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FOREWORD

This report was prepared by Systems Research Laboratories, Inc.,
(SRL), Dayton, Ohio, under USAF Contract No. AF33(615)-2692 (Project
3048 "Aviation Fuels, " Task No. 304801 "Hydrocarbon Fuels, " with'the
University of Dayton, Research Institute, Dayton, Ohio, Order No. RI 29363,
Account No. 93374, The contract was administered by the Air Force
Propulsion Laboratory, Research and Technology Division (RTD), Air
Force Systems Command, Wright-Patterson Air Force Base, Ohio. The
project engineer was Mr. Jack R. Fultz, AFAPL, APFL, Wright-Patterson
Air Force Base, Ohio.

This is a final report of the work performed under the experimental
program designed by the Biospecialties Branch (MRMBP), 6570 Aerospace
Medical Research Laboratories (AMRL) and conducted at AMRL Labora-
tories during July 1963 through September 1964 with the suppoit of personnel
from Systems Research Laboratories, Inc., under Contract No. AF33(657)-
11733 (Project 8169, Task No. 816906). This project was administered by
the Systems Engineering Group (RTD), Wright-Patterson Air Force Base,
Ohio. The project engineer was Mr. E. F. Suhr, SEMSF, Wright-
Patterson Air Force Base, Ohio.

The program was initiated to support, extend, and supplement the
Air Force Aeronautical System Division programs concerning the micro-
bilogical contamination of JP-4 fuels.

The authors wish to acknowledge Mr. Ennio Raimondi of SEFIP,
SEG, Wright-Patterson Air Force Base, Ohio, for his assistance with the
capacitance measurements during the fuel capacitance probe study.

This technical report has been reviewed and is approved.
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ABSTRACT

With the recognition in 1956 that the United States Air Force JP-4
fuels were microbially contaminated, problems concerning malfunctions
and corrosion of JP-4 fuel systems were attributed to the presence of
microorganisms. The Biospecialties Branch, MEMPB, 6570 Aerospace
Medical Research Laboratories, initiated a research effort to support and

supplement the Air Force Aeronautical Systemis Division program con-
cerned with the relationship of microbial contamination to deleterious
changes in JP-4 fuel systems. Results of this program have shown the
following: the majority of JP-4 fuel systems contain low levels of viable
microorganisms; microorganisms are primarily associated with the
water phase and rarely with the fuel phase of a JP-4 fuel/water system;
JP-fuels exert a toxic effect on viable microbial cells; and microbial cor-
rosion of aluminum alloys 7075, 2024, and 7178 can occur in the laboratory
but does not appear to be the major cause of corrosion in operational
systems. 20% ethylene glycol monomethyl ether (EGME) in a laboratory
JP-4 fuel/water-bottom acts as an inhibitor to the majority of viable cells
present. As a result of engineering design, it is possible that fuel capa-
citance probes can cease to operate as a result of microbial growth.
Micronic filter materials of phenolformaldehyde impregnated paper can
support the growth of microorganisms, but growth even after 43 days is
insufficient to cause filter clogging, provided the filter is immersed in
fuel. In addition, field surveys of JP-4 fue! handling facilities and air-
craft have shown that improved housekeeping and the use of EGME have
reduced the quantity of microbial contaminants initially found in the jet
systems to an insignificant level.
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Section I

INTRODUCTION

With the recognition in 1956 that the United States Air Force JP-4
fuels were microbially contaminated 1, the presence of microorganisms* in
gas turbine powered aircraft and related fuel systems and their association
with problems of contamination/corrosion have been a matter of controversy.
The absence of adequate information on microbiological contamination of
aircraft and related equipment initially resulted in erroneous hypothesis of
biological and nonbiological problems. Research studies concerned with
implicating microorganisms in degradation of fuel cell protectiv^ materials,
clogging of fuel filters, corrosion of aluminum, and malfunctioning of jet
fuel systems have been inconclusive. Difficulty has been experienced in
reproducing compatible results in controlled laboratory and field tests.
"Stop-gap" control measures have appeared to alleviate suspected problem
conditions prior to understanding the basic mechanisms or the environ-
mental contributory factors responsible for the apparent problems.

The USAF became aware of the existence of the microbiological
contamination of JP-4 fuels in 1956 when flight operations in some of the
USAF tactical organizations were curtailed due to malfunctioning of fuel
control systems and refueling equipment. An inspection of the sircraft
iv- lvod, the B-47 and KC-97, indicated that the malfunction could be the
result of an accumulation of sludge. JP-4 bulk storage and hydrant refuel-
ing underground tanks appeared to be the source of the sludge. To deter-
mine the sludge composition, samples from bulk storage tanks located at
Lincoln Air Force Base, Nebraska, Schilling Air Force Base, Arkansas,
and Davis-Monthan Air Force Base, Arizona, were collected and sent to
the Protective Process Branch, Materials Laboratory, Wright Air Develop-
ment Center. Microbiological analyses indicated that the sludge was asso-
ciated with the presence of bacteria and their metabolic by-products ,3 .

The finding of sludge in bulk storage tanks was not a new phenomenon,
since the Prevention of Deterioration Center, National Research Council,
had reported previously (to Bakanauskus in 1958) 1that sludge accumulation
was a common occurrence in tanks used for kerosene-like fuels.

In 1958 the major cause for the crash of a B-52 a irc.raft3 was

attributed to clogging of screens and filters. The clogging appeared to
be due to some form of fuel contaminants and ice formation.

*Microorganisms as referred to in this report indicate bacteria, fungi,

and yeast.
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In 1956 and 1958, the United States Navy and the Royal Austrian
Navy became cognizant of the microbiological contamination of jet fuels
when analyses of brown sludge found in an aircraft carrier jet fuel storage
area indicated the presence of bacteria and fungi. Clogging of filters in
the carrier system, fuel and water emulsions, and malfunctioning of air-
craft fuel capacitance gages were attributed to the sludge material 4 . Each
Navy, after its investigation, concluded that the contamination was obtained
from tankers during sea refuelings.

In 1958, following the microbiological analyses of numerous samples
of debris obtained from Navy jet fuels (JP-5) and various components of the
fuel system, the Microbiological Section of the Organic and Biological
Chemistry Branch (OBC) Naval Research Laboratories (NRL), under the
Bureau of Naval Weapons, initiated investigations of the microbial contam-
ination of Navy jet fuels. Of the shipped jet fuel samples analyzed at the
laboratory, a few indicated that the number and types of microorganisms
recovered exceeded that which could be considered as chance contamination.

In addition to analysis of field fuels, laboratory jet fuel contamination
studies indicated (1) that mixed microbial cultures altered the filterability
of JP-5 fuels, (2) microbial growth in jet fuels was dependent upon the pre-
sence of free water, and (3) certain microbial species recovered from jet
fuels had a global distribution. Because of the fuel contamination condition,
the U.S. Navy in 1957 printed the "Fuel Contamination Information Manual"
for distribution to the Naval Aviation Training Divisions 6 .

The first observation of contamination/corrosion associated with
JP-4 fuels in wet-wing fuel cell aircraft was reported in 1959. Inspections
of the integral fuel tanks of the Electra Aircraft, used by commercial air-
lines, showed contamination of fuel system gages, pumps and filter screens,
and sufficient corrosion of wing panels to require replacement. The condi-
tions observed were attributed to microbiological slime ,

The Air Force first became aware of contamination/corrosion of
integral wing tanks in 1960, during an inspection of KC-135 Tanker and
B-53G Bomber Aircraft assigned to Ramey Air Force Base, Puerto Rico,
and Lglin Air Force Base, Florida'. The inspection revealed significant
wing tank corrosion, the presence in the fuel-cell-sump area of large
quantities of gelatinous amorphous material, degradation of sealants and
top coatings, and inoperative ground refueling filters. In some areas of
the integral wing tanks, sealants were degraded sufficiently to permit fuel
leakage 7. Analysis of the gelatinous material indicated the presence of
abnormal amounts of iron oxide, unidentified debris, and microbial con-
tamination. The aircraft in which corrosion was observed required exten-
sive overhauling that resulted in excessive downtime of the aircraft.

2
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Because the preliminary observation suggested an extensive con-
tamination/corrosion condition in aircraft from both Air Force bases, a
joint Air Force Department of Defense (DOD) team initiated an inspection
of the entire petroleum, oil and lubricants (POL) servicing system of
Air Force bases in an attempt to determine the factors contributing to the
problem. Undruinable condensate in the sump areas of the wing fuel cell,
abnormal amounts of surfactants in the fuel 9 , the use of sea water to
purge the pipelines from tanker to bulk storage tanks, and the excess ac-
cumulation of water in the bulk storage tanks were found to be contributing
factors to the contamination/corrosion condition ". Although the problems
observed were not directly attributed to microbiological contamination, the
Air Force was concerned about the high level of microbial contamination
found at Ramey Air Force Base 10 . As a result of the AF-DOD findings,
the Fuels and Lubricants Division organized a symposium in 1961 -o inform
the military and industry on fuel contamination 9.

In 1961 the Strategic Air Command (SAC) requested the assistance
of the U. S. Army Biological Laboratories, Fort Detrick, Maryland, in
evaluating the SAC contamination/corrosion conditions. The preliminary
findings indicated improved housekeeping procedures of bulk storage
facilities and associated equipment and higher fuel standards would help
control the condition '.

By the end of 1961 approximately 52 governmental and non-
governmental agencies were involved in various phases of research on
microbiological contamination of fu 12.

Although the contamination/corrosion conditions were not directly
or officially attributed to microciological contarnination, the implication
was that microbial contamination could be deleterious to aircraft operation.
The Air Force therefore instituted an extensive program to establish control
measures and I'cause-effective" relationships of microorganisms and con-
tamination/corrosion problems encountered in jet fuel systems. The program
was designed to cover the significant areas of the entire problem.

Aeronautical Systems Division (ASD) offices, with the aid of members
of the Biospecialties Branch, 6570 Aerospace Medical Research Laboratories
(AMRL) assisting as microbiological consultants, issued, in 1962, 11 con-
tracts .3 to investigate different phases of the microbiological contamination
of jet fuels. Overlapping of efforts was incorporated into the programs to
insure the development of different approaches to the problem. The studies
conducted under the ASD program included: development of microbially
resistant coating and sealants for integral fuel cells; development of new
fuel specifications to eliminate or control microbial contamination; develop-
ment of fuel handling procedures for .Umination and/or control of microbial
contamination from bik storage tanks to aircraft; development of mechanical
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and chemical techniques to detect, kill, and control the microbial contam-
ination of jet fuel; investigation of microbial corrosion of aluminum; deter-
mination of the critical level of microbial contamination and environmental
conditions necessary for corrosion of aluminum; determination of the
ecological factors required for microbial contam~ation of JP-fuls,
formation of sludge, slime, and degradation of fuels and other military
products; investigation of the effects of microbial corrosion on mechanical
properties of aircraft fuel cell materials; investigation of the effects of
microbial growth in JP-4 and avgas on filter/separator components of the
Pritchard refueling system (Project BEARS); and preparation of a hand-
book on petroleum microbiology for use as a standard reference . To
further assist the ASD efforts, facilities as well as personnel of the
Biospecialties Branch, 6570 AMRL, Wright-Patterson Air Force Base,
were made available to extend and supplement the existing programs and
evaluate field data.

Contamination/corrosion conditions in JP-4 fuel systems had not
changed in the Air Force in 1962 and 1963, since corrosion of wet-wing
fuel cells, the presence of sludge, slime, and water in JP-4 fuels, and
malfunctioning of fuel control systems were still reported. However, the
number of viable microbial cells recovered from JP-fuel samples had
significantly decreased. The reduction was attributed to biocidal action
of the anti-icing additive (ALA), ethylene glycol monomethyl ether (EGME)
and glycerol, which were added to the Air Force JP-4 fuels in April 1962
in final concentrations of 0. I% V/V. 22 The original composition con-
slated of 90% EGME and 10%0 glycerine (by volume). The composition of
the mixture was ch4nged to 99. 6% and 0. 4% (designated as MIL-I-27686C)
on the basis of corrected solubility data. (The solubilit7 of glycerine in
JP-4 fuel, when in the presence of 0. 1% EGME, wks determined to be
approximately 4 PPM.) Depending upon the temperature, rate of water
access, and fuel turnover, the EGME builds up to bactericidal concentra-
tions in the fuel water-bottoms. Concentrations of 20% or nre in the
water-phase are considered biocidal; however, viable microorganisms have
been recovered from field and laboratory EGME and glycerol JP-4 fuel/
water solutions above the 20% concentrations. A laboratory 3P-4 fuel/
water system (initiated in November of 1963. and containing 30% EGME and
glycerol in the water phase) has indicated. after a two and one -half year

-1 shelf Ilf, a viable microbial population of >' 100 cello/ad. The population

quantity and morphological appearance of the microbial colonies appear to
be similar to that observed shortly after a Z0S EGMIE and glycerol solution
had been added to the test laboratory system.

During 1963 and 1964 microbiological contamination of USAF JP-4
fuels appeared to be under control, and results of laboratory tests were
inicating that the microbiological contamination of JP-4 fuels and asso-i!.;: :ilclated equipment was not as severe as originally observd. The reduction

in the number of microorganisms found in the field 3P-4 fuel systems was

4
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attributed to "good housekeei ing" procedures, which reduced the amount
of water and solid contaminants in the fields, and the use of EGME.
However, these procedures are only "stop-gap" measures and are no
panacea for the problem if one did exist originally.

The possibility that microorganism could be associated with jet
fuels and cause problems of corrosion/malfunction of aircraft fuel systems
and related equipment could not be considered unusual. Microorganisms
have been implicated in various problems confronting the petroleum indr.ry.
The relationship of microbial contamination to problems observed in the
3P-4 fuel system appears to involve both the presence of water in sufficient
quantities to permit survival or growth, and the microbes I capability to
metabolize hydrocarbon substrates as a source of carbon.

The microbial contamination of jet fuels is world wide and has no
geographical boundaries. Over a hundred different types of micro-
organisms have been recovered from JP-4 fuel samples 1, is, .6 The
microbes of the environmental biotic community apparently serve as the
nocula with some species having global distribution. However, the number

of environmental microbes capable of surviving and/or multiplying in the
jet fuels are few'. Because microorganisms are ubiquitous and because
of the design of the fuel system, it would be impossible to eliminate and/or
prevent microbial contamination of jet fuels. However, it is generally
assumed that microbial contamination of JP-fuel systems will be more
prevalent in tropical areas since the water holding capacity of fuels in-
creases with temperature increase.1

This report covers the data derived from results of studies that
were initiated during the contract to provide information concerning the
relevance of the presence of microorganisms in AIr Force JP-fuel systems.

1.1



Section 12

DEVELOPMENT OF LABORATORY TECHNIQUES
APPLICABLE FOR FIELD ANALYSIS FOR DETERMINING

MICROBIOLOGICAL CONTAMINATION OF JP-FUELS

Of prime importance in the investigations of microbial contamina-
tion of JP-fuels was the need for standard laboratory procedures that were
simple, specific. and applicable to on-site field analysis. The salection
of such a procedure and/or procedures was hampered by the wide variety
of microbial types found in the JP-fuel system 1 '1 Se 2e 2 0 , and the inability
to correlate changes of culture characteristics with those found in standard
determinative manuals.

The initial knowledge af the microbiological contamination (numbers
and types) associated with JP-fueis was based on data obtained from field
samples which were sent to a laboratory for analysis. Because microbial
growth is known to be affected by the surrounding environment, the validity
of the early findings c oncerning the types and quantty of microbes found at
the sampling site was questionable. From his investigations, Sharpley
found that in addition to changes in the number of viable microbial cells
present in freshly collected samples and shipped samples, microbial popu-
lations of shipped sample@ change extensively during transportation to the
laboratory for analysis.

Because of the numerous standard laboratory procedures that are
available for recovery and isolation of specific mnicroorganisms, the pro-
cedures initially employed in the determination of JP-4 fuel/water samples
was at the discretion of the analysing laboratory. Of the procedures and
media in use, Bakanauskusi selected a medium most suitable for hetero-
tropic bacteria and filamentous fungi. For obligate anaerobic bacteria he
used the Brewer plate with thioglycollate; lur enumeration and isolation of
microbial cells he used the spread plate technique; and t3 note if the isolate
was a hydrocarbon user, he used Bushnell-Haas'a(B-H) solution overlaid
with autoclave sterilized JP-4 fuel. Haseard6 incorporated penicillin into
malt agar medium to inhibit the bacteria and permit the growth of fungi,
which he considered te primary microbes concerned with microbiological
problems of aircraft and related servicing equipment; for laboratory culti-
vation B-H solution overlaid with sterile kerosene was used. Churchill
and Leathes used the spread plate technique and three (3) tp of media
for enumeration and recovery of bacteria and fungi from the wtter-bottom.
of JP-huel bulk storage tanks. Swatska employed potato-dextrose agar
for recovtry of all microorganisms. Rogers' employed six (6) media
recosimended by the 'Society of Industrial Microbiology (81M) Committee

ii! 6
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on Microbiological Deterioration of Fuels," and enumeration procedures
including the membrane filter technique for fuels and the poured plate
technique for water-bottoms. SharpleyU, 0"'suggested the use of several
types of media for isolation of fuel microbial contaminants. Bagdona s

employed the membrane filter technique with Millipore's TSB medium
for recovery; and Georges s employed a device to measure the microbial
metabolic by-product, carbon dioxide, produced during cellular respira-
tion.

To support the ASD investigation of microbiological contamination of
JP-fuels, the Biospecialties Branch (MRMPB, AMRL, Wright-Patterson Air
Force Base) initiated as part of the overall program, a study to establish
microbiological laboratory procedures and/or procedures which could be
applicable for field determinations. Various procedures and media were
investigated to determine the best suited for maximum recovery of viable
microbes from 3P-4 fuel/water samples. Of the analytical procedures em-
ployed, the membrane filter technique (for fuels only) afforded a way to
sample large volumes of fuel, and the spread plate and poured plate tech-
nique yielded a simple and easy way for microbial evaluation.

During the investigation both field and laboratory JP-fuel/water
samples were analyzed. The field samples included both shipped samples
and those collected on-site.

During evaluation of the spread plate and the membrane filter tech-
nique, it was noted (using the spread plate technique) that viable microbial
cels w re recovered with regularity from a laboratory JP-4 fuel/water

system whitch was subjected to continual, vigorous agitation. A closer ob-
servation of the fuel phase showed a suspension of micro-drops of the water-
bottom in the fuel phase. To determine if this was the route of microbial
contamination of the fuel phase, three additional laboratory 3P-4 fuel/water
systems were agitated sufficiently to suspend droplets of the water -bottom
in the fuel phase. Samples of the fuel were then obtained and subjected to
m!,'robial analysis.

The aim of the field microbiological analysis and the laboratory
microbial investigation of JP-fuel/water systems was to assist in establish-
ing the presence of microorganisms in JP-fuel/water system#, and, if the
microbes were present, were they deleterIous to that eystem. This infor-
mation would, in turn, assist in determining the measures needed to control
and/or eliminate th& contrAnante.

To facilitate samplbqn and microbiological analysis of field on-site
analysis of ,PJ' fels, a field kit was c estrucated. I contained various
liquid toed, solld media In Mi1lipor.W plastic disposable petri dishes, jL
erile-rtoric syrineas, cotton swabs, and sterile sampli~n bottles.
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The content@ of the kit were altered and changed as the number of field

on-site analyses increased 13.

METHODS AND MATERIALS

Membrane Filter and Spread Plate Techniques

Initial Determination

The membrane filter and spread plate were the primary techniques
tested to determine the method most applicable for JP-fuel/water analysis.
The techniques were tested simultaneously to determine the reliability and
reproducibility of each procedure. To provide a means for comparison
between the two methods, a culture of known cell conce:tration of Elcher-
ichia coli from a human source in Trypticase Soy Broth (TSB) (Baltimore
Biological Laboratories) (BBL) was used. A clone of E. coil was obtained
by streaking the microorganism on Eosin Methylene Blue (EMB) (Dlfco)
agar plates and incubating at 370 Cfor 24 hours. A typical E o. colony
was picked and inoculated into a tube containing 10 ml of sterile TSB. The
tube was incubated at 37rC for 24 hours. Duplicate 1 m aliquots of the TSB
culture were serially diluted to 10-10 in TSB. One tenth ml aliquots of the
3 highest dilutions were spread over the surface of duplicate plates of TSB
and Endo (Difco) agar. Five (5) ml aliquots of each of the three highest
dilutions were drawn through duplicate Millipore Field Monitors (No. MH
WG 037 HO) with 0.45 micron filters. The monitors were divided into two
groups, each group containing one monitor of each of the 3 diWutions. Total
count medium (Millipore 0. 4 ml ampuls MO 00 000 OT) was added to one
group and Endo broth was added to the second grc-ip. The spread plates
and monitors were incubated at 37 0 C for 48 hours. The number oi viable
cells/ml for the spread plates was determined by counting the number of
colonies/plate of one dilution. taking the average, and multiplying the
nunber by the dilution of that set of plates. The total number of viable
cells/ml on the membrane filter was determined by dividing the ..umber of
cells on the filter by the quantity of liquid drawn through the filter membrane.

Membrane Filter Procedure. The membrane filter procedure for the
determination of microbiological contamination in JP-fuel/water samples
consisted of filtering 10 ml of JP-4 fuel or water through a membrane
filter field monitor (0 45 micron filter), followed by filtrSAon of 100 MI
of 0.2% Triton X- 100(Rohn and Haas) and an Anftifoam O agent (Dow
Corning) in sterile distilled water to remove hydrocarbon residues that
could prevent capillary migration of the medium from the filter pad
through the membra. The Antfoam B. a silicoe substanme, wae used
in a concetratica of 10 drops/1000 n1 of distilled water.. All solutions
were drawn through the mcators with -a hand syringe 0(MW*e syrige
and valve o, XX 6200 05). Zzcesi moisture was renOVed eor each
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monitor with th, aid of the hand syringe. Toal count mediurm (Millipore)
was added to each monitor and the monil. rs were incubated at 361C for
48 hours. At the termination of the incubation period, the monitors were
opened and the filters were stained with malachite green to facilitate the
counting of the microbial colonies.

Spread Plate Procedure. The spread plate procedure consisted of serially
diluting (10-6 or 10-8) an aliquot of a SP-fuel or water in an autoclave
sterilized diluent (Searsport 3P-4 fuel for fuel samples or TSB for water
saraples). One-tenth ml aliquot& of the 3 highest dilutions were spread
over the surface of triplicate plates of TSB agar. The plates were incu-
bated at 30 0 C for 48 hours. Prior to use the TSB broth and plates were
incubated for 48 hours at 30 0 C to insure the sterility of the plates, (this
procedure was used routinely for all laboratory prepared melia. The
number of cells/ml was determined as described above.

Membrane Filter Modificstion Procedure #1-Fuel Quantity

Modificai~iu of the membrane filter test procedure was initiated to
make the procedure more applikcable for JP-fuel analysis and to obtain
more reliable results.

Ten ml of JP-4 fuel (10-1 dilution) from Laboratory Culture No. 3
were added to sterilized, clear glass milk diluting bottles containing 90 ml
of autoclave sterilized JP-4 Sear sport fuel (Section UPi. Serial dilutions of

102to 10-8 were made from the initial 10-I dilution. Immediately after

each dilution (100 through 10-4), 0. 1 ml aliquots were plated in triplicate
to plafes of TSB with 1. 5%1. Bacto-agar. The sample wpas dispersed over
the surface of the plate with the aid of a sterile, glass. L-sihaped rod.
After all dilutions had been -nade the remaining volum e of each dilution
(89 9 ml) was drawn through a -nemnbrane field monitor. Each monitor was
placed in a bomb sampling assembly (Millipore No. XX 64 037 08). The
assembly was attached, via a sampling adapter, to a pressure vessel
(Millipore Stainless Steel Pressure Vessel No. XX 67 000 05) which was
pressurized to 20 psi and contained 1100 ml of 0, 2% Triion X- 100-Antifoain B
in sterile distilled water. The solution had been autoclave sterilized in the
vessel for 30 minutes., After cooling of the vessel, the system was press-
urised to 20 psi. With the system at pressure, the bomb assembly was
flushed with 800 ml of wash solution (Millipore Data Manual ADM-40 pp 17.
1963) as determined by a graduate sampling bottle (Millipore 850 ml poly-
ethylene bottle XX 64 037 10) attached to the bomb assembly for measure-
Ment of effluout solutions. With the aid of a hand syringe, excess moisture
was removed from each monitor. Plate count medium IMillipore) was added
to each monitor. The TSB inoculated plates and the monitors were incubated
at 350C for 46 hours. After incubation, the monitor membranes were stained
with malachite green and the total aerobic viable counts of the monitors and
the T3Z plat"e were determined a.doseribed above.
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?-77 -- 7 77. -

___ r:..:. . .



Membra#ne Filter Modification *2-Washing Solution.

Microbial contamninated laboratory sy:3tems Nos. 3.. 4, and 8 were
manually agitated for 5 minutes. After aglbktion, 100 ml aliquots of each
fuel were removed and distributed (10/mi bcttle) to 10 sterile milk diluting
bottles containing 90 ml of autoctave sterilized diluent Searsport JP-4 iuel
(10-1 dilution). Each group of 10 bottles was divided into two groups (Group
A and B - 5 bottles /group). The bottles were agitated and diluted to 10-2
(13 mat of tite 10-1 to 90 ml of diluent fuel). The entire volume of each
diluted sample was drawn through a membrane filter field monitor with the
aid of a vacuum pump. Monitors from Group A diluting bottles of o~ae labor&-
toa) JP-fuel/water system were placed in the borrb sampling assembly and
washed with 300 mal of wash solution used as described ablove. Group B
monitor@ r.acei,red rno washing prior to the addition of the growth medium.

To 9. 9 ml of TSB were added 0. 1 ml aliquots of fuel from each of the
3 agitated laboratory systems. Aliquots of 0. 1 ml of this 10-1 dilution were
piated to triplicate platea of TSB agar plates and dispersed over the surface
of the agar 'with the aid of an L-rod. Both monitors and TSB agar plates
wcre incubat~ed at 350 C (note, change in the incubation temperature) for 48
hours. The total aerobic viable -nicrobial count of the monitors and the
plates was determined as discussed above. in addition to the fuxel analysis,
the water-bottoms of each system were microbialiy analyzed.

Trziton X -100, AntifoamnB Effects.

After 5 minutee agitation, 300 ml of laboratory culture No. 8 were
removed and distributeu in 10 mi aliquots to 24 sterile milk diliing bottles.
The botth-s were civided into 4 groups (6 bottles/group). Serial dilutions
of 10-1 and 10-3 were made of each of the 24 bottlesa. Aliqucts of 0. 1 ml of
each bottle were plated in triplicate on TSB agar. The remainder of each
bottle was drawn through a membrane filter field monitor. Monitors of each
group contained 6 monitors /dilution. Group A monitors were flushed with a I
washi solution concaining 0. 2% Triton X- 0QO; group B were flushed with
Antifoam B solutton; group C were flushed with a 0. 2%6 Triton X- 100 and
Artifoam B solution; and group D~ received no flushing prior to the addition
of growth miedium, Excess moisture was removed from each monitor wiith
the aid of the hand syringe. Plate count medium (Millipore) was added to
each monitor. All monitors and TSB plates wer incubated at 35')C for 48
hours. At tormination of the incubation period the monitor filters were
stained with malachite green end the total counts determined.

MEDIA INVESTIGAT ION

Various media were investigated in an attempt to find a general
medium, one which would serve art a growth medium for the greater number
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of microbes found in JP-fuel/water systems and which could be used in the
laboratory and for on-site field analysis.

The Biospecialties Laboratory investigated the following as part of
the ASD program;I

Thioglycollate (Difco).
Brain Heart Infusion Broth (Dilcoll and the broth with 1. 5% Bacto-agar.
Tryptic Soy Broth (Difco) and the broth with 1. 5% Bacto-agar.
Trypticase Soy Broth (TSB) (BBL) and the broth with 1. 5% Bacto-agar.
TSB with B-H salts and 1. 5% Bacto-agar.
TSB with 1% and 3% EGME and glycerol, and 1. 5% Bacto-agar.
B-H with 1% and 3% EGME and glycerol, and 1. 5% Bacto-agar.
Water from bulk storage tanks and aircraft sumnps with 1. 51%

Bacto-agar, autoclave and filter sterilized.
B-H wit~kmtrogen.
Sea -Ritd~olution with 'a. 5% Bacto-agar.
Water from contaminated laboratory JP..fueJ/warer systems

with 1. 5% Bacto-agar, autoclave and filter sterilized.
1/2 aircraft sump water and distilled water with 1. 5% Bacto-agar.
Plain agar (1. 5%)
Blood agar.
Sabouraud (Dlfco) with 1. 5% Bacto-agar.
American Petroleum Institute (API) commaercially prepared

and laboratory prepared.

Fungi medium ph 5. 2 0 .

Included in the investigation of the media best suited for recoveryf
of the viable microbial cells from JP-fuel/water systems were the use of
various diluent liquids. Broths of TSB (BBL), TSB (Difco), Brain Heart
Infusion (BHIl) (Difco), atnd autoclaved and filter sterilize.1 Searsport JP-4
fuel were used for diluents.

The initial test to determine the best diluunt for 3P-.,uels consisted
of diluting 0. 1 ml aliquots of Laboratory Culture No. 8 in 9.9 ml of the
above broths. Serial dilutions of 10-1, to 106were made with each diluent.
One-tenth ml aliquote of each of the dilutions of each broth TSB (BEL), TSB
(Difco), and BHI were dispersed on the surface of 6 plates of the related
solid agars. The diuent .TP-4 fuels were plated to-6 platea of each of the
3 solid growth media. The plates of each dilution were divided into 3 groups,

~,B and C (2 plates each of each dilution). Those were incubated at 350,
300, and at room temperature respectively for 48 hours. At the termination
of the irncubation period, the total viable microbirl count was detormined as
discussed above (see Methods and Meil)

The media listed above were used at various tivaes for a period of
one, (1) year for the rnictpbial analysis of JPfuel/water Samiples.



3P-7'UEL/WATER MICROBIAL ANALYSIS

The equipment, method of sampling, and the microbiological con-

Air, Force JP-fuel/water samrples which were used by the MRMBP labora-
tory were as follows:

Collecting containers consisted of sterile 4 or 8 ounce prescription
bottles, vacuum serum bottles, gialon jugs, and/or quart mason jars. Other
equipment used to obtain samples were aircraft sump drains (quart mason
jar lids fitted with a funnel in which was fitted a small-head screw driver),
2 or 10 cc sterile hypodermic syringes fitted with an,18 gage 1 inch needle,
Linder sampler', thief sampler, and sterile swabs contained in sterile
screw capped tubes.

Prior to obtaining any sample from an orifice which was exposed to
microbial contamination other- than that, of the intended sample, the jifice
was cleaned with a -material (usually cotton) containing 0. 1% Roccalifosolu-
tion and the initial effluent discarded. The sample from the source was then
obtained in the appropriate sterile containers protected from sunlight, and
subjected to analysis within two hours after collection.

The microbiological determination of each sam~ple consisted ofj
total viable aerobic count (cells /ml) (TC), and a non-quantitetive. deter -
mination of anaerobes and/or facultative. aerobes, fungi, and sulfate re-
ducers. In addition, a microscopic examination of all samples was done
whenever possible. For enumeration of specific microorganisms such as
Pseudomonas aerugenusa and iron depositing bacteria, pyocyanin and iron
depositing media' were used.

For the standard microbiological analysis to determine t'"- quantity
of viable aerobic cells in 3P-water samples, 0. 1 to 1. 0Oml of the sample
was diluted into 9. 9 or 9. 0 ml of TSB. The degree of dilution of a sample
was determined by its turbidity. Generally, dilutions ranged from 10- 1 to
:o-6 . One-tenth ml of each sample of each dilution was plated to duplicate

plates of TSB with 1. 5% Bacto-agar which had been pre-incubated for 48
hours to ineure sterility of the plates. One ml of the samples was added
to Thioglycollate broth (Difeo) for demonastrating the presenc* of anaerobes
and/or facultative aerobes. The Thioglycollate medium was incubated for
6 days (2 days minimum incubation time) at room temperature. If growth
developed, an inoculating loop of the growth was streaked to TSB agar
plates to determine ithe mnicroorganiusms recovered were true anaerebes
or faculative aer6bes. For determinativft of the presence of fftgi, 0. 1 ml

aliquots of the water sample were added to duplicatd plates of Sabouraud
(Dlfco) (ph 5. 8 to 6. 2) and 1. 5% Bacto-agar. The plates were idcubated at

the sulfate reducing thierrobe, 0. 1 ml of sample was addet~to cotmmsic ally



(Difco) or laboratory prepared API. The vials, or tubes, were incubated
at room temperature in the dark for a period of 1 to 6 weeks. The micro-
scopic examination assisted in the determination of the presence of viable
and non-viable microbial cells.

The standard microbiological analysis 'for enumeration of viable
aerobic microbial cells in JP-fuels consisted of the same procedure as
listed above (except for the sulfate reducing determination). To facilitate
field on-site microbial analysis, a metal suitcase was equipped with pack-
ages of 1.0 ml sterile pipettes(3/pkg) wrapped in cotton and aluminum foil,
sterile L-rods individually wrapped, 2 and 10 cc sterile disposable or glass
syringes fitted with 18 gage 1 inch needles, sterile sampling bottles (4 or
8 ounces), sterile sump drains (wrapped in brown-wrapping paper) (the
number of each of these items depended upon the number of intended
samples to be collected), concentrated Roccal solution (for cleaning
sampling spouts and working area), marking implements, cotton or paper
towels, portable test tube holder, Linder sampler, and sterile vacuum
serum bottles and media,,as discussed above.

RESULTS AND DISCUSSION

After the preliminary tests of the membrane filter and spread plate
techniques (Table I ) indicated comparable recoveries of viable microbes
when water was used as a transporting medium, both methods were included
in the study to determine the most applicable analysis for detection of micro-
bial contamination of JP-4 fuels. However, as shown in Table II with the
change of transporting medium from water to JP-fuels (fuel-to-fuel dilution,
Tables I and III(primary test)), erratic results were obtained. In an effort
to reduce and/or eliminate the irregularities, the quantity of fuel analyzed
was increased. The results of the spread plate technique were inconsistent
and higher counts were often obtained from solutions of least concentrations
(Table II, Laboratory Culture No. 3). In addition, negative results were
obtained with the membrane filter technique (Table III, Test No. 1). To in-
sure that the hydrocarbon residue deposited on the monitor membrane was
not a factor in the erratic results obtained, the amount of Triton X-100-
Anti.fcam B wash water was increased from the initial 100 ml to 800 ml
(Table .11I, Test No. 2). In addition to the erratic counts with the increase
in volume of wash solutions, microbial-like colonies appeared on the filters
after staining with malachite green. Microscopic examinations of the colo-
nial type forms indicated non-biological materials. Microscopic differentia-
tion between true microbial colonies and the colony-like substance was im-
possible. To determine if the 8ource of the colonial appearing substance
was the result of Triton X-100 and Antifoam B, or a combination of both,
microbially contaminated JP-4 fuels were diluted with JP-4 fuels and
treated with one and/or both of the above materials. This study showed
that colony-like material was found on filters obtained from each combina-
tion of washed solutions. Thus the post filtration washing procedure

13



Table 1

Preliminary Determination of Membrane Filter and

Spread Plate Techniques Reproducibility

Membrane Filter Method Cells/ml Spread Plate Method Cells/ml

Total Count Endo Broth TSB Endo Agar

2.06 X LU9  6.00 x 108 1.67 x 109 1.84 x 109

Test Organism was Escherichia Coli

Table I. Preliminary Deterination of Membrane Filter and
Spread Plate Techniques Reproducibility.
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Table 11

Results of Spread Plate Analysis of Laboratory JP-4 Fual

Count/mil In Fuel from
_____________ ________Undiluted Sgole

Co~st1Al4
Cw'U: efs 11 2 3 4 in water

Laboratory3
Culture Source 0 0 2.3 x 10 >1

No. 3 TIITC 0 1.4 x 10 1 '10 3.5 x 108

1 02 .6x11 2 7go. 5* 7.0xl10 6.6 x 1 9.x1 1C 0 4,7 x10

Count/ol in Fuel frcm Fuillll
Diluted Sample

- -l - rCount/mi

Culturea Dilution 10 10 108 in Water

No,.3 a2  37 2 7 5.5 x10

b 88 0 .

c 103 0.1

No. 4* a TNTC 2 03.0 x 1

b 176

c 47 j 123

Dilution 10- 10 l&1 O'

No. 3' a TNTC 9 0 3.4i x 1

b THTC 1 6 0

c 276 0 0

'Laboratory System a~gitaited sufficiently to six the fuel and water.

1This xperlment was repeated on four separate occasions as indicated
by oo..ias 1, 26 3, and 4.

aDetevilinations repeated on tthres separate occasions inicte
by as bg and a.

FIZ Tabl, 11. Assults of Spread Plate MA~sils of labopetory JP-4 flaels
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Table III

Analytical Procedures for Microbiel Determinations of JP-fuel

Membrane Filter Spread Plate Poured Plate
Count/ml Count/ml Count/ml

Laboratory Monitors
Culture________ ___

Washed Unwashed

Primary Test- Dilution Count Dilution Count Dilution Count Dilution Count

No. 3 Fuel Only 10-7 _ 10-8 0 10- 7 1- 0-3 0

Field Sample
Fuel KC135 (100
ml Wash) 10"!  

0.5 - - -

Field ruel
S&ple (100 ml
Wash) 10-2 - 10

-3  
0 - - --

91 Test - Fuel
Quanity No. 3
Fuel Only 0 -  

_ 10 - 8  0 - - 10 -  
- 0-4 0

#1 Test - Fuel
Quanity No. 3
Fuel Only 10-1 - 10 - 3  0 - - 10-i - 10 - 3  

01

#2 Test -
Inceased Wash
Solution No. 3
Fuel Only 10-1 - 10

-2  
0 10

-
1 0 10

-
1 - 10

- 3  
2.5 x 102

#2 Test -
Increased Wash
Solution No. 4 10-1 - 10-2 0 - - 10

-
1 - 10

- 3  
2.7 x 101 10-1 - 10

3  
2.u x 101

Fuel Only

02 Test -
Increased Wash
Solution No. 4
Fuel Only 10-0 TNTC .-.

No. 8 Culture
Fuel With
Triton X-00e 10

-1 - 10
- 3  

0 10
"  

- 10
3  

0 - - -
Antifoam B 1O"1 

- 10
- 3  

0 .-.
Triton X-100-
Antifoam B 10-1 - 1O

- 3  
0 - ---- "

Culture No. * 10 - 1 0 - 100 - 0 4.6 x 101 10-
0  0

Culture No. 8* 10 "1 0 -40 4.7 x 10 3

Culture No. 4* 10-1 C -i0
"0  4.9 x 10 2 10- 0

- Indicates Analysis Omitted.

* Indicates System had been agitated to causing a mixing of fuel and water-bottom

Table III. Analytical Procedures for Microbial Determinations of JP-Fuel.
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appears to be responsible for the deposit of this unidentified material.
This may be the result of incomplete solubility of the surfactant and
Antifoam B agent in wash water. As tabulated in Tablefl the result ob-
tained from the spread plate procedure indicated microbial contamination
of the testing JP-4 fuel, but the results of the test were erratic as pre-
viously observed, and dilutions wer-t not indicative of the number of cells
actually present in the testing fuel. Dilutions of least concentration in-
dicated as many cells/ml as those of the greatest concentration.

Due to the negative results obtained from the filter technique (Table
IV), the weight of the equipment for travel, excessive preparation of materials,
limitations as to the number of samples that could be run during a sampling
day, the time required for a sample analysis(as compared to the spread
plate technique), and the bulkiness of the equipment, the memnbrane filter
technique was discontinued and the spread plate technique was selected as
the routine method to ascertain the number of viable aerobic microorganisms
present in JP-fuel/water samples. Although erratic results were obtained
repeatedly with the membrane filter technique when used in the analysis of
JP-fuels, the procedure was used for several on-site field analyses of JP-
fuels to determine the presence of low levels of microbes in large volumes
of fuel (Table V).

In addition to the mernbraie filter technique being eliminated as a
possible standard technique for JP-fuel microbial analysis, the poured plate
method (Table IU)was also discontinued as an analytical procedure. Discon-
tinuance was due to (1) significantly lower recovery of viable cells from the
JP-fuels, (2) the difficulty of obtaining heating facilities for the medium
during on-site field analysis, and (3) the possibility of e:trtnsic contamina-
tion during pouring of the plates under field conditions.

During the program to determine the most applicable analytical

method to ascertain the number of microbial cells containing JP-fuels, the
mechanism of microbial contamination of the JP-fuels was suggested by the
consistent recovery of viable cells from the fuel phase of Laboratory Culture I
No. 5 (Section III). The system, subjected to a constant agitation sufficient

to cause a mixing between fuel and water-bottoms, showed a suspension of
water drops in the fuel phase. Thus, in an attempt to assure that testing
JPo4 fuels were microttally contaminated, the agitation procedure of
Culture No. 5 was repeated on laboratory systems Not. 3. 5, and 8,
sufficiently to cause mixing of the fuel and water-bottom. To correlate
the number of cells/ml in the water drops suspended in the fuel phase, the
q"titative counts of the water-bottoms of each system were determined.
As shoim in Tables U andl the results of thi spread plate and the mem-
brane filter procedares of agitated fuel systems wore similar to previous
testing results.
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Table V

On-Site Field Filter Membrane and Spread Plate Analysis

Sample Filter Membrane Spread Plate

Source Cells/ml - from Fuel Cells/ml - from Fuel

.;abouraud Millipore Medium Sabouraud TSE

Aircraft
Sumps JP-5 2 to 30/52 6 to 34/52 0 0 to < 1.0 x 101

Aircraft
Sumps JP-5 3 to 9/50 4 to 8/50 0 0 tc < 3.0 x 101

Aircraft
Sumps JP-5 2/50 1/50 0 < 1.3 x 101

Aircraft
Sumps JP-4 0/110 0/100 0 < 1.0 x 101

Ready
Tanks JP-5 0/100 0/100 - 2. x 101 to 6.8 x 104

Aircraft
Sumps JP-5 19/50 22/50 0 0

Table V. On-Site Field Filter Membrane and Spread Plate Analysis
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A3 indicated on Table VI of the media investigated for quantitative
analysis of microbial contaminated 3P-fuel/water samples, TSB with 1. 5%
Bacto-agar, and blood alar plates appeared to give the most dependable
and reproducible results. The temperature. of 35 0 C appeared to permit a
greater number of cells to grow than did the initial 30*C. The results of
the JP-f'uol diluent investigation, in addition to the low numbers of mic-.o-
organisms recovered from field coilectsd JP-4 fuel, indicated that the
diluting of JP-fuels was, unnecessary. Since approximately 63% of the 12L
field fuel samples analyzed during these studies were found to contain no
microbial cells, 0. 1 ml of aample fuel was considered sufficient to be
indicative of the fuel contamination. Of interest from the results cf theme
studies was the decresie In the number of viable cells which were recover-
ed from JP-4 fuels vaen plating of a sample of the water-drop contaminated
JP-fuels and of the diluted fuels (fuel-to fuel dilution) had been delayed. As
a result of these findings and the observations of erratic counts from fuel
samples by the spread plate method, -wastigatlcns des cribed in Sections
11. and IV were initiated.

CONCLUSION

1. The spread plate procedure was the most dependable for the
recovery of the greatest number of cells contaminating the fuel or water
phase of a 3P-4 fuel/water system.

2. False positive counts of colonies on membrane filters can result
from colony-like substances that are hydrophobic and are of a non-biological
origin.

3. Mixing oa the fuel and water phasc in a microbially contaminated
JP-4 fuel/water system appear@ to be necessary to contaminate the fuel
phase.

4. Sic3P-fuelp pert contain lwnnmbers ofmicroorganisms,
and diluting the fuel saple affects the recov~r;, of these mI cr *organisms,
the diluting of JP-fuels is tmn*-_sseaty.



Table VI

Effect of NALa a ILticbial Recovery

St~udes Soawm heda.

TSB B-H 3-H 3% Fugi bosu______________ ph 5.2 aord

Cells/ai

a 51 2.0 x .04* 0 1.0 x 104 0 0

71 1.2 x 106 70 r. 10S 1.2 x 105 4.7 x 105 19.7 x 105

(bacteria)

TSB T 3% 1-1 3,_ it B 3%

Coln 2. x 103 .3 x 102 1.0 x 101 4.5 x 101 6.5 x 101

b
1  TaTC nT 2.7 K 103 - 2.9 x 103

31 2.9 x 106 2.1 x 106 1.5 x 106 - 2.2 x 10"

718 TSB O- TS B 1% 1I 34 TSe 30%

C Column' 1.3 x 103 1.0 x 102 - 1.0 x 102

ColumI 1.1 x 103 1.1 x 101 9.0 x 101 0

Fungi A-H vith
_____ TS& pa4 S.2 Dextroe

tb 2I 1d .'&xaM - ,0.3 x 10

Field1  
1

Smle 2.0 10 -0

itAIA 0 0 0

, 6

'01 '1. 06  3.0 x 106

1 S.3 10 t  L. 10I

71 2t.l to .8 stoR1

1  2oSa 108 2,3 .10 _

Table VI. Eff et of ad"an Nlemeb)a_ kexy.



Table VI

Effect of Media on MicrobWa.-

Cult~u'v

Studies Source Media

TSB TSB & B-H TSB 1% TSB 3% B-H 1% B-H 3% F-1 I 5s

Column1 1.7 x 102 9.2 x 101 1.4 x 102 1.1 x 102 2.5 x 101 4.0 x 101 0 0

ColumV I 104 x 102 1.5 x 102 1.1 X 102 1.1 x 102 6.0 x 101 2.3 x 101 0 0

f Column I 14 x 102  9.3 x 101 1.4 x 10 2 9,3 x 101 2.3 x 101 0 0 0

71 17fl106  - - - 1.2 x 106 4.0 x 10 5  - -

31 - 6.5 x 105  7.1 x 105

S°Sump Water' B-l . _____

r SB 3% AIA SupWte Funii DH 5.2 Alone flHAIR

Field1  2 1 1
Sapl. L2 x 10 6.0 x 10 0 4.0 x 10 0 0

Column
1

withO 30 2 . x11 1 2
ulth 30|11AIA L.6 x 102  x10 .0 x 10 1.5 x 10

g Column1

ith 3%, 2AIA 168 x 102  1,5 x 101 . 0 . 0

with 3% ,2 x 102  1.4 x 10 2  
8.3 x 101

AlAi

I__ _ I _ I _ _ _ _ _ _ _ _

/ 1~ I. £~at g ~p i



VI

Microbial Re covery

Media

eld Water B-H without aboratory Water Sea Rite Sump FungiF A any Nitrogen A _ F Agar PH 5.2

0 0 0 0 0 0---

0 0 4.7 x 101 0 0 0 --

0 0 1.3 x 101  0 0 0 - - -

- - - - - - 0 1.4 x 106 1.6 x 106

_ (Bacteria)

2.0 x 106 9.7 x 105

AIA

0

* 102

x 102

Tables 6a through 6g represent
x l0 1 individual studies of the effect

of media on microbial recovery.

Numbers in table refer to average number of
cells/ml of 3 replicates

- Indicates that the analysis was omitted.

1 Indicates water analyzed.

2 Indicates fuel analyzed.

A Autoclaved

F Filtered

of Media on Microbial Recovery.
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Section III

DISTRIBUTION OF MICROORGAJISMS
IN JP-4 FUEL/WATER SYSTEMS

Early reports of investigations concerning microbial contamination
of JP-4 fuel/water systems implied U],Lt microbial growth was most abundant
at the fuel/water interface," 9s 16 D'and that the microbial cells stratified in
systems containing both JP-4 fuel and fLee water, Therefore, the depth at
which a fuel sample was obtained in a JP-4 fuel/water system was considered
as a major cause for the variation in results obtained concerning the number
and kinds of microbial cells recovered. Efforts to establish causes for varia-
tion in microbial population in laboratory JP-4 ful/water systems and the
relationship of microbial population in water-bottoms to those in fuels were
facilitated by the use of laboratory systems of various JP-4 fuels and waters
microbially contaminated. These efforts led to additional investigations
concerning the effect on the microbial population of different metals in t P-4
fuel/water system as well as the effect of climatic changes.

During the efforts concerned with selecting and establishing optimal
analytical methods for laboratory and field analysis, one approach used the
application of column devices which permitted sampling at several points
above and below the fuel/water interface without disturbing the interface of
the system. This facilitated the collecting of data on stratification of micro-
organisms and the effect of depth on the number of microorganisms at various
levels in fuel/water systems. The systems were established to simulate en-
vironment conditions in the field, or to force the microorganisms to use the
JP-4 fuel as a source of carbon, thus causing migration of the microbial
cells from the water phase into the fuel phase.

METHODS AND MATERIALS

Microbial Analysis

The total number of viable aerobic microorganisms present in con-
taminated JP-fuel/water systems was determined by the spread plate techni-
que. Serial dilutions of a 1:10 to a 1:10,000,000 were made nf the water in
TSB. Aliquots of 0. 1 to 1.0 ml of the 3 highest dilutions were plated in
triplicate on TSB with 1.5% Bacto-agar. The average number of colonies
present on plates on one dilution, multiplied by the dil~tion plated indicated
the number of viable aerobic microbial cells/nl preseit in the system at time
of sampling. The presence of anaerobes was not detewmbed since quantita-
tion of anaerobes is time concuming, and analysis of only aerobes was SUffi-
cient to indicate microbial distibuton as required for this ktufy.
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Initially, fuels were diluted in Searsport JP-4 fuel; however, when
it became evident that diluent JP-4 fuels, autoclave or filter sterilized,
exerted a toxic effect on viable microbial cells, 0. 1 ml aliquots of fuel
were plated in triplicate directly on TSB with 1.5% Bacto-agar. All inocu-
lated plates were incubated at 35 0 C for 48 hours.

Laboratory Systems

Laboratory Supply Culture. Samples obtained in the field of JP-4 fuel/water
and their resiaent ricrobial contaminants were used to establish a standard
labo-,tory culture. The -ystem was composed of a 5 gallon clear glass car-
boy and a composite of contaminated JP-4 fuel/water samples collected from
the field 6 to 12 months prior to the establishment of the laboratory culture.
The system was replenished with additional microbial cells, water, and
JP-4 fuls as such samples were received from the field. Total aerobic
microbial counts were determined periodically.

Additional Laboratory Systems. Nine laboratory cultures were established
during this study. These cultures will be described in greater detail in
various sections of this report. However, the general information pertain-
ing to these cultures is presented in Table VIII.

Culture No. 1. Laboratory Culture No. I consisted of a 5 gallon clear glass
carboy with a 1 L beaker serving as a cover to prevent air contaminants from
entering the system. Prior to use the carboy was washed with a laboratory
detergent, rinsed with 0. 1% Roccal (Sterwin Chemicals, Inc. ) solution and
3 rinses of sterile distilled water. The system was composed of 4 L of non-
sterile Searsport JP-4 fuel with 0. 1% EGME and glycerol; 4 L of a B-H-l
(see bection on Laboratory Systems Za and Zb below) solution heated to 21ZOF,
cooled for 12 hours and filtered through a No. 5 grade filter paper to elimi-
nate all sediment and a 3 rnl microbial inoculum of 106 cells/ml from the
water-bottom of the laboratory supply culture. The container was placed
in a wooden support rack and positioned over a Magnastir (Harshaw Scientific
Company, Number H 600 60). The liquids were agitated for 48 hours which
was sufficient to cause a slight vortex of the fuel and water-bottom. At the
end of 48 hours the ystem was maintained in a quiescent state. Samples of
the fuel and water were obtained with sterile pipettes. The culture was
analyzed periodically. Water-bottom samples were serially diluted in TSB
with 1. 5% Bacto-agar. Aliquots of 0. 1 ml of fuels were plated directly on
triplicate plates of TSB with 1. 5% Bacto-agar. All inoculated plates were
incubated at 350 C for 48 hours.

Laboratory Systems Za and 2b - Static Drum Storage Tests. Cultures 2a and
2b, the static drum storage facility (Figure 1), consisted of two 208 L (55
gallon) drums, one aluminum and one steel, equipped with end sampling
valves located at the fuel/water interface to facilitate the sampling of fuel
and water, and end viewing panels of glass for viewing the system. The
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drums were installed on their sides in a drum rack located outside the
building as shown in Figure 1. The drums, which had been cleaned by the
manufacturer after construction, were used as received. The manufacturer's
method of cleaning consisted of a sodium hydroxide washing, water rinses,
and a 15 minute drying period at 3000 F..

The fuel/water-bottom and microbial inoculum of systems Za and Zb
were as follows: to each drum was added 113 L (30 gal) of non-sterile Sears-
port JP-4 fuel witW . 0.1% EGME and glycerol obtained from Wright-Patterson
Air Force Base, Ohio (delivered 1 August 1963); and 45.5 L (12 gal) of rain
water that had been collected (1) in a rusty 208 L (55 gal) steel drum for use
in the steel test drum; and (2) in a 208 L (55 gal) galvanized garbage can for
use in the aluminum test drum. Two weeks after the system had been estab-
lished 1 L of Bushnell-Haas-l I(composed of 0.02 gm MgSO4 , 1.00 gm KH2

PO4) 1.00 gmK 2 HPO4 , 1.00 gm NH 4 NO 3 , 0.02 gm CaClZ and 0.05 gm FeCl 3

per 1000 ml distilled water) was added to each drum. The microbial inoculum
was a 225 ml composite of 108 cells/ml of microorganisms obtained from the
water-bottom of the laboratory supply culture. The drums were kept in a
quiescent state for 7 months at which time it became necessary to rotate the
drums to facilitate sampling of the water phase. Each drum was observed
for a period of 9 months.

Prior to obtaining fnel and water samples in 8 ounce sterile clear
glass prescription bott' s with screw caps, the outer portion of the sampling
valve was cleaned with 0. 1% Roccal solutior and-th- inner surface flushed
with the fluid to be analyzed.. .

Stratification Systems. The stratification studies consisted of three parts
(A, B, and C). Systems of Studies A and B simulate field conditions, and the
system of Study C was constructed to force the microbes to use the JP-4 fuel
of the system as the sole source of carbon.

The column devices consisted of two tall columns; one was of aluminum
(606 3T6 - - 3003), height 190 cm and an inner diameter of 10. 2 cm; the second
was of clear pyrex glass, height 112 cm and an inner diameter of 15. 2 cm.
Each column was equipped with a removable lid with an atmospheric vent for
elimination of fuel vapors and Buna-N plugged sampling ports along one side.
The sampling ports were held in place by metal bands. The column. were
installed as shown in Figures Z and 3.

A non-sterile Searsport JP-4 fuel without EGME and glycerol was
obtained from ATFL Section, Wright-Patterson Air Force Base, Ohio,
26 July 1963.

The water-bottoms of the columns were composed of 20% Sea-Rite
salt solution (Study"A), diluted sea water,(40% distilled water, 40% boiled
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Figure 2. Aluminum Stratification Colun
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Figuare 3. Glass Stratifiration Colwm
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tap water, and 20% aged natural sea water) (Study B) , and the B-H-1
mineral salt solution (Study C).

To eliminate extraneous dirt and debris the columns were cleaned
prior to use. However, complete sterilization of the columns was consider-
ed impractical due to the construction and size of the columns. The aluminum
column. was flushed, via the top opening, several times with demineralized
water (Bantam Demineralizer, Model BD-l, 10 gph). The glass column was
flushed, via the top opening, with 0. 0176 Roccal, rinsed 3 times with sterile
distilled water, and air dried for 4 days prior to use.

The initial filling of the aluminum column (Study A) contained Z. 5 L
of Sea-Rite salt solution, 4.5 L of JP-4 fuel, and 2.5 ml of 107 cellR/ml
obtained from the water-bottom of Laboratory Culture No. 3 (Table VIII),
and an unknown number of an inherent microbial population derived from
the ambient air or as a result of incomplete sterilization of the column.
Due to adding the fluids via the top opening, a mixing of the fuel and the
water occurred. Study A was discontinued after 48 hours of observation
due to the lack of survival rate data of the microbial population in the
Sea-Rite salt solution. For Study B the aluminum column was emptied,
flushed several times with demineralized water, and filled as follows: 2. 5 L
of diluted, aged natural sea water, 2. 5 ml of the water-bottom of Laboratory
Culture No. 3, and 4.5 L of the JP-4 fuel used in Study A. Study B was ter-
minated after 82 days of observation.

The glass column (Study C) was filled with 4 L of JP-4 fuel, Z L
of B-H-I mineral salt solution, and a microbial inoculum consisting of 4.0
ml of a composite of 107 cells/ml of 4 laboratory cultures, 1. 0ml of I0
cells/ml of a microbially contaminated field JP-4 fuel/water sample con-
taining 21% EGME and glycerol, and 103 cells/ml of the inherent microbial
populat.on. To prevent the mixing of the fuel and water, the fuel was added
to the glass column via the top opening 3 days prior to the addition of the
water-bottom. The water-bottom was then added via a polyethylene tube
attached to a bottom spout of the column (Figure 4). After 3 days and prior
to the addition of the inoculum via the bottom sampling port, the water and
the fuel were sampled and analyzed for the presence of microbial contamina-
tion. Study C was terminated on the 58th day of observation.

Aliquots of fuel and water were withdrawn from the columns through
the sampling ports with a sterile syringe fitted with 18 to 21 gage needles
(Figure 4). Aseptic techniques were followed during sampling to prevent
exogenous microbial contamination of the column. Prior to the removal of
a fuel or water sample, the sampling ports were cleaned with 0. 1% Roccal
solution and 70% alcohol. During the observation period of Studies A and B
(aluminum column), samples were obtained and analyzed from all ports.
However, due to the results obtained from Studies A and B, all fuel ports
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of the glass column in Study C were not sampled or analyzed each time a
water sample was obtained and analyzed.

RESULTS AND DISCUSSION

The results of microbial determinations (cells/ml) of laboratory
systems indicated that growth rates of cells in water-bottoms of laboratory

initiated JP fuel/water systems did not reach the magnitude observed when
cells are inoculated into a laboratory medium such as TSB. The highest

count observed in any system was 109 cells/ml. This occurred in Culture

No. 1 during the development of a fuel/water interface matting. As indicated
in Table VII the maximum count obtained from the laboratory culture source
composed of only field materials was 108 cells/ml with an average of 10'

cells /ml for the entire observation p eriod. The count of 108 cells /ml
appeared to be the average magnitude reached by most of the laboratory
cultures.

Of importance but not indicated in Table VIII was the inability to

recover viable microbial cells from the fuel phase unless the system was

sufficiently agitated to cause a m :.ing of the fuel/water. However, this was

not always true since viable microbial cells were infrequently recovered
from laboratory JP-fuel /water systems. After scrutinizing sampling pro-
cedures the apparent cause was foumd to be the method of sampling the sys-

tem. During sampling of the water-bottom, water would be drawn up through

the fuel phase and, without permitting sufficient time for settling-out of the
water droplets from the fuel, samples of the fuel would be obtained for

microbial determinations. Of interest during the program was the color

change of the fuel and water of the Laboratory Source Culture and of Labora-

tory Cultures numbered 3 and 4. Originally the fuel and water were colorless,

but with time the colors changed to an amber and a bile green respectively.

Although the early literature indicates that viable microbial cells

stratified in fuel/water systems with the major concentration occurring at

the fuel/water interface, the phenomenon was not evident in the JP-4 fuel/

water cultures reported in this study. Other than the matting of micro-

organisms whiich occurred at the fuel/water interface of Laboratory Culture

No. 1 and Study C Stratification Colurru Culture, the results of the investi-

gation indicated that viable microbial cells are reasonably uniformly dis-

tributed througho-t th water phase and not present at all in quiescent JP-4

fuels.

The pellicle or mat of microorganisms noted at the fuel/water inter-

face of Laboratory Culture No. 1 developed within a 72-hour period after

agitation of the system had been stopped; by the 1 1th day the matting was

fairly thick and cohesive and the viable aerobic microbial count of the water-

bottom had increased from 103 to 109 cells/ml (Table IX). The pellicle

gradually settled to the bottom, only to be replaced by one of equal thickness.
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Viable NiCX4-,Iial Comt of Lebmatoy Supply Culture

Inite laion% e of Systom. Water Phase Fuel Fase

0 oe detem$nid

2 3.4 x 106  1 x 1 '

13 504 x 10 0

25 1.0 x 10 7

46 2110 n 10

65 2.6 x 106

8 1.7 x 10 -

83 1.O x 102

90 3.3 x 102

108 1.9 x 103

127 1.0 x 10 3

133 1.6 x 10

184 4.8 x 107  0

200 1.4 x 10 7

221 2.4 x 10 6

288 2.1 x 108 -

339 4.2 x 10 [
354 1.9 x 106

.460 2.8 x 10 7

374 1.1. x 10

376 1.3 x 10,  TeminAted 0

- ndfcafts analysis amtted

Table VII. V a icrombial Count of Labontoy Supply Cture.
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Table IX

Viable Microbial Count of Laboratory Culture 1

Date of Fuel Phase Water Phase
Sampling Cells/ml Cells/ml

10-3-63 6.67 x 10 >2.00 x 103

10-4-63 0

Stopped agitation

10-7-63 0 6.43 x 108

10-8-63 0 7.65 x 108

10-9-63 0 1.85 x 109

PellLcle formation

10-14-63 0 3.07 x 108

10-16-63 0 1.46 x 109

* Thick Pellicle

10-21-63 0 1.20 x 109

10-28-63 0 4.57 x 108

11-5-63 0 2.60 x 108

11-15-63 0 2.40 x 108

12-4-63 - 1.63 x 108

12-23-63 0 1.33 x 107

12-27-63 - >1.00 x 107

1-31-64 1.80 x 108

2-10-64 - 1.25 x 107

2-13-64 - 2.50 x 10 7

3-5-64 0 4.85 x 108

3-26-64 - 3.00 x 108

6-7-64 4.90 x 107

7-9-64 4.30 x 107 Terminated

- indicates analysis omitted

Table IX. Viable Microbial Count of Laboratory Culture No. 1
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This reaction occurred several times. Eventually only small islands of the
surface pellicle were formed. The island matting displayed the same co-
hesiveness as did the over-all matting. Microscopic examinations of the
matting of Culture No. 1 showed rods of varying sizes with a large rod as
the predominating type. The matting formed in the glass column was
different from that of Culture No. 1 in that it was not as thick nor as cohe-
sive, and was easily dispersed. The matting of microbial cells at the fuel/
water interface was not considered a result of microbial cell stratification
but was considered as a normal characteristic of growth for these cells.
It is suggested that the growth of particular species of1 microbes would occur
at the interface regardless of the overlaying medium (air included). There-
fore, it is possible that hese types of microorganisms may have been re-
sponsible for the interface surface matting described in early literature.

The results obtained from Laboratory Cultures Za and 2b, concerning
the effects of internal and external environmental factors on microbial growth
rates, are shown in Table X. The counts obtained from the steel drum water-
bottom remained approximately at 106 cells/ml up to the 22nd week of samp-
ling, at which time the ambient temperature changed to below freezing. The
counts of the aluminum drum during the same interim of time were inter-
mittent, fluctuating from 105 to 10"and finally less than 10 cells/ml. Thus,
as indicated by the data, the environment of the steel drum water-bottom
composed of water collected in a rusty container was more favorable to the
survivability of microbial cells than was the aluminum drum water-bottom
environment. The differences of growth rate noted may be attributed to
growth promoting or maintaining material present in water containing rust
particles. Conversely, it is doubtful that microbial growth inhibitory sub-
stances were present in the water-bottom of the aluminum drum. It is also
possible that the differences in cell counts between the two drums may be
the result of the difference in heat adsorption of the drum material. As the
ambient temperature decreased, the number of viable cells present in both
systems diminished, until finally, at the 43rd week of observation, cell
counts of both drums dropped to zero and remained there until the termina-
tioni of the experiment. Thus, the observed correlation of microbial con-
centration with ambient temperatures is in agreement with the observations
of higher microbial activity in JP-4 fuel systems located in warmer climates.

The significance of this investigation was the lack of recovery of
microbial cells in the fuel phase either prior to or after the freezing of the
water -bottoms.

The data from the studies concerning stratification of microbial cells
in JP-fuel/water systems and optimal depths at which JP-4 fuel/water samples
can be drawn for maximum recovery of viable microbial cells indicated (1)
that stratification of viable microbial cells did not occur in the water-phase
or in the quiescent fuel-phase; (2) that fuels used in the study did not support
or harbor the viable microbial cells that were inoculated into the system;
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Table X

Viable Microbial Count of Laboratory Cultures 2a and 2b

Sampling Steel Drum Aluminum Drum

time
1963-64 Fuel- Cells/ml Water- Calls/ml Fuel-Cella/ml Water -Callsiml

Aug 6 0 3.0 x 105 >1.0 x 1O1  2.5 x 107

Aug 12 0 1.5 x 10 5  0 1.9 x 106

Aug 16 B-H-I added 4-

Sept 9 0 3.2 x 106 0 1.5 x 105

Oct 4 0 7.7 x 10 5 0 6.5 x 107

Oct 11 0 3.8 x 10 6  0 4.6 x 10 6

Oct 18 ' 1.5 x 10 6  0 1.0 x 10 5

Oct 25 0 5.8 x 106 0 2.0 x 105

Nov 1 0 2.4 x 10 6  0 6.2 x 104

Nov 8 0 2.1 x 106  0 0

Nov 19 0 1.6 x 106  0 0

Dec 4 0 3.5 x 106  0 <3.0 x 100

Jan 20 0 <i.0 x 101  0 <.0 x 10 1

Feb 2 - <i.0 x 10 1  - <I0 x 101

Feb 12 - <1.0 x 101 - <1.0 x 101

April 6 - 0 - 0

April 24 - 0 - 0

April 29 - 0 - 0

May 8 - 0 - 0

May 15 - 0 - 0

May 20 - 0 - 0

May 21 0 0 0 0
** ~ II

May 21 0 0 0 0

- indicates analysis was omitted

change in climatic environment

•* after agitation and termination of study

Table X. Viable Microbial Count of Laboratory Cultures 2a and 2b.
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and (3) that under the test procedures used, microbial cells did not migrate
from the water phase into the fuel phase. Thus, because of the absence of
microbial cell stratification in the water phase, the sampling of the water
phase at any depth should be adequate to indicate the degree of microbiologi-
cal contamination present in the JP-4 fuel/water system.

As is indicated in Table XI viable microbial cells were recovered
From the fuel phase of Study B for a period of Z weeks. However, the pre-
sence of the cells was not as a result of microbial growth supportability
of the fuel. If the fuel was able to support the growth of viable micro-
organisms, cell counts would have been obtained at later dates from the
system as well as from the fuel of Study C. Possible explanations for the
counts are as follows: During the construction of the system, the water-
bottom was added via the top vent; thus the area to be occupied by fuel was
subjected to microbially contaminated water. Since the irner surface of
the container was not smooth and the Buna-N port coverings protruded into
the inner diameter of the container, sites were available to which small
amounts of water could adhere. Although the water-bottom counts in Study
B (Table XI) in the 3rd aKd 4th week (Port No. 3) and of Study C (Table XI)
on the 1st and 2nd week (Ports No. 3 and 4, located at the fuel/water inter-
face) appear to be a form of cell stratification, it is not considered as such
due to the short duration (compared to the total period of observation) at
which it is observed.

Of importance from each part of the distribution study was the finding
that microbial activity was absent in the JP-4 fuel phase of all laboratory
JP-4 fuel/water systems unless the system had been agitated or handled in
such a manner to contaminate the fuel with water containing viable microbial
cells. Thus, the results from the previous 3tudies and this study suggested
that the recovery ef viable microbial cells from the fuel phase in field systems
resulted from a sample obtained from an agitated system. As was indicated
by the resuA s, recovery of viable microorganisms from fuel was dependent
upon the presence of water. The presence of the water in turn was depend-
ent upon the handling of the fuel prior to sampling. Water is dispersed into
the fuel phase be agitation or by the vortex action created during filling or
removal of JP-fuel from its storage facility. Sufficient settling time of
JP fuels is necessary for valid microbial determinations.

The results of these studies are in agreement with the findings ob-
tained from on-site fuel analysis of field samples as well as routine labora-
tory analysis of fuel. The implications of these studies is discussed in
detail in Section IV.

CONCLUSIONS

1. Viable microorganisms do not stratify in fuel or water of a
JP-4 fuel/water system with the exception of pellicle formers.
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table XI

Counts of Viable Microbial Cells/al of Stratification Columns

Initial Time
Sampling Watr- ott-om

System Port Nlo. Population 24 hre 1 week 2 weeks 3 weeks 4 weeks 2 months 3 months

Study B a 0 0 C1.0 x 10
1  

0 0 0 0
Aluminum
-Olm 7 0.3 x 10 1 1.0 x 101 0.3 x 101 0 0 0 0

6 0 0.7 x 10
1  

6.7 x 10
2  

0 0 0 0

5 0 0 .7 x 101 0 0 0 0

ruel f 4 0 0 2.3 x 101 0 0 0 0

Water + 3 7.7 x 10
3  

2.0 x 10
6  

2.3 x 10
5  6.8 x 10 1.7 x 10

5  
8.6 x 10 44.6 x 104

2 6.5 x 10
S  9.0 x 10

2  
2.1 x 10

6  2.7 x 10
5  

1.5 x 10
5  

1.9 x 10
5  

1.1 x 10
5  4.1 x 104

1 1.3 x 10
3  

1.0 x 10
6  

4.7 x 10
5  

1.8 x 10
5  

1.9 x 10
5  

1.3 x 10
5  

5.7 x 104

Study C 11 0 - 0
Glass
Column 10 - - 0

9 0 -
EGNE-Glycerol

Study Initiated

7 0 0 0 -

6 0 - 0 - 0

5 -0 0 - 0

Fuel + 4 0 0 1. x1
7  

3.0 x 10
5  

- 4.1 x 10
3

Water 3 S.3 x 10
5  

1.3 x 3.0
7  3.4 x 106 2.8 x 10

6  
- 3.7 x 106

2 2.6 x 10 5 4.1 x 10
5  6.7 x 10

6  
2.9 : 10

6  4.2 x 10
6  - 2.3 x 10

6

1 4.7 x 10
5  

5.2 x 10
6  

1.7 x 10
6  

3.9 x 10 - 4.3 x 10
6

Study A not included due to lack of comparative data. - indicates analysis omitted

Time In days and months are approximate * additional B-A.-l added, raising Interface between parts 4 an 5.

Table XI. Counts of Viable Microbial Cells/ml of Stratification Columns.
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2. Water is needed for microbial growth in JP-4 fuel/water systems.

3. The use of simulated field water-bottoms does not give maximum
yield of viable microbial cells.

4. Viable microbial cells do not migrate (as described by the condi-
tions of this study) measurable distances from the water-phase to the fuel
phase.
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Section IV

TOXICITY OF JP-4 FUELS TO VIABLE MICROBIAL CELLS

The data presented in the previous sections indicated that viable
microorganisms were rarely associated with the fuel phase in JP-,i fuel/
water systems, but were generally confined to the water-bottom; howeve-,
some instances of recovery of viable microbial cells from fuels have been
reported in literature. DeGray and Killian"s discussed recovery of micro-
bial cells from diesel fuels; an interim report by Sohio 29 discussed recovery
of viable microbial cells from jet fuels collected 6 months prior to analysis;
and Swatek, Omieczvnski, and Digman reported finding viable cells in
shipped turbine fuels. V

The sporadic occurrence of low levtls of viable cells from labora- K
tory and field JP-4 fuels reported herein suggested the possibility of (1)
inadvertent contamination due to sampling procedures, (2) plating-out of
the cells on the walls of the analyzing containers, (3) suspension in the
fuels of microdrops of contaminated water, or (4) an inherent toxicity of
the fuel constituents to viable microbes. Since JP-4 fuel is a mixture of
gasoline and kerosene fractions which have solvent characteristics, it
would be expected that there would be some effect on biological material
suspended in them, particularly if the material (in this case viable micro-
bial cells) were not protected by sufficient quantities of water. Therefore,
to evaluate the proposed hypothesis, laboratory studies were designed to
determine the following: (1) The effect of agitation of a microbially con-
taminated JP-4 fuel/water system on the occurrence of viable micro-
organisms in the fuel phase; (2) Survivability of cells in (a) different
grades of JP-fuels, (b) JP-4 fuels obtained from different refineries, and
(c) JP-4 fuels from microbially contaminatwd fuel/water systems; (3) the
effect of sterilization on the JP-4 fuels used as dilueats for microbial
analysis; (4) if the microbes from fuels contaminated with water were
attributable to plating .out of the cells on the walls of the test containers.

To ascertain if the recovery of n-icrobes from JP-4 fuel was due to
the presence of droplets of water suspended in the fuel, the period of time
of the dispersion and!or stispension of microbially contaminated droplets
of water in a fuel phase war measured.

Various methods were used to attempt to suspend microbial cells
in JP-4 fuel. The methods 4tilised included: (1)the suspension of micro-

bial cells in water droplets in JP-fuels; (2) seeding of JP-4 fuel with fungal
material followed by a bacterial inoculum; (3) the addition to wator-f roe
JP-4 fuel of (a) intact microbial colonies recovered from JP-4 fuel systems,
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and (b) the sediment collected by centrifugation of a microbially contaminated
3P-f4l/wa e-battom; and (4) the suspension of cells La JP-4 fuels by vigor-
ous wagtr .) -- otion of microbial containas in minimal quantities of TSB, buffer-

ed watbw (ph 7.2), B-H-1 solution, or aircraft sump water.

To determine if fuel additives contributed to the suspension of vible
microbial cells in the fuel phase, the addition of surfactants (Tween-80 and
Triton X- 100) to the 3P-4 fuel was also investigated.

METHODS AND PROCEDURES

Microbioloeical Analyses

The total number of viable nerobic microorganisms present in the
contaminated JP-fuels was determined as described in the previous section.
Fuels were analysed undiluted and in 10-fold dilations (up to 1:10, 000) in
3P-fuels Q the same composition. A~liq.ots of 0. 1 or 1.0 rnl of all dilutions
were plated in triplicate on TSB with 1. 5% Bacto-agar. The fuel was dis-
persed over the growth medium with the aid of an L-rod or by girgerly
rotating the plate from side to side. The plates were incubated at 350 C for
48 hours. The number of viable microbial cells per/ml present in the system
at the time of sampling was determined by multiplying the average number of
colonies present on the plates exhibiting between 30 and 300 colonies by the
appropriate dilution factor.

The number of viable aerobic microbial cells/ml in the water-boltoms
of systems eaployed in this program was determined by serially diluting the
water-bettor., Wto TSD and applying the same procedure as discussed above.

A412" MIR

Cujjua No, l Laboratory Culture No. S system consisted of a nom-sterle
glass tieUe culture jar (Flgure 5) containing 400 ml of non-sterile Searsport

JP-4t , 160 ml of boled tp water, 160 ml of distilled water, 80 ml of
organic free (cartridge filtration, Bantam Demineraliser Model BD-1,
10 iph) seavwater, 8 ml of a composite of microorganisms from the lAbora-
tory L Clure (Section. M), and I ml of API (Difco) medmi containing sulfate-

reducing microorganisms.

The twel/wator system as agitated by a propeller stirrer that was
activated by Mag-Mi n apgatir, causing a vortex at the fuel/water interface
and & vigorous wida of the JP-4 fuel and water-bottom.

-- _ -t' " I , --o- . . Laboratory Culture No, 3 system had been Initia-
ted 3-1/ monhs prior k. the study. The system consisted of a S-gallon clear
glass carboy (Figure 6) with a Buna.N gasket neck seal and a cork plug in the
sampling port, and contained 5 L of unsterilized Searsport JP-4 fuel, 2 L cf
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boiled tap water, 2 L of distilled water, 1 L of autoclaved sea water, ICO ml
of water-bottom from the Laboratory Supply Culture (Section HI), and 9. 5 ml
of API medium inoculated with sulfate-reducing microorganisms. All fluids
were added via the port, therefore excessive mixing of the fuel, microbial
inoculum, and water occurred. The water-bottom was circulated by means
of a Magnastir (Harshaw magnastir, Harshaw Scientific Company, Catalog
#H60060) sufficiently to cause a slight movement of only the water-bottom.

Diluent Studies

Laboratory Culture No. 8. Laboratory Culture No. 8 system consisted of
a 1-gallon clear glass jug with a screw-cap lid, and contained 2 L of JP-4
fuel, 2. 5 L of B-H water-bottom, and a microbial inoculum consisting of
(1) 2 ml of water-bottom containing microorganisms of the Laboratory
Supply Culture (Section III), (2) 2 ml of microbes of a 4 month old shipped
JP-4 fuel/water-bottom sample containing 21%6 EGME and glycerol and hav-
ing a cell count of 5.0 x 102 cells/ml, and (3) several intact colonial forms
of the 4 month shipped JP-fuel/water-bottom sample isolated on TSB agar
plates.

Test Procedures

Although the counts/ml of the fuel phase of Culture No. 5 during
agitation were erratic, a base line of the number of viable microbial cells
in the fuel phase was established prior to the initiation of the agitation
study. The stirrer was stopped for a period of 144 hours, and 0. 1 aliquots
of the fuel were plated at designated times on triplicate TSB agar plates to
determine the presence of viable cells. With each fuel analysis the micro-
bial count of the water-bottom was also determined. Two additional 144
hour tests were made of Culture No. 5.

To observe similar results in another laboratory culture system,
Laboratory Culture No. 3 was manually shaken for a period of 5 minutes,
0. 1 ml aliquots of the fuel were plated on, triplicate plates of TSB agar, and
all inoculated plates incubated for 48 hours at 35'C.

Fuel to Fuel Dilution. Ten ml aliquots of Searsport JP-4 fuel from Labora-
tory Culture No. 8 (after 5 minutes of agitation of the system) containing a
suspension of microbially contaminated water-drops were added to 160 ml
clear glass milk dilution (MD) screw cap bottles containing 90 ml of auto-
claved and/or filtered Searsport JP-4 fuel. The bottles were vigorously
shaken and two additional dilutions of 10- 2 and 10 - 3 were made (1. 0 ml to
99 ml of diluent fuel) of each MD bottle. Aliquots of 0. 1 ml of the diluted
JP-4 fuel were taken immediately from each dilution bottle and plated in
triplicate on glass Petri plates containing 20 ml of TSB agar. Prior to
incubation of the plates at 351C for 48 hours, all inoculated plates remained
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at room temperature for approximately I hour to allow for evaporation of
JP-fuel vapors. After incubation the viable count was determined as dis-
cussed previously.

Grades of JP-fuel. Aliquots of 10 ml of Searsport JP-4 fuel (after 5 minutes
of agitation of the system) trom Laboratory Culture No. 8 with a suspension
of microbially contaminated water-drops were added to sterile MD bottles
containing 90 ml of autoclaved or filtered JP-6, XJP-4, and Searsport JP-4
fuel (control). The MD bottles were vigorously shaken for I minute every
15 minutes for 1 hour. After each shaking, 1. 0 ml aliquot samples were
plated to triplicate glass Petri dishes containing 20 ml of TSB (BBL) agar.
The plates remained at room temperature for approximately 1 hour and
were then incubated at 35°C for 48 hours.

Time and Sterilization Fuel Studies. Ten ml aliquots of the water-bottom
of Laboratory Culture No. 8 were added to 18 (3 each/fuel/method of fuel
sterilization) sterile MD bottles containing 90 ml of autoclaved and/or
filtered JP-6, XJP-4 and Searsport JP-4 fuel. A control MD bottle of 90
ml of the overlaying JP-4 fuel of Culture No. 8 was siphoned into a sterile
MD bottle prior to the initiation of the study. The sterility of the siphoned
control fuel and the quantity of micro-contamination of the water-bottom of
Culture No. 8 was determined. Each MD bottle was vigorously shaken for
1 minute every 15 minutes for 1 hour. Immediately after each s,.aking,
1. 0 and 0. 1 ml aliquots of fuel of each bottle were plated in triplicate on
TSB agar. One ml fuel aliquots were plated in glass Petri dishes and 0. 1
ml fuel aliquots were plated in plastic Petri dishes.

Plating-Out Study. At the end of 1 hour after agitation and analysis, the
JP-fuel of the 1st set of MD bottles in the test above was decanted to a
second set of sterile MD bottles. In 15 minutes the second set of MD
bottles was shaken and the fuel was analyzed and decanted into a third set
of MD bottles. This procedure was followed every 15 minutes for 1 hour.
To the second MD bottle and each decanted MD bottle thereafter, 10 ml of
TSB were added. The bottles were rotated to facilitate the rinsing of any
microbial cells from the walls of the MD containers. The MD bottles
were incubated at 350 C for 48 hours.

The same procedure as listed in the paragraph above was repeated
at a later date with the exception that TSB with 2.0o0 Bacto-agar was solidi-
fied on the sides and bottom of the second, third, etc., MD bottles.

Cell Suspension Tests

The contamination of JP-fuels by the suspension of droplets of
microbially contaminated water has been discussed as pertained to the
previous tests, as was the primary procedure utilized to contaminate all
JP-fuels for microbial contamination determinations.



To a sterile 8 ounce prescription bottle containing 50 ml of non-
sterile Searsport JP-4 fuel were added several loops of surface growth of
fungal material from Sabouraud agar medium. (Caution was taken to in-
clude only surface growth. ) Following a storage period of 10 days in the
dark of the test container, several loops of surface growth of bacterial
colonies from TSB agar plates were added. The viability of both the fungal
and bacterial inoculum was determined at time of inoculation by streaking
the inoculant material to Sabouraud and TSB agar plates. The test container
was vigorously shaken to disperse the bacterial material and observed for
visible growth for a period of 60 days. The fuel was analyzed periodically
for microbial growth.

To an 8 ounce sterile prescription bottle containing 50 ml of non-
sterile Searsport JP-4 fuel showing no visible free water was added intact
microbial colonies recovered from contaminated field JP-fuel samples on
TSB agar plates. The test container was stored in the dark and observed
for a period of 60 days for visible growth. The fuel was analyzed periodi-
cally for bacterial activity.

To a duplicate set (A and B) of triplicate 50 ml screw capped tubes
containing 30 ml of filter sterilized Searsport JP-4 fuel was added a sedi-
ment composite of microorganisms. The sedimented cells for set A were
obtained by centrifuging 30 ml (3 tubes of 10 ml/each centrifuge tube) of
Laboratory Culture No. 1 and discarding the supernate. Set B cells were
obtained as were set A cells with the exception of re-suspending the cells
in a phosphate buffered water and recentrifuging. After the sediment of
cells were added to the 50 ml screw cap tubes, the tubes were agitated
vigorously for three minutes. The test containers were placed in the dark
and observed for a period of 30 days. The fuels were periodically analyzed
for viable microbial cells with minimal handling to prevent any agitation.

The same procedure as described in the paragraph above was followed
to suspend, in JP-4 fuels, viable microbial cells that were contained in TSB,
phosphate buffered water (pH 7.2), B-H-l, and aircraft sump water. Non-
sterilized Searsport JP-4 fuel (25 ml) containing varying quantities of either
Tween 80, Triton X-100, Tween 80 and Triton X-100, or Triton X-100 and
Antifoam B agent was dispensed in 50 ml sterile screw capped glass test
tubes. Composited, centrifuged microbial cells from Laboratory Culture
No. 1 were then added to the 50 ml test tubes. The quantity of cell com-
posite was sufficient to cover the bottom of the test tube. The tubes were
vigorously shaken to disperse the cells in the fuels. The procedure was
then reversed, i.e., the cells were added first, followed by the addition of
the surfactant and then the JP-4 fuel. The test containers were placed in
the dark at room temperature for 24 hours. The presence of viable micro-
bial cells in the fuel and bottom material was determined by the procedure
described previously.
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RESULTS AND DISCUSSION

As a result of (1) the discreparcies in laboratory data of static and
agitated laboratory JP-4 fuel/water systems concerning recovery of viable
microbial cells from the fuel phase (Table XII);(2) the unsuccessful attempts
in establishing a microbial population in a JP-4 fuel environment by any
method other than the suspension of microbially contaminated water-drops
through fuel/water agitation; and (3) the consistency in recovery of viable
cells from the fuel phase and the appearance of water-drops in the fuel
(caused by continuous agitation of the system) in Culture No. 5 (Table XlI);
the hypothesis was formed that JP-4 fuels were microbially contaminated
by the suspension or dispersion of microbiologically contaminated water-
drops in the fuel phase. In an attempt to substantiate this hypothesis, the
agitation of Culture No. 5 was stopped and the number of viable microbial
cells/ml versus time was determined. As shown in Table XIII, the count/
ml decreased irregularly with time. Additional agitation and static time
studies of Cultures No. 5 and 3 (Table Xm and Figures 7 and 8) indicated
similar results.

Initially the decrease and erratic cell counts were attributed to the.
size of the water-drops obtained with the sampled fuel. However, discre-
pancies between fuel phase and water-bottom count/ml indicated possible
plating-out of the cells on the walls of the diluting containers or a toxic
effect of the JP-4 fuel to viable microbial cells. The absence of microbial
growth in TSB medium obtained from washings of empty fuel to fuel dilution
bottles, and the lack of microbial colonies on thin-coatings of TSB agar
affixed to the walls of diluting bottles, indicated that the decrease of cell
counts from a fuel phase resulted from some factor other than plating-out
of the cells.

Due to the inconsistency in the number of viable cells/ml recovered
in fuel-to fuel dilutions of one dilution (Table XIV) or in a dilution series
(Table XV and Figure 9), it was suspected that JP-4 fuel was exerting a
biocidal effect on the microbial cells. In an attempt to verify these results,
the method of sterilization of the fuel was investigated. Dilution studies
were conducted with both filLered and autoclaved fuel samples. As shown
in Tables XV and XVI (Figures 9, 10, and 11) the results of these tests
indicated that filtered fuel was somewhat less inhibitory to the survivability
of microbes than was autoclaved fuel. Sample platings of a dilution series
of each fuel are shown in Figures 13, 14, 15 and 16. Further testing was
conducted utilizing different grades of JP-fuels, JP-4 fuels from different
refineries, and JP-4 fuel from a microbially contaminated fuel/water
system. As indicated in Tables XV and XVI and Figures 9, 11 and 12, of
the fuels tested, JP-6 was least toxic to the microorganisms and Searsport
JP-4 fuel was most toxic. However the results in general indicated that all
fuels were toxic. As shown in Table XVI and Figures 10, 11, 16, and 18,
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Table XII

Routine Counts of Laboratory JP-4 Fuel/Water
Systems Used in Toxicity Studies

Laboratory Tim After Initiation Viable Microbial Viable Hicrobial
System of the System In Days Count/el in Fuel Count/mi in Water

No. 3 1 0 >1.O x 105

7 ,5.0 x 100 2.2 x 107

33 .1.Ox 101 3.5 x 10
7

34 5.2 x 10 1  5.5 x 10
7

3S 1.3 x 102

36 1.3 x 10

37 0

38 '1.0 x 105

40 3.3 x 100

41 0 4.1 x 10
4 6 1.3 x 10 1

4o 7 6.7 x 00

50 6.3 x 10 1 4t.7 X 10 7

71 0 8.7 x 10 6

80 0 2.7 x 107

86 0 5.5 x 106

99 0 5.1 x 105

114 0 4.0 x 106

11 months 5.5 x 106

No. 5 10 7.0 x 10.1 '7.5 x 107

40 21.0 x 107

53 6.5 x 10 2

54 9.6 x 101

Co 72 3.1 x 102

V 74 1.5 x 101 8.9 x 10 6

94 .0 x 101 4.7 x 107

107 2.0 x 101 6.3 x 10

143 2.3 x 106

No. 8 1 0

5 0 4.4 x 100

11 0 2.6 x 108

24 0 1.2 x 108

52 0 6.0 x 107

53 0 3.3 x 10
"
7

U• 80 1.1 x 10 0
68 0 1lsO
74 0 1.4 x 100

106 3.1 a 10?

121 1.4 x 100

8 months - 1.4 x 105

indicates analysis omitted

Table XII. Routine Counts of Laboratory JP-4 Fuel/Water Systems
Used in Toxicity Studies
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Table XIV

Toxicity of JP-Fuels to Viable Microbial Cells

Labora- Fuel Auoclaved Fuel Filtered
tory Time Ist Test 2nd Test Ist Test 2nd Test
Fuels Min- Viable Viable Viable Viable

utes lls/ml alls/ml slls An. ills/ml
0 TNTC TNTC TNTC TYTC

15 1.50 x 103 2.9 x 102 1.60 x 103 1.20 x 102

XJP-4 30 3.00 x 102 1.7 x 102 2.80 x 102 4.50 x 101

45 9.00 x 101 3.5 x 101 3.80 x 102 5.00 x 100

60 - 2.0 x 10 1  - 3.50 x 101

I3

0 TNTC 2.90 x 103 TNTC 3.5 x 103

15 1.60 x 103 4.00 x 101 3.33 x 103  5.00 x 100

Searspon 30 3.00 x 101 0 2.10 x 103 0
JP-0 0 2 0

45 5.00 x 10 5,00 x 10 9.10 x 10 1.00 x 10

60 - 0 - 5.00 x 100

0 TNTC TNTC TUTC TNTC

15 2.40 x 102  )3.5 x 103 1.00 x 101  3.50 x 103

JP-6 30 5.00 x 101 1.0 x103 0 1.10 x 103

45 5.00 x 100 4 .SO x 102 0 1.60 X 102

60 - 5.O0 X 10 0

Tabie XXV. Toxi@Jty of JiP-rwela to Viable NimCbIal CeLa
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Table XVI

Toxicity of JP-Fuels to Viable Microbial Cella%

Sempling Aliquota/ rise Study

Time Fuel
minutes

1.0 al 0.1 al

Ramey JP-4 0 T11TC 6.17 x 102

15 1.46 X 102 4.10 x 102

30 1.50 X 102 3.50 . 102

45 1.87 x 102 3.30 x 102

60 1.29 x 10 2 4.03 x 102

75 9.30 x 101 1.90 x 10

95 1.35 x 101 4.33 x 101

105 1.13 x 101 2.67 x 101

200 5.O0 X 100 3.67 x 101

Fuel Autoclaved Fuel Filtered

1.0 al 0.1 *1 1.0 11 0.1 %1

X JP-4 0 17ITC 1.25 x 103 TIITC 9.77 x 103

15 2.51 x 102 4.57 . 102 2.00 x 102 4.30 x 102

30 1.33 x 10
2  

2.13 x 102 1.36 x 10; 2.50 x 102

45 1.28 x 102 1.67 x 10
2  

1.16 x 10
2  

1.57 x 102

60 1.23 x 102 2.33 x 102 9.00 x 101 1.10 x 102

75 5.00 x 101 9.67 x 101 3.13 x 101 8.33 x 101

95 4.10 x 101 7.33 x 101 2.80 x 101 6.33 x 101

105 3.83 x 101 4.67 x 101 2.20 x 10, 3.00 x 10,
I1 11

200 3.30 x 101 6.00 x 10 2.40 x 10 4.33 x 101

JP-6 0 TTC 2.00 x 103 TITC 1.43 x 10

1s $4.00 x 102 1.34 x 103 TNTC 1.21 x 103

30 4.00 x 102 9.30 x 102 TNTC 1.14 x 103

45 4.00 x 102 7.35 x 102 THTC 1.15 x 103 -

60 3. . 10
2  

.60 x 10 
2  

TNTC 1.10 x 103

75 6.23 X lu 1.30 x 102 3.00 x 10
2  

7.20 x 102

95 1.37 x 101 1.2$ x 10
2  

4.03 x 10
1  

1.33 x 10
2

105 .00 x 100 6.50 x 101 1.13 x 101 7.67 x 101

200 8.33 x .-00 7.67 x 101 1.20 X 101 4.00 x 101

Searaport 0 TTC . 9.80 x 10
2  

TTC 7.83 x 10
2

JP-4 13 1.53 x 102 3.73 x 102 1.45 x 102 2.93 x 102

30 1.47 X 102 3.20 X 10
2  

1.50 x 10
2  

1.33 x 102

45 1.61 x 102 2.60 x 102 5.40 x 101 1.30 x 102

00 2.97 x 101 1.90 X 102 8,70 x 101 1.17.x 102

75 2.00 x 101 1.13-K 10
2  

4.00 x 100 7.67 x 10
1

99 3.0 ox 101 9.00 X 101 1.00 x 100 4.00 x 101

105 0.7 x 100 9.00 x 101 1.00 x 10
0  

4.00 x 101

200 5.00 K 10 8.00 x 101 1.00 x 10 3.33 x 101

iWWe*rs Ia table refer to aveage naber of cells/ml of 3 replicates.

Table XVI. Toxicity of JP-Fuels to Viable Microbial Cells:
Sampling Aliquots/Tims Studies
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Figure 9. Dilution Study: Toxicity of JP-FuGls to Viable Microbial Cells.
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Figure 10. Toxicity of Searsport JP-'. Fuel to Viable Microhia1 Cells:
Autoclave versus Filter' Sterilization and Quantity of Fuel Plated.
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Figure 17. Toxicity of XJP-4 Fuel to Viable Microbial Cells: Autoclave
versus Filter Sterilization and Quantity of Fuel Plated.
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the toxicity of fuel samples was directly proportional to the size of the
sample plated. The consistently lower counts obtained with the 1. 0 ml
aliquot of fuel was a further indication of a toxic or mechanical effect on
the suspended cells. The lower counts obtained with the larger volume
were probably due to the inhibitory hydrocarbon residues that remained
on the agar surface. The number of cells/ml obtained from platings of
1. 0 or 0. 1 ml were sufficiently different to warrant the use of smaller
quantities of fuel for the analysis of JP-4 fuel samples. Thus, in all
subsequent analysis, 0. 1 ml volum'es of fuel were utilized.

CONCLUSIONS

1. JP-4 fuels are contaminated by dispersing microbiologically
contaminated droplets of water in the fuels, either by the method of
sampling or by the handling procedure prior to sampling.

2. JP-4 fuels exert a toxic effect on viable microorganisms a.idthis toxicity is dependent upon the time the microbes are in contact with

the fuel, the sterilization method of the diluent fuels, and the grade of the
JP-fuel.

3. Sterilization of diluent fuels by filtration is least inhibitory to
the recovery of viable microbial cells.

4. Erratic counts of microbial cells/ml were not the result of
plating out of the cells on the walls of the diluting MD containers. Erratic
counts are, however, a result of the conditions listed in 2 above.

5. The difference in number of cells recovered from a fuel sample
warrant the use of 0. 1 ml for routine quantitative analysis.
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Section V

THE EFFECT OF EGME AND GLYCEROL
ON VIABLE MICROBIAL CELLS

During the Air Force investigations to develop fuel-water soluble
additives for control of microbiological contamination of JP-fuels, labora-
tories concerned with the use of ethylene glycol nionomethyl ether (EGME)
and glycerol as an anti-icing additive for JP-4 fuels indicated that EGME-
glycerol was a potential bacteriostatic agent.* In 1962, after the Air Force
initiated the use of EGME-glycerol in JP-4 fuels as an anti-icing additive,
field data of microbial contamination of JP-4 fuel/water samples from
aircraft and ground servicing equipment confirmed the laboratory findings.
The material designated MIL-I-27686C was added to the fuel in concen-
trations of 0. l% v/v and is currently composed of 99.4% volume EGME-
glycerol and 0. 67 volume of glycerol.

The bacteriostatic property of EGME-glycerol results from its
partitioning to the water phase of a JP-fuel system resulting in concentra-
tions of bacteriostatic levels. Initially a concentration of EGME and gly-
cerol of less than 1076 was considered biostatic. However, during the past
three years viable bacterial cells have been recovered from field JP-4
fuel/water-bottoms containing concentrations of EGME-glycerol in excess
of 20%6 (20%6 concentrations are currently considered bacteriostatic).
Although results of tests performed during the initial use of EGME-glycerol
to adapt micz jorganisms to high concentrations of the material1 1 were nega-
tive, the increase in concentration required for lethal effect does suggest
a tolerance development by the microbial flora of JP-4 fuel/water systems.

Because of a possible development of resistant microbial strains to
EGME-glycerol in the field, laboratory tests were designed to determine
the effects of increasing 6oncentrations of EGME-glycerol on growth of
microorganisms ond the bacteriocidal level of EGME-glycerol (in water)
for microbial cells which had either no exposure or prior exposure to
EGME-glycerol. In addition, tM determine the effect of other biocides on
the growth of microbial cells surviving in a 25%6 EGME-glycerol environ-
ment, Biobor JF'5 '(U.S. Borax Chemical Corp.), and beta-nitrostyrene
were investigated.

Of interest during the study was the recovery of microorganisms
from JP-4 fuel/water-bottoms containing high levels of EGME that displayed

*The effect of EGME was never proven as bacteriostatic or bacteriocidal.
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alpha and beta hemolysis when streaked on blood agar plates (see Figures
19 and 20. Figure 21 shows the colonial morphology of the microbes on
TSB plates.) Biochemical analyses identified three of the hemolytic colo-
nies as Bacillus pumilus, B. subtilis, and B. cereus.3s

METHODS AND MATERIALS

Microbial Analysis

The microbial analysis of fuel and water was performed as described
in previous sections: aliquots of 0. 1 ml were plated in triplicate on TSB
containing 1. 5% Bacto-agar. After incubation at 35°C for 48 hours the cell
count/rr l was determined.

EGME-Glycerol Studies

Materials. The test containers for the studies were (I) a tall glass column
containing Searsport JP-4 fuel and a microbially contaminated B-H water-
bottom (Section I, Figure 3) initiated 58 days prior to the study; jZ) sterile
500 ml flasks, beaker capped; and (3) 50 ml sterile screw cap tubes.

The EGME-glycerol was composed of 99.4% ethylene glycol mono-
methyl ether and 0.6% glycerol. It was combined and stored in the dark
at room temperature. The quantity of EGME-glycerol required by each
testing container to give a specific percent was dependent upon the volume
of the water-bottom of that test container.

The Biobor JF was used as delivered to the laboratory. It was added
to the Zuel of the testing container, prior to adding the microbially contami-
nated water, in quantities sufficient to partition to the water to the desired
concentrations. The beta-nitrostyrene was obtained from the POL Section
of Wzight-Patterson Air Force Base and was used as received in the labora-
tory. It was added to the fuel as was Biobor JF.

The glass column contained 9 L of non-sterile EGME-glycerol-free
Searsport JP-4 fuel, 2 L of B-H-I salt solution, and a composite of micro-
bial cels of 1 ml each of Laboratory Cultures No. 6, 7, 8, and 9, and 1 ml
of a contaminated field sample of JP-4 fuel/water-bottom containing 21%
EGME and glycerol.

A second experiment utilized twelve 500 ml sterile flasks containing
200 ml of a filter sterilized (0.45 micron Millipore filter) Sear sport JP-4
fuel and 200 ml of sterile B-H-b solution. A 4 ml water-bottom composite
obtained from 4 sampling ports of the glass column (prior to the addition of
the EGME-glycerol to the column) was the initial microbial inoculum (10 - 7

cell/m).
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Figure 19. Beta Hemolysis of 18 Hour Cultures selected

from Colonies Shown in Figure 21.
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Figure 20.

Beta Herolysis of Colonies Plated Directly to Blood Agar
from a JP-4 Fuel/Water-Bottom Sample.
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Figure 21.

Colony Morphology of Bacteria from A Field JP-4
Fuel/Water Sample Containing 21% EGME and Glycerol.
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To each of 20, 50 ml sterile screw-capped tubes were added 20 ml
of sterile JP-4 fuel and 10 ml of B-H solution. The microbial inoculum
was a composite of cells obtained from the glass column water-bottom
during the time it contained 25% EGME-glycerol. Aliquots of 0. 1 ml of
the inoculum were added to each test container.

Test Procedures. After 58 days of observation of the glass column syste r
for stratification of microbial cells in the fuel and/or in the water phase, 20
v/v of EGME-glycerol (40 ml) was added to the water-bottom via the bottom
sampling port. The entire system was agitated to disperse the EGME-
glycerol solution. Microbial analysis for total number of viable aerobic
microbial cells in the water-bottom was obtained prior to and at designated
times after the addition of the EGME-glycerol. The column was kept at
room temperature in the dark. On the eighth day a concentration of EGME-
glycerol sufficient to make a 5%6 v/v in the water-bottom was added via the
bottom sampling port. The system was agitated to disperse thc EGME-
glycerol solution. The percent of EGME-glycerol wa3 gradually increased
over a period of 49 days until a 30%o v/v in the water-bottom was obtained.
The increases were in 5%6 increments. Samples for microbial analysis
were obtained from the system via the sampling port (Figure 4, Section HI)
with 2 cc sterile hypodermic syringes fitted with 18 gage needles.

To two of the twelve 500 ml flasks containing sterile JP-4 fuel and
B-H-1 solution was added 2 ml of a microbial cell composite obtained from
the glass column water-bottom prior to the addition of EGME-glycerol to
the column. The flasks were designated as A (test flask) and A1 (hold flask,
used as the source for EGME-glycerol-free microbial cells). Subsequent
flask inocula were obtained from the A1 hold culture. After an initial 18

hour incubation period at 35 0 C, flask Al was stored in the dark at room
temperature, and to the water-bottom in flask A was added sufficient
EGME-glycerol (4. 0 ml) to obtain a 2. 0% v/v solution. After flask A was
agitated to disperse the EGME-glycerol solution it was placed in the dark
at room temperature. The total number of viable microorganisms of flask
A water-bottom was determined prior to and at specific times after the
addition of the EGME.

Eight days following the initiation of flasks A and A l , 4. 0 ml of

flask A1 were added toflasks designated B (test flask) and B1 (hold flask).

Flasks B and B l were incubated at 35 0 C for 18 hours. After incubation,

flask B1 was set aside in the dark at room temperature. To flask B water-
bottom was added sufficient EGME-glycerol to make a 5% solution. Micro-
bial analysis, agitation, and storage facilities for flask B was as flask A.
A quantity of EGME-glycerol sufficient to make a 5% v/v solution was
added to flask A. Prior to and at designated times after the second addi-
tion of EGME-glycerol, the total number of viable microbial cells present
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in flask A was determined. Seven days following the initiation of flask B
and BI, 4.0 ml of the water-bottom from flask B I were added to flasks
designated C (test flask) and C, (hold flask). After flasks C and C1 were

incubated for 18 hours at 351C, flask C1 was stored in the dark at room

temperature, and to the water-bottom of flask C was added sufficient
EGME-glycerol to make a 10% solution. The flask was agitated to dis-
perse the EGME-glycerol and was then placed in the dark at room tempera-
ture. The total number of microbes of the water-bottom of flask C was
determined prior to and at prescribed times after the addition of EGME-
glycerol. To flasks B and A water-bottoms was added an additional
quantity of EGME-glycerol to obtain a 10% solution of EGME-glycerol
(a 5%6 increase). Flasks A and B were agitated, microbially analyzed, and
stored as with previous additions of EGME-glycerol. Except for the addi-
tion of EGME-glycerol in 5% increments (15, 20, 25, ... ) the same pro-
cedure as discussed above for C was followed for all subsequent test
flasks (D, E, F, ... ).

To obtain a uniform 5% increment increase of EGME-glycerol in
the test flasks (A, B, C, ... ) the water-bottom of the test flasks initiated
prior to the 7 day test interval were treated with additional EGME-glycerol.
The percent of EGME-glycerol was added and/or increased in the water-
bottoms of the flasks until 40% v/v was obtained. When less than 10/ml
cells were recovered from any one flask to which EGME-glycerol had been
added, the observation of that test flask was discontinued. Thus, this ex-
perimental design permitted the exposure of cells to both initially different
EGME-glycerol concentrations and uniformly increasing concentrations.

To determine EGME-glycerol microbial growth dependencies, a
modification of the gradient plate method 1l was used. Plates werei com-
posed of two solidified agar layers of TSB with (bottom layer) and without
30% EGME-glycerol. The EGME-glycerol medium was prepared by adding
4. 5 ml of filter sterilized EGME-glycerol to 15 ml of sterile TSB with 2. 0
percent Bacto-agar and solidified at a 20 degree angle. Over this medium
was added TSB with 1. 5% Bacto-agar. Aliquots of 1 ml of a microbially
contaminated water-bottom containing EGME-glycerol were opread over
the surface of the plates. Control plates of two layer TSB with 1. 5%
Bacto-agar were also used. The inoculated plates were incubated at 35 0 C
for 48 hours. The location of the colonies on the medium surface would
indicate if the microorganisms were dependent upon the EGME-glycerol.

Two procedures were utilized for the addition of the microbes to the
prepared test plates. (1) Microorganisms from the glass column contain.
ing 25% EGME-glycerol were plated on TSB plates. A colonial type of the
most predominant type on the plate was selected after a 48 hour incubation
period at a temperature of 350C and streaked to the surface of the test plate.
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(2) microorganisms as in 1 above were diluted to 10- 6 in TSB. An aliquot
of 1. 0 ml of the 10- 6 dilution was added to 9 ml of melted TSB agar (as for
the poured plate techniques). Control plates of two layered TSB with 1. 5%
Bacto-agar were also used. The inoculated plates were incubated at 35 0 C
for 48 hours. The location of the colonies on the medium surface would
indicate if the microorganisms were dependent upon EGME-glycerol.

Biobor and Beta-Nitrostyrene Test

After the glass column water-bottom contained 25% v/v of EGME-
glycerol, 0. 1 ml aliquots of the water-bottom were added to sterile screw
capped test tubes containing 50 ml of sterile B-H-b solution and JP-4 fuel
containing Biobor or beta-nitrostyrene (in concentrations considered bio-
cidal). The number of cells/mi of the B-H-1 bottom inoculum was deter-
mined prior to and at designated times after the addition of the inoculum
to the test containers.

Hemolytic Cell Recovery

Samples of JP-4 fuel/water-bottoms were plated on blood agar
plates (BA). The plates were incubated at 351C for 24 hours or less.

RESULTS AND DISCUSSION

Results of the study indicated that some microorganisms can survive
in a water environment of a JP-4 fuel/water system containing EGME-
glycerol. From the compiled data shown in Table XVII, a decrease in viable
cells in the column occurred within 24 hours with the 10% increase of EGME-
glycerol. However, this decrease, a factor of 10, was not considered sig-
nificant. A second factor of a log decrease in cells was noted with the
increase to 20% EGME-glycerol. A third and significant decrease (a factor
of 100, 1000 from the initial count) occurred at some time between the
second and the sixth day. This number of viable cells remained fairly con-
stant over a period of 26 months. Microbiological determination of the sys-
tern after transfer to a I gallon dark glass container indicated, after an
additionkl 12 month period, a viable microbial count of greater than 100
cells/ml. Of interest was the change in the predominating colonial forms
that occurred with the increase of EGME-glycerol to 20%. The change in
colonial morphology was characteristic of colonies recovered (Figures 19
and 20) from a water.bottom of a contaminated JP.4 fuel/water sample
obtained from Ramey Air Force Base, Puerto-Rico. (As indicated in
procedures above, an aliquot of the Puerto-Rican microbial inoculum
had been added to the column as part of the inoculum for contaminating
the 'system).
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As shown in Table XVII, the results of the studies in the test flasks
indicated that shock doses of greater than 30% of EGME-glycerol concen-
trations were required for "fast-kill" (within 24 hours). The biocidal
effect of the 30% concentration required a period of 8 days. As indicated
from the results the microbes of flask A and A1 (EGME-glycerol added
after 15 days) appeared to be more susceptible to the effects of EGME-
glycerol than were the microbes initially treated with 5, 10, or 15%
EGME-glycerol. In addition, the growth cycle of the microbes of flask
B, C, and D appeared to be similar, a decrease to less than 10 cells/ml
occurring in 3 weeks after the addition of the initial EGME-glycerol con-
centration (Figure 18).

The bacteriostatic concentration of EGME-glycerol effective for
the microbes utilized in these tests appeared to be approximately 20%.
Table XVIII shows the cells/ml in each test flask during the initial concen-
tration of EGME-glycerol. Of the cpUs/ml recovered, a significant reduc-
tion is not apparent until the shock dose of 25% at 2 hours. Contrary to
this are field samples which indicate microorganisms in concentrations
greater than 20%. This may be attributable to adaptation occurring over
a period of time greater than of these studies, or the presence of partially
protective substances in the field water-bottoms. Since the greater ma-
jority of field samples analyzed did not contain viable cells and the compo-
sition of aircraft sump water varies considerably"', the former possibility
appears most probable.

The results shown in Table XIX indicate that older cultures were
more resistant to the EGME-glycerol biostatic effects than were the 18 hour
cultures (Total count determined 24 hours after the addition of EGME-
glycerol showed a greater number of the cells from older cultures survived
than did in the 18 hour cultures.)

The results of the gradient plate method indicated that the microbial
cells recovered from the water-bottom of the glass column containing a high
concentration of EGME-glycerol were not mutants nor were they EGME-
glycerol dependent. The colonial growth was restricted to the area of least
EGME concentration, thus suggesting an inhibitory action of the EGME-
glycerol substance.

Of those JP-4 fuel/water samples plated to blood-agar plates, the
cells isolated from high level EGME-glycerol environments gave clearer
and faster hemolysis than did cultures from lesser concentrations of EGME-
glycerol. Fourteen different morphological colonies were recovered from
the shipped JP-4 fuel/water-bottom sample containing 21% EGME-glycerol
(Table XX). Each colony displayed some degree of alpha or beta hemolysis.
Three of the colonies displaying beta-hemolysis (prior to shipment) were
identified by biochemical analysis. They were identified as Bacillus OunMlus,
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6Colony No. 1, round, rais~ed, white-cream, irregular edg, muco id,

0un drrie 
area,

Colony No. 2, round, convex, white, glistening, mucold,

irregular edge.

*Colony No. 3, large rough, white center, crinkled, edge
irregular.

Colony No. 4. round umbonate, white, irregular edge, rough,I radiating ridges.

center view

Colony No. 5, round, convex, white, glistening, mucoid, fairly
smooth edge.

Colony No. 6, round umbonate, white cream, irregular edge,

rough radiating ridges.

Colony No. 7. round, white, irregular edge, shows up frequzently
in laboratory cultures contaminated with these microbial cells.

lony No. 81, small, round,, convex, white, glistening, mucoid,
irregular edge.

Table XX.

Colonial Norhology of 21% EGO-Glycerol
Surviving field Sa6i1. Microorganisme.
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ooyNo. 9, white, mucoid, convex, glistening, similar
c~ No. 2 except for edge.

(~ Colony No, 10, white (stark white) similar to No. 3 exce1ot
this cormy comes off of medium easily.

Coony No. 11, cream, rough, irregular edge.

Colony No. 12, white, very rough, small, irregular colony,
~ popcorn appearing colony.

Colony No. 13, very large, white, spreading, flat, rough,

CooyNo. 14, cream, small to minute, round, entire,

k Cultures recovered sent to U.S. Azmy Natick Laboratories for biochemical
identification.

Table XX. Colonfal Morphology of 21% EGME-lyerol Surviving Field
Sample Hicwoorgniss.

(ContInved)
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B. si btilis, and B. cereus.3 0 It was found that long storage of these cultures
on solid media under refrigeration or repeated transfers of the cultures to
laboratory media drastically reduced the hemolytic capabilities of the cells.

Although the following discussion is not directly related to the study,

it is included in this section because of the potential implication it has to
the development of EGME-glycerol resistant strains by transduction.

Transduction is the transfer of genetic material from one cell to another
via temperate bacteriophages, resulting in the formation of a hybrid clone.
Thus, microbes experiencing this process may possess unusual biochemi-
cal capabilities.

During the program to contaminate JP-4 fuels, the appearance of
phage-like plaque was frequently observed on 2 morphologically different
colonial forms. These microbes were recovered from the water-bottom
of a system four months old which had been plated on TSB agar plates
after a minimum incubation period of 72 hours (48 hours at 351C followed

by 24 hours at room temperature). Both colonies produced an extra cellu-
lar, water soluble, diffusable pigment, one which was fluorescent under
ultraviolet light. The plaques occurred at room temperatures and with a
color change of the colony. The plaque phenomenon would continue until
only small islands of the origiani microbial colony remained. The colors
changed from a green-yellow to a brown-yellow for one colony type and
from a green to a darker shade of green for the other colony form. Results
of biochemical determinations 32 tentatively identified the two colonial forms
as Pseudomonas fluorescens and Pseudomonas aeruginosa. Ferry, Fisher

and Fisher3 3 and Burke 3" suggested that this type of plaque formation was
not a phage activity but autolyses. Results of their studies indicated that
P. aeruginosa after several months of sub-culturing on laboratory
mediums, spontaneously lysed, producing plaque areas resembling those

of phage lyses.

The possibility exists that transduction might occur in JP-fuel

environments and result in the formation of microbial strains po'ssessingthe capability to induce degradation in JP-fuel systems.

CONCLUSIONS

1. Viable microbial cells may persist in water-bottoms containing
various levels of EGME-glycerol.

2. Concentrations greater than 20% but less than 30%6 appear to
reduce microbial concentrations in laboratory systems over a period of

three weeks.

3, An initial concentration of 30%0 or more appears to exert a
biocidal effect in laboratory systems within one week.
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4. The presence of low levels of viable cells in field samples
containing greater than 20% EGME-glycerol, or laboratory samples
initially containing low levels of EGME-glycerol, suggest a slow adapta-
tion or the presence of protective substance in aircraft sump water.

5. The possibility of transduction occurring in JP-.i systems is
indicated. This may have significance with respect to the appearance of
microbes possessing increased capability for fuel sstem degradation.

4I
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Section VI

MICROBIOLOGICAL CORROSION OF ALUMINUM ALLOYS AND THE
USE OF THE CORROSOMETER PROBE AS A MEANS OF DETECTING

MICROBIAL CORROSION OF ALUMINUM ALLOYS

Direct evicence implicating microorganisms or their by-products
with corroaion of aluminum alloys of integral fuel tanks under field con-
ditions and under controlled laboratory studies has been inconclusive or
has yielded inconsistent results. This is due to a lack of knowledge of
the relationship between the environmental factors and microbial metabo-
lism in JP-fuel systems. Of the problems of aircraft and associated
equipment attributable to microbial contamination, that of corrosion
appears to be the most controversial. Digmansa , Cockey, Hodge, Iverson,
and Wilkes" , Swateka. Hawks and Edington ss , Hedrick, Miller, Halkias,
and Hildebrand5 ', Baumgartner , Hill , and Blanchard' 2 presented data
that indicate the corrosion of aluminum alloys can be induced by the
presence of microorganisms or their metabolites. However, Powelson s

and Calvelli 3 suggest that non-biological materials are of major impor-
tance in the corrosion problem of jet fuel systems.

To determine the involvement of microorganisms (viable and non-
viable) in the processes of aluminum alloy corrosion, laboratory studies
were inititated to induce microbial corrosion of aluminum alloys 7075,
7178, and 2024.

Although evidence that unequivocally attributed corrosion of inte -

gral fuel tanks to microbial activity was lacking during the early investi-
gations of microbial contamination of JP-fuels, microbial contamination of
fuel cells was considered as one of the primary factors involved with the
corrosion oi integral wing fuel tanks. Thus, a means to detect microbial
growth would assist in correlating microbial activity with corrosion of the
integral wing fuel cells. The Corrosometer probe (Magna Products, Inc.,
Santa Fe Springs, California, (Figure 22) originally designed for use in
iron corrosion studies was evaluated in 1962 by Dooley and West' 3 as a
means to detect microbiological contamination in JP-4 fuels. These
authors suggested that the corrosometer probe, if fabricated from aircraft-
type metals and equipped with appropriate electrodes, could be used to
detect microbial growth in a fuel/water system. To evaluate these findings,
corrosometer probes of aluminum alloys 7075 and 2024 were constructed,
and a study was initiated to determine if the corrosometer probe could be
successfully employed as a technique for the detection of corrosion by
microorganisms in a JP-4 fuel/water system in the field.
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METHODS AND MATEtIALS

Microbial Analysis

The sterility of a system and the total number of viable aerobic
microorganisms of a test system was determined by the spread plate
technique. Serial dilutions of the water-bottoms were made in TSB, and
aliquots of 0. 1 ml of the three highest dilutions plated in triplicate on TSB
with 1. 5% Bacto-agar. Fuel analysis consisted of direct plating on the
TSB solid growth medium. All systems were subjected to microbiological
analysis throughout the experimental period.

Corrosion Stud,

Materials. To study the effects of microbiological corrosion of 7075,
7178 and 2024 aluminum alloys, coupons 7.62 x 1.27 x 0.16 cm were
machine cut from sheets of the metal. In addition, coupons of aluminum
alloy 2024 were mlchine cut from various depths of a solid bar of the
alloy to determine if quenching, and therefore granular structure, influ-
enced corrosion of aluminum alloy 2024. All specimens were coded,
emery-buffed on one side, washed with a detergent, rinsed twice with
distilled water, rinsed with 70% and 100% alcohol for 1 hour, rinsed 3
times with sterile distilled water, and placed in a 4-ounce sterile, wide
mouth glass bottle. (See Figures 23 and 24.)

When the JP-4 fuel and the water were added to the test container,
the coupon was positioned so that it would be exposed to fuel, water, and
a vapor phase.

The JP-4 fuels used in the investigation were obtained from two
different sources, Maytag and Searsport. The fuels were used as delivered
to the laboratory, or filter sterilized through a 0.45 micron Millipore
filter, depending upon the experimental design.

The various water-bottoms employed were: diluted sea water (2
parts boiled tap water, 2 parts distilled water, and 1 part sea water); de-
ionized water (Bantam Demineralizer, Model BD-1); distilled water; TSB;
and B-H mineral salts -solution 1 through 6. (The chemical composition
of B-H-2 through 6 is the same as B-H-1 (Section III) with the following
exceptions: B-H-2 replaced 1 g (NH 4 ) NO 3 with 1 g (NH 4 )2 SO 4 ; B-H-3

lacked (NH 4 )Z so4; B-H-4 contained 0. Zg (NH 4 )2 So 4 ; B-H-5 contained 0. 06 g

(NH 4 )ZSo 3 ; and B-H-6 contained 0. 01 g (NH 4 )2 SO 4 .
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Figure 2'.
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Procedures

Sea Water vs B-H-I. One ml of 108 microbial cells/ml and scrapings of
corrosion from aluminum alloy 7075 containing viable microorganisms were
added to 2 of four 500 ml flasks containing 100 ml diluted sea water or
B-H-I solution overlayed with 100 ml of Searsport JP-4 fuel and I coupon
each of 2024 and 7075. Inocula were not added to the other 2 flasks,
designated as controls. The flasks were incubated at room temperature
in the dark. Each coupon was observed daily for visual indication of cor-
rosion. The flasks containing the sea water were terminated after a 30-
day observation period. The coupons of the B-H-l system were removed
and examined after a 90-day observation period.

Aircraft Sump Water. Samples of aircraft sump water were obtained from
the Propulsion Fluid System Branch (SEJIF), Wright-Patterson Air Force
Base. The samples were divided into two parts; one part was used as de-
livered, the other was autoclave sterilized. Coupons of alcohol-sterilized
aluminum alloys 7178 and 2024 were placed in each water portion con-
tained in sterile 3.78 L (1 gal) clear glass jugs. The coupons were sus-
pended in each system by a surgical gut suture. All systems were incubated
at room temperature in the dark. Visual observations were made daily to
note the development of corri-sion. The coupons were removed and examined
after 60-day observation periods. Sump samples as received in the labora-
tory were subjected to microbial and microscopic analysis.

Diluted Sea Water, Distilled Water, Deionized Water, B-H-I thro gh 6,
and Viable vs Non-Viable Microbial Cells. Two separate studies were
initiated under this program. Studies A and B were designed to determine
the participation of viable and non-viable microbial cells in the cortusion
process of aluminum alloys and the effect of water-bottoms of various
compositions oLmicrobial growth and corrosion of aluminum alloys 7075,
7178, and 2024. Study B also included the study of the influence of the
quenching process on corrosion of aluminum alloy 2024.

The viable inoculum for Study A was obtained from the water-
bottoms of Laboratory Cultures Numbers 3 and 4. An aliquot of 50 ml
(106 clls /ml) was centrifuged, the supernate was decanted, and the sedi-
ment washed with 50 ml of buffered water pH 7.2, centrifuged 3 times,
and re-suspended in 20 ml of each of the following sterile water-bottoms:
diluted sea water, distilled water, deionized water, and B-H-I solution.
The non-viable inoculum of Study A was a composite of 5-day old micro-
bially contaminated broth cultures of TSB obtained from iield JP-4 fuel/
water samples 6 An aliquot of 50 ml cf the broth was autoclaved for 1S
minutes at 121 C, 15 psi, and centrifuged (Automatic Servall Superspeod
Centrifuge #KSB-3(4)A) for IS minutes at 1.0 x 104 rpm. The supernate
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was decanted and the sediment washed 3 times with 50 ml of buffered
water pH 7.2, centrifuged after each of the 3 washings, and re-suspended
in 20 ml of the same water-bottoms as those used for the re-suspension
of viable cells.

The viable and non-viable microbial inoculum of Study B was ob-
tained from the water -bottom of Laboratory Culture No. 8 (108 cells /ml);
With the exception that both the viable and non-viable cells were re-suspended
in 60 ml of sterile water-bottoms (diluted sea water, distilled water, de-
ionized water, B-H-l, and TSB) the inocula were treated as for Study A.

To 4 -ounce, sterile, clear glass square test bottles containing
30 ml of sterile Searsport JP-4 fuel overlaying 30 ml of water-bottom were
added 2 ml of viable or 6 ml of non-viable microbial suspension. Each of
the bottles were tightly capped and placed on a reciprocating laboratory
shaker with a horizontal excursion of 4 cm at 76 oscillations/minute
(Figure 25). The shaker remained at room temperature and was kept in

the dark as much as possible. Each coupon was observed daily for visual
corrosion. After a thirteen day exposure period the coupons were re-
moved, rinsed in 70%o dehydrated alcohol, air dried under asceptic con-
ditions, and examined.

Nitrate vs Nitrite. This study was designed to determne the effect of
microbially produced nitrite on the corrosion of alumiLum alloy 7075,
7178, and 2024. The viable and non-viable inocula were obtained from the
water-bottoms of Laboratory Cultures Numbers 3 and 8 (106 cells /m and
108 cells /ml). Aliquots of 50 ml of each water -bottom were autoclaved to
obtain the non-viable inoculum. Both the autoclaved and non-autoclaved *

water-bottoms were centrifuged, the supernate decanted, and the sediment
washed and centrifuged three times in B-H solution without nitrogen (B-H-3)
and re-suspended in 200 ml of B-H-3. To test containers, as used in
Studies A and B, containing 30 ml of sterile Searsport JP-4 fuel and 30 ml
of B-H solution containing various concentrations of nitrogen (see page 89)
were added 2 ml of viable or 6 ml of non-viable microbial inoculum. Each
water-bottom system was replicated 5 times for each of the three different
alloys used. The bottles were tightly capped and placed on the shaking

mechanism. The shaker and the bottles were left at room temperature
and kept in the dark as much as possible. Each coupon was observed
weekly for visual corrosion. In addition, each bottle inoculated with
viable cells was checked for nitrita (sulphanilic acid reagent), nitrate
(diphenylamine reagent), and ammonia (Poch and Benedict modification of
Nesslerls reagent). After a 90-day exposure period, the coupons were
removed and rinsed in 70%6 dehydrated alcohol, air dried under asceptic
conditions, and examined.

At the termination of the study, viable cells from the deionized water-
bottom were centrifuged and washed three times with B-H-3, re-suspended
in B-H-3, and inoculated into B-H-3 broth and agar (Special Agar-Noble,
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Difco). An aliquot of 0 1 ml of the microorganisms we, plated in-
triplicate. The inoculated media were divided into three groups. A and B
groups were placed in anaerobic jars and flushed with nitrogen gas or
carbon dioxide. The jars were placed in a 30 0 C incubator for 72 hours.
Group C was placed directly into the 30 0 C incubator for 72 hours. After
the incubation time the tubes and plates showing growth from the anaerobic
jars were inoculated on additional nitrogen free solid medium and incubated
at 30 0 C for 48 hours.

CORROSOMETER STUDY

Material

Ten strip corrosometer probes of 3 types of aluminum, model 1036
(Figure 25), were employed in the study. The probes used were 4 each of
aluminum alloy 2024 and 7075, and 2 of steel 8001. The testing containers
consisted of sterile 1000 ml flasks fitted with Buna-N stoppers to seal the
flasks and to hold the probes securely in place (Figure 26). Each probe,
prior to insertion in a test container, was cleaned by soaking that portion
of the probe to be inserted inside the test container in a 0. 1% Roccal solu-
tion for 3 hours and rinsing 2 times with sterile distilled water. The
corrosion of each probe was measured with a Corrosometer (Model CK-2
Magna Products Inc., Santa Fe Springs, California). The corrosion in
mile/yr can be determined by the following formula:

Change in dial divisions rnils/yr =Change in time in days x (0. 365) (8) or (4)

(8) factor for steel probe

(4) factor for aluminum probe

For the purposes of this study, the data were recorded as change in resist-
ance (dial reading ) with time.

The microbial inoculum of viable cells was a composite of Labora-
tory Culture Numbers 8 and 2 (106 cells/nil) and fungal scrapings from a
Sabouraud agar plate of a field JP-4 fuel/water sample. The composite
was diluted so that the starting inoculum was 103 cells/mI.

Procedures

Each probe was secured firmly in sterile 1000 ml flasks containing
100 ml of sterile B-H-l solution and 250 ml of filter sterilized JP-4 Sears-
port fuel overlay. The strips were placed in the containers so that each
was exposed to fuel and the water-bottom of B-H-l. Prior to adding the
microbial inoculum, an initial reading of each probe was obtained. The
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Figure 26. Test System for Corrosion Study.
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microbial inocu.um of 0. 1 ml was added to flasks designated 2, 5, 6, 9,
and 10. The microbial population of each inoculated flask was determined
daily until a stationary phase of the culture had been reached and maintained
for a period of three days. All test containers were incubated at room tem-
perature and in the dark, and were handled only for microbial and corrosiob
determination. The change of resistance (dial readings) of each strip was
determined periodically. After a 46 day observation period the probes were
removed and the strias examined for visual corrosion.

RESULTS AND DISCUSSION

Due to the heavy incrustment of corrosion of aluminum alloys 7075
and 2024 in the first phase of this study,all test flasks containing sea water
were discarded after 32 days of observation. The corrosion noted was of a
pit-type for alloy 2024 and intergranular for alloy 7075. Of the coupons in
B-H-i, no corrosion other than blackening occurred during the 60 days of
observation (Table XXI, Figure 27, Group C). The terminal microbiologi-
cal count was 108 cells/ml in the sea water, 107 cells/ml in B-H-i and 0
cells/ml in the control (uninoculated) flasks. Since corrosion differed
significantly in the sea water and the B-H-1 coupons and the microbial
counts in the water-bottoms were similar,a correlation between the pre-
sence of viable microorganisms and aluminum corrosion was not evident.
The possibility does exist that the environment provided by the sea water
permitted the microbes to carry out metabolic processes that manifested
in corrosion. However, the corrosiveness of sea water is well documented.
It was also found that aircraft sump water samples were always corrosive
to 7178, 7075, and 2024 (Table XXII, Figure 27, Group A). However, the
degree of corrosion would vary from one sample to the next. Of special
interest were the microscopic examinations of the sump samples. Although
the viable counts ranged from 0 < 103 cells/ml, the microscopic analysis
usually indicated that the system contained a greater microbial contamina-
tion than was shown on the growth plates for total counts.

Tables XXIII and XXIV show the cell counts of the water-bottoms bf
diluted sea water, distilled water, deionized water, and B-H-l utilized in
Studies A and B. As can be noted, terminal counts varied between the
various water-bottoms. However, the count appeared to have had no, rela-
tionship to the corrosion process. Of the three alloys tested, 2024 appeared
the most resistant to corrosion. Figures 28 through 33 show the -aluminum
coupons at the termination of Studies A and B. (Note the pit-t/pe corrosion
of alloy 2024 in Figure 28.)

In the microbially contaminated test bottles containing TSB, a gela-
tinous covering of coupons occurred. Microscopic examination indicated
the presence of bacterial cells. The covering did not appear to inhibit
corrosion and/or increase or decrease the rate of corrosion.

Stable emulsions as seen in Figure 34 at the fuel/water interface
were a common occurrence in JP-4 fuel/water systems during the early
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Table XXI

Sea Water vs B-H-i Corrosion Study of Aluminum Alloys 7178 and 2024

Aluminum Alloy 7179 Aluminum Alloy 2024

Observation - - - - - -- - - -

tie in2 Day ab 3 is 32 - 0 2 b ab 1532

Sea H2 0 bl ab + + Tezui- 0/ ab b Termi-
Loculated Zab bl b + nated 0 ab /ab + nated

SeaH 0 0 0l Tosi 0 emie 0 0 0 er
inoculated V l nated 0 0, 0a 0/ 0 nated

B-H-i 0 0 0 0 I Tormi- 0 0 0 i Termi-
ocuate 0 0 0 lnated 0 0 0 lnated

Cells/al Culture Source Terminal Cowt/ml pH

3.33 x104  SeaHO0 0
2

_____________ uninoculated ________________

SeaH 01.30 x 10'2

inoculated

B-H-l 0

uninoculatod

B-H-i 1.40 x 10 7 5.0 t

inoculated

Note:I each triangle repreents me side of the coupon

bl a blackening
ab a air bubbles
b a bubbles
0 mno coe on
+ u orsosima found

/utwo sides of aluminum strips

Table XXI. Sea Water vs B-K-I Corrosion Study of
Aluminum Alloys 7176 and 2024.
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144;

Figure 27.
Aluininm Corrosion of Coupons in Aircraft Sup Waterg
B-H-i Solution and Laboratory Culture No* 3 System,,
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Tal XI

Aircraft Sump Water Corrosion Study of Aluminum Alloys 7075 and 2024

Aluminum Alloy 7075

Observation
time in days 2 15 30 60 Triae

Autoclaved 4 Extensive
L>11 granular

granular corrosion
As is +. + + +

___ ___ 07 + .

.DH ____ _____ _____ 5.0*

_________ _______ Aluminum Alla 2024 ______________

Observation
time in days 2 15 30 60 Terminated

0 + Small amount ofAutoclaved 0 * pit corrosion

pit

As is 0 + +~ + Extensive

Not:0 each triangle representsnu# side of the cupon

+ a corrosion found

0 a no corrosion

a a minute Mount of corrosion

Table )OCIZ Aircraft 8uW Water Corosion Study
F of Aluminum Alloys 7075 and 20214.
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SEA WATER
Figure 28.

Study A, Corrosion of Aluminum Alloys 7178,

2024 and 7075 (left to right) in Sea Water.
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DEAD

DEIONIZED,
WATER..
Figure 29.

Study A, Corrosion of Aluminum Alloys 7178, 2024
and 7075 (left to right) in Deionized Water.
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WATER

Figure 30.

Study A, Corrosion of Aluminum Alloys 7178, 2024,

and 7075 (left to right) in Distilled Water.
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Table XXIII

Corrosion Study A

A. Time Corrosion Appeared in Days

vater _______ Live ___ Miroia____eaMcobalCal

Bottoms 7178 2024 7075 7178 2024 7075 7178 202 77

Sea Water 0.5 >e 0. s

Deonhaed 5 0 5 2 0 - 2a 02

Distilled 6 0,. 3 20266
Water 7 0 5 0 8j 8 0

B. Viable Call Count/ml of Inoculum, Initial and Terminal

Aluminum Alloys

Water- 7202 707
Bottoms Initial Count I _______ Terminal Count/mi _______

Diluted Sea Water 8.30 x 10"4 '1.00 x 10 5 1.50 x 107 1. 00 x 10 5

Deionized Water 1.46 x 10~ 5 <1.00 x 10 5 1.80 x 106 1.30 x 10O5

Distilled Water 1.58 x 10 5 4.30 x 10 53.67 x 10~ 5 1.00 x 10O5

56 6B-H-I 1.50 x 10 7.80 x 10 ~ 2.36 x 10 ~ 9.60 x 10~

TSB 1.37 x 10 5 2.57 x 10 7 2.80 x 106  1.41 x 10O7

fl 2  ded Side of Alumium Alloy Strip Number of Cells/ml determined theoretically

Nson-sanded Sid* of Aluminum Alloy Strip after cells had been washed, centrifuged,
and resuspended in 20 ml of designated

Numbers represent day corros ion water-bottom.
F O Iapperedafter teat was initiated.

Table XXIII.
Corrosion Study A: A-Time Corrosion Appeared in Days.

B-Viable Cell Count/mi of Inoculum, Initial and Terminal.
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Table XXIV

Corrosi,n Study B

A. Time Corrosion Appeared in Days _________________

Water 22 O422
Bottoms 7178 2024 a b c 70751 7178 12024 aj~ b I 7075 117178 2024 a b.~ I.k~ c.~ 70725

Deionized 1 0 0 0 0 0 /12 0 0 00 0
Wtr 12 0 0 ; 0 /0 * 0/.~** 12 **~* / /0 [/1) 1/ /.*~00 0 02 >121

Distilled 4 0 0 0 12 4 4 0 13 0 0 < 13 0 12 0 0
Water 12 0 0 0 12 12 2 0 13+ 0 0 12 13 0 2 0 0 0

B-H-I 0 0~ 0 0 0 0 0 00 1

0SB 0 00 0

B. Viable Count/ml of Inoculum, Initially and Terminal

Water Initial Aluminum Alloy
-Bot toms Count 71L78 2024 2024a 2024b 2024c 7075

Terminal Count/mi ______ ______

Diluted x16l ~ lB x 1.5xi 8  
47x16 59 0

Sea Water 1.19 x 06 <1.00 x 105 5.10 x 106 7.67 x10 6 2.5x18 473x 06 597x 06

Deionized555
Wate r 5.37 x 10 5 1.67 x 10 5 2.00 x 10 5 <1.00 x 10 5 <1.00 x 10 5 1.00 x 10 5 <1.00 x 10 5

Distilled 455
Water 7.68 x 10 5 <1.00 x 10 5< 1.00 x 10 5 <1.00 x 10 5 3.30 x 10 <1.00 x 10 <1.00 x 10

B-H-I 6.62 x 10 5 2.50 x 10 5 4.53 x 10 6 1.30 x 10 7 1.30 x 10 8 1.57 x 10 7 2.80 x 10 6

TSB 8.12 x 10 511.00 x 10 5 2.60 x 10 811.60 x 10 8 2.70 x 10 8 1.48 x 10 7 <1.00 x l0 5

EmDery Side of Aluminum Alloy Strip Numbers represent day corrosion appeared

-Plain Side of Aluminum Alloy Strip after test was initiated on 12/11/63.

Number of Cells/mi determin ed theoretically after the
+ Possible corrosion cells had been washed, centrifuged and resuspended in

60 ml c~f designated water-bottom.

Table XXIV.
Corrosion Study B: A-Time Corrosion Appeared in Days.

B-Viable Count/mi of Inoculum, Initial and Terminal.
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investigation of microbial contamination of jet fuels. At the present time
they are very rarely seen. However, in the nitrate vs nitrite study using
varying amounts of nitrogen in the growth medium, those test containers
microbially contaminated and having the greatest concentration of (NH 4 )2so 4

developed a stable emulsion within 24 hours after initiation. No correla-
tion was evident between the emulsion and occurrence of corrosion of the
aluminum alloys.

Due to the lack of information concerning the factors pertaining to
the growth and metabolic activity of the microbial cells when in an environ-
ment of JP-fuel, attempts to correlate corrosion and microbiai activity
of aluminum have been unsuccessful. Reproducibility of corrosion exclus-
ively associated with microbial activity on aluminum alloys, even under
stringent laboratory conditions, is difficult to obtain and is unpredictable.
The "cause-effect" relationship between microbial cells and aluminum
alloy corrosion could not be affirmed by the results of these studies. The
study concerned with microbial metabolism (nitrate vs nitrite), initiated
as the result of Blanchard's studies,4' did not appear to implicate micro-
organisms in aluminum alloy corrosion (Table XXV and XXVI). Thus,
contrary to Blanchard's 4 2 suggestion, microbial cells did not appear to
have influenced the corrosiveness of the environment.

Although corrosion of coupons was more apparent in some of the
test bottles containing viable cells than in other test containers containing
identical systems, the final observation showed corrosion of some coupons
in all systems. Table XXV shows that non-viable and controlled test con-
tainers had more coupons which corroded than did the viable inoculated
systems. This cannot be explained based upon the present studies. Also,
the number of viable cells present appears to be unrelated to the corrosion
of the alloys (Table XXV).

Although field reports suggested that corrosion of aluminum alloys
was associated with microbial contamination of JP-fuel systems, the
results of each of the laboratory corrosion studies of aluminum alloys 2024,
7178, and 7075, under the conditions of the testing environment, did not
give significant evidence to unequivocally implicate microorganisms with
the corrosion problem.

Results of the studies concerning the ability of microorganisms ob-
tained from JP-fuel to fix nitrogen (from the nitrate-nitrite studies) were
negative. Since growth occurred in the absence of oxygen (Azotobacter
species requires oxygen for nitrogen fixation while Clostriduim pasteuri-
anum is anerobic) and in apparently nitrogen free media, this growth is
attributable to the presence of nitrogen in the deionized water and/or
substituents of the media used. Of interest from the study was the develop-
ment, after 6 days, of a gelatinous material in the nitrogen-free broth
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Table XXV

Study C - Corrosion of Three Aluminum Alloys

in Various Water-Bottoms, Effect of NO3 or NO2

(Terminal Determinations)

WjHr Corrosion Side Corrosion Ammonium Nitrate Ni
Bottoms,

V C V D C V D C V D C V

Alloy 7178

2 2/5 2/5 2/5 5/5 4/5 5/5 3/5 5/5 4/5 0/5 1/5 0/5 0/5

3 2/5 0/5 4/5 5/5 4/5 3/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

1 1/5 0/5 0/5 0/5 0/5 0/5 3/5 5/5 5/5 4/5 5/5 2/5 2/5

4 0/5 - 0/5 1/5 - 0/5 5/5 - 5/5 4/5 - 3/5 3/5

5 0/5 - 0/5 5/5 - 4/5 0/5 - 0/5 0/5 - 0/5 0/5

6 0/4 0/5 4/4 - 5/5 0/5 - 0/5 0/5 - 0/5 0/5

Alloy 2024

2 1/5 5/5 1/5 5/5 5/5 5/5 0/5 0/5 0/5 0/52 1/51//

3 3/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
K15 /5

1 0/5 0/5 0/5 0/5 1/5 5/5 5/5 1/5 5/5 5/5 0/5

4 2/5 - 0/5 0/5 1/5 - 5/5 1/5 - 5/5 0/5

5 0/5 - 0/5 0/5 0/5 - 0/5 0/5 - 0/5 0/5

6 0/5 4/5 0/5 0/5 - 1/5 0/5 - 0/5 0/5

Alloy 7075

2 1/5 1/5 1/5 5/5 5/5 5/5 3/5 4/5 5/5 1/5 4/5 2/5 0/5

3 1/5 1/5 0/5 5/5 3/5 '5/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

1 0/5 0/5 0/5 0/5 0/5 4/5 5/5 5/5 3/5 5/5 5/5 1/5

4 0/5 - 0/5 - 1/5 2/5 - 5/5 1/5 - 3/5 0/5

5 0/4 - 2/5- 3/4 - 0/5 0/4 - 3/5 0/4 - 2/5 0/5

6 0/5 - 0/5 4/5 - 5/5 0/5 - 0/5 0/5 - 0/5 0/5

V v Inoculated with viable mioroorganisms The number of bottles positive

D a Inoculated with dead microorganisms "o the specification determnaon..
The umber of bottles in the set.

C a Control 5 All sets contain 5 except fo 7178 F
inoculated and 7075 E Lnooclede

Table XXV. gtu* C - Cootsic of Threoe Alunmnus Alloys La Vaurioue sm

Effect of 903 w 102 (Ter Dn8a etondnations).
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Table XXV

Study C - Corrosion of Three Aluminum Alloys

in Various Water-Bottoms Effect of NO 3 or M02

(Terminal Determinations) -

4

Sion Ammoniuma Nitrate Nitrite pH Range 8

C V D C V D C V D C V D C

5 5/5 3/5 5/5 4/5 0/5 1/5 0/5 0/5 0/5 0/5 4.0-4.5 6.8 6.8-7.0 7.0* 0/5

5 3/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 6.4-7.0 7.0 7/8 7.0* 0/5

5 0/5 3/5 5/5 5/5 4/5 5/5 2/5 2/5 0/5 0/5 3.5-6.0 6.4-6.6 6.0-6.8 6.5* 1/5

0/5 5/5 - 5/5 4/5 - '3/5 3/5 - 0/5 3.5-6.6 - 6.4-6.6 6.5* 1/5

4/5 0/5 - 0/5 0/5 - 0/5 0/5 - 0/5 4.0-6.8 - 6.8 7.0* 0/5

5/5 0/5 - 0/5 0/5 - 0/5 0/5 - 0/5 6.8-7.0 - 6.8 7.0* 0/5

5/5 5/5. 5/5 0/5 0/5 0/5 0/5 0/5 0/5 4.0 6.0-7.0 6.8 7.0* 0/5

0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 6.8 6.0-6.8 6.0-6.8 7.0* 0/5

1/5 5/5 5/5 1/5 5/5 5/5 0/5 0/5 0/5 4,.5-6.*4 6.8 6.1-6.8 6.5* 2/5

1/5 - 5/5 1/5 - 5/5 0/5 - 0/5 3.5-6.5 - 6.4 6.5* 3/5

0/5 - 0/5 0/5 - 0/5 0/5 - 0/5 5.0-6.8 - 6.8 7.0* 0/5

0/5 - 1/5 0/5 - 0/5 0/5 - 0/5 4 .5-6. 4 - 6.8 7.0* 0/5

5 5/5 3/5 4/5 5/5 1/5 4/5 2/5 0/5 0/5 0/5 3.5-4.0 6.0-7.0 6.0-7.0 7.0* 0/5

5 5/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 6.8 6.8-7.0 6.0-7.0 7.0* 0/5

5 0/5 4/5 5/5 5/5 3/5 5/5 5/5 1/5 0/5 0/5 3.5-6.3 6.0-6.6 6.0 6.5' 0/5

1/5 2/5 - 5/5 1/5 - 3/5 0/5 - 0/5 4.0-6.6 - 6.0 6.5' 2/5

- 0/5 0/4 - 3/5 0/4 - 2/5 0/5 - 0/5 4.0-6.8 - 6.0-7.0 7.0* 0/5

5/5 0/5 - 0/5 0/5 - 0/5 0/5 0/5 4.0-6.8 - 6.0-7.0 7.0* 0/5
-- - -,|---,--

is.The number of botles poveayeOS
Lo e2 , for the pe cfi tin dterunatin . a ndcte. 2 ea within that Stoip.

r5/ 

5i

The number of bottles in the set.
5 * All sets contain 5 except for 7178 F

Inoculated and 7075 E Inoculated.

- Co osim of Thme AlumLum Mo in Various Vater-Bottomsu,
Effeft of N03 or N02 (Term&L Dtersenatoms).
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medium inoculated with the suspected nitrogen fixer,. A repeat of the
prpcedure resulted in similar results. Microscopic inaalysis of the
gelatinous material indicated long chains of bacterial cells.

The results of the study concerned with the use of the corrosometer
probe as a device to indicate microbial induced corrosion in JP-fuel systems
are shown in Table XXVII and Figures 35 to 40. The change in corrosometer
dial readings shown in Figure 40 was selected over corrosion in mils/year
in order to show more clearly the changes of the probe in microbially inocu-
lated and non-inoculated JP-4 fuel/water systems. Table XXVII presents a
tabulation of the dial reacaigs obtained with the corrosometer probes, the
calculated change in dial readings, temperature variation during the study,
and the microbial concentration. Figure 40 is a graphic presentation of
these data. It can be seen in Table XXVII and Figure 40 that the corroso-
meter reading of the steel probe showed a definite relationship between the
JP-fuel systems microbially inoculated and non-inoculated. The inoculated
system exhibited a linear rate of corrosion throughout the experimental
period. Some change in the resistance in the uninoculated system was also
noted. Of particular interest was the continuation of the corrosion process
of the probe while the bacterial count reached a stationary phase about the
twelfth day and remained there for approximately 28 days. Since the dial
readings (resistance) did not alter to any great degree in the non-inoculated
JP-systems, these data indicate that products of microbial metabolism were
responsible for the corrosion and that these products were either present in
excess at the termination of the log phase of growth (lot through the 12th day)
or were continually produced by the microbes during the stationary phase of
growth. Thus, the corrosion of steel appeared to be directly influenced by
the activity of the viable microorganisms in this experimesntal system. This
Is in agreement with Dooley and West s and with literature concerning iron
corrosion.

The results with the aluminum probes indicate that aluminum alloys
as used in aircraft are not susceptible to micrtbially indu.ed corrosion under
tie conditions of this experiment. Figures 36 and 33 show that the alloy
probes 2024 and 7075 were corroded to a slight degree in the microbially
inoculated JP-fuel system. The degree of resistance. however, was not
sufficient to warrant the use of the probes as corrosior inricators in JP-
fuel systems. The obseriation in the c-. rrosion study (Section VI) of the.
resistance of 2024 alloy to visible corrosion .- nd the finding that the 2024
corrosometer probe is a somewhat more sensitive indicator of corrosion
cannot be explained on the basis of the available data. Figt-res 35 through
39 indicate the visible corrosions of varions corrosometer probes used in

this study.

The evaluation of the us. of the alumium alloy #trip corrosomster
probes as P. means of detecting microbially contaminated aircraft
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Table UVWI

boord of Cormoster Probes in icrobiaLly Inoculated
and Uninoculated JP-4 Fuel/Water Systems

Aluminum Probe 2024 Aluminum Probe 7075

b-hmlge in Microbial Chmge in Microbial Change in
M1 eadinga Count/mi Dial Readime Count/mi DAAladings

ad Unnoculated Inoculated Uainoculate Inoculated Uninoculated a nCulated Vainoculated Inoculated Uninoculated

12.4 2.50 x 103 0 2.0 2.35 1.0 x 10$  0 0.9 1.85

21.7 2.10 x 105 0 8.5 5.35 1.89 x 10)5  0 4,.9 6.1

28.7 - 12.5 0.35 0 -2.6 -0.9

33.7 8.2 x 107 0 16.5 1.6 1.54 x 108 -0.1 1.1

35.7 1.6 x 108 0 22.0 1.85 8.83 x 108 0.15 1.35

35.7 - - 25.0 0.85 - -1.1 1.1

40.7 3.60 x 108 0 27.5 -2.35 2.89 x 108 -4.6 -2.4

46.7 - 34.5 3.35 1.65 4.35

47.2 - 35.0 3.1 1.65 4.35

46.2 - 35.0 1.85 -0o1 2.6

49.2 37.0 3.85 2.15 5.35

49.2 8.80 x 108 36.5 3.1 4.63 x 10 1.15 4.6

50.2 - 36.5 2.85 . 1.15 4.1

51.7 - 37.0 4.1 . 1.65 5.1

53.2 - 37.0 3.6 1.4 5.35

",S2.7 37,0 3.85 0.65 4.85

51.7 - 34.5 0.35 -4.1 -0.150

55.7 - 33.5 1.35 -2.85 1.1

61.7 - 37.5 5.1 2.15 5.85

62.2 1.44 x 10 39.5 8.35 2.5 x 108 5.15 8.85

61.7 - 38.5 7.1 3.15 7.1

59.7 - 35.5 3.6 - -1.35 2.6

61.7 3.16 x 109 35.5 3.6 1.68 x 109 -0.1 2.85

62.7 - 37.5 4.85 - 0.65 3.85

65.7 - 39. 6.6 - 4.65 7.35

66.2 - 39.3 7.1 - 4,65 6.35

69.7 - 40.5 7.85 - 6.65 7.35

67.7 - 39.5 7.85 - 6.65 7.35

70.2 2.25 x 10 9 40.5 9.1 1.95 x 109 8.15 8.35

69.2 - 110.5 8.85 - 7.4 7.6

70.2 - 41.5 8.85 - 9.9 9.1

70.7 - 43.5 8.6 - 9.65 9.85

72.7 - 44.0 9.6 - 10.65 9.6

68.7 1.53 x 10 0 41.5 6.85 2.2 x 108 0 7.65 4.85

cord of Corrosometer Probes in licrobially Inoculated
and Uninoculated JP-4 Fuel/Water Systems.
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Figure 35.
Corrosion of Iron Corrosometer Probes
(No. 1 from Uninoculated Test System,

No. 2 from Microbially Contaminated Test System).
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Figure 36.
Corrosion of Aluminum Corrosometer Probs 20214

from Microbially Contaminated Test System.
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Figure 37.
Corrosion of Aluminum Corrosometer Probes
2024 from Uninoculated Test System.
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Figure 38,
Corrosion of Alumninu Corrosometer Probs
7075 from Microbially Contaminated Test System,
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Figure 33,
Corrosion of Alininm Corrosometvr Probes 7075

fromt Uninoculat. d Test System.
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JP-fuel syst ems was a preliminary study. However, with the attention
now given to fuel handling procedures and the use of EGME-glycerol in
JP-fuels, a device to detect microbial corrosion in aircraft is no longer
in demand. Microbial corrosion of aluminum of the integral fuel tanks
is no longer connidered a major factor in the overall cnr'rosion problem
still in existence. In fact, microorganisms in JP-fuel systems may never
have been a problem, or at least not a problem of the magnitude initially
believed.

The implication that nucrobial corrosion is not considered a prob-
lem at this time is not to be interpreted as meaning that microbial corro-
sion is non-existent or will not become a problem in the future. Mutant
or adaptable strains from the present population of hydrocarbon microbes
contaminating the JP-Iuels may increase to sufficient quantities to create
microbial corrosion problems or perhaps other types of fuel system
degradation.

CONCLUSIONS

1. The tests performed did not unequivocally implicate micro-
organisms with the corrosion KC aluminum alloys 7178, 2024, and 7075.

2. Sea water, even in diluted form, with oi- without microbial
contaminants, was corrosive to aluminum alloys 7178, 2uZ'., a 7075.

3. Aircraft sump water appeared to be as co'rosive to aluminum
alloys 7178, 2024, and 7075 as was the sea water.

4. Of the aluminum alloys included in the coupon corrosion
studies, alloy 2024 was the most resistant. In the event of corrosion,
2024 exhibited a pit-tylpe corrosion and 7075 exhibited an intergranular
type.

5. Of the microorganisms surviving in a JP-4 fuel and deionized
water system and tested for a nitrogen fixation, nitrogen fixation was not
evident.

6. The studies concerning the use of aircraft structural aluminum in
corrosometer probes as a detecion device for microbial corrosion of
integral fuel cells was a preliminary study with evidence indicating that
the rate of corrosion was insufficient to show microbially irduced corrosion.
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Section VII

EFFECT OF MICROBIOLOGICAL CONTAIb/IJNATION
ON FUEL GAGE CAPACITANCE PROBES

The presence of microorganisms and microbially prcduced material
bas been implicated in the production of slime and sludgc in JF- t fuel/
water systerns. ',6 The slime and sludge have, in turn, been suspected as
a cause for the malfunctioning of fuel gage capacitance probesg47D4 8 49, of
aircraft. However, direct evidence of microbial inv-olvement 'n fuel gage
ralfunctioning was not available in the literature reviewed.

To determine the relationship of microorganisms and the microbial
slime or sludge to the malfunctioning of aircraft fuel gage capacitance probes,
probes of four USAF aircraft were installed in simulated field JP-4 fe1/
water systemol: contaminated and non-contaminated, and observed for a
period of time. During the period of observation the probes were attached
to a capacitance bridgt- to determine the stability -:f the fuel measurenents.
To correlate probe malfunctioning to microbial population, the water-hottom
of each test system was sampled periodically and the number of viable aero-
bic microbial cells were Lalculated. Since microbial population and probe
malfunctioning were to be correlated, each probe was disassembled and
examined at the termination of the study.

METHOD AND MATERIALS

Microbiolosical Analysis

Viable microbial cells in the water-bottoms of each test system were
determined by the spread plate technique (Section II).

Probe Study

Materials. The test containers consisting oi two 208 L (55 gal. ) aluminum
druns and two 20. 3 x 20. 3 x 20. 3 cm Buna-N coated simulated aircraft fuel
cells with removable lids. were fitted with probe sleeves to rigidly hold each
probe in place during the test period. Sleeves of aluminum for three of four
probes and a vent for the escape of fuel vapors were installed into holes cut
along one side of each drum. One Buna-N plugged sampling port, secured
in place by a metal band approximately 1800 from the probes, facilitated the
sampling of the water-bottoms of each drum for microbial enumeration. End
gages attached to each drum enabled the observation of the fuel-water inter-
face (Figure 41). Sleeves of Buna-N were affixed in the lids of the model
fuel cell tanks. The water-bottoms of each model tank were sampled via a
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Blna-N plugged sampling port which was located at the base of the tanks
(Figure 42). The ports were secured in place by a metal band.

The test JP-4 fuel was an anti-icing free fuel obtained from a
Wright-Patterson Air Force Base storage facility.

The water-bottoms were composed of an autoclave sterilized B-H-I
salt solution. The solution was initially prepared in double strength, steri-

lized, cooled, and diluted to the proper concentration. The solution was
autoclaved in an 18. 9 L (5 gal. ) clear glass carboy for a period of 30 min-
utes. After sterilization the water was cooled for 96 hours at room tempera-

ture.

The microbial inoculum consisted of a composite of 104 cells/ml of
air contaminants (determined after the concentration of B-H-i solution had
been diluted) and 1. 4 ml of Laboratory Cultures 7, 8, and 9.

The gage probes of the study were:

Liquidometer Pin used in the F-105
Part No. Ea772 GCB1662
Stock No. 6680 827-4626
Order No. AF36 600 9128
Serial No. A96339-23
Cap. 73. 74 and 73. 65 upF

Minneapolis Honeywell Pin used in the KC-97
Part No. JG7013 A58
Stock No. 15-19423-74
Spec. No. 372442-701

Serial No. 10383 and 10419

Avien Pin used in the C-124

Part No. 165-022-222
Stock No. 6680-090-1852
Control No. AF36-600-13465
Serial No. A406 and A393

Simmons Pin used-in the F-102

Part No. 381056-AD652IStock No. 6680-561-4732
Order No. AF36 600-10834
Serial No. 4185H

Attached to each probe was a central capacitance bridge (precision
type P582, General Radio Co., Serial No. 103, Cambridge, Mass.) to in-
dicate the operational status of each probe.
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To determine if the environmental temperature could be correlated
with erroneous readings of fuel capacitance probes, the environmental tem-
perature was recorded (Honeywell-Brown Electric roll type recorder).

All containers were placed on a large tilt-table platform that tilted
150 11 times/min (Figure 43a and 43b) to facilitate agitation of each test
system.

Procedures. With probe sleeves welded in place, the drums were washed
with hot tap water containing a laburatory detergent, rinsed once with 0. 1%
Roccal solution and steam sterilized for 2 hours. Immediately after steam-
ing all orifices were capped with sterile cotton and aluminum foil coverings.

The two model fuel cells were cleaned with hot tap water containing
a detergent, rinsed once with distilled water, rinsed once with a 0. 10
Roccal solution, and rinsed twice with sterile distilled water. The cleaned
removable lids were immediately set in place and securely fastened. The
Buna-N sleeve gasket was immediately covered as were the drum probe
sleeves.

Each probe was soaked, up to the connecting capacitance connectors,
in 0. 10 Roccal solution for 3 to 5 hours, rinsed with 3 L of sterile distilled
water, packaged in sterile brown wrapping paper while wet, and dryed in a
hot air oven at approximately 35 0 C overnight.

The growth support characteristic o! the test JP-4 fuel to micrebiLl
cells was determined by observing, for a perlod of 2 weeks prior to the test
.feriod, the viable microbial cell count of a system consisting cf 3CO ml each
of JP-4 fuel and B-H-I solution

Prior to inserting the probes in each test container, or positioning
the test containers on the tilt-table platform, 96. 5 L (Z6 gai. ) of JP-4 fuel
were filter sterilized through a 0. 45 micron Millipore m.rnbrane ilter
(laboratory sterilized filter holder No. YY30-14'-n0) d'rectly into each
drum via the fume exhaust sleeve. To each model wing tank 200 ml of
similarly sterilized fuel were added.

The addition of contaminated or non-contaminated B-H -I solution to
each drum and model fuel tank followed the positioning and securing of each
test container to the tilt table platform. To minimize the amount of water

in each testing container, but to assure probe contact with a suspension of
water-bottom material during the testing agitation period 15 L or 10. 2 cmof
water-bottom(at the lowest point of the drum)were added via the fume ex-
haust sleeve to each drum, and 50 ml of B-H-l solution were added to each
model wing tank. The microbiological contamination level (or sterility) of
each water-bottom was determined within 3 hours after the addition of the
B-H-l to the fuel. Prior to the addition of the B-H- solution, the sterility
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Figures 43a and 43b. Test System for Fuel Gage Capacitance Probe Study
showing the tilt of the Agitation Table.
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I

of all fuel was determined by obtaining 0. I ml aliquots of fuel via the
bottom sampling ports, and plating to TSB with 1. 5% Bacto-agar plates.

As aseptically as possible the probes were unwrapped and each
inserted into its designated sleeve. The probes were affixed just above the
fuel-water interface. A'uminum foil caps were placed over all probes to
prevent any additional air contaminants from entering the testing systems.

Initial readings of each probe were made upon connection to
the capacitance bridge apparatus. The Z08 L drums and both model wing
tank systems were agitated 3 times per week for 1 hour over a period of 3
months. The observation period of the control drum was extended 3 weeks.
Capacitance readings and microbial population determinations were sched-
uled for all systems prior to and directly after each agitation. All samples
of the systems were obtained via the base sampling ports with a sterile
hypodermic syringe fitted with an 18 gage needle (Figure 42).

At the termination of the observation period, all probes were remov-
ed and diLassembled. Swab samples of all adhering slime material were
streaked to solid growth medium to determine the presence of viable micro-
organisms. In addition, slime-like material was examined microscopically.

Upon completion of the study, all test containers were emptied and
inspected for any deterioration. Swab samples of areas indicating deteriora-
tion were subjected to microbial analysis.

RESULTS AND DISCUSSION

Of the four types of probes tested, one probe (Liquidometer Pin of
the F-105 aircraft) ceased to give capacitance readings one month after
exposure to microbiologically contaminated JP-4 fuel/water (Figure 44).
When the malfunctioning probe was disassembled, a bridge of slime was
observed between the inner surface of the inner capacitance plate and the
support rods (Figure 45) which stabilize the plate. Each of the other probes
showed similar gelatinous adhering material on the inner portions of probe
plates. However, a bridge of slime was not noted in any of the other probes
between the probe plates and support pins. Except for the support pins of
the probe that malfunctioned, which were at the base of the probe (Figure
44), all other support pins or structures were located close to or above the
middle of the probe plates, or were situated so that a bridge of slime could
not be formed between supporters and capacitance plates.

On the 80th day of observation the water-bottom of the control
drum was found to be contaminated (Table XXVIII). To determine if the
Liquidometer Pin of the F-105 aircraft would become inoperative as did
the similar probe in the microbially contaminated drum, the control drum
was observed for an additional 3 weeks. Approximately I month after the
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Table XXVIII

Control Drum Contamination, Cells/ml

Sampling Cells/mi
Time

in Days Prior to Agitation After Agitation

80 TNTC TNTC

89 TNTC Not Run

92 1.45 x 107 Not Run

101 1.05 x 10 5.50 x 106

108 4.67 x 106 1.17 x 107

AF3600-9128 malfunctioned

114 7.00 x 106 7.00 x 106

120 no agitation 1.87 x 106

Table XXVIIo COntrol DrM Cot atto , COlUS/Ol.
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Figure 4.5. L~quidcmeter Pin eatt2gd b 1662 used on F-105 Aircraft,
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water-bottom of the control drum had become microbially contaminated,
the Liquidometer pin ceased to give a capacitance reading (Figure 44). To
assure that the pin had malfunctioned, capacitance readings were continued
for an additional 2 weeks. At that time observation of the system was
terminated, and the liquidometer probe was disassembled. The bridge of
slime between support rods and capacitance plates was again observed.
Microbiological analysis indicated that the slime was of biological origin
or at least associated with microbial activity. Under the conditions of
this test the results indicate microorganisms can cause the malfunctioning
of fuel gage capacitance probes.

Although fluctuations were noted in capacitance readings of all
probes (Figures 46, 47, 48, 49), no correlation between microbial popula-
tion (Table XXIX) and capacitance readings could be made, -r the number
of microbial cell/ml reached its peak (10 for the drums and 108 cells/mi
for the wing tanks) within 10 days and maintained approximately this level
throughout the observation period. A decrease to 106 cells/ml was noted
2 weeks prior to termination of the study in the simulated wing tanks,
(Table XXIX). These fluctuations may have been due to temperature
changes.

Small areas of deterioration were noted in the 208 L drum.
Swab samples of each of the areas indicated the presence of viable micro-
bial cells. No deterioration was noted of the coating material of the simu-
lated fuel cell tanks.

CONCLUSIONS

Under the conditions of this study it is concluded that viable
microbial cells can cause the malfunctioning of fuel gage capacitance
probes if the engineering design is such that it will permit the microbes
to form a gelatinous bridge between capacitance plates.
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Itble MXXZ

Viable (*i Cotmt/m1 for NcrbLay Cotasiat*d Camtaliere

for f=el CapacitaAce Study

Daft of hmrl Drum Vinf TankI 8p11Dg Prce to aItatc I After altation Prior to tatia Afteai taton
to Dys Cmis per al WlU pE% a1

1.06 a 10 L 1-- ozi1Ina Ioaam 1m 1.06 a lO)

3 (no agitation) 2.00 x 104 (no asitation) 1.64 x 10

S 3.93 a 1O 2.67 IO0 1. .10 600 x

7 6.33 x 10
7  6.37 x 10

7  7.87 107 1.05 x 108

10 14.27 a 10 8.00 x 10 1.03 x 10 1.140 x 10

12 LS xO 2.13 x 106 2.33 x 108 4.30 x 10

6 6 6ao
14 5.03 z 10 8.63 x 10 5.97 x 10 14,33 x 10

17 4.63 x j06 1.06 x 10 7 2.50 x 108a 3.87 x 1089

6 7 a8
19 5.30 x 10 2.10 x 107 3.30 x 10 4.39 x 108

21 9.67 x 105 2.77 x 107 1.43 x 10 1.33 x 10a

22 8.00 x 105 1.35 x 10 7  
2.05 x 10 1.17 a 108

25 - 2.77 x 107 3.0 x 10
8  1.31 x 10

7

27 6.30 K in
S  

7.30 x 106 2.17 x 101 1.19 x 107

30 1.83 x - 2.30 x 108 - AF3600-9128

32 3.30 x 106 3.93 x 106  2.23 x 106 2.20 x 10 ctia d

31 5.47 x It 
6  

1.32 x 107 2.23 x 10 7.63 x 108

7 77

$7 7.67 x 10
S  

1.09 x 107 3.67 x 107 4.30 x 107

39 1.67 x 107 3.33 x 10
7  1. x10 7 1.12 x 10'

6 7 77
11 9.00 a 10 2.67 x 10 2.07 x 10 3.00 x 107

4411- 2.10 x 10 7 3.53 x 107 3.83 x 107 3.23 x 107

46 1.27 x10
-  

3.67 x 10
7  

3.09 x 108 1.04 x 108

51 1.30 x 106 3.67 A 10 113 x l0 9.00 x 108

61 2.63 x 106 1.50 x 10 2.2d x 109  
7.03 x 106

68 - 3.91 x 10 1.10 x 100

75 1.03 x 107 1.61 x 106 3.67 x 106 3.70 x 108

s0 6.90 x 106 3.80 x 106 2.00 x 106 2.67 x 1 06

89 1.80 x 107 1.23 x 106

92 4 1.05 x 10
7  8.50 x 10 6

- indicates snalyvs omitted

Table XXIX. Viable Call Coupt/m. for Micrabially Contaminated
Containers for Fuel CapacJitance Study.
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Section VIII

MICROBIOLOGICAL GROWTH SVPPORTABILITY OF
MICRONIC FUEL FILTER/SEPARATOR MATERIAL

The probability that microorganisms were involved in the clogging
of filter elements used in refueling equipment for JP-fuels was implied in
earlier studies of microbial contamination of USAF JP-fuels"9 . However,
an on-site field study8 5 of a refueling system grossly microbiologically con-
taminated indicated that microbes had little to no effect on the clogging of
filter/separators of that system. The field program, designated "Bacterio-
logical Effects on Aircraft Refueling Systems" (BEARS), was initiated in an
idle Pritchard refueling system located at Kindly AFB. Operational tests
were conducted on two underground storage tanks, one designated-as a
control, and the other inoculated with microorganisms recovered from other
microbially contamir.ated fuel system water-bottoms. The results of the
study showed no degridation of the JP-fuel, and no significant changes in
the performance of the filter/separators. In addition, of the filters checked,
the number of viable mi, robial cells recovered were insufficient to cause
filter clogging.

Although the results of the BEARS study had tentatively concluded
that microbes were not of concern in filter/separator clogging, the possibi-
lityr that microbes were involved was suggested when a microscopic exami-
nation of material adhering to the surface of a micronic filter (Figure 50)
obtained from an ope. ,-ational fied refueling system indicated a gross micro-
bial contamination. The microscopic analysis showed the material to be an
amorphous, brown, gzrasy substance and a mass of bacteria and fungal
hyphae. However, in eirect opposit-ion to the microscopic analysis, the
plate counts to determir.a the total nurnber of viable microbial cells of the
adhering material showei a low level o.l microbial contamination. To deter-
mine the effects of the m..crobial contamination on filter element material,
various sections of tht element were removed and analyzed (microscopically
and microbiologically). Tl'e results of the tests indicated that of the layers
checked, no degradation of :he filter material was visually evident, although
viable microbial cells were present throughout the element.

As a result of the micronic filter analysis, a study program was
initiated to determine the growth supportability of the micronic fuel filter/
separator material.
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Figure 50. Hicronic Filter Recovered from Lockborn AF.B.9 Ohio

143



METHODS AND MATERIALS

Materials

The test containers consisted of sterile, 50 ml, screw-capped clear
jglass test tubes and 5 cm glass petri dishes. To obtain a high humidity

environment, a cha.mber was fabricated as follows. A 25.4 x 25.4 cm
museum jar was inverted on a piece of glass. A 15. 2 cm petri dish bottom
with sterile distilled water to provide the moisture was placed inside the
museum jar. A dessicator plate was placed over the petri dish to serve as
a platform for the test containers. The system was made airtight by sealing
the museum jar to the glass plate with Plasticinee.

The testing fuel was a JP-4 fuel, filter sterilized through an 0. 45
micron Millipore filter.

A new, intact micronic filter as received at the POL Section at
Lockbourne AFB, Ohio, was used as the testing material in the study. The
material was a compressed fiber, phenol formaldehyde impregnated paper
(percent of chemicals not known). Strips of 1. 3 x 3.8 cm of the filter were
cut under aseptic conditions and placed in 4 sterile screw-capped jars. Two
of the jars containing the strips were autoclave sterilized for 15 minutes and
oven dried for 2 days. The other 2 jars containing filter strips were stored
at room temperature until used.

Nutritional media of TSB with 1. 5% Bacto-agar and Sabouraud with
1. 5% Bacto-agar (final pH 6. 8) were used for recovery of bacteria and
fungi. Non-nutritional media of plain 1. 5% Bacto-agar and 1. 0% Special
(Difco) agar were used as moisture pads for the micronic filter cut section
analysis.

Procedures

The program consisted of four tests.

Test 1. To 18 plates (6 plates each of partially jelled TSB,Sabouraud, and
Bacto-agar) were added 2 sterile or non-sterile filter strips (3 plates each).
The areas at each end of the strips were designated as either F (fungi) or
B (bacteria). To each end of the strips in the area designated as "F" was
added a 0. 1 ml aliquot of a composite of viable fungal growth suspended in
3 ml of B-H-l solution. The fungi were obtained from JP-4 fuel water
samples from Lockbourne AFB and Laboratory Culture No. I plated on
Sabouraud agar plates. A 0. 05 ml composite of bacterial cells was added
to each end of the strips marked "B". The bacterial composite was com-
posed of 1.0 ml of sterile B-H-I solution, I ml of 102 cells/ml of a shipped
JP-4 fuel water sample with 21% EGME, and 1 ml of 107 cells ml of a
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modified B-H-1 solution containing (NH 4 )ZSO 4 showing a stable microbial
emulsion. After the inoculum liquid was absorbed by the filter material,
the 18 plates were placed at room temperature in the dark for 8 days. The
plates were checked daily for visible growth. On the 8th day, the inoculated
area of each filter strip was teased apart and microscopically examined.

Test 2. To 20 plates (10 each of partially jelled Sabouraud and Special agar)
were added sterile and/or non-sterile filter strips. To the end of each strip,
(as in Test 1) 0. 1 ml aliquots of fungal composite was added. The fungal
inoculum was composed of 3 ml of sterile B-H-1 solution containing viable
fungi obtained from JP-4 fuel water samples from Schilling AFB and Labora-
tory Culture No. 1 inoculated on plates of Sabouraud agar. The plates of each
medium with the filter strips were divided into 2 groups, A and B. Group A
plates were treated as in Study 1. To the surface of Group B plates, after
the liquid inoculum had been absorbed by the filter material, was added 1. 0
ml of sterile JP-4 fuel. By rotating the plate, the fuel was dispersed over
the surface of the agar. The plates were placed in the dark at room tem-
perature for 15 days. Each plate was checked daily for growth. At the
termination of the test, the inoculated section of each strip or an area with
fungal growth was scraped clean of surface growth and then teased apart and
microscopically examined for penetration of the inoculated fungi into the
filter fibers.

Test 3. Sixteen sterile(autoclaved)filter strips and sixteen unste rile filter
strips were added to a microbial suspension composed of(l) 15 ml of sterile
B-H- solution, (2) fungal gro'vth (13 days old) from Sabouraud agar plates
recovered from JP-4 fuel water samples from Ramey Air Force Base
storage tanks No. 24 and 41, and (3) 1 ml of Thioglycollate medium contain-
ing bacteria from Ramey Air Force Base storage tank No. 41. The strips
were soaked for 1 hour in the microbial composite suspension, then removed
and stacked to permit drainage of excess inoculum, Thirty-two, 50 ml,
sterile screw-capped tubes were divided into 4 groups. Groups A and B
tubes contained 25 ml of sterile EGME-free JP-4 fuel. Group C and D
tubes contained 25 ml of sterile 0. 1% EGME JP-4 fuel. To group A and C
were added the filter strips which had been presterilized before impregnat-
ing with the microbial composite discussed above. To group B and D were
added the unsterile, microbially impregnated filter strips. Each strip was
completely submerged in the fuel. The tubes were placed-in the dark at
room temperature for 43 days. The tubes were checked daily for visible
growth. Seven days after the study had been initiated, one tube of each
group was removed from storage. The filter strip from each tube was
removed and cut into 3 sections. Section 1 was pressed on a TSB agar
plate, removed, and placed on a Sabouraud agar plate. Section 2 was
placed on a Bacto-agar plate. Section 3 was teased apart and microscop-
ically examined. The Sabouraud and Bacto-agar plates were placed in the
dark at room temperature for a minimum of 5 days. The TSB plates were
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incubated at 351C for 48 hours. The same procedure was followed on the
14th, 27th, 34th and 43 d day of observation of the tubes. Vit;ible growth
on some filter strips on the 7th day of observation.

Test 4. To the inoculum of test 3 were added Z4 filter strips, 12 each
sterilized and non-sterilized. The strips were soaked for one hour. Three
each of the sterilized and non-sterilized filter strips werf. drained of excess
fluid. The remaining 18 strips (9 each of the sterilized and non-§terilized)
were dried at approximELtely 34-36 0 C for 36 hours in a drying oven. To
empty, uncovered petri dishes were added one of the following types of
filter strips: controls (uninoculated), oven dried, and moist filter strips.
The petri plates were placed in the fabricated humidity chamber. The
chamber was sealed nd placed in an incubator at 301C for 33 days. Without
breaking the seal, the strips were checked daily for microbial growth.

The remaining over: dried, sterilized and n.n-sterilized filter strips
were added to 50 ml screw capped tubes containing 25 ml of JP-4 fuel with
and without 0. 1% EGM as described in Test 3 above. The tubes were
placed in the dark at room temperature for 33 days. The tubes were checked
daily for microbial growth.

Upon termination of the study, all strips were removed from their
test containers and aseptically cut into 3 parts. Each section was subjected
to analysis as described above in Test 3.

RESULTS AND DISCUSSION

The result of Test 1, which was initiated to determine if the micronic
filter material could support microbial growth, and upon which all the follow-
ing tests were contingent, indicated that the micronic filter material would
support the growth of microorganisms if sufficient moisture were available.
In addition, the microscopic analysi3, indicated that mycelium of the fungi
had invaded the inner portion of the filtering material.

The results of Test 2, which was initiated to determine the growth
supportability of the filter material when saturated with JP-4 fuel, confirmed
the finding of Test 1 and indicated fungi could grow and invade the inner por-
tion of the filtering material providing moisture were available.

The results of Test 3, which was initiated to determine if filter strips
suspended in JP-4 fuel with and without 0. 1% EGME and glycerol would main-
tain the viability of fungal material with a minimal amount of moisture,
indicated that viable fungi were isolated from the filter matrix and hence
could survive the environmental conditions established in this test.

The results as shown on Table XXX and XXXI of Test 4, which was
initiated to determine if microbial cells dried on the filtering material would
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Table XXX

Results of Test 4 Micronic Filter Study

Results from High Humidity Chamber
Treatment of
Filter Strips Sterilized Filter Non-sterilized Filter

TSB Sab 1.5% Agar TSB Sab 1.5% Agar

Control 0 0 0 0 0 0

Drained Dry +B +BF F +B +F +F

+B +BF +F +B +BF +F

+BF +F +F +BF +BF +F

Dried Hot +B +F 0 +B BF omitted
Air Oven +B +BF 0 +BF F +F

+F +F +F F +F +F

Spray +B +B +F +BF +B0

+B +BF +F +B BF +F

+BF +BF +F +BF +BF +F

JP-4 fuel JP-4 fuel with AIA JP-4 fuel JP-4 fuel with AIA

TSB Sab a Agar TSB S Agar TSB Sab gar TSB Sab Aar
Dried Hot + 0 _ _+A a

Air Oven

Key to table

+ indicates growth observed on plate

indicates soe growth

0 indicates no growth

F indicates fungi

B indicates bacteria

Sab Sabouraud agar

Agar 1.0% non-nutrient solid growth agar

Table XXX. Results of Test 4 - Micronic Filter Study.
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Table XXXI

Results of Microscopic of Micronic Filters from Test 4

Treatment of

Filter Strips Sterilized Filter Non-Sterilized Filter

Control negative negative

Drained dry Small amount of Fungal growth Fungal growth - Hyphae, and Spores
Small amount of Fungal growth Fungal growth - Hyphae, and Spores
Small 7 ount of Fungal growth Fungal growth - Hyphae, and Spores

Dried Hot Heavy Fungal growth many spores Fungal growth with spores
Air Oven possible bacterial rods

Small amount of Fungal growth Fungal growth with few spores.
few spores

Very heavy growth, many spores Fungal growth with few spores
bacterial rods present

Spray Small amount of Fungal growth Very small amount of Fungal growth
Contaminated Small amount of Fungal growth Moderate amount of Fungal growth

Small amount of Fungal growth Fungal growth few spores

Dried Hot Air negative growth Small amount of Fungal growth
Oven in Fuel negative growth negative growth
With AIA small amount of Fungal growth negative growth

Dried Hot Air Fungal growth few spores negative growth
Oven in Fuel negative growth Fungal growth
Without AIA Fungal growth Fungal growth

Table XXXI. Results of the Microscopic Analysis
of Micronic Filters from Test 4.
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grow when the combination was subjected to (1) JP-4 fuel with and without
0. 1%6 EGME and glycerol, and (2) a high humidity environment, confirmed
the findings of the 3 previous tests and indicated that dried filtering material
supported the viability of microbial cells.

Of interest was the similarity of microbial growth on the sterile and
non-sterile filtering material and in JP-4 fuels with and without 0. 1% EGM.E.
However, the microbial growth observed after 43 days, would not have been
sufficient to have caused the filter to become clogged.

CONCLUSIONS

Although the micronic filter material supported microbial growth,
the degree of growth was insufficient to cause filter clogging.
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