can grow and this requires a free aqueous phase nhich
is commonly present.
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4

4.1

BORATORY STUDIES

Growth studies

4.1.I Single species culture
A) Isolates from this studv:

Figure 4.1 shows the growth of dieser isolates of c. resinae,
P. variotii and P. coryLaphi-lum afLer 6 weeks in medical flats
containing equal vqfrrm€s of Bushnell-Haas (BH) and diesel in the
laboratory. These fungi forned mycelial naEs about 5 mn thick from an
inoculum of 5 x 106 spores/cr3 when grown at 25oc. sporulation could
be perceived after one r.reek with spores being in the diesel phase.
Mycelial debris were present in the aqueous phase from 4 weeks
onwards.

Table 4.lA and figure 4.2 show that all isorates of c. resinae,
P- coryTophilun and p. variotii grer.r well in Bushnell-Haas/dieser
phases and showed a high degree of viability in subsequent culture on
V-8 juice agar (t.able 4.IB). Figure 4.3 shows rhe growth of these
fungi in different aqueous phases apart from in BH/fuel phases. on
seawater/diesel phases only p. coryT0phiJua grew we1l. rn the
Eapvaterfdiesel phases p. variotii however appeared Eo survive to a
higher degree. rt did not produce as many viable spores in the
distilled water/dieser phases. rn diesel arone none of the fungi
tested grew significantly although spores of all fungi except for
P- coryTophilun remained viable. The pH of the aqueous phases
renained unchanged. There was a time 1ag period of. 2-3 days for
C. resinae and P. variotii.

B) Isolates fron other sources:

Australian isolates of c. resinae and the NZ diesel isolace
showed sinilar growth on rhe BH/diesel phases producing thick dark
mycelial mats. The whlte form of c. resinae from Australia produced
only a thin white mycerial mat. The dry weight yields of fungal
material after 6 r.'eeks growth in the 100 cm3 culture were as folrows:
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F'igure /r.1. Grsnth of Cladospriun rersjnaer paecilonyaes varietii
and Penjcilltun carylophlJur (ex diesel fuel) in
BushaelL-llaas/dtreseL fuel interf,ace after six weeks,
Note:- Mycelial debris in the €tqueous phase.

Ftgure 4.3. Grovth of vari.ou-s types on aqueous/dtesel fuel phases a
expr€sSed in table /+.1A.

Lef,t:- Sone spore germination, very little gnowth (+)
Centre:- Spore layer (inoculum) unchanged (0).
Right:- Very thin colourless nyceliaL nat (+).



I
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Figure 4.2. Gronth* of fungaL isolates sn variolrs ,aqueous/diesel

fuel phases (l:1).

Type I - C. r,esinae ex dieseL fuel.
2 - C. resinae ex jet, f,uel.
3 - C. tes'l.nae ex Air.
4 - C. resinae ex ,so11.

5 - FenictlTiun caryTophLlw,
6 - P'aec.{Toayaes variotli.

t Groutt'r i.s expressed as the nean dry weight. of fungus
recov.ered by filtration fron duplicate 100 cn3

cultures inoculated with 5 x 106 spqres/eu3.
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Tab'le 4.lA Growth* of princlpal niergbial contaminqnts in thelaboratory on varioua aqueous/diesel tuef pnases"-

Fungus Brrshnell- Dlsrilled liesel Seawater/ Tapwater/Haas/Dieset warer/Dleset -;;i; 
Dieset Diesel

C.resrioae +++ + 0 0 +(ex dieseL)

C.r,esjhae fF+ + O 0 +(ex jet fuel) rJ

Crresinae + 0 0 +(ex so:i-l)

C.resLrzae +++ + 0 0 +(ex air)

PeatcLTTiuu+0.t++
coryTophlJiua

Paec:iTonyces+t++00+
variotjj

s 
-9::y.ln 

is expressed as follows fron observations nad.e after 6weeks and shown in. figure 4.3

0 Spore layer (inoculun) unchanged

+ Some spor,e gernination, very l,ittle groxdth

r+ Ilery thin coLo:urless nycelial noat

+.+F Thick dark nycelial nat
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Table 4.18 lliautttqy+ of fungi/spores isolaEed afte-r 6 weeks and.groxn on V_g juice ag.arr

Ftrngus Buehnell- .Distitrled
HaaslDiesel water/Diesel

Diesel Seawatery' Tapw,ater/
oaly Diesel Diesel

C. resf..nae
(er dieset)

C. tesinae
(ex jer fuet)

C. reslnae
(ex soil)

C. fesinae
(ex air)

PenielTTtua
carylophi,Tqn

PacalT,ooyees
yaflotjj

#+

#+

{{-F

.t{+

{++

+-r-t

+

+

+ +

+

{+

+

+

CI

0

{+

0

+

+

0

+

+

+

+

+ +#

+

0

+

t+

' +

Vi.ability of fungi,, coLony f.requerrcy,
inoculation.

no coloniee

l0 colonie"/,cr3 or less

10-50 coloniesfcu3

) 5O eslonieslcn3

5 days after pour plate

- 6,7' -



C. resinae ex Australian Arny: 410 ng,
ex HMAS Cerebus (Ausrralia): 330 mg,

ex Tasmania: 490 mg,

ex Australia: 450 ng,
ex Australia (white forn): 120 ng,
ex Devonport, N.Z.: 45e mg.

Table 4.2 compares the growth of the seven species of
PenicilTiua isolated from diesel fuel with that of p. variotji and
various c. resinae isolates on both Bushnell-Haas/diesel and BH/jet
fue1. 0n1y P. coryTophirua gren werl conpared to the other
PeniciTliua spp.rP. expansuu and p. spinurosuo shoned little growth.
spores of all Penicilriua spp. except p. digitatua appeared to retaiD
full viability after 6 weeks in the BH/diesel fuer phases.

c) Soil isolates:

Among the soil isolates obtained fron around the cliff tanks,
only PeniciTTiun nigricans and p. janthinel-luo showed any signs of
growth on BH/diesel fuel phases. This growth nas very rimited
producing 80 mg and 50 mg dry weight respectively after six weeks. No
growth occurred in BH without fuel or in diesel fuel ar.one.

4.I.2 Growth in mixed cultures
i) when P- coryrophirua and c. resinae were grordn as a nixed

culture in the Bushnell-Haas/diesel phases, a thick dark
myceliar Eat uas produced after 6 weeks. p. coryT0phiTun
spores were not visible in samples of the well shaken cultures
and on pLating out on V_g juice agar, only colonies of
C. resinae were produced. By cont,rast in seawater/diesel
growth medium, no visible growth had occurred after 6 weeks.
I'ticroscopic observation indicaLed that p. coryrophirua spores
germinated but not C. resLnae spores. I,lhen the seawater/diesel
fuel sample was plaEed onto v-g juice agar only p. coryrophiTun
coloni.es were obtained. Little growth occurred in
tapwater/dieser phases but spores of both fungi retained
viability for 6 weeks after nixed spores nere inocurated.
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Table 4.2 Growth and gurvival of peniciTjiun*
P. variotjit on Bushnell_Haas (BH)

spp., C. resinae* and
plus diesel or jet fuel.

Fungi Gror.rthl after 6 weeks
in BH/diesel or jet fuel

Fungal .,viabilityz*

P. echinuLatun

P. chrysogenun

P. frequentans

P. spinuTosua

P. coryl.ophilun

P. expansun

P. digitatun

C. resinae (ex jet fuel)

C. resinae

C. resinae

C. resinae

P. variotii

t
+

+

+

+F+

+

+

{++

#

+#

#

#+

r00

r00

100

t00

100

100

50

100

100

100

100

100

I

+

+

t+

2

The seven PeniciTiiuu, spp were arl isolated from diesel fuel tnthis study.

c. resinae isolated frorn dieser fuel, soil and air in thisstudy and one previousry isolated fron 5"i iu"r were grown.

P. variotii isolated fron diesel fuel in this study.

rdentical growth responses were obtained regardress ofhydrocarbon type.

Very thin spore mat

Thick spore mat, very thin colourless nycelial nac.

Thick dark nycelial nat.

Identical growth patterns were observed regardless ofhydrocarbon type.

viability after 
lrweeks.growth was. deternined by the pour prateneLhod using 5 cmJ sampr- from shaken culrures-lnd i"'"*pr!"""Jsimply_as a proportion of petri-distr co.rerea by fungal ;;;;il--after 5 days.
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fn diesel fuel without aqueous phase, no growt,h

either fungus but spores of C. resjnae retained
occurred of
some viability.

ii) The effecr of metabolic changes brought about by growth of
C. resinae on subsequent growth of PeniciTTiun and Paeci Tonyces
is shown in table 4.3. p. corylophilun and p. rariotii grew
well following growLh of c. resinae on BH/diesel producing just
as much dry weight after the 6 weeks growth period as had been
produced on fresh BH/diesel phases. No significantly increased
growth was observed on distilled nater/diesel and diesel alone.
only P. corylophirun grew on seawater/diesel fuel phases. Both
P. coryTophiTun and p. variotii produced little grordth on
tapwater. There was only a slight shift in rhe pH (9.3 - g.l)
and (7 - 6.8) in rhe seawarer/diesel fuel and BH/diesel fuel
respectively after P. coryrophilun and p. variotii grorrth
period. No significant change in pH rras observed after
c. resinae uas grordn in above mentioned media. The other
aqueous phases remained neutral (pH 7). As shown in table
4.4A, in a more extensive study of the effect of the presence
of one fungus upon the grolrth of another, little growth was

observed in the absence of diesel fueL. A11 cultures
contai-ning P. coryl.ophilun alone or as a mixed inoculun showed
growth after 6 weeks in seawater.

survival of ungerminated and germinated spores in agueous
phases alone and aqueous/diesel fuel phases is shown by the
data in table 4.48. candida did noL survive on tapwater, alone
or as a mixed spore inoculum; while its survi_val in BH was

affected by the acconpanying fungus. Germinating c. resinaer
P. coryTophiTua and Paecr ronyces variotii spores appeared to
make Candida spores non-viable after 6 weeks. Candida retained
some viability after 6 weeks in seawater, Again this was
reduced by the presence of other fungi and was el.iminated by
c. resinae. PeniciTTiun corylophiluat p. expansua and
PaeciToayces variotjj. rn tapwater c. resinae suppressed the
viability of p. expansun.
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*( viability is expressed as the number of colonies observed 5

days after plating 5 cm3 sample on V-8 juice agar.

0 Absence of colonies

<50 less than 502 viable spores

>50 more than 502 viable spores
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fn tapwater/diesel fuel phases, Candida shoved least evidence
of growth. rn seawater/diesel , p. coryrophilua showed some
growth and this appeared unaffected by the presence of other
fungi nor was the viability of p. corylophirua reduced after 6
weeks in mixed culture. candida retained viability after 6
weeks in seawater/diesel but the viability vas completery
suppressed by p. corylophilun.

As already shor.rn BHldiesel phases supported considerable growth
of fungi, even of candida. The total growth of candida and
P. expansua rdas considerably less than that of either fungus
alone but viability of either fungus appeared to be unaffected
when grown alone or as a mixed inoculun. when c. resinaer
P. coryTophiLun and p. variotii uere groring profusely in the
presence of Candidat Candida could no longer be recovered after
6 weeks growth in BH/dieser. si.mirarry, c. resinae appeared to
eliminate viable spores of p. expansun and p. varlotii after 6
weeks of growth.

(iii) The data in Table 4.5 show p. cory70phi7un, c. resinae and
P. variotii produced thick dark mycelial. mats in BH/dieset
phases. P. coryTophilun produced little growth in
seawater/diesel and no significant change in growth pattern was
observed in other aqueous phases.

After the first 6 weeks, when c. resinaer p. variotil and
P- coryTophiTun were inoculated in p. coryJophiLun, c. resjnae
and P. variotii grown nedia respectively, they continued to
forn dark nycelial. nats in the BH/fuel. The nedia did not seen
to have any liniting effect on Ehe groyth of the second batch
of fungi- But in the seawater/fuel, c. resinae formed a very
thin colourless nycelial nat after p. corylophilua had grom on
the same nedia. when c. resinae was grom initially in
seawater/fuel, it produced onLy a spore layer and the dry
weight was insignificant. p. corylophirua grown nedia may have
undergone some netabollc changes enhancing C. resinae survival
in seawater/fuel and seawater on1y, By contrast there rras a
change in pH 8.3 to g.
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P' corylophiTun grew singly and regardress of the other type of
fungi grom in its media.

Creosote tolerance studies

Ttre effects of creosote on the growth of fungi is shown by the
data in figures 4-4A, B, c, D and E. The c. resjnae isolates (ex
diesel, iet fuel, soil and air) and P. coryTophiiun and p. variotii
(ex diesel) grew on v-8 juice agar in the presence of creosote
concentration up to lz. No growth occu*ed at concentrations of 27,
creosote. c. resinae f. arbidun (ex Australia) arso tolerated 1z
creosote but the N.z. i.sorate of this forn appeared srightry less
Eolerant. P. expansunt p. digitatumt p. frequentansr p. chrysogenual
P' echinuTatun and Cradosporiun cradosporioides fron diesel were able
to grow and tolerate up to 0.52 creosote. ATternaria alternata ex
air, ex diesel and ex jet fuel tolerated up to 0.32 creosote. Except
for P' breviconpactua and Trichoderna hanatua, the other fungi
isolated from soil and other sources in this study showed growth in
the presence of creosote but only up to a concentration of 0.32.

4.3

Spores of C. resinaer Penicilliun coryTophiTua and paecj roayces
variotii appeared to be compretely unaffected by being shaken in
dieser fuel, by hand for up to 30 minutes, or by mechanical agitation
for up to 8 hours, whether as single or mixed inocula when vlability
was tested by the nilLipore filtration method.

The effect of carrying inocurated diesel or jet fuel sanples
by car over various distances (30G500 kn) during 2-3 days, equally
vas shown to have no influence on the viability of c. resinae isolated
froru either diesel or jet fuer. l00z spore gernination recovery Has
obtained from both the diesel and jet fuel.

4,2
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Figure 4.4. Growth of fhe various isolates on V-8 juice agar

containing different concenErations of creosote (after

14 days at 25oC).

A. Soil Isolates
Type J. C. resinae. 2. Trichoderna harzianua.

3. Penicl,TTiun acuTeatun. 4. P. funicuTosua.

5. P. janthine77ua.6. P.Lo7iense.7. P. nigricans.

8. P. verrucosun. 9. P. velutinum.

B. Diesel Isolates (Page 78)

Type I' C. resinae f. aLbidun. 2. C. resinae.

3. PaeciTomyces variotii. 4. PeniciTTiun coryTophiTua.

5. P. chrysogemlzl. 6. P. digitatun. 7. P. exPansun.

8. P. echinulatum. 9. AltetnarLa alternata.
10. PenicilTiua frequentans. I 7. P. splnuTosum.

72. Cladosporiun cladasporioides.

C. Jet Fuel Isolates (Page 79)

Type I. C. reslnae f. resinae. 2. C. resinae f.
aveTTaneum. 3. C. sphaerospetnrlao 4. Al.ternari'a

alternata.

D. Australian Diese1 Fuel Isolates (Page 80)

Type I. C' r€sinae ex albidua. 2. C. resinae ex

Australia. 3. C. resinae ex Army. 4. C. resinae ex

Cook Island. 5. C. resinae ex HMAS Cerebus.

6. C. resinae ex Tasnania.

E. Others (Page 81)

Type l. Cladosporium cladosporioLdes ex Air.
2. C. resinae f. resinae ex feather.

3. C. cTadosporioides ex tomato.

4. AJ.ternaria altetnata.
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4.4

Five fungi C. resinae ex jet, ex diesel, PaeciTonyces variotiit
PenicilTiun caryTophiTun and CTadosporiun cTadosporjoides were studied
using light and scanning electron microscopy (sst) in order to see if
any surface features could be identified as being comnon to those able
to use hydrocarbon. Representative photographs of conidiophores and
conidia of these fungi in the light and scanning electron microscopy
are represented in figures 4.5a, b, c, d and e and 4.6a, b, c, d and e.

The conidiophores and conidia of C. cTadosporioides were rough-
walled, but for the other fungi, they appeared smooth-walled in light
microscopy. In SEM, the conidiophore, ramoconidia and blastospores of
c. resinae (ex jet fuel) appeared smooth, whereas in c. resinae ex
diesel, the above structures appeared rcrinkledr. Both forms usuaLly
had 2-3 projections on the ranoconidia. It was also evident in the
SEM micrographs that the conidia of C. resinae vere not separated fron
each other by prominent scars, hence the name Hornoconis resinae
(Lindau) Von Arx and de Vries is acceptable.Honever C. cTadosporioides
conidia had scars and the conidiophore was less ornamented than the
conidia. The sporulating structures of p. variotji were smooth. The
phialides were drawn out to produce the conidia in chains.

In contrast to the light micrographs, the stipe of
P- coryTophiTun appeared warted but the phialides and conidia were
smooth-wal.led. No single characteristic can clearly be associated
with those fungi capable of utilizing diesel fuel.

Techniques for fixing and staining material for ultrastructural
characteristics using transnission electron nicroscopy of the sections
varied considerabty in their effectiven€sso Figures 4.1-!, 2 and 3
show the appearance of sections of conidia of c. resjnae (ex diesel)
which have been prepared using a range of techniques. Many of these
techniques show inadequate details in the conidia ultrastructure.

In methods l-4, stated in Table 2.4,
disintegrated and the cytoplasm and cellular
(figure 4.7-l).

the cell walL appeared

conponents were dark
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Figure 4.5. Light nlerograp-he of eonidLophores and eooid'i.a.

a. GT.adosporLwi resJaae f . avel7anev t
b. Cladosporiuo resJnae f. avella$ena et' iet fuel,
c. Cl,adosprLtn eladosporLoides e* sol.l.
il. PaeciJonyces varLottL ex diesel f'uel.
e. PenJcJTTtt;n eoryTof,lllua ex diesel fuel.





Figure trr.6. Seanning electrsn nficrographs (SEtl) of conidlo.phores

conidi,a.

a. Atradosparian resl.naa fo ,€tvallaaeua ex diesel fuel.
b. Cladosprtun reslaae . avelTztnen& ex Jet fuel.
c. Cladospritn cladosporioides ex soil.
d, Faecf.7.omyc* vaflotll ex <l-iesel fuetr.
e. Peaicillttw aorylophlJuo ex dlesel fue1.



etr





Figure 4.7. Transmission electron nicrographs shoring the conidia of
CTadosporiua resjnae (ex diesel) prepared using
different techniques.

l. Mixtures of glutaraldehyde and osnium tetroxide
fixative resulted in cell wall disintegration and the
intracellular conponents appeared dark and granular.

2. Sections fixed in collidlne buffer, cell wall yas
preserved but not the ce1lular details.

3. Glutaraldehyde and fornaldehyde firative provided
more details of the cell wall and intracellular
structure.



L-' 0.2 pm



rn the sections fixed in collidine buffer, the cell wall was preserved
but not the celrul-ar details (figure 4.7-2), bur the glutaraldehyde
and formaldehyde fixative provided nore details of the cell wall and
intracellular struct.ure (figure 4.7_3).

ultrastructure is compared using cultures gror+rn on v-g juice
agar rather than fungal fragnents recovered from diesel. A general
feature of low power transmission erectron micrographs of three
CLadosporiua spp isolates are shown in figure 4.8a, b and c. Conidia
have a relativeLy thick waLl within which a substructure can be seen
(figure 4.9a, b and c). The cell wall (c'lf) consists of three distinct
Layers' an outer elect,ron-transparent layer (A) which can vary in
thickness from 600 nm - 750 nn, a central electron dense rayer (B)
(750 nn - 9oo nn) and a thick granular inner rayer (c) (120 nn -
300 nn) which in sone cases is closery appressed to the prasna
menbrane from which it is difficul.t at tines to distinguish.

There are clearly variations in the thickness of each layer but
there are no consistent differences between the three species. The
plasma menbrane (PM) shows frequent irregular invaginations and can be
seen to possess the trilamellar structure (figure 4.9b and c). some
of the membrane irregularities extended quite considerably into the
cytoplasm, and structures which may be called lomasomes (LO) appeared
as double or multiple membrane surrounded vesicles between the pM and
the cell wall (figure 4.9c). Such structures rdere not restricted to
any one species. The cytoplasrn is dense and contains all 0f the
expected organelles and structures. The nucleus (N), gr.obose to
subgLobose was bounded by a nuclear envelope (NF) of two menbranes
that is frequently continuous with endoplasnic reticulun (ER) (figures
4.10a and b). Pores (Np) in the nuclear envelope yere common. No
nuclear division rras observed in germinating spores. other structures
observed included numerous mitochondria nhich varied in sectional view
fron round to oval. Mitochondria (M) vary little in apparent size,
are randonly distributed within the conidia of each spp. and appear to
possess plate-like cristae (figures 4.rOa and b). Endoplasnic
reticulum (ER) was sparse but nearly always observed (figure 4.rOa).
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Figure 4.8. Low power transmission electron nicrographs of:-
a. Ciadosporiun resinae ex diesel fuel.
b. Cladosporiun resinae ex jet fuel.
c. CLadosporiun cladosporioides ex soil.





Flgure 4,,9. 8r Tra,rrrsml-asilo,n efurctron: nLereig3e,ph shor{ng the eeLl

nall etruGEurest of el,adospariua reginae.

b &,c. Electron nicrog,rpahs of plaeoa neobrane of
Cldoa,pttfia resiFae .

Key:

A - oute: €lectron-transparent lsyeri
B E Celtral" el.ectron-d.enge Xayer;

C - thtclc giuautar ianer layer;
H{ r ptrtr"sln ueobnane;

Cl{ - GelL ralIi,
Ir{B : nlerobody3

!0 - louagonos.



r-r 0.3 pm



Figure'4.10. a & b. Electroo nierog,raph of the intracellular eonidl.al
strxct.ure qf Clados Wf,ian resiaae.

&r:
ER = ondoplasdc reticulrrn;
t = lipid oaterLal;
l4 = ul,tirchonilrtai
il = auelensi
trlF - nuc].ear envelope;

flP - nrreleer porej
T - tooopilasti
V - yacuol.e.





A feature seen in many secLions was a highly electron dense
cytoplasnic inclusion (LB) which appeared not to be bounded by a
membrane and the significance of these bodies is not known (figures
4.11a and b). rn a few cases lipid material (L) nearly filled the
entire content of the conidia (figure 4.llb). Other siurilar bodies to
lipids nay contain proteins and smal1 electron dense parLicles may be
glycogen or other storage granules (arrowed). The conidia of all the
cTadosporiua spp. showed small intensively stained round bodies in
vacuoles and adjacent to septum and these inclusions may be
microbodies (MB) (figures 4.LZa and b). rn the vegerative hyphae,
adjacent to the septum (S), two to three inclusions, which were
surrounded by a menbrane, appeared sinilar to uoronin bodies (t{B)
(figure 4.L2b). The vacuoles (v) were well-defined by a tonoplast (T)
and were particularly evident in germinating spores (figure 4.10b).
sections of the blastospore, ranoconidia and hyphae of all the three
species revealed analogous structure. Ranoconidia were typically
clavate or cylindrical and contained a greater number of reserve
substances (figure 4.llb).
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Flgure 4.11. a. Conidia of Cladosporl.ua resjnae yith the large
electron-dense body.

b. Electron nicrograph of the ranoconidia of
Cladosprjua resinae, shorring the storage granules
(arrowed).

Key:

LB = electron-dense body.





Figure 4.L2. 8.

b.

Microbody adjacent to the septum.

Woronin body and electron-dense bodies adjacent to
the septun.

Kev:

MB = microbody;

s = sePturi
I{B - noronin body.





4.5 Discussion

The observations made of nicrobial contaaination of the storage
tanks were somewhat difficult to interpret due to the uncontrolled
nature of many variables such as fungar inoculu-m, water soruble
nutrients, the nature of the fuel hydrocarbon aaong others. rn the
laboratory studies of nicrobial growth, sone factors were deliberately
controlled to relate to field situations. However there nay be sone
unidentified variables that have not been controrled.

The predominant fungi isolated fron diesel fuel in thls study
were c. resinaer P. variotii and p. coryrophilun with other
PeniciTTiu' spp. occurring frequently. rn all of the laboratory
studies the inoculun has been standardized as 106 spores per I0o cn3
of hydrocarbon with or without an equal volune of various aqueous
phases in glass conLainers about 502 ful1. rn all cases these 106
spores were added not as an aerial suspension but suspended in 0.1 cm3
of BH and thus the spores were fully wetted. Al1 fungal growth occurs
at the aqueous/fuel interface and this is not surprising since the
spores wirl settle here, as they float in water and water is more
dense than hydrocarbon. with the hydrocarbon as the onry source of
carbon and energy and the aqueous phase as the onry source of water-
soluble nutrients in the laboratory growth studies, the appearance of
extensive mycelium is restricted to this interface. I.Ihen the aqueous
phase contains balanced nutrients as in Bushnell-Haas, growth of all
c. resinae isolates and of the other fungi is considerable. These
growth studies show that apart from c. resinae, both p. variotii and
various PeniciLliua spp. were able to grow in diesel and in the
presence of creosote and to utilize these as a source of carbon and
energy. Parbery (1970) reported the presence of colonies of
P. variotji and peniciriiue spp. fron soil isorates on media
containing creosote but no further growth studies vere perforned.
During growth studies in this work a rag phase of two days was
observed for c. resinae and p. variotii. parbery (r97I) reports that
this nay represent a period of adaptagion and that increasing the
inoculum nay reduce the lag phase but this suggestion has not been
followed experimentally.
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water enters fuer storage syst.ens in various ruays and may betpurer, contaminated with various soluble naterials or be prinarily
seawater. The results of varying the aqueous phase in these
controlled growth studies show clearly how inportant wacer-soluble
mineral nutrients are and how different fungi require different levels
of nutrients. c- resinae appeared to grow only when adequate
nutrients were available i.e. in BH/diesel, and vas inviable in
seawater/diesel after 6 weeks but the prolonged inmersion did not
affect P. coryTophilun. p. variotii survived in tapwater/diesel,
where inadequate nineral nutrient vas present. Nicot and Zakartchenko
(1966) have noted prolonged (30 months) innersion in a
searrater/kerosene phases depressed sporulation and changed conidial
morphology. Alrhough with distilled water, where negligible or
minimal amount of nutrients nere present except for those entrained in
the dieseL fuel, little if any growth was observed but spores of all
the test fungi retained viability for at reast 6 weeks.

since fuer tanks were shown to contain more than one fungal
contaminant, the interaction between the predoninant or other fungi
has been exanined with respect to growth and spore viability. rn the
mixed inoculum studies, growth was observed in the Bushnell-
Haas/diesel and seawater/diesel. when c. resinae and p. coryTophilun
were cornbined, P. coryTophirun did not survive in BH/diesel and
conversely C. resinae did not grov in seawater/diesel at the same
time- This study has revealed that c. resinae grew in seawater/diesel
after P. coryrophiLun had been grown on the same medium. Again,
c. resinae was observed to have no metabolic effect on the growth
medium especially the BH,/diesel nedium as the other fungi grew on the
same nediun nhen c. resinae was eliminated. rn sone of the growth
experiments the final pH in the aqueous phase dropped narginalry.
Even a snall drop in pH may play a vital role in the lnteraction of
c. resinae nith P. corylophirun. rn other studies, candida vas
reported to be present in seawater used in bal,lasting fuel tanks on
ships rrhich produce sufficient acidic netabolic products to lorrer the
pH Eo levels where c. resinae courd grow (May and Neihof, lggr).
Possibly, simllar mutual benefits exist between peniciiiiun
coryTophi-lua and c. resLnae in seawater/diesel fuel.
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The candida atbicans isolate used in this work may not have been
necessarily isolated from seawater shored viability in the various
aqueous/diesel phases as single inoculum but yas reduced or even
eliminated by the presence of C. resinaet p. corylophilua and p.
variotii' clearly candida was unable to interact with the predominant
fuel fungi.

c' resinae is widely knom as the rcreosote fungusr for it
Srows on vood impregnated uith creosote and utilizes it as food
(christensen et aJ., 19423 sheridan, Tan and Nerson, L9r2i parbery,
l97l)' Fev have studied the effect of hydrocarbon fuels and creosote
on PenicilTiun spp, p. variotij and other fungi. rt becane evtdent in
this study that, rike c. resinae isolates, p. coryrophiJua and
P. variotii uere able to tolerate creosote up to 12, including
c. resinae f. resinae ex jet fuel which had not been tested before.
Most other Penicilriua spp ex diesel yere also creosote tolerant and
suggest their potential to grow in diesel, provided the favourable
conditions exist. sheridan and soteros (1974) did not recover any
creosote tolerant Aiternaria spp. fron soil and air in N.2,, but in
this study, ATternaria spp. nere isolated fron air and diesel and both
isolates grew in the presence of creosote in v-g juice agar up to
o.3z- The tolerance of Arternaria arternata and cradosporiun
cTadosporr-ordes to creosote has not been recorded before.

According to sheridan (per. comm.) derayed sanpring of jet fuel
affected the viability of c. resinae spores. This adverse effect yas
thought to be due to shaking of the fuel samples during
transportation. In these studies c. resinae spores were viable after
shaking and transportation regardless of the type of hydrocarbon fuel.
Delayed testing and long term agttation did not affect the recovery of
the spores fron diesel and Jet fuel.

The SEM has confirned the
with regard to surface structures
fungi, except for p. corylophilua
not snooth (pitt, lgTg).

plcture seen in the light microscope
of conidiophores and conldia of the
nhere the stipe appeared yarted and
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sheridan and rroughton (1973) observed warted conidiophores and
ramoconidia in c. resinae F. avelraneua (ex jet fuel), but in this
study no such surface ornamentation was obvious. No new fine
structures nere observed in the sEM. Fungal spores with ornate
microscopic surface features can be ful1y documented by the use of SEM
conpared with light microscopy.

rn the urtrastructurar studies, curtures grom on v-g juice
agar Provided the source of spores nhich were used in the laboratory
growth studies and these sinple observations yere to deternine
possible fine structural features which night explain the abllity of
spores to survive or to cotrpete in diesel. The buffer soluEions used
in the study were inportant to prevent damage and preserve the fine
structures of the specinens. The effect of specific ions of the
buffer on the fine structures of cradospriun spp. are not knovn.
Presunably ions in the buffer int.eract with certain chemical groupings
within the specirnen which appeared to affect the quality of fixation.
studies hrith different buffer systems have denonstrated that
variations in the specific constitution of the buffer produce
significant variations in the staining and appearance of cells and
organelles (hrood and Luft, 1965). The efficiency of the buffer sysrem
in the present study varled at the different pH levels. rt is now
recognized that the osmorarity of a fixative has a direct effect on
the appearance of the fixed specioen (Hayat, l97O). The various
sEructures would also differ in the degree of their response to the
difference in ion balance between the fixing solution and the
organismsr normal environnent.

The flxation techniques employed for ciadosporiun spp. gave
variable results. However, a double fixation by grutarardehyde and
formaldehyde appeared to be nore effective in naintaining the
constitutents. Mixtures of glutaraldehyde and osruiun tetroxide tend to
distort the celL wall and the intracellular structures ryere dark and
granular. But this fixation uas ideal for sEM. At present, the
knowJ-edge of chernical reaction between the fixing agents and specific
celLul-ar constitutents is rather neagre in fungi and interpretation of
electron rnicrographs is dependent upon a better understanding of the
chenistry of fixation.
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studies on the fine structures of cradosporiun spp. showed a
thick cell wal1 conposed of several successive layers. Underlying the
ce1l wall, the dark convoluted tzrgzagr membrane (Tan, rg7zl soteros,
1973) was resolved to be a trilamellar plasma nembrane. The tzigzagr
nembrane may be common to most fungi (Bracker, 1967). The cytoplasmic
granular matrix contains organelles characteristic of other fungi.

The nuclear condition of alL spores and hyphae of cladospriun
spp. was consi-stenE containing a single nucleus. The pores on the
nuclear envelope appear to be potential avenues for exchange of
substances betneen nucrei and cytoprasur (Fawcett, 1966).

The menbranous systens of the lomasomes are characteristic
structures of fungal cerr.s (Moore, 1965). They arise fron the prasna
membrane and are not thought to be associated rith cell nall fornation
(Brushaber and Jenkins, LgTl). The membranes of lonasomes and the
cytoplasnic invagination displayed a trilanellar structure
characterist.ic of the plasma membrane. since it appears that
l0masones are structures involved in membrane formation, it is
considered that the nembranous systens of cladosporiun spp. and the
invaginations of the plasna menbrane may be unique to fungi and not
only to hydrocarbon utilizing fungi as suggested by sheridan, Tan and
Nelson (1972).

cooney, siporin and snucker (r9g0), smucker and cooney (r9gr)
compared cells grown on hydrocarbon to those grown in glucose. They
observed snall spherical, electron-dense bodies in the vacuoles of
hydrocarbon grown cells and not in glucose nedium, and suggested they
were microbodies, the site of initial oxidation of hydrocarbon. They
also pointed out the occurrence of large electron-dense bodies in
vacuoles of glucose and kerosene grown cells. rn this study, such
structures were evident in all the cradosporiun epp., despite spores
not being processed directly fron hydrocarbon nedium but fron culture
mediun. The above workers have not nade any intracellular comparison
betr,reen rhe hydrocarbon and non-hydrocarbon utilizing fungi.
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According to Brenner and carroll (1969), uoronin bodies ruay
function to block the septar pores and regulate or prevent passage of
cellular organelles or naterials and may also function to occLude the
Pores. McKeen (f971) ascertained the chenical conposition and flne
structure of woronin membrane bodies and showed that they occurred i.n
definite location adjacent to septal pores. cole and sanson (Lg7g)
indicated woronin bodies develop within nicrobodies as honogenous,
electron-opaque inclusions, then move into invaginations of the latter
and are plnched off by constriction and fusion of the enconpassing
nenbrane. wergin (1973) and Heath (tgrr) have poinLed out that
microbodies are found in aninals and plants (vigil, 1973; Frederick,
Gruber and Newconb, 1975), and fungi (Avers, l97l) have been credited
with enzynatic activlty, and woronin bodies nay possess sirnilar
activity. Thus this study did not recognize ant intracellular
structural difference anong the Cladosporiua spp.
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5.

5.1

PART 2

CONTROL OF MICROBIOLOGICAL CONTAMINATION IN DIESEL FUEL

This part is concerned with the use of biocides for controlling
microbiological contamination in diesel (tdiesot) fuel.

MATERIALS and METHODS

Laboratorv studies on fuel biocides

The effects of biocides on spore gernination, fungar growth
rate and survival were determined using the folloning Eechniques.

5.1.1 Asar/diesel sl.ide technique
This is a modification of the method described by sniEh and

Crook (1980) using suspensions of conidia of Cladosporiua resinaeo
Penicil'7iun corylophiTun and Paeci lonyces variotii on shallow nutrient
agar platforns which were then overlaid with diesel (figure 5.1). The

agar platforns were placed on the slide in the following manner. Tno
sterile coverslips 18 x 18 mn and each 100 pn thick were fixed one
above the other in the centre of a normal nicroscope slide so that it
had a raised area of 200 prn high. A snall volume (0.75 

"r3; of nolten
Bushnell-Haas nediun solidified with 27 agar at 50oC was then placed
on another culture slide betueen tl'o stainless st,eel coupons.
stainless steel 500 pm thick was cut into 20 x l0 m coupons and the
two coupons were fixed 30 rum apart across Ehe slide using petroleum
jelly. The slide bearing the two coverslips was laid firmly across
the two sterile steel coupons with the two coverslips on the
underside. When the agar had set the top slide was carefully removed
leaving a layer of agar 500 pm deep containing a depression, lg rnn

square and 300pm deep, between the steel coupons. The agar
surrounding the sguare depression was then cut away aspetically
leaving a platforn of 18 nm square and 300 prn deep; the surface was

snooth and pernitted fungal conidia and hyphae to be observed with
ease.
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Figure 5.1. Apparatus for agar slide culture technique (after Smith

and Crook, 1980).

Figure 5.2, Sectional vien of the small steel tank showing the
sampling points.

Kev:

A = topi
B = middle;

C = bottom;

D = verl bottom.



Bushnell and Haas Agar

Coverslip
40x22mm

Stainless Steel Coupon
1"0 x 20 x O.5 nun

Microscope slide

Manhole

,i - ---' ,i

inlet/outletFuel



This agar platforn vas then inoculated with 0.01 cm3 drop (containing
l0' spores/.r3; of the appropriat.e conidial suspension (see chapter 2

for details)1'was spread on the agar surface. The slide was then leftl l^(,'rL

for 10 minutes to a11ow the agar to absorb the free water. A sterile
40 x 22 nm No. I coverslip was then placed across the steel coupons
and about 0.33 cm3 of filter-sEerilized diesel fuel containing the
various biocides was allowed to run under the coverslip uslng a

sterile Pasteur pipette. The agar cultures (duplicate slides of each
fungus per biocide concentration) were placed in covered sterile
Petri-dishes and incubated at 25oC. Germination was determined
microscopically daily up to 7 days, being scored on a total of 1000

spores for each treatnent, and recorded as positive when a developing
gern tube had energed for a distance equal to the width of the spores.

The biocides benonyl, Biobor JF, DML-7, inazalil, Kathon 896
and Proxel AS were used at a final concentration in diesel of 0, 5,
10' 50 and l0o ppn and DEGME ar concenrratlons of 0, 500, 1000, 2000,
3000, 4000, 5000 ppm. rmazalil and benonyl were solids and all the
other products were liquids. A 500 ppn (w/v) stock solution of each
ln filter-sterilized diesel fuel was prepared and diluted as required.
Iurazalil was heated to 50oC in a rrater bath before adding the diesel
when making up the stock solution. Benonyl required a different
procedure due to its l-ow solubility in both water and diesel. It is
soluble in both dimerhyl fornanide (Dt'tr) and dimerhyl sulphoxide
(DMSO) (Smith, per. comm.) but the latter was not used because it was

thought that the sulphur content night stimulate sulphur bacteria in
the tanks. The stock solution of benomyl was prepared by dissolving
25 ng in 0.5 cn3 of DMF, mixing with 5 cn3 of diesel and naking up ro
a volune of 50 cn3 with diesel to give the 500 ppn sol.ution required.

5.L.2
The effect of biocides, incorporated into nutrient agar on the

growth of colonies of c. resina€t p. variotii, peniciiriun
coryTophiluat P. chrysogenurnt P. digitatunl p. frequentans and
P. spinuTosua was determined over a I day period.
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The additives were incorporated immediately into Ehe sterile molten
malt extract agar (zz) at 50oc at concentrations of 0, ro, 50, l0o,
200 and 300 ppm except for DEGME and EGME. These were used at the
higher concentrations of 1000, 2000, 3000, 4000, 5000 ppn (0.1 -A'fit). The mixtures were gently shaken to distribute the biocides and
plates poured. 5 mrn plugs fron the periphery of 2 week old actively
growing cultures were placed upside down centrally in each petri-dish.
Colony diameter fron five replicate dishes was neasured daily for each
treatnent.

The effect of biocides on the forloving seven isorates of
c. resinae was studiedt c. resinae f. avelraneua ex soil (cl); R5 ex
feather; ex Air at Devonport; ex untreated diesel (isolated in this
study); ex jer fuel (Kr0F); ex Diesel (Dr); ex Ausrrarian arny
culture' fsolates of C. resinae and P. variotji fron the two diesel
tanks obtained during and after treatnent for up to 5 nonths with
Biobor JF and DEGIfE were also studied.

The effect of mixtures of benomyl (B) and inazarir (r) on the
growth of c. resinae and p. variotii was tested as foLlows:

- total concentration 5 ppn vith B decreasing fron 5 to 0 yhile r
increased from 0 to 5 in steps of I ppn.

- total concentration 10 ppm rith B decreasing from l0 to 0,
vhile f increased fron 0 to l0 in steps of I pprn.

- total concentration 50 ppm with f at 5, lO, 20, ZS, 30, 40, 45
and 50 and B decreasing in proportion.

- total concentration l0o ppm with B decreasing frorn l0o to 0 ppn
vhile f increased fron 0 to IOO ppn in steps of l0 ppn.

- total concentration 200 ppn with B decreasing from 200 to 0
while f increased fron O to 200 ln steps of l0 ppn.

Growth was assessed by measuring the colony dianeter after g days.
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5.l.3 in
BH/diesel phases

The activities of the biocides listed in 5.1.1 were tested as
follows:

(i) To derermine and survival of sDore inoculun.
Mixed spore inoculum of C. resjnaer p. variotiit penicilliun
coryTophiTuat P. chrysogenutrt p. spinurosua and p. digitatun
was inoculated in (l0o cn3) nedia consisting of autoclaved
Bushnell-Haas nineral mediun and filter-sterilized diesel fuel
in the following proportions 5:0, 5:1, 5:2, St4, 5:5, 4:5, 3:5,
225, l:5 and 0:5. The tests were set up in 200 cn3 medlcal
flat bottles (sterilized in an oven at 20ooc for 3 hours).
Benonyl (dissolved in DMF), Dl&-7, imazalil and proxel AS were
dissolved in diesel and added to give final concentrations of
0, 50, 200, 300 ppm. Biobor JF and DEGHE concentrations were
0, L25, 170 and 27o ppn (comnerciarry recommended) and 0, r0oo,
2000 and 3000 ppm respectively. After shaking, O.l gm3 of
fungal spore suspension (containing approximately 105
spores/cm3) tn BH was inoculated into each medical flat. The
bottles were shaken again and the aruninium caps with the
rubber liner renoved, were screwed on 100se1y and the bottles
incubated at 25oC for 6 neeks.

where growth had occurred, the nycerial nat produced by the
fungi was harvested by filtering using sterile No, I l.Jhatman
filter papers (50 mn dianeter). llhere there was no mycelial mat
formation, cultures uere shaken, 5 *3 of the BH/diesel sanpre
was placed in duplicate sterile petri-dishes and v-g juice agar
poured over t,he sample and shaken gently. The pl.ates rrere
incubated at 25oc and scored for the nunber of fungal colonies
produced.
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(ii )

at reduced temperatures
The sterile BH/diesel fuel nas used ar 1:l ratio in sterile 200
cm3 medical flat bottles as described in (i). The BH/fuel was
inoculated with 0.r cm3 c. resinae spore suspension in BH
(approxirnately l7 x 105 "por.s/cr3). EC,llE and DEGME were added
to give concenrrations of 0, 30o, 500, r00o 10,000 ppm (0.03 _
Lz). The bottles were incubated at 4oc for 4 rreeks and then
transferred to laboratory temperature (lg_lgoc) and kept for a
further 4 weeks to observe wheLher vigorous grovth had occurred
by the end of the g weeks. The mycelial ma. produced by the
fungus was harvested and assessed as above.

(iii) 
n

biocidal activitv
An Austrar-ian diesel fuel isorate, a N.Z. diesel fuel isorate
and a N.Z. jet fuel isolate of c. resinae vere found to be
insensitive to the DEGME sanpre used in the raboratory. The
new batch of DEGME purchased for the field trial was tested
using this culture nethod against these c. resinae isolates to
investigate whether the response of the test organism varied
with different sanples of DEGME.

5.1.4

FueL (2 litres) obtained from the srain storage tank 2 was
placed in sterire twinchester quartt bottres (capacity 2.25 ritres).
Before the addition of the biocides, three 50 nl sanples of the fuel
were filtered to discover the level of nicrobial contamination. Ttre
biocides dissolved in sterile dieser nere added to the fuel to give afinal concentration at 0' 50, r0o, 200, 300 ppn for DML-7, proxer AS,imazalil, benomyl, Biobor JF, Karhon 9g6 but for EGI{E and DEGr,tE at 0,5ffi, 1000, 2ooo, 3000 ppm (0.05-0.3u). 24 hours after rhe
incorporation of the biocide, three 50 cn3 sanples of fuer nerefiltered. This was repeated daily for seven days using 0.45 Um
membrane filters. The menbrane filters were placed in sterir_e
Petri-dishes and v-g juice agar poured over the filters. The plates
were incubated at 250c for 5 days before col0nies uere counted.
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5.1.5

biocides in diesel fuel

The nerhod was described by Erphick and Hunrer (196g) for jetfuel and modifications were made whenever necessary. 30 mm circlesHere cut from no. I Whatman filter paper. The filter paper circleswere autoclaved for 15 minutes at 103 kpa (15 p.s.i.). To thesesterile circles were applied 0.3 cm3 of a nixed spore suspension(approximately 107 spore",/"r3) of C. resinaer p. variotJi andP' coryTophilun in sterile water' a volune sufficient just to saturatethe circles' The circles vere placed in sterile 140 m petri-dishes,
arranged concentricalry without overlapping, and a 5 nn deep layer offilter-sterilized fuel carefully poured over then. The dishes rvereincubated at 25oc. After 7 days, a furrher 0.3 cn3 

", ".;;;;l *"r",was added to each filEer paper. After a further 14 days incubation,vigorous nixed col0nies of the fungi were growing at the centre ofeach circle.

The mixed coronies were then imnersed in fuel containing thebiocides for 24 hours, held in 200 cm3 beakers and covered withsterile aluminium foir. The products used were Biobor JF, benonyr,DML-7, inazalil, Kathon gg6, proxel AS at concentrations of 0, 50,1@, 200, 300 ppm. Firter paper circles were retroved after 24 hoursand, without washing, placed in untreated sterile fuer for 6 days.They were then removed and iruuersed once nore in biocide-treated fuelfor a second 24 hour period, the process being repeated to give anaxinum of six ionersion periods in biocide-treated fuer, a total of144 hours over a 6 reek period. Three fir.ter paper circles carryingcol0nies were renoved after each 6 day period in untreated fuel,vashed nith sterile water and placed in sterire petri_dishes. Martextract agar nas poured over the filters. They were assessed forrelatlve growth after 5 days incubation at 250c.
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5.2 Field evaluation of the fuel bioci,des

5.2.L Biocide effects on nicrobial contamination

(i) Tank descriprion
uncoated steel tanks at Devonport Naval Base, Auckland, were

used for the large scale biocide testing. Each of the
cylindrical tanks was approximately 4,57 n long and 2.14 m

wide, with a capacity of 25,500 litres of diesel fuel. They

faced south and were thus completely sheltered by the cliffs
behind from direct sun. Usually three tanks were used, two

treated and the third as an untreated control. The tanks were

drained, biocides added and then refilLed uith diesel which
completely mixed the biocides r*ith the fuel.

(ii) Biocides

DEGME and Biobor JF were added ro give final tank
concentrations of 3000 ppm (0.32) and 27O ppn (O.O27Z)

respectively, DML-7 and Proxel AS ar 300 ppm; benomyl at 50 ppn

and inazalil at 200 ppm, Benonyl yas dissolved in DMF, all
others were added at the required final concentration directly
to the tanks. Benomyl was used at a 1or* concentration because

it was found to be controlling the predominant fuel
contaminants between l0 ppn and 50 ppm in the laboratory.

(ii.i) Sanpling

Samples were collected and transfered into sterile preserving
jars as described in Part l. sanpLes vere colLected before
(the untreated fuel) and about 2 L/z hours after addition of
biocides (al1owing time for the product to settle) and tested
irnmediately in Auckland and after 24 hours in weil-ington for
the viable fungal contaminants in the DEGIIE and Biobor JF

treated samples. The treated sanples were tested inmediately
and after 24 hours, to observe vhether there nas any change in
the fungal conEanination level. later it nas found, that
delayed sampling did not have any effect on the nicrobiological
contaminants.
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rn the case of DML-7, proxer AS, benomyl and imazaril, the
untreated fuel samples were collected and tested immediately in
Auckland. The treated tanks were allowed to settle for 24
hours before sampling, and sanples were tesEed in werlington.
The source of fuel was fron the main storage tank 2 and it r,ras
sampled and Eested before punping into the tanks. The
subsequent sampres from the treated and untreated tanks were
collected forrnightly fron rhe top (A), niaale (B), botton (c)
and infrequentry from the very botton (D) as shom in figure
5.2. The sanples uere tested in werlington for a period of from
16 to 20 veeks after the addition of biocides. The tanks have
the sulrage botton (D) (undrainable botton) nhich were onry
drained manualry and extended 305 m high fron the very botton
ro the point at which fuel is nornally nithdram (C).

rnitially onry a single sample (lm' 
".31 

,r"r collecred
from the above revels. Later, it was noticed that the nunber
of colony forning units fluctuated greatry between levels in
the tanks at the same sampling tirne, so triplicate samples
(1000 .r3; 

","r" collected separately at each level.

5.2,2 Microbial detection
The fuel was thoroughry hand shaken before subjecting to the

membrane filtration technique (refer part l). The size of the r0
replicate fuel samples filtered was l0O cn3.

since the presence of biocide on the filters
fragnents nay affect the detection of viable fungi,
tests were perforned on filters before covering vith
agar, each being replicated 15 tines.

or in fungal
the following
the V-8 juice

(a) Fil.ters plated without washing.

(b) Filters were washed nith sterile distilled water
plating.
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(c) The filters
cn3 sterile
I00), mainly

were washed with a detergent t.riton X_IOO (20
distilled water mixed with 0.1 cm3 triton X_
to remove any residue of DBGME and Biobor JF.

(d) v-8 juice agar containing 0.rz creosote was poured over
the unwashed filters.

The plates were incubated at 25oc and observed after 5 days for
fungal colonies. There were onry ninor differences between
treatnents, with treatment rcr appearing most satisfactory. This
detergent wash was used for arl subseguent sanples. whenever free
water uas observed in the very botton sanples, the pH was read using
the pH meter.

5.2.3 Effects of biocides

5.2.3.1 Engine performance and combustion chanber
The object of engine running tests with dosed fuel uas to

ascertain whether the chemical products under test had any effect on
the performance of dieser engines and engine conponents. The engine
trials nere run at the Defence scientific Estabrishnent (D.s.E.) at
Devonport, using one singre cylinder Enfield vsr engine. The notor
drives an erecrrical alternator which is off-loaded onto a bank of
resistance heaters. The engine was rated to run at a constant speedof l4o0 rpm and ir deveroped, 4474 watts (6 hp). The alternator
generated a maximum of. 2rgo volt Anps (vA) which could be translated
into 2780 Watts if used to power a bank of electrical resistance
heaters, because of the unity power-factor under this type of loading.
To the test diesel generator vas fitted 2 AC meters, one to read
0-250 volts and the other to read 0-20 Anps. The test engine yas
placed in a weather-proof bay and an additlonar netering tank (snap
tank) was connected in parallel with the rnain fuer tank. This
permitted the recording of fuel consumption rate nhile the engine was
running at a fixed power output. Any changes to the thermar.
efficiency of fuel caused by the additive yas neasured by this nethod.
After each rnajor fuel/biocide trial, the cylinder head (see
figure 5.3) was removed so that deposits could be visuarry examined
and any rel,evant measure&ents made.
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Figure 5.3. The cylinder head of the Enfield vsl engine.
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Each biocide/fuel mixture was tested over a tr+o or t,hree day
continuous running period and fuel consumption rate and oi1 pressure
measured hourly. AL1 biocides used in the field trial including
Kathon 886 were tested in the engine and in che following corrosion
test.

5,2.3.2 Corrosion test
A standard nethod for detection of copper corrosion from

petroleurn products by the copper strip tarnish test, as described in
the IP L54/84, ASTI{ Df30-83 was foltowed.

5.2.4

5.2,4.1
The total water (free and dissolved water) in nost of the fuel

sanples fron the three tanks was deternined at D.s.E. by the Karl
Fisher method (ASIU DL7 44-64).

5.2.4.2

Biobor JF - Boron in Biobor product.s in diesel was determined
by the potentiometric nethod (park, rg75) at B.p. N.z. Ltd.

DEGME - the method used was a standard technique for rcing
Inhibitor using a refractometer, DEF (Aust.) 5240.

Proxel AS was analysed by high perfornance liquid
chromatography (HpLc) at chemistry Division, DSrR as forlows:

Ten nillilitres of diesel sample and l0 cor3 of distilled warer
were shaken together vigorously for one minute in a 25 cm3 vial and
the two phases were allowed to separate conpletely. The aqueous phase
was then analysed by HpLC on a Hichrom clg reverse phase column
(50 mm x I rnm) using nethanor-water-orthophosphoric acid 50:50:0.25
v/v/v at 3 cn3/min as mobire phase. 500p1 injections were made and
Proxel AS vas detected by w absorbance at 240 nn. concentrations
were calculated using peak heights calibrated using standards.
Analyses uere reproducible to within +zz, and, were carried out in
duplicate.
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Experiments using authentic mixtures showed
diesel and warer, (g0+l )Z ot. the proxel was
only 2OZ in the diesel.

that in a 50:50 mixture of
in the aqueous phase and

DML-7 - HPLC and capillary gas chromarography (GLC)
for quantiLation of active components from DML-7 in aqueous
hydrocarbon phases at rndustrial processing Division (rpD),
najor components identified were:

were used

and

DSIR. The

Aronaric Hydrocarbon solvenr (Boiling Range 1600c+2200c)
unknovn conpound (water soluble, Boillng point - r2ooc)
Dlethylene glycor-mono nerhyl ether (Boiling point rg4oc)
Methylene bis thiocyanare (melting poinr l03oC).

The first three components could be quantified in both
hydrocarbon and aqueous phases using GLC, but the methyrene bis
thiocyanate required aqueous extraction forrowed by HpLc.

0nce the composition of the DML-7 r*as determined, it was
decided that methylene bis thiocyanate was the only component worthquantifying. rt was analysed as follows in the 200 cm3 diesel fuelfrom a 25,500 litre storage tank initiarly dosed with 300 ppn of DML_7.

The DML-7 sample was analysed by GLC using a non-polar capillary
colunn with flane ionisation detection. r{ater was added to the DML_7
and both the hydrocarbon phase and the aqueous phase analysed. Asanple of the biocide was washed with vater and pentane to extract thepartially soluble sorid conponent. The melting point of the crystars
was determined. A sanple of the dieser fuel vas analysed by capirlaryGLc' DML-7 standards were prepared by adding 30o ppm of biocide todiesel' consequently methylene bis thiocyanate resur.ts are reported asppn biocide because the nethylene bis thiocyanate content ls not
accurateLy known' some of the extracted crystars were used to estinatethe amount of nethyr,ene bis thiocyanate in the DML-7 biocide. Theresult indicated the biocide contained - gZ mass/nass of nethylenebis thiocyanate' honever this value is not precise due to interference
from other biocide components.
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40 grans of the submitted fuel samples rrere extracted with 3 x 4 ml of
distilled water and the combined extracts analysed by reverse phase
HPLC using ultraviolet absorption detection at 254 nn. Two fuel
samples contained small quantities of separated aqueous phase and
these volunes were measured using a microritre syringe. The
significant concentrations of solid corrosion products in the aqueous
phase prevented HpLC analysis.

The extraction of biocide fron diesel into water was neasured
by adding I part water ro 250 parts of diesel containing 300 ppn
DML-7. The mixture was stirred fot 4 hours. The extraction was
repeated on the sane sampLe.

Imazalil content rdas not rneasured specifically in fueJ. sanples
but since imazalil is a non-polar subsLance (evident from the chenical.
fornula) one can predict it to be more soluble in fuel than in hrater
(R.D' wilson, chemistry Division, DsrR, per. conn.). A manufacturer
representative (Janssen pharmaceutica, per. comm.) advised that
imazalil was more soruble in octanol than in water phases from their
determination of partition coefficient. (see appendix 5.1 for
octanol-water partition coefficient).

Benonvl - snirh and crook (1993) using r4c laberled benonyl
found a partition ratio of 10:90 waLer to diesel fuel after
equilibration.

_u3_
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6.

In this sLudy eight chemical conpounds yere tested as biocides
in the laboratory and six in the fierd. Their overarl perfornance is
surynarised in table 6.1.

6.1

6.1.1 Aoar/diesel slide technique
Table 6.2 shovs that gernination of conidia of the three naJor

fungal conta'inants uas evident vithin 24 hours vhen praced onto the
interface between BII nineral salt agar and diesel. The gernlnation
vas conplete vithin 48 hours.

Neither DEGI'IE nor Biobor JF affected gernination significantly
although the latter gave a slight delay in gernination of c. resinae
at the higher concentrations.

D{L-7 at all concentrations
concent,rations delayed gernination
but not PaeciLoayces varjotjj, By
a1l three fungi.

and Proxel AS at the
of C. resinae and p.

96 hours gernination

higher

coryTophiTun

vas l0OZ for

At or above l0o ppm, benonyl inhibited gernination conpretely
in all three fungi. c. resinae uas Eost sensitive Eo benonyl being
completely inhibited ac l0 ppn vith delayed geruination at 5 pp'.

rmazalil at or above 50 ppn inhibited ge'inat.ion in c. resinae
and P' coryTophiTun. PaeciTooyces variotii yas very insensitive vith
complete geruination after g6 hours at all concentrati.ons.

The agar sride technique pernitted observation of gernination
and growth of spores as they produce individuar coronies. Hyphal
grouth in untreated diesel resulted in an intervoven nycerial mat in
vhich no individual colonies could be distinguished vithin 4g hours.
The type of hyphal grorth and the fornation of conidiophores and
conidia could be readily observed using this technique.
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C.R. - CLadosprfura resinae
P.C. - PentciTTlun corylophilun
P.V. - Paecilonyces varlotjj

(a) The table shovs the z gernination and as a superscrlpt (b),
an indicatLon of the type or extent of geru tube grorth.

I - Very isolated si.gns of gerntube
2 - Distsrted gerntubes, very reduced grorthrswollen hyphal.

tips, some bursting.
3 - Unbranched hyphae and no sporulation.
4 - Extensive branching but sporulation rare.
5 - Ilyphae elongated, branching sporulatron connon.
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Details of the nornal rapid hyphal grouth along rhe interface uith
frequent branching and sporulation occurring vithin 4g hours vas
observed in all control cultures. Hyphae nhich grev dom into the
solidified agueous phase eventually produced conidiophores but conidia
vere produced profusely on the diesel side of the interuoven
interfacial nat. Neither DEGME nor Biobor JF had any effect on this
nornal grouth pattern. rn addition to inhibiting germination
conpletely, the effective biocides benonyl, inazalil and Kathon gg6,
resulted in the production of deforned gern tubes uith liEited grovth
potential. Benouyr for exanpre caused svollen hyphae to forn uhich
soon stopped groning and in some cases cell varls and nenbranes
appeared to be disrupted and cell contents leaked out.

htith DML-7 and proxer AS at the higher concentrations, both
c. resinae and p. coryT0philua failed to sporulate, indicating that
even if these compounds were not biocidal, then some biostatic
activity vas evident.

6.1.2 Poison plate Test
l,lhen agar plugs carrying actively growing nycelia of

c. resinaet PaeciTonyces variotiio penicirriun coryrophirun and the
other Peniciliiu' spp. isolated fron diesel nere placed on MEA the
colony dianeter increased in a linear fashion to cover the petri-dish
in 8 days, as shown in Figure 6.1. The growth rate uas always uniforu
throughout the 8 days during which colony diameter yas neasured,
Tables 6.3, 6.4 and 6.5 present the gronth of these fungi as recorded
after 8 days only and shov the effects of the inclusion of the various
biocides at a range of concentrations upon coloay growth rate.

EGME' DEGME and Biobor JF (Table 6.3) had no effect on hyphal.
grovth at any of the concentrations tested under these conditions. of
the other blocides only Kathon gg6 inhibited grovth of aL1 three fungi
Eore or less equally, being totalJ.y inhibitory above 50 ppn.

DML-7 and proxel AS nere less inhibitory, having no effect atall on P- variotii. proxer AS vas srightry inhibitory to the other
fungi at 300 ppn vhile DML-7 gave sone inhibition at l0o ppm affecting
sone of the fungi nore than others.
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Figure 6.1. The gror*th of treated and untreated fungal colony in the
poison plate test.
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* 
Grovth of fung-us fron 5 mn inocuruni plug after g days
recorded as fol.lors :

O No grorth
* Little growrh (6-10 nn)
-l+ Moderate g,rorrth ( 1l-30 nm)

+++ Frofuse growth (31-80 rnm)

*t rderrltical ,growth r.esponses vere obtained fron c. reslaae and
P., varr.otii when r.sorated from 'dieser f,rrel whj.ch had
contained DEGI{E and Blobor JF for 5 nonths i.n the f,uel
tanks.
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Benonyl at 10 ppn caused total inhibition of grorth of all fungi
except P. digitatua. This fungus continued to groy even in the
presence of 300 ppn of benonyl.

rnazalil also proved to be very effective, inhibiting the
growth of all fungir except p, variotji at l0 ppn. p. variotii
appears to be totally insensitive to this biocide.

Table 6.3 al.so includes the effects of the biocides on the
hyphal growth of c. resinae and p. variotii isolated fron the fuel
tanks which had been treated yith DEGME and Biobor JF for 5 nonths.
These isolates vere insensitive to DEC,ME and Biobor JF in the
laboratory.

The data of rable 6.4 shov that the varlous isolates of
C' resiaae shoved an identical response to the different biocides yith
all of then including the 1960 and 1970 isolates being insensitive to
DEGME and Biobor JF.

The tuo effective biocides, benonyl and inazalil when tested in
conbination over a range of concentrations gave the results as shovn
in table 6.5. At 50 ppn, C. resinae showed no grovth in any
proportion of the two, uhiLe p. variotji uas unaffected by the
presence of imazaLil and totall.y controlled by benomyl. when the
concentration of benomyl fell belov 40 ppn, the effectiveness of
benonyl rras partly lost in the presence of the inazalil. Thus it
vould appear that inazalil sonehow reduces the effectiveness of
benonyl against P. variotii. But at equar proportions of 25 ppn, the
biocides inhibited both the fungi. sinilar interactive effects yere
apparent at the 200 ppn level vhere 200 ppn of inazalil uas
ineffective against p. variorji but only r0 ppn of benooyl pJ.us
190 ppn of inazalil gave couplete grovth suppression.
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6.1.3 The effects of biocides on fungal ororth and survival in
BH/diesel phases

The effects of biocides on spore gernination and grouth on
Bushnell Haas/diesel phases are shown by the resurts in tabre 6.6.
The most significant effect of the changes in the proportions of the
aqueous and hydrocarbon phases t'ere seen at the ext,renes.

rn the absence of biocides, the nired spore inoculun falred to
Srou on either the aqueous phase or on diesel alone. Ttre changing
proportions of the two phases in the nixtures had sone effect on the
anount of fungal growth. rt vas evident that greatest groyth ras
obtained in llquid nedia containing alnost equal voluues of the tuo
phases and least vhen one phase vas 20r of the total vol.une. once
again DEGIIE and Biobor JF had no significant effect on fungal grovth.
Both DML-7 and Proxel AS caused a significant reduction in fungal
grovth rith the effect being the same at all three concentrations. No
systematic variation in the degree of inhibit,ion accompanied the
changing proportions of aqueous/hydrocarbon phases. Both benonyl and
inazalil alnost completely prevented any fungal gronth at all
concentrations of biocide and i.n all proportions of Bushnell_Haas
nedium and diesel. When little grovth vas observed in the presence of
DML-7 and Proxel N, spores retained their viability vhen filtered out
and placed on v-8 juice agar nediun. After 6 veeks in nediun
containing benonyl at or above 50 ppn, all spores had lost their
viability except for penicilliua digitatun rn the presence of
inazalil, at or above 200 ppn, a1l. fungal spores lost viability excepc
for P. yariotii.

The pH in all the test systens vas betneen 5 and 7 at the end
of 6 veeks. The aqueous phase in Proxel AS bottles appeared clear but all
the others uere cloudy. There rras a deposit at the botton of benonyl
treated bottles.

A fresh baEch of DEGIIE gave identical results under these test
conditions and renained ineffective.

-r28-



*
Mixed spore inocuLun was used in this test.

** Gronth recorded after 6 weeks as follows:

0 No gronth

+ Some spore germination, very Little growth

+r Very thin colourless nyceliaL nat
Thick dark mycelial nat

And as + Dry weight (ng) of fungal mycelia

The data in the ( ) is from the new batch of DEGIIE tested

Spore viability resultsl-

Benonyl conpletely controlled C. resinae and

P. varlotii at 5O ppn, and PenlciTTiua digitatun survived

but did not forn a nycelial nat.

Inazalil controlled C. resinae and PenicilTiuo spp. at
100 ppn but not PaeeiTonyces variotii. DML-7 and Proxel AS

did not kill the spores at any concentration but inhibited
growth.
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when a c' resinae spore suspension was inoculated into
BH/diesel nixture, held at 4oC for 4 neeks and then returned to nornal
Eemperature, growth vas reduced at the lor teoperature and was then
vigorous at 18-l9oc. Even after 4 weeks exposure to DEGHE and EGHE

under slou growth conditions these biocides had no effect on
subsequent growth.

6.L.4 Large volune liquid fuel : biocide tests
Addltion of biocldes to tvo litre bottles of diesel fuel taken

directly fron the storage tanks gave resuhs siilar to the other
laboratory grovth studies (table 6.1).

The nunber of CFU of C. resinae, P. variotii and Penlcilliuu
spp. showed sone variation in the different tno litre batches before
addition of the biocides. penicilriun spp. occurred at a louer
frequency compared to C. resjnae and p. variotii.

Kathon 886 nas biocidal after 2 days exposure at 300 ppn and
after 3 days at l0o and 20o ppn to al1 the fungi. c. resinae vas
inhibited at 50 ppn after 6 days. p. variotii vas slightly nore
tolerant being alnost unaffected at 50 ppro.

Both benonyl and inazalil were effective against C. resinae but
sone cFU of PeniciTLiun spp. nanaged to survive at 30o ppn after 5-6
days exposure to benonyl. rnazalil was ineffective against
P. variotii but benomyl gave good control at all concentrations.

6.1.5 Internittent exposure of the three connon fuel funqi to
biocides ln diesel fuel

rntermittent exposure to biocides of a nired spore proportion
carried on sterile filter papers in diesel_ fuel for 24 hour periods
separated by 6 day exposure in clean diesel fuel gave results shom in
tabl'e 6.8. Biobor JF vas biocidal to Penici 77iun corylophllua at 50
ppn after three 24 hour exposures but had no effect on C. resjnae and
P. varLotii. DML-7 vas effective against c. resinae after five 24
hour periods at l0O ppm but reduced viability ahost to zero after tvo
exposures at 200 and 300 ppn of all three fungi.

-r30-



x G,.F. - C, rwinae
Pen. - Penietlltr4r appr

Prv. - Paeel,Tgn,yces' yerjoejl

* Tlro Litre sanrFles lrere fn€,ubated uith bioeLdes at
vet{ous conce[trati.ons

+ Nr.rnbefs of; coloniea per litre are caleulate.d frgq
coloptes counted after the fungi have been allowed to
forn coloniee on V-8 Juice ager plates for 5 days.
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x C.R. - Cladosporiun resinae
P.C. - PeniciTTiua coryTophtlun
P.V. - Paecilonyces variotti

*' Figures shown are the total cFU score from 3 replicate filters
counted after 5 days growth in V-8 Juice agar.

* Moist sterile filters carrying spores were exposed to diesel
containing biocide for 24 hours folLowed by exposure to sterile
diesel for 6 days before repeating up to 7 times, sone filters
were removed for determining viable CFU after each treatment.

0 - no growth or no colonies
l->l0colonies/filter
2->20colonies/filter
3->30colonies/filter
4->40colonies/fiLter
5->50colonies/filter
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Kathon 886 required three 24 hour exposures at 50 ppm but was biocidal
to all three fungi after only one 24 hour exposure at. 100 ppm.

Benomyl was effective after a single 24 hour exposure, killing all
fungi. Imazalil was effective against C. resinae after five 24 hour
exposures and required six 24 hour exposures to inhibit p. variotii
and PeniciTTiun corylophilun.

6.2 SECTION II - Field studies of biocide effecrs

6.2.r Effects of biocides on nicrobiologicar contanination.

The effects of biocides added to field storage tanks on

nicrobiological contanination, corrosion and engine perfornance are
reported here.

Table 6.9 presents the nean nunber of CFu isolated from the
DEGt'lE and Biobor JF treated and untreated tanks. Conplete data on the
effects of DEGME and Biobor JF at che different levels of the tanks in
the field trials are given in Appendix 6.1.

DEGI'IE and Biobor JF significantr.y reduced c. resinae but had
litt'le effect on PaeciTonyces variotl.i and PeniciJliua spp. Nunbers
of P. variotiio PeniciTliua spp. and rrichoderaa spp. were
internittently high in all the tanks. p. variotji was observed to
peak only in late June, July and August lgg4. The decrease of
PenictlliuE spp. and Trjchoderna sp. seened to alternate with lncrease
of P. variotii. The frequent occurrence of ?rjchoderna sp. in large
numbers and a decrease in all fungi in early August suggest a seasonal
influence. It was also notable in April that whenever a particular
fungus occurred in high numbers, it remained high in all the sarnpling
levels. The numbers fluctuated at the different levels of the tank
only when the fungus occurred in small numbers.

Table 6.10 shows the distribution of DEGME, Biobor JF, DML-7

and Proxel AS nainly in the fuel phase. hthen excessive amounts of
water were present, on the very bottom of the tank, proxel As

partitioned preferentially into the yater phase. DEGME and Biobor JF
were water soluble and as the water content increased they partiEioned
into the water phase.
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Although 2lo ppn of Biobor JF vas added into the fuel, onry 13_24 ppn
remained in the fuel phase throughout the five months of sanpling.
But c. resinae nunbers remained row in the treated tanks, regardress
of the anount of water present in the tanks. The total vater content
fluctuated in both the untreated and treated tanks.

The data in rabre 6.ll show the effect of DML_7 and proxer AS
on nicrobiorogical gronths in fierd tanks. Throughout the sanprlng
period the untreated tank renained highly contaninated vith c. resjnae
and Penicirriua spp. P. variotii contanination fluctuated. There yas
an increase in the different species of fungi in tank 4 conpared to
the treated tanks (Appendix 6.r). rn late Novenber l9g4 in the
untreated tank, the presence of high nunbers of p. variotii
corresPonded vith a decrease in nuobers of c. resinae and penicilrlun
spp. rn December the decrease of p. variotii corresponded vith high
numbers of c. resiaae and penicirriua spp. probably, interaction
occurred between the predoninant fungi in the tanks, vhereby each
fungus vas not able to tolerate the presence of another. The waEer
botton of the tanks was free fron microbiological contanination in the
presence of the high proportion of DML-7 and proxel AS. rn February
and March 1985 high nunbers of c. resinae occurred in tank 2(containing DML-7) and in the untreated tank, suggesting proxel As to
be more effective than DML_7. Generally both the conpounds
significantly inhibited c. resinae and peniciiliu@ spp. in relation to
the untreated tank. The nunbers of the predoninant fungi fluctuated
highly' especialry p. variotii. To determine the cause of the rargefluctuation r.n May 19g5, repeated sanpres yere taken fron each levelin each tank (Appendix 6.3). rt vas found that yhen c. resinaet
PenicilTiua sPp. and P. variotii occurred in high nunbers at aparticular level, the nunber of cFU fructuated betveen replicates.
Ttre presence of Hucort Rhizopus and the other fungi risted ln Appendix6'2 were casuar and occurred infrequently in high nunbers.

Ninety-nine percent of the proxel AS nigrated to the water
phase in the storage tank (table 6.10). A layer of yater botton yas
observed in the prorel As treated tank. The p[ of the aqueous phase
vas between 5 and 6.5 throughout the trial period. proxer AS ryas also
unevenly distributed through the diesel in the storage tank.
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rt vas unstable in diesel and nay have undergone oridation by
dissolved air. rt vas also evident fron the tabre 6.9 that when
Proxel AS nas analysed in the same sanple of fuel repeatedly atintervals in the laboratorr, it vas observed to partition continuallyinto the aqueous phase.

The methylene bis thiocyanate, an active ingredient in DMt_7,
vas found to be uater soluble and nigrated rapidry to the aqueous
phase on vigorous shaking. Analyses carried out in the raboratory
have denonstrated that in l:250 yater/diesel fuel system, stiredgently, DML-7 at 300 ppo in the fuel produced a lever of nethylene bisthiocyanate equtvalent to 762 Drfl--7 in the yater phase after 4 hoursat roon tenperature. The rate at nhich the chenical conpoundspsrtition from fuel to yater uill clearly be a factor of great
consequence to the treatnent of fuel storage tanks, vhere agitation toincrease the partition rate nay be inpracticable.

rt nas observed that inazalll and benomyr significantly
conErolled all the predoninant fungi (table 6.I2). The untreated tank
was highly contaninated by c. resinae and penicirriua spp. Hoyever
the P. variotii cF[I occu*ed in row numbers and fluctuated in al]_three tanks. (rn the laboratory, inazalil nas not effective againstP. variotii, but inhibited it in the field). rncreased nunbers offungal species were isolated fron all the three Eanks (Appendix 6.4).
Tlre majority occurred in snal' nunbers. zygorhynchus sp. occurredinfrequently in high nunbers in all the tanks. The cRI betueenreplicates did not shoy nuch variation (Appendix 6.5). The totalvater content in the untreated and treated tanks fluctuated srightly
and renained belou ll5 ppn throughout the trial (Appendix 6.4). As
benonyl and inazal' vere nore fuel than vater soruble, they naypartition slouly and decompose into the aqueous phase, naintaini'g aneffective biocidal activity at vater/diesel interface.
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6,2.2 Test on enpi.ne oerformance

rn the engine trial test, none of the conpounds had a
significant effect on the perfornance characteristics of the diesel
fuel' fron thermodynanic aspects. Refer Appendix 6.7 for graphs on
diesel engine addltive trials.

The carbon deposit (ash residue) was neasured in the forn of
black sooty deposit forned on the piston as in Figure 6.2. A depth of
70 un of carbon nas recorded when the treated and untreated fuel was
used in the engine for all the conpounds tested.

6.2.3 Corrosion test

In accordance.with the IPIS4/94 corrosion test Bethod, no
significant corrosion was recorded on the copper strip for all the
compounds. Ttre test conpounds proved to be rtlatr, almost the sane as a
freshly pollshed copper strip.
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6.3 Discussion

Although c. resinae is generaLly considered to be the nosttroublesone contaninant of jet and diesel fuel (Hendey, rg64; Bernerand Ahearn, 1977), paecilonyces variocii and peniciriiua spp. can alsoproduce nycelial growths. rn this study alr the fungi were examinedin biocide tests.

Most of the earlier yorkers (Klenne and lconard,
and Hunter, 1968; Rogers and Kaplan, 196g, Hendey et aI,
and Bailey, rgTg) and the recent vork by snith and crook
considered the effects of biocides on c. resinae 

'rone.

1960; Elphick
l97l: Neihof
(1983) have

DEGME, EGIIE and Biobor JF were incruded in this vork becausethey were the only knom connercial products ridely used in the fuelindustry' Ethylene grycor alkyl ethers have been knoyn for nany yearsto be bacteriacidal (Berry and Michaels, l95O) and EGME is the fornthat has become widely accepted for application to jet fuels and it isnou commonly used. Neihof and Bailey (197g) reported that of theseyen compounds tested, diethylene glycol nonouethyl ether (DEGME) wasthe nost suitable repracenent since it was effective at l_22 (in
aqueous phase) conpared with 10-r7z required for EGrttE. However, nostof the other conpounds tesLed had less favourable partition
coefficients than EGME and it nould be nore difficult to ensure thatthe required anti-nicrobial concentration accunulated in the yater
phase. Despite their short-conings, in particular their ability tostlnulate grovth at 10v concentration, the ethylene glycol derivativesvere uidely accepted as they conbust conpletely, are freely fuelniscible, and are readily available.

The other biocldar conpounds in vide use since the early r960sare the organoborates. Borates have 10ng been &nom to inhibitnicrobial and enzynic activity (Zittle, f95f) and this activl_ty uasfound to be greater for organic borate conpounds. The activity oforganoborates has been investigated by DeGray and Fitzgibbons (1966).
sone organoborate conpounds uere knonn to precipitate boric acid nhentreated fuel cones into contact ,,ith yater and this nay cause filterplugglng.
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One product vhich is widely used, Biobor JF, vas found by saunders,
wotring and raylor (1966) not to undergo this precipitation. The
recomnended concentration for use of Biobor JF vas between 135 ppm for
continuous use and 270 ppm for shock treatnent. Later it becane
evident that the anti-microbial activity of both EGl,lE and Biobor JFras quite slow, a rong exposure tine being required for effective use
and these compounds were found to stinurate oicrobiar grovth at roy
tenperature (Genner and Hill, r98r) in addition to 1or concentrations.

rn the present studies, laboratory tests shoyed that DEGME,
EGME and Biobor JF vere lneffective against all the predoninant fungiat roo' temperature. Tests on agar prates shoved no effect on hyphalgrowth. Effectiveness in the presence of diesel uas studied and an
attenpt nade to simulate the field conditions. Tests carried ou. on
the agar/diesel culture confirned that they uere ineffective as they
were in che BH/dieser mediun and in the rarge vorune liquid fuer.

The restriction of extensive hyphal grovth a10ng the
water/dieser interface observed in the DEC,I,{E, EGME and Biobor JF
treated and untreated agar slide culture in this study nay be anutritional effect (smith and crook, lggo) and nay also be due to the
high solubility of oxygen in the fuel (Teh and Lee, f973). Hill,
Evans and Davies (1967) have deternined experi-oentally that kerosenein equilibrium vith air would in conditions of nodest turbulence pass
oxygen to an aqueous botton at a rate and to a level vhich vould
satisfy the needs of obrlgate aerobic nicro-organisns. swatek (1963)
mentioned thar liquid hydrocarbons r.ike jet, rocket and diesel fuel
have adequate oxygen absorbent qualities.

DE6T'{E and EGME uere ineffective at borh rov and high
tenperatures. All the c. resinae isorates frol the environment andfuel sources (ex feather, soil, jet and diesel fuel fron N.z. andAustralla) vere tested in EGME and Biobor JF treated systens and
appeared to be insensitive. rt becane evident that all c. resinaeisolates (vhether isolated in r960rs or l970fs) uere insensitive tothe conpounds. Biobor JF was ineffective against c. resinae vhen usedinternittently and in the various proportion of BH and diesel
nixtures.
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Hill (1978) rePorted that it was effective when used intermittently
with fuel ro water ratios of ress than 400:1. The possibility that
N.z. c. resinae (ex diesel) used tn this study was unusual in being
insensitive to DEGME nas investigated. But results showed all the
Australian and N.Z. jet and diesel fuel isolates were all insensitive
to DEGI'IE.

DML-7 and proxel AS were biostatic against c. resinae and
P. corylophirua but not against p. variotii. They prevented the
fornation of a mycelial nat but a spore matl was evident. They showed
a relatively high degree of inhibition at a very high dose level of
300 ppn. when the fungal spores were exposed i.ntermittentry to
Proxel As and DMt-7, c. resinae was inhibited at 100 ppn in contrast
to 300 ppn during the continuous exposure. At above 50 ppn,
Kathon 886 provided total control of c. resiaaer penicilriua spp. and
P. variotil..

Kathon 886 is fuel and water soluble and naintains an effective
biocidal activity at the water/fuel interface. Recently, the Rolls-
Royce Ltd. ln England have given approval to the use of Kathon gg6 as
an additive to fuel for industrial, narine dlesel engines and also gas
turbines (Rohm and Haas Ltd. pers. comn.).

rn the agar slide culture experiment, benonyr, inazarir and
Kathon 886 in rhe fuel caused a large reduction in the viability of
both spores and hyphae of c. resinae at concentration of between
10-50 ppn. Germination of spores was not suppressed but germ tube
outgrowths was halted within 3 days of emergence. Suppression of
gernination in benonyl treated fuer- was expected as a mode of actlon
of the biocide is by interference with the mitotic process (Davidse,
1973) and the other compounds must have also acted upon the actively
netabolizing cel1s. Abnornalities like leakage of the cell cont,ent
were apParent in the benomyl t.reated conidia. Similar observations
were made by van Gester (19g6) when penicilriun spp. spores were
Ereated with azole fungicides. PaeciTonyces variotij and peniciTliun
digitatun were insensitive to imazalil and benomyl respectively.

viable concentration of spore inoculun at the fuel/water i.nterface
I
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But it was possible to control p.
combination with benonyl at a low
of imazalil could be increased in

variotii when imazalil was used in
concentration. Hence the efficiency
the presence of benomyl.

PentcilTiun digitatua is known to cause citrus green nold and
was found to be insensitive to control by benomyl in Australia and
Japan (Wataru, L975; Jones, Ig77). . It was controlled by imazalil at
20 ppm. P. digitatur, occurred as spores in dieser fuer and was
regularly isorated fron the atnosphere surroundlng the tanks.

The BH/dj.esel fuel growth nethod using medical flat bottles uas
a reliable neEhod of screening active compounds which gave results in
6 weeks and the sene results courd be obtained nithin g days uslng
conidial suspensj-on ln the agar slide/diesel rnixture nethod. The agar
slide nethod may also be used for dose response studies. rn the
poison plate test' the effect of increasing fungici.de concentration on
the growth rate of a known anount of fungal nycelia may be directly
observed and measured. The fnaturarr two litre fuel test systen
slmulated the actual field condition and provided an opportunity to
observe the effectiveness of the biocide in natural conditions.

srudies by Neihof and Bailey (r97g) indicated rhar suitable
fuel biocides should have water to fuel partitioning values as high as
1120:1. Rapid partitioning into any water present in the fuel sysr,en,
would possibly cause biocidar loading Eo be depleted and provide
inadequate nicrobiological protection by the tine the fuel reaches the
shipboard tanks. Except for benomyl and inazalil, all the other
products tested were more water soluble than fuer solubre, thereby
having the abiLity to partition rapidly into the aqueous phase with
increasing anount of water. The partition coefficient of a compound
is also affected by temperature and agitation (Hitzman, L9641 Elphick
and Hunter, 1968). For example the coefficient of EGME in water ro
fuel at 18oc is g00:1 whereas at 2roc it is 200:r. Thus, at lower
temperatures, EGME becomes more concentrated in the water phase and
hence lts anti-icing properLies are enhanced. However, the increase
in biocidal activity with increased Eenperature conpensates for this
change in partition and the net result is an increase in antifungal
activity as temperature rises (Thomas and Hill , Lg77).
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Hovever, when one considers the possible inplicat,ion of chese factors
which nay inEervene in practical application of biocide to frigates,
the sltuation becomes nore complex. Agitation nay not be a problem in
the storage tank but agitaLion of the fuer and vater phases during
sailing will increase the rate of partitioning of the water soluble
biocide' 0n the other hand dilution of biocide-treated fuel with
untreated fuel at subsequent refuelling points and leaching of biocide
fron the fuel and dilution of biocide in the yater phase by
preclpitated or condensed water nill serve to dininish biocidal
efficiency. 0f perhaps even greater inportance are the environoental
factors which rill dictate whether, and to yhat extent, nicrobial
grovth rill occur in a particular ship. c. resinae and other nicro_
organisns isolated from diesel fuel systens are capable of rapid
growth at nornal roon teDperature, provided uater and nater soluble
nineral nutrients are available.

snith and crook (19g3) found using l4c rabelled benomyl apartition ratio of water to fuel of 10:90. As the partition of
benomyl into the aqueous phase vas low, the depletion of the biocidal
properties by loss of water present nould occur only slowly. rnazalil
nay behave sinilarly to benonyl being more fuel soluble than water
soluble and may have a sinilar partition ratio. Janssen pharmaceutica
Ltd., (the suppliers of imazalil) have obtained a partition
coefficient in an octanol-water system of 4:l at pH 9. The solubility
of inazal-il decreases at lover pH and the sane effect may be observed
in tdiesot-water systen.

The pH in the BH/diesel fuel phases uas crosely monitored,
although none of the conpounds affected the pH at the end of 6 weeks.
Hill (1982) suggested that biocides particurarly those functioniDg byvirtue of a fornalin release mechanisn have little activity against
yeasts and filanentous fungi, and these organisns nay present a
serious secondary infection hazard after the nore vigorous bacteria
have been suppressed, as the result of the change in pH 

'n 
the Last

systen. To guard against this contingency, a rixture of biocides nay
be used and also it is essential to achieve an initial high effective
concentration to prevent nicro-organisns devel0ping resistance to
inhibitors by natural selection.
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Therefore Miller, Mohan and Strickland
systen in nhich biocide concentration
mlninun inhibitory concentration (MIC)
such developnent of resistance.

(1975) have suggested that a
is at least three tines the
vould be expected to prevent

rn the field, the compounds tested shoved variation in their
effectiveness towards the predoninant fungi, vien conpared with the
results obtained in the laboratory. Biobor JF and DEGME showed
significant reduction of c. resinae but not peaic irriun spp. andP' variotii- Benonyl and imazarir controrled the naJor fuel
contaninating fungi uhereas proxer AS and DML-7 nere inhibitory
against c. resinae and penicilriua spp. but not p. variotii.

rt nay be suggested that the crucial test of the effectiveness
of a vater/fueL sorubre conpound is a furr scare field exposure
evaluation and careful analysis under conditions nhich arise inpractice. The field exposure test under conditions of expected use
was the prinary criterion for evaluating the effectiveness of bioclde
treatnents and was the standard against vhich the raboratory biocide
test nethod was calibrared. Th"*-J#ffof the published data on
biocides have been collected from laboratory studies rather than based
on field evaluation. Fier.d trials Day prove to be expensive and
unpredictable due to the infLuence of uncontrollable factors. rn this
uork even though the conpounds rvere subnitted to the field test aftercareful scrutiny ln the laboratory, so'e variable results were
obtained for DEGME, Biobor JF and inazalil.

laboratory test data conprised the bulk of the lnformation usedin making the decision to proceed with the field test. rt nust be
remenbered that the laboratory evaluation of a ricrobial problen lscarried out under conditions that attetrpt to sirnulate field
conditions. These conditions necessarily differ from the nide
spectru' of fierd conditions in order to neet vorkable and practical
laboratory linitations. rt is, therefore, not possible to accuraterypredict Ehe perfornance of a biocide 1n the field on the basis of ltslaboratory perfornance.
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DYL-7 and Proxel AS have a biostatic effect against c. resjnae
and Penicirriua spp. in the laboratory and fierd. A high proportion
of both the compounds nigrate to the aqueous phase and may deconpose
to forn toxic coutpounds, to maintain a lon level of contamination in
water/diesel interface (DSIR per. comn.). It vas obvious in the field
study, that there was a large fluctuation in the number of CFIJ
recovered fron the trested tanks. The fluctuation in the fungal
colonies was Eore evident in the case of biostats than biocides. For
exanple inazalil and benonyl effectively controlled the predominant
fungi and such fluctuation was not observed. The fluctuation ln the
fungal colonies in Ehe tanks could be due to a number of factors:
clunping of fungal nyceliun and spores, settLing effect, interactton
anong the dominant fungi, seasonal and biocide effect.

The interact,ion of arr these factors and undoubtedly others,
suggest that there nay nell be a very narroy borderline betneen a set
of conditions under shich a fuer tank wilL remain virtually free of
nicrobiological growth and those under vhich significant growth rrilloccur' when conditions near to this borderline prevail, intermittent
use of even a relatively inefficient compound such as DEGME and Biobor
JF may be sufficient to swing the barance in favour of trouble_free
service. 0n the other hand, under really severe operating conditions,
an even more efficient conpound such as proxel AS or DML_7 nay fail to
keep the problem in check as the biocide nigrates rapidly into the
nater phase, therefore it may be necessary to be used very frequently.
Durlng situations of heavy microbial contamination, inazalil, benonyl
and Kathon 886 nay be reconnended, as these conpounds partition
gradually into the aqueous phase, naintaining a sterile nater botton
and frequent topping nould not be necessary.

Micro-organisns can survr.ve in fuer in a dornant state for
months or even years nithout causing any probleo, but if the fuer
comes in contact with vater, the nicro-organisns can then proliferate
and gror into I'arge nasses of nycelial grovth yhich can cause some of
the problens previousry reported. with continued enphasis placed on
good-housekeeping and good fuel-handling practices, it nould appear
that the microbiar problen is subordinate and arises oaly after
continued disregard for established and proven fuel_handling practices.
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As none of the
on engine perfornance,
probably all the seven
vigorous testing.

tested conpounds showed any deleterLous effect
nor corrosion at fairly high concentration,
conpounds nay be reconnended for further

Tolerance of nicro-organisns to conpounds like DEGIIE and Biobor
JF nay be suspecred but there is no direct evidence. rt is beconing
increasingly inportant to have arternate biocides rlke proxer AS,
DM[-7, i-oazalil, benonyl and Kathon gg6 to conbat the fuel
contnninants. Each of these conpounds nay be selected based on the
severity of the condition.

Benonyl and inazalil have nany of the advantages of the idealfuel biocides. They are agricultural fungicides, easily available,
active in low concentration, present no corrosion or residue probrens,
and their by-products on deconposition nay be less toxic than those of
DML-7 and Proxel AS. Thus a higher concentration as a disinfectanE
treatnent or lower concentration for continuous dosage on their own orpossibly in combination may be used. They nay be good candidates as
an alternative to the fuel biocide used at present.
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7.

(i)

This study established that:

The predominant contaminants of middle
are CTadosporiuu resjnaer paecilonyces
coryLophiTun.

distillate fuel (tdiesor)
variotii and penicilTiun

(ii) Penicilliuo spp. and Paeci ronyces variotii are capable ofgrowing in diesel fuel and have the potential to cause najorproblens in the fuel systens in addition to cJados poriuaresinae.

(iii) rnteractions erist a'ong the predoninant nicrobial
conteninants,

(iv) Biocides effective against d, resina et paecironyces variotiiand penicilliuu spp. are avallable.

The present investigation showed that the storage tankssurveyed at Devonport, Auckland were cootaninated with nicro_organisns ' cradosporiun resinaer PaeciLoayces variotri and peniciri.iunspp' vere consistently isolated and Here capable of forning darkmycelial nats at the nater/diesel interface. Bacteri. o."u...;infrequently and in low numbers.

Methods developed for the detection of fungi and bacteriashorved that a filtration nethod uslng nenbrane firters gave highercolony counts and more reliable results. V-g juice agar and naltextract agar nedia poured over the filters were found best forisolating C. resinae and other nicro_organisms.

there are nunerous sources of contaninatl0n of storage fueltanks by c' resiaae and oEher nicro-organisns. Microbial contaninationnay occur through breather yents nhich a110w air borne and soir_ bornespores to enter with rainrater or dust particles. contanination nayalso occur fron the introduction of contaminated fuel into the fuel

:::::i:"rion 
svsren especiallv fron the supplier and rhe rank cleaning
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rt is evident, although growth of the major fungi was s1ow,
that these fungi rnay obtain sufficient nutrients fron diesel to grow
in the presence of water. rt is possible that once growth has been
established and the organisns have becone attached to the walls of the
fuel tanks, fragments would be easily dislodged and spores produced
would recontami.nate fuel indefinitely.

As the fuel tanks were shown to contain more than one fungal
contaninant,, interaction among the differenL species of nicro-
organisns becone inevitable. A laboratory investigation showed that
c. resinae may grow profusely, suppressing the other organisms in the
Bushnell-Haas mi-neral salt mediun/diesel fuel phases containing the
high and balanced nutrient buL not in seawater/diesel fuel,
tapwater/diesel and distilled water/diesel phases. But penic illiun
coryTophLJua survived prolonged imnersion (6 weeks) in seawater/diesel
and conpletely suppressed c. resinae and p. variotii in a nixed
inoculun situation. C. resjnae grew on the sane seawater/diesel phases
after the growth and removal of P. coryTophilua but these two species
did not grow Eogether.

The ultrastructure of cradosporiun spp. spores shoned a thick
cell wall of several successlve layers. The plasna-menbrane,
underlying the cell waLL was resolved to be a trilarnellar structure.
spores contained a single nucleus and many unidentified membrane bound
bodies and menbrane systems. Light and dark electron-dense bodies
inside and outside the vacuoles were connon to the species.
Microbodies vere evi.dent in all the species and no difference in the
intracellular structures were observed among the cladospor.iua spp.

Attenpts were made to control microbiological growth in N.Z.
navy storage Eanks at Devonport using biocides where physical methods
of cont,rol have become inpossible. The effects of cornmercially
available (EGME, DEGME, Biobor JF) and experimental biocides (DML-7,
Proxel AS, Kathon 886, benomyl and inazalil) on microbiological growth
in diesel fuel were studied. All the available producEs were screened
against C. resinae, PeniciTTiun spp. and P. variotjj in the laborarory
and field.
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EGiME, D&ME and Bro,bor JF rere nelther b.iostatie tror broctdal to thef'urgi tq Ehe laboratory but in drc fl"eld thcy suppreeeed C. r, es,toaebut bad no effect'on the other nicro-organrsns prea€nt. DD,[L_7 and
Proxelr 'lls nere inhtbltory rh=i].e benonvr, iqaqaul and. lethon gg6 gavetotatr csntrol Of the pred@{nant n:iero_organisoe espeelally C.
re-gdnac. AlL the :eof,ipo,uoda test€d passed tbe e4girq perfornaaec andcbrrogioo tes,tg,
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g.

(i)

(iv) Personnel who are handling and managing the
auare of the consequences of nicrobiological
fuel.

RECOMMEI,IDATIONS

Regular surveillance and monitoring of the stored fuel for the
predominant contaminants is a necessity because this study
demonstrated the presence of c. resinaer penicitTiua spp, and
PaeciToayces variotjj in diesel fuel.

(ii) rGood-housekeepingr 
procedures should be imprenented which

elin:inate free water fron Ehe tanks thereby mininlzing the
likelihood of nicrobial gronth beconing estabrished. The
pumping of water fron the separating tank into tank 3 should be
conpretely stopped and the fuel passed through filter systens
before punping into storage tanks.

(iii) The concrete underground tanks nay no longer be suitabre for
storing clean fuel and a conplete re-design of the fuel system
and storage tanks at Devonport should be considered. upright
steel tanks with conical bases rourd alron uater to settle at
the bot.toro fron nhich it could be drained easily.

fuel should be nade

contanination of

(v) ff the fuel is kept free fron contarninggiqn in the storage
tanks, there should be little trouble in the shipboard tanks
unless these are water-compensated tanks, rntake of tapwater
rather than coastal 0r harbour water nour.d herp to keep the
problem in check.

(vi) There is an urgent need to treat all fuel //-
a biocide berore ir is pumped back inro .r:HilHt.:il:.
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(vii) If it is impossible Eo control microbiological contamination by

maintainin8 a water-free system, the effectiveness of surface
active biocides for inhibiting microbial grouth and reducing
sludge generation in storage tanks and water compensat,ed tanks
in ships ought to be considered. The water-soluble inhibitors
like DMt-7 and Proxel AS nay migrate rapidly into the aqueous
phase and it might be necessary to replenish Ehe fuel systetr
regularly with the conpounds. These inhibitors should be used
only ln clean tank systens. Biocides such as benonyl, inazalil
and Kathon 886, which are active at low concentratlons nay be
used to dose the tanks internittently or even injected along
the fuel line, whenever there is a fresh supply of fuel
introduced into the tanks.

(vrii) rf biocides are used, it is inportant to nonitor the fuer
. regularly in order to naintain an effective concentration at

the fuel/uaLer interface.

(lx) Ttre use of DML-7, Proxel AS, benonyl, inazalil and Kathon gg6

in fuel would require clearance by engine manufacturers and
other fuel authorities before using in the shipboard tanks.

As a precautlon, since nost of the conpounds are capable of
producing.toxic by-products in the aqueous phase, it may be
advisable to neutralise the compounds before draining the water
into the wharf or sea. The chenical nanufacturers nust provide
suitabLe chemical antagonists that will render the biocides
safe for the environnent.

(x)
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Albert, A. Ig7g. Selective
therapy. 5th Edition.
Sons, fnc., New york.
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APPENDICES



* usually the botton sanples are anarysed for uater contents.
The sanples vere not analysed for uater regurarry but
tank 3 botton usualry contained excessive anount of uater.

0 llo colonies uere observed in that sanple.

+ l{unbers refer to the numbers of fungar colony forning
units per litre of fuel carcur.ated fron counts of the fuel
filtered aliquots of each sanple.

T 0.6 n fron the top of the tank ceiling.

M 2 n below the surface of the fuel.

B 6 n below the surface of the fuel.

v.B. very bottoo, approrinately l0 nu fron the vB to 300 nn.
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Appendix 5,1 partition coefficients of imazalil
in the octanol._rrater s1rstemo

Results fron the physico_chenical departnent
(Dr J. peiters, Janssen pharmaceutica ll.V., Belgiun).

Euffer Systen Rl3gtg (A Og/t)
pll 1og R

Citrate-phosphate 2.!S O.42

4.05 1.43
6.lg 3.27
9.02 3.go

Borate-l{aoH g.g2 3.g7

R23979 : inazalil (base)

R=(n.-m)v /m.vtw-vwo

n. : toral weight of R23979tn. : weight in agueous phase
L'v : volune of aqueous phaseItv : volune of octanol_ phaseo

Renark : the solubility of ioazalil decreases at l0rer pfl.
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Apperdix 6.3 the effects of tie bicides rrq-r an h.rel AS ardcrohiologicaf grqdrh in Dj€sl n_f fi"fa *"f (|by lS5).Fbel s41e regficati.lrr shdy.

Fkrgi
Ihe nder of colany fordrg units per litre of finlTop Middle Boft@{Rf P. Kl I'tar Rl p. R3 }tar Rl p. R3l,hilr

12 0 0 4 3 I O I rnffi27318a D6 6 105 18r 318 62 187 ti ils 655 ffi5 0 0 2 0 o 0 0 0-o o 014113 05111114 811 o 2 5 2130100000000
100100000000
0w 0 67 o oln n o 0 o 0001120010000
001111010000
000002010000
000000110000
000000001001
000000000101

Tank 4 (r.ntrated ctEck)

CL*mri:a tlsstre
fbnicf lrilp spp.
THcho&aa sp.
PaLIoyrc vtiotii
ATtanwia q.
Epiwm q.
rtlnn sp.
C. cr,d_,gioi*s
Aqpergrlus ruSer
llt|serlll' sp.
Betrytrs sp.
AsprgrJJus sp.
Pink Yest

020100000122
110 7 6 tI 3 3 6 015 0 52 0 o 1 o 0 o 0 5)8 6n0 0 0 0 Iu 0 0 fr hNIN 0 il0 0 0 0 o 3 0 2 o- o 0 0

lbnk 2 (lrl-t)

A*x'mriua restnc
fufir-itljla spp.
&rrilaycs yanotjj
ihar sp.
Alteraana sp.

002100000000
11171113 6 6 4 5 I 5 2 5100100010111
0m 0J3i3 o 0 o 0 mwaTa3wlffi 0133 ffiffi2nTt3 0--o 0 o0mw$7 o o o o 0 0 0 0010100000000

Tark 3 (Prolcl AS)

Cl*treWhrz reslre
fl11ctllj1p sp.
kr:i7ol1'e uanottj
?Hdro&rm sp.
rllmr sp.
Xhi.4prs sp.
/qergC.Uus rqg

-r85-
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APPerdix 6.5 lle effects of the bicides beruyl 4at inn*'lil cr ricrohiological grgl,rth
in Dieel fi€l field trial (.hrly lS5 - Novederi lS5).
Ftrel saple replicatiur sbrdy.

Flngi
The rumer of colcry fcring mits per litre of fel
Top Mirtrtle Bottcn Very Bottcn*Rl R2 R3 lfrm Rl R2 R3 I'tan Rl R2 R3l'bm Rl R2 El ltsr

fi y 43 52 70 lfi A A 6246757ffi 63464631 643
D0 ln $7 n2 n7 ?fr 3/19 262 n rcl $9 83 439 3r7 i7S in
73151114113 48 53 31 44 31 I 3 14 n 2 U n

175 116 112 134 16 y 183 128 56 ln M 87 W 316 zu 78
2212111111010000
1111000020010101
1111000000000000
0201020100000000
fr81 fr6133p2,81 02,%19 ofiAA
002101010000 0000

Tank 4 (urtreated dnck)

Cl@rhm resrne
fuyjrillfis sW.
Pailaye uariotii
Zlgcrltyrdls q.
,4rtlrinil.m q.
AqpergiIus nrger
Altertlaria
C. cl*:Lrpg1ioidr<.
?Hdrderm sp.
Yeast

2212223200000000
13141012 131115 4 I 2 I I I I t I6&ya 31 532516 0 12,8 0 0 0 0
0fl45n 4578An nzJ28A 2, 10 8
2302100110010000
0000100r00000000
2122110100000000
1111 1101 0000 0000
1001000000000000
0 011 4 0 0 0 0 0 0 o 0 0 0 0 0

Tank 5 (Benowt treated)

Ql*npwin restre
FlenicilTjrz spp.
&rcilayw variotii
Zlgaftydtts sp.
Alterrurza sp.
,qpergzlus ruge!-
Arthrin*m q.
Y€st
C. cL*t:stryioidg
?Hcho&re sp.

0 0 0 0 0 011 4 0 0 0 o 0 0 o o7203 02010000 0000
26 6 412 nn 1a 2 I r 4 0 o 3 13 32, I 1737 15 0 4 01 0 0 31%31 11 2, 142, 14 17 2.naa u 0 6 61402 0101 0oo0 00000 02,7 044 015 0 0 0 o 0 0 o 01001100100000000
1433100100000000

thk 6 (Imzalil treted)

Lspgillus niger
n*ficr:iu rdnr
pp21ril7j1p Trp.kciluyw variorii
Zygutryttdts sp.
Artlrinitm q.
Z|zchofum sp.
Altanv:ja sp.
Yeast
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ADDENDUM

1. DESCRIPTION OF THE THREE MAIN CONTAI"IINATING FUNGI OF DIESEL FI'EL
ISOI.ATED IN fiIIS SruDY

CTadosporiun resinae (Lindau) de Vries = Hornoconis resinae (Lindau)
V. Arx & de Vries comb. ttov. Teleomorph: Anorphotheca resinae Parbery.

colonies on malt, ext,ract agar (MEA) plates, after 5 days at zsoc,
powdery, due to profuse sporulation with little aerial mycelium, hazel
to brown in colour with a white nargin.

Conidiophores up to 2 mn long, 2.5 - 6 pm thick, smooth. Ramoconidia,
when present, clavate or cylindricalr S - 20pn long, 3 -7 pn thick,
snooth. Conidia borne on ramoconldia solitary or in chains of rarely
more than 3 conidia, not separated by scars, broadly ellipsoidal or
ovold, 0 septate, brown or olivaceous brom, snooth, comonly 3 - 6x2

- 3.5 ym.

Three other forns have been described (Sheridan, Tan and Nelson, L}TZ)
but only f. averlaneua was isolated fron diesel fuel in this study.

rt has been found that four carboxylic acids were produced by c.
resinae and identified as dodecanoic, acetic, glycolic and glyoxylic
acids (Siporin and Cooney, 1975), which are corrosive to aluniniun and
its alloy.

Paecil'onyces variotii Bainier. Teleonorphs: Byssoch Tamyso Theraoascus,
Tararonyces. Colonies on MEA floccose appearance, usually coloured
uniformly brown or oLive brown from conidia; reverse pale.

Penicilli borne fron aerial hyphae on short "t/ip"= of irregular
Pattern' a cluster of phial.ides alone or with metulae and phlalides;
phialides 12 - 20 pm 1ong, tapering gradually. conidia moslly sub-
spheroidal to ellipsoidal, sometimes cylindroidal or pyriform, usually
3.0 - 5.0 pm long, smooth-walled.

-1-



P. variotii tras said to stimulate the growth of barley seedlings.
contaminated grain proved to be toxic to young ducklings. As the
causal agenE of paecilomycosis it has been isolated fron a generalised
infection in a dog, an aborted calf, mycotic stomach ulcer in a calf,
kidney infection of a horse, from brain and lung of a turkey and a rat
caecum (Domsch, Gams and Anderson, 1990).

Penici 17 iun coryTophilun Dierckx.
Colonies on MEA strictly velutinous, myceliurn white. Conidiogenesis
moderate, dull green, clear exudate occasionally present, reverse pale
at the nargins, but usually dull green to very dark green centrally.
conidiophores borne from subsurface hyphae, stipes 100 - 250 pm long;
rough-walled. Penicilll with two netulae the offset one often longer
than the axial, phialides anpulliform, 7 - lt pm long; conidia
spherical to subspheroidal, commonly 2.5 - 3.0 pn dianeter, snooth-
waLled.

P. coryTophiTua was reported to degrade starch and grows on nedia rrith
52 tannin or on substrates with hexadecane, dodecane, octadecane,
cyclohexane, toluene, benzene or kerosene as sole C source in the
presence of yeast extract. rt produces D-xylonic acid, ethylene and
viridicatin-related metabolite (Donsch, Gans and Anderson, l9g0).

This is the first study to esLablish that PaeciLoayces varjotjr and
PeniciTTiun coryTophilun grorr in diesel at the fuel/water interface.
Due to the Linitation in time, no attenpts rdere nade to study the
netabolites of P. variotiL and PeniciTTiun coryTophiluz and this could
be a najor study by itself. c. resinae degrades hydrocarbons and its
mecabolites has been widely studied.

2. PH DATA ON THE F'IJNGAL GROWTII STI]DIES

C. resinae grew at the seawater/diesel fuel interface after p.
coryTophilum had been grown with an accompanying decrease in pH of
about 3 pH units (8.3 to 8). It is cl-ear from these results that the
normar pH of seawater (8.3) r./as too high to allow growth of c.
resinae. P. coryTophilua, however, was able to grow in seawater/diesel
fuel medium.

-11 -



The reduction in pH accompanying the growth of p. corylophilun,
appeared to be the major factor in promoting the growth of C. resinae.

The pH of BH/diesel fuel, distilled water/diesel fuel, tapr*ater/diesel
fuel renained neutral (pH 7) during and after the growLh of the single
and nixed cultures. There tas no marked change in pH.

3. STATISTICAL ANALYSES

Sone of the problems encountered rdere:-

a) rnpossibility of getting large number of multiple fuel sanples
from AuckLand.

b) Irregularity in the fuel transport fron Auckland to Wellington.

c) Fluctuation in the nunber of colony forming units even when

continuous replicate sanples hrere Eaken fron each level at the
same time. '

Considering the above factors, statistical analysis may have distorted
the raw data..--

According to Mr. R.M. Renner (Statistician), statistical. nodelling was not
used in thls study because the distributions of the colony-forming
units controlling for concentration and other explanatory variables,
were noE known and too erratically skewed co suggest plausible
transfornations. Further, certain main effects that were observed
appeared to be non-linear and convex, precluding monotonic
transfornations. Certain non-paranetric tests were appropriate and
consequently employed (see page 190).

- 1t_1 -
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6. lletttge .nd J.E. 9rerldrn

Sotrny lhpartnnt, Ulctoria Universlty of lfelltngton, lelllrqton
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I I urcs 
. 
h.y! _ogg$. I n .dt csc Ifucllcd ltr Zcalrnd ilriy thlps, "The Bounty; (icrs. cqnn.),-rnO in-fuiffanO

Rcglonal tthollty hrses [t]. In a survey' crrifed out duiing tgai+i-ttri-'-
contulnrtlng fuml In lf.Z. navy storaoe.tanls.nre.ldentlflia rna daeurni

Cledosporlr,n rcslnae ls_gencrally cons{derd to be the nust tnoublesce
contttfmnt of.Jet and diesel luel l?). Laboratory grorth studles, horeyer,
Indfcrtc that !. yrrlotli rnd Pelrt,citltum spp. couid-prcduce nyceliai-gri*is
slrf lu to c. -rrsiEFlFttre ruMFTniikrce. rirorti-shA;ii:-ih:fffr,
bc ndc to FnttfT'ese In addltlon to C. restnae.

lhcrc tre severtl llnes of apprcaq!-!g pruqentlng nrlcrcbiologlcal gruvths
!q luel systens: Good housekeeplng, addlfioir of blocides rnd use-ot taik- -

llnlngs. A coilnrtlon of all three ls prcbrbly tJre best appnorch. GooJ honse-
f?eplTg rnd blocldes crn be used_to rnlntirlze grwttrr rrd tairi ilnlngs irn --
rlnfulzc cor'roslon shonld contamfnatlon ocqrrl Good housekeepfig pFtnaiity
fnvolvcr ruvrl of frce rater ftrr^gn-ound. storrge tanks anc-6n-5oirc Jtrip trr*s
thcrcby rlrfrfzlrg the lfkelfhood of-nfcrcbfal dofths becqnfng isuUtistrid.-
llorever. In undergpu{^fuel lnstallations sucfi as those of l{.i. navy at Devonport,free rater clnnot-be entfrely remved because of the design oi ttre s'vstenr.-tncvltably, nter ls presenf and tlre use of blocidei m.rii-6e-ioniicii6il"
Gorrcslon ls mt a prublem-because the rall of trre undergrounc siorigi-tants rrr
nade of concrtte. it could be a prcblem, horever, furthir oorrrstrelf,-parttcuiiity
In tant shlps.

lhe addltlon of blocfdes to Jgt fuel has bcen rldely studlcd [5,2J butllttlc prt hrs bccn done on dlesel fuel. The cfiofce of'a irit-ur6cici ii-
ncstrlctctf dre !g strflgent speclflcatlons enforced by englne nrruiactrlrurc.
rccordlq_to Hlll [{J tne desfrrble prcpeftles of r bioctiie ire-ii a;iiffi;-It rst- (I ) bc cotlstfble, rlth no rcsfdual ash, (Z) mt lnterfcrc rf th Oc fucl
?IPp-.tt!ct $ tte cqSustlon pnocess,_or_rny other aipect of cnglne pcffonrrcc,
Ill b. solublc tor_v9ry nfsclble) In fuel but prcfeneirttrltv sofuOic-iit ritei,
flf nrqcnt m health hazrrd drt!ru-llndlfng or coo$ustfon,-(Sl not be corrpsive,
Ipl Pllf?rrDly rchfcve a totrl 'klll' of mlcru-organlsns at'ninlnm dose. Totltls llst ccrld be-{dgd (7} lt nrst be envllrr-nlally acceptabli (rtrire scr:nter fs uscd for.dlsplacmnt). tlo such bloclde has 6een Aivitoped iorc*rclrl ssc. l{otever, a fer blocldes have acfifeved nru*et penitrr6on,
llQcrgtr dcflclent In sorie of tJre I f sted ctrrraitcrrsaf cs: neie arc Blobor JF,EfE end DEB|E ddely used f n Jet fuel o - - --

coltulnrtlng.fungl In lf.Z. navy storage.tants :€ne ldentfflEC rnC docunnted
[31.- t-ttc-pfmirat contamlnrit ms Eiraosportum re3fnae ri-rn ictd;;'iyp.
Jet_fucl [8J. Penlcllllun spp. and paffil.e also frcouenii;also fr:quentiyJct fucl [8J. Penlsllllgn spp. and paffi
I sol atcd . ErctFf-r occt ned I n f rcqud:ElF-I sol atcd. ErctFt-r occt ned i n f rnequdf$

lhe prcsant strdy- f nvolves-attenpts to contrul micrcblologlcal grortfr In
[1r nayJ'und?-rgroundtanrs ai oevonpo.i *e"i'-ptryittii';fi;;'ii'.iniili' iiir"!|9c fnosslble. Ihe cffects of cqnnr.clallv evelleblr IFGIF nFcrR rfah^rbecc.thossiuie. rhe crrcts-oi-cff'ri;i iy;fiii;;r;itfii, DEGipE,

!!_l1g,?rpcr"fFntll blocldes (prcxet .As..-D[.:7, (rthon gs6, bdryf fid:lpr.tTossfDtc. rhe cffects_of comenclally rvallable (EGilE, DEGIIE, Bfobor
Y, r!9_gpcrfnntal blocldes (Prcxel As. D[.-7, (rthon gg6. ueiwl ild- ---
lllltt!l ) il 1i9p91oiti9il. srlrtii-ti-irelet fr,et rerc shrdreriTn'dfriu |tt ttr L

!:rfp'y-t"d ii;ii:'-iii:id'iiiit6i.-iilil.1s rery soecncd rsrrnst C. rc3fmc.
PFIE[TS-'-
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l. Lrbretory Tcsts Erms
(r) ffi:- lhc blocldc nrr Incoraorrtcd Into 2t rlten rlt rqrr
{rir)fficonccntrrt|on3of0,l0,lgr-l(X),9mpn(o.mt-o.03i,,
but tEf rnd DEOIE rt 0, lm, 2000, 3000, fm, 50dl ppur (O.lif,si). thr unlii
of nrglcnt cmnly uscd rrC pF lrd I' rr In tlrc lltcrrturc rlrd not thc
rptrlc snltlg/nl. 5 nr dlrmter plugs of thc fu;prl grorth rcne obtrlncd fiu
tP FCt old ctlturles on llEA mdlr rnd nru plrccd ccntrrlly In cech plrtc. Ihr
dfuntcrr of tie colonlcs rcnt rrsurcd rftcr 2{ hrc rnd rubscslently rt drlly
lntenrls upto 7 days. Flvc rcpllcrtcs nrc rdc for cach conccntratlon.

(b) Lfquld e{sure !qs!:-therffi
Hars rlrurrl ndlrl (B/H)

Ihc actlvltlcs of tlc blocldes reFe tcstcd.r$lmt
pnedonlnant furyl fn varTlng corrcentmtlons of-Bnshncll-
and stcrllc dlcsel ltnl.

ln 2fi) cmr nredlclne flrt bottles (sterlllzcd In r hot
Ihe bottles ueFe ino$rted ln the lrborrtory for slr

grrr,th perlod, tJte gluth rrs evaluatcd vlsually.

8/H_dfun rts prcparcd accodlng to the -tltod of Pa$ery rnd lhlstle-
thralte [6]. Ihe dicsel fuel ras steilllzed by rllllporc flltirtlon (0.229n)
and hyercd over Ure 8/H mdlum. Thc ratlo of B/H fuel rnd fucl:B/ll rena 5:0,
5:1, 5:2,5:3, 5:{ rnd 5:5. The concentratlons of benayl, DL-7, lmzalll,
Katfton 886, Pruxel AS used rere 0, 50, 2fl1, 3fi) ppr. Blobor rlF conccntrrtlons
rere 0, 125, 170 and 270 pprn (cmrerclrlly recmnded) DEGIIE rnd Ee|E usnt 0,
1000, 2m, rnd 30fi1 ppn.

Ihe conldlrl suspcnslons reFe prcprrud flu tm rcek old cultlrcs gniln on
U-8 Jufcc rgar rt 25"C. B/H ndlur (?0 crr contrlnlttg O.tt Trccn 80 to rfd
dfspcrrlon of spotts) rrs shrken over thc U-8 Jufcc rgr cultum and tlhe rrsult-
Ing suspaufon centrffugd m6 rrsuspcndcd 1n 8/lf. 9.1 onr q7 6s 3port
suspenslon ras lnoculrtcd Into B/H:fuel contafnlng tie blocldes.

fhe tests rerc done
ovcn at 200"C for 3 hrs).
reeks. At Ure end of the

2. Flcld Test
EIoFr .Frnd DEGIIE rere added at concentrrtlons ol 270 ptrr rnd 3flXt pfr

rcspectlvely il1,-7 and Prnxel AS at 3fi) ppr to lall urcorted steel tanls rt
Devonport contrlnlng 25,500 litrcs of dlesel ftlcl. An untrcatcd drcct trnk ms
rlso uscd. Smples rere collected fnto sterllc prcserylng Jrrc rnd tcstcd fort-
nlghtly for over 3 rpnths.

l. Laboratory Tests REsl'LTs

ffi gmrth of g. reslnae rnd PenLctlllt11 spp. rt 50 pn but
not Placllatces varlotli- Iation 885 rrs effcctlve on rll contenlnatlq furyrl
grorti rt 50 ppn and benqyl rt 10 ppn. Dl--7 rnd Prcxel AS ras corplctcly
blostatlc on tlre predanlnant fungi at 3fi1 ppn. Ihcy lnhlbfted the forrrtlon of
trycellrl nts but vlable spones lerc prcsent. Blobor JF, Ee|E rnd DEBIE hrdIlttle effect on qycellal grcrths rcgadless of Ure concentratlon (teblc l).
2. Flcld Test

SlgnEst-shored that DEOIE and Blobor JF sfgnlflcrntly rcduced C. lrslmc
0.011, hrt had llttle effect on P. vriotlf ind Penlcilllun soo.-ftelFl-c?I(pq 0.01), but had llttle effect on P. vriotll ind Penlcilllun spp.Ttrl$IF?}

Prpiel AS rnd lllL-7 contrclled C. rus:l-naFifrifTEr
tno Penlcliltut| sDD. lttDtc zr.
I ci lTtlrn sToTft t 

- 
had I i ttl erF0xel A) anq |IL-/ GOnEfOlleO U. ngSfnaG tn0 FeOtCllllUn SDD. Ult nAd lrEEl(

effect on P. varlotli, as ln the latFrr:l6ry. -ISdhies o?'c. ltsllr|e fiur
9Ee|E and Bl-oEiliFTrerted tants gner vl$mrslr rt ali concd'tFrF6ii In-tJrc
lrbontory.
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' Teblc l. :;ffi,,1lffitffif.ril.'Prrtcr
(lrDorrtolY tmtr).

Concentrrtlon
of blocldcs
(pp)

iirCosoort,. itslrrt hrcflftca3 vrrlotll' : Flnlclllln 3pPi

0 l0 50 lm'200'300 '0 r0 50 lo0:2m'300 0 l0 50 100 200 il10

8cnryl
Bfobor JF
OEBIET
Dr--7
Eg|Er
Irrzrl ll
IetJpn 886
Prcxel AS

0 - m grorctr; I --a llttle.groltJt (Q:lO nli 2 - m{gllte gruttr (1r-30 m);
3 - prcfut. grtritt tgf-do rr);'-;-- imo. 2000, 3000, tlO(xl rnd 50(Xl PFtt'

Trblc 2. The effect of the blocldes DEe|E-and Blobor JF on-rtqPllqloglcal^
gruth rn-oi.sii-tuei-iieic-irtits rt Devongort (1nrtt l98f-At$st
fgS{). tean nrier ot'iiiiny-ioiitng untts' per-litrc dlesel fuel.

DE$G (3000 psn) Blolqr (2lo PP61--- (rink 5)" (Tenr 6)

30
33
3333
33
32
3l
33

o0 o o 3000 0 0 30gg 0 0

ii a i aiii 3 3 3!113 3

ii ir iiat 3 3 3lll3 3

ia i i iri3 3 3 3!9? I t
5i i i iiia 3 3 33313 3

io o o iir2 2 2 3log o o

oo o o iioo o o 3? !g o o

a,, i iii3 3 3 3332 21

llatc tcsted Untruted check
(Trnr {)

(,
C\
CI

67 o t5 0 7 o 5 0 2l 1136 0

is o3et o I 12 23 o o--3 15 q

iz z, -rC zso i lsi el {4t g 2s ez 230

i6 iG 2G ze6 2a lr {l toz { 6 lt lll-zs tia a, iii -i I 3t 51 6 -t 57 62

is -io lo7 i66 o o {58 o o !6 242 q

n 65i -aa --o i oos 38 3 l4 s'o 74 I
ig --i rs o i -5 2 o l -t I o

nt36,6G a oaB 6 o 2*2 tloroo

17 Aprll 198f
9 tlry 1984
25 lry 198{
15 Junc l98l
23 .hrnc t98l
17 July 198f
27 July 1984
10 Atgust l98l
28 Argust 198{

gslp slgn test rZ and 3 slror a slgnlflcrnt nc&rctlon In relatlonshiP to rl
(p< 0.01).
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Erqlnr ttsts renr crrrlcd qrt m rll thc flrld tasttd blocl&s rt Alclhnd'
bcfonc incorporiitng tlre prtdrcts Into bulk fuel. Ilc q!g!n! t$ts hrYc ghfltl

iil$; iil-DEgi;'Foili ii and llt-7 to bc rcccptrblc (D.S.E' pct!. ccr.).
DISCUSSIqI

Bcnaqyl, tnrzrlll rnd bthon Effithc rnst cffectlvc of tttc bfocldos
trstrC-io-i# iibontorv. tnritli, hrevcr, U{ !o cffcct.rgrlnst P. vlrlotll.
IhcschrvenotrtGntcstedi;-ilc--ii;id.-oEeru_rncgtoboicf.ry[offi
;;;Ty'i;-tiii-riuo"itoiy iiiis 6ut inttilttea L rcslnrc taporrrllv fn t'he flcld.
ilciasonforthis-tsLnknmr._-ttonie.,theT@.|sblatcsfruDE€!|Eandgiobor-jr tants;; rtgoiliti *iii-icsird ra-EhFTlfnisrr: ltt-7 lnd Prcrcl
ri-p";f;di-[ti igrinii i. rlstnic and Penlcllllun 3pP..!l botJ, trp laboratorv
lno'itcic iesis,'bui;rr icsSffiectiie @. Ltbrttory stttdlcr
sfrmC grrt p. irriotii rnC pcniiiiiin sp!. rre FapiElfil-fonlng trhlck
niilii.t" "rtiaffiueilnEaFlnffiface.' 

ltence tt ls lrportant to contrcl
these grurths In the storrgc tlnks.

There rrc larUe fluctuatlons ln the nun$ers of colonles rucovclrd fiut the
thrre iioiage tdid: nia-coric te ire to a nurber of frctors:'- cl-uplng.of
niigir-nyiliiun-ila spqFs, scttllng effect, lnteractlon rmng.Ure blnrnt furyl
icaionri-ina irocioe-lrrecis. studics re iurrently undeilry to dctrmlne tlhe

cruse of tJre lrge fluctortton cncountcrcd.
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IVIYCOFLORA OF STORED DIESEL FUEL IN NEW ZEALAND

G. HETTIGET and J.E. SHERIDANT

Abstract;, Twelve monthly samples of diesel fuel from trvo bulk storage tanks were examined for the
presence pf fungal contamination during I 98?-l 983. Over 25 fungal species were isolated.

"Cladosporium resrirae rvas the predominant fun!rus occutring in 987o of the samples, followed
by Peniiiltium spp. (93%). A list of fungi identified and frequency of isolation is given.

Introduction

Microbial contamination of diesel fuel in storage tanks, shipboard fuel tanks and locomotives has been studied by various

workers: Stormont (1962), Zeitlow & Hostetler (1962), Flippin, Smith.& Mickelson (1964), Wright & Hostetler(1963).
Hendey (1964), Neihof (1980), May & Neihof (1981), Turner (1981) and Bruce (19S2), but not aswidely asforjet fuel.

Cladosporium resinae has been reported as the major contaminant of diesel although recently Bruce (1982) observed

Penicillium spp. in the fuel/water system and suggested that they might be as important colonizers as C. reinae. Whether

Penicillium spp. are as harmful as C. rcsinae is not yet established.

The corrosive activity of C. resinae on aluminium-copper alloy and stainless steel in the diesel/water system was studied

by Hansen, Tighe-Ford and Ceorge (1981). They found that stainless steel was not attacked but significant corrosion occur-

red on aluminium-copper alloY.
In New Zealand, major problems with diesel fuel blockages and fuel gauge failures have occurred in navy ships, "The

Bounty" (pers. comm.), and in buses (news reports - see Anon l98l) but little work has been carried out to establish the

main cause of the problem.
Cladosporiwn resinae is known to be widespread in aircraft fuel, in soils and airspora in New Zealand (Sheridan 1972)

but a suNey of microbial contamination in diesel fuel systems in this country has not been made. No publication has actually

docunrented the fungi found in stored diesel fuel.
In the studies r€ported here fungi were identified in monthly samples of diesel fuel collected from two concrete storage

tanks sited in Auckland during 1982-83. A list of fungi identified is given together with the numbers and frequency of isola-

tion.

Materials and methods

Sampling techniques
Fuel fiam the top, middle ond bottom olthe storoge trnks rvrs sampled by u rveighted sampling car, shorvn in Fig, la. This is c brrss bottle

sith a fuel holding capacity of one titre, rvhich fills rvith fuei after being lorvered to the f,ppropriate level rvhen the stopper is removed by the
captive rope.

Fig. la. Samplers

lb

The 'very bottom' of the tank rvas sarnpled by a'zone sampter'also sonretinres called the'thief as in Fig. lb. The sanrplcr rllorvs thc fuel to
pass through :rs it dcscends through thc t'uel in the tank. This is mrde possible by the top and bottom valves opening due to thc pressrtre of tlte
fuel against tlte desccnding sanrplcr. When thc santplcr becornes statiomry, the valves close and thu sunple is retained :rs the sarnpler is retumcd
lo thc Surfilcc,

Tlre lucl santplcs s,ere inrrnediltely transferrcd into clcan. stcrile. glass preserving jars in suclt r manncr as to minhrtize contrmination frotn
the snvironnrent rnd transported to wellington rvhcre thc nricrobiological esaminatio4 rvas carried out. Tlre sunrpling bottlcs and thc glass

preserving.jurs rverc rvrshei in dctcrgent. rinscd s,ith 95fi alcohol anditerilized at 200"C in r hot oven for threc iouis betbre collectioir ol'
the diesel fucl. During l98l-83 trvclve nronthly sanrples of diescl fuel rverc collected from each of two concrete storl-r:c tanks using thc stcrilc
sarnplers dcscribed above.

I Botrny Depilrtnlent. Victoria Llniversity of \\ellington. Nerv Zealand.
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Microbiological procedures

Mycoflora of stored diesel fuel in New Zealand.

Fungal asays werc carried out on the samples both immediately and 24 hours after sampling. Later.this was extended to 4-5 drys to ob-
serve any changes in the contposition and relative abundance of the mycoflora with time. Because the time of testing of umptes after col-
lection did not appear to be critical, imrnediate tcsting in Auckland was discontinued.

100 ml of each sample, rfter thorough shaking. rvas filtered through a 0.45 pm millipore membrane hlter. V-8 juice agar at -45oC was
pouredoverthe_filtcr.membraneinasterilePetri dish.Theplatewasincubatedat25-Candexaminedafter5days. lb6mtofeachsamplewas
filtered separatcly and the membrane filter exrmined directly undcr phase contrrst to obtain some idea ofthe spore types present and compare
rvith viable cultures. All tests rvere carried out in duplicite,
. tngrowthexperimbnts,C-ladosporiunresinae,Penicilliunrspp,and Paecilomycesuanbn?rveregrownseparrtelyandasmisedfungalinocu-

lum in sterilc dilsel fuel/Bushnell{laas mineral salts medium (B/H). The ratio of fuet:B/H used was l:1. The diesel fuel was sterilized by milli-
porc filtmtion \O-.22 ltrymillipore membrrne filter). The conidial suspensions were prepared from two week old cultures grown on V-iluice
agar at 25-C. 20 ml of ll/ll medium was shaken oyer the V-8 juice agar culture and the resulting suspension centrifuged in a l5 ml sierile
glass centrifugc tube at 1520 x g for 20 mins. 0.1 ml of the abovb fungal spore suspensions were inoculaled into the fuel:B/H (approximately
500,000 spores/ml). The tests were set up in 200 ml mcdicinc nat botttes (sterilized in an oven at 200"C for 3 hours). The aluminium caps
with thc rubber liner removed, were screrved on loosely and the bottles incubated at 25-C for six weeks. At the end of the growth period,
Srowth was assesscd visually. Where there appeared to be little or no growth the contents of the bottles were filtered through 0.45 pm mem-
brane filters, partially rvet in sterile water and diesel [uel, Lactophenol cotton blue was applied to the filterswhich were thei observed micro-
scopically.

The airspora in the im mediate vicinity of the storage tank rvas monitored by..r Kramer{ollins Tday spore sampler (Krrmer er at, 197 6).

Culture Itledia
The V-8 juice agar was prepared as follows, 20 grams of Davis agar (other brands should also be suitable) was added to 800 ml tap water

in a glass vessel which was steamed until the agar melted. To this was added 200 ml of V-8 juice (Campbell's Soups Ltd.). The medium was
mixed gently, distributed into mcdicine flats and autoclaved at 103 kPa (15 p.s.i.) for l0 minutes. Bushnell-Haas mineral salts medium was
prepared according to the method of Parbery & Thistlethwaite (1973).

Fungal Identifications
Fungi rvere examined microscopically and identifred using available keys, The Commonwealth Mycological Institute, Kew, England, identi-

fied or conflumed identification of a num ber of species; these are indicated by an asterisk in Table I .

Table l. Fungi isolated from New Zealand stored diesel fuel 198233.

Name of Fungus

Top Middle Bottom
Very
Bottom

Cladospoium resrirae (Lindau) de

Vries
Pen{cillium co ry lop hilum* Dierckx
Pe nicilli u m digi ta t um*

(Pers. ex Fr.) Sacc

Pe nicillium echinulat um*
Raper & Thom ex Fassatiova

Peniciltum freq uen tans* Westlirtg
Pe nicilli u m spinulosurnt Thom
Pae cilonry ces uanon? Bainier
Fuwrium spg.
Mucor sp.
Pa e cilottry ces li Ia cinus* (Thom)

Samson
A ltema ria a lte ma ta (F r,)

Keissler
Triclroderma har:ianum* Rifti
Cladosp oium cladosp oi oi des

(Fresen.) de Vries
Rhizopus sp. 5

Cluetontiwn globosnn Kunze ex Fr. 7

Altenaria sp. 4

Aureohasidium pullulans (de Bary)
Arnaud 6 I 2

A spergill us s ei uncf ts* Brinier
and Sartory 0 13 5

Yerst 0
Unidentified 2

Asp e rgillus versicolor* (Vuill.)
Tiraboschi 0

Phomopsis sp. 3

Aspergillus nrger Van Tiegh 0
Epi c o ccunt purp ura s ce ns

Ehrenb. ex Schlecht 5

Gliocladium roseurrt Corda 4

lJlocladinn sp. 4

*llentifierl or identit-rcation confinned by the Common*'ealth Mycological lnstitute. Kew, England.

Quantitative estinlation of the level of contarnination in the trnks was madc'by recording the number of samples in which a porticular

fungus occurred :rnd thr: nurnbcr of colon-'" forming rtnits of the fun-eus.

Iflean number of colony
forming unitsfitre

Percentage
frequency
of isolation

40 ,. 160 9't2 99E
s0 43 4't3 550
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Results

A list of fungi showing numbers and frequency of isolation is given in Table l. All of the monthly samples tested were

contaminated with microorganisms. The predominant fungus was C. resinae isolated from 987o of the samples. Penicillium
spp. were isolated from 93Vo and Paecilomy-ces variotii from 50% of the samples. The highest number of colony forming units
(cfu) in the samples was obtained for C. resinae where almost 1000 cfu/litre occurred in the bottom and'very bottom'
samples. All the above fungi grew vigorously in diesel fuel/Bushnell-Haas mineral salts medium at 25oC, forming a thick myce-
lial mat at the interface.

Among the five PiiticiUium spp., Penicitlium corylopltilunr had the highest number of colony forming units in the diesel

fuel. The Penicillium spp. produced separate distinctive and individual colonies on the media.
It appeared from microscopic observations and growth experiments in diesel fueUB/H that Penicilliur/t spp. remain as

spores in the presence of C. resinae,

During the period when Penfcfl/iurn spp. were observed in high numbers in the atmosphere, there was a corresponding
increase in numbers in the fuel. Alternaria alternata occurred in abundance on filters observed directly but was infrequently
isolated as colonies from the filters on agar plates.

Discusion

Over 25 fungal species were isolated from stored New Zealand diesel fuel during a twelve month period in 1982-83.
The most frequently isolated fungi were Cladosporiunt resinae, Penicillium spp. and Paecilomyces variotii, as in jet fuel
(Sheridan & Soteros 1974). There was a gradient in contamination levels of C. resinae, Penicillium spp. and Paecilomyces
variotii with the highest concentration at the bottom and 'very bottom'. This was probably due to the greater proportion of
water present at these levels.

A 24 hour delay in testing samples after collection and in transportation had little effect on the recovery of the above
fungi.

Penicillium spp. generally accompanied C. resinae but only the latter formed tough mats of mycelium. Growth experi-
ments indicated some form of interaction between Penicillium spp. and C. resinae possibly similar to that suggested by
Neihoff (1980) for Cand.ida elbicans and C. restnae in seawater systems. Aspergillus fumigatus was not isolated from diesel

fuel in these studies, although it occurred in New Zealandjet fuel (Sheridan & Soteros 1974).
' Microbial interactions on the culture media plates could result in antagonism or masking of some fungi. Direct obser-
vations of filters revealed a wide variety of fungal spore types in stored diesel fuel. Airspora studies suggest that many such as

Alternaia, Epicoccum, Penicillium, Uocladium and others could have entered the tanks from the atmosphere.
The rnycoflora of New Zealand diesel fuel cannot be compareC with that of other countries because of unavailability of

published data. To our knowledge this is the first report to document fungi found in diesel fuel.

The authors wish to thank the staff of the Defence Scientihc Estrblishment, Auckland, for the'u hetp and assistance, especially Mr H. Levinsohn

and Mr fvl. Cavanaugh. This study was financed by a research grant from the Ministry of Defence, which is much appreciated.
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