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CHAPTER I 

INTRODUCTION 

Laboratory and field investigations during the past ten 

years have demonstrated that certain microorganisms can cause 

deleterious effects in jet fuel tank systems (1, 2). These in-

vestigations have brought about new concepts concerning the 

mechanisms of utilization of certain constituents in jet fuel 

tanks by microorganisms. Since the presence of microorganisms 

is inevitable in fuel systems, research efforts have been 

directed towards identification and determination of the types 

of microorganisms which can utilize jet fuel hydrocarbons, 

fuel additives, polyurethane foam structural materials, and 

particular hydrocarbons present in the fuel. 

Many reports referring to the presence of microorganisms 

in jet fuels from storage systems have been made in recent 

years (3, 8, 22, 23). Earlier references concentrated only 

on the identification of the predominant generic types, while 

the more recent studies have expanded the determinative 

interest to include species designations. 



There have been few general studies on the identification 

of microorganisms found in jet fuels. Hazzard (11) lists only 

the fungi found in aircraft fuel samples. London et al. (17) 

cite general groups of bacteria, such as the sulfate-reducers, 

iron-depositors, iron oxidizers, anaerobes, and green-pigment 

producers. Engel et al. (7) list species of yeast of the 

genus Candida isolated from fuel samples. Edmonds and Cooney 

(5) presented results of a study in which they identified the 

hydrocarbon utilizing microorganisms, on a generic level, from 

contaminated fuel systems. 

Even though references have been reported on the ability 

of certain microorganisms to utilize jet fuels, there are still 

conflicting reports on the significance of the genera, species, 

or strains which 'have been found to grow and multiply in the 

fuel systems. 

A previous study has shown that microorganisms isolated 

from jet fuels remained viable in a JP-4 hydrocarbon fuel 

medium over extended periods of time (12). Leathen and Kinsel 

(16) reported sixty one per cent of the microbial isolates from 

storage tank samples remained viable in a JP-4 fuel and water 

medium. Hazzard (11) found that the spores of Cladosporium resinae 

remained viable in dry kerosene for two and one-half years. 

Edmonds (5) listed several species of bacteria and yeasts 



isolated from fuel samples which were found not to utilize 

jet fuel as a carbon source. The two genera of microorganisms 

which best utilized fuel were Pseudomonas and Cladosporium. 

The remaining isolates were not capable of utilizing JP-4 

fuel as a carbon source. 

Organic fuel tank coatings have received attention as a 

source of nutrients and as a place of attachment for micro-

organisms (30). Zobell and Beckwith (29) reported that certain 

components of Buna-N, a coating used in aircraft fuel tanks, 

were utilized by Pseudomonas aeruginosa and Hormodendron sp. 

In a more recent study by Reynolds et al. (21), analytical 

techniques such as infrared spectrophotometry and mass spec-

trometry were used to detect microbial degradation products of 

organic aircraft fuel tank coatings. Miller et. al. (19) 

found that Buna-N and polyurethanes were degraded rapidly in 

the presence of microorganisms. 

Open-celled polyurethane foam has found application in 

jet fuel tanks as a structural material to minimize fuel slosh-

ing and projectile impact. The addition of such a material to 

the fuel systems of jet aircraft raised several questions, 

such as the effects of the material on the growth of certain 

fuel-utilizing microorganisms, and the effects of the micro-

organisms on the physical integrity of the foam. Edmonds and 



Cooney (6) reported that a polyesteruretbane foam did not 

affect the rate or total amount of growth of a bacterial 

isolate, but did enhance the growth of a fungal isolate in a 

fuel-mineral salts system by functioning as a matrix for 

mycelial attachment. Darby and Kaplan (4) reported on the 

susceptibility of polyurethanes to fungal degradation. Their 

study was made on the monomer, specific polyurethane components, 

and the polymers, but not as open-celled foams. They found 

that three types of polyesters could support fungal growth, 

whereas the polyethers were inhibitory to the same organisms. 

Gibson et. al. (9) investigated the effects of several events 

on the physical integrity and chemical composition of a foam 

designed for jet fuel tank application. They showed that the 

foam fragmented somewhat when absorbed with fuel and also at 

low temperatures in the absence of fuel. The foam was also 

found to have adherent contamination entrained in the reticular 

matrix. Certain compounds, such as resins, that could con-

tribute to increased gum content of the fuel were also found 

to be released from the foam. 

The knowledge of hydrocarbon metabolism has lagged far 

behind the knowledge of the metabolism of other compounds such 

as carbohydrates, amino acids, and lipids. A problem in gain-

ing such information has been due to the low water solubility 



of hydrocarbons. Walters and Elpbick (22) explain that a 

major problem in understanding hydrocarbon metabolism was 

due to the lack of recognition of the fascinating theoretical 

problems involved. 

Previous research conducted by Iizuka and Komagata (13) 

included an extensive survey of microflora found in petroleum 

deposit areas and established a definite relationship between 

the existence of certain species of microorganisms to the 

occurrence of petroleum. The use of hydrocarbon waste as a 

carbon source for microorganisms has gained wide recognition 

in the fermentation industry where microorganisms are considered 

a usable source of protein. 

Traxler and Flannery (25) reported that different mecha-

nisms were used by microorganisms for the degradation of the 

aliphatic alkane hydrocarbons since bacteria which oxidized 

methane were unable to oxidize higher alkanes. The major 

groups of hydrocarbons include the following carbon-containing 

compounds: C2-C^; Cg-C-^; and c^2~cn»
 Ttie different mecha-

nisms used in degrading the hydrocarbons in each group relates 

to the different compounds found in each group such, as the 

alkanes, alkenes, and aromatic hydrocarbons. 

The utilization of the simplest alkane, methane, involves 

the oxidation to formate with methanol as an intermediate. 



Isotopic studies using gaseous oxygen with cells growing on 

methane showed that incorporation of labelled oxygen at 

higher rates than cells grown on methanol (25). Several 

mechanisms for the oxidation of propane exist (25). The two 

main pathways include the terminal propanol and the methyl 

ketone pathway as shown: 
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Both of these pathways involve an initial oxygenase reaction 

(18). The intermediate chain alkanes (Cg-C-^) share some of 

the same mechanisms as the gaseous alkanes. A possible mecha-

nism for this group includes a oxidation to yield a fatty 

acid as shown 
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Van der Linden and Thijsse (28) have shown that the 

oxidation of hydrocarbons up to 20 carbons in length and 

even those with chain lengths of 38-40 carbons is accomplished 

by similar mechanisms. The metabolic route for the oxidation 

of long chain length hydrocarbons is 
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Oxygenase attack occurs at the carbon atom resulting 

in the corresponding fatty acid. Kester and Foster (15) 

showed that diterminal oxidation without rupture of the carbon 

chain occurs. The normal mono-terminal oxidation represents 

the major pathway and the diterminal oxidation is a secondary 

and probably a minor pathway. 

The oxidation of alkenes has been studied by Thijsse and 

Van der Linden (24). Their studies showed that oxidation 

started at the saturated end of the molecule but that alpha-

olefins could be oxidized at both ends of the molecule by 

organisms of the genus Pseudomonas. The oxidation occurring 

at the unsaturated end was considered a minor pathway by these 

authors. The proposed mechanism for utilization by this 

mechanism is 



C H 3 ^ ^ 5 C H a C H C H 3 (
C H P 5 Crt-

VCH2 
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Numerous pathways have been considered for the oxidation 

of different aromatic compounds. Two major types of mecha-

nisms occur which involves cleavage of the ring structure and 

modifying the side chain of the ring. Treccani (26) postulated 

three mechanisms for cleavage of the ring structures. The 

first mechanism postulated involved the conversion of benzene 

to an orthohydroxyphenol with fission occurring between the 

two carbon atoms with the attached hydroxyl groups to form 

cis-muconic acid. This could then be converted to 3 oxadipic 

acid as shown below: 
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The second mechanism which has been demonstrated involved 

oxidation between a carbon atom bearing a hydroxyl group and 

the adjacent carbon with a carboxyl or carbon side chain: 
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A third mechanism involved the splitting of a bond 

between a carbon bearing a hydroxyl and an adjacent carbon 

atom without a substitution as shown: 
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In the mechanisms presented above an oxygenase is essential 

for converting benzene-like compounds to one bearing an 

oxygenated functional group. 
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Studies on the relationship between molecular structure 

and biodegradability have shown that the n-alkanes are oxidized 

more readily than branched alkanes by microorganisms (25). 
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CHAPTER II 

MATERIALS AND METHODS 

The microorganisms used in this study were isolated from 

aircraft fuel tank samples collected from drainage plugs on 

the underside of wings and the pylon areas of B-57 and B-58 

aircraft respectively. A collection of storage tank samples 

sent from Fort Detrick, Maryland, was also included. The 

isolates obtained from the aircraft fuel tanks were collected 

aseptically in six-ounce sterile prescription bottles and 

immediately transported to the laboratory. A one-milliliter 

portion of each sample was transferred to each of the follow-

ing media: Tryptone Glucose Extract (TGE) Agar (Difco, 

Detroit, Michigan), Nutrient Agar (Difco), Fluid Thioglycol-

late Medium (Difco), and Nutrient Broth (Difco). Each isolate 

was obtained from growth at 32 or 37 C in pure culture and was 

transferred to a fuel-Bushnell-Haas salts solution (2) and 

checked for viability on TGE agar for two weeks. The compo-

sition of Bushnell-Haas salts solution is given in Table I. 

Bacteria which were capable of utilizing jet fuel as a 

carbon source were identified by methods outlined in Bergey's 

15 
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TABLE I 

COMPOSITION OF BUSHNELL-HAAS MINERAL 
SALTS SOLUTION 

Grams Per Liter 

KH2PO4 1.00 

K2HPO4 1.00 

CaCl2 0.02 

FeCl3 0.02 

MgS04 0.20 

(NH4)2SO4 1.00 

Distilled H20 

Manual (1), Cowan and Steel (3), Gibbs and Skinner (5), and 

Gillies and Dodds (6). The bacteria were grown on TGE agar, 

and 18-24 hour cultures were stained by the Gram method (5). 

Morphology and staining characteristics were used to separate 

the bacteria into groups. Those suspected of being spore 

forming organisms were incubated on nutrient broth (Difco) 

for 24-48 hours and exposed to a temperature of 80 C in a 

water bath. Aliquots of each tube were transferred to TGE 

agar and checked for growth. Those organisms which grew were 

stained by the spore staining method of Bartholomew and 

Mittwer (6). 
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Penetration of the fuel tank coatings was determined by 

monitoring changes in electrical resistance of the coating. 

Aluminum rods (7075 alloy) 5/8 inch in diameter were cut into 

three-inch lengths and turned on a lathe to remove surface 

scratches and to give the rods a uniform diameter. Convex, 

smooth surfaces were made on the ends of the rods to allow 

the coating to adhere more uniformly. Each rod was cleaned 

in an acid bath prior to application of the coating. The 

organic fuel tank coatings included (1) EC776, a polymer of 

acrylonitrile and butadiene manufactured by the 3M Company, 

St. Paul, Minnesota; (2) DV1180, a polyurethane by Finch Paint 

and Chemical Company, Burbank, California; (3) PR1560, a 

polyurethane by Products Research, Inc., Burbank, California; 

and (4) DeSoto 10&0, a polyurethane by DeSoto Chemical Coat-

ings, Inc., Irving, Texas. The rods were dipped in the coating, 

removed and allowed to dry at 60C in a hot air over for 48 

hours. The integrity of the coatings was checked before in-

cubation by placing the coated portion of the rod in an 

electrolyte solution and connecting the rod at an implanted 

lead to a Simpson Model 260 milliammeter. The meter was placed 

on a multiple scale of 10,000 to increase the sensitivity for 

detecting the changes in resistance of the coatings. The 

coatings which exhibited an infinite resistance and no voltage 
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conductance indicated that voids or breaks in the coating 

were not present. Periodic changes towards decreased resis-

tance and increased conductivity between the experimental and 

control coatings during the experiment were indications of 

penetration in the coatings. The coated rods were sterilized 

for one hour in an ethylene oxide Cryotherm Autoclave (American 

Sterilizer Company, Erie, Pa.), before being placed in culture 

jars of fuel-Bushnell Haas mineral salts solution plus inocu-

lum. The test inoculum consisted of a suspension of both 

Pseudomonas aeruginosa (GDFW B-25) and Cladosporium resinae 

(QMC-7998), and was prepared by incubating the bacterium on 

TGE agar and the fungi on Potato Infusion Agar (Difco) at 30C 

for 72 hours. The growth was washed from the agar surfaces 

and subsequently washed three times with physiological saline. 

Five milliliters of the composite inoculum was added to each 

test flask containing 100 milliters of mineral salts solution. 

The flasks were incubated at 30C for six weeks (stationary) 

and shaken by hand after each reading was taken. Penetration 

of the coating was detected by measuring changes in electri-

cal resistance with the milliammeter, as shown in Figure 1. 

The determination of utilization of the coatings by 

Pseudomonas aeruginosa was carried out by coating the interior 

surfaces of six-ounce prescription bottles to allow a large 
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surface area for exposure to the microorganisms. The prepara-

tion of the inoculum and the incubation of the test bottles 

are described above. Growth was measured by viable counts on 

TGE agar in duplicates by the serial dilution pour plate 

technique during a three week sampling period. 

Utilization of the coatings was also measured by record-

ing oxygen uptake in a Warburg respirometer over a seven day 

period. The test environment consisted of 20 mg of cured 

coatings cut into thin slices, 1.0 ml of sterile JP-4 fuel, 

and 2.0 ml of prepared inoculum. The inoculum for this experi-

ment was washed three times in physiological saline before it 

was added to the reaction flasks. Each reaction flask contained 

0.2 ml of ten per cent KOH in the center cup to absorb the 

liberated CO2. The flasks incubated in a water bath at 30 C 

were shaken at a rate of 30 excursions per minute. A control 

set of flasks containing the microorganisms without the coat-

ings was included for reference. All manometric readings were 

corrected daily with a thermobarometer containing 3.2 ml of 

sterile distilled water instead of the inoculum or the coating. 

The barometric corrections were required since Kreb's solution 

was used in the manometers instead of mercury, to obtain in-

creased sensitivity, Umbreit et al. (8). 
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Previous research in the fiel of fuel microbiology has 

described several microorganisms capable of utilizing JP-4 

hydrocarbon fuel as the only carbon source (4). However, only 

few attempts have been made to determine which particular com-

pounds or fraction of the fuel were being utilized. 

JP-4 fuel is a crude distillate containing the intermediate 

and the long chained hydrocarbons. Within these two groups 

are also found different compounds such as the alkenes, and 

the aliphatic and aromatic hydrocarbons. Previous gas 

chromatographic studies conducted by the author have revealed 

as many as fifty hydrocarbon compounds in JP-4 fuel. 

An attempt was made to study the utilization of different 

fractions of JP-4 fuel by bacteria. One liter of JP-4 fuel 

was separated into six separate fractions by distillation at 

arbitrarily chosen temperatures. The temperature ranges and 

fractions collected are given in Table IX. 

TABLE II 

JP-4 FRACTIONS AT SELECTED TEMPERATURES 

Fraction Number Temperature (C) 

1 140-150 
2 150-160 

160-170 
4 170-180 
5 180-190 

190-Above 
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Oxygen utilization was conducted on each distillate 

fraction in duplicate with a Gibson Differential Respirometer, 

Model GRP-14. The inoculum, Pseudomonas aeruginosa (GD/FW 

B-25), from an eighteen hour culture was obtained from TGE 

agar and washed three times with physiological saline. The 

organism had been previously grown in a JP-4 fuel-mineral 

salts medium. Each manometric flask contained 1.0 ml of fuel 

3 

fraction, 1.0 ml Bushnell-Haas, 1.0 ml inoculum (10 cells/ml), 

and 0.2 ml five per cent KOH in the center cup of the flask to 

absorb the liberated CO2. The flasks were continuously shaken 

during the experiment at a temperature of 28 C. After periodic 

readings each flask was adjusted to its original reading to 

ensure a constant amount of oxygen available. Adjustments to 

temperature and barometric differences were adjusted auto-

matically by a reference flask attached to the respirometric 

system. 
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CHAPTER I I I 

RESULTS 

This study may be divided into four separate parts. 

The first part is concerned with the identification of 

bacteria isolated from jet fuel systems. The second phase is 

concerned with microbial penetration and utilization of or-

ganic aircraft fuel tank coatings which serve to protect 

certain structural parts of the aircraft. The third phase is 

the microbial degradation of polyurethane foam baffling 

material in fuel tanks of aircraft. The final portion is the 

respirometric studies of hydrocarbon oxidizing bacteria on 

certain fractional distillates of JP-4 fuel. 

Bacteria which grew on the jet fuel as a sole carbon 

source in the presence of Bushnell-Haas salts solution were 

considered bacteria which could oxidize hydrocarbons and could 

use JP-4 fuel as a carbon source. 

Nineteen bacterial isolates which were found to remain 

viable in the JP-4 Bushnell-Haas salts solution belonged to 

the following genera: Bacillus» Pseudomonas, and Corynebac-

terium. Those isolates which were aerobic, gram positive rods 

with endospores and motile by means of peritrichous flagella 

24 
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(or non-motile), and catalase positive were placed in the 

genus Bacillus. Bacillus subtilis var. aterrimus was charac-

terized by producing black pigment on carbohydrate media. 

This isolate was separated from Bacillus subtilis var. niger 

due to failure of producing a black pigment on tyrosine media. 

Bacillus cereus var. mycoides was identified as an isolate by 

the following characteristics: Rhizoid growth on agar, motile, 

diameter of the vegetative rod was 0.9 microns or greater, and 

no production of mannitol from ammonium salts. Pseudomonas 

aeruginosa was identified by these characteristics: gram-

negative rod, produces water soluble pigment, motile, grows 

at 42 C, and produces alkaline conditions in litmus milk. 

This isolate was found in fuel samples from aircraft and 

storage tanks. Corynebacterium, a genus of bacteria which 

was present in both aircraft and storage tank samples had the 

following characteristics: club-shaped rods, heavy granules 

within the cell, catalase positive and non-motile. The pre-

dominant nineteen bacterial isolates capable of utilizing 

JP-4 as a carbon source are listed in Table III. 

The changes in resistance of organic coatings exposed 

to a fuel-microbial environment have been used as a method 

for denoting changes occurring in the coatings as a result 

of microbial attack (4). These changes can be attributed to 
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TABLE III 

DISTRIBUTION OF PREDOMINANT BACTERIAL ISOLATES 
IN AIRCRAFT AND STORAGE TANK SAMPLES 

Isolate Number and Source Identification 

Aircraft Tank 
Sample 

1 Corynebac terium sp. 
2 Bacillus subtilis 
3 Bacillus subtilis 
4 Bacillus subtilis 
5 Pseudomonas aeruginosa 

Storage Tank 
Sample 

6 Bacillus sp. 
7 Corynebac ter ium sp. 
8 Bacillus cereus var. mycoides 
9 Corynebac ter ium sp. 
10 Pseudomonas aeruginosa 
11 Bacillus subtilis 
1 2 B. subtilis var. aterrimus 
1 3 Corynebac ter ium sp. 
14 Pseudomonas aeruginosa 
15 Pseudomonas aeruginosa 
1 6 Bacillus sp. 
1 7 Corynebac ter ium sp. 
18 Bacillus subtilis 
1 9 Corynebac ter ium sp. 

the penetration of mycelia within the coatings or the occur-

rence of minute voids due to bacterial attack. Changes in the 

electrical resistance of four coatings exposed to attack by a 

mixed culture of Pseudomonas aeruginosa (GD/FW B-25) and 

Cladosporium resinae (QMC 7998) over a six week period are 

presented in Figure 2. The differences in electrical resistance 
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between the unirioculated controls and the inoculated systems 

were recorded as changes occurring due to the absence of the 

inoculum. Sharp decreases in resistance were seen in EG776 

at three weeks and in DV1180 at four weeks. No major changes 

in resistance were noted in PR1560 and DeSoto 1080 until after 

five weeks. The continued decreases in resistance over the 

six week exposure period suggest that changes were occurring 

in the protective properties of the coatings as a result of 

microbial penetration. Visual evidence of cloudiness due to 

buildup of the microorganisms in the coating flasks further 

supported the possibility of penetration of the coatings. 

Heavier cloudiness was observed in the flasks with EC776 and 

DV1180 than in those with PR1560 and DeSoto 1080. 

The viable cell counts of Pseudomonas aeruginosa, as 

shown in Figure 3, showed an increase in growth on EC776 and 

DV1180 within the first week and continued high level of 

growth the remaining time. A gradual decrease in viable cells 

was obtained on PR1560 and DeSoto 1080 coatings. The contra-

diction between the decrease in growth at three weeks and the 

decrease in electrical resistance at five weeks in PR1560 

and DV1180 coatings may be due to the ability of the small 

amount of growth present to promote some changes in the coat-

ings . 
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The results of the Warburg experiments indicated a 

higher oxygen uptake with Cladosporium resinae than 

Pseudomonas aeruginosa in the EC776 coatings. As shown in 

Figures 4 and 5, both organisms showed an increase in oxygen 

uptake within three days in EC776 and continued to maintain 

an oxygen increase while DV1180, PR1560, and DeSoto 1080 

were similar to the control. The data obtained from the 

oxygen utilization study on EC776, DV1180, PR1560, and DeSoto 

1080 indicate that no extensive degradation of the coatings 

was occurring. Impurities present in the coatings could have 

elicited similar responses in oxygen uptake. Miller et. al. 

(7) found similar rates of oxygen uptake on EG776 and PR1560 

coatings in their studies with microorganisms collected from 

jet fuel samples. 

The use of open-celled polyurethane material as an integral 

structure in fuel tanks had received wide attention for use in 

aircraft before any considerations were given to the effects 

of the material on the growth of certain fuel utilizing micro-

organisms. Edmonds and Cooney (3) reported that a polyester-

urethane foam enhanced the growth of a microbial isolate in a 

fuel-mineral salts system by functioning as a matrix for fungal 

mycelial attachment. Darby and Kaplan (2) reported that three 
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types of polyesters were susceptible to fungal attack by 

observing the amount of visible growth on the samples. 

The polyurethane foam experiment was conducted on a new 

foam, and a used foam which had previously been subjected to 

an aircraft fuel tank environment. As shown in Figure 6, the 

Warburg experiments showed more oxygen uptake by Pseudomonas 

aeruginosa in the new foam than in the used foam over a 75 

hour incubation period. This may suggest that the new foam 

may have more nutrient value than the used foam which could 

have been leached of nutrient material. In the mineral salts 

medium plus foam, higher oxygen uptake was found in the used 

foam. The addition of foam to the mineral salts medium gave 

an increase in oxygen uptake. The comparative amounts and 

rate of oxygen uptake were greater by Pseudomonas aeruginosa 

with the polyurethane foam than with the polyurethane fuel 

tank coatings as reported in previous research (1). 

The selective oxidation of certain hydrocarbons by a 

bacterium was conducted for several purposes. If only certain 

hydrocarbons could be oxidized their removal from other frac-

tions could lead to the control of microbial growth in fuels. 

As shown in Figure 7, Pseudomonas aeruginosa oxidized various 

compounds of the six fractions collected for the study. With 

the exception of fraction 2 the hydrocarbons which were oxidized 
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to the greatest extent were the long chained hydrocarbons. 

Fractions 1 and 3 which correspond to the lower molecular 

weight compounds were not oxidized as efficiently throughout 

the experiment. The apparent lag in the oxidation of the 

hydrocarbons during the initial time period may have been due 

to some adaptation of the bacteria to the fuel environment. 

This has been shown to occur after bacteria are transferred 

from a different carbon source such as glucose. 
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CHAPTER IV 

DISCUSSION 

The problem of microbiological growth in jet aircraft 

fuel was recognized as early as 1956 when microorganisms 

were isolated from bulk fuel. The contamination problem gave 

rise to problems concerning the refueling equipment and diffi-

culties in the fuel systems of aircraft (1). Several bacterial 

isolates which were found belonged to the following genera: 

Pseudomonas, Aerobacter, Bacterium, and Clostridium. Several 

organisms were not identified generically but were placed into 

categories such as sulfate reducers, filamentous forms, and 

pigment producers. Numerous microorganisms have been isolated 

from hydrocarbons but have not been characterized as to the 

role they play in the degradation processes. It is possible 

that many bacteria and fungi portray a transient role in hydro-

carbons since they do not contribute to the degradation 

process. For instance, sulfate reducing bacteria such as 

Desulfovibrio were isolated from fuels but were not considered 

to play a vital role since they were not found in high con-

centrations (1). More recent studies have shown that 
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Desulfovibrio plays a role in hydrocarbon fuel contamination 

by utilizing other compounds present as a source of energy 

and is somewhat difficult to control (2). 

The identification and characterization of microorganisms 

led to further research which showed that organic components 

in jet fuel tanks could be degraded by microorganisms. Micro-

organisms were found to be present in a thin layer of water 

in the bottom of fuel tanks and were using the Buna-N tank 

lining materials as energy sources (3). Polyurethanes were 

also found to be penetrated by microorganisms which led to 

structural damages within fuel systems. 

Certain microorganisms have been shown to use organic 

coatings as an energy source but a method for determining the 

rate of penetration within coatings was needed. In this in-

vestigation, experiments were conducted to find a method for 

detecting the deterioration of the coatings by microbial 

activity. Aluminum rods encased in a thin layer of the coat-

ing were used. Measurement of the resistance of the coating 

to the flow of an electrical current was detected by suspending 

the coated rod in a mineral salts solution with a jet fuel 

overlay and in each case high resistance to current flow by 

the coating was evident before microbial degradation. After 

these initial measurements of resistance were made, the test 
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flasks were inoculated with the test organisms. Periodic 

checks were conducted to detect changes in electrical resis-

tance. A decrease in the resistance of the coating along with 

a high rate of microbial growth was assumed to indicate micro-

bial deterioration of the coating. Further utilization of 

the coatings was measured by recording oxygen uptake in the 

Warburg respirometer. The organic coatings which were sus-

ceptible to microbial degradation were EC776, a polymer of 

acrylonitrile and butadiene, and DV1180, a polyurethane. The 

growth rate changes and oxygen uptake experiments showed that 

EC776 was being utilized by the test organisms. 

The introduction of polyurethane foam as a structural 

material in fuel systems appeared to be susceptible to micro-

bial degradation. An experiment was conducted by recording 

oxygen uptake by Warburg respirometry with a new polyurethane 

sample and a sample which had been subjected to a fuel environ-

ment. In a mineral salts medium plus polyurethane foam higher 

oxygen uptake was found in the new polyfoam than in the used 

polyfoam. This suggests that the new foam may have more 

nutrient value than the used foam which could have been cleansed 

of nutrient material. Impurities which could be present in 

very small concentrations could have supported growth as well 

as the organic material in question. 
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The problem of understanding which compounds were being 

utilized by microorganisms in JP-4 fuel was conducted by 

fractional distillation of JP-4 fuel into six fractions based 

upon arbitrarily chosen boiling points. The separate fraction 

of JP-4 fuel represents a variety of similar compounds since 

as many as fifty hydrocarbons are known to be included in 

JP-4 fuel. A hydrocarbon oxidizing microorganism, Pseudomonas 

aeruginosa, showed the highest predilection for the long 

chained hydrocarbons but also utilized those in fraction 

number two quite well. This organism did not oxidize the 

hydrocarbons in fractions one and three as well as those named 

above. 

From the data in these experiments, it was shown that 

certain microorganisms isolated from a hydrocarbon fuel are 

capable of using this material as a sole source of carbon. 

Certain components comprising the fuel systems such as the 

organic coatings which protect the fuel tanks and the poly-

urethane foam structural materials could also be degraded by 

these hydrocarbon oxidizing microorganisms. Certain fractional 

distillates of JP-4 were also readily utilized as a carbon 

source. The data indicate that certain microorganisms exhibit 

degradative effects upon fuel systems and measures of con-

trolling microbiological growth appear to be warranted. 
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CHAPTER V 

SUMMARY 

Microorganisms isolated from aircraft fuel and storage 

tanks were characterized by their ability to utilize JP-4 

hydrocarbon fuel as a crabon source. Further studies led to 

the identification of the microorganisms, microbial degrada-

tion of structural materials in aircraft such as the organic 

coatings and polyurethane foam, and the utilization of certain 

distillate fractions of JP-4 fuel. Certain organic coatings 

were more susceptible to microbial degradation as revealed 

by viable cell counts and oxygen uptake. A new polyurethane 

foam sample in a medium of Bushnell-Haas mineral salts solution 

exhibited higher oxygen uptake than a sample of polyfoam which 

had previously been exposed to a fuel environment without 

microorganisms. Pseudomonas aeruginosa, a hydrocarbon utiliz-

ing microorganism, showed selectivity in utilizing the long-

chained hydrocarbon distillates of JP-4 fuel. 
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