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FOREWORD

This is the third quarterly report prepared under Contract AF 33(657)-91u6
"Mechanism of Microbiologrical Contamination of Jet Fuels and Development of

Techniques for Detection of Microbiological Contamination " This contract was

initiated by the Aero Propulsion Laboratory, ' Research and Technology Division,

Wright-Patterson Air Force Hase, Mr, A. Churchill is Project kngineer.

This report concerns work done from 1 Septemuer 196_ to 1 December 1963,



ABSTRACT

This study is concerned with the detection of microorganisms in fuel

water—environments and with the mechanisms by which these microorganisms

cause problems in fuel systems of aircraft. The laboratory detection methods

studied were the esterase approach, tetrazoljum reduction, 02 consum_tiuu and

002 evolution. The techniques which appear to have the greatest chance of

success are the estérase approach and te -azolium reduction. For field detec-
tion, the work is cgntinuing on the electrophoresis-pulse polarization tech-

nique, These studies h.ve been extremely successful in finding techniques
which, ty the end of the year, should be useful for rapidly detecting small
numbers of viable microorganisms in fuel water bottoms, The esterase tech-
7

nique now can detect 106-10 viable cells in about 5 minutes and it is

expected that the tetrazolium technique will determine the number of organ-
isms which can utilize fuel. All that remains to be done now is teo establish

the criteria, such as the length of time required for color to develop, which
o - - B ~

wili indicate when the microbial ;Ab£aﬁ;$;££oﬁAhasréé;éﬁed a haimfﬁi iévél.
The field detection approach has been confined to the calibration of the
pulse polarization technique using solutlons in which aluminum corrosion is
known to occur, The results demonstrate that there are three polarization
characteristics - double layer capacitance, exchange current and tafel slope -
which affect anodic and cathodic polarization. The results to date appear to
bte promising, because alteration in any one of these 6 characteristics by
fuel microorganisms could be used as a means of detection,
The metabolism study is concerned primarily with defining the corrosion

problem and in defining the chemical changes which occur during the growth of

1id
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The effect ol these chanpges on ecolopical chanpes 1o microilors wiil be
exanined once conditions for demonstirating corrosion by microorganisms
are established,

ine permeapniliity to fuel of el and nermal cultures was studied but

Marther studies wit; ueionized water and distilled water are planned
Lo ex, lain the growth of fuel isolates ~hich occurred in the BH-medium
lackin: rdtrate. L. order to eluciunte the rrowtn of fuel isclatwes on BH-
nediws lacxking nitrate, the metasolism of these organisms in distilled or
deionized water will be studiea.

A preiiminary compariscn of some new mineral media indicated that
vetter growth was outained with the new media than with BH. The corros-

ivity of this medium is now being compared tc BH.
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Ie INTRODUCTION

The growth of micronrganisms in hydrocarben substrates, aspecially
fuels, has been noted for many years. In some cases the organisms are
associated with difficulties; i,e., corrcsicn of iron, the problems of
water pollution and waste from refineries, the decomrosition of additives
in gasoline, the formation of water-oil interface of microbial masses
which clog fuel lines, and corrosion of aluminum in the wing (integral)
fuel tanks of aircraft, The direct involvement of microbes in these problems
and especially the mechanisms by which the various difficulties are brought
about are still poorly understocod., It is believed that definite answers
will be obtained by the studies nlanned in this program,

Rapid detection techninues, mechanisms of corrosion producticn, and
changes during growth of fuel organiasms were investigated during this
quarter, The rapid detection approaches considered were esterase, tetrazo-
lium reduction, Q

consumption, CO_ evolution and pulse polarization, In

2 2

the mechanism study, the role of microorganisms in corrosion and their role




in the utilization or production of compounds in fuel-water environments was
investigated.

Two different detection approaches are needed; <he first four nethods
are possible apprcaches for detecting changes in tre concentration of micro-
organisms in laboratory experiments, The last apprcach, pulse polarization,
is a possible method for the detection of corrosion organisms in the [ield
before they cause subsequent deterioration of fuel systems, In the ~echanisrm
study, laboratory information is needed which will help define the prohlems
associated with the growth of microorganisms in fuel., During this auarter
experiments were set up to define *he role of microbes in corrosion, and to
determine what changes cceurred during growth of the microorganisms in thre
fuel-water environment., The changes of environment during growth, (i.e,, CO;
and Op content of the medium and in tne ultraviolet and infrared absorption
of the fuel and water layers) were investigated,

Two other studies were continued: the permeability study and the nutri=-
tional study. The effect of fuel on the viability of organisms was investi-
gated in the hope of determining whether fuel organisms are less permeable
to fuel than normal cells, Preliminary studies with new ~media were initiated
to determine if such media are less corrosive than the BH-medium and if
differences in correcsion could be associated with the increased growth of

fuel organisms.




11, SUMMARY AND CUNCLUSIONS

A, Dletecticen Studies

Since the beginning of this proaram, several rapid detection appreoaches
have been evaluaved for their pessible applicatien t¢ the quantitation of
microbial numbers in laboratory fuel studies. The approaches evaluated to
date are: the use of microbial esterases, gas chromatograchy of lipids,
indicator soda lime technique for absorption of evolved 005, gas chromatc-
graphic measurement of evclved CO,, tetrazolium reduction, and oxygen
consumption. Only two of the technioues evaluated, the esterase and tetrazolium
reduction, appear tc warrant further consideration. The other techniques
were considered inappropriate hecause they lacked the sensitivity required,
were not rapid enoush, or failed to pgive a measurable response with jet
fuel organisms,

Four techricues were evaluated during this quarter includinz esterase,
tetrazolium reducticn, oxyzern cenzumpticn and CCp evclution. The results
of experiments with the esterzse appriach showed that the esterase level
of the orgarisms dces not ingresnse by the same increment as the cell ccunt.
In rich media, TGY and lactate; 'he enzyme activity was related tec the growth
phase but in fuel media this relatiunship was ncu apparent. It was found
that the enzyme level is asscciated with .he energy scurce of the medium,
and that it is abcul 10 cld higher in TGY t -n in lactate and about 10
fold higher in lactate than in Bi-fuei. The sa.2 general relationship was
observed with ceil mumbercz. The 7GY medium contarned approximately 1010

cells/ml at the cessaticr of growth, shereas .actate and BH-fuel has about

10° and 108 ceils/m. respestively.



The tetrazolium reduction approarh for detecting fuel organisms appears
to be most useful. Only rreliminary studies have been carried out to date
and no relationship between activity and cell numbers has bEeer made., Huwe
ever, all cof the cultures examined to date reduced tne dye vigorously.

The conditions for assaying the dehydrogenase with tetrazolium in fuel
isolates have been determined and the studies concerning the rol: of various
substrates and cofactors in this reuuction have peen worked ocut. Preliminary
results indicate that in the presence of MT[ tetrazolium glyceraldehyde-3-
phosphate, DPN and fuel microbes in BHy it is possible to easily detect the
organisms in 30 minutes. The objec*ive is to reduce this time to 5 minutes,
and in addition, show the relaticonship vctween cell numbers and tetrazolium
reduction and the changes in tetrazolium reduction during various phases of
growth,

The tetrazolium technique is particularly good because upon redu-tion
the dye forms a precipitate insoluble in water. The rrecipitate is soluble
in fuel and 1t 15 -« '1ly extracted from the water phase into the fuel rhase
by shaking. .nus, it is rossible to measure the cclor developed in fuel
and oktta:n a guantitative readout of the enzyme (dehydrogenase) activity
of the fuel culture. Further sti:<.es along these lines will be carried
out in the niext quarter.

we have teen fortunate ir finding two approaches that will be useful
in monitoring the levels of —microbial contamination of fuel. It is
anticipated that criteria for determining the critical harmful levels of
organisms will be drfined .n future months and that it will be possitle
to detect the level of microbial ccrtamination by coler changes in fuel
water systems ~omisining a small amount of either esterase ar tetrazolium

reager.ts,




Work irn the field detection approach has been confined to *“he calibraticn
of the pulse polarization technique using solutions in which aluminum
corrosion is lnown to occur., The results demonstrate that there are three
pelarization characteristics - double layer capacitance, exchange current~
and tafel slope, which affect anodic and cathodic polarization.

The results achieved appear promising because alteration in any one
of these 6 characteristics by fuel microorganisms could be used as a means

of detection.




B, Metab-liism Studies

During ths past threa quarters the corrosion of alumi;um allovs
by microorganisms has been investigated at the cellular level. Attemrts
were made tc design definitive experiments capable cf snhowing the extent %o
which microorganisms contribute to the corrosion process.

Unambiguous results were obtained initially, Media capatle of
supporting the geowth of fuel isclates did not themselves cause corrosidn
in the absence of microbial growth. However, when these meaia were in-
oculated with fuel isolates, corrosion of aluminum alloys was apparent,

In an attempt to verify and to further investigate the relationship
of microbial growth to corrosion processes, a still larger number of
observations were made. During these studies it was apparent that, with
large numbers of contrcls, a certain incidence of corrcsion cccurred in the
absence of bacterial growth. This ohbservation suggests a possible lack of
uniformity in the structure of the alloy under investigation, and points up
the limitations of the initial preliminarv experiments which utilized
fewer controls.

In the third quarter, the effects of growth media constituents has
received additional attention and the observation was confirmed that the
modified FH mediu.n csuses oorrosicn without the addition of bacteria,

The design of a medium carpabi= of supporting the growth of fiel
isolates, but which does not corrode aluminum allcy is a formidable task,
and it is a precblem which at the presernt time has not been

invesiigator concerned with corrosiocn problems,

15—



Two phenomer.a relating +o the iavolvement of microbial growth in jet
Tuel systems deserve consideration primarily because they suggest distinct
mocdea by which microbial gmwth may be related to corrosion occurrerce.

First, the moncmeihyl ether of ethylene givccl is known to inhibit
ar prevent fuel tank corrosion when used as an additive to conventicnal
fuel systems. Thiz rompound has a known bacteriostatic or bacteriocidsl
action., The abiiity of the ether to preveni corrosion is therefore pre-
sumptive evidence that microorganisms are intimately, if not causally,
involved in fuel tank deterioration., But the use of ti.e monomethyl ether
of ethylene glycol for corrosinn prevention does not reveal the chemical
mechanism of bacterial attack.

This ester may cause the lysis of bacteria and the dilution of their
enzymic constituents, or the compound may act only as a zompetitive or
noncompetitive inhibitor of enzymes essential to the metabolism of fuel in
the corrosion process. 1In the latter case, i1t 1s easily conceived that
preventior of ccrrosion would not alune alleviate difficulties deriving
from foam formation, or the possible insensitization of instrumentation
by biogenic sludge.

Secondly, during the course of the research effort, it was found
that nitrate jon prevented cor-osion of aluminum ailoys in the unmedified
BH medium. When No; was removed from the PH med:um the ions present causesd
considerable corrosion in the absence of microbes. At the present time
this observatior has not teen raticnalized 1 terms of the chemistry of
the inorganic reactant:s irnvolved. However, tre atility 2 a given reactan
Lo prevent corrssion suggested the hypcthesis tnat ba-terial growth may

-

remnve subscances which ‘nhihit corros case the ilrate ion.
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In the medium employed, the remeval of ritrate is a concomitant of cell
4+ r -+

. ++ tr - ; :
growth, while the Za , Mg . and Fe of the meaium or tneilr anionic salts,
apyear to catalyze the corrosion <f aluminum allnys in the absence of nitra*e.

In this context the growih ¢! microbes in fuel indicates the degree of

contamination of fuel systems by quaniities of minerals which support growth

-

2nd at least one of which inhibits cerrcsion formation,

Should analysis inaicate that fuel or water bottoms contain mineruls
in sufficient concentration tc support growth of fuel isolates, then the
suitability of treatirng fuels wWith ion exchange resins or chelating agents,
soluble in both organic and aquecus phare, would require consideration,
Attention would be directed agai. to the physiological character of the fuel
isolates, with particular refereance to their growth requirements. The latter
censideration is an impertant aspect of the study dealing with methods for
detecting fuel organisms.

Based on the cata and conclusions that have been ottained; it appears
that the corrosion problem is becoming more defined. There are three
hypotheses concerning the mechanism by which microorganisms cause corrosion.
The first hypotnecis is that fuels contain minerals that support bacterial
growth, and that it 1s the alteration in this mineral content effected by
bacteria, which specifically produce an i1onic environment causing corrossion.

Following evaporation of fuel, possible residues will be examined for
metals wnich (1} catalyze corres:on of aiuminum, {2} inhibit corrosion,
and (3} inhibit or supvort the growth or metabolism of fuel isuvlates.

If materiais are ottained from fiel which surrert growth and affect

L e 3 i
metal surfaces, such as Fe has heern zhown teo do, then the fixation of



thege components bty fuel organisms will te explored with the objective of
assessing the scoicgizal changes iu a fue.-water system having some conse-
quence botn in the piroblem of corrosion and tne nroblem of biclogical
3ludge formaticn,.

The second bypcthedis is that microblal growth in fuel tanks is possible
because organisms remove metale from the alloy surface for growthe Two
mecharisms are suggested to account for th.s activivy, {1} tne elaboration
by microorganism of specific compounds which react with meials and render
i1icm soluble, and also make them capable of penetrating the bacterial cell,
and (2) the ability of the microbes te shift the equilibrium as fol_ows:

Metal = slloy—/————" Metal - water = Metal - microbe in the Zirection

of the micrcbial cell.

There is some recent evidence by Gholson, Baptist and Coon1 which shows
that aluminum icns will substitute for ferrous and ferric ions in one of the
enzyme systems assoclated with the conversion of cetane to octanol. This is
an important finding because 1% cuggests that in the absence of any other
cations such as Fe", Mg“, Ca"" etc. that microc—ganisms may remove the
aluminpum oxide from the surface of the aluminum and thus accelerate or
initiate corrosion. Pure cultuires are now griwing, in the laboratory; in
pure hydrccarton systems and forming emulsion type materials. The emulsion
will be analyzed by infrared and gas chromatography to determine the
compositicn of tne materials, In2 next oxperiments will involve the
production of *hese compounds in 2 mediaum With limited nutrients in the
presence of alumirnum allcys 3o that it may show the relationship of

emulsion to CCrrosione.




An alternate hypothesis is suggested by the work of Hamillcrn et, 81.2

who demeonstrated hydrocarbon oxidation in the arsence of enzyme., It may be
that bacteria produce compounds such as ascorbic acid which will react with
the metal surface and causec corrosion in the presence of oxygen. If tlas
hypothesis is true, it may ncot be sufficient just io kill t»2 organisms to
eliminate corrosion, but one may alsoc have tc remove the organic materials,
This possibility will be examined.

The tnmard hypothesis is that microbes are utiiizing the sealants and
topcoats and possitly the corrosion inhibitors in the fuel systems so that
the aluminum alloys are exposed to the rormal electrochemical corrosion.

In those situations where aluminum tanks are coated with plastic sealants
the operation of the first mechanism cculd be of special importance because
of the possible trapping of organisms on the metal surface. The trapped
organism may give rise to a colony «f bacteria, and because of the confinement
any metabolic product would exict in extremely hign concentration. Such
;roducts known to affect metals may be no more comnlex than the hydrogen ion
or citric acid, a nihelate, wiich forms compounds of great stability with a
wide variety of metals.

In the absence of microbial growth, model systems using various chelazing
agents can be designed which reveal the consequence witlk respect to corrosion
of selectively removing the constituernt metals ¢f an alwninum alloy. The
effect of corrosive stimulants, such as ferric ion and magnesium, can be
Studied in a similar manrer, and the concentration levels at which they are

etermirieds
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Experiments will be conducted Juring the next quarter to getermine which
¢f the three hypothosis concerning corrosion is most important, The possibility
exjety that it is not any one mechanism alone which causes corrosion but a
combinaiion of one or more mechanisms which change as the conditions are varied.

Ultraviolet and infrared spectroscopy and fluorescence measurements were
made of fuel and water phases of growth media before the initiation of growth
and following its cessation, These analyses were made to detect the utilization
of fu?l components during growth and the production of water soluble or fuel
soiublec ccmpounds singularly characteristic of fuel-grown organisms., Knowledge
of such compounds would te useful in explaining the metabolic pathways of fuel
organisms, as well as being useful in tnis identification,

The grow*h of microorganisms in a fuel=water envirommr:nt caused the
production of compounds which were soluble in the fuel as demonsirated by
increased uitraviclet absorption., Analysis of these compounds by ultravioclet
and infrared absorption, and “y fluorescence indicated that low concentrations
of these compounds, possibly polynuclear hydrocarbons or conjugated unsaturated
compounds, were present, The preliminary infrared analysis indicated that
these compounds might be oxygenated, However, fractionation by distillation
failed to confirm this expectation. Further work with these complex compounds
will be considered with pure hydrocarbons in the growth medium,

Orie interesting otservation found in this quarter was that the ultra-
viclet absorption characteristics of fuel dissclved in water. A peak at 271l m.
was observed which disappeared when fuel microorganisms were allcwed to grow

only on the fuel that was scluble in the water, Whether this component is

t'.is will bte considered in future work. The growth of microbes in fuel-water

11




envirenments, however, doc produce oxyzenated rompounds. This was demcnstrater
hy use of 5 pure culture of an emulsicn fcrminT oren=ism ~rcwr en Filefual
mgiia, Infreres anaiysls showed thatl some cxyrerated comuenent, possitiy ncid,
alcchel, ketene or aldenyde was formed durine growth,

wWork is now in progress to produce these water seivhlie emulsicn Zype
cempounds from nure hydroczrbons., The relatiorn tha™ 3such compounds have
to the corresiorn and siudze formation prohlems are nisec unier comsi‘eraticn.

After characterizing these ccmpounds, it is prozected that a "medel
system" can be built which will demenstrate corrcesion «hen the indicated
compounds are formed.

With the object of understanding the metatciism of those oreanisms which
grow in fuel water systems and which are to be detected, analyses were made
of the removal of oxygen and the producticn of Clp by them. Tre oxygen
electrode was employed tc¢ debtermine oxyzern uptake and a titraticn methcd was
used fer (Cp measurements. The cobservaticrn was made that oxygen was consumed
and CC, was evclved in a closed system. The intermediate cxidation products
fermed during this 2 to 2 day incubaticn period were nct studied.

The tentative hypcothesis was tested that fuel organisms differed from
rormal crzanisms with respect to fuel permea-ility, and further that tris
diirerence wcuid res:ilt ir the survival of crra-1sms in water— .el systems.
Chearvaticns wers made which su-gested that salt corcentrsticr ar! previcus
rrcwtn tenditicns profeoundly affect the viabiiity of beth rormal and fues
crzanisms wnen expesed te fuel. These onservations indicated that fuel
orsanisms can he made sensitive to lethal effects of the uel, which under

stner cond.tionsserves &5 an =2nergy cource !or thes. criarisas.



Fuel organisms grow slowly when using hydrocarbons as‘subscrates. The
slowness of growth impedes bcth the analysis of their metabolic processes
and the anaiysis cf the relationsnip of such growth to corrosion processes,
Therefore, nutriticnali studies were initiated tc develop media which weuld
simulate the character of fuel and yet permit rapid growth. In addition

to the testing of media, preliminary studies were made of the effect of copper

which was observed to first repress then stimulate growth,




IT1. FUTURE WORK PLANNED
Work for tne next quarter will inc.ude 1 continvatior of the stidles
conducted during the third quarter, in additicon toc new work.

wWork to be contimied will include-

A, Detection 5tudies, Laboratory detection techniques to be continued

will include the esterase enzyme appreach and tetrazol:ium dye studies,
Attempts to guantitate these methods for laboratory and field u:se will be
made, [Field detection studies, i.e., activaticn polarization charactieristics,
will also be continued,

B. Studies of the Corrosion Mechanism., Corrasion :siudies dur tng the

fourth quarter will be desipgned to evaluate three pcstulat<? corrosion mecha-
nisms involving hacteria. The first hypcothesisz, that fuels aontain minerals
which support bacterial grow*h and that the alteration in this mine-al con-
tent effected by bacteria specificallv produces an :onic environment causing
corrosion, will be investigated by examirning fiel residues for metels which
(1) catalyze corrosion of aluminum, (2) inhib:it corrcsion, and ¢ *. inhibit
or support the growth or mectabolism of fuel i1solates,

The second hypothesis, that microbial growth in fuc]l tanks i1s associated
with the organisms,rsmoval of metals from the alloy surface during growth,
will be investigated, The use of an emulsion formins organism and pure hydro-
carbon systems will te ermploved for these stuiiec, Pos<ibly specific com-
pounds produced during growth ~ight solupilize tne —~etals and alicw their

nenetration int~ the bacteria: cell, as we_ ]l as critica’ly alter the metal
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surface with respect to corrozion suscentl



The third hypothesis, that microbes utilize sealants, topcoats, and
corros’on innibitors in the frel, thus expoging the alleys to normal electro-
chemical corrosion, will also be investigated.

Because the softer 207h alloys were more susceptible to corrosion, an
examination of the contribution of hardness and structure of the alloy to
amount of corrcosion observed in the growth medium will be studied.

Studies of the corrosion mechanism by halfecell techniques will be
continued, These studies will inciude investization of corroded and non-
corroded alloys in conjuncticn with large numberc of washed cells in deion-
ized and distilled water.

Ce Nutritional Studies. Nutriticnai studies will -determine if corros-

ion occurs more rapidly in Bushnell-Haas fuel —edium than new media presently
under investigation,

D. Permeability Studies. Permeatility studies will point out differ-

ences in fuel isclates and aormal cultures,
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IV. EXPuRIMsNTAL WORK

-

A. Rarld Detection Studies

T

The cohlsctives cf the detection study are to [ind a rapid detecticon
techninte which carn he usel as 2 research Lol for ke jetacticn of fuel
microbes in lakeratery studies, amd o develcep a detecter Whic will rapidly
indicnte the pressnce of icw leveis oI contaminatior hefcre they csuse any
deletericus offacts cn the envircnmant. Thiz mesrs ka2t the prehe nust datect
minute quantities c¢f microorzanisms in a chert pericod of time and must suoply

the information required to identify the guantity ard type of ormanism present.
The difficulties involved ir the developmeni of such = prebe are: (1) anslytical
techniques of sufricient sensitivity are limited in rumber, and {2) mcst
anaiytical technijues require long time periods. Consequently, new schemes

must be developed to detect micrcorsanisms, and signal to ncise ratios must

be increased. The detectors studied for laboratory use and field us: are

described below.

1. Laboratory Detecticn lechniques

During this quarter four cossirle techniques were invest.gatel frcm the
standpoint of beirn» useful for irdicating numbers eof organisms in laboratory
experiments., The detecticn apprecaches considered in this quarter were: the
esterase enzyme, tstrazolium reducticrn, oxy-ern consumption and (5 evaluation.
The results cbtained with each ¢f these techriz:ias are Sescrihe’ ~elcw.

a., Compariscr c¢f isterase activity cf “.el ‘ultures: Frevicus studies

{Seccnd Juarterly Hepcrt) “emcnsirated that the esverase lev.l o1 micro-
orzanisms increas=d duriny the varicus phases ¢f ~rewth but thet the increase
was not propcrticrnal tce the increase in cell numhers. These studies were
repeated durine e third quarter with Coliures 5, ly and & kerosene water

hctiom culture, The saltures were -roewn Sor 72 hcurs at 30°C ¢n the shaxe




nachine on TGY, BH~fuel and lartic acid salts medium (appendix, fommula F),
Fifty mls of sterile JP-L fuel were overlaud on the media for eiach of tha
cultures.

Pigure 1 shows the aesterase activity of the three cuitures on TGY over~
laid vith fuel, Figure 2 represents tine esteragse activity of the tiiree
cultures cn lactic acid medium, Figure 3 represents the e. rase activity
of the three cultures on BH-fuel medium.,

Samples were taken for total viable counts each time esterase assays
were run, but unfortunately, due to contamination of the dilution vpipettes
the results wers lost. A generalization can be made howsver, based on the
turbidity of the cultures. TGY was moct turbld, lactate was next, and BH
had the least turbiditv, indicating that most growth occurred in TCY, then
lactate, ther. BH, This observation agrees with the esterase levels in the
three different media where 10 fold differences in enzvme activity were
observed between each of the 3 media, with TGY being approvimately 100 fold
better than Bi,

The one important observation from the metabolism standpoint is that
fuel organisms in fuel=-salts medium show a variable esterase response during
growth, Nevertheless, the data obtained to date still suggest that it is
possible tr set-up a simple test to indicate the varicus levels of contamination
in fuel-water samnles, When more infcrmation is available about the levels
of contaminaticn associated with ihe various problems, especially corrocion,
it will be possible tc establis® criteria for ‘ndicating when the harmful

level of micrrbial gruwih is exceeded,

N
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Other esterase substrates, l.e., indoxylecetate, will be investigated
during the next quarter to determine if the esterase response observed with
fluorescein diacetate is a pecullarity of the substrate. Indoxyl acetate
upon hydrolysis by the organism forms indoxyl which immediately oxidizes to
an inscoluble dimer, indigo blue. This substrate has been employed for
histochemical studies and deposits indigo blue in cells. Whether this is

true with bacterial cells is now under investization,
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be Tetrazolium Dye Study: Several tetrazolium salts have been shown to

function as electron acceptoers in dehydrogenase medisted reaction:3. The
reduced dye or formazan is insoluble in water, but the water insoluble for-
mazan can be extracted into organic solvent, producing a red to viciet color
depending on the particular formazan used., The formazan absorts intensely
over a large part of the visible spectrum, and its absorption with respect
to concentration is linear,

The enzymatic formation of insoluble formazans appeared to be ideally
suited for use in the jet fuel detection problem. If bacteria growing
on fuel would reduce the salt, the formazan would then be extracted into the
fuel, which could be measured colorimetrically. Several experiments designed
to test this hypothesis are described in the next section,

Three dyes were selected to be tested with a group of JP-L isolates and
corrosion organisms. The commercial formazans of the three dyes, and the
formazans produced by chemical reduction with sodium hydrosulfite, were dis-
solved in JP-L and scanned spectrophotometrically in the Zeiss PMQ-2 spectro-
photometer. The dyes selected were MTT (3,4,5 Dimethyl tiazolyl 1.2) 2,5
Diphenyl tietrazolium bromide, NTV (Neotetrazolium Violet), and NTC,
(Neotetrazolium chloride),

MTT, 1.0 mg per ml in H,0, was reduced with sodium hydrosulfite, and ex-
tracted with 3.0 ml of JP-L fuel, The extracted formazan was scanned from
LOO 1yt to 600 mue The results are shown in Figure L. The peak althovzh
very broad, appears to lie at 570 mu. A similar scan was run with NTV for-

mazan, concentration 0,5 mg per mi, diluted 1:20, and extracied into 3.0 ml

of JP=L. The results are also shown in Figure L. NTC, 0.5 mg per ml was

=
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extracted in the same manner into 4.0 ml of JP-4. NTC clearly showed the
broadest peak (Fipure u,).

Cf the three formazans tested, MIT anpecared to be the most easily de-
tectable, A standard curve of the formazan was run at 570 my from Q0% mg
to .050 mg per ml, The results are shown in Figure ¢, It sioulc be pcas:ble
on the basis of this curve te detect 5 micrograms of the formazan at thes
wavelength,

To test the ability of the jet fuel organisms tc reduce MTT, 10 corrosien
organisms, and 10 fuel isolates were selccted. To 2.5 ml sarmrles of 3 weck
0ld cultures of these crganisms in Bushnell-Haas salts media, Q.2 ml MTT
(10 me ver ml 1n 920) was added. The bacteria ~MIT mixture was overisid
with 1,0 m1 of steriie J:=l fuel, agitated for 30 seconds on a Vortex mixer,
and allowed to stand for five mimites, A contrecl containing onlv Bushneli-
Haas and MTT was treated in the same marner., A 0,3 ml aliguot of the ex-
tracted formazan was diluted to 3,0 ml in sterile fuel, and the absorrtieon
measured at 570 mu. The results are shown as the O time roadins “n Table
1. The tubes were rlaced on the rotating arparatus shevn in Figure £, and
agitated ~t 10 rpm. Reaoings were made at 3 hrs, 24 hrs and ! nrs. The
results are shewn an Table 1. The rates of reduction varied considerably
among the varicis crimanizms, After 3 hrs, there wa: reducticr in 5C percernt
of the sa~ lesz and in 24 nrs tlere was reductien in ali it ne of the
sarnrles.

Since the meliiai.at af tetragelium dye reduct on mav be assce. nted with

dehv-irorenase cngmes, DPN 10 moe per 1 CL3 ml. was adaed o the dee, Alld
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concertrotons ar: roceiuroT ere ax dejsoribed for ot ret o omorie syt
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Figure 6. Tube Rotator fo.

Tetrazolium Study
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TABLE 1

REDVINTTOM OF M RY D0 RA

TmTRIA

Culture Adsorbancv 570 mu
Time
0] 3 krs 2l hrs uf hrs
87 000 032 .07 128
Ae .OC0 W01 012 .025
89 .000 .000 .008 02
0 .000 000 002 .010
91 .000 000 004 L005
92 000 .000 .00z .COL
93 .000 000 .01 015
oL 00N .000 2012 »020
95 000 002 «002 002
o4 .0n0 L0000 .02 035
L .000 .000 Keolp'e LC10
S Rolols ,002 008 025
R .00 .00 002 alol
12 .00 .007 0k 07
15 .000 L0062 014 025
16 L000 .002 002 005
23 Nelde L00C L0002 006
2l 000 .002 RN Reals
25 Nev'e Re'ely 004 o UE
27 Nee; «00F L01F LCzh
Bl ank .000 L0L0 L0 .00




etce, DPN commntos wiin tle dve for availablse eloctrens, rathor than acting

as a tronsiert ooclar gt 10 transfar eaectp s e the sroome teo the due,
A third sorias f tubes wore ore cped Dn the same manver, U6 %P ise was
N [ - oo _/ PRY - - .
added e m1 Of B Fe{ll).e ivu m# DET fmie AlLay o2l hpae tnare wase ne paduatine
3 & :

3 -} - - - Sy - h R o . P, L
Bafere testing the padict on o0 TV and C.otne rntes of evtraction of
- N - .- S - b i . o, - -~ 4 e 3 - -~ LAt land PO o
their Yormazans frer woter b SV wag somr oared iy otact o YT a4 tetra-

zolinm blue Adifrr-azar, 1In all casesz, 1,0 m1 of tve¢ Tormarzan. C,5 me rer nl

was extrarted irta 1,0 =1 of sterile JP-Y, Tia results ire shownain Table 2.

KTV formazan was the mest eas.ly extracted., and MTT monofcrrazan was the
second mest easily extrastes :nte Diel.

Hecause of the ease wzth which the NTV fomazan was extracted, an exreri~
ment was set ur to test the abi.ity ¢! tae bactaria to reduce *he correspond=-

ing dve. Q40 11 of tne dve, U5 mz var ml1 was added, to 5,57 ml of the

bacterial susronsion 1o Tre mixture wa. cverlaid with

LeO Ml o0f steriie JF-i, Each tube was apitated for 30 seconds ~n the Vortex
mixer and allcwed *c stand five ~arutes, The resul:s were nerat:ve, Aflter
2l Yours, there was reo reductisr of Lhe dwe “noany of the 20 oulieres,

Therefore. even tlcurh the fermazan was the rest readilv extracted Ty vhe

fuel, thn vroteria would rot redice the dve,  3Belause a toTrotiticon tetween

tre dye arnd oxvoen mrc ey ot th o ey mert 3Tl reorareated _n o the absenca
Of‘ CKV:"?' . ;\; i . - Ve N MR N SO e REREAEEET Sl :b\‘-_‘v 0 '-:hr: s
are raducesd is acsoorntal ot Tarvoercsonnes an VI S, P Anltoee g, » T

BT, oand T, wes2 asocavad Srr o tholw oabc liti Lo padLie ot ranc L oaalis in

the procare o5 voroe WErIne e asa ol ETr o, T Lner ol st




TABLE 2

RATE OF FUEL EXTRACTION OF S FORMAZANS

i i
Formazan i H o ___Treatment
i With Shaking { With Shaking | With Shaking
Spontaneous . for 30 sec. i for S min, for 30 min,
TBG (Tetrazolium - - - +
blue, diformazan) :
MTT Mono formazan + ; + + + i
: !
MIT diformazan - § + + + f
| - i
| NIV formazan i -+ + + + E
F '
| NTC formazan ! + + + + i
! | g
. i %
|
3
j
i
| i
' :
{
++ = complete, very rapid
+ = complete
+ = partial
- = none
L . R - !
e



were sodiym lactate, nlyceraldehvde~3 rhosrhstae and geaouym surainatn,

Kk second set of tuies conta ned DPEYN, O, me, :noadditiorn e the sunstrate,

~+
—
ar
r

=
1

The threa cultures selectsd wrre previcusly shown
and NT£, Formazan rroduct ion was measurad speotpans caretricogliv in free
Zeiss ™32=2, MTT forr zan, NIV formezan. and NTC £ ormasnan wors rmehdsorod at
G mu, 515 mu, and 350 mp, respectively. The peaction oomditiong ang re-
silts are shown n Table 3,

The reduction of NTC and NTV appesr to precead mors slowly tha: MTT,
Howerver, from Figure L, the maximum absortancy of s:rilar concentrat:ons it
thei» peak varvy by 5 between NTC and MTT, Reducticn o f MTT in the nresence
of the three dehvdrogenase substrates wus significantly Piecher than :r therr

: S T U NN .
with succsravte ard lact e

absence, The reduction of MTT by £7 was decrease

(PR

in the vresence of DPN and increased with slveeraldshvdn Yrnros-nate, Wit fro
the activity with succirate was the same as the activitsr with slvoeraldenvde
3-phosphate and PN, Activities with 27 were voroable nut wers groawor woth
than wi*hout subsirate.

The data indicate that MIT is more desiranls than the cile r ives tstaeq.
and, trat zn the rresence of suitable denyircpenase substrates 1s rogd. ¥y
reduced,

Thus far, neo attampt has been rade to juantltale whe roy its,.  owWwever

the averare cell suspernsions contal

o)
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TAFLE 3
REDUCTION OF MIT, NIC, AND NtV kY THREE
DRGANTSMS IN TH PRaSaENCE AND AHSENE OF
DPN AN} DEHYDRC 75NASK S Y“STRATZS
Cptical Density of Fuel Extraction i
c No
U uTT NTV NTC s b~
L KTT & NTV % NTC & strateNTV NTC
T DPN DPN DPN added
1 1T
3¢
[ 4 S 1 G L G 5 L G S L G S L G S L i
BT 16 .08 0 1D 06 .24 ,04 (02 L,04 ,000 02 .02 L,02 ,C6 L08 L,08 LG4 L0406 L,001 002
88 .1z 06 I1& .08 06 ,12 000 ,02 .05 ,00C 000 .04 L,00C ,D00 .02 L0000 ,02 02 .02 D02 +000
27 06 .04 U2 W36 GJ04 L0686 L04 L04 L04 ,000 000 ,02 ,02 L04 ,06 000 000 .02 LG22  LO0C 000
lank,002 ,0C4 002 ,20C 000 ,000 ,000 ,000 ,02 ,000 ,000 ,O0CO ,000 ,00C 000 ,000 000 000 ,000 000 000

(o]

The reacticn mixture cc tained:-

Sodium succinate
Sodium lactate

ilyceraldehydo-3-phasphate

3.5 ml of 3 week cld hacterial culture in BY fuel

modium. 0,4 mi of dye, 0.5 rg/ml: 0,5 ml of substrate, 1 mg/ml, plf 7.0, C.1 ml PN,
1 mg/ml where indicated; and 4,0 ml of .TP=4 fu=l,
The mixture was shaken on the Vortex mixer for 30 secords and allowed to

ar 24°

for 30 minutes,

vortex mixing,

i
P

incubate
Aftor incubation the formezan was extracted i1nts the fuel bty

- anmg




will be made on the bacterial cultures, enabtling quantitation of the dye re-
duction, A standard curve will be set up which will allow ‘he conversion of

cptical density of the {ormazan to numt rs of bacteria presenit in the samplea




<., COQ Detection

To evaluate further the measurement of COp and H~ produced by fuel
grow. organisms, a seriecs of three studies were set up, Thesa were gas
generation tubes, shake flasks and a detection train. The use sf gas pgeneration
tubes was previously described h; The problem cf ruel abscrpiion by the
septa was overcome by the use of Viton# fuel-resista.at closures, Using
the same experimental condition described earlier hs the tubes, containing
13 ml BH medium and 1 ml fuel ovarlay were inozulated in sets of L wih
cultures 88, 89, 90 and 92. These cultures were previously shcun 1o be
associated with corrosion.b Each tube was fitted with a miniatire magnet
so that the contents of the tubes could be constantly agitated, After 12
days of incubation nc gas was visible in any of the tubes excep: for a
single bubble in the tubes of culture 9<. However, growth was notes
at tne fuel-medium interface.

In the secord study ser’es, using shake flasks, watzr bottom cultures
were used, Because of the varied population and previous results on CCo
evolution using indicator soda lime, these cultures were :cnsidered preferable
to single cultures. Those used were a FK.mey and a kerosene water bottuom,
The tests were conducted in duplicate, One flask contazned 3.7 gL NaHCO

3

and the other lacked NaHCOB. Each 250 ml flask contained 75 misof Bushnelle
Haas medium overlaid with 3misJP-4 fuel;, and was capped with a Teflor covered

rubber stopper, A por% was made in the stopper and sealed with a gfas tight

# West So,, Phoenixvilie, Pa., (Viten, T. M.)
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Viton closure, Ten mls of the water bottom cultures was used as the inoculum,
Incubaticn was at 30°C on a rotary shaker, Hepeated, pericdic samplings were
made and analyzed by gas chromatographic metheds, Ne CDZ was detected 1in

any of the samples.

The third series of studies involvea use of a reacticn train. The train
consisted of a carrier gas (CO2 free oxygen) which was passed through a tube
with drierite and soda lime and then into a Ba(OH)2 sclution, These steps
were employed to insure the absence of COZ' The gas then passed into a
reaction vessel containing 75 mls Bushnell-Haas medium, 10 mls JP-4 fuel
and kerosene water bottom incculum, 10 mis. Any 002 produced by microbial
metabolism was carried through and precipitated as the carbonate in the
second Ba(OH)2 flask following the reaction vessel. The contents were
quantitatively transferred to a graduated cylinder, capped with 2 gas ports,
Through one, an excess of HZSOh was added. The solution was vigorously
shaken and the gas gpace above the liquid sampled. No CO2 was detected by
gas chromatography., The Ba(OH)2 flask was replaced and the test repeated
after a precipitate was agair noted. Although previous results showed 002
production, no 002 was detected in any of the described procedures., This
could not readily be explained especially in view of the formation of pre-
cipitate., It was then determined that any CO2 found would be soluble in the
aqueous phagse and would require heating to drive the 002 off. This was com-
plicated by the fac® that heating also drove off lower boiling fractions of
fuel which were carried over into the flasks fram the reaction vessel. The

presence of vclatile fuel fractions and steam in a gas sample interferes with

Ju
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the gas chromatographic analysis. Consideration was given toc gravimetric
determination of the carbonate formed. However this procedure would also
be fouled by fuel carry cver. {See figure 7.)

If CO2 evolution is to be used as a device for the detection of cone
tamination, other methods of detection will be required, Possible areas
will include respirometiy over extended periods of time or chemical methcds

other than those descrited above,
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Figure 7. Reaction Train for Detection of CO2
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d, Oxygen Consumption: Polarographic analysis is dependent upon

current flow in a solution containing oxidizable or reducible substances,

when such a substance is electrclyzed in a cell containing two electrodesJ

the polarograph automatically records the plot of current versus voltage,

As the applied pcotential is increased from O, reduction occurs at the cathoie,
thus causing a rapid rise in current, The rapid rise in current is called

a wave, °nd potential at the midpoint is called the half-wave potential,

The half-wave potential is chara:teristic of the substance being reduced in

a given solution. The height of the wave is proportional to concentration

of the material in solution and can be used quantitatively 6.

Reduction of oxygen at the cathode in an acid medium occurs in two

steps,
2 +
(1) O2 + 2e + 2H H202
(2) H232 + 2e + 2H* 1? 2H20

Formation of hydrogen peroxide occurs at -C.05 V in solutions pH 19,
Conversion of hydrogen peroxide to water occurs at -0,8 V.

This technique has been used, during this quarter, to determine changes
in oxygen con-entration in the r -esence of growing hacterial cultures. A
comparison of oxygen concentrations of three cultures was considered. These
were (1) a LB how culture of 89 in Bushnell~Haias fuel medium, (2) a L3 hour
kerosene water bottom culture in Bushnell-Haas fuel medium, and (3) a kerosene
water bottom from the original stock culture,

The 48 hour cultures were obtained by transfarring 12 mls of culture

to 100 mls of BH, plus 10 mls of sterile JP-L fuel overlay, The cultures

_




were placed on a New Brunswick shaksr at 20°C incutated LE hours and one
m. samples removed for viable plate counts7.

dxygen concentration in each culture was determined using an ""Hetype"
electrolysis vessel. One half of the cell contained B mls of pH 6,7 tuffer
plus 1 ml 3,252 M glucose in buffer. The remaining compartment contained
the caturated calomel electrocde, The oxygen detector consisted of micro-
platinum =lectrode vibrating at a frequency of 7200 cycles per minute and
was used in conjunction with the Radiameter polarimeter, Prior to assay,
background current was recorded as a function of time over a 10 minute peried
at a potential of -0.65V versus saturated calomel electrode, One ml of
culture was then added to the half cell containing substrate and the decrease
in current was recorded at 37°C. A culture of E. coli grown for eight hours
in buffered Trypticase Soy plus 0,5% glucose, pH 6,7, was used as control
or the system,

Oxygen uptake in the three test cultures was negligible, Uptake did
occur with the E, coli culture, however, as indicated by a drop in current
from 1.€35 pa to 0,07 pa in 35 minutes, The viable count of the test cu.tures
(89 and water bottom on BH) were 100 fold lower than E. coli (Table u). It
is conclnded that insufficient numbers of cells were present in test cultures
to determine variations in oxygen concentration by this method, Be-zause
fuiel oreganiesms do not normally get much higher in concentiation than observed
here, a method to detect this nw.ber ig critical. Therefore, if oxyren
consumption 1s to te used for detectior,, other techriques such as manometric
methods will have to be considered because the polarographic metrod is not

sensitive erough,




TABLE b

VIABLE ZOUNTS OF CULTURES SED IN OYYGEN CONSUMPTION STUDIES.

Culture Number of Organism

E. coli control 3.4 x 109
L x 107
8 2.0 x 107
1.9 x 107

L8 hr kerosene water
Bottom 6.0 x 106
5.1 x 10°

Kerosena water bottam
Stock- (not transferred) ——

#* No growth was observed on plates of TGY after L days inficating

that less than 10° number/ml were present,




Je Field betncas of Detection

a, Pulse Pclarizat cnit  Thy cojective o pulse rolarization stugldes i¢

Le aevelop @ ugteslion mELnCS Tasec Tro changes L the acilvallion pelarieaticn

characteristic, of an eicciftue as all=Cleéd Ly RICIGOIeanisms.

[

ective 1s tc ckbserve tne electrcQe dullhy Lhe very

early stages ¢f polarization. The characteristics ¢f acuble layer capacity
and faradic impedance are separated.  and the excharnge current and Tatel

slopes are determined for various degrees cf corrcsior, The urigue X-Y Pulse
Folarization method allows one to cbserve voltage and current cf the electrrce
immeJdiately after a pulse is initiated without cisturting the equilibtrium of
the system. Tris infcormation is ther ccrrelated with the effect that micro-
¢rgarisms have on ap alumirnum strip in a suitakble media overlayed with jet
fuel.

Brief lescriptizn of erirental Techrique: The e¢le trical circuit
D g

is schematicaliy srcwr irn Figure 8. This circuit is sc designed that an
aluminum electroce may bte subjected to anodic or cathcdic pelarization in

the form of a short D=C pulse, The potentiai of a ruference or ncn prolarizeo
auxiliary electrode vs. the 2iuminur elestrode is menitored on an oscillescope.
After the pulse ermerges f{ -cm the pulse generator it is split into twe paths.
The two paths are essentially the same, with the -ell resistance small

compared to RL1E° The voliage acrcss the cell 1s meornitorec cn the vertical
scale of the oscillcscope. C(rdirarily the hcrizorntal scale serves as a

time reprreserntarion; rowever; inr this tecnnigue the veltlage across RSTD 1s
acdditicrally impcsed on the ncrizontal amplifier, Tris causes the pecsition

¢f the pulse cr the screen tc te displayec

Q
v
o
K
[y
I
ol
IS

equivalent tc this

voltage which 1s airectly relatea tc the current acress R ... Thus; the
e

4C



PULSE
GENERATOR

‘ LS~ MOTOR DRIVEN NEG PULSE

' MODIFIED

Reim (:) HORIZONTAL
INPUT INPUT
ELECTROCHEMICAL |
CELL .
CATHODE sTD
ANODE REF

Figure 8. Schematic of Electromc Circuit
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alrminum

{1) Todium #=alfate ir whion aluminum exnibists littie er no carra<ion.

v2} 2oa1um chicoriie in which aluminum extiibits mocerate corros:on

The corrosicr rate was s¢ fast in ¢oppe- cthloride solv*ions that 1° was
difficeuit ~c obtain resulte of any significars valze. hRatnher than use these
solurions 1t was decirded TS use varicus conventraticns of Katl,

iy 3 puase I Varying ampiitude to the

i

The prroeedure used was Lo al:
aluminum electrode, and ‘=~ ~bserve tne vollace-current behavior at the

electrode and to alsc observe how the aluminum ele2trode aczcepts the pciential

The first step was toc caiilbrate tne 72antimeter displacemernt cn the
norizortal axis Lo currert, Tr.s was atamp Lsnod ny rassing a turrent
acroas the Fgwn (100 ¢hm resizror, {(3ee .- i =7, The voltage B M was

O T
dsddd

measured in the vertical direction ana thue knowirg voltage and resistance

the Adrcsplacement @3 related directly tc¢ current,

O

1
4




[ S TR .. " . . T

sl * PR a4 v PR 2 I RN Y LT, +
- - - .o P S G oy e -

AMYLIAR Miore rt Vrrent v3, ToiTR5E CLrve WL LN . . "rrChe 0L a8 wava

after the pulse 55 irnitiateds The values vacied with the varieous seglutiscrg

v .l . s . . . e e
fhe viltlace arcp due Lo rsoluticn resistancs was suttracicd frem oeacrn of the

. L. b ey - P R N 30t - H Yegs v e - . e R
measured teotentials, The resultant poterntlal, which is the voial overcoterntial

minua chric nclarizaticn, is here referrea tc as the ¢

<

erpctential and given
the desipration M,

It is desiratle here tc separate the effects of the dcutle layer ~agacitarce
from the faradic impedarice. rpither or toth characteristics may te altered
by the change in corrcsion rates, The dcuble layer charge tegins to build
as the potential is applied, and within a short time the fuil charge is
established at the interface, Tnis effect may be separated from the faradic
effect ty measuring the slope of current density-voltage curve as M approaches
zero, i.e. as equilibrium is reachecd. When this value tecomes constant, the
double layer is estatlished.

For the purpose of this discussion it is desirable to compare the
characteristics of an aluminum electrode in 1M Naz SC& and 0.1 NaCl, It was
desiratle to work in more detail with two particular sclutions so that the
desired characteristics could bte distinctly separated for a more complete
analysis, Other ccncentrations of NaCl and NaESOu as well as tar wauer.

distilled water, and scodium dichromate were investigated also. The cell was,
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for the Xa,S0, zolution; the doible layer had not be=r o=

after 700 microseconds, A number of cxrlanations coula he ¢iferer,

w5

LW er

tha' tne tulxky and less electronegative culfate Zon would he siguer 13
arrange at the double layer, or alterrnat:vely *he doukle lgyer recomes
establizhed eariy buat the capacitancer iy changing cue ¢ changes 15t tae

surface of the alumirum, An answer *2 this questicn may be determined with

the aid of o« high gain preamplifier for the (scilioscopa.

Oncz the double layer 1= establishec impedance .5

lirating eff'ect, 1In the case of the NaCl solu*icn where the double

layer

was definitely established the exchange current, i can be calcuia-ea fram

03

1 - BT (L
© n¥ n nre

H

Where : 1s the current passing at n.»c¢ {eguilibrium), R 1is

constant; T *he absclute temperat.re, n the number of eleciron: 1nveolved 1

the reaction and F tne Faraday constant,

Lhe

as

3,01
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first establisnec empzpically and later fiven *he Tetical meantiig,  notho
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rlots shown In ni 10 trhe cover;otential l¢ sufficiern.iv i:7x

that cnly tie anodic {(oxidation) reaction ie significant, tne ojpo=iiy

reacticn 15 negligitle, Linear porticns are noted :n both plote wit: =l

-’y

of 2,15 for the 3,1 M NaCl systems and a number of slopes for trne 1,0 M
Na .50, soluiion,
VN 3t

Digscussion of the Results: Tased on the e€xperimentadl wor¥ acne ir

ruiTe THIAarizatisr irvestigstions it vz observed that there re throe eiolt

{.} The double layer capzacitance
{2) The excrange current
(3) The Tafel siope

Tp to tre jresent time consiaeration har only been given to snedic

rolar:caticn, Catrnodic polarization, which would involive the

viltaFe reaction, wiil be included in further invectigatior, This wolld

deuble the number of sensitive parameters wWhich mipyis o izee v cienn

methol or sl atect fre Inflhevice n o cvdereor s oiitro o
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Figure 9. Ancdic Pulse Polarization of Aluminum All sy 7075 1n1 0 Molar
Sudium Sulfate
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3, Corrosion Studies

[a VSRS PR R S
creen o 2l Glier Luliltures

—
.
U!

Long term corvogsinn studies were hegn Zurd Lo second Quaiier A0

Lon: stugies wove sceorrlisred during this guarters The farst shuay was
direese -~ Uivoie ayoee mo Tw e oo oh collostion whion o T ope fnveluen
Pnomreooly LoE DRI Pouhe
role s R il The tnird sraay evamned
LA AR =g cn the corresion rnrocess ang the grouth ol fuel

A- attem o ouaz mide Lo zirgen orpanisme for their ability to rroduce o

r

cecelerste corrocicn gy required, iaeally, the usc of & rrowth medt
tie eerginents ol owiich inhitit ner c¢atalyze the corrosion of alumis
';}.-;'3;:‘; .

During <he rcourze cf triz investigrtion, the Bushnell-linas medium has

B >

veen iged extens’velr or the cultivitien of fuel orpanisms, but the ef

[

ect
o thig menium on the corrosion process had not been critically evaluated,
A vreliminary study of the effect of Zushnell-H--~ riediurm on aluminus

growes tho corrasicn lg o inmritited by the wrole BE O (nitrate

CIonlleleriot. DT Tt

tirators regardin. the meand

in ruelewater-slurmiaum ooz

iroewnloon Tuel : the vitamin

g lronienst Yol otorce systeT, tne

Dre cutencroonrrogion croducrn Uonitr ce-lres moedum
Peocie croemee me aemce D Lacnerinlosrowth,
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vl res he isved to ke Invelved in ke cerresion
process was accemolished by ereowing creanisms in the rnitrate~ree medium in
tha pressnce c¢f e ther =lley 707C cor 2024,

(hgervaticne of test an? certrel flasks were made after “cuar wo-ks of

mosuticn s 00, As wa Xpucted, 8 cul o ¢ cenirel strips ¢f the TO7G
allcy wera corrcded, nut all 77 strips ¢i this aiicy piaced In growins Ccultures
were corrcded, On alley SGeu vorrosion ¢cecurred cn 77 ¢ the SR cipicg rlacsd
in ercwins cultures, and £ ¢f the 7 cuntrel strips of cerradai.

Altheu -h Lhese experiments did ol gefinitely demenstrate the rcle of
=icrctes in the corrosion process, Two important pleces of irfermaticn were
oxtained; (1) cn 202L allcy much mcre corrcsicn cccurs with organisms than

is found in centrcls, and /2) much more corrcsion ccours cn 7J7¢ 1

'
fur
-
.

3]

.
o+
oy
o1
o]

occurs on 207L ailcy. The latier findingz is in disarreenment wilh our previous
results, tut a siiilsr o¥servaticn has alsc beer found Yv Sheldeon Lenden at
Aright-Patterson, and may be due te the thickness c¢f the aluminum. Ir cur

previous experiments the thickness cf the 7075 alloy was 53 mil, whereas

in the present experiments, 12 mil allcy was used.




2. Metallurgical Examination of Corroued Aluminum Alloys

Because the above results with corrosicn of 7075 and 2024 disazres with
cur previcus findings 1t was decided Lo determine if the irncreased suscortihitity
of the new 707% was due tc thickness, hardness or structure,

A metallurzical examinaticon of certair corroded specimens wzs ~ide tc

acccunt fer Aiffer:nces ir tehavior in what was ccrsidered to e s51miia

o]

materizl. dariness measurements were made on the ailcye and in additicn
crose sections were examined for possible differences in microstructure. At
this time the hardness measurements can be repcrted, the metallographic croecss
section examinaticn 1s still in progress. Fcllowinz are typical values

obtained:

§Egg£g Alloy Thickness Hardness+

1 7075 0.050" 183

L 7075 0,012" 66

7 2024 0,.012" 110.6
S 7075 0.012" 75.6
3 7075 0,050 150.5
3 2024 0.020" 216.2
6 7075 0.012" 0.8
2 75 0.050" 162,9

#Averase vailue of Kn.op hardness (150 g. weight)
The 0,05C inch thick aluminum had ar average value of 152 as ccmpared
with 7L for the 0,012 inch sections. The observation has heen made that the

0.012 inch strip corroded at a more rapid rate. This surrests that <he thinner

strip was subjected tc some heat treatment that resulted in preci:citated seacnd

c
-

jo )




phages in a ¢gress mwner. Tois time of rrecivitate has traditienally ;juelocs

~1
2lloys more cusceptitle 1o corrosion and i1z particulsrly noticeable with

alloys that contain gectnd rhases more ox

s P a5 . 2 e b g
GIC Lnen e MmMairide LU LhEer

correlstion s suycezted but arrarently ic mot the correct cne,  Tlio nLomocierd
would involive trne correlation witi Nirenegs Wiicn inoUurtt L oens el tes ok
internal stress known to accelerate corrosion, In zuch & 2aov the allow
struciure with the ro ter hardness wo ve ernected Ly onrreane L rester

rate. Tiiz rilactlocshiln deesg mot nold in the rresent instnce. D1 oIc

ot

ome wriill llow A Tetier

b

nat the microscopic exanination ol cross sect

interpretation and correl:*lon of the belavior of these zlloys,
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3., Orowth and Cerrosicn in “eicnizeds and Distilled WwWater

The oblactive of theae ayperimen.s was Lo determare if growin ccul” occur

in distilled and deicnize~ water, and to “etermire if this arowth was assacirated

leluar SLOCKS wers .sed de sheea ol dyan

with corrcsion, Ter oilv.ires Tro-

inoAadd tiomote roiroor oL Yomemas
aeruzsincsa, Clatosporit m resinad, AUpergiiaus lider, raceived from Senersl
ynamics, The procoenare or preparation ¢ coentrel and vest flasks was oas

indicated in the orecciines sons term studies, except that distillet or degicnized
water was sabstituted for the 3rd-minus nitrate medium. slsc, 2 ccmrosite mixed
cultur:> ccemucsed cf rive mls from escn of the four General Jjynamics cultures
was included, Test and contrcl cultures were incubated at X °C cn a shake
machinu,

Cerrrsicr occurred in dzicnmized and Jistilled water in »cth the water

and vapor phases after cnly 2 days Table ). Aithcarth cenirels aisc shewed
corrosion at this time, rncne were pitted, whereas sma.l Jiis were detectatle
in the test flasks.

The 10 ceorresion cuibsures, fcur Teneral Tynamics cult.res ana cne mixed
culrure ¢f the fcur Generzl Dynamics cultures, were again inccu:lated zr
distilled and deicnized water, overlaid with JF-L, and placed ¢r an incubator
shaker. Examinaiion after Zu hours revealed corrcsion, as indicated t; “is-
ccloration o the axlox;had occurred in six of the 10 corros-nn cult.res in
deionized water and seven of the 10 in dietiller water. Actual ritiing had not
occurred “n any of the Meipar organisms while distinzt cits were visibie

strips olaced in :tuitures from jeneral Dymamics, 1.e., 9%, 100, 121, 107 and

the mixed culture : Tahle 7).

#Deicnized o Argtai_led water r—- refers tc water traates b
ion=exzhange res:in cr 4 iliet to whizsh organisms suspzrnie”
were anted, .




M ltyre MNieedilled wWater Telenlzen wa
n e Etated ”3’7 oy
< Lo .

100

11

162
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Centrol
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fenirclt o C
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TARLE 7
QURACRTO Cw 707 ANT 209) ALUMINUM ALIOYS BY CULTURES IN DISTILIED AND

DRIUNLZ NATER Arran 24 BOUHs TNCURBATICN,

Cultures Distilled Deicnized
77e 202k TaTs 202U
Qn . + - -
nq + . - -
Hey + * - +
N + + + .
31 - - + +
9? + - - -
93 + + + .-
9l - . - -
95 + + + +
96 + + - -
99 *p *p * +D
100 +D +p +p -
101 +D +p +p +p
10?7 +p +p +p +p
Mixed +p +D +D +D
Contrel 4 + . -
Control + -
Centrol - + + -
Contrei - + - -
Contrcl + + + +
Centrel + . - .
Control + + + .
Controz + * A +
Control * + +
Centrol + + * *

+ = discoloraticn of allcy
- = nerative
+p = pitting ccrresion




ccuntls were made - 07 aaar, med cotate Jexirose zgar.  Herrecent tive
Molnar corresicn oultures wera azsc platad. After " Mo o-mw lrooitioe, ord
ceaaPRE - Tt e tLUKEe Call I DT (WeT Ar G rerease v o cs. o ere T Ty
S and G¢l, 0 Ir o cllture N9 sne tacteris. populoiicr roreowmr o LD owod :

. b . e . o .

e 1.0 x 10% ir Zistilled water, S0 PO Fet & OLU- L0 .t X Lo s tengpe g

water, The peoulaticon o the mxed

[0 8

10® in daistilled water, ani {rom Llei X 195 e

Oultures 99, 99, 10U, and 101 were wvi:

hlo 1r heth e onized and distii.es
water for -L hcurs. Nc vianle ceiis were present in these culiuares -.Jter

95 hecurs. As expected, culture 102, i.e., [esuifeovibric desulfuricans, was

viable in IGY initiaily, but ne srowth wzs nected after 24 hcurs. 3inee cxyren
1s tcxic to this orzenism further atte-ipts tc determine rn.mbers vresent wera
cenductes’ anas-obicallyv in 3harnley's agar. Agar diiuticn tubes of this

orzanisnm were alsc preparad by zrarsferring 1 mi of the ancreprinwe Siluticer

tc 9 mis of Sharpley’s zgar. Anaerchic ceornditicng oore mainiairo’ +y use of

<t

LY
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alkaline pyrosailcl an? NaCH. The rezults of
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PDA

24

nc grocwih

#S1nce culturss %9 and
#Cultures 99, 103, 171
Dynam.cs, fert worth

‘The mixec culture econsisted of culiures 99,

100, 10.

10U are funzi, these were nct clated
and 102 were cbtained frem Dr. H. Gl Hedr
Texas

and 102,
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During the third quarter studies included the effect of (1) thir agar

film- rontaining viable and ninviable or killew orrarisme on corregicn, (2)

ooy 13 - ; - rinp fan A 17 Cye
effect of heavy tell concentratiuns +n Mylar tave, ami 35 1aif eell sliius,

S ort berm corrusiuin sLudies were otserved daily

vatisns at the end of . weeks, Ten corrosion orgarisms used t!roug!ious these

studies were crozern orn tre ras:is ~€ results ohserves during Lhe Second guarter.

S of

a, T'in Apar Film Studieg: WNren exceriments were conducted with alu-inum

alloy savares and TGY agar, during the second quarter, corrosion cccurred rmost
often in plates wrere tle agar laver was onuite thin, JStuties werz conducted,
during tne third quarter, in which squares of each alloy were covered with
tkin layers of heavily inoculated agar, Joth viable and autoclave killed
cultures of 10 corrosion organisms were usad in this study,

T:in ‘ayers of heavily inoculated agar were rrepared on both 7075 and 2024
aluminum squares as follows, Cultures of each organism were obtaired by trans-
ferring 5 mls of the aprrooriate culture to 52 mls of TGY broth followed by
incrbation or a New 3runswick shaker a. 30°C. After L° ‘ours incubatior each
culture was transferred to 50 mls of warmm TGY cortairang 30 -~+~ams of agar per
liter. Alecchol fiame sterilized squares «f =3~> alloy were immersed in the
apgar-cell Soiutior, arained and piaced ir s“srile rlass peiri dishes. Since
dryvness ral s tha corresion rrocess, 1 ol of sterile distilled water was added
to each dish, I a rimilar exrerimen: corducted in 3H mirus nitrate fuel medium.
sterile féuq was substituted for distilied water, Tes* and -ontrel rlates in

. , . O~
botr media were incubated at 30 C,
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was detected, Further study of the drop technique as a rapid corrcsion melhod
was conducted in the third quarter with tWwo thisknesses of aluminized Myler
rtape* and heavy cell concentratinrs, Heavy cel” carcentrations of Len corrosisn
ArEanisms used . *rese avxrerinants were oblained by growing thte cells 24

reuprs in flasks containine 100 mls of 70V broth and c.ncentrating nre resuitant

eells by cerirmifugaticr. lne dror of cells was then placed on ultraviciet
swerilized s ares of Mvlar tare covered with 5.000% and O 001 in. thicknesses

of aluminum contained ir sterile gla s petri plates. Iterile IGY brot! was
usart ¢ Yive control squares of eac:. trickness; bot: itest and control souares
were covered with & mls of sterile JP-4 fuel and incuba.ed at BOOC. Cobservations
wer e made dal.y for LWwe weeks.

Althoug: the aluminun {ilm was removed under the drops of liquad on the
thinner aluminized Myl!ar no differences were observed between control {no

bacteria) and ithe test samples.

# Ubvained tf'rom fiomar Manufac.urine Uo., “ainden, N. J.



S5« Haif Ceil Studies

Half c¢ell studies were initiated, during the seconc gquarter, tc determine
the aftect cf 4i1fferent redox notertials in each side of an H-Ce:1 cn 707¢
and 20254 alliys. These studies were established in hope that s ceorralation
hetween rate and pattern ot rorrosien andg Adifferences in petenti=zis preduced
by grcwing micrcorpanisms might anpear. Aithousn preliminary data :indicates
that valushle -lues tc the rature of the corrcsicn precess can be chtained
threugh half cell studies, many 3ifficulties have reer erccuntered with this

method during the third quarter. ."e use cf ceilophane dialysis sacs tc

[

crevent contamination of the uninoculated hall cell by hacteria pa-sing threough
the fritted glass fiiter dividing the twc half cells was unsuccessful since
the 7H salts and fue: could nct be maintained in hoth half cells at the same
level after autoclaving. The imbalance in liquids prevented reliahle measure-
ment of potenilal differences in each of the haif cells, Althcugh tnis Aifficulty
was alleviated by using BH agar as a salt bridse, further prcbhlems have been
encountered in line vcitage current sucpl:y tc the laberatery area in which these
stud:es are ccnducted. Although cverail resuliis obtained during this nericd
indiczte an increzse in potential is occurring, day tc day readinzs have been
erratic and unrepreduczible.

Since the B salis causes deviaticns in the uctertials hetween the alumirnum

str.cs, it was decidied tc 2row the TGeneral Lynamicz culture ¢f les Lfoevitrio

“

aticrn cr 7-Cslis, he celils were wasred

[

desu,furicars 2% niurs =eficre inocu

three timaes .r, distiliewedeircrizel owaler ant Laced or cns s3ide ¢f the Hecells
W-1ch coniatned “eicrize? ant 1i3tiiie’ waler Wit oo Sue. overlav. The

cctential difrerencs heilween Uhe hall cells was measure” nouriy fer o che Cirst

L, hurs ans #very 4 hours Shereafter cr U7 hMours,  Jhe res i 8 Are CRoWn IR




Figure 11, Immediately there was an increase in the negative pctential indicating
a reduction cr the incculated side of the h-cell, It was then noticed that
the potential slowly went frcm nezative tc positive. This chargze in selarity
indicates that an oxidaticn of the aluminum {ccocrrosion), ceccurred on the inocu-
lated side cf the cell,

The contrcl cells, containing no culture;likewise increased in negative
potential and then develcped a very constant potential both in the deicnized
and distilled water. Since the initial potential increase occurred in the
reaction cell as we.l as the control, this could be a phenomenon pcculiar
tc this type of cell and not a picture of the overall oxidation reaction. The
gravh in Figure 1l represents a mear average of (14) H~cells, half with distilled
water and the other half ccntaining deionized water. Beth sides of all cells
contained aluminum alloy bar 202L connected by a cdistilled or deionized water-
azar bridee. It appears that the rate of corrosion or oxidation is grzater
in those cells containing distilled water.

Further study of the corrcsion process by half cell experimentaticn is
olanned for the rext menth; a culture received from General Dynamics and

identified as Desulfovibric desulfuricans will be used. Pittine corrcsion was

noted on bars of 707¢ and 2024 aluminum alloy placed in distilled ard deicnized
water cultures of this crzanism after 2L hours. In future studies the effact
¢f chanzes in poterntial cn the corrcsion process caused by high cell

concentrations of this crgarism in distilled water will be investigated.
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6. Corrosion and Hydrogenase

Studies of the corrosion mechanisms and hydrogenase enzyme activi:y during
the third ~uarter have centered or five gas producing organisms isolated and
assayed quantitatively for hydrogenase activity during the second quarter,
Investigation of these crganisms, i.e., 838, 8%, 90, %2, and 28, during the
third quarter, has included duplicatien of previocus results,h in addition
to determi:ing the efféct of nitrate on hydrogenase activity.

Since nitrate ion has Leen reported as an inhibitor of the hydrogenase
enzyme system in the colon-aerogenes baetex‘:[a8 » the effect of this ion on
hydrogenase activity of fuel isolates was investigated, Three media, i.e.,

TGY, plus 2 gram of ammonium nitrate per liter, and TGY plus 3 grams of

ammonium nitrate per liter were prepared and 100 ml q:antities dispensed in

250 ml flasks. The desired culture plus a positive E, coli control culture

was then grown anaerobically for 2L hours at 30%C. A five ml inoculum was
transferred o identical media, and the new cultures incubated for 24 hours,
Cells were then harvested and quantitative determination of hydrogenase activity
was determined by the Warburg technioue 7 . Results of these assays on three
organisms in 3 media are presented in Table 10. Assay of the remaining

cultures has been slowed considerably due to mechanical difficulties. These
studies are continuing and will be reported in the next quarter.

The results presented in Table 10 show that all three cultures possess

hydrogenase enryme activity when grown in TGY medium, thus indicating that the

cultures are capable of utilizing molecular hydrogen, However in the presence

of mitrate (2g/liter, twice that employed in the BH medium) a suppression of




enzyme formation is obvious, With three times the concentration of nitrate
used in the BH medium, no hydrogenase enzyme was formed. The importance of
this phencnoencn to the corrosion process, in the light of the nitrat: inhibition

of corrosion in the absence of microbes, 1s not known at this time,
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TABLE 10

QUANTITATIVE DETERMIN.TION OF THE EFFECT
OF NITRATE ON HYDROGENASE ACTIVITY

Ammonium Nitrate
Culture grams/100 mla n uld, utilizad/hr.xlo"afcell
TOY Growth Medimm

B, coli 0 £0.2
£8 0 S7.7
88 0 L43.9
88 0.2 6.59
88 0.2 0,
88 0.3 0.
88 0,3

E. coli 0 L2.5
39 0 7.8
89 o] 8.L
89 0.2 0
89 0.2 0
Ro 0.3 0
fg 0,3 0
S0 o) L7.6
0 0 38.1
90 0.2 1.1k
90 0.2 2.83
S0 0.3 0
90 0.3 0
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C. Water Pottom Studies

Durine tie first and second guarter, water bottom stuiies were
injtiated to establich (1) a basis for understandiing majer ecolorical
phenomenon oceurring in fuel-water-metsl syvsterms, (2) a tasis for under-
starndin~ envireonmertal and ricchemical activiticn of mecrmorranis-s as

- - : ~ £ %% mtean o + e F Y PR fem 4ta
related to cerresicn, ant {37 ciucs trat can be expanded intc matheds for

prevertins detericrative activity. These investirations were Adesirned
around two ecclopy studies in which major chemical and bacterial porulatzor
changes in the fuel-water system were followed, The ctjective of these
studies is tc determine the time required for oxyrsen to tecome depleted

and 002 to build up during grewth in a fuel-water enviromment in a cloased
system, This infermation is needed for an understanding cf the metabelism

of the organisms feor the detecticrn and mechanism studies,

1. Oxygen Concentration

A commercial polarcgravhic oxyegen aralyzer, manufactured by
Beckman Instruments, Inc., has become availalle recertly, for measuremert

of 02 concentration of liquids. The sensor unit of this instrument utilizes

m .

a cilver ancde and a gold cathode separatecd from tre sample by a Teflon
membrane. The electrolyte ¢ a cellulose-tase ¥7l gel., A built in

thermistor ircwres against temperature sensit’vity, allowing measurement

over a 17% to LE°" ranre, with less than +57 errmr, The unit can be

rapidly recharged thus makin:s repre-ucille measurements possitle,




Oxycen analysss were conducted as follows, A Becignan 7/7 Oxygen
Analyzer was contiected to a leeds and Northrup recorder unit throurh a
small circuit thus allowineg expansion of any section of the analyzer
scale on the recorder.

Since anu adequate flow rate past tne nxygen sensor was nct obtained
in the small system utilized throughout these experiments, it was
necessary to run 3 calibration curve for oxygen in water, correlating the
percentage scale on the Beciman Uxygen Analyzer with parts p-r million
by Winkler titrationg. In a Winkler titration the marganous oxide is
acidified 1n the presence of iodine ion, resulting in liberation of one
mole of iodine for each mole of oxygen utilized. The quantity of iodine
liberated 1¢ determined by titration witn standard thiosulfate,

++

C2+2Mn + LCH™ amo, ., HO

2

MO, 0+ 217 4 LH ——————Mn ¢ I #3H,0
Al g oS 2 oH2

I 250 e— 2] + S50
2 ' % 3 Sb 6

To correlate the oxygen analyzer scale with concentrations o¢f oxygen
three test solutions consisting of tuy water, distilled water,and distilled
water bubbled with oxyeen were aralyzed Ty the Beckman Jxygen Analyzer,
Scale readings were then compared to oxygen ccn ant as de‘ermined by
titration with standardized sodium thiosulfate,

Standardization of the sodium thiosulfate was ac . mplished using
potassium dichromate (196mg/QSccH26) as a primary standard, Oxygen ccrtent

was then determined by adding .5 ml alkaline solution (LO g NaCH+ 9Cg




X1/100 m} HEC? tc a known volume of test sample. The sclution was acidiflied
with 0.5 mls of 1:1 sulfuric acid and titrated with standard scdium thics:l-
fare (N.AN2FTNY o g yvellow end point, Additieon a? starch indicator
(2g/1000 ml Hy') at this peint resulted in a tlue—green color; thic
solution was again titrated with standardized scdium thicsulfate until the
blye-green celor disappeared, A tlark sample of boiled water served as a
control,

In Tatle 11 a corrarison of regdinrcs -n trhe aralyzer sarmple wvolumes
and vpm oxyrer. as detemired b the Wirkler method is presented. T:e
calitraticn curve for oxypen content (Firure 12) indicates aprreximately
five scale divisions cn ‘he aralyzer equals one part per million of dissolved
oxyzen by wWeight,

The oxyren sensor un‘t was inserted in 1500 mls of BH without nitrate

-

solution overlaisd with 1570 ¢cc of JP=} fuel, The water-fuel solution was

N . . -Oﬂ N
equ'librated 2 hours at 3I0°Z, aprroximate

¥y 20 mls of water botiom
inoculum addeu, and the system sealed past the sensor with a cerk stopper,
A magnetic stirrer maintein<d corntinuous flow of the sample, By use «f
the attached rrcerder the system was constantly monitored during each of
the four experimentis conducted. (Figure 11),

Aun 1 was conductes bv rlacin- -he oxy:ren sensor in tre fuel layer
of the FH without nitrate medium ana the flask was rlugred with ccoitern sc

that *the amcunt rf air enterirs the system was n2° restricted. In mun

.

the senscr wgs rlacerd in the salts layer ¢f the medium, and the system was

closed, but rot sealed, trus allowirn~ resiricted air to reach the samplc,

~)
rJ




OVYGEN CONTENT DETERMINED FY THE BECOMAY 0Y¥ruN o

T e b } 307 S ANN
PN (xﬂ ELE R

TARLE 11

TNTEYT IN

VETHENY
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Sample

Volume of Sample
Anailvzed on
Beckman Analyzer

Percent

O
Beckman innlyzer

Yolume of Sarmrle
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TAP Hzo

100 mls

200

16.7
16.7
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B
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Coalp mls

1&..5
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Distilled
Water 200 10,0 13.30 ol
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The third and fourth runs were slocsed completely. with 2% ml of inzculum for
run 3 and !C ml of inoculwm for run .. The zengnr in runzs ? oamd L owore in
the wiater lavar.

The results in Fi,ure 17 slow th-t ~o chanses ‘n +vhe cumeces concentratlon
of the fuel layer occurred dur ng prowtsh of the warerspotton inoculum (iun 1),
Changes in oxypen concentration dic occur Lowever in trne wuater laver -inder
partially closed conditions (iun 2). In corpletely clozed systens the rate
of oxycen aepletion in the medium was s funciion of the Inoculum size., WHth
0 m1 water-bottom inoculum, about hnalt as long (theoretically LU hours) was

required for derletion azs was required for a 2% ml inoculum,.

2. 002 Concentration

The objective of ti:g study was tc determine whether the C02 con-
centration of the growth medium in ™uns 3 and i/, (see Firure 13) i1ncreased
ag the O2 content decreased. The CO? assay concentration was negligitle,
undetectable by tris technique 2t O time, but it increased to arproximately
1.3 p moles CQ, per ml after 92 hours incuration for run 3, and 45 rours
incukbatisrn for run 4. hic was expected because recst of tne oxygen had

+

he orpanterg cduringe this time rerioc,.

i

(wd

been consumed during growth of
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D. Absorptiun and Fluorescence feagsurements

Tre rrowth of microbes on fuel is dependent upon the oxidation of
hydrocarbons to oxyyrenated components. Some of the hydrocarbons are oxidi:zed

to 002, gome to cellular components, and some to end »nroducts such as slimes

L]

and ermulsionz, The otjective for this quarter waz te determine if end products
could be detected which were related to the corresion and filter .logring
problems, In this study both the fuel and water nhases of the growth medium
were ex.iined by ultraviolet and infrared abscrption spectroscepy and
fluorescence measurements befor2 and after growth. The resilts from thece

studies are described below.

l. Fuel Sclukle Compounds

ae Yltraviolet Absorption Before and After Growth: licroorganisms

growing in Bushnell-Haas fuel medium rroduce compounds which abgorb in the
ultraviolet region of the gpectrum., The results showm in the First uarterly
Report indicated that microorganisms produced fuel-golubtle comnonents in

Ly days, which ahsorb at 310 to 350 mu. This absorption was thour: to be due
to polymuclear hycrocarbons. During the third quarter, experiments were
conducted with fuel which had been incubnated with fuel organicns for §
months .

In some experiments JP-L fuel was used ac an overlay to support growth
of the microorgnisms in the water bo*tom (from a kerosene storace tank)
while in others JP=lL was usec in bH-medium. The ultraviolet absorption spectra
otserved, using the Cary L, spectrophctometer, of the fuel hefore and after

frowth are shown in Fipures 1i=-17. The =amae batch of IP=l fucl was used in
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GTH IN MILLIMICRONS

Figure 14. Calibration Patterns of Contaminated and Filter Sterilized JP-4 Fuel

1. and 4. Unsterile fuel vs. unsterile fuel ; 2. Overlay fuel from water
bottom vs. unsterile fuel; 3. and 6. Overlay fuel from control BH vs.
unsterile fuel; 5. Overlay fuel from culture 14 vs. unsterile fue];

7. Overlay fuel from culture 16 vs. unsterile fuel; Curves 1, 2 and 4

were for unsterilized fuel. Curves 3, $, 8, and 7 were for millipore

filter sterilized fuel.
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Figure 16. Abs.rption Pattern
Curves:
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Absorption Patterns of Cyvelohexane Dilutions of Fuel Overlay from

Water Bottom Culture vs. Jet Fuel Dilution in Cvelohexane

1. 1 100 dilution of jet fuel 1n cvelohexane vao 1100 dilution of jet
fuel 1n cyclohexane; 2, 1 100 tlution ot water bottom fyel n
cyclohexane vs. 1 100 diiuti.n of Jet tuel in evelohexane; 3,1 10
diution of yet fuel 1n cvelobexane vs, 1 10 Jilution of jet fue! in
cyclohexane; 4. 1 10 duuts 1 f wate bottom fucl an cyelohexane
ve, 1 10 ddution f yet fuel ciclobiexanc. All tuel was from the
same batch and wus not =t 2. L
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all cases,

Figure it Pigure 1L shows the spectral analysie of seven fuel samples,
"nsterilized JP-L fuel was used as a reference in all of these studies, thus
only differences in absorption from that occurring in the original fuel are
observed, Curves 1 and L are base lines for the study wnich resulted when
the absorption of unsterilized fuel was read againet itself :n both ihe
reference and sample chambers, Curve 2 shows the change in absorption
which occurred when the fuel was incubated for 5 months over five gallons
of water bottom culture, The peaks (shown) at 360 and 380m. were not vrevi-
ously shown (First Quarterly Report) because of the dilutions used, when
this fuel was diluied (figures 15 and 17) no absorption was observed at
these wave lengths, In general, curve 2, Figure lj, is similar to the data
previously presented except much greater avsorrtion is shown at 330m. and
below,

Curves 3, 5, 6 and 7 of Pigure 1, were fuel samples from bottles con-
taining BH overlaid with millipore sterilized fuel whiclt had been incubated
for 5 months, Curves 3 and 6 represent the absorption of uninoculated
controls, and curves 5 and 7 represent the absorption after growth of pure
cultures of organisms 1L and 16 respectively. The decreased absorption
shown in curves 3, 5, 6 and 7 indicates that millipore filtration might be
removing some of the components in fuel which absorb between 330 and LlLOm..
An experiment to test this hypothesis is shown in paragraph D.l.b., The

important observation here is that the water bottom culture produced some

fael soluble components during growth, These compounds wers not formed by




the pure cultures.

Figure 15: The curves in Figure 15 show the abgsorpiion characteristics
of 1/10 and 17100 dilutions in unsterile jet fuel of the fuel which wag over
the water bottorm inoculum. The base line was vrepared as describerd in Fipure
1. The diluted water bottom fuel was compared tc the reference fuel, The
data 18 sirmilar to that previoualy reported except that mich greater ak-
sorption was apparent at 330mu and below, About 7=8 times ~ore .sorbing
material is present in this study than was found previously (0.D. of (.25
compared to the previous OJ.)e of 0.03). The rearon for the greater atsorption
‘s nct known, unless it ie due %o increased metabolic procucts formed by the
lonrFer incubatio~ period; S months as cormpared to 1.5 months.

Figure 16: The curves shown in figure 16 were run to determine the ab=
gorption characteristics of jet fuel alone, Spectroscoric grade cyclohexane
wag used to dilute the fuelband water was uged as the reference, The base
line was obtained by using water in both the samle and reference cuvettes,
Curve 2 shows that absorption of cyclohexane occurs below 250mu with no
appreciable absorption between 250 and 600mpy, Therefore this solvent should
be suitable for diluting the fue!;the atsorption characteristics below 320 mp
could be observed. Curves 3 and L show absorption of 1/10 and 1/100 dilutions
of JP=L fuel respectively diluted in cyclohexane. Jet fuel at these dilutions
has abtsorption peaks at 318 and 312 and absorbs completely below 29C mu when
compared to water.

Figure 173 The objective of this study was to determine if differences
in absorption characteristics could ke obgerved in fuel after microbial

growth.

3
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Dilutions of fuel from fuel owverlays on water bottom incculum were
compared to appropriate dilutions of reference jet fuel, Cyclohexane was
used as diluent in all cases and the base Iines resulted from use of diluted
reference in both samrle and reference cuvelles, The data in curves 2 and
L indicate that the water bottam culture is producing something that has
absorption peaks at 322, 318 and 282w,

b, Ultraviolet Absorption of Kerosene and Different JP-i Fuels: The

objective nof this study was to determine whether the ultraviolet peaks

could be attributed to absorption by kercsen:e Alsc studied were the

ultraviolet absorption characteristics of all the JP-L fuels which have
been received,

The kercsene water bottam culture was taken from a storage tank and
then allowed to sit for a couple of days before overlaying with JP-L fuel,
The possibility still remained however, that some kerosene component in
this water bottom could be resoonsible for the peaks we observed in r'igures
1L~17. The absorption spectra shown in Figure 18 show that this possibili-
ty truly exists, because kerosene does have absorption peaks at 380 and
360mu. It is believed however, that these peaks would have been diluted out
more than is indicated; O.,D, of 0,1 Figurelli, compared to an O.D. of 0.6,
Figure 18, at 380mu. Therefore the absorpti.n peaks at these wavelengths
are still believed to be due to microbial grwth.

¢. Fluorescence Measurements: The possibility that microcrganisms

were causing the formation of polynuclear hydrocarbons or conjugated

unsaturated compounds was explored by stuaies examining for fluoreserce,
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The fluorescence of control and water bottom fuels was examined in the
Farrand spectrovhotofluorimeter. The inatrumen. was calibrated to read
SO units (sensitivity scale X 0,1) with a sample {1 ug/ml) of quinine
sulfate dissolved in 0,1N sulfuric acid, In both samples, the contrul fuel
anl the fuel overlay, fluorescence was noted a*t LOSmu with the activaticn
energy wavelenpth at 355m.. Fluorescence intensity however was iow, about
LO units at the X0.1 scale, Fluorescenre at this wavelength imrlicates
polynuclear or conjugated aliphatic hydrocarbons, but because the same
fluorescence was observed in the contrnl fuel (no bacteria), their presence
had nothing to do with growth.

To make certain that cells were not adding componernts, the samples
vere extracted with water solution, and observed for fluorescence at pH 3,
7 and 10, No differences were noted between the control and contaminated
fuels,

d. Infrared Absorption of Fuel Before and After Growth: Beczuse the

organisms were growing in the water bottom overlaid wath jet fuel it was
hypothesized that they shculd be producing oxygenated compounaa which woulid
be soluble in the fuel, If this were true, then these compounds might be
extracted and characterized by ultraviolet absorption, Preliiminary exami-
nation of the fuels indicated that some oxygenated compocunds might be
rresent, In an attempt to cut down the _nterferences ard tc concentrate

the potential infrared absorbing ccmround, toth the cortrol and water bottom
fuel; were fractionated into 31 fractions by distillation and again examined

for infrared avsorption,




The fuels were fractionated by the following procedure:

500 mls of the fuel were distilled through a 9L cm x 2,5 cm vacuum
jacketed column packed with 3/16 I.D, glass helices. The fuel was
distilled at 5° intervals, and the reflux ratio of the liquid varied from
approximately 20 to 1 at the start of the fractionation to 10:1 at the
end of the distillation at atmospheric pressure, The maximum pot temper=-
ature at atmospheric pressure was 220°C, Part of the remaining liquid
was distilled at a presasure of 1C mm,

It was observed during the disti’lation that darkening of the fuel in
the pot occurred from fractions above 1, The final fraction (No, 30) came
off as a colorless liquid, but the liquid in the pot remained as a black dark
residue (approximately 75 mls,)

Each of the fractions of the water bottom fuel was examined by infrared
spectroscopy. Unfortunately ro significant differences could be observed
between the control and water bottom fuels and no fuel soluble axygenated
components were formed during growth,

The main conclusions that can be drawn from these studies sre: (1)

No fuel soluble oxygerated compounds were formed and concentrated in the
fuel during growth, (2) the absorption peaks observed at 282, 320, 360 and
380mu are probably additional polymuclear hydrocarboms or conjugated
unsaturated compounds formed by the fuel organisms, and (3) the ultraviolet
absorption differences in the fuels before and after growth may be due to
contamination by kerosene, No differences in fluorescence, however,were
observed tetween control (JP-} only) and corntzminated (with bacteria and

and possibly with kerosene s~rrles),



e, The Effect of Sterilization Techniques on UV Absorption of Fuel:

Sterilization of JP-j fuel is routinely done by Millipore filtration in
which filters with pores 0.L5 microns in diameter are used, Recently,
studies with this filter fuel indicated possible removal cf ultraviolet
absorbing components from the fuel by sterilization, Accordingly, auto-
clave, Millipore, and glass frit sterilized fuels have teen investigated
this quarter,

Three one hundred ml samples of sterile fuel used in the study were
prepared by (1) autoclaving &t 15 1lbs, pressure for 15 minutes, (2)
Millipore sterilization, and (3) filtration through ultra-fine fritted
glass, A fourth sample of nonsterile fuel was used throughout the study
as a reference blank, In initial attempts to compare the four fuel samples,
a Bausch and Lomb Recording Spectrophotometer, Model 505 was used, Since
the fuel samples absorbed completely below 325 millimicraons, the fuels
were diluted with cyclohexane and scanned from wavelengths of 250 to LOO
millimicrons, Initial scans indicated a more detailed survey of peaks
absorbing between wavelengths of 300-350 millimicrons was necessary,

The spectra of nonsterile fuel diluted 1:2000 is presented in Figure
19, and autoclaved, glass frit and Millipore sterilized fuels are shown
in Figure 20, Glass frit and Millipore sterilization appears to yield
fuels with essentially the same components, but autoclaved fuel differs
from filtered fuels by at least one component as evidenced by the
isosbestic points at 273mu ard 257Tmu. The importance of this difference

could be investigated in growth studies in the future,
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2. Fusl Solubility in Water

a, Micrcbial Growth on Water Soluble Fuel Components: FPreliminary

studies showed the extent to which fuel was soluble in water. This was
demonstroted by the ultraviclet absorption at 2L0=-3U0mu, with a peak at

270 my, of water rreviocusly overlaid with fuel. The spectra are shown in
Figure 21, Experimenis wsre conducted tc determine if fuel organisms would
grow on these water scluble fuel components,

Initial attempts to determine the effect of micrcorganisms on water
scluble fuel components were conducted by -rowing three cultures 89, 9L, and
96 in BH plus fuel and BH with fuel removed after vigcrous shaking. The
procedures employed are described in Table 12.

Viable plate counts were made. Table 12 indicz-.ed egrowth occurred in BH
medium with fuel and ™ medium with fuel removed. Very little or no growth
occurred in BH salts only, Chanaes in absorpticn at 271 M4 a5 a measure of
growth were complicated by emulsicn formaticn and absorptivity increments did
not correspond to increases in cell number as determined hy plate count.

b. Use cof Water Soluble Fuel Ccmpenents in Growth: To circumvent this

problem of turbiditv the water layer wa: centrifuged prior to ultraviclet
analysis the Zeiss spectroplotometer, A rixed kerosenc water bottom
culture was used as inoculum and the experiment was repeated under the
conditions specified in section a, above, The chanzes in the number of viaktle
cells were nct determined.

The results ir Figure 21 s~cw the ahscrpticn of water soluble fuel com-
ponents., The abscrpticn ¢f fuel comporents and emulsions 1s shown by curves
A and B, The abscrptiorn shown by curve Z is due to the emulsion only. The

spectra in Figure ’°C shcw the Adecrersed ahsorption at 271 my resultine from

the utilizaticn of fuel as a carben scurce *y the organisms,

1



COMPARISON GF GROWTH OF CULTURES 8%, %4 A'D 56 ON BUSHNELI=HAAS PLUS = EL

MEDIUM AND BUSITELL-HAAS WITH FUEL .ENQOVED AFTER SHARTI .+

I Culture Time RH=Fuel BH with "uel iHemueed Jhenc Fuel
__BH- B el Thane Deel
C 99 0 LeS x 10 5.1 x 107 ke¥ x 107
i 3.8 x 19° Led x 10° .7 x 105
| 2L | 8.5 x 10° 1 x 107 .t x 10°
| 7.1 » 109 143 x 107 7.3 x 10°
u8 1.1 x 10° 2,2 x 107 6.5 x 10°
5.3 x 1ob L4 x 167 ¢ x 105
Sl o | 1.2x %06 S.% x 107 9.9 x 105
1x 10 5.0 x 107 ¢.1 x 10°
2l 2.1 x 10° 3.1 x 107 2.2 x 10°
1.2 x 100 2.7 x 107 1.1 x 106
L8 2.5 x 107 1.3 x 108 1 x 100
2.1 x 107 1.2 x 108 2 x 10°
96 0 6uls x 107 9.3 x 16° 2,2 x 108
6.6 x 10° 9.9 x 10° 5,7 x 10
24 6.3 x 106 5.5 x lOZ 1.5 x IOZ
6.7 x lO6 1.8 x 10! l.7 x 10-
L8 2.0 x 10° 5.6 x 107 1.5 x 107
2.2 x 10° 7.0 x 107 €2 x 10°

#Experiment was done in duplicate for each of the three cultures, 100 ml c¢f
B was overlaia with 20 ml of JP-L. For fuel remcved studies the fuel - BH
mixtures was shaken in a sevaratcry funnel and the water layer was removed.
Aseptic conditions were emplcyed as previocusly described. 10 ml ¢! inoculum
of each culture, previously grown on BH-fuel for 1 week, was added tc the
B salts, 1.0 ml samples were withdrawn at O, 24 and 4* hours for vlating
on TGY and 2 ml samples were withdrawn fer 'V analysis.
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Figure 21, Ultraviolet Absorption of Water Solubie Fuel Components at 0 Time
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In thig preliminarvy study the time ond speed of centraifugaticn were not
controlled ana it was obvious that the a»sorption .t 271 mu coculd nct he
compared frecm ecne amalysis to the next, hacause different Quantities of emulsicn
were fcrmed ir dilferent cultures. However, one can ccmpars curves A, D ard £
at each c¢f the incubation times. This data 1s shown i1n Table 11, The cause

£ the small diiference arter 9n hours of growth is nct svident. Further
experimentaticn is reguired %< determine the -ause cf the smalii differernce
in absorption observed after $6 hcurs of agrowth.

ce Infra Red Abscrptior. of the Water Layer Before and After Treowth:

Analysis of the fuel layer befcre and after srowth revealed neither great nor
si1znifican. differsnces and atterticn was turnred tc ihe analysis of the water
layer. Pure culture isclates cf zultures89, 94 and % form emulsicns in their

growth cn fuel. Because these orzanisms waere 1sclated frem corroding aircraft

n

fuel tanks and because the current corrosion nypsthesis relates the formation

of lonz chain alccnols and acids in low mineral envircnments with accelerated
corrosion, it was decided that analysis of emuisicns from these cultures would
be desirable, Cultures 3%, %4 and Y% were srcwn for five days in BY minus
nitrate on the shake machine at 20°C, lcnirel samples containinz nc inozulum
were itreatc? in Lhe same manme:r. Thne aquecus layers were extracted with diethyl
ether and dried by evaporation at ricm lemperaiudre 17 a valuum desiccatcr at
reduced pressure. 7Tn:s “ried materis. was analyzed hy a smear technique arnd
samrles from culture 9nwere feund tc¢ centain a carbonyl eroup as evi-<enced
by the reak at S.8%  (Figure 77:. Ine corirel sample ‘Flagure JL) zave nc

indicaticn of this mater:tal, Zamples freom c.lturas 9C gnd 3L svroras 27 L 260
L4 \ - oo,

do not exnidit sircnz artserpticn 1o this »ezion nut,

b,
N
«
.
jos
Vi
>
N
-
D
.
»

possibility of the presence ~7 i rcarbonyl gzrour.

N




TABLE 13

STTLIZATICN OF WaTXa=3CLUBLE ¥ EL CCMECNANTS 2T FATEH BOTTLM CUiliRe

k4 . : -~ - -1 i
Incubaticn time Argcrption at 271y hy BH# Sifference
. . "
{(Hours, |

i

+ fuel fuel raemcved !

= - i

14 ab‘*"f o:HO .J’Ge i

o
A N4}
.
o
O
[» )
.
=
ot
e ¢}
L]
0
~J
x

faug
~3
.
o
N
.
o
0
.
—
I
\

75 <390 225 .168

296 L75 . 349 .12

150 «553 292 - 26AH

\

¥This is absorption after centrifugaticn, Different censrifugatior conditions
were employed for samples taken at each time. Theoretically, if identical

cenditions were emnlcyed the abscrpticr of the OH + fuel weould e identical
for each time.
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and analyzed by smear technique 99
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Future work will include the growth of culture 9% on pure alirhatic and
aromatic hydrocarbons to determine if emulsion formation occurs. Attempts
wvill also be made tu se! emulsion formaticn cn the low rineral medium in JP-i
fuo;)and on pure hyarcvcarbons. The cerrelatior letween corrcsicn and emulsicon

formation will then e made.



E. RNutritivnai Studies

In the past the most desira®ls medium for study of the corresion mechanism
wes consideraed tc re a RoohmellaHags cr P07 mediim,  Howsver, ihe corresion

has tc »e givern t¢ medium

1_!
pda
~

experiments nave shewr that careful corsidera
used in corrosion studies. Koy this reasor LWe metia, one cueniaining coprer,
were selected from the nutriticnal siudies at Sharpler Lavcratcriss for in-
vesticaticn during this gquarter. The methuds anc preeedures fcr this study
are described below.

» !

1. Compariscn of Urcwth and Corrcsion on Medium A and BH

The comparison of rrowth with corrosion on 3ushrell-~Haas minus-nitrate
fuel, medium A-fuel and modilied A-fuel (see appendix) was carried cut with
isclate 96, criginally obtained ‘re~ fuel tarnks. [he sterile medium {100 ml

~y

overlaid with 20 ml JFL) was inoculated with © mls of culture, Controls of
each medium were uninoculated.

Test and contirel culsures were incubated at BOCC ¢n an incubhatcr shzker
for two days. Samples were withdrawn from test and contrels atv 2, 2L and 48
hours for determininz viahle ccunts. The resulis infigure 77 shew that
medium A was better than ¥ or medium A coerntaining silfate instead of ritrate.
The aluminum in each case was dar<eresd and nc pitiing wa3s cnserved, F.rther
study of these media 1n additicn <o Bi-nitrate media 1z nlanned durirs the

next quarter 1o determine 12 ditfererces in corresion can he cohsarved.

-~

2. Zffect of Cecpper

Preliminarvy investigaticn of the 2ifect ¢ cepper on srewin of three
: - [l
bacterial cul:. .res was coniuctel Dy groewing these Taoleros 1n medaum A -

nitrate Tuel ani merium oae riirate Cuel ins U.0% crama o copper wer liter,

Investizaticns hy 3Shorcilev Laboraoroos showed uhas suppressad srewth

durine e Tip oy few Asvys Rot Muer lons routation rericds a4 croWlh oacceler-

Ty

ation errect whs notesd, oK
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Sterile Medium 4 nitrate-fual plus copper and Medium A-nitrate fuel minus
copper (100 =1, containinz 707% and 02, alleys) were inoculatles with {ive
ml of cultures °9, %L, and 9. [fest ard centrel (unincc.lated) flasks were

incubated cn a New Brunswick shaker at 00 for 14 davs. Irewte nccurring in

these flasks was f¢llowed ». viihle plate couris in 707 sxar after 3, 1, i,
and 1y days incuhaticn, Less growth occurred with culuures of 99 and =i,

The res.lts indicated that all the cultures decreasea in growi:. during the
first day incuhation in the pizsence of conper (Figtres 2%, 7S, 30). Cultures
89 and 9.4 however, shcwed less growth in .he presence cf copper thar in its
absence during the first day whereas culture %6 showed greater grcwth in the

first day in the presence of copper, After two weeks zrowth, however, there

were no significant differences in growth beiween the twc media.
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Figure 28. Mean Growth of Culture 89 in Medium A - Fuel Plus Copper, and
Medium A - Fuel Minus Copper
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D sl em 3 se o memermmegn momeeagh e 2 8T LT ot W Coruy
cuitures art flel lgclates, Lroone oynariment, heth o cpweal ooeed Y a7 1T e
WU oW LT TLem mea e o srad - . ALk P R
1hat when Lhe salire cllnares were rneurated Grcoar Dol 211 cells were
Alliede A Bacond study utisdsdn~ spowing c2lls in orich mediimoar o diematine
with f.ei cverlay showed ihat n:l cultures srew, Thoerefore, in the =rerence o
rich medium fuel is definitely rct lethal, In a thir? exrteriment, rncrmal
and fuel cultures were olaced in 3H-fuel medi.m. I- tris case the ncrral
cultures were killed ard fuel isclates survived and zraw,

Durinz the third quarter. resting ce=ils of fuel isclates zrown in 3
nitratc fuel maedium have been incubazed under JP=L fue. to d2lermine 1f fuel
grown cells are killed under conditions where they cannct grow,

Tc determine whether survival of fuel isclates ir BH med:ium wa- 7Tue tc
growth, a medium was prepared which lacked a nitrogen scurce; scdium sulifate
was sibstituted for ammonium sulfate in the BH medium. The experiment was
conducted by incculatinr five flasks cortaining 100 mls of 3H-nitrczen free-
fuel medium with & mls of test culture. Flasks c¢f 5H mirus nitrate fuel
medium incculated with esch c¢f the five culturers served as contrcls., Cre ml
samples were withdrawn from test and ccntrol flasks at G, 4 ard 4% hours
incubation for viable plate counts.

The results presented in Table 1L indicate that growth occurred in all
cultures, in both BH and BH-nitrate free medium. Careful examiraticn of the
reazents used in the modified BH mecdium revealed that 0.02 percent ritrcgen
was added tc the medium throuzh use ol reagent grace chemicais, This sma .l
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amount of contamination appears sufficient to support growth., Further aitempts
to ob*ain nitropgen free salt solutiors are plénned for the next quarter. One
approach might be to grcw the cells in the BH-nitrogen-free fue) medium then
centrifuge them out; resterilize the medium and test it again for ability to
support growth. Unless th9,9§}}5,9r¢ fixing nitrogen it would te removed
by>tﬁe cells cduring growth and thus a nitrogen free solution couid be obtained.
Another approach might be the growth of the cells in rich medium and BH-fuel
medium, followed by washing and resuspension in distilled water. The amount
<‘of killing or growth of these cells when exposed to a distilled water-fuel
environment could be followed by determining viable cell counts during the
incubation period. Also to be stu’ ed in the next quarter will be the effect

of saline and‘fuel on resting cells of fuel grown organisms.
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1.

2.
3.

e

#Ht NA Lactate, 10.0g, may be substituted here.

APPENDIX
Laboratory Media

Medium A-Nitrate Fuel
Mg. SO, , TH,O
CaCl

2

K H2 POh
K2 H POh
NH& HOB

Fe Powder

~  Distilled H,0 T 4o~

2
Aluminum coupon

Fuel:se

pH 7.0

Gram per liter
Okt
‘0.02
2.0
2.0
2.0
Lo

1000 mls

20 mls /100 cc

Sterilize fuel by Millipore filtration and add aseptically

Medium A-Nitrate-Fuel plus Copper add 0,039 grams of CuS0, .

5H20 to medium A-nitrate fuel

Medium A-Sulfate - fuel

Substitute (NHh)sth for NHhNO3 in same quantities.

Formula F: (8)
NHhCl
MBSOh
KH2P0h
NaZHPOh
Lactic Acidinex
Distilled K,0 to

2
Adjust pH to 7.3 with NaOH

1.0g
0.1g
1l.5¢
3.5¢
9.0g

1000 mls
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5. Bushnell-Haas Salts Soln.

MgS0),

KH2POh

K2HP0h

(NHh)Zsoh

CaCls

FeCl3

Distilled H,0 ‘to

Adjust pH to 7.2 with NaOH or HC1l
6. TGY Agar

Tryptone

_— Yeast gxtract

Glucose

K2HPOh

Agar

Tap H,0 to

pH 7.0

0.2g
1.0g
1.0g
1.0g
0.02

0.05

g

g

1000ml.,

5.0

5.0

1.0
1.0
20.0

1000

grams
grams
grams
grams
grams

ml
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