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B-563

U.S:FWright Alr Development Center. Power Plant Laboratory
\tllas L. Margolin).
THE BIOLOGICAL DETERIORATION ALD DEGRADATION OF HYDROCARBONS.

U.5. Department of the Air Force. Technical Report No. 6290
(June 1951) 27 p.

The dioclogical degredation of individual hydrocarbons
found in motor fusls, oils, greases, and in ocorrosion-
preventive and other additive coxpositions was studied
using various apecies of molds axzd bactoria that are cepedble
of oxidizing petroleum products. In general, the obaerved
effects of micro3rganism attack on aircraft engine fusls
and lubricants wvere not ¢f cufficient magnitude to advervely
arfect their gervice performarce.

For aliphatic hydrocarboas, growth incressed aa the
length of the carbon chain in:reased. Branched-chain (%o0)
compounds were more susceptible to attack than were straighte
chain compounds. Because ths branzhed chain comstituents
of gasoline have the highest anti-knock properties, grow-
ing bacteria might decrease the octans rating. The growth
produced, however, was not appreciable and did not seem to
require preventive msasures. Unsaturated cyclic compounds
did rot support growth as well as did saturated cyclic come=
pounds.

Changes in pH caused by mold growth were generally not
appreciable, but several samples showed increases ar de-
creases in pH of ome unit or more whsen tested with a .
*specific fungus. These changes were more pronounced undsr
aerobic than under anasrobic conditions. Other noticeable
effects of the presence of microBrganisms in oil were de-
crease in densities, discoloring of unsaturated hydrocarbons
produced during the oxidative process, and, especially in
heavier oils, formation of gummy residues.

There wvas a &efirite correlation between the results
of individual mold tests carried out under anaerodbic condi-
tions in flasks with mineral salts solution and those
obtained with the standard trcpical aerodbic testing tech-
nique. Sanmples that grew mixed molds in the tropical test-
ing chanbers also supported growth of individual molds.

The growth prodused in the flasks, however, was much more

pronounced. This indicates that for most organisms the

yresence of other elsments is required before the cardbon
of the hydrocarbons can be utilized.

Great Britain Department of Scilentific and Industrial Research.
REPORT OF THE CHEMISTRY RESEARCH BOARD, WITH THE REPORT OF THE

DIRECTOR OF THE CHEMICAL RESEARCH LABORATORY FOR THE YEAR1952.
1953. 124k p., —

[Petroleum, storage, bacteria, sulfur, Desulfovibrio, growth,
culture, corrosion, metals]
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Fabt bout, ., J. ¥errier and M. Louls.
LA CONSERVATION DES ESSENCES AU CONTACT DE L'FAU ET DE DIVERSES
PAROIS [THE STORAGE PROPERTIES OF GASOLINES IN CONTACT WITH
WATER AND TANK WALL MATERIAL (in French)].

Rev. Inst. Franc. Petrole et Ann. Combustibles Liquides A:05-311
(August 1951) 7 p.

Under all practical conditions, inhibited, leaded high-
octane aviation gasolines can be stored for several years
in steel or concrete containers in the presence of fresh
or salt water without effect on gasoline performance.

Under severe storage condition3, especially under continu-
ous or prolonged agitation, .however, gasolines containing
aminophenol type inhibitors show decreases in octane number
and lead content and increases in gum formation. The rate
of gasoline alteration in the presence of water increases
with the intensity of agitation of the two liquid phases
and with the retio of interphase contact area to total
gasoline volume.

Plasticcor paint coatings containing organic polysulfides,
such as thiokol, may release sulfur which renders the gaso~
line corrosive and lowers its octane number. They are not,
therefore, recommended as gasoline tank liners. Certain
acid-reacting coatings may change the color of dblue gaso-
line dyes to green. Concrete, even when protected by arganis
coatings, is frequently attacked by sea water and may form
vhite deposits. GCasoline stored in concrete tanks in the
Presence of sea water contained an increased amount of
residual salts after evaporatiom. 4

These experiments were carried out on a small laboratory
scale, an intermediate scale, and on a large service scale.

F-1028 Knosel, D., and-W. Schwertz. ,
UNTERSUCHUNGEN ZUR ERDOLBAKTERIOLOGIE., II. UBER VORKOMMEN UND
VERHALTEN VON MIKROORCANISMEN IN ERDOL [ INVESTIGATIONS IN
PETROLEUM BACTARIOLOGY., II. OCCURENCE OF MICROORGANISMS IN
PETROLEUM] .
Arch. Mikrobiol. 20:362-390 (1954)

[Petroleum, bacteria, Desulfovibrio, Mycobacterium, Pseudomonas,
Actinomyces, Bacterium, Micrococcus, Bacillus, biomechanism,
growth, tests, foreign]

F-1029 Gangel, G., and W. Schwartz.
UNTERSUCHUNGEN ZUR ERDOLBAKTERIOLOGIE. III. UBER DAS VERHALTEN
VON MIKROORGANISMEN IN ERDOLPRODUKTEN [{INVESTIGATIONS IN
PETROLEUM BACTERIOLOGY, III. OCCURRENCE OF MICROORGANISMS
IN PETROLEUM PRODUCTS].
Z. Hyg. Infectianskrankheiten 140(1):100-126 (1954)

[Petroleum, bacteria, Desulfovibrio, Mycobacterium, Pseudomonas,
Actinomyces, Bacterium, Micrococcus, Bacillus, biomechanism,
growth, tests, foreign]




FelOhy Tewmmne, Th.
MIKROBEN ALS URUACH: DiR ZERSTORUNG FINER BITUMENISOLIERUNG
[MICROBES AS A CAUS: OF THE DESTRUCTION OF BITUMEN INSULATION].
Bitumen, Teere, Asphalte, Poche C:1€1-144 (May 1955)

The multiple-layer bitumen insulation of steel tank
interiors in a slime-removal and water-purification
plant failed severely after only 2 yr of service. Start-
ing with small holes and blisters, the bituminous coat-
ings developed a porous, spongy structure, followed by
complete flaking of large areas and groatly weakened
adhesion of the remaining coating. Pores and blisters
occurred particularly at the transition zonme of the
steel walls and the concrete foundation.

This severe demage was not caused by substandard mate-
rial or by faulty applicaticu techniques. A few similar
failures of bituminous coatirngs have been reported from
other locatiions and in the literature. All instances
indicated that anaerobir bacteria capable of metabolizing
hydrocarbons were the only possible explanation. The
probability of bacterial attack is highly increased under
the operating conditions prevailing in the water-purifica-
tion plant, viz., presence of numerous slime-forming
microorganisms, including hydrocarbon utilizers, the
stagnation of liquid flow in certain areas, which coin-
cided with the areas of greatest damage, and operating
temperatures favorable to the growth of most microorgan-
isms, viz.,-35-40 C. Where similar conditions prevail,
damage to bitumens is to be expected. Thus, oxidative
degradation of asphalt roads has been reported near moist,
grassy ditches favoring the development of soil bacteria
and other microorganisms.

F-1078 Appert, J., and M. Louls.
NOTE SUR L'ATTAQUE DES PETROLES PAR LES MICROORGANISMES [ATTACK
ON CRUDE OIL BY MICROORGANISMS].
Rev. Inst. Franc, Petrole et Ann. Combustibles Liquides 10:345-348
(May 1955)

Bacterial attack on hydrocarbons has been shown to
proceed prefersntially from paraffinic to aromatic to
cyloparaffinic compounds, Few data exist, however, on
microorganism attack on crude petroleum, particularly on
the heavy fractions. Observatiorns were made, therefore,
on a Kuwait crude, cut to 272 C and deposited in a 2-cm
layer over mud taken from the center and edges of a lake.
The mud-wvater-oil samples were enclosed in 22-mm tubes
and observed for periods of 116 (bottom mud) and 125
(edge mud) days.

At the end of 30 days, the edge mud showed few bdac-
teria, most of which were actinomycetes, wvhereas the



bottom mud, though also poor In population, contained
Sseveral different types of bacteria, The composition of
the crude showed an inercase in regsing, no change in the
acphaltene content, and a dcervase in olly constituents
from 69.9% to 52.8% with cdge rud and to 4T.8% with bot-
tom mud. After 60 duys, the cily constituents increased
at the expense of the resinous and other oxidation pro= -
ducts, including asphaltenes, which decreased from 6 to
0.8 and 0.7% in the edge and bottom muds, respectively.
This pattern continued after 90 days, when oily con-
Stituents had increased to 82.1 and 80.8%, respectively;
asphaltenes were also produced during this stage. These
changes in the crude were attributed to proliferation of
actinomycetes in both media. After & mo, the bacterial
population diminished, especially in the bottom mud.

In general, the chemical changes in the crude constit-
uents were less appreciable in samples inoculated with
bottom than with edge mud in which the cyclic compounds
appcared to be attacked first. This change paralleled
the increased resin phase described above. In the later
stages of attack, the cyclic compounds in the oily frac-
tions increased again.

F-1232 Bonetti, Flio M.
RICERCHE MICROBIOCLOGICHE SUI TRRENI PETROLIFERI & OSSTDAZICHE
MICROBICA DLGLI IDROCARBURI, (NOTA 2) [MICKROBIOLOUGICAL RESLARCH
ON CiLBEARING SOILS AND MICROBIAL OXTIDATIOK OF HYDROCAREONS.
(NOTE 2)].
Ricereca Seci. 20:779-%02 (March 19yt)

Enrichment cultures were prepared with muds from
natural gas and o0il wells In the Po Valley and with
soils which had come into contact with hydrocarbons and
other soils. Forty-eight microorganisms were isolated;
twenty of these were able to use phenanthrene and
anthracene as their sole source of carbon.. Additional
tests were made with these twenty using a mineral medium
of pH 6.9 to 7.1 to which was added octane, dodecane,
hexadecane, phenanthrene, anthracere, or cholesterol.
The medium consisted of 1 g ammonium nitrate, 1 g mono-
basic potassium phosphate, 1 g magnesium sulfate, and
0.2 g calcium carbonnte per liter.

Two of the microbianl forms were identified as Myco-
bacterium, two as Acnromobacter, one as Nocardia, and
two as Flavobacterium. The Mvrobacteria utilized both
the aliphatic and aromatic hydrocarbons, the others
metabolized only the aromatic hydrocarbons. Their be-
havior on a liquid or agarized medium differed in some
cases, For rapid metabolism of phenanthrene and anthra-
cene, a neutral medium is optimal.
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Fats such as cod-liver oil and olive oil and fat
constituents such as tristearin and glycerol were in-
oculated with Penicillium glauoum and inoubated at
259C. No growth developed even after 5 mos. Howevor,
the addition of a small amount of caloium oleate to
the oils and of ean inorgaenic nutrient salt mixture to
the fat constituenta resulted in mold growth.

Coertuin o0ils contain substances which are defi-
nitely fungicidal. For example, sorbitol, a normal
constituent of fruita, seeds, and oils, will, in dilu~
tions of 1:1000, prevont the growth of Penicillium
glaucum on the most favorable medium.

P.D¢Cs Comment: Contrary to the findings reported in
this abstract, othor investigators have obeserved that
most fats are attacked by mold.

(1) R. H. Wellman and S. E. A. MoCallan found
that the addition of castor oil to the plas~-
ticizer dicotylphthalate increased its mold
susceptibility, particularly in soil burial
tests [Monthly 0.So.R.D. report on deteriora-
tion of plastics by microbiologiocal aotion.
Nove 1944, - 1,12:12, G=259(3)].

(2) The Electrical Equipment Panel stated that
mineral-type oils and greases showed little
teudency to grow mold only if free from fat-
ty acids, esters, glycerides or soaps [Trop-
ioproofing of electrical equipment with par-
ticular reference to preveation of mould
growth in electronic equipment. Jan. 1945, =~
1,17:116, WA=3918=34).

(3) The Controller of Chemical Research and
Development remarked that fatty oils are
only used in such dilution in mineral oil as
not to be prone to attack [Tropicproofing,

46 p. Feb. 1945. - 1,24:121, WA-4337=24].

(4) Division 19, National Defense Research
Committee reported that refined fatty oil
from the head of blackfish is susceptible to
mold growth [Mould growth; summary of data
on materials and treatments. Mar. 1944. -
1,4:8,1, G=-125).
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Sulfate-reducing bacteria of the Desulfovibrio species
catalyze the anaerobic oxidation of a variety of mixed
hydrocarbons. This hydrocarbon utilization is apparently
associated with a dehydrogenase system. Long-chain ali-
phatic hydrocarbons are rapidly destroyed by the sulfate
reducers, forming transitory intermediates of insoluble
favty acids which, in turn, undergo further degradation.

Substrates of various crude oils and refinery products
were emulsified in water with gum arabic, mixed with
sterile solutions of mineral salts, inoculated with mixed
cultures of sulfate-reducing anaerocbes, and incubated in
glass-stoppered bottles at 27 C, EKydrocarbon oxidation
was accompanied by sulfate reduction which was used as
an index of bacterial activity.

Sulfates were not reduced in the presence of gum
arabic mixtures containing no hydrocarbon.

1=211% Zoell, Claude E.
ACTION OF MICROORGANISMS ON HYDROCARBONS., (Scripps Institution
of Oceanography, La Jolla, Calif. New Series MNo. ’93).
Bact. Revc. 10:1-49 (March-June 1946) 43 p.

Nearly a hundred species of bacteria, yeast, and molds
have been shown to be capable of oxidizing gaseous, liquiaq,
and solid hydrocarbors of the aliphatic, olefinic, aromatic,
or naphthenic series. Hydrocarbon-oxidizing microorganisms
are widely distributed in soil, water, and recent marine
sediments. They are particularly abundant in oil-soaked
soil and water over which petroleum products are stored.
They grow in simple mineral media enriched with hydro-
carbons as the sole source of energy. The presence of free
oxygen 1s generally essential, although nitrate or sulfate
serve as hydrogen acceptors for some hydrocarbon oxidizers.

Microbial multiplicatinn, oxygen consumption, nitrate
or sulfate reduction, modification of hydrocarbons, and
the formation of various metabolic products have been
used as criteria of the utilization of hydrocarbons. This
activity has been observed at temperatures ranging from
0 to 60 C. Being relatively insoluble and immiscible in
water, most hydrocarbons are rendered more susceptible to
attack when dispersed throughout mineral media by adsorp-
tion on inert solids or by emulsification.

In general, aliphatic hydrocarbons are oxidized more
readily than aromatic or naphthenic compounds. Within




G-2298

G-2686

certain limits, long-chain hydrocarbons are attacked more
readily than similar compounds of small molecular weight.
The addition of aliphatic cidechains increasee the sus-
ceptibility of cyclic compounds to microbial attack.
Carbon dioxide is the principal metabolic product; cell
constituents, organic acids, alcohols, and unsaturated
compounds are among the other substances which have been
reported.

Although scme crude oils are bacteriostatic, samples
of others are destroyed or otherwise modified dy micro-
organisms. Microbial activity is believed to have played
an important role in determining the properties of

petroleum, and bacteria which oxidize volatile hydrocarbons
may provi&e clues to the location of subterranean de-

posits of petroleunm.

Petroleum products stored in contact with water for
prolonged periods may be discolored, emulsified, or
otherwise altered by hydrocarbon-oxidizing microorganisms.
Coolants and certain kinds of pharmaceuticals containing
both hydrocarbons and moisture may be adversely affected.
Natural and most synthetic rubbers are susceptidble to
this type of oxidation.

Microorganisms in soil oxidize methane and other hydro-
carbons of biological origin. Applications of crude oil
to 80il result in increased microbial populations and,
in many cases, improve fertility. Even the so-called
antiseptic hydrocarbons, such as benzene, toulene, xylene,
and naphthalene, are destroyed, and phenol, cresols,
naphthols, chlorobenzenes, nitrobenzenes, benzoic acid,
salicylic acid, and resorcinol in low concentrations are
attacked. The microbial assimilation of phenol in
concentrations as high as 0.3% has been demonstrated.

ZoBell, Claude E.

MICROBIAL TRANSFORMATION OF MOLECULAR HYDROGEN I MARIN! SEDIMENTS,
WITH PARTICUIAR REFERENCE TO PETROLEUM. (Scripps Institution
0 Oceanography, La Jolla, Calif. New Series No. -4},

Bull. Am. Assoc. Petroleum Geol. 31:1709-1751 (Octoter 10k7) 45 p.

[Petroleum, hydrogen, decomposition, bacteria, marine, scdiment,
Clostridium, Pseudomonas, Aerobacter, Bucillus, Jarcina,
Serratia, Escherichia, Salmonella, llydrogenomonas, Methano-
bacterium, blomechanism, tests]

Savolainen, Tapio. _
STUDIES ON THE GROWTH-INHIBITION OF CERTAIN ANAEROBIC BACTERIAL

STRAINS BY ORGANIC COMPOUNDS,
Ann. Med. Lxptl. Biol. Fenniae 26(2):1-177 (1OhH)

Plate tests were carried out on four anaercbic and
four aerobic bacterial species using 1300 chemical sub-
stances, of which nearly 99% were organic compounds.




Marked bacteriostatic action may be displayed by all
members of a chemical group. The gresat activity of the
nitro compounds probably is not due to a simple oxida-
tion reacticn, since it is also found in the amino-
rhenols. Other groups of pronounced general activity
were dyes, inorganic compounds, phenol-like compounds,
miscellaneous gulfur compounds, halogen carbonic acids,
alkaloids, and aldehydes. Iethal activity was also
found in carbonic acid anhydrides, aliphatic curbonic
acids, ketones, and halogen compounds, Other groups
tested were more or less inactive, though occasionally
they contained individual compounds of marked activity,
e.8., pinene among the hydrocarbons, marfanil among the
amines, quinone monoxime among the nitrogen compounds,
and picolinic acid in the otherwise inactive group of
heterocyclic compounds. The carbohydrates and compounds
containing the carbamyl radical demonstrated no bacteri-
ostatic activity.

The aerobic strains were, in general, equally or
slightly more resistant than the anaerobic strains,
Marked selectivity between the two groups, however, was
shown in the action of nitro compounds.

The results of titrations with twenty-five chemical
substances on twenty-one aerobic and twenty-seven
anaerobic strains were analogous to results obtained
from plates in about 75% of the tests. They confirmed
the pronounced selectivity of marfanil and of oxidizing
substances, such as potassium chlorate, p-nitrobenzyl
chloride, iodoform, iodosobenzene, and trinitrophenol,
in growth inhibition. The highest titers were obtained
with iodosobenzene and p-nitrobenzyl chloride. Selective
differences in resistance between various anaerobic
strains were not nearly as great as those between the
aerocbic strains.

Conclusions from the plate tests should be drawn
only from definite and consistent bacteriostatic dif-
ferences between the various bacterial strains, since
the deviations between duplicate tests made with
anaercbic species ranged from 11 - 1000% in 63 - 75.3%
of the cases.

Clostridium tertium was the most resistant of the
anaerobic species tested; it gave both the highest
percentage of low inhibition and the lowest percentage
of high inhibition values. C. perfringens was the
most susceptible, with the lowest percentage of low
and the highest percentage of medium inhibition values.
The largest number of very high inhibition values was
found for C. novyi and C. multifermentans.

The species used in the plate tests were C. per-
fringens, C. tertium, C. novyi, C. multifermentans,
Cornybacteriu» diphtheriae, Staphylococcus aureus,
Salmonella paratyphi B, and Streptococcus haemolyticus.
A variety of culture media were prepared according to
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Zeissler, glucose blood agar being poured into normal
Petri dishes, the other media into tubes.

The total amount of inhibition was calculated from
the formula AsT/12(D2+Dd+d2), in which d is the diameter
of the circle representing complete inhibition of growth,
and D is the diameter of a larger concentric circle in-
cluding partial inhibition of growth. This method is
based on the density of inhibition, rather than on the
width of the zone of inhibition.

Included in the report is a short resume of work in
this field from 1887 to 1947.

PDC Comment: The Prevention of Deterioration Center
maintains a card file on bactewicides; data from the
above report have been transferred to this file.

Hunter, J.B., H.F. McConomy and R.F. Weston.,

ENVIRONMENTAL pH AS A FACTOR IN CONTROL OF ANAERORIC BACTERIAL
CORROSION,

Corrosion 4:567-581 (December 19i48)

In an investigation of the effect of pH on sulfate
reducing bacteria, it was found that active growth could
be arrested in media having a pH above 9 - 9.5. This
geems to indicate that anaerobic corrosion of pipelines
might be inhibited by keeping the alkalinity of the
adjacent soil above this tacteriostatic threshhold, using
either electrical or chemical control. The effectiveness
of such measures, however, requires further study.

Sulfat. reducing bacteria were cultured from a soil in

“which anaerobic bacterial activity had been observed.
.rowth in one medium, containing 2 g magnesium sulfate
heptahydrate and 0.1 g calcium chloride dihydrate, in
addition to 1 g ammonium chloride, O.44 g sodium sulfate,
0.5 g dipotassium hydrogen phosphate, 3.5 g sodium lactate,
and a trace of Mohr's salt in 1 liter tap water, was far
better than in a second, which consisted of 2 g ammonium
sulfate, 5 g sodium lactate, 0.5 g dipotassium hydrogen
phosphate, and a trace of Mohr's salt per liter of tap
wvater.

The pH values of 7, 8, 9, 10, and 11 were obtained in
separate flasks by addillg 0.2 N potassium hydroxide to
flourishing cultures. Growth at pH 8 - 9 was much greater
than at pH 10 - 11, The bacteriostatic rather than
bactericidal effect of the higher pH values was evident
from the normal growth of the organisms when returned to
neutral media after 2-, 7-, and lk-days incubation at the
higher pH levels,

The darkening of lead acetate paper caused by the
formation of metabolic hydrogen sulfide was taken as the
criterion of growth, but the selection of this method
was subsequently critized independently by two other
investigators. Another objection regarding these tests
wvas that they are an investigation of the effect of pH
on bacterial growvth rather than on corrosion.
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witdtere G, Hub, Minor uret DuL. Yabrott.
CHLMISIRY OF GUM FORMATION Il CRACKED GASOLINE.
Int. tae Chem, B1:1722-17:0 (August 1949)

The stability of cracked gasoline and of pure hydro-
carbons was investigated by measuring the rate of gum and
peroxide formation on aging. Gasoline gum seems to orig-
inate from the oxidation of both reactive hydrocarbons and
nonhydrocarbon impurities. Products forming gum were more
difficult to inhibit against oxidation than those forming
only peroxides.

The gum stability of cracked gasoline was improved by
sulfuric acid or similar treatment, by inhibition with
15 - 60 1b antioxidant per 1000 bbl gasoline, or by dilu-
tion with straight-run components. The boiling range was
important, heavier fractions of inhibited, thermally
cracked gasoline being less stable than lighter fractions;
this applied to both untreated and treated fractions,
Treatment of the heavier fraction consequently improved
the stability of the blend more than 4did treatment of the
lighter fraction. '

Metal catalysts reduced gum stability but could be com-
pletely inactivated by metal deactivators. The latter,
which were generally specific in action for only a limited
number of metals, had to be present in stoichiometric
amounts,

Significantly lowered activation energies of gum-
formation reactions were noted in the presence of catalysts
or in the absence of antioxidants.

Although these results were obtained with West Coast
thermally cracked and straight-run gasolines, they have
been confirmed on similar stocks from other sources and
may apply also, in part at loast, to catalytically cracked
fuel.

Westveer, W.M,, and J.5. Brosier,
PREVENTING BACTERIAL GROWTH IN OIL EMULSIONS,
Metal Progress 56:357-358 (September 1949)

Mogt emulsifiable oils, used as coolants and lubricants
in ocutting, grinding, and forming operaticns, support bac-
terial growth when diluted to 1:% or more. The type of
preservative that can be added is determined by its com-
patibility with and its solubility 1a the emulsion.

Two oil-soluble germicidal preservatives, gfphonylphenol
and 2,3,4,6-tetrachlorophenol, in amounts of 0.1% of the
total weight of the emulsion, proved capable both of keep-
ing hydraulic emulsions free from bacteria and of cleaning
bacteria~clogged systems.



M111e r, Lawper.o b,
RAPID FORMATIOR OV HIGH COLCENTRATIONS OF HYDROuLl SULFIDE
Y SULFATE-RUDUCTL Y FACTERIA.

Boxee Thompson Imstitute tor Plart hesearch, Inc., Yonkers,

.Y. Reprint No.o O/h, Contrits. 1.:027=-b6Y (Octoter /December
1uby)

Over forty strains of sulfate-reducing dbacteria (Desulfo-
vibrio desulfuricans [Beij.] K. and v.N.) were grown in the
laboratory to determine the highest concentration of hydrogen
sulfide that can be produced by this organism. The strains
were obtained from drill-core samples taken from depths of
T00-900 £t in sulfur-bearing salt domes, from a marine
environment, and from a variety of nonmarine sources. All
strains, marine or nonmarine in origin, produced over 2000 mg
hydrogen sulfide per liter when grown in suitable media and
transferred at frequent intervals, preferably 3-5 days. The
production of high concentrations of hydrogen sulfide is
associated with rapld rates of formation.

The previoudsly reported maxima of hydrogen sulfide for-
mation, 1468 mg per liter for marine forms and T49 mg per
liter for nonmarine forms, was increased to 2000-2500 mg per
liter by an improved medium that appears equally suitable for
both forms. This medium contains the following salts:

Crams per liter

Anmonium chloride 1,00
Magnesium sulfate (MgSOy+TH,0) 2.00
Sodium sulfate 18.2%
Dibasic potassium phosphate 0.50
Calcium chloride (CaClQ'ZHQO) 0.10
Sodium lactate 21.00
Sodium chloride 10.00
Calcium carbonate 1.00
Ferrous ammonium sulfate
(ra(unu)é(sou)a-éneo) Trace

For both marine and nonmarine forms more rapid development

occured in 1% sodium chloride than with no sodium chloride or
vith 2% or more. The presence of calcium carbonate was

important and better results were obtained when this com=
pound was used than vhen similar pH values were induced
by the addition of sodium hydroxide. Larger amounts of
sodium sulfate reduced the rate of hydrogen sulfide for-
maticn without increasing the total concentration reached.

The high concentration of hydrogen sulfide produced in
appropriate media tended to kill contaminating organisms
in enrichment cultures; after five or six transfers these
organisms were no longer present. Microscopic examination
of a limited number of such cultures also indicated the
absence of contaminants.

Y- .



T=GLO Dol Vo ith and Anron wochter,
PAST IAL CAD TG JORDNSION 1 i VENTURA FIRID.
Corroclon 7i10-00h (July 1) 1s p.

[011 w11, stecl, corrosion, bacterin, enthodic protection,
raliation, ultrasonic, pli]

G-7468 Greathouse, Glenn A., Carl J. Wecsel.
MICROBIOLOGICAL DETERIORATION OF MANUFACTURED MATERIALS.
Ann. Rev. Microbiol. 9::33-358 (1951) 26 p.

[Microorganisms, bacteria, tungi, decomposition, hydrocarbons,
petroleum, leather, paper, plastics, textiles, coatings
(organic), metal, rubber, review]

—~——

G-7856 Spruit, C.J.P., and J.N. Wanklyn.
TRON /SULPHIDE RATIOS IN CORROSION BY SULPHATE-REDUCING BACTERIA.

Nature 168:951-952 (December 1951) 3 p.

Corrosion of iron by the bacterium Vibrio desulfuri-
cang wvas studied under aneerobic heterotrophic and auto-
trophic conditioms. According to Kuhr's mechanism the
stimulation of corrosion is due to utilization by the dac-
teria of cathodically produced hydrogen by which the cor-
rosion reaction would otherwise be polarized. Kuhr's
equation indicates that if no organic hydrogen donors are
present and the hydrogen for sulfate reduction comes sole-
ly from iron corrosion, the ratic of total iron corroded
to iron present as iron sulfide should have a value of 4.
This ratio is closely related to the ratio N gram atoms
iron corroded to mol sulfate reduced wvhich should also
have a value of 4. Determination of residual sulfate in
a culture medium of known sulfate content, in which Armco
iron samples had been immersed for 8-%6 days, allowed cal-
culation of values of the ratio N. Under heterotrophic-
conditions these values ranged from 0.9 to 1.% whigh, in
view of the relatively large amounts cf easily oxidizable
lactate present, is regarded as in accord wvith expectations.
Under autotrophic conditions, N values ranged from % to 9,
indicating that only part of the hydrogen liberated in
the corrosion of iron is utilized for sulfate reductiom.
Mass spectrometer analyses showed that significant amounts
of hydrogen gas were evolved.

These results indicate that in autotrophic msdium the
ratio N is merely a measure of the exteat to vhich dbac-
teria utilize hydrogen liberated by iron corrosion and
that no acceleration of corrosion is produced by such hy-
drogen utilizatiom. Further support for this viev arises




from a study of the influence of inoculation w -
reducing bacteria on the corrosion potontizg o:t:n':i::t‘
electrode in air-free autotrophic medium. These measure-
ments revealed no significant cathodic depolarizatien.
Acceleration of corrosion by sulfate reducers in hetero-
trophic medium 1is, therefore, considered to be caused not
by removal of hydrogen but by some other action of the
bacteria, probably their sulfide producing action.

G=7990 Wormwell, F., and T.W. Farrer.
ELECTROCHEMIQAL STUDIES OF ANAEROBIC COKMOSION IN PRESENCE
OF SULPHATE-REDUCING BACTERTA.
Chemistry & Industry (London) (1952) 2 p.

[Steel, corrosion, bacteria, Desulfovibrio, polarization
measurement, tests]

G-8433 Stone, Robert W., and Claude E., ZoBell.
BACTERTAL ASPECTS OF THE ORIGIN OF PETROLEUM.
Ind. Eng. Chem. LL:2564-2567 (November 1992) L p.

(Petroleum, bacteria, biomechanism, Serratia, Mycobacteriunm,
Desulfovibrio]

G-8533 Sonntag, W.
BACTARIAL DECOMPOSITION OF SOLUBLE-OIL EMULSIONS.
Lubrication Eng. 8:234,260 (October 1952) 2 p.

The breakdown of the soluble-oil emulsion in a parti-
cular hydraulic press system is described and recommen=-’
dations are given for prevention of decomposition in this
and similar systems.

Whenever circulation was stopped for 24 hr or longer
in a 6,350 gal (24 cu m) hydraulic press system, oil
separatad, black ferrous sulfide scum formed in the
accumulator, and hydrogen sulfide odor was noticeable.
The water supply for the system was a good tap water
with low hardness; however, contaminated drainage water
with a high hardness and iron content seeped in through
the coacrete wall of the cistern and mccumulator. The
emulsifying agent in the oripginal soluble oil was mainly
a mixture of stabilized petrolaum sulfonates. When cir-
culation was stopped and oxygen supply was thereby de-
Pleted, sulfur bacteria, probably Sporovibrio desulfuri-
cans attacked the sulfonates, reducing them to hydrogen
sulfide, and released the oil from the broken emulsion.

Recommendations for preventing this type of deconpo=-
sition are as follows: The entire system should be kept
clean and influx of iron-bearing ground water should be




oliminated by proper accumulator insulation. The pH of
the press water should be increased to approximately 8.2,
because sulfur bacteria require a pi of 7 or lower for
development. The system should be thoroughly aerated
and good circulation maintained at all times. Adoptica
of these precautionary measures eliminated all trouble

in the hydraulic pressure system described. A germicide
can be added if necessary.

Bacteria and molds were found to attack and damage
polysulfids polymer linings of concrete underground gas-
oline storage tanks under tropical conditions. Failures
were of two types: (1) In Florida, Thiokol FA sheet-
lined tarks operated by water-displacement systems which
kept the tanks filled to & constant level showed extensive
deterioration in the areas traversed by the gasoline-water
interface after 2 yr. (2) Kept in stand-by condition in
the tropics, Thionol MX latex lined tanks showed deteri-
oration principally on the damp floors, particularly in
the areas bdbelow the manholes.

The addition of 5% pentachlorophenol to the polysulfide
polywers inhibited biological attack for 4 yr, whereas
Thiokol linings coataining either phenylmercury salicylate
or pyridylmercury chloride turned black after 2-mo ex-
posure and showed some mold growth after 6-mo exposure.

The microorganisms attacking the linings wvere comman
soil and wvater bacteria and molds. Specific bacteria
isolated and identified included Bacillus megatherium, B.

vohacterim

terminalis, Achromotacter liquificana, Fla
diffusun idbrio desuifuricens. The molds vere

of the ganere Acremonium, Cladosporium, Alternaria,
Fusarium, moﬁ'&:—"’ , and Fonlc i,
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Using & sulfate-free aodification of the medium des-
eribed in the preceding abstract, the grovth of Desulpho-
vidrio desulphuricans, strain 'Hildsndborough,' vas ob-
served directly. Cocpounds which wvere able to replace
sulfate for grovth inciuded sulfite, thiosulfate, tetrs-
thionate, metabjsulfite, and dithionite. Kxcept for di-
thionite, vhich probadbly decamposed spantanscusly to sul-
fate and sulfur before teing reduced, resting cell sus-
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pensions reduced these ions, using the theoretical amounts
of hydrogen and forming the theoretical amount of sulfide.

The organism was unable to grow with or to reduce di-
thionate, perdisulfate, 'formaldehydesulfoxylate,' sulfa-
mate, benzenesulfonate, methanesulfonate, S-hydroxyethane-
sulfonate, sodium ethylsulfato, dimethylsulfone, or cys-
tine. If purified by redistillatiomn, elementary sulfur
was also unattacked. Five other strains of D. desulphurie-
cans, four of them cultivated autotrophically, were also
unable to grow with pure elementary fulfur.

Colloidal sulfur permitted slow growth, or slovw hydro-
gen absorption when a resting cell suspension vas used.
This effect was not due to oxide impurities in the sulfur
permitting growth, because an ultrafiltrate of colloidal
sulfur had considerably less activity.

A study of hydrogen uptake rates suggested that sul-
fur, thiosulfate, and tetrathiocnate vere not intermediates
in normal sulfate reducticm, but that sulfite vas,

Fatian, F.v., anid #illiar: @iveicx,
JROWTY OF BACTERIA IN SOLURL: OIL EMULSIONS.
Applied Microtiol. 1:17-2C- (Juliy 195<) S p.

The growth of bacteria in soluble 0il emulsions and
methods for determining their number are discussed. Bao-
teria grow readily in a variety of soluble oils; soill,
feces, river vater, machine-shop sweepings, and pit sludge
serve as inocula. Increasing the oil concentratiomn of
the emulsion decreases the mean generation times and in-
creases the numbar of viable bacteria. The addition of
peptone to the emulsion increases the number of viable
bacteria and results in cobjectionable odors.

In the enumeration of bacteris in soluble 01l emul-
sions, distilled vater or 20 M phosrhate buffers at pH
7.0-8.0 appear adequate as diluents, and nutrient agar
seems adequate 89 a plating medium. Diluants containing
sodium chloride are undssireble.
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Many bascteria grov in soluble oil emulsions causing
undesiradble conditions such as foul odars and lovered pik
vith subsequant breaking of ocmulsion. Because there is
little published vork on evaluating disinfectants for the
emulsions, tvo test methods—a methylens blue screeaning
test, and & more severe circulation test~—aere developed.

The msthylene dlus test is based on the adility of
bacteria to lover the oxidation-reduction potential vhem
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actively multiplying in o1l emulsions and to decolorize
methylene blue thiocyanate. One part of a sterilized
solution containing a 1 g tablet of this compound per
200 ml water is added to 10 parts sterilized 4% soluble
01l emulsion in water, then 10 ml of this mixture is
Pipetted into sterilized culture tubes containing 0.3 g
iron chips, followed by the addition of disinfectants
prepared as 1% stock solutions in oil or ethanol. After
standing 1 wk at room temperature, the tubes are inocu-
lated with 0.5 ml of a mixture of heavily contaminated
soluble o0il emulsions obtained from machine shops and in-
cubated at room temperature.

Disinfectant-free controls reduced methylene blue com-
pletely in 36-40 hr. Compounds which inhibited this re-
duction for 1 wk in 0.1% concentration were considered
suitable for the circulation test.

In this test, 3600 ml of a 2% soluble oil emulsion con=-
taining the disinfectant is held in a wide-mouthed bottle.
The oil 1s forced by air pressure into a funnel holding
3 g iron chips on a wire screen, and is then returned to
the bottle, After l-wk recirculation the oil 1is inocu-
lated with 10 ml of a mixed conteminated industrial oil
sample; bacterial counts are made after 0, 1, 10, 18, and,
if necessary, after 22 and 29 days following reinocula-
tion,

Compounds that passed both tests were 0.010% mercuric
chloride, 0.005% o-hydroxyphenylmercury chloride, 0,005%
phenylmercury oleate, 0.010% azochloramide, 0.10% 2,2'-
methylenebis(3,k4,6-trichlorophenol), 0.10% hexylresor-
cinol, and 0.10% octylresorcinol. Sulfanilamide
(0.10%) passed the methylene blue test but did not pro-
duce sterility in 18 days, although growth was sup-
pressed. Both 0.10% iscbutylresorcinol and 0.10% amyle
resorcinol passed the methylene blue test and steri-
1ized oils in 18 days, but after reinoculation they
showed a high bacterial count on the 29th day.

Further testing should be conducted under industrial
conditions because rate of flow of the soluble oil
through the system, gross contamination with organic
matter, method, volume, length of storage, and other
factors may effect the efficacy of disinfectants.

G-10165 Pivnick, Hilkiard, W.E. Englehard and T.L. Thompson.

THE GROWTH OF PATHOGENIC BACTERIA IN SOLUBLE OIL EMULSIONS.
Applied Microbiol. 2:1k0-142 (May 1954) 3 p.

[Mineral oil, emulsion, bacteria, Salmonella, Klebsiella,
growth, test]
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The more important types of microorganisms associated
with oil-field water floods include iron dacteris, sul-
fate-reducing bacteria, capsule- or slime-forming bac-
teria, algae, and molds. The biology of these organisms,
the difficulties caused by their presence in wvater floods,
and methods of control are discussed. Factors to be
considered when choosing a bactericide include taxicity,
ease of handling, solubility in oil and vater, competi-
bility with other chemicals, and pE of the system.

Sulfate-reducing bacteria (Desulfovidbrio) are impor-
tant to flood operators because they cause corrosion
and, by forming insoiuble iron sulfide, plugging of
pipes. These organisms are not killed by aeration and
their control is a problem in both open and closed
systems. Both iron bacteria and capsulated bacteria
cause¢ clogging of pipe and plugging of input wells.
Capsulated bacteria, however, are of little concern to
vater flood operators because they form slimes only in
vaters containing reiatively high concentrations of
organic matter. Algae cause no problems in closed systems
that exclude oxygen and sunlight, but in the presence of
sunlight they can form slime masses over the surfaces of
expcsed vater which can result in serious plugging.

Molds act similarly to algae but 4o not require sunlight,
only oxygen.

The fresh well water used in the North Burbank flood
passes through about 11 miles of pipe, has a pH of
T.2-7.4, and contains 1000 ppm total solids, 0.3 ppa
dissolved oxygen, and 0.3 ppm soluble iron. The presence
of 30 ppa formaldehyde 4id not comtrol the sulfate-reduc-
ing bacteria or general bacteria. A mixture of tri-
asthyl-'soys'- and dimethyl-'dicoco!-ammonium chloride
injected upstream of the surge tank in amounts of 7 ppa
protected the system for 10 mo from doth iron and sul-
fate-reducing bacteria. A strain of Pseudomonas, hovever,
became resistant and vas present in large concentratiom.
An occasional supplemental slug treatzant vith an amine-
type compound may be required to prevent plugging by
this organisa.

The 'produced' vater in this unit comes from oil-
vater mixtures vhich enter a heater treater vhere the
tvo compcuents sre separated. The vater passes through
an anthrscite filter, then is mixed with fresh vater,
and is reinjected into the formation. Quaternaries,
primary aaines, and aixtures of the two wvere not setis-

' factory dactericides for this vater since they vere
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6ALracwud DY oll carrled over from the heator treater.
When 15 ppm sodium tetrachlorophenoxide which has a low
01l =nlubility vas injected into the produced fluid
upsilream of the heator treaters, 3-5 ppm went into the
oil phase, and 10-12 ppm into the water leaving the
filters. This concentration controls only the sulfate-
roducing bacteria. If other types are present a higher
concentration is required.

Both the fresh-water and the produced-water systems
vree oparated as closed-type systems.
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Thirty different species of bacteria were tested for
their survival times in nine different cutting oils.
Gram negative bacteria were capable of surviving for con-
sideravle periods of time (more than 250 days in some
caces) whoreas the gram positive bacteria were killed in
most instances in less than 1 day. Msedium straight and
euulsion type cutting olls permitted survival of the bvace-

‘torla for longer periodsc than the heavy straight type

cutting oils. Survival period was less than 24 hr for
the gram positive bacteria in the heavy cutting oil and
less than 2 days for the gram negative bacteria,.

Results indicate that cutting oils should have bac=-
terial inhibitors added to them, In screening these in-
hibitors to determine the efficiency of the inhibitim
and the dilution needed, Pseudomonas aeruginosa, Ps.
fluorescens, Proteus vulgaris, and Aerobacter aerogenes
are suggested as test organisms since they were the most
resistant organisms encountered in this work. The first
two organisms were still viable after 250 days in emul-
sion and medium type cutting oils.

PDC Corment: Thirty strains of enteric pathogens and two
strains of Klebsiella pneumorliase were tested for their
ability. to grow in soluble o0il emulsions by H. Pivaic,
W.E. Engelhard, and T.L. Thompson. The significance of
their results with respect to public health is discussed.
(THE GROWTH OF PATHOGENIC BACTERIA IN SOLUBLE OIL EMUL-
SIONS, Applied Microbiol. 2:1k0-142 (May 195%); PDC
G-10165]

Upd erafr, DM, and Glorla Ro o Wren.

il RULEAGE OF O1L FRONM PUTROLEUM-BEARING MATERIALS 1Y SULFATE-
REDUCING BACTERIA,

Applicd Hicrotiol. 2:wd-:20 (November 19954) 14 p.

tly
Results of extensive tests indicate that presen
mown strains of Desulfovibrio probably cannot be applied
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successfully in the field for secondary recovery of oil
from oil-bearing sande and shales.

In eloven separate experimonts involving the use of
103 oil-containing unconcolidated packs of sand or cal-
careous materisl and six sandstone core samples, no in-
crease in oil was brought about by the growth of sulfate-
reducing bacteria within the porous medium. The thirty-
eight enrichment cultures of Desulfovibrio used in these
tests were obtained from experiments of Zobell, from oil
well brines from Texas, California, and Illinois, and
from cores and creek mud from Texas. O0ils included five
crude oils and one n-cetane——crude oil mixture. Most of
the many different aquecus media used resembled sea water
in composition but were enriched with phosphate, ammonia,
and iron. Packs were saturated by twn different methods,
and different volumes and methods were used for inocula-
tion.under both static and flowing conditians.

Several of the mechanisms postulated for the release
of o0il depend wholly or partly on the ability of the bac-
teria to utilize crude oil as an energy source or to modi-
fy the crude o0il. These studies showed littls or no
utilization of crude oil and n-hexedecane by any of the
Desulfovibrio cultures. It also appears unlikely that
these bacteria can modify crude oil sufficiently to affect
0il recovery in commercial quantities.

PDC Comment: Related earlier studies on file at the Cen-
ter include the following: :
(1) Claude E. ZoBell, ACTION OF MICROURGANISMS (B EYDRO- .
CARBONS, Bact. Revs. 10(1/2):1-49 (March-June 1946) .
[FDA 5:B 12, G-211k4]
(2) Claude E. ZoBell, MICROBIAL TRANSFORMATION OF MOLE-
CULAR HYDROGEN IN MARINE SEDIMENTS ... Bull. Am.
Assoc. Petroleum Geol.31:1709-1751 {October 1947)
[PDC G-2298)
(3) Robert W. Stone and Claude E. ZoBell, BACTERIAL
ASPECTS OF THE ORIGIN OF PETROLEUM, Ind. Eng. Chem.
kL :2564-256T (November 1952) [FDC G-8433]

G-10941 Grossman, Joy P., and J.R. Postgate.
THE ESTIMATION OF SULPHATE-REDUCING BACTERIA (9. DESULPHURICANS, )
Soc. Appl. Bacteriol., Proc. 16:1-9 (April 19.3) 3 p.

The effect of reducing agents on the apparent via-
bility of sulfate-reducing bacteria is diflelod, :nd a
satisfactory method for determining the number of viable
sulfate-reducing bacteria in a culture is deacribed.

Stock cultures of a strain of Desulfovibrio desulfuri-
cans called Hildenborough were subcultured in & medium of
glucose, peptone, yeast extract, and sulfate at intervals
of not more than 1 wk. A halophilic strain, El Agheils 2Z,
wvas counted in & medium of lactate, yeast extract, sul-
fate, and 2.5% sodium chloride. Either medium vas sup-
Plemented if required with 1.5% agar, 1 u mol per ml of
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ferrous ammonium sulfate, and various reducing agents such
as sodium sulfide, cysteine hydrochloride, or ascorbic
acid. The pH was adjusted to 7.4 ¥ 0.2. Cultures were
usually incubated in an anaerobic jar containing hydrogem
plus carbon dioxide. Dilution counts in liquid media
wareo made by preparing replicate one-in-ten dilutions in

S or 10 ml of the test medium and incubating. Colony
counts in solid media were made by preparing & single one-
In-ten dilution series and adding samples from appropriate
dilution levels to replicate tubes of agar. Total counts
were determined by diluting a culture in 0.8% saline con-
taining methylene blue and counting in a Thoma haemo-
cytometer of 0.02-mm depth.

Sodium sulfide or cysteine stimulated the growth of
the sulfate-reducing bacteria; small populations often
did not grow without such supplements. Ascorbic acid,
glutathione, or thiolacetic acid hed similar properties,
but thiolacetic acid was sometimes inhibitory. Dilution
counts in liquid medis or colony counts in agar did not
bear any regular relation to the total count unless one of
these supplements was present. With suitable precautions,
colony counts reaching 50-60% of the total count were ob¥
tained in media incorporating cysteine and a ferrous salt
as an indicator of sulfide formation.

Samples of natural origin containing sulfate-
reducing becteria gave greater viable counts in
cysteine-iron media than in unsupplemented media.
Blackened culture tubes with natural populations were
sometimes due to cysteine-decomposing organisms; fure
ther examination of positive tubes was therefore
necessary.

In the past, dilution in media containing no added
reducing agent has frequently beea used for the enum-
eration of D. desulfuricans, and deductions concerning
their behavior have been made from such studies. The
present work has shown that such dilution procedures
give variable results, often unrelated to the total
population: figures varying from 1% to 0.0001% of &
constant populstion may be obteined.

Reese, blwyn T., Howar: lravets and intricl X, Mandels.,
ACTIVITY OF FuNGL O NTLS,
Parlowla h:bhoo-io1 (July 149%)

To study the range of orgenisms capable of growing on
typical plasticizers and hydrolizing the fatty materials
therein, 358 fungl were grown on coconut oil, methyl
acetylricinoleate, and dihexyl sebacate. Of the organ-
isms tested 95% grew on coconut oil, $0% on the ricinoleate,
and 60% on the sebacate. On the sebacate, 95% of the
straino tested showed less than 50 mg growth per flask, or
less than 10% conversion of oil to mycelium.




G=11713

-] -

The Asporgilli chowed varying activities. A. terreus,
A. niger, A. flavus-oryzue series, A. fumigatus, A. cla-
vatus, A, tamarii, A. vorsi.olor, and A, ustus were among
the wost cotive; the least active included A. repens and
A. wentii. Among the Chaotomium, C. glotosum, C. spirale
and C. mollipilium were very active; the leust active were
C. causimeformis and C. velutinuz. Cladosporium herbtarum
icolates nrad medium to low activity. Insect parasites as
& whole appeared to be active oil consumers. Thus Beuveria
bacsiana, Aspergilluc porasiticus, and Aspergillus flavug
were very active, winuroas whe plunt parasito Botrytis
cinerea had little activity. Tno Phycomycetes vary in
Their oll metabolizing abilily, the most active (three
speciea of the genus Cunnirghamella) showing mycelial
voights equal to 65% of tho iuitial weight of cocomut oil
and 20-50% of the inlitisl ricinoleate. The Basidiomycetes
tested were largely inactive,

Growth was determined by incubating the test organism
with 0.5 g of the test material, 50 ml of nutrient solu-
tion, and 1000 ml distilled water adjusted to pH 6.4 at
30 C for 7 days and measuring the dry weight of the
mycoliun after filtering, ethancl extractiom of the resid-
ual oil, and drying at 70 C.

Grossman, Joy P., and J.R. Postgate.

THE MiTABOLISM OF MALATE AND CERTAIN OTHLi COMPOUNDS Y
DESULPHOVIBRIO DrSULPHURICANS.

J. Gen. Microtiol. 12:429-4L5 (June 1555)

A sulfate-reducing bacteria, Desulfovibrio desulfuri-
cans (strain El Agheile Z) oyidized malate, fumarate,
succinate, lactate, and pyruvate quantitatively to ace-
tate in cultures containing excess sulfate. Polysaccha-
ride accumulated in old cultures.

Cell suspensions harvested from malate media yielded
theoretical amounts of sulfide and carbon dioxide from
malate, fumarate, or succinate plus excess sulfate. Suce
cinate was formed transiently during malate oxidatiom.
Various inorganic sulfur-containing snions, methylene
blue, or oxygen acted as alternative hydrogen acceptors
to sulfate for malate oxidation. In the absence of sul-
fate, malate vas metabolized ylelding for each 3 mol of
malate, two of carbon dioxide and two of succinate plus
acetates. In hydrogen, malate or fumarate was partly re-
duced to succinate. Malate or fumarate accelerated the
reduction of sulfate, but not dithionite, in hydrogen.
Suspensions treated with cetyltrimethylammcunium bromide
formed fumarate and lactate plus carbon dioxide from ma-
late. Fumarate was formed via a reversible fumarase; lac-
tate vas formed via a decarboxylase system independent of
cozymase, Mn++, cocarboxylase, or codecarboxylase.
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Cell suspensions harvested from lactate media yielded
theoretical amounts of sulfide and carbon dioxide from
lactate or pyruvate plus excess sulfate. In the presence
of arsenite, pyruvate formation from lactate was demon-
strated with both El Agheila Z and Hildenborough strains.

Suspensions of strair California 43:63 harvested from
lactate media quantitatively reduced fumarate in hydrogen
to succinate; crotonate, maleate, or acetylene-dicarboxy-
late were not reduced. Malate was reduced slowly.

The reaction sequence succinate=fumarate:"nmalate—»
lactats—»pyruvate—»acetate probably takes place in
these bacteria. A reversible succinate’“sfumarate systeam
may form a link between sulfate reduction and the oxida-
tion of organic compounds or hydrogen.

Pivricx, Hilliard,
PSEUDOMORAS RUBESCELG, A LkW SPLcInd FROM COLUBL: OIL LMILEIO:

J. Bacteriol., f0:len (July 1 #59)

Thirty-two cultures of a pink Pseudamonas species,
hitherto undescribed in the literature, were isolated
from used soluble-oil emulsions obtained from factories
in Canada, England, and the U.S.A. The new species,
Pseudomonas rubescens n. sp., was not found in all emul-
sions studied and, where found, represented only 0.1-1.0%
of the total microbial population. It predominated only
in one emulsion that had been stored 2 yr in a refrigera-
tor.

All cultures were Gram-negative, asporogenic, noncap-
sulated rods with rounded onds and motile by means of a
single polar flagellum. On nutrient agar plates, colonies
were circular, smooth, convex, and with an entire edge.
After 1 day, they were 0.5-1.0 mm in diameter and color-
less, but by 2 days they were 2-3 mm in diameter and pink.
Their size increased to 10-15 mm in 10 days, and the color
changed to tan or peach after 1 wk.

All but two cultures produced hydrogen sulfide in pep-
tone iron agar shortly after isolation, and one of these
had acquired the ability to produce it when retested 6 mo
later. In some cultures, hydrogen sulfide was produced
abundantly within 24 hr, in others it was detectable anly
after 14 days' incubation. All cultures reduced litmus
milk in 1-4 days, but only two thirds peptonized it in
28 days. Nitrates were reducei to nitrites in 2 days.
All cultures conta‘ned cataiace. Starch was not hydro-
lyzed, nor was &cid producod fram glucose, fructose,
sucrose, or lactcse. All of eight cultures tested utile
ized lactate, mulnte, succinate, and fumarate as sole
carbon sources, but only half of them used glucose and
fructose.
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Abundant growth occurred in nutrient droth at 20-30 C,
but at 37 C all cultures showed only ¢light or no growth
after 4 days. Noticeeble growth occurrad at pE 6-10
vithin 1 day, but at pH 5 or 11 growth wvas observed -,
even in 12 days. The new species grovs best under serobic
conditions and resembles Pseudomonas putrifaciens
except for pigmentation and the ability to ferment
sugars and produce odors.

Cowling, J.t.
INERT LININGS FOR BULK FURL STORAGE TANKS.
BuDocks Tech. Digest lo. f1:7~1s (November 1)-%)

(Petroleum, fuel, storage, tank, corcrete, steel, interior,
coatings, elastomer, fungi!

Tadd, . .N.

THE OXIDATION OF EYDROCARBONS BY SCTL BACTERIA. I, MORPHOLOGICAL
AND BIOCHEMICAL PROPERTIES OF A SOIL DIPYMTHERQID UTILIZING
HYDROCARBONS .

Australian J. Biol. Sci. 9:92-104 (Fetruary 1%°t.)

A description is given of the morphology and dbiochemi-
cal properties of Corynebacterium sp., & saprophytic soil
diphtheroid that is abie to oxidize aliphatic hydrocarbona.

The rates of oxidation of n-hexadecane, n~tetradecane,
n-decane, n-octane, 1-hexadecene, 1-tetradecens, and
T-dodecene are measured. Respiratory quotient values for
the oxidation of n-hexadecane, n-tetradecens, and n-decane
indicate their complete oxidation. ,

Increased di-peraion of n-decane by surface active
agents does not increase its oxidation rate. An emulsion
of n-decane, howvever, homogenized in a biender and contain-
ing onLy one fifth of the amount of hydrocarbon, is oxidis.
ed at the same rate as the nonhomogenized control. ,

The organiss oxidized normal fatty acids (C,-0,.), nor-
mal fatty alcohols (Cz-c }, several aliphatic sl&ghydn,
and the higher methyl ke one-. It 1s unadble ¢o oxidize the
lover ketones or cyclic compounds. Cooxidation rates of
n-decane vith its oxidative derivatives show no lualnttcn
of the respective {ndividual rates, E

At pH 6, oxidation of 0.016 M succinate is 1nh1b1tcd
50% by O 02“ M malonate, but at " this pH &nd concentration
malonate had no effect on n-decane oxidetion, It is in.
hibited 76% by 0.004 M fluoroscetate, 100% by 0.008 M
cyanide, 90% by 0.12 M azide, 100% by 0.0001 M mercuric
tons, and 88% by 0.0008 M todoacetate. Cysteine (0.008 X)
completely reactivates cells inhibited by lodoacetate.

Tvo nonvolatile acids, chromatographically identical
with lactic acid and glutaric acids, are produced during
the oxidation of n-decane. Ko voistile acids vere de-
tected.
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Emuleion-type oils for high-speed metal cutting are
subject to bacterial degradation and may contain from
1 million to over 700 million bacterial organisms per
ml. In addition to degrading the oils, these microorgan-
isms also pose industrial health problems.

None of se eral commercial cutting-o0il inhibitors
tested prevented bacterial growth for more than a few
days. Many inhibited oil sumples contained more bdac-
teria than the uninnibited control. Among fifty-one
experimental compounds tested as potential bactericides
in cutting oils, five compounds used at a concentration
of 1000 ppm controlled trne growth of bacteria for the
full testing time of 60 days under conditions simulating
actual cutting-oil service. They included three phenolic
compounds, viz., 2,4,5- and 2,4,6-trichlorophenol (Dowi-
cide 2 and 2S) and 2,2'-thiobis(3,4,6-trichlorophenol) *{ "
(Sindar 61). The other two effective compounds were
1,3-dichloro-5,5-dimethylhydantoin (Halane) and tris-
(hydroxymethylsnitromethane. A sixth compound, dialdehyde
(glyoxal 30%) was effective for 16 days.

Because coupounds similar in constitution to the ef-
fective compounds were either totally ineffective or
effective for only a short tize, a useful tvo-part test
for cutting-oil inhibitors vas developed. Compounds
vhich prove effective in a closed-system screening test
lasting 7 days are tested in an oper systez for a longer

-period of time to assess the effective life of the in-
wioitor in service.
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The susceptibility of five soluble oils and six emul-
sifiers used in soludble oils to oxidation by Pseudomonas
oleovorans or Pseudomonas formicans vas determined.
Hessurements vere made at 30 C in e Werburg respiroseter
containing 1 ml of washed suspensions of the organisas
in the presence of 2.0% soluble oi1l. These wvere coamer-
cial products and little 1s knovn of their composition.
Emuloifiers used in conceotrations of 0.5% included pe-
troleum sodium sulfonatc, naphthenic acids, sodium soap
of wood rosin, triethanolacine oleate, and sodium oleate.
Tris({polyoxyethylene)sorbitan monooleate vas present as
a G.125% solution.
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The bacteria varied in their capacity to oxidize in-
dividual oills and the oils varied in their suscepti-
bility to oxidation by a given species. O0ils containing
oleates or fatty materiuls were rapidly oxidized by botha
specles. The emulsifying arents also varied in oxidiz-
ability. Oleates, particularly triethanolamine oleate,
were readlly oxidized; tris(polyoxyethylene)sorbitan
monooleate showed intermediate susceptibility. Naphthe-
nates and wood rosin soaps appeared slightly oxidized,
possibly due to contaminants in the sample. Petroleum
sulfonates were resistant under the experimental condi-
tions.

PDC Comment: An earlier report by Hilliard Provnick has
been abstracted by the Center. [PSEUDOMONAS RUBESCENS,
A NEW SPECIES FROM SOLUBLE OIL EMULSIONS, J. Bacteriol.
70:1-6 (July 1955); PDA 13: Biol 24, G-11735].

s, ALOMN U a5
SoaAL TS Gnh el 100, CLnROSTOL CORTHOL AND 1 TROLRITS,
Serraetsr e cknol. el (Aagtust 10

[ retroleam, crude olil, tacteria, algae, toxics, corrosion,
corrosionproofing]

i=13119 Pivnick, H., L.R. Sabina, k. Samuel-Maharajah ani C.K.
Fotopoulos.
CURRENT RESEARCH IN THE BACTERIOLOGY CF SOLUBLF oIL
EMULSIONS.

Lubrication Eng. 12:310-315 (September-October 1)

(011, emulsion, bacteria, Achromobacter, Aerobacter,
Pseudomonas, Escherichia, Salmonella, Bacillus, Desulfovibrio,
yeast, fungi, physiology, taxonomy, review]

G=131k7 gennett, E.0.

BACTERIAL SPOILAGE OF =MULSION OILG, PART I AND II.

Soap Chem. Specialties 32:47-49, part I; 32:46-48, rart II
(Octoter, November 1956)

and
=13259

Emulsion-type metal-cutting fluids (so-called
soluble~0il emulsions) show a bacterial count of many
million bacteria per ml after only a few hours of use
in open systems. The count can rise to as high as T0OO
million per ml. Bacteria found in used emulsion oils
include both spore-forming and nonspore-forming types;
they include Pseudomonas oleovorans and aeruginosa,
Escherichia coli, Achromobacter, and many other species.

e sources of bacterial contamination of oils orige
inate largely from contact with the skin, sputum, and
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food residues of machine operators and, to a lesser ex-
tent, from the water used in making up the emulsion.

Among control measures, frequent pasteurization re-
quires the installation of expensive equipment and does
not ensure lasting protection. Chemical inhibitors seem
to offer the greatest promise. Compounds found to be
successful inhibitors in laboratory tests require fure
ther study on the plant scale before their industrial
efficlency can be established. Suitadble compounds must
possess not only germicidal potency, but a low level of
human toxicity, high stability and solubility in the
olil-water system, compatibility with emulsion com-
ponents, and reasonable cost.

Coumercial application of inhibitors should be come
bined with good industrial hygiene to prolong the serve
ice life of the inhibdited emulsion. For increased anti-
bacterial activity, a combination of two or more inhibie
tors or a periodic change from one compound to another
to reduce the development of resistant mutations should
be considered.

An extensive listing is included of available pube
lished and unpublished information on compounds that
have been screened as antibacterial agents in emulsion
oils. No indication of effectiveness is given.

Tant, C.0., and E.O. Bennett.
THE ISOLATION OF PATHOGENIC BACTERIA FROM USED EMULSION OILS.
Applied Microbiol. 4:;332-338 (November 1956)

(O11s, emulsion, petroleum, bacteria, Achromobacter, Aerobacter,
Bacillus, Escherichia, Diplococcus, Micrococcus, Paracolobactrum,
Flavobacterium, Proteus, Pseudononas, Sarcina, Shigells,
Streptococcus, yeast, collection, isolation, techniques]

Samuel-Maharajah, R., Hilliard Pivnick, W.E. Englehard and
Shella Templeton.

THE COEXISTENCE OF PATHOGENS AND PSEUDOMONADS IN SOLUBLE OIL
EMULSIORS,

Applied Microbiol. 4:293-299 (November 1956)

[01ils, petroleum, emulsion, bacteria, Pseudomonas, Achromobacter,
Escherichla, Aerobacter, Salmonella, Klebsiella, Shigella,
culture, biomechanism, technique]

Hartsell, S.E.
MICROBIOLOGICAL FROGRESS REPORT. MAINTENANCE OF CULTURES UNDER

PARAFFIN OIL.
Applied Microbiol. 1:350-355 (November 1956)

Data obtained in this evaluation and by other investi-
gators show that various strains of bacteris, yeasis,

N T G T S T - A R o o PTIEN




Basidomycetes, and other fungi swrv

yr under paraffin oil, Alz‘l:gugh m‘::cg. 223 ?o.: 1
strains suffer loss of viability or loss or gain of
characters, it is concluded that both the longevity and
the maintenance of cultural characteristics are dus to
natural tiological variation. The strain, the storage
medium, the temperature, the subculturing medium, and
the frequency and techaique of transfer determine the
success of the method.

The method can be applied and has its greatest appli-
cation in small collections of cultures where pumps,
special sealers, and complicated suspending menstrua are
not available. Recommendation is made that the neutral,
white, medicinal-type paraffin oil be sterilized at
121 C for 2 hr, followed by 1 to 2 hr at 170 C. Diffi-
culty from contamination is minimized when dry-heate~
sterilized stoppers are used in the flasks containing
the oil and in the tubes that receive the medium. Agar
slants should be completely covered with oil, otherwise
they may act as wicks causing desiccation of the organ-
isms. A high incidence of contaminants om subculturing
may imply either poor technique or improper precautions
in preparing the receptacles and the oil prior to the
storage period. Best results are obtained when giant
colonies are used, if a diameter is transected as the
inoculum is obtained.

G=13547 Pivnick, H., M. Fuller, H. Graham and S. Uyeno.
RIOLOGICAL OXIDATION OF SCLUBLE OIL EMULSIONS.
Lubrication Eng. 11:96 (March-April 1955)

(0115, emulsions, oxidation, bacteria, culture]
G-13527 Dworkin, Martin, and J.W. Foster.

STUDIES ON PSEUDOMONAS METHANICA (SOHNGEN) NOV, COMB.
J. Bacteriol. 72:646-659 (November 1956)

[Hydrocarbons, Pseudomonas, Methanomonas, physiology,
isolation, identification, culture, technique]

p-2201 Strawinski, Raymond J. (assignor to Texaco Development Corp.,
New York, N.Y.).
PURIFICATION OF SUBSTANCES BY MICROBIAL ACTION.
U.S. Pat. 2,574,070; November 6, 1951. 3 p.

Complex organic sulfur compounds can be removed from
petroleum hydrocarbons by microbial conversion. The
compounds are first converted to sulfates by species of
Pseudomonas, Alcaligenes, or Bacillus. The sulfates are
Then reduced to hydrogen sulfide by species of Vibrio
desulfuricans, V. thermodesulfuricans, or Desulfovibrio.




The counversiocn takes place at 25-30 C at pH 6.5-7.5.
The sulfete-reducing culture is praferably added after
sulfatc formation.

The sulfate-producing oacterin are grown in a mineral
salt nutrient medium in the presence of 5-20% of the petro-
leum hydrocarbon to be treated, and in the absence of in-
organic sulfur. A suitable nutrient solution contains 1 g
sodium dihydrogen phcsphate monohydrate, 2 g dipotassium
hydrogen phosphate, 2 g amtoniur nitrate, 0.25 g magnesium
chloride hexahydrate, and 0.0l g each of manganese chloride
tetrahydrate, faerrous chloride, and calcium carbonate in
1 liter distilled water ndjusted to pd 7. Accessory growth
substances such as vitamirs and aminoc acids, as well as
traces of copper, mercury, zinc, bismuth, and iodine can
be added to stimulate activity, but more than a trace of
these metals can poison the icroorge :i8m. A syitable
zedium for growirg the sulfate-re” icing bacteria under
anaerobic conditicns contains, per liter of distilled water,
1 g sodium sulfate, C.1 g calcium chloride dihydrate, 3.5 g
erule oil, and a trace of ferrous ammonium sulfate. After
good growth has besn " .tained, the culture is centrifuged
and vashed vith 0.85% sterile salt soluticn to remove
excess sulfate.

. ol . PR Y . 3
racsisnors to :

Improved nancerroeive oil compositions with superior
vatting action comprise a mineral lubricating oil having
s viscosity of 100-125 SUS at 100 F, 0.05-5%, preferab-
ly 0.25-2.5%% sodiuz benzoato, and 0.02-20%, preferably
2-5% of a solubilizing agent such as an oil sclubls
alka_.i metal petroleum sulfonate. These compositions
are useful as rust preventing compositions, emulsifiable
cutting oils and textile oli:.

The sodium banzoate iz preferably forzed in situ in
the composition, thus, the benzoic acid is dissolved
in the lubricoting oil, ani then thc solubilizing
agont containing free alkaii is adied. Prefsrably the
soluble o011 coniaina 0.05-5.0% of a stabilizer such as
sodium naphthenate or an aliphatic alcohol having l-b
cardbons ., ‘ ,

Antifoaming, ©iiiness, or extreme prossure agenis
can be added to the camposition. Soldium resinate 1s
included vher transpearent esulsions are desired. M-
gioides such as sodium o-phenylphencxide can be incar-




porated. Petroleum napn:ia or white spirit are suitable
solvents for compositionsc to be applied to metal surfaces.
A hard microcrystalline wax i recommonded as an additive
for rust preventive coating coupcsitiona.

In one test, 0.25% sodiuL benzoate increased the humi-
dity-cabinet life of a rust preventive oil from 12 to
100 hr.

Harrds, <hett o, an dnnmon J. Ortrasincal faccdnn,
Tenaco Develupment Corp., oW Yo, LY.,

PHUOCRVATION OF PLTRCLE M I CIGHA L.

U5, Pat, 2,080 e June 1, 1Sk, 2 p,

In the tank storage of petroleum and petroleum pro-
ducts & wvater layer is usually provided in the bottom of
the tank to insure mgainst loss by leakage. Microorgan-
iszs (bacteria, yeast, and molds) are almost alvays found
in this water, functioning at thne interface of the stored
naterial and vater. The metaboiic processes of thesas
organisms resut in the formation of gummy substencas,
hydrogen sulfide, and peroxides » and in the discoloration
of petroleum products. Such undesirable metabolic activity
can be preveanted by maintaining the wat~r layer at a pH
betwesn 9 and 10 and by charging it with & substance
capable of being ionized to produce a toxic dbora -com-
taining anion. This can be accomplizhed by two separate
agents or by a single agent such as borax.,

Tests vere canducted with gasoline, naphtha, and crude
011 layered over a typical tap vater having a pH of 7.4
and inoculated with a solution containi:g & heavy growth
of bacteria. The untreated vater samples shoved bactarias
@rowth vithin 2k-U8 hr, indicating microbial sctiom on
the oils. 1In water treated vith sodium aydroxide to give
& pH of 9, turbidity vas observed in 5 days. BNHo growth
or turdidity vas evident in vater saturs .ed vith borex,
even aftar a 2-vk incubation period, nor ves there any
change in the physical characteristics of the hydrocar-
bems .

Tiifton, Charles &,
P . LGRS -RL I taa 0!.'-
;\:!hgd‘“:. .“\leE‘ﬁ ‘:F :“,‘4‘*— [ R0 S S
* b4 Weinrd o .- e .
Starford. milv., Arnaal Hevleas, G0, L

H - Y e s Yo . SO N : }--’1'
CMicratfology, tasterin, review,
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Dowaton, Texan, laccper e rn, Dney (1058 <y p.
v trolene, microt lojory, taeter {+, furpedl, Decultovibrio,

Ps wilomonigs, Muethnnomoras, bact-rium, tlomechanism, culture,
techrinue, coil, book|

U8, Wrighy Air Development Conter, Directorats oi Ree-arch,
Materials Laboratory (Sam Bakanauskas).
BACTFRIOLOGICAL ACTIVITY IN JP-4 FUEL STORAGE TANKS.

Its T--chnical Memorandum WCRT TM 57-2, Supplement 2 (March

1957) 11 p.

[Jet fuels, bacteria, corrosion, gum, inhibitors, vacteri-
cides, research, storage]

Some of the sludge in storage tanke for JP-k Jet fuel
vas formed Dy bacterial action at the water<hydrocarbdon -
interface. Bacterial accumulation occurred only in the
water portion. In some cases the fuel was emulsified by
bacterial action; in others it was transformed to semi-
8olid residues, Bacteria unable to utilize .the fuel
alone vere able to utilize 5% solutiois of gum inhibitor
in JP-4 fuel. ‘Loss of inhibitors resulted in a further
increase in gum formation.

Seventeen different bacteria isolated from contam=
inated fuel-wvater-sludge samples were inoculated on
Bushnell-Haas medium with or without sterile JP-4 fuel
and incubated at 'about 30 C for 10 days. The fuel was
utilized dy 11 of the 17 bacteria. No bacterial growth
was apparent in tubes containing only Bushnell-Haas medi-
um. The bacteriostatic properties of approved corrosion
inhibitors and’ ‘gum inhibitors also were determined using.
54 solutions of these inhibitors with JP-4 fuel as the
nutritive solvent. None of these solutions completely
inhibited bacterial growth. The corrosion inhibitors
tested, in order of diminishing bacteriostatic proper-
ties, were: Nasal EDC, Gulf Agent 178, Alox-L-1846, San-
tolene C, Univor, Kontol 77 M. Of the three gum inhibi-
tors tested, Tenemene 60 showed the highest bacterio-
static activity, followed by 2 6-d1-tert-buxy1phanol,
and Paranox 441, respectively.
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Bennett, b.0,

THE ROLE OF SULFATE-REDUCINS BACTERIA IN THE DETERIORATION OF
CUTTIN RMULSIONS,

Lubrication Eng. 12:215-21% {(April 1957)

[Research, oils, cutting oils, bacteris, sulfatc-reducing
bacteria]

Sulfate-reducing dvacteria were isolated from twer ye
eight of thirty-three samples of spoiled cutting emul-
sions. These emulsions represented fifteen dif.exreat
coumercial products. Viability of these baciieris pidved
theu to be part of the natural bacterial flors of thea~
emuleions. They caused spoilage by reducing sulfat- v,
sulfites, thiosulfates, tetrathionates, and retehis L= .
fites in the emulsion to sulfides. Pure cultwres ¢
these sulfate-reductng bacteria could not be ¢ ta‘ned-
All cultures were contaminated with heterotrophic ag~
teria capable of growing under aerobic conditions. Thease
heterotrophic organisms may produce gonditions that ini-
tiate or stimulate growth of sulfate reducers, e.g., an-
aercbic conditions, decrease in nitrogen content, or proe-
duction of compounds essential or stimulating for growth
of sulfate reducers.

Forced aeration of the emulsion reservoir can effecte
ively eliminate the unpleasant odors, possibly kill the
anaerobic sulfate.reducing organisms, and retard the de=
terioration and spoilage of the emulsions. None of the
inhibitors effective against heterotrophic dacteria under

aerobic conditions are active againet sulfate-reducing
bacteria.

Campbell, L. Leon, Jr., Hilmer A. Frank and Elizabeth R. Hall,

STUDIES ON THERMOPHILIC SULFATE REDUCING BACTERIA. 1. IDENTI-
FICATION OF SPOROVIBRIO DESULFURICANS AS CLOSTRIDIUM
NIGRIFICANS.

Washington Agricultural Experiment Stations, Pullman. Scientific
Paper No. 1530. In J. Bacteriol. 73:516-521 (April 1957)

[Research, sulfate bacteria, identification, taxonomy]

Comparative studieps of five . trains of Cloetridiva
nigrificena, four straine of Sporovibrio desulfuricens,
and two streins of Desulfovidbrio desuliuricans reveaied
that the firet iwo orgeniewms are ldenticol and have prope-
erties previously described for C. nigrificans and are
distinctly different from the third. Eince the naze
C. nigrificans has taxonomic priority, the cpore-forming,
thermophiiic, sulfate reducers should be properly nawmed
C. niggificans and the name Sporovibrio desulfuricens
[ no longer be used. Both C. nigrificans end

8. desulfuricans reduced sulfate, suifite, and thio-

sulfate under the same conditions. It was also found
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that little or no growth occurred in the absence of theece
sulfur compounds. Glucose, ethanol, lactate, and pyruvate
vere utilized by all cultures as hydrogen donors for sule
fate reduction.

The presence of cytochrowe pigments in D. desulfuricans
vas confirmed and the absence of these pigments in the
sulfate reducing bacteria was established.

Pivnick, Hilliard, and C.K. Fotopoulos.
DISINFECTION OF SOLUBLE OIL :MULSIONS.
Lubrication Eng. 12:151-15¢ (liurch 1957)

[Research, cutting oil, bactericides]

Current methods for controlling microbial growth in
soluble oil emulsions are not so effective. Single
germicidal compounds appear to be of limited value ale
though mixtures or successive additions of different
compounds, perhaps at monthly intervals, might be help-
ful. The organic mercurials appear to be fairly effect-
ive in controlling bacterial growth, but their toxicity
and allergenic characteristics mitigate against their
use. Glyoxal, sn aldehyde not previously used as a
bactericide for cutting oils, shows some promise. In
general, the most important prerequisite in a disinfecs
tion program 1s thorough cleaning. Residusl dirt may
inactivate disinfectants and the larger the number of
bacteria, the greater the chance that disinfectante
resistant strains may be present.

The oils tested were a vegetable oil derivative, a
mineral 01l emulsified with petroleum sulfonate, and an
emulsifiable mixture of lard oil and mineral oil. To
these were added 18 disinfectants in concentrations of
0.083 to 0.5%, usually 0.1%. Tap water was added in
the ratio of 1:10 and 1:100 and the mixture adjusted to
pH 7.5. Other oils tested included emulsions containing
germicides incorporated by the manufacturer.

In preliminary testing, a mixture of emulsion, iron
chips, and disinfectant was shaken for 1 wk at room
temperature, inoculated, and shaking resumed for 10
days. The inoculum conslsted of bacteria in used oil
from 4 machine shops added in amounts to give 1 x 10/
bacteria per ml of emulsion. Plate counts were made at
1 and 10 days. In a second test emulsions containing
disinfectant were circuleted for about 8 hr per day for
1 wk, inoculated, and circulation resumed 5 days a wk
for 4 wk., Plate counts were made at 1, 2, &, 7, 14, 21,
and 28 days.

All the oilas containing disinfectants added by the

manufacturer supported large bacterial populations when
diluted 1:100; a dilution of 1:10 was required to obtain
an appreciable degree of sterilization.

e R —— :
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Pivrics, Hilliard, and L.R. Sabina.

STID1ES OF ALROMONAS FORMICANS CRAWFORD (OMR, NOV. FROM
SOLULLE 011 BEMULSTIONS,

J. Bicteriol. o hr=2b2 (Fetruary 1997)

[Rescnreh, bactoria, Pscudomonus formicans, cutting oll,
isolates, metabolism, morpholoyy, taxonomy |

Fourteen cultures of Pseudomonas formicans Crawford
vere isolated from soluble oil emulsions and compared
with Crawford's isolates from sewage. The organismse
from the two sources possessed many atable, well de-
fined characteristics in common,but within the species
there were variations in indole production, citrate
utilization, and activity in litmus milk.

P. formicans decomposed glucose anserobically in a
marmer similar to Escherichia coli except that foruate
accumulated. Hexokinase and aldolase were demonstrated,
but glucose-6-phosphate dehydrogenase was not observed.
It was suggested that, for the present, the species be
considered as a member of the genus Aeromonas.

Jon.s, valen E., and Robert L. Starkey.

FRACT IONATION OF STABLE ISOTOPES OF SULFUR EY MICROOhGALISMO
AID THEIR ROLE IN DEPOSITION OF NATIVE SULFUR.

Applied Microbiol. 5:111-118 (March 1957)

[Research, sulfate bacteria, sulfide-oxidizing, sulfur,
isotopes, bacteria]

The degree of fractionation of the stable sulfur
1sotopes 832 and S34, resulting from reduction of sul-
fate to sulfide by Desulfovibrio desulfuricans and
oxidation of elemental sulfur to sulfate by Thiobacil-
lus thiooxidans was determined.

During reduction of sulfate to sulfide by D. desul~
furicans, no fractionation was observed when the bace
Terla were cultivated in a stationary medium containing
0.3% magnesium sulfate. In a stationary medium con-
taining 5% of the salt, there was 1.4 to 1.5% fraction-
ation. In a continuously agitated wedium, fractiona-
tion varied from negligible to 2.7%, depending on the
rate of sulfate reduction and concentration. Fraction-
ation was greatest where (1) the reduction rate was ex-
ceedingly slow, (2) the amount of sulfate in solution
high, (3)o only a small portion of the sulfate became
reduced, and (4) the medium was kept uniform by stir-
ring. Media containing calcium sulfate exhibited less
fractionation than those with magnesium sulfate. Lov
temperature was an effective means of keeping the weta-
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bolic rate slow. At low temperatures, the lag period
was shortened by inoculation with a large number of
cells. The maximum fractionation of the sulfur iso-
topes was within the apparent range that occurred during
deposition of elemental sulfur in the cap rock of the
salt domes of Texas and Louisiana.

No fractionation was noted during oxidation of ele-
wental sulfur to sulfate by T. thiooxidans.

Vanderbilt (R.T.) Company, Inc., New York, N.Y. Petroleum Dept.
VANDERBILT PETROLEUM ADDITIVES,

April 1957. 5 p.

[Fuels, hydraulic fluids, greases, oils, petroleum products,
additives, corrosilonproofers, toxics, fungil, bacteria,
oxidationproofers, traderames, tabulation, commercial paper ]

Ellis, Lee F., R, Samuel-Maharajah, Laura May Mendelow,
Larry Ruth and Hilliard Pivnick.

OXIDATION OF COMPONENTS OF SOLUBLE OILS.

Applied Microbiol. 5:345-348 (November 1957)

[Research, oi1l, emulsions, oxidation, bacteria, components,
Pseudomonas, Flavobacterium]

Twenty compounds used in soluble oils were tested
for their susceptibility to oxidation by pure cultures
of Pseudomonas 324, P. oleovorans, P, formicans, and
Flavobacterium brevis. Compounds resistant to oxida-
tion by all four of the pure cultures were tested with
a mixed inoculum in emulsions from four different ma-
chine shops.

Only petroleum sodium sulfonate, naphthenic acids,
and polyoxyethylated nonylphenol were resistant to all
pure cultures and the selected mixtures. The sodium
soap of wood rosin was oxidized slightly by the Pseudo-
monas, but slowly and steadily by the mixed culture,
Methylene and ethylene glycol monoethers were quite sus-
ceptible to oxidation, while the butyl ether was rela-
tively resistant, being attacked only slowly by P. oleo-
vorans, Fatty materials and their derivatives were
readily oxidized by at least one of the pure cultures.

Luchterowa, A.

GEOMIKROBIOLOGIA W PRZEMYSLE NAFTOWYM [GEOMICROBIOLOGY IN THE
OIL INDUSTRY (in Russian)].

Acta Microbiol. Polon. 2:151-153 (1953)

[Petroieum, geomicrobiology, foreign]
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e e abomdboiow LASTCOLYCH 1 TRNASTUOINICH PRZEZ MYKGLaR Lnt
SACSOC T AL D BRIATDOWE OF SATURATED AND UNSATURAT =L
ATPRO CARBOLS O SAPROPHYTIC MYCOBACTERIA].

Actr dicrottol. Polon. 2:179<1+<2 (1953)

[Bacteria, Mycotacterium, petroleum, paraffins, hydrocartvons,
decompocition]

Luchter, A,

ZDOLNOSC WYKORZYSTYWANIA ROZNYCH WEGLOWODOROW PRZEZ BAKTERIE
TERENOW ROPONOSNYCH [UTILIZATION OF VARIOUS HYDLLTARDRCHS
BY BACTERIA ISOIATED FROM OIL-FIELDS (in Russian)]

Acta Microbiol. Polon. 4:271-279 (1955)

[0i1 rields, petroleum products, hydrocartons, bacteria,
nutrition, gases, research, foreign]

ZoBell, Claude E.

PART PIAYED IN BACTERIA IN PETROLEUM FORMATION.

Scripps Institution of Oceanography, La Jolla, Calif. Hew
Series 569. In J. Sediment. Petrol. 22(1):42-k9 (March
1952)

[Petroleum, formation, bacteria, biomechanism, biosynthesis]

Bakanauskas, Sam.

BACTERIAL ACTIVITY IN JP-4 FUEL.

U.S. Wright Air Development Center. Technical Report 58-32;
... ASTIA Doc. 151034 (March 1958) 15 p.

[Research, fuel, bncteria, bacteriostat, boron compounds,
storage, tanks]

The sludge found in water botioms of storage tenks for
P-4, 8 keroaene-type fuel uced in jet aircrsft, is
caused by bacteria and products resulting from bacterial
metabolic activity. Usirg the sctrcak-plate method, 71
bacteria were isolat:d frca aludge aamples taken from
JP-l tanke. GCenera represented included Pseudomonas,
Aerotacter, and Bacterium. Tests carried out on 17 of
the bacterial cultures showed that none of the corrosion
and gun inhibitor additives in the fuel was satisfactori-
ly bacteriostatic. On the contrary, JP-4 fuel as well as
gon: additives werec nutritive. Laboratory evaluations
showed that bacteria emulsified the fuel, and produced
semieolid gumxy residues from it. They formed precipi-
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tates in amounts and types that could easily affect the
filter systems of aircraft., Water soluble, fuel-insoluble
bacteriostats were selected for sludge treatment. Pre-
liminary tests showed that 1.5 to 2.0% sodium tetraborate,
or 2.0% potassium tetraborate, in the water bottoms of
JP-k storage tank produced bacteriostatic conditions.

Tsuneishi, N., and A, loet:.

A METHOD FOR Tiii RAPID CULTIVATION OF DESULFCOVIBRIO ALSTUARII
ON FILTER MeMBRALLS.

Applied Microriol. *i4?=su (Jununry 19445&)

[Rescarch, bacteria, Desulfovibrio, cultures, technique]

Kolesnik, Z.A., and N.I. Shmonova.
[ON THE STUDY OF OIL VARIATION IN ANAERORIC CONDITIONS UNDER

THE INFLUENCE OF BACT=ERIA OF THE PSEUDOMONAS GENUS (in Russian)].
Doklaty Akad. Nauk S.S.S.R. 115:1197-11%" (1957)

[Research, foreign, oil, fractiors, Pseudomonas, metabolism,
bacteria, sulfate]

A study vas made of the effect of bacteria of the

_?_li_w gonus on orude oil and ite cowponsnts
under anaerobic conditions. The behavior of P. fluo-

rescens denitrificans was observed in five mineral
wedia wvhich contained only one source of carbon: (1)
asphaltenes, (2) lubricating oil and petroleum ether
tar, (3) an unrefined petroleum fraction boiling
above 250 to 300 C, (4) paraffin wax, and (5) crude
oil. In other experiments, dehydrated paraffin crude
oil samples from the Caucasus were inoculated with
either a L-day old culture of P. fluorescens denitri-
ficans or with a 1l:1 mixture of the culture with sul-
fate reducing bacteria. Air was displaced by nitro-
gen at 30 to 32 C.
Media with lubricating oil and petroleum ether tar,
paraffin wax, and crude oil as the only source of car-
- bon supported the propagation of P. fluorescens deni-
trificans. Carbon suppl ed by the other media 41d not.
e paraffinic oll samples {rom the Caucasus ex-
hibited compositional changes and signs of active bace
terial propagation. P. fiuorescens denitrificans pro-
pagated alone as well as in conjunction with aulfate
reducing bacteria, The asphalt-tar components of all
inoculated o0il samples sustained carton and hydrogen
losses. Their content of heterocyclic nitrogen-oxygen-
sulphur compounds rose from an initial level of 4.07%
to 7.02% for components of samples inoculated with the
bacterial mixture, and to 6.73% for samples inoculated
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with P, fluorescens denitrificans alone. The naphe
thenic acid content of the latter cultures was nearly
10 times belov that of samples inoculated with the bace
terial mixture. Changes in paraffinic components of
inoculated samples vere in the form of reduced mslting
points and an increased percentage of methyl groups.

Dostalek, Milan, Miloslav Staul and Alena Rosypalova.
PUSOBENI MIKROORANISMU NA NAFTOVE UHLOVODIKY (THE EFFECT

OF MICRO-ORGANISMS ON PETROLEUM HYDROCARBONS ] .
Ceskoslov. Mikrotiol. 2:43-48 (1957)

[Research, foreign, oils, petroleum, bacteria (sulfur),
bacteria (denitrifying), oil wells, metabolism]

A study wvas made of the action of 70 strains of deni-
trifying bacteris and 42 strains of dssulfurising bec-
teria from oil-well waters on paraffinic and naphthenic
oils. Under aerobic conditions, 90% of the strains teet-
ed preferentially assimilated paraffinic oil, and 10% of
the strains preferentially assimilated naphthenic oil.
The amount of growth was inversely proportional to the
density of the oil. In both types of oil, the most in-
tensive decomposition of hydrocarbons occurred in hydro-
carbons vith a lov molecular weight. Under anaerobic
conditions, the viscosity of the oil diminished; under
serobic conditions, viscosity increased.

Bahr, H., and W. Schwartz.

UNTERSUCHUNGEN ZUR OKOLOGIE FARBLOSER FADIGER SCHWEFELMIKROBEN
[ INVESTIGATIONS ON THE ECOLOGY OF TOLORLESS, THREADY SULFUR
MICROBES].

Biol. Zentr. 75:451-464 (195¢)

[Research, bacteria (sulfur), 3eggiatoa, Thiotrix, ecology,
Halophiles, Thermophiles, hydrogen salfide, foreign]

Solti, M., and J. Horvath.

UBER DEN EINFLUSS ANAEROBER BAKTERIEN AUF DEN STROMBEDARF IM
ERDREICH VFRLEGTER, KATHODISCH GESCHUTZTER ANLAGEN [ THE
INFLUENCE OF ANAEROBIC BACTERIA ON THE “URRENT DENSITY O
CATHODICALLY PROTECTED EQUIPMENT IN SOIL].

Werkstoffe u. Korrosion u:2Ri-zul (May 1ui+)

{Research, foreign, pipe, soil, cathoiic protection, ste«l,
bacteria (sulfur), coatings, tituminous materials, Yerrous
metal ]

The protective current requirements of buried steel
pipe are higher in the presence of large quantities of
anaerodbic sulfate-reducing dbacteria, since these organ-
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isms reduce both anodic and cathodic polarization values.
Depolarizing tests showed that the protective current
density calculated on the basis of initial polarization
curves was insufficient to guarantee protection in the
presence of these bacteria, Almost complete protection
(95%) of underground piping in bacterially active soil
could be achieved over a 5-mo test period by maintaining
& negative protective potential of -0.920 v. In prace-
tice, the application of higher than average protective
current densities 1s uneconomical. Instead, the use of
bituninous coatings in conjunction with cathodiec protec-
tion is proposed. Such coatings should contain a bec-
tericide and should be resistant to the increase in pa
caused by the applied current.

Littlewool, Deruthy anl J.R. Postuate.
SODIUM “HLORLDF AND THE GRUWTH OF DoSULPHCYIRRIC OROULIHURICAND.,
J. Gen, Microvdol. 17 7%= (. &77

[Resear~h, Desultovitrio, yrowth, soil.m hlorii., ia-teria,
sultate, tolerapce,

pr:\fr."l', :;.‘,‘n’ r‘iﬂ'i Ac.i:- Ja'ﬁ"SOf.-
MITPOORGANIOMS TN LEACHING SULFITT MINERALD.

4

o-liey Micror fel, 70 la ."4'!.;," 1
f - N . s . 3
Heearch bacterin, Thiotacillus, metab s iss, sul”ids, orea,
2.1t '

Two chemosynthetic autotrophic bacteria wvere isolated
from streems leaching exposed ore bodies in Bingham Can-
yon, Utah. Earlier studies had established that the
large anounts of soluble iron and copper in the streams
wvere of biological origin. One of the organisms found ie
able to oxidize free sulfur, ferrous irom, iron pyrites,
wolybdenite, and several copper sulfide minerals. This
organisa is very similar to Thiobacillus ferrooxidans.
The second organism oxidizes free sulfur, but does not
oxidize the sulfide minerala. This one is similar to
Thiobacillus thiooxidans. Both organisms are similar to
Phiobacillus In tolerating a high acid concentration (pH
206 to ;-5’.

These chemosynthetic tacteria utilize carbon dioxide
&8 & source of carbon. The addition of organic materials
may stop or impelde growvth. Benzene inhibite pyrite oxi-
dation; acetone has sowme inhibiting action; kerosine, glu-
cose, and sucrose have little if any effect. Urea and
L-cystine may supply the nitrogen requirement; S-alanine
and sodiua nitrate do not. Optimsum urea concentration ie
0.05 g per liter. On the basis of contained aitrogen,
urea is 10 times more effective than ammtuniua sulfate as
& nitrogen source.
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! ¥uznetsov, 5.1., art Z.Y, T levinn,
[SOMr DATA Oh TH: PHYSIOLOGY COF PROPANE -OXIDIZING BATTERIAL,
Mikrotiolosiva i1 <51 (Septenler/Octot-r 1457)

i . . ye Ve . - r .
{esvarch, tor-iyn, tacterian, recpiration, propare, bs-udomonas,
Mycovacterium, physiology, svil;

The propane oxidizing ability of three species of
Mycobacterium and one of Pseudomonas isolated from the
subsoll of Russian petrolcum-bearing regions vas evali-
uated by a microrespirometric method. The ability of
the culture to assimilate labelled carbon dioxide in the
procees of chemosynthesis also was tested.

The endogeaous respiration of 10C millior bacteria
amounted to 5 cu mm oxygen per hr. Additions of glucose
{ncreased oxygen consumption to 7 1/2 to 10 cu mm per hr
and subsequent additions of propane to 20 to 50 cu =m
per hr. However, glucose additicms which folloved those
of propane failed to increase cor even decreased the oxy-
gen consumption rates. This suggests that the bacteria
are not inclined to use up easily assimiledle organic
compounds in the presence of propane.

The propane oxidizing bacteria assimilated free car-
bor dloxide in the process of chemosynthesis. The
energy required for the process vas releesed in the
course of propane oxidation.

, L.C., and A.K. Jumeson.
IROO%JANISMS IN LEATHING SULFIDEL MINERALS,
Appli-i Microvfol. r s %1-047 (July 1%

[R- searc*, tacteria, Thiotacillus, -~etatolism, suliiero, or

. - e
.
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’ cose, amd sucros have l1ittle (f any «t'tect. Urea and

%;' L-cystine may supply -he nitrogen requirement; f-alanine
i anq‘sojium nitrate do not. Optimum urca concentration is
V.04 v oper liter. On th vacics ot contalned nitrogen,
urea is 12 times more ortective than ammonium sulfate as
a nitrogeon cource.

PDL-32681 Ross, Richard T. -
MICROORGANISMS IN RELATION TO ORGANIC COATINGS. MICROBIOLOGY
OF PAINT FILMS:—=3. ATTACK OF LINSEED OIL AND LINSEED OIL
FILMS BY MICROORGANISMS.
Official Digest 30:377-391 (April 1958)

[Research, paint, linseed oil, f'ilm, tungl, bucterial,
Pullularia, Alternaria, Aspergillus, Flavobacterium]

Microbial attack on linseed oil and linseed oil films
was studied under conditions existing on painted surfaces.
Test species used included: Pulluleria pullulans,
Alternaria sp., Aspergillus niger, Cladosporium sp., and
one bacterium, Flavobacterium mar inum.

Results indicate that linseed oil and linseed oil
£ilms can serve at least partially as a source of nu-
trition for these microorganisms and, in the presence of
small amounts of soil or soil extract, they can serve
as a complete nutritional medium. All of the microorganisms
possess lipolytlc enzymes specific for the ester linkage
of the triglycerides in linseed oll and oxidative enzymes
which catalyze oxidation of both glycerol and fatty acids.

Cleavage of the ester linkages by any single micro-
orgenism produced free glycerol and free fatty aclds.
Subsequent oxidation of both glycerol and fatty acids
resulted in the formation of glyceraldehyde and epihy-
drinaldehyde. A decrease in viscosity and an increase
in water solubility occurred concurrently with these
chemical alterations in oil and oil films inoculated
with microorganisms. Ultraviolet analysis of uninocu-
lated and inoculated linseed 0il films revealed an in-
creased isappearance of both conjugated and nonconJju-

L5 gated material witl a concurrent reduction in the num-
%F ber of double bonds as indicated by the decreased io-
dine value in those films attacked by microorganisms.

PDL-33347 Foster, J.W. —
AN EVALUATION OF THE ROLE OF MOLDS IN THE COMPARATIVE BIOCHEM=--

ISTRY OF CARBOHYDRATE OXIDATION.
meyas Repts. Biol. Med. 16:79-100 (1958)

[Review, bilochemistry, fungi, carvoohydrates, oxidation,
mechanisms]}
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RECPIRATION L O AL JACHWL TS Duic UMWANDLUNG VO
OTHHOIDLL 0D MIFRCRED [RESPIRATION MEASUREMENT FOR
DETIIRMTUIL G THALCFORMATION OF GSTEROIDS WITH MICROORGALISMC|.
Naturwico roctec s o st (Rotraary 1098)
(Foreder, ovoouret, roopiration, wicroo: panisms, sterolds,
viochemictr: .
PDL-33L 32 Lill, (Eii, ant Jompany, Inlianapolics, Ind. Agricultural

and Industrial Products Division (W.!N. Cannor).
BACTERIAL INHIBITION II. SOLUBLE OIL EMULSICHS.
Product Information Bulletir (n.d.) 11 p.

[Research, oils, cutting, bactericide, o-phenylphenol,
mercury compounds, organic, Thimerosol]

'Elcide T75', a proprietary bactericidal mixture come
posed essentially of Thimerosal (sodium ethylmercuri-
thiosalicylate; and sodium o-phenylphenoxide, effectively
inhibits bacterial growth at very low concentrations in
metal-cutting oils. In laboratory tests using a typical
mixed bacterial population obtained from spolled soluble ofl
emulsions, partial bacterial inhibition was obtained
with 12.5 ppm of Thimerosal, and complete lnhibition at
25 and 50 ppm. In shop tests, a common soluble o0il con-
centrate, at an emulsion ratio of 40 to 1, was used on
various types of machines with and without the addition
of Elcide 75. The untreated emulsion had a bacterial
population of 15,000,000 per ml after 2k hr, 90,000,000
at the end of 1 wk, and was discarded after 4 wk because
of odor. The treated emulsions were completely free of
bacteria after 24 hr, and had an average count of 555,000
per ml at the end of 1 wk ( a number of them were still
sterile). There was no odor or significant emulsion
break after 16 wk.

The recommended concentration of Elcide 75 is 1 oz to
4 gal of freshly rrepared soluble oil emlsion. Its con-
centrate form is caustic, corrodes aluminum, copper, and
brass, and must be protected from sunlight and high tempe
eratures. After dilution there are no problems as to
toxicity, irritation, or health hazard,

PDL-33446 Ulehla, Jiri, Milos Spurny and Milan Dostalek.
POUZITI TECKOVACI REAKCE NA SIROVODIX PRI SLEDOVANI SIRANOVE
REDUKCE [BIOLOGICAL SULPHATE REDUCTION AS STUDIED BY
MEANS OF THE SPOT TEST REACTION FOR HYDROGEN SULPHIDE
(in Czech with English summary)].
Ceskoslov. Mikrobiol. 1:267-271 (1956)

[Research, fo;éign, analysis, sulfate, reduction, tacteria,
hydrogen sulfide]



The dbiological reduction of sulfate vas studied dy
means of the spot test reaction for hydrogen sulfide on
filter paper impregnated with lead acetate. With the
method described, hydrogen sulfide can be estimated in a
range.of 10 to 170 ug per ml. The evaluation of spots
by two workers Aiffered on an average by B.7%. The
method is suggested for the estimation of the number of
sulfate reducing bacteria in mineral waters.

Dnstalek, Milan and Milos Spurny.

KULTIVACNI CUARAKTERISTIKY DESULFURIKACNICH BAKTERIT 2
NAFTOVYCH LOZISEK [CHARACTERISTICS ON CULTURING OF SULPHATE
REDUCING BACTERIA FROM OIL DEPOSITS].

Ceskoslov. Mikrobiol. 1:158-164 (1956)

[Research, foreipn, bacteria, oll, sulfate, reduction, culture]

An atteumpt wes made to culture desulfurizing bac-
teria isolated from the water in oil deposits under
laboratory conditions. The mixed cultures contained
bacteria of the Desulfovibrio genus together with ac-
companying microflora not identified in detail. Cri-
teria for the development of the culture were the
amount of hydrogen gulfide produced and the length of
the lag phase. The initial optimum pH for the culture
of Desulfovibrio is 7 to 8. With an initial pH of 7,
the optimal initial‘oxidation-reduction:potential of
the nutrient solution is within tke limits of zero to
=40 mv. Good development of the culture occurs, how-
ever, when the oxidation-reduction potential is below
150 mv. Hydrogen sulfide production was stimulated by
adaition of 3 to 10 mg yeast extract per 100 ml nu-
trient solution. The concentration of sulfate in the
nutrient media'affegted the length of: the" lag phase and
the production of hydrogen sulfide.  With' low concen-
trations of sodium sulfate (0.0001 to 0.001°M),.there
was practically 100% reduction of sulfate to hydrogen
su."ide, but the lag phase was prolonged. The optimum
concentration is 0.07.to O. 8% sodium sul ate.  Under
optimal conditions, the lag phase lasts 24 hr, the
logarithmic phase a further 48 to 72 hr;’ ‘and the sta-
tionary phase approximately up the 8th :day - of culturing.
The optimal period of preculturing for further inocula-
tion-1s 48 to 72 hr. In cultures:inoculated with bace
teria precultured for a longer period, tha 1&3 phase
is considerably prolonged and irregular,
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At ist1-Malek, Y., and 5.0. Rizk,

COLUWTING OF SULPHATE-REDUCING BACTERIA IN MIXED KACTERIAL
POFULATIONS,

Nature 122:538 (August 19:8)

[Research, tacteria, Desulfovibrio, population, technique

%

Spurny, Milos, Milan Dostalek and Jiri Ulehla.

METODA KVANTITATIVNIHO STANOVANI DESULFURIKACNICH BAKTERII
[A METHOD FOR EVALUATING THE SULPHATE REDUCING BACTERIA].

Ceskoslov. Mikrobiol. 1:272-281 (1956)

[Research, foreign, analysis, bacteria, sulfate population]

A quantitative method for estimating the number of
sulfate reducing bacteria in water is based on the use
of standard hydrogen sulfide production surves., Curves
are obtained from mixed cultures of sulfate reducing
bacteria having a known number of organisus per milli-
liter. A nomogram for evaluating the number of sul-
fate redgging bacteria in cultures containing between
10} to 109 organisms per ml is given.

Ben'kovskii, V.G., T.M. Bogoslavskaye and E.A. Drizo.

[SOME CAUSES OF DETERIORATION OF ANTICORROSIVE BTTUMINOUS
COATINGS (in Russian)].

Akademiia Nauk Kazakhskoi SSR, Alma-Alta. Institut Neftil.
Trudy 1:65-75 (1956)

[Research, foreign, coatings, bitumens, water, cathodic
protection, sulfate, bacteria, Desulfovibrio]

Bituminous coatings on iron pipe were investigated
vith respect to the influence of vater, agueous electro-
lytes, and electrochemical and bacteriological processes.,
The influence of ground water on anticorrosive propere
ties was evaluated according to the degree of svelling,
leachability, and water permeability,

Two bitumen-coated iron samples were buried in sepa-
rate waterproof soil boxes; one was wetted by a 1liquid
medium containing a bacterial culture of Desulfovibrio
desulfuricans, a sulfur-reducing bacteria, Both boxes
vere periocdically moistened with equal amounts of dis-
t1lled water for 8 mwo. A 0.14% decrease in sulfate ions
of the sample wetted with the bacterial culture was obe
served as compared to an 0.08% decrease in the control.,
The coating exposed to the bacterial culture lost adhe-
sion. Cathodic protection for 8 mo using a 2 v current
suppressed the action of the bacteria, but caused loss of
adhesion in bitumen coated iron in both boxes.
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The sulfur content of bitumen immersed ina 1 N soda
solution for 50 daye decreased from 1.05 to 0.79%; in dise
tilled water the final concentration vas 0.96%, There
was no change in bitumen when immersed in a bacteria-free
3 N salt solution for 20 days at 20 t 2 ¢,

Permeability of bituminous films with thicknesses up
to 0.5 mm was 0.5 mg per sq cm after 24 hr in distilled
wvater; films with a thickness of 1 mm were impermeadble
after 70 days, Twvo films, one with 15% kaolin filter,
vith thicimess from 0.8 to 3.5 um were tested in a 10%
solution of sodium chloride and 1 N cobalt sulfate solue
tion containing cobalt-60. After 180 to 225 days expose

ure, no penetration by cobalt and chlorine ions wes obe
served,

Starkey, Robert L.

THE GENERAL PHYSIOLOGY OF THE SULFATE REDUCING BACTERIA IN
RELATION TO CORROSION,

Producers Monthly 22(9):12-30 (June 1958)

[Review, bacteria, sulfur, Desulfovibrio, Clostridium,
Desulforistella, fungi, Schizophyllum, corrosion, ferrous
metals, mechanism, theory]|

Littlewood, Dorothy, and J.R. Postgate.
ON THE CSMOTIC BEHAVIOUR OF DESULPHOVIBRIO DESULPHURICANS,
J. Gen, Microbiol. 16:596-603 {June 1957)

[Research, Desulfov 'brio, bacteria, sulfate, cell, permeability,
biomechanism|

Tant, C.0., and E.O, Bennett.
THE GROWTH OF AEROBIC RACTERIA IN METAL-CUTTING FLUIDS.
Applied Microbicl. 6:;388-391 (November 1958)

[Research, oils, cutting, bvacteria, population, Pseudomonas,
Proteus vulgaris]

Pseudouonas and Proteus vulguris are probably the
ot isportent organisms iuvolved in the deterioration
of metal-cutting fluids. In a series of experiments
vhere fifteen different species of microorganiems were
studied for their ability to grow in fresh samples of
six commercial metal-cutting fluids, Pseudomonas aeru-
ginosa and P, oleovoransy were found to grov rapidly
and abundantly in all test fluids aud Proteus vule-

is in all but one. Klebsiella preumoniae, Para-
co%oﬁactrun sp., and Salmonells typhosa were found
abundantly in many products, wvhile EschLerichia coli
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and Staphylococcus auvreus shoved limited growth in a
few products; the growth of tuese species wvas depend-
ent upon formulation of the fluid and strain varia-
tion of the species. Organisms waich did not grow in
test fluids include Achromobacter op., Aerobacter
aerogenes, Bacillus subtilis, Escherichia intermedia,
Proteus worganii, a-hemoiytic Streptococcus nes,
and yeast species.

Ishimoto, Makoto, Jiro Koyama, Tatsuhiko Yagi and Masaru
Shiraki.

BIOCHEMICAL STUDIES ON SULFATE-REDUCING BACTERIA. 7. PURIFI-
CATION OF THE CYTOCHROME OF SULFATE-REDUCING BACTERIA AND
ITS PHYSIOLOGICAL ROLE,

J. Biochem. (Japan) 4L:413-423 (July 1957)

[Research, bacteria, sulfur-reducer, enzymes, physiology,
biochemistry, cytochrome]

Anderson, Kenneth E., Regina lLanigan, Francis Liegey, John
Worden, Frank Yackovich and Austin Finan.

THE DEVELOPMENT OF NEW BACTERICIDES AND FLOOD WATER TREATMENT
BASED UPON THE PHYSIOLOGY OF THE SULFATE REDUCING BACTERIA,

Producers Monthly 22(10):10-25 (August 1958)

[Research, Desulfovibrio, bactericide, water, oil well, pH,
metabolism, acid, antibiotics, biochemistry]

U.S, Quartermaster Corps. Quartermaster Research and Engineering
Center, Natick, Mass,

PREVENTION OF MICROBIOLOGICAL DETERIORATION OF ARMY MATERIEL,
FOURTH ANNUAL REPORT.

July 1958, 120 p.

Gromovich, V.A., N.V. Ovchinnikova, S.I. Kusnezov, V.A.
Kusnezova and K.B. Ashirov.

(A CONTRIBUTION TO THE INHIBITION OF DEVELOPMENT OF THE
SULPHATE -REDUCING BACTERIA IN THE OIL FIELD OF THE KALINOVKA
LAYER (in Russian with English summery):.

Mikrobiologlya 26:330-357 (May/June 19.7)

[Research, foreign, sult'ide, oil wells, bacteria, sullur,
corrosion, bactericide, formaliehyde]

Sulfides and free hydrogen sulfide vhich often are
found in 01l field water may cause serious corrosion of
oil well eQuipment. Studies in oil fields of the Xuidby-
shev district indicate that hydrogen sulfide formation
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-esults from activity of sulfate reducing bacteria. Ad-
cirion of formaldehyde to oil field water in amounts of
100 g per liter inhibits development of thesce bacteria.
Pumping 1.5 tons of formaldehyde dissolved in 1200 cu

m of water into an oil well killed sulfate reducing
bacteria and reduced hydrogen sulfide contemnt in sur-

rounding wells.

Postgate, John.
A DIAGNOSTIC KEACTION OF DESULFPHOVIBRIO DESULPHURICANS.

Y

Nature 183:4051-L82 (February 1959)

[Research, sulfur, tacteria, Desulfovibrio, identification,
technique]

Jaegers, Kurt.
STABILIZxD CUTTILG OIL EMULSIONS (in German).
Ger. Pat, GLI7G1; April ©, 1956, < p.

[Patent, foreign, oil, vacterla, toxic, phosphate, silicate,
borate]

Cutting o0il emulsions are stabllized against bac-
terial action by addition of an alkall metal salt of
phosphoric, silicic, or boric acid or their mixtures.
For example, 2% of common cutting oil, dispersed in an
aqueous solution of trisodium phosphate adjusted to pH
8.3 to 9.0 and vigorously stirred with an air current,
exhibited no putrefactive smell, hydrogen sulfide de-
velopment, and color change upon contamination with a
2.5% culture solution.

Ishimoto, Makoto, Tatsuhiko Yagi and Masaru Shiraki.

BIOCHEMICAL STUDIES ON SULFATE-REDUCING BACTERIA, R, THE
FUNCTION OF CYTOCHROMZ OF OSULFATL-RNEDUCING BACTERIA IN
DECOMPOSITION OF FORMAT: AID REDUCTION OrF SULFUR AND
HYDROXYLAMINE,

J. Blochem. (Japan) “s:707<71. (llovember 1 7)

[Research, tacteria, sultur, Llochemictry,

kgorovn, ALA., und Z.t'. Deriuging.

[A Hiw METHCD OF PRODUCSTN G MIUnoS OPIf PREPARATIOND FROM
PITROLEU™ (irn Hussian) |,
Mikrotdolopiyan o ov i= 0 DLl A rust 1

[Recoarch, rorolen, tacterin, petroleum, tavonomy, tect nijue)

A nev method was developed for defatting petroleum
smears in studying microorganisms which take part in the
formation, transformation, and destruction of petroleun.
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The method consists of washing smears in 1% solution of
OP-7 or OP-10 (composition not given) brought to 50 to
60 C, instead of ether, benzene, or gasoline. For good
results, slides must be washed three timee in three 4dif-
ferent vessels prior to smearing. Water for the prepa-
ration of OP-7 and QP-10 solutions, dissolving dyes, and
weshing should be distilled and passed twice through a
membrane filter to remove microorganisms. Preparations

‘are dried in air for 1 to 2 hr then fixed with a 1:10

alcohol-formalin mixture. Fixation time depends upon
smear thickness and may take 3 hr. After fixation, the
preparation is dried in air and then between two pieces
of filter paper, after which it is transferred to a flat
vessel containing 1% OP-T or OP-10 solution. Various
staining preparations may be used depending upon the
nature of the investigation. Good results are obtained
by staining for 1 to 10 min with a highly diluted magenta
red bese water-alcohol solution.

Hirabayashi, Seishi.

STUDIES ABOUT THE RELATION OF MICRO-OROANISMS [sic] WITH FATS
AND 0ILS.

Hyogo Noka Daigaku Kenkyu Hokoku 3(1):13-26 (1957)

[Research, fungi, bacteris, fats, oils, paraffin, metabolism]

Many microorganisms were isolated on agar containing
1% of one of 15 vegetable oils or 4 animal oils as a
sole source of carbon. Organisms included Bacillus,
Bacterium, Mucor, Rhizopus, Aspergillus, Peniciliiium,
Citromyces, Cladosporium, Verticillium, Oidium, and
yeast. Addition of peptone to the medie generally pro-
moted growth.

The decomposition of ether-extracted soya bean 0il by
fungl was studied using 53 species of Penicillium, Asper-
gilllus, and Citromyces. In general, the growth of fungi
on the agar plate tended to correspond to the acid num-
ber and to the oil decomposition. After 1.5 mo incuba-
tion at 30 C with 1% oil, the maximum acid number was
3.14, the minimum 0.47, the average 1.56; acid number of
the control was 1.75; the corresponding acid numbers
after 2 mo were: 5.25, 0.60, 2.32, and 2.76, respective-
ly. The iodine value generally decreased, indicating

‘attack by microorganismis. When it increased, some un-

saturated compounds were produced from glycerol.

A medium consisting of ether-extracted soya bvean pow-
der and a nitrogenous salt mixture was most favorable
for growth of Aspergillus and Penicillium. The salt mix-

ture and soya bean oil vas & less favorable growth medium,
and the soya bean oil alone showed an inhibitory effect.
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Microorgenism behavior 1s influenced by the state of
fats and oils in the medium. Much more oil was decompos-
ed in the presence of emulsifying agents. The influence
of fatty acids on microorganisms was tested with 9 satu-
rated and 5 unsaturated fatty acids using Aspergillus
oryzae, A. niger, and Penicillium glaucum. Fatty acids
of less than 10 carbons such as butyric, capro.c, and
caprylic acids did not permit the growth of any fungus,
but their sodium salts did. Free fatty acids with 10
to 22 carbons were more suitable for fungal growth than
their sodium salts.

Verticillium, Oospora, Aspergililus, Endomyces, and
Penicillium were isolated from paraffin medium. From
20 to 424 of paraffin in the medium was consumed by
these organisms after 2 mo incubation. When added to
& sait mixture, paraffin was a less favorable carbon
source for fungal growth than fats and oils.

Heiss, J.i., anl V.L. Lanza,
THE THERMAL EVERITTLEMENT OF STRESSEDL POLYETHYLENE,
Wire ani Wire I'roducts ?<:11%0-11%7,1°8" (Cntober 10°3)

[Review, polyethylene, crackiny, wire, temperature,
insulation, mechanism, ctresc

Brittle failure or stress cracking of high-density
polyethylene for use as wire and cable insulation can be
initiated by one or more of three distinctly different
rechanisms, viz., oxidation, environmental stress, and
thermal action.

Oxidative embrittlement involves scission of macro-
molecular chain molecules and gelation, ana is a rate re=-
action. Environmental stress cracking, which is highly
dependent on the physical state of the polymer and re-
quires a contact medium, appears to be a substitution of
some of the intermolecular forces in thr polyethylene by
the medium which allows the molecules to separate; the
resulting flaw, at which the applied stress concentrates,
forms the starting point for destructive crack propaga-
tion. The hypothesized mechanism of thermal embrittle-
ment assumes that an applied strain results in an elastic
dislocation of crystallites from their lower energy,
spherulitic arrangement to an adjacent, higher energy ar-
rangement; the elastic forces of restoration overcome
the viscous drag forces and leave points of inherent
weakness in the structure which lead to eventual failure.
The mechanism is a temperature-time dependent reactionm.

Factors affecting the brittle failure of polyethylene
include (1) average molecular weight, (2) molecular
weight distribution, (3) total crystallinity, (&) degree
of branching, and (5) purity. The first two factors pre-
dominate in environmental cracking; the third is impor-
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tant for thermal embrittlement; and the fourth is decis-
ive in oxidative scission. The last factor, purity, is
significant for both oxidative and environmental fail-
ures, since the presence of polar groupe (e.g., carbonyl)
not only encourages oxidation, but also reduces the con-
tact angle between polymer and medium.

High density polyethylenes are more susceptidble to
thermal embrittlement than low density formulations.
Blending the two in suitable proportions decreases this

' susceptibility, but at the expense of strength, tough-

ness, and other desirable physical properties. Modi-
fications involving copolymerization of ethylene with
other monomers offer greater promise. A third pose
sible approach to reducing stress cracking without
sacrificing desirable characteristics is the irradia-
tion of polyethylene and other post-forming treatments.

Iserterys, D.L., and .0, Bennett,

BACTERIAL DETERIORATION OF EMULSION CILS. ., LATURE OF THE
RELATIONSHIP BETWEEN AZRORES AlD SULFATZ-REDUCING BACTERIA,

Applisd Microticl. 7:121-125 (March 173

[Research, oils, cutting, tacteria, sultur|

An investigation of the commensal relationship between
aerobic and sulfate-reducing bacteria in emulsion oils
indicates that the aerobic bacteria oxidize components of
the emulsion which inhibit sulfide formation and growth
of the sulfate-reducing bacteria. Lowering of the oxida-
ticn-reduction notential and production of nutrients by
the aerobic flcra are possible secondary factors which
may stimulate growth of the sulfate-reducing dacteria in
these products.

N - - L
wynes, T.J., anl E.0, bernnoty,

BACTERIAL TETRRIORATION D R OID0N JII8, 1. RRLATICNCHIP
EuTwirls AUROMRO ALD SULFATL =R B i nIn T
DETERIOMATIVN,

Applied Micrctiol, "iil -1 1 Dnreh 1o o

Spoilage of emulsion cutting oils 18 shown to be the
result of the combined activities of two distinct types
of microorganisms: enaerobic sulfatz-reducing bacteria
and a variety of hcterotrophic bacteria, the majority of
which belong to the genus Pseudomonas. Certsain inorgane

ic salts present in the mediun used also were necessary
or contributory to deteriora.ion. Theae included potas-
sium monohydrogen phosphate, magnesium sulfate, ammonium
sulfate, sodium sulfate, and ferric ammonium sulfate.
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When these salts were present, cpoilage continued thr
five subcultures. The organic canmponents of the med1::8h
‘peptone, yeast extract, ascorbic acid, and calcium lac-
tate) did not support growth of the sulfate-reducing bac-
teria on subculturing even in the Presence of the aerobes.

Lohiieote, Sanoto, Jiro doyama ana Yutaka Hugail.

FIOCHIMITAL OTUDIES Oh OULFATE-REDUCING BACTERIA. -. SULFATL
RUDUCTION BY CELL SUSPENSION, L. THE CYTOCHROML SYSTEM
OF SULFATE-REDUCING BRACTERIA.

J. Blochem. (Japan) b#1:537-546; W1eT7H3-T70 (1940)

[Pacteria, sulfate-reducer, Desulfovibrio, biomschanism]

Ishimoto, Makoto, Jiro Koynmn and Yutaka Nagai.

BIOCHEMICAL STUDIES ON SULFATE-REDUCING BACTERIA. L, REDUCTIOL
OF THIOSULFATE BY CELL-FREE EXTRACT.

J. Eiochem. (Japan) 42:41-53 (January 1955)

[Bacteria, sulfate-reducer, thiosulfate, bilomechanism, testc]

Guyrec, G.J., and E.0. Bennatt.

THE SENSITIVITY OF SULFATE-REDUCING BACTERIA TO ANTIBACTERIAL
SEITS. (THE MERCURIALS).

Producers Monthly 23(1):15-17 (November 1958)

[Research, bacteria, sulfur, toxics, mercury compounds, organic |

Thirty different mercurials were studied for their
inhibitory activity against a culture of Desulfovibrio
desuifuricans. None of the compounds were effective in
concentrations of 50 and 25 ppm. The two most effect-
ive, Metaphen and phenylmercury 8-quinolinolate, com-
pletely inhibited hydrogen sulfide production for 28
days at a concentration of 100 ppm. Ethylmercurithio-
salicylate, methylmercury acetate, and phenylmercucy -
acetate were effective at 250 ppm. Eleven of the com-
pounds were ineffective even at 1000 ppm; nine were ef-
fective at 1000 ppm and five at 500 ppm.

Harris, J.O.

MICROBEOLOGICAL STUDIES REVEAL SIGNIFICANT FACTORS IN OIL
AID CAS PIPELINE BACK-FILLED DITCHES,

Kansas. Agricultural Experiment Station, Manhattan. Dept.
of Racteriology. Technical Bulletin 102 (May 1999) 32 p.

[Buctoria, tungi, yeast, Pseudomonas, Micrococcus, Actinomyce:,
hoeasdia, Aspergillus, Botrytis, Peniciliium, Encomyces,
Thichacillus, hydrocarbons, coal tar, asphalt, waxes,
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otewart, Jamec L., k.L, tnllio, bL.i, “tevenson, A.C, Jones
and DO, Schiscler,

BACT:RIAL HYDROCARKON OXIDATIOn. I. OZIDATION OF N-HEXADOCANE
BY A GRAM-LEGATIVY COCLUS, -

J. Zacteriol. T8:khleuwwr (Septemter 1im%)

[Hyirocarbons, petroleum, paratrine, oxidation, bacteria,
viethanomonas, Candlda, Pseudomonas, tests]

Strawinski, R.J.
A MICROBIOLOGICAL METHOD OF PROSPECTING FOR OIL.
World 01l 141(6):104,104,109-110,112,115 (November 1955)

[Petroleum, ¢1l prospecting, bacteria, biomechanism, soil
sampling]

Hutton, William E., and Claude E. ZoBell.

THE OCCURRENCE ANDCHARACTERISTICS OF METEANE-OXIDIZING BACTERIA
IN MARINE SEDIMENTS.

J. Bactericl. 58:463-473 (October 1949)

[Methane, oxidation, marire, tacteria, Methanomonas, culture,
isolation, techniques]

Davis, John B.
STUDIES ON SOIL SAMPLES FROM "PARAFFINE DIRT" BED.
Bull. Am. Assoc. Petrol. Geologists 26:2186-2188 (Ncvember 19%2)

(Petroleum, soil, analysis, bacteria, oil prospecting]

Stewart, James E., and R.E. Kallio.

BACTERIAL HYDROCARBON OXIDATION. II. ESTER FORMATION FROM ALKANES.

J. Bacteriol. 78:726-730 (November 1939)

[Hydrocarvons, paraffins, oxidation, bvacteria]

Strawinski, R.J., and J.A. Tortorich.

PRELIMINARY STUDIES OF METHANE-OXIDIZING BACTERIA AND THEIR
POSSIBLE ROLE I OIL-PROSPECTING.

Bacteriol. Proc. 55:27 (1955)

[Petroleum, oil prospecting, bacteria, methane, techniques]
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PDLe 44 Zoiw:1ll, Claude k. (assignor to Amcrican Petroleum Institute).
FACTERIOLOGICAL PROCESS FOR TREATHMENT OF FLUID-EBRARTIHG
FART:H FORMATIONS,
0.5, Pat. 2,413,278; December 2L, 1946, L p.

[011 well, recovery system, bacteria, patent]

PDL-2588 Taggart, Millard S., Jr. (assignor to Standard 01l Development Co.).
0IL PROSPECTING METHOD.
U.S, Pat. 2,234,637; March 11, 1941. 2 p.

[Petroleum, oil prospectiny, bacteria, methodology, patent]

PDL-36034 Mackenzie, K.
THE METABOLISM OF VIBRIO DESULFURICANS IN ANAEROBIC PETROLIFEROUS
FORMATIONS.

Biochem. J. 51:xxiv-xxv (1952)

(Petroleum, bacteria, sulfur, Desulfovibrio, nutrition, metabtolism!

PDL-36138 Bennett, £.0., C.L. Adamson and V.E. Feisal.
FACTORS INVOLVED IN THE CONTROL OF MICROBIAL DETERIORATION.
1. VARIATION IN SENSITIVITY OF DIFFERENT STRAINS OF THE
SAME SPECIES.
Applied Microbiol. 7:368-37¢ (November 195%)

[Bacteria, toxics, phenols, nitro compounds, resistant, strains)!

Fifteen cultures of Pseudomonas aeruginosa were
studied to determine their sensitivity to ten phenoles in
nutrient broth (pH 7.0), to metal cutting fluids (emul-
sion o1l at pH 8.5), and to nine new nitroparaffins in an
emulsion oil. Statistical evaluation showed three types
of variations in sensitivity: (1) between different
strains, (2) between individual strains, and (3) between
particular environments in which the inhibitor was stud-
jed. Cold storage increased the sensitivity of some
strains to certain phenols and increased their resistance
28 to others. Variations were greater with scame inhibitors
18 than with others. With phenolic inhibitors, more varia-
; tion in sensitivity was noted in emulsion oils than in
nutrient broth. Variation in sensitivity to nitroparaf-
fin inbibitors was greater than to the phenols.
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[Oils, bacteriu, toxic, petrolvam, putent,

Effect!vs uacteriostatic agents in petroleum containe
ing lubricenva such as cutting oils, hydrocarbon fiuids,
and core oils have the formula: ROCH(R')C(X)NO,R vhere R
is methyl or ethyl, R' is an aryl, substituted aryl or
heterocyclic group, and X is hydrogen or bromine. Com-
pounds are used in amounts from 0.005 to 10%. Specific
compounds cited are 2-nitro-2-bromo-l-propoxy-l-phenyl-
propane, 2-bromo-1-(3,4-dichlorophenyl)-l-methoxy-2-ni=-
trobutane, and l-(2-furyl)-2-bromo-l-methaxy-2-nitropro-
pane., .

| PDL-364zT Anonymous.
i MICROBIAL ATTACK ON OR FORMATION OF HYDROCARRONS,
Abstracts. (n.d.) 68 p.

[Hydrocarbons, petroleum products, bacteria, tungl, abstracts,
tibliography]

PDL-36555 Leonard, John M.
FUEL FUNGI. \
Naval Research Revs. (February 1luyou) o p.

[Jot, fued, i, be~terin, ~~ntaminant]

Jet fuels can support the growth of certaln fungi
and bacteria. Pellicles and mycelium resulting from
such growthb can be dislodged, resulting in possible
clogging of filters and strainers in aircraft and stor-
age and transport facilities. These organisms and their
products may act as stabilizers for fuel-water emulsions.
Organisms tend to grow at fuel-water interfaces. Water
may be present in fuels due to.seepage in storage tanks,
and may accumulate in low and inaccessidble spots in
aircraft. Water also may be introduced deliberately
in fuel-tranfer systems operating by water displace-
ment. Rigorous exclusion of water in fuel would solve
the problem but probably is not feasible. Addition of
several chemical inhibitors used in gasoline and com-
patible with Jet fuels is currently being studied.

Water soluble—fuel insoluble inhibitors are impracti-
cal since large amounts may get into fuels through
emulsification in systems operating by water displace-
ment, and inadequate amouncs in fuels where water is a
variable contaminant. .
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[Jet, tuel, Tungl, toxles|

aeck, Jay V.,

A FERROUS-IOKN-OXIDIZING BACTERIUM. 1. ISOLATION AND SOM-.
GENFRAL PHYSIOLOGICAL CHARACTERISTICS.

J. Bacteriol. 79:502-502 (April 1960)

[Bacteria, sulfur, iron, Ferrobacillus, Thiobacillus,
physiology, growth, isolation, technique ]

Shaposhnikov, V.V., E.N. Kondratieva, and V.. Fedorov,
A NEW SPECIES OF GREEN SULPHUR BACTERIA.
Nature 187:167-168 (July 1960)

[Bacteria, sulphur, Chloropseudomonas, classirication]

Wolfson, L.L.
MICROBIOLOGY IN SECONDARY RECOVLERY SYSTEMS,
Corrosion 16:132-134 (June 1960)

[Bacteria, oil wells, microorganisms, corrosion]

The role of microorganisms in secondary recovery
systems, including their relationship to chemical scale
and corrosion, is reviewed. Iron bacteria, algae, fun-
&l, slime formera, and corrosive (sulphate reducing)
bacteria are considered. Life cycles and nutritional
requirements of these organisms are treated with empha-
s8is on the effect of different types of bacteria on
each other. Clostridium, a genus of bacteria capable
of hydrogen sulfide production and not previously im-
plicated in secondary recovery problems, has been iso-
lated in systems from six states. Clostridia are obli-
gate, anaerobic, sporeforming bacteria of heterotrophic
metabolism. Flood water containing them turn black up-
on standing, produce gas, and the bacteria emit a putri-
factive odor when proliferating.
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Since the spores &ar~ a resting stage, they resist
adverse conditions of exireme temperature, pressure,
chemicals, and lack ~? food. They are correspondingly
bard to kill. Hydrogen sulfide or iron sulfide pro-
duced by them may cause a generalized or slab type cor-
rosion and pitting.

Prince, Hertert .
SeholR b JIHTEEEON o P LLIATD SlAonubel,
" i i Y
ISR PRI TS &8 KPS IR S SURNS R
Proanged cterin, todic. interort reclotantse, piperazine,
. 1
acroc , anerobd

A piperazine derivative, 1-(5-nitro-2-thiazolyl)-
L-acetylpiperazine is a specific inhibitor of anserobic
organisms including Cram positive and Oram negative
bacteria, actinomycetes and protczoa, but not their
aeroblic counterparts. The minimum irhibitory concen-
tration for anaerobic organisms ranged from 0.7 to
1 pg/ml, for Trichomonas vaginalis to 250 ug/ml for
Clostridium perfringens. The aerobic and facultative
organisms were approximately 300 to 1000 times more
resistant than obligate anaercobes, revgardless of tax-
onomic status.

The effect of the compound was microblocidal, since
exposed populations were rendered sterile within 24 hr
at the minimum stated inhibitory concentration. The
activity against susceptible anaerobes was independent
of nH, exogenous protein, and could not be reversed by
20 times the concentration, on & mclar basis, of such
substances as thiamine, ridoflavin, follc acid and
adenine.

The selective inhibition cf obligate anaerobes was
not related to anaerobiosis per se, since facultative
organisms under anaerobic conditions showed th-ir nor-
mal resistance to the piperazine. Blocking haem pig-
ments of facultative organisms with potassium cyanide
did not induce sensitivity to the drug. Desulphovi-
brio desulphuricans, which possesses a reversibly
oxidizable pigment similar to cytochrome c;, was as
sensitive as anaerobes such &s Clostridium novyi and
Trichomonas vaginalis, which are totally devoid of
such pigments.—




H ] [T I 1 B e . [ A ey e e e
iy y ‘ Sley, i, I AL AT A 52 B N
et N L

LN

Growth of certain bacteria and fungi in water phases
in conjunction with jet fuels decreases filterability
and causes malfunctioning of fuel systems.

Twenty substances known to be toxic to microorganisms
were studied in an environment of JP-5 fuel end agueous
salts solution; the fuel was the sole source of carbon.
The test bacteria were 17 cultures obtained from bottom
sludge in JP-L fuel storage tanks; all were checked for
ability to grow in the presence of JP-5 fuel. The tox-
icants included mercaptobenzothiazole compounds, a
chlorinated thiobisphenol, several quaternary compounds,
sodium tetraborate, silver, tetraethyllead antiknock
mixture and its two principle constitueants, pure %etra-
ethyllead, and ethylene dibromide.

Four n-alkyl quaternary ammonium chlorides and an
n-alkyl isoquinolinium chloride prevented bacterial
growth when incorporated in the solution at 50 or 100
ppm, but not at lower concentratlons. Only the iso-
quinolinium substances caused no turbidity in either
the fuel or the water phase. Although none of the
quaternary compounds were inhibitory at concentrations
as low as desired, some may be useful in xeeping mi-
crobial contamination to a minimum in such areas as
storage tanks. Silver metul, toxic at exceedingly low
concentrations, was bactericidal in smaller amounts
than required for fungicidal activity. Tetraethyllead
and ethylene dibromide incorporated individually in
JP-5 at roughly 0.13 and 0.5 ml per gallon, respective-
ly, were inhibitory to bacteria. In combination in the
antilnock preparation, however, these compounde ex-
hibited a lesser degree of toxicity. Work on the pro-
blem is proceeding. .

PDL-37915 Bennett, £.0., and R.H. buuerle.

THE SENSITIVITIES OF MIXED POPULATIONS OF BACTERIA TO INHIBITORS.
Australiar J. Biol. Sci. 13:142-14y (1960)

[Mercury compounds, nitroparafiins, phenols, bacterla, Loxics,
sulfur]

The sensitivities to three classes of inhibitors of
pure and mixed cultures of Pseudomonas aeruginosa and
Desulfovibrio desulfuricans were determined. Five phenols,
8ix mercurials and six nitroparaffins vere used, and the
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inhibitory concentration in parts per million of each
compound 1s given for both pure and mixed cultures. In
addition, the sensitivity cof one culture in the presence
of dead cell§ of the other to one compound from each
class of the inhibitors wns ceterwined.

The presence of P. aeruginosa produced {n some cases
an increase in resistance of D. desulfuricans to sub-
stituted phenols & consistent increase to nitroparaffins,
but no marked response to mercurials,.The sulfate reduce
ing bvacteria produced a significant increase in resis-
tance of the pseudomonas to mercurials but an increase
in sensitivity to phenols.

Dead P, aeruginosa cells had no effect on the sensi-
tivity of sulfate reducing vacteria to phenols, mer-
curials or nitroparaffins. Dead sulfate reducing
bacteria produced an increase in resistance of the
pseudomonads to mercurials and nitroparaffins, but did
not increase the sensitivity of the pseudomonas to
phenols. The significance of these results is discussed.

DcGray, R.J., and L.N. Killian.
BACTERIAL SLIMF AND CORROSICN IN PETROLEUM PRODUCT STORAGE.
ind. Eng. Chem. S2:7WA-76A (December 1960)

[Gasoline, petroleum products, storage, bacteria, toxic,
corrosion]

Samples from water-petroleum interfaces in refinery
and bulk terminal tanks contain a variety of bacteria,
all prevalent in soil and ground waters. Bacillus sp.
predominate. Some species utilize hydrocarbons; others,
nutrients in the watcr bottoms. Highest bacterial popu-
lations occur at pH 6.96. Roiling of a working tank
promotes growth. Agitation, colloids (especially at the
interface), and certain surfactant rust inhibitors (nor-
mally used at 25 to 50 ppm in gasoline and kerosine) all
foster bacteria by increasing the availability of hydro-
carbons. Bacteria promotec iron corrosion and slime
formation. Slime holds rust and other sediment in sus-
pension at the interface, encouraging microorganism
growth. Introduction of a boron compound (either by
direct addition to the water bottom or as boron-gasoline)
to a level equivalent to 0.05% elemental boron prevents
or reduces bacterial contamination of gasoline. The
relative efficacy of a boron compound depends on its
structure; in trialkyl borates, chain length seems sig-
nificant.
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SULL JUATL REDUCTION BY BAUTURIA,
Annual Review of Microtlology, Vol. 1-:505-526 (1959)

[Bacteria, sulfur, Desultovibrio, classification, culture,
metabolism, biomechanism, bibliography]

PDL-39337 Ginzovurg-Karagicheva, T.L.
[MICROBIOLOGY OF PETROLEUM (in Russian) .
Priroda W7:26-31 (March 194%)

[Petroleum, bacteria, sultate-reducer, metabolism, bicmechanism,
microbiolopy, toreign]

PDL-3978k Bennett, £.0., and H.N. Futch.
NITROPARAFFINE INHIBITORS FOR CUTTING FLUIDS.
Lubrication Eng. 16:228-250 (May 1960)

[Cutting oil, bacterin, toxic, sulfate, nitroparaffirs]

Sixteen nitroparaffins were gtudied for their abile
ity to inhibit microbial growth in six different major
metal cutting fluids. Tris(hydroxymethyl)nitromethane
2-nitro-2-ethyl-I;3-propanediol dipropionate, 2-bromo=
2-nitropropyl acetate and 2-nitro-2-ethyl-l,3-propane-
diol exhibited superior activity against both aerobic
and anaerobic flore commonly found in these products.
Some. of the nitroparaffins were superior to over 100
phenolic compounds previously studied; tests with
aerobic bacteria were carried out at 1000 ppm, and .
at 800 ppm with anaerobic sulfate reducing bacteria
(Desulfovibrio desulfuricans). The inhibitory activ-
ity or tris(nydroxymethyl)nitromethane §s believed to
be Jue in part to its ability to release formaldehyde
slovly in alkaline environment. Nitroparaffins which
do not release formaldehyde are added to undiluted
products by the manufacturers. In general, the nitroe
paraffins are cheap, relatively nontoxic, and readily
soluble in the various cutting fluids. They have con=-
siderable potential use in other types of industrial
deterioration problems.

,l




In the procedure used, each test unit was reipoc-
ulated with a mixture of tacteria once a week. This
15 a more effective procedure than ti.e use of a single
inoculation at the beginning of the experiment. For
example, with a single inoculum, 2-nitro-l-butanol
was coupletely inhibitory for 10l days in a concen-
tration of 500 ppm. When fresh inoculum was added

veekly, the same compound was effective for 78 days
in a concentration of 1000 ppum.

PDL- itk Anonymous.,
MINUTES, MEETING OF AD [HOU oROUP 0L HICLOGICAL ALD #U0AL
GROWTHS IN FULLS, Pentapon, Washington, D,
January 06, 1901. O p.

PDL=h0 <t Hitzman, Donald 0., and Ralph P. Schneider {assfrncrs tu
Phillips Petroleum o).
MICROBIOLOGICAL CORROSION PROTLCTION RY GERMICIDAL ZONL
AND PROTECTIVE COATING.
U.S. Pat. 2,979,377; April 11, 1961. < p.

[Metal, corrosionproofing, bact-ria, soil, toxic, coatings
(organic), tanks, pip:, pusts, patent]

Buried and partially buried objects are protected
against microbiological corrosion by: (1) applying a
protective coating material containing 5 to 500 ppum
(usually 50 to 100 ppm) of a suitable germicide to
the object; and (2) treating the 1 to 5-in. thick
contiguous layer of fill to a similar level with a
different germicide-providing a double defence against
environmental adjustment by bacteria.

The coating may be any of the regular commercial
types, e.g., bltumen-impregnated wrapping or poly
(vinyl chloride). A wide range of germicides are
suitable, selection of type and level depending on
such factors as nature of soil and microorganisus,
and working characteristics of coatings. Fill add-
itives are preferably water-insoluble. Typically,
sulfate-reducing bacteria are combatted with arsen-
icals or chlorophenols; sulfur-oxidizing, nitrosifye
ing, and nitrifying types, with phenolics or cresols.
Other factors influencing selection include toxicity,
ease of handling and cost. Objects which can be pro-
tected include pipes, pipelines, tanks and posts,
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Finely divided copper 8-quinolinolate, p-toluene-
sulfonamide, or trinitrobenzene may be incorporated
as a fungicide in Type 53 lining (a blend of polysulfide
latex and saran latex, NAVDOCKS Spec. L4LTYb). Apart
from copper 8-quinolinclate, which may be added sev-
eral days before use, the agents are admixed as dry
powders not more than 24 hr before application of the
latex,

In view of the relative iumunity of Type 53 lining
to fungal attack, fungicide levels should not exceed
1.0% of the weight of resin solids pending determina-
tion of the effects, if any, of the additives on fuels.
The fungicidal/bactericidal efficacy of additions of
1l 0z finely divide’ metallic silver to 100 gal Type 53
latex is under study.

Watkins, .M. (Sinclair Research Lavoratories, Harvey, Isi.
MICROORGANISMS AFTHECT OTIL.
Decrmber 1960, 10 p.

p—

[Bacteria, olls, tuel, storag:, review)

Bacterial attack on petroleum products in storage
or transit occurs mainly at oil-water interfaces. Water
is essential for bacterial growth, but large percentages
of organisms may migrate to the oil phase, and activity
{18 kncwn to occur in clear oil layers. Rate of consumpe
tion is proportional to interfacial area and may amount
to 100 gal/yr in 55,000-gal tanks; emulsification in-
creases area and rate as much as 10 times. Most of the
hydrocarbon utilizing bacteria are ubiquitous, and active
at 32 to 140 F. Aerobes, the more common problem, use
atmospheric oxygen; anaerobes reduce sulfates and ni-
trates.

Many species consume wmethane., Aliphatic compounds
are more susceptible to mixed cultures than aromatics or
naphthenics; olefins more than paraffins; and long-chain
hydrocarbons more than sirilar compounds of low molecular
weight. Gasoline, kerosiae, lubricating oil, and paraf-
fin wax are oxidized in this ascending order of ease,




Coloration or discs.oration zay result, but fiels
may remain clear despite nbundance of filter.clogging
organisms, Bacteria ray icstroy or seriously imzpair the
efficacy of rust inhibitors. Orne type badly corrcdes
brass, forming a lieavy gel. Hydrogen sulfide prodi.ced
by anaerobic reduction of sulfate in tank water bottoms
und oxidized by air to elementary sulfur can render {'iels
unusable , Cantri..gal pumping of the heavy scuo of
fuel, rust, and biological matter usuaily present at oil-
water interfaces invariably produc lerable 2aul-
sions. Deterioration of transformer oils and lubdricantes
and diesel fuel in laid-up engines has been attributed to
oxidizing bacteria. Cutting oil ezuleions require bace
tericides to prevent break-down.

Filters are commonly clogged by invisible biological
slimes. Insolubtle impurities in oils include the pro-
ducts and byproductes of petroleum consumption by >100
biological epecies of about 4O genera. Degraiation af
stored oils 1s commonly marked by an odor of hydrogen
sullide, rancid fat, ammonia, or mildew. Bacteria may
lower the octene rating of gasoline stored over water
either by prefersntial attack on branched-chain hydro-
carhons or by promoting the precinitation or degrada-
tion of tetraethyllead; significantly, all coammercial
gasoline inhibitors are bactericides. Substantial water
tolerance variations in refinery stocks may be attridbu-
table to bloleogical creation of polar molecules in
either crudes or distillates; clear stored fuels can
forx interfacial scums when shaken with water,

Anaerobes accelerate interral plitting of tank bottoms;
coating insulatic 4is breoien down., In working tanks and
tanker nolds, they may sy leld thoumselves under rust
blisters; aerobes cooperntn Uy quickly removing free
oxygun. Consumption of petroleum spilled on soil is
rapid. Such contanlun*ion may reduce soil fertilicy
during the first year; ecventualily, the activity of olle
consuming bacteria may incroeage tvertility. Subsequent
apillage on the same s.riace is concumed even morn
quickly by the heightened conceunsration of bacteria,
Agricultural oil sprays nourish bacterial populations,
80 that subsequent applications disappear more rapidly.
Asphalt slowly Jecomposes when mixad with normal soil,
but not in sterile soil., Bacteria control oil pollution
of water both by oxidatisn and by cousing the oil to
sink.

3iclogical activity zay develop explosive concentra-
tions of methanec in tanks, and cause oxygen depletion
in 4nactive tanxs. 9011 products are heat-sterilized in
refining. Reinfection can be controlled by: (1) clean-
linesas of conteiners and pipes; (2) eliwmination of water
vottoms; (3) substitution of 4is+illed or rain water
(low in essential nutrient mineral salts) for less pure
waters; and (L) use of guitable bactericides.




Deeg Utareey, Dorert L,

SULEAGL CTRG BACTERIA - PHYSIOLOGY AND PRACTICAL SICNIFICANCE.

eotures on thworstical and epplicd nspects of modern
mi-roiiolony, sponsor:d jointly by the Amer. Cyanamid Co.,
chac, i'le r oand Co., and Merek and Co. (1966/61) 32 p.

[Bacteria, cultur, Desultovibrio, corrosion, physiolowy,
Liomechanism, review, bibliography]

rDL-+1106 Andreycvskiy, I.L.
[BACTERIAL ACTION ON PETROLEUM STRATUM (in Russian)].
Priroda 47:90-91 (October 1958)

[Bacteria, sulfur, nitrogen, petrolsum, foreign]

In the Yareg oil field a reduction of viscosity,
specific gravity, and sulfur content of petroleum was
observed over a period of several years. Laboratory
studies revealed the presence in the petroleum strata
of sulfate-reducing and denitrifying organisms, and
also other, unidentified bacteria. Microbilological change
occurring in petroleum fractions under laboratory con-
ditions depended on the composition of the fractioms,
culture conditions, etc. For example, in the 250 to
LOO C fraction, the action of microorganisms resulted
in an increase of napnthenes and a reduction of methane
components. The mazut (petroleum residue) fraction
showed the highest reduction of specific gravity and
viscosity. An analysis of petroleum water showed the
absence of nitrates, sulfates, and phosphates, 1i.e.,
conditions of ‘nitrogen hunger," which evidently stimu-
late the utilization by bacteria of the heavy, nitrogene
containing petroleum fractions. This was confirmed in
laboratory experiments, In the absence of nitrogen
in the culture media, the heecvy fractions were utilized
to a large extent, whereas they remained unchanged in
media containing nitrogen. Cultivation of bacteria on
the light boiler fuel fraction in the presence of ade-
quate nutrients resulted in an increase of tar and sule
fur contents and specific gravity. These experiments
indicate the possibility of improving the flow of petro-
leumby artificially creating a "nitrogen hunger," and
thus promoting the degradation of the heavy petroleum
fractions.
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Flreholo, Donada Lo Morrds W, Kogoors and Arthur M. Kaiplan,

THE MICRORIOLOGTCAL DETERKTORATION OF HYDROCARBONS AND THE
B PATED DroRADATION OF mQUIPMENE UGEKD FOR THE STORAGL,
PRSP MLION ARND HANDLILLG OF PETROLEUM PRODUCTS; A SELECTED
FLALIOGRARPHY.,

.o, Quactermaster Corps. Quartermaster Rescarch and
bagelre : ingr Command, Natick, Mass. Chemicals and Placties

Divicion. Microbiolosical Deterioration Series No.
(June 1901) 19 p.

[Bacteria, sulfur, Desulfovibrio, corrosion, iron, steel,
fuels, cutting oils, petroleum, products, oils, stormyc,
toxics, bibliography]

Sharpley, J. Miles.
MICRORIOLOGICAL_CORROSION IN WATERFLOODS ,
Corrosion 17:92-96 (August 1961)

[Bacteria, sulfur, iron, Desulfovibrio, Sphaerotilus, Gallionella,
physiology, corrosion, pitting, oil wells]

U.S. Quartermaster Corps. Quartermaster Research and Engineering

Center, Natick, Mass. Chemicals and Plastics Division.
PREVENTION OF MICROBIOLOGICAL DETERIORATION OF MILITARY MATERIEL.
Sixth Progress Report (August 1961) 116 p.

Martineau, B., and V. Fredette.

A SIMPLIFIED METHOD FOR DETERMINING THE SENSITIVITY OF
ANAEROBIC BACTERIA TO ANTIBIOTICS.

can. J. Microbiol. 7:671-673 (August 1961)

[Bacteria, Clostridium, antiblotics, sensitivity, toxirs, tests|

Horvath, Jozsef.

CONTRIBUTIONS TO THE MECHANISM OF ANAEROBIC MICROBIOLOGICAL
CORROSION, .

Acta Chim. Acad. Sci. Hung. 25(1):65-78 (1960)

[Ferrous, corrosion, bacteria, sulfur, mechanism)

Electrochemical model tests were carried out with ,
the purpose of detecting the exact mechanism of anaero-
bic microbiological corrosion of iron and steel caused
by sulfate reducing bacteria., The experimental results
show that the rapid corrosion taking place in the
presence of these bacteria (Sporovibrio desulfuricans)
can be attributed to strong anodic and cathodic depolar-
ization. Changes in the slope and relative position of
anodic and cathodic polarization curves, observed in
different phases of the experiments, are interpreted on




the busis of bacterial activity and the place of pre-
cipitation of corrosion products. Correlations between
results obtained in the laboratory and those obaserved

in practice are discussed in connection with the Dosei-
bility of mitigating anaercbic microbiological corrosion.

PDL-415¢ 9

Amtrose, Henry A. f(assignor to julf Research & Development
Co., Pittsburgh, Pa.).

TREATMENT OF DISTILLATE FUEL CILS WITH AQUEOQUS ANTI-MICROBIAL
AGENTS, ‘

U.S, pPat, 2,975,v43; March 1li, 19€1,

6 p.

{Fuel, oil, depositproofing, microorganisms, toxi~, patent]

A method of preventing formation of blolsgical
gels in distillate Tuel oils comprising at leest two
fuel oil fractions ooiling in the No. 2 fual oil
range is precented. At least a portion of one of the
fractions with a tctal acid numbder of > 0.1 is
treated with 1 %o 20 vol % of a 2 to 40° Bé. aqueous
caustic soda socluticn. The neutralized oil is then
separated frcm the partially spent solution snd
vashed with 1C to 20C vel % vater coutaining 0,001 to
0.1% of an oil insoluble microbicide, e.g., the
sodium salt of 2,4,5-trichlorophenol, an alkyltolyle.
methyltrimethylammonium chloride whose alkyl group
containe 9 to 15 carbon atoms, or an alkylélimethyl-
benzylammonium chloride whose alkyl group contains

8 to 18 carbon atoms. After s_perat.on from ihe

wvash water, the neutralized oil is blended with the
other fraction or fractions to rorm & fuel having an

acid number £ 0.1 and resiatance to microbial gela-
tion,

PDL-k15TO Gulf Reseurch and Developmert Co., Pit*sburgr, Pa. (Arthar V.
Churchill and William W. Leathen).
DEVELOPMENT OF MICROBIOLOGICAL SLUDGE INHIBITORS,
1.5, Department of the Air Force. Aeronavtical Systems
Division, Wright-Patterson Air Force Base, Ohio. ASD
Technical Report £1-193; ASTIA Doc. AD-263 009 (June
1951) 66 p.

[Fuel, Jet, bacteria, fungi, toxics, tests]

A total of 184 microorganisms vere isolsted from et
fuel-water bottom samples collected from storage tanks
et nine Air Force bases. These isolates included 75
fungl, 104 bacteria, and 5 nonclassical iron-dspositing
bacteria; 61% of the total isclates remained visble for
20 days in jet fuel-mineral salts substrates. These Ay




be considered to have tne ability to attack the hydro-
carbons and form slud;e. The viable isolates appeared
to fall into five funial und tiree bacterial groups. The
most predominrant and durable tungal group were the brown
fungi, with 87% surviving the 20 day viability test.
Among the bacterial groups, tie more homogeneousand
transparent bacterial species predominated although the
heterogeneous and cpaque bacteria had the greatest sur-
vival rate.

Of 178 water-solutle materials evaluated as potential
sludge inhibitors, alxyl quaternary ammonium acetate
(Cl7H3702N), dimethylamine borane, and tri-n-butyl
borate were effective microbicides and are recoumerded
for trial in bulk stcrage tanks. Several other compounds
controlled microbial growth satisfactorily, but are not
recommended because of the presence of elements such as
halogens or heavy metals potentially deleterious to fuel
properties and fuel system materials.

A 90-day storage test showed that except for an in.
cresse in dielectric constant, microorganisums 4id not
appreciably affect properties of Jet fuel.

PDL=d1h Sumers, Ulaude R., Jr, (assigror to Julf 0il Corp., Pittsiurh,
Pa.). o _
FUEL OIL COMPGSITICNS CONTAINING ANTIMICKOBIAL AGENTS.
u.S, Fat. 2,975,042; March 14, 1961. & p.

[0il, fuels, fungi, tacteria, toxic, patent]

Microbial gel deposition in petroleum distillate
fuels in contact with an aqueous phase can be con-
trolled by addition of oil-soluble materials such a8
a 40% solution of formaldehyde in n-propyl alcohol,
Dowicide 1 (o-phenylprenol) or n-propyl alcohol or
hy water-solﬁble, oil-insoluble compounds such as
mixed alkytolylmethyltrimethylammonium chlorides con-
taining alkyl groups with 9 to 15 carbons or mixed
alkyldimethylbenzylammonium chlorides having alkyl
groups with 8 to 18 carbons. ThLe water soluble
compounds are dissolved either in the bottom water
or incorporated in the o0il using dispersing or blend-
ing agents or a mutual solvent such as acetone,
alcohol or glycerol. Effcctive concentrations in oil
or bottom water range from 0.0l to 1.0 vol %; 0.1%
usually suffices. O0il may be treated at any point
between refinery and burner or after infection.
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Matthews, AVD,, and PPJl, Rarnaa thow.,
A CIMPLE TECHIIGUE FOR THE "ITIVATION CHOANARROBLES,
i, Meds Assoc, J. el die {April 1#.1)

(8K

[Bacterin, anaerobes, culture]

A simple, fast, irexpensive and clean methnd of
cultivating anaerobes is described. An inoc. .ated
plate and Eh indicator (B.B.L. thioglycollate-resszurin
broth incorporating 1.5% acar) in a 5 ml glass cup are
inserted in a 7 by 6 in, polyethylene bag with one side
1/4 to 1/2 in. shorter than the other. To a 35 wm, fine
porosity Seitz filter disc placed in a plastic or metal
screw cap are added 0.6 to 1.0 gm dry powdered pyro-
gallic acid and 2 ml of a S50% aqueous solution of ane
hydrous sodium carbonate., The cap is inserted in the
polyethylene bag and the bag immediately sealed with
3/% in. cellulose tape and ircubated.

The method produced good srowth of Clostridium
perfringens, C. tetani, C. sporogenes, and anaerobic

streptococei within 18 to 2% nr incubation. The resazurin
indicator changed from pink to yellow in about 4 hr in-
dicating the anaerobic state of the environment. A
similar technique using sodium carbonate and a weak
solution of hydrochloric acid provides a carbon dioxide
environment.

Erisson, G, Lec and Margaret L. Wulf.

INVESTIGATION OF CCRROSION AND MICROBIOLOG:ICAL DEGRADATION
IN INTEGRAL FUEL TANKS.

Boeing Airplane Co. Wichita Division, Wichita, Kansas.
Document No. D3-3629 (February 1961) 13 p.

l}ozanova, E.P., and L.D. Shturm.

STUDY OF AMINO ACIDS RELEASED INTO THE MEDIUM BY MICROORGANISMS
GROWING ON PETROLEUM WITH KFFewENCE TO THE GENESIS OF OZOKERITE -
LIKF BITUMENS,

Microbiology 29:513-%. (March-April ltcl)

[Microorganisms, petroleum, titumen, tiomechanisms, amino acids]

A large variety of amino acids were found accumula=
ting in the culture fluids of !ycobacterium mucosum,
ococcus ruber, Proactinium paraffinae, P. corraillinus,

. actinoides, Penicillium nitatum, and . chrysogenum

on mineral medium containiny raraffin-base petrpleum as
the source of organic material under aerobic conditions,
These amino acids were probaul; products of autolysis of
microbial cells, and were apparently in the form of
hydrolyzable complexes. The most varied composition




(15 amino acids in all) was tound in Proactinium coral-
1inus, which, along with fungi, formed a thick pellicle
on petroleum. However, only slight growth was observed
and no amino acids were founi in the culture fluid of
this organism on the same mc1!:m tut without the addi-
tion of petroleun.

Comparison with the aomin: 1:ids found in ozokerite-
like bitumens shows that the amino acid composition of
the petroleum contains all ti= amino acids present in
the bitumen and more. Aminu acids in the bitumen were
detected only after hydrolysis with 25% sulfuric acid
and only in the more altere! fraction of dark paraffins.
Data obtained suggest that th2 process of enrichment of
the original material by amino acids can occur under
conditions of aerobic utilization of paraffin<base
petroleum by microorganisms. The amino acid-containing
complexes found in bitumens apparently originated as
the result of the death of microbial cells growing at
the expense of petroleum, and are included in the com-
position of the bitumen in the form of the autolytic
products of protein. Individual free amino acids can
be further assimilated by other microorganisms.

PDL-42038 “Lyalikova, N.N.
THE PHYSIOLOGY AND ECOLOGY OF THIOBACILLUS FERROOXIDANS IN
RELATION TO ITS ROLE IN THE OXIDATION OF SULFIDE ORES
(REVIEW),
Microbiology 29:556-560 (March-April 1961)

[Bacteria, iron, Thiobacillus, physiology, biomechanism,
oxidation, review]

{DL-42107 Skalon, I.S. - ‘
A EW METHOD FOR SEPARATING AEROBIC AND ANAEROBIC SPECIES OF
MICROORGANISMS,
Microbiology 29:657-658 (May-June 1961)

[Fungi, bacteria, enzyme, isolation, analysis, technique]

- ‘ : sey, D.G., and H.O.W. Eggins.
FL-kELT ;;ggoogéANISMéS RESPONSABLES DE L'ALTERATION DE L'HUILE DR
PALME PENDANT LE STOCKAGE [MICROORGANISMS RESPONSIBLE FOR
THE ALTERATION OF PALM OIL DURING STORAGE].
Oleagineaux 16:227-233 (April 1961)

[011, Palm oil, storage, fungi, decomposition, Aspergillus,
Mucor, Rhizopus, Penicillium, foreign]

A mycological study was made of 202 sauples of oil
which were collected at various production and etorage
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eites in Nigeria, 18 collected in Ghansa, & in Sierra
Leone and 6 in South Cameroun. Numerous lipolytic fungi
and yeast were I!solated from these samples on ar &gar
wedium containing oil, v, .tc-e, and Nile Blue pH indi-
cator., The frequincy of occurrence of the fungal specles
isolated varied within wide limits, Thus, Paecilonyces
varioti was found in 53 samples, Asperglllus gigantea in
58, A. niger in 33, and Rhi:opus nigricans in 31. Among
species found in a few samples only were: A, tamarii,
Monilia acremonium, Penicillium lapidosum, and Mucor
corticolus.

These 8 species and two species frequently occurring
in fruits of the palm tree (Cunninghamella elegans and
& Sclerotium species) were inoculated on sterile samples
of palm oil, containing 0.5, 1, 2, 4, and 8% water, and
incubated at about 25 C for 8 wk., Weekly determinations
vere made of the 'lipolytic effect' of the fungi, i.e.,
of the differenze bvetween free acidity of the inoculated
samples and that of sterile control samples, Preliminary
tests showed that the increase of acidity upon storage
at 25 C of sterile cil is practically independent of its
water content, and averages 0.3% per mo. The tabulated
data for the 10 organisms tested show that, with the ex-
ception of Mucor corticolus, all fungl accelerated the
rate of palm oil hydrolysis. A niger, A. tamarii, Paecile
omyces varioti, Rhizopus nigricans, and Sclerotlum are
classified as strongly lipolytic, causing after 8 wk a
lipolytic effect of 1.5-3.3 even at low water concentirae
tions. The remairing 4 species were weakly (0.5-0.9)
lipolytic. For most species the lipolytic effect wvas
somevhat higher at high water contents. Since the lipo-
lytic activity of fungil is significant at water concen-
trations below the permissible maximum for export (2%),
the lipolytic wmicroor. nisms can be considered as the
main cause of palm oil deterioration during storage
at temperatures at which the autocstalytic hydrolysis
process is very slov.

Ctormont, DM,
DO JET KL BAUTREIA A Co LM, CORROSTON.
011 tas J. =~ (7)) v (T dy 1 #1)

[Fuel, Jet, ofl, keruoine, tacteria, Jtoraye, revicw

Furasngs, O
y
CHLPHATI TRANISPORT ALL MeTAROLIOY Y DiSULPHOVIRKIO DESULPEURICALS
: ? {- 1)

0y, . 1 - .
pature Doore ews s Lyt o e )

[Bacterin, suitur, Desulvovierlo, metur Dliem) phvsiolors

)
memkrane, trans;ort ]
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Oilvorman, M-lvin Po, Martin H. Rogpott and Irving Wender.
BACTERIAL OXIDATIOLN OF PYRTTIC MATERIALS IN COAL.
Applir-d Microbiol. 9:491-h (November 1961)

frronl, oxiuation, bacteria, iron, sulfur, F.rrobacillus,
Thiobacillus, tusts)

Jones, Galen E., and Robert L. Starkey.
SURFACE-ACTIVE SWBSTANCES PRODUCED BY THIOBACILLUS THIOOY.IDANS.
J. Bacteriol. 82:788-789 (November 1961)

[Bacteria, sulfur, Thiobacillus, culture, growth]

Shell Research Limited, London.

HOVEL HYDRAZIDES, THEIR PREPARATION AND COMPOSITIONS CONTAINING
THEM,

Gt. Rrit. Pat. Spec. 861,949; March 1, 1961. 5 p.

[Fungi, bacteria, hydrazides, leather, paper, textiles, cutting
oils, patent]

Hydrazine derivatives of the general formula
XH(R)N(R?)Y are highly active against a wide spectrum
of bacteria and fungi including plant pathogens. R
end R! represent a carboxylic acyl group with 1 to 18
carbons; X and Y are preferably SCCl, groups but one
or the other may be hydrogen. Compounds. are prepared
by reacting an alkali metal salt of the diacyl hydra-
zide with perchloromethyl mercaptan.  They may be
used in solid or liquid form in the manufacture of
leather, paper, felt, glue, size and aqueous cutting
oils to protect against damage by fungi and dacteria,

Lagarde, E.

ETUDE DU POUVOIR BACTFRIOSTATIQUE ET BACTERICIDE DE QUELQUES
COMPOSES VIS-A-VIS D'UNE SOUCHE PURE DE BACTERIES SULFATO-
KEDUCTRICES [STUDIES ON THE BACTERIOSTATIC AND BACTERICIDAL
ACTIVIT1ES OF CERTAIN COMPOUNDS AGAINST A PURE STRAIN OF
DESULFOVIBRIO DESULFURICANS].

Ann. Inst. Pasteur 100:368-376 (1961)

< t., 1 ? » m (. ltitllt.d) f) coppel‘ | !:v

The following preparations used in
of biological corrosion were tested a
(1) an alkylaminopropylene amine
copramine; (3) dimethylbenzyldode
monium chloride; (5) dodecyldimet

the petroleum industry for control
gainst Desulfovibrio desulfuricans:

(16-18 carbons); (2) acetate of primary g
cylammonium chloride; (4) dimethyldicopram- .|

hylammonium oxide or hydroxide; (6) sodium lgg
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alkylaminopropionate (alkyl derived from copra fatty acids); (7) sodium
alkylaminoacetate (alkyl from copra fatty acids); (8) octadecyldipolygiycole
Yenzylammonium chloride; (9) a 1:1 mixture of 3 snd 4; (10) & 1:1 mixture

of 3 and 2; (11) a 1:1 mixture of 3 and 6; (12) a complex of copper alkylam=
inopropionate; (13) a complex of copper dodecylaminoacetate; (1k) formalde-
hyde (LO% aqueous solution).

Preparations 2 and 14 were bacteriostatic in a concentration of 10 ppm;
10 and 13 were active at 20 ppm; 3 and 9 at 30 ppm; 11 at 40 ppm. Prepar-
ationd 1,4,5 and 12 were bacteriostatic at 50 ppm, compounds 6,7 and 8 at
80 tc 100 ppm.

Preparations 1,2,3,4,8,9 and 13 had a strong bactericidal action, kil-
ling 100$ of bacterial cells within 15 min at a concentration of 5 ppm. At
the same conéentration, preparations 5 and 10 showed a slow but satisfactory
killing action, whereas 6,7,11,12 and 14 gave unsatisfactory results (6 to
30% surviving cells after 1 hr contact).

Generally the bactericidal paralleled bacteriostatic action; prepara-
tions 8 and 1k were exceptions. The former had a weak bacteriostatic actiom
but was strongly bactericidal; the latter a strong bacteriostatic but a slow
killing acticn. Compounds containing the dodecyl radical were particularly
effective bactericides.

Allred, R.C., T.A. Mills and K... Fisher.

BACTERIOLOGICAL TECHNIQUES API'Li ‘ABLE TO THE CONTROL OF SULFATE
REDUCING RACTERIA IN WATFR FLOODING OPERATIONS,

Producers Monthly 17(2):31-32 (December 195h)

[Bacteria, sulfate-r.-jucer, culture, toxics, tests]

Mityusheva, N.M., A.T. Iatynina, Z.G. Razumovskayn, L.V.
Sergeev, and M.G. Rolionova.

[ PREVENTING BIOLOGICAL DETERIORATION OF OILS FOR OPTICAL
INSTRUMENTS (in Russian)].

U.S.S8.R. Pat. 136,504; March 1k, 1961. 2 p.

{011s, lubricating, tungi, toxic, optical equipment]

Lubricating oils for optical instruments under cone
ditions of high temperature and humidity (such as in a
tropical climate) are protected against fungal attack
for 1 to 1.5 yr by adding 1% by wt of powdered hexyl-
resorcinol to the oil heated to 90 to 95 C. The lubri-
cant can be a mixture of an oil and ceresin with or
without the addition of small quantities of bitumen,
petrolatum, rosin and slaked lime.



ChLews el etathy Vaw., PO Dunng Jr., ane ALC, Smith, Jr.,
ONE-DAY STABILITY TEST FOR DISTILLATE FUEL OILS.
Am. Cheme Soc., Div. Petrol. chem., Gen. Papers <(4):
Lovelds (Aurrust 19%4)

rolt, Vael, sttty storayr, tests, aceclorato d

A one-day accelerated test for distillate fuels of
widely varying composition is described. One-liter oil
samples which have been filtered through filter paper
are placed in a 0.5 gal bottle with four freshly sand-
blasted strips of 5 x 3 x 1/16 in. SEA 1020 steel. The
0il is purged with oxygen for 5 min, then the bottle is
sealed, oven heated for 24 hr at 212 12 F, cooled at
room temperature for 0.5 hr and in cold tap water for
another 0.5 hr. Solids formed are determined by suctlion-
filtering the oil through a weighed gooch crucible.
Results correlate well with sediment formation in a
2-yr field storage test and in long-term laboratory drum
and bottle tests. The test can be used to predict the
effect on stabllity of rmanufacturing variables such as
caustic washing, inhibitors and hydrogenation. The
One-Day Iron Stability Test gives reasonable agreement
with a 9-mo field test in 100 barrel tanks. The test
is useful for screening sediment-inhibiting additives
but does not pinpoint small differences in effectiveness
of additives. It will not determine actual amount of
color darkening in field storage but gives an indication
of the relative color stability of a group of bvase oils
without additives. It should be used only for predicting
the stability of freshly manufactured oils (not older
than 2 wk) because storage time under air increases
sediment formation.

PhL-L 0L/ DeGray, R.J., and L.N, Killlan,
BACTFRIAL CONTAMINATION OF REFINED FETROLEUM PRODUCTS.
Am. Chem. Soc., Div. Petrol. Chem., Gen, Papers 5(1):
h3-51 (March 1960)

[Petroleum, bacteria, Pseudomonas, Bacillus, Flavobacterium,
Sorangium, Cylindrogloea, fuels, oill, identification,
toxics, boron compounds]

PDL-43023 Sultzer, Barnet M.
OXIDATIVE ACTIVITY OF PSYCHROPHILIC AND MESOPHILIC BACTLIIA
ON SATURATED FATTY ACIDS.
J. Bacteriol. 82:492-Lg7 (October 1961)

[Bacteria, fatty acids, decomposition, oxidation, blomechanism]
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Arviyrt, M0, and Lo Leon Campbell.,

ST S O THeRMOPHILIC SULFATE-REDUCING RACTERIA, II. HYDRO-
BNASE ACTIVITY OF CLOSTRIDIUM NIGRIFICANS.

J. tacteriol, Ve 7-442 (December 1961)

[kacteria, Clostridium, physiology, enzyme]

Peck, H.D., Jr.

ENZYMATIC RASIS FOR ASSIMILATORY AND DISSIMILATORY SULFATE
REDUCTION.

J. Bacteriol. 82:933-9:9 (December 1961)

[Bacteria, sulfur, Desulfovibrio, Clostridium, Thiobacillus,
biomechanism]

Carlson, V., and E.O0. Bennett.

THE RELATIONSHIP BETWEEN THE OIL-WATER RATIO AND THE EFFECTIVENESS
OF INHIBITORS IN OIL SOLUBLE EMULSIONS.

Lubrication Eng. 16:572-574 (December 1960)

[Cutting oils, bacteria, toxics, nitroparaffins, mercury
compounds (organic)]

The oil-water ratio in soluble oil emulsions may
have a profound effect on activity of added antidbac-
terial agents. In tests with nineteen coupounds with
oil-vater ratios varied from 1:10 to 1:100, using
Pseudomonas seruginosa as the test organism, a 1:40
dilution usually was most difficult to inhibit. In-
hibitory concentration generally rose sharply as dilue-
tion increased from 1:10 to 1:40, dropped slightly to’
& 1:70 dilution and then fell to a 1:90 dilution.
There was no significant difference in the amount
required for a 1:100 dilution. ‘

Only one compound, l-bromo-l-nitropropane, vas
effective in the same concentration (100 ppm) in all
oil-water ratios; 2,4,6-trichlorophenol was wost
markedly affected by dilution {50, 1100 and 400 ppm
being required at 1:10; 1:40 and 1:90 dilutions,
respectively). Outstanding nitroparaffins were 2-nitroe
2-methyl-l,3-propanediol, 2-nitro-2-ethyl-l,3-propan-
ediol and 2-nitro-2-ethyl-l,3-propanediol ‘dipropionate.
These were effective at 40, 50, 40; 20, 40, 40 anda
50, 100, 50 ppm at dilutions of 1:10, 1:40 and 1:90,
regpectively. In general, sodium ethylmercurithio-

. salicylate was more active than any of the nitroparaf-

fins; it was effective at 5, 75 and 5 ppm at dilutions
of 1:10, 1:40 and 1:90, respectively.
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SO UG ITIVITY OF SULFATL <REDNSINST MACTERIA 0 AL 104 "Teic AL
. . ] ) . ! . 'y . . s d -
AETS (PHSNOLIC SOMPOULDS) .

Poriesrs Monthly (1) :1%-1% (Hovemt r 1t

! 0y N 1. - A R Ao H
(Bacterin, sultur, toxles, phenols, chemical strusture

Sixty-three phenolic compounds were studied for
their inhivbitory activity against Desulfovidrio desul-
furicans. A concentration of 25 ppm of 2-bromo-l-phe=
nylphenol, 4-chloro-2-cyclohexylphenol and 2-chloro-
L-nitrophenol completely inhibited hydrogen sulfide
production for 28 days. Eleven compounds were in-
effective at 1000 ;pm; thirty were inhibitory at 1000
ppu and the remaining nineteen were inhibitory in
concentrations from 50 to 500 ppm.

Bennett, E.O0., G.J. Guyne. and D.L. Isenberg.

THE SENSITIVITY OF SULFATE-REDUCING BACTERIA TG ANTIBACTERIAL
AGENTS---1II. THE NITROPARAFFIN DERIVATIVES.

Producers Monthly 24(5):26-27 (March 1960)

[Bacteria, sulfur, toxics, nitroparaffins, chemical structare |

Inhibitory activity of approximately 200 nitroparafe-
fins against the sulfate reducing vacterium, Desulfo-
vibrio desulfuricans, was determined. The following
T compounds at a concentration of 25 ppm completely
inhibited for 28 days production of hydrogen sulfide
(used as a criterion of growth): 3-chloro-3-nitro-2-
butanol, 2-chioro-2-nitro-l-butanol stearate, 2-chloro-
2-nitrobutyl acetate, L-chloro-lk-nitro-3-hexanol, l-
chloro-l-nitro- and 3-chloro-3-nitro-afpentanol and
2.chloro-2-nitro-l-propanol. Forty-one:compounds wvere
i{neffective at concentrations of lOOO”ppm;;the;re-
maining compounds were inhibitory at concentrations
from 50 to 1000 ppam. Sulfur bacteria vere more. sensi-
tive to many of these compounds than to mercurials or
phenols. The effect of molecular substitution eppears
somewhat similar to that observed with other compounis
such as phenols. Nitro are more effective than aumino
groups and chlorine more than tromine groups.

Gray, P.H.H., and H.G. Thornton.
SOIL RACTERIA THAT DECOMPOSE CERTAIN AROMATIC COMPOINDS,
Centr. Pakterioi. Parasitenk, Abt. IT. 73:74-96 (January 1)

[Bacteria, Pseudomonas, Bacillus, Mycobacterium, Micrococcus,
soil, decomposition, aromatic compounds, identification,
taxonomy]

E e S
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Sohngen, N.L.

BENZIN, PETROLEUM, PARAFFINOL UND PARAFFIN ALS KOHLENSTOFF-
UND ENERGIFQUELLE FUR MIKROBEN [GASOLINE, PETROLEUM,
PARAFFIN OIL AND PARAFFIN AS CARBON- AND ENERGCY SOURCE
FOR MICROBES].

Centr. Dakteriol. iarasitenk, Abt. II. 37:595-609 (May 1913)

{Putroleum, gasoline, paraffins, hydrocarbons, bacteria,
Mycobacterium, Micrococcus, Actinomyces, decomposition,
nutrition, growth, tests, foreign]

Munz, E.

ZUR PHYSIOLOGIE DER METHANBAKTERIEN [ON THE PHYSIOLOGY OF
METHANE BACTERIA].

Centr. Bakteriol. Parasitenk, Abt. II. 51:380 (August 1920)

[Bacteria, methane, physiology, foreign]

Tausz, Jeno, and Marta Peter.

NEUE METHODE DER KOHLENWASSERSTOFFANALYSE MIT HILFE VON
BAKTERIEN [NEW METHOD OF HYDROCARBON ANALYSIS WITH THE
AID OF BACTERIA].

Centr. Bakteriol. Parasitenk, Abt. II. 49:497-554 (December 1919)

[Hydrocarbon, analysis, bacteria, technique, foreign]

Allen, Fraser H.
THE MICROBIOLOGICAL ASPECTS OF GASOLINE INHIBITORS.
Inst. Petroleum, J. 31:9-15 (January 19L5)

[Petroleum products, gasoline, bacteris, toxics, phenols,
storage, stabilizers]

pe—

Tausson, W.0.
UBER DIE OXYDATION DER BENZOLKOHLENWASSERSTOFFE DURCH BAKTERIEN
{THE OXIDATION OF BENZENE HYDROCARBONS BY BACTERIA].

Planta 7:735-758 (May 1329)

[Hydrocarbon, benzenes, oxidation, bacteria, foreign])

Lipman, C.B., and L. Greenberg.

A NEW AUTOTROPHIC BACTERIUM WHICH OXIDISES AMMONIA DIRECTLY
TO NITRATE AND DECOMPOSES PETROLEUM.

Nature 129:204-205 (February 1932)

[Petroleum, ammonia, decomposition, oxidized, bacteria, Bacillus]
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‘Z'Ii.“."f'i’\')lfi,r (,‘ A’.\AI".A’JOSIEQE =" SPHCGOPHOSULKFATE IN THE REDUCTION OF
THIJAFL TO SULFITE Y DRESULFOVIBRIO DESULFURICANS,
Je Hiole them. o obot=la- (January 1962)

[fone s rin, Decultoviurilo, blomechanisn, tests |

PDL<d -0y Selit-r, (.L., and L.V. Dotrovol'skaya.
PROLONGED RETENTION #Y PACTERIA OF THE ABILITY TO DECOMPOSE FAT,
Microtiolopy 0shfalo (July-August 1961)

[Fat, tcecomposition, tact rin, Bacterium, Pseudomonas,
biomechanism)

PDL=b 42ud U.S. Armed Services Technical Intormation Agency (Ruth B. Henery).
COMPILATION OF REFERENCES ON MICROBIOLOGICAL CONTAMINATION
OF FUELS,

ASTIA Doc. 26m000 (November 19cl) 31 p.

[Fuel, petroleum, bacteria, tungi, research programs, tests,
standards, bibliography, abstracts]

PDL-L<255 Stone, RM., A.G.C., White and M.R. Fenske.
VICROORGANISMS ATTACKINC PETROLEUM AND PETROLEUM FRACTIONS.
J. Bacteriol. 29:91 (1940)

[Potrolr-um, tacteria, culture]
? 2

PDL-4 1356 Bushrell, L.D.y-and H.F. Haas.
THE UTTILIZATION OF CERTAIN HYDROCARBONS BY MICROORGANISMS.
J. Bacteriol. h1:65:-672 (1941)

(Hydrocarbons, petroleum products, gasoline, kerosene,

mineral oil, paraffin, decomposition, bacteria, Pseudomonas,
Corynebacterium, Mycobacterium, Proteus, Mycoplena, Escherichia,
Staphylococcus, Azotobacter, Serratia, Aerobacter, Rhizobium,
Iactobacillus, Bacillus, Sarcipa, Spirillum, Eberthella,
Shigella, Salmonella, growth, culture, tests]

PDL-k3357 Hopkins, Sydney John and Albert Charles Chibnall.
CROWTH OF ASPERGILLUS VERSICOLOR ON HIGHER PARAFFINS,
Biochem. J. 26:133-1k2 (1932)

[Paraffins, fungl, Aspergillus, growth]
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Buor oy Haite, and BL0. le nnett,

THE p e OT0 CF e SDINTTHOPHENGL 06 Tii: OXIDATION OF FATTY
ACIDC Y POLUDOMONAS ALRUGILOOCA.

Antoniec varn Leeuwwonhork oo ohel s (LA

[Fatty ncids, oxidation, tacteria, Preudomonas, 2,4-dinitrophenol,
teots]

Upathyay, J., and J.L. Stokes,
ANAERORIC ROWTH OF PCYCHRCPHILIC BACTERIA,
J. Bactericl. £3:270-275 (February 1962)

[Bucteria, growth, anaerobes, psychrophiles, culture, technigues]

Carlson, V., E.0. Bennett and J.A. Rowe, Jr.
MICROBTAL FLORA Il A NUMBER Or OILFIELD WATER-INJECTION SYSTEMS.
Soc. Petirol. Engrs., J. 1:71-80 (June 1GA1)

[Fungi, vacteria, population, water systems, oilfields]

This report concerns the microbial flora found
throughout the surface facilities of six water-injece
tion systems in Texas and Oklahoma. Each system is
descrived in detail and water quality data are pre-
sented when available.

Desulfovibrio, Pseudomonads, Sphacrotilus and
Bacillus were predominant genera. Achromobacter,
Micrococcus, Clostridium, Flavobacterium and Sarcina
were also isolated in significart numbers. Molds,
iron bacteria, sulfur bacteria and soil bacteria oc-
curred less frequently. Pseudomonads and Desulfovibrio
wvere found in all systems. There was no relationship
between age of the system and type of flora, nor were
there specific differences in flora of untreated
systems and those treated with a microbicide. The
greatest number of different species (per sample) oce
curred in two systems handling produced bring containe-
ing appreciable quantities of entrained oil. Problems
due to microorganisms were apparent in only one system.
Membrane filter tests indicated that bedding filters
generally 4o not improve water quality. They 4o not
remove fine solids, and fiiters and other surface
vessels are excellent environments for microbial
growth,
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;;.\Lul', Donnd 0,y Morrlc K, dorers and Arthur M, Kaplan.

TH M0 TOLOG AT DETERTORATION OF i[YDROCARBONS AND THL
AUEANTC R T GRADALION OF DQUIPMENT USED FOR THE STORAGE
DISTE 2 rTON ARD HANDLING OF PLTKOLEUM PRODUCTS: A SEiECTED
CTRLIOCRAPHY,

V.5, Quartermaster Corps. Quartermnster Research and knginecering
Center, Natick, Mass. Chemicals and Plastics Division.
Microbiological Detcrioration Series No. 5, Supplement No. 1
(Marech 1962) 16 p.

[Corrosion, bacteria, sulfur, iron, steel, soil, Desulfovibrio,
Gallionella, Clostridium, physiology, sea water, underground,
plipes, fuel, petroleum products, corrosionproofing, biblio-
graphy |

Muraoka, James S.

THE EFFECTS OF MARINE ORGANISMS ON ENGINEERING MATERIALS FOR
DEEP-OCEAN USE,

U.S. Naval Civil Engineering Laboratory, Port Hueneme, Calif.
Technical Report R 182 (March 1962) LO p.

[Bacteria, sulfur, fungi, foulers, borers, sea vater, iron,
steel, nonferrous metals, concrete, polymers, elastomers,
cordage, Proactinomyces, Actinomyces, Pseudomonas,
Micromonaspcra, Thiobacillus, Desulfovibrio, stone, wood,
bibliography, review]

Anonymous.

DEVELOPMENTS IN INDUSTRIAL MICROBIOLOGY. VOL. 3.

New York, Plenum; Proceedings of the Eighteenth General
Meeting of the Society for Industrial Microbiology at
Lafayette, Indiana, Aug. 27-31, 1961. (1962) 298 p.

[Microorganism, bacteria, fungi, algae, yeast, toxics, oil
emulsions, hydrocarbons, textiles, biosynthesis, biomechanism,
spacecraft, microbiology, review, book ]

Schab, Henry W.
PROBLEMS ASSOCTATED WITH WATER CONTAMINATED JET FUELS.
Am. Soc. Naval Engrs. J. 72:41-59 (February 1960)

(Fuels, Jets, contaminants, dust, water, iceproofing, filter,
storage)

Wheeler, H.0., and E.O. Bennett.
SURVIVAL TIMES OF BACTERIA IN HEAVY AND EMULSION TYPE CUTTING OILS.
Texas Repts. Biol. Med. 12:1057-1058 (1954)

[Cutting o011, emulsion, contaminants, bacteria, Pseudomonas,
Aerobacter ]
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PDL-44130
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PDL-44299

Harodn, T., =nd T, Opencer.,

THI et OF DULPHATE ASSIMILATION ON THE INDUTTION OF
ARYLSULPHATASE SYNTHESIS IN FUNGI,

Hlochem, J. 20 leMelyn (January 1960)

[an-l, cnome, sultur, tiocynthesis)

Romanenko, V.I.

US: OF Tilo AUTORADIOGRAPHIC METHOD FOR A QUANTITATIVE ASSAY
OF MUTHANL -OXIDIZING RACTERIA,

Microtioloyry 30:292-29: (September-October 1561)

(Methane, oxidation, bacteria, assay, technique]

Ar-nshtein, AM,

ROLE OF AZOTOBACIrR IN BIOLOGICAL PURIFICATION OF FETROLEUM
WASTE WATERS,

Microbiology 30:269-271 (Septzmber-October 1%61)

[Petroleum, waste water, decontamination, bacteria, Azotobacter |

Bogdanova, V.M.

UTILIZATION OF NITROGENOUS PETROLEUM COMPOUNDS BY MICROORGANISMS
UNDER ANAEROBIC CONDITIONS,

Microbiology 30:265-266 (September-October 1661)

[Petroleum, nitrogen, bacteria, decomposition, analysis]

Kellogg (M.S.) Company, New York, N.Y. (Walter D. Schmidt
and warren C. Shreiner).
PRELIMINARY DESIGN STUDY FOR A JET FUEL PURIFICATION CENTER

FCR AIRCRAFT CARRIERS,
Report No. CE-57-178; ... ASTIA Doc. 1L4L335 (August 19°7) 71 p.

[Fuel, Jet, contaminants, purification, filtration, ship]

Purolator Products, Inc., Rahway, N.J. (Richard G. Seed and
Arthur A. Fowle).

A GENERAL STUDY OF DIVERSE FILTRATION PHENOMENA WITH POSSIBLI
APPLICATIONS TO AIRCRAFT FUEL FILTRATION,

U.S. Wright Air Development Center. Technical Report 5L-131;
... ASTIA Doc. 33464 (November 1992) S& p.

1

(Fuel, Jet, contaminant, ice, filtraticr, applications, review;
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) oo, e wnd JdLML Sharpley,

CGISTULION [or vDLeS 1ol MICROBIOLOGICAL CORROSTION 1IN
ﬁul‘h oo,

forrocion 10l

Ft=last (unee l‘,":.’)

[ Lron, corrosion, vacterin, Desultrovibrio, mechanism]

National Rescarch Councit. Prevention ot Deterioration
Center (Richard W.H. Lee).

BIRLIOGRAPHY ON MICROORGANISMS AFFECTING PETROLEUM AND
PETROLEUM PRODUCTS INCLUDING REPORTS ON SULFATE-REDUCING
BACTERIA (REVISED),

PDC Search No. 62-037 (August 1962) 18 p.

[Petroleum, oils, fuels, degradation, bacteria, sul’ate-reducer,
Desulfovibrio, fungi, Libliography]

Bennett, E.0. :

THE DETERIORATION OF PETROLEUM PRODUCTS BY BACTERIA, : &

Chem. Specialties Mfrs. Assoc., Proc. Ann. Meeting, Dec. 1958, '
45:115-120 (1959)

[Petroleum producte, decomposition,, oil, emulsion, gasoline,
diesel, mineral oll, bacteria, Aerobacter, Bacillus,

Escherichia,.Micrococcus, Pseudomonas, Klebsiella, yeast, ¢
toxics| : w

R . 3t T

Yeager, Charles C. E

MICROBIAL PRCBLEMS IN THE REFINING OF OIL. k

Chem. Specialties Mfrs. Assoc., Proc. Ann. Meeting, Dec. 1958,
15:120-123 (1959)

[Petroleum, bacteria, fungil, toxics, review]

Lada, Arnola.

THE ROLE OF MICROORGANISMS IN SECONDARY OIL RECOVERY.

Chem., Specialties Mfrs. Assoc., Proc. Ann. Meeting, Dec. 1958
45:122-125 (1959)

[Petroleum, oil recovery, water flood, bacteria, iron, sulfhr,
Crenothrix, Desulfovibrio, biomechanism]

Gaudy, Anthony F., Jr. .
STUDIES ON INDUCTION AND REPRESSION IN ACTIVATED SLUDGE SYSTEMS.
Applied Microbiol. 10:264-271 (May 1962)

[Bacteria, Escherichia, Bacillus, Aerobacter, Pseudomonas,
growth, sludge, blomechanism]
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DEe L N YO T N - “r., L. A'.'J)hl"l“,’ el Jde . Denev,
ALAD DT ORVAT UL OF pelltpPTel el FROM 1 -HEPTANE BY LE0TING
CULLS O RSEUDOMONAL T AERDG TNOCA , -
S B N Y D

(Bt riag, [ ooutomonas, nhodrocarton, heptene, biosynthesis)

PDL =44 (46 National Recearch Council, Prevention of Deterioratior.
Center {Walter M. Hejuri).
CORFLRLEECK MINUTES; INTLRCOHRTICH BADIC RESEARCYH PLANNING
HYDROCARRON JET FURLS ANT FUEL SYSTEMS MICROBIOLOGY.
August 1 1. 70 p.

(Fuels, Jjet, tacteria, ¢ungi, contaminants, conference]

PDL-LLG50 Foryet, A., and V. Fredette.
SODIUM AZIDE SELUCTIVE MEDIUM FOR THE PRIMARY ISOLATION OF
ANAERORIC BA\,T RIA.
J. Racteriol., H2:17°17-1."% (June 10%2)

[Bacteria, a-rotes, anaerotes, isolation, technique]

PDL-U450L6 Rogor'f, Martin 4.
CHEMICTRY OF OXIDATION O POLYCYCLIZ AROMATIC HYDROCARBOMNG
BY SOIL PSEUDOMONADS,
J. Bacteriol. %::Hi=o100L (May 1060)

[Hylrocartors (aromsti-), oxilation, tact.-ria, Pseulomcras,
tiomechanism,

PDL-45050 Isoro, Masao, ant Matnzo Ate.
MI: ‘i"i\IA' MRAKCFORMATION OF STHEROIDS. PART 1, 1-DEHYDROGERATINN
FOIYDROCORTICON: BY BAC T"‘ IA (ir Japansc. ),
A,;r. “hem, Soc. Japar, J. i V0e 77 (1wel)

[Steroiis, oxiiatiorn, tacteria, rseuiomonas, Acetotacter,
Xanthomonas, Micrococcus, vitrio, Sarcina, lactobacil.ius,
Achrotacter, Flavotacterium, Lcocherichia, Aerotacter,

Serratia, wacterium, hacillius, ciltare, technijue, Cor- !

PDL-45051 Isono, Masao anl Matazo At
MICRORIAL TRANSVOARMATION OF 3T:27n™N5, PART 11, OXIDATION OF
HYDRUSORTIONN: WY 00 LIXET SULTYRY OF DIFFeRENT MACTERIA,

[P
-

Agr. Chem. Cor. Japan, J.o e TTeeww {104 ])

Steroidc, ox{:atiorn, tacteria, Pscudumonas, Acctotacter,
XantuomOnns, Micrococr.s, Vitrio, Sarcira, Llactotacillus,
Achrotacter, Flavotacterium, tscherichia, Acrotacter,
Serruatia, kacterium, wacilluc, culture, T technigue, fnreier:
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.(Fuell, Jet, aircraft, tanks, contaminants, corrosion, bacteric, fungi)

Kugie-toow, U1,

SeOLOGTC ACTIVIFY OF MICLOORGANISMS,

AW York, Consaltants larens (Transactions  of the Inctitute
. e . a . . .
O Mivroviolory Do 1XY (1wvs) 11 .
. e . .
volby et edogy sl ur, coil, ccvios., tlomechanlomn,

Cooaadononas, Dusultoviirie!

Ferarn, ., o Unpar-Varon, b, sovrin end . Leon. ,

THy SPrOIF ICTTY OF ill PURTIR. OXIDIZING SYSTLS Or cOLULG LAl
AURUGLROSA

Research Council lerael, ialt, 1IA(L):d, (April e

[hanteria, Pseoadomonas, purlv, oridation]

')iuvnw, William d. ¢ o
FRYRUCLS O FURL ‘ON’[A:' 1NATION O“‘l CORKOSTION OF AIRCRAFT +UEL
\)YL)T, B3] . -, -

Soclety ot Automojlve Engineers, Incﬂ, New York, N.Y. Paper
;{;A (n.d.), 6 p.

. -

. Corrocion of aircraft turbine fuel tanks whose surfaces are coated with -
8una-N pﬁenolic resin is directly related to the location and concentration
of contamintints: corrosion-appears as small discolored areas, mainly where
contaminants settle by gravity. Pitting to 0.030 in. can affect 30% of a
surface within 4 mo. Intergranular attack is mainly subsurface and proceeds -
along elevated grain boandaries. Contaminants in fuel supplies include sa-
line or brackish'water, surfactants originating as refinery by-products or
oxidation products, iron rust ard microorganisms. These contaminants may
interrelate as fpllows. Water, rust, and microorganisms enter the tanks
through surfactante-contaminated fucl or deteriorated filter-separators. Ru
holds the water, providing a bed for the growth of bacteria in contact vith
the topcoating. Bacterial acid products react with the rust which penetrates”
the topcoating; the organic acids then attack the aluminum.

Recently developed Getection methods and an iuproved quality control
procedure are delcribed.

i
w1
u
T

{

trantz, w.”
FLUID SYSTEM CONTAMINATION AND COMPONENT SELECTION.
Society of Automotive Engineers, Inc., New York, N.Y. Paper

575D (n.d.) 4 p. .
{Hydraulic fluids, fuels, contamipationproofing, missiles, airc:art]
The trend toward over-miniaturizatisn, reduccd clectrical power input

and reduced servo hydraulic flow results in impractical demands for fluid
cleanliness. Better communication 1s needed between the system mechanical
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designer and the electrical systeam contr
0ol specialist to insur
servo valve and hydraulic systems requirements. Some contulin:tzgz‘vgizctic‘l

alvays prevall and must be designed for. The ¢

. trols and hydraulics
industry should sharply reappraise th ca
nov Sroreed aad shary PP the impractical fluid cleanliness standards

Roperc, JJ.b., J.A, Krynitsky and A.V. Churchill.

JET FUEL CONTAMINATION: WATER, SURFACTANTS, DIRT AND MICROBES.

Soclety of' Automotive Engineers, Inc., New York, N.Y. Paper
583C (n.d.) 12 p.

[Fuel, jet, tanks, contaminants, water, surfactants, bacteria,
iceproofers, fungi, coatings (organic), tests]

Jet fuel contamination and resultant tank corrosion have
caused aircraft accidents. The problem is reviewed. Complete
analysis of unusual materials is imperative to prevent unexpected
and intolerable contamination; fuels generally contain traces
of soluble or insoluble matter which do not require complete
removal. Distribution systems effectively remove solids and
water by filter coalescer equipment. Surfactants, particularly
those extracted by water, impair coalescer operation and may
contribute to microbial growth and tank corrosion. The CRC
(Coordinating Research Council, Inc.) Water Separometer test
i8 useful in detecting surfactant contaminants. In dispensing
fuel, proper procedures must be followed rigorously to eliminate
free water and tramp solids. The relative efficacy of anti-
icing additives in fuel can be measured by low-temperature
pumpability criterie., Laboratory techniques investigated
serve to measure tne effects of additives on organic tank
coatings and of fuel-additive combinations on filter-separators.

Rossmoore, H.W.

CORREIATION OF COLIFORM ACTIVITY AND ANAEROBIC SULFATE REDUCTION
WITH DETERIORATION OF CUTTING FLUIDS.

Lubrication Eng. 18:226-229 (May 1962)

(Cutting oils, bacteria, sulfur]

Samples of used cutting fluids were collected weekly for 10 wk from
five central sumps selected to include three manjor types of cutting fluids:
straight soluble oil, heavy duty soluble oil and oil-free synthetic solutions.
Germicides used were o-phenylphenol in three sumps, tris(hydroxymethyl)nitro-
methane, and a mixture of 2-mercaptobenzothiazole and sodium dimethyldithio-
carbasate. Bamples were cultured separately for tntal counts, colifors
counts and anserobic sulfate reducers. In-plant conditions were checked with
biological results. =~ . Sl T

Correlation between colifors nuwber and oil deterioration was low.
Conversely, sulfate reducing bacteria were much in evidence in spoiled and
malodorous emulsions.. Storage at 10 C for 4 vk greatly reduced total and
coliform counts but levels of sulfate reducers represented by hydrogen sulfide
vere mintained. Other factors vhich related to coolant life included heat
stability, trasp oil scceptance, fine retention and corrosivity.
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SUPERCLEAL AVIATICL P70 L0 will INPOC: HANT LING PHORLEM,
0il sas J. ri(22): 1, =1 s (¥ay w.)

[Afrcraft, u-ls, corntaminants, cortamirationproofing,
microoryanisms, scliiments, tests,

PMLel5653 Churchill, Arth.r V.
MICROBIOLOUICAL EXAMIKATION OF J=T FUEL-WATER SAMPLES RAMEY
AND EGLIN AIR FORCE BASES,
U.S. Department of the Air Force. Aeronautical Systems
Division, Wright-Patterson Air Force Base, Ohio. TDR lio.
ASD-TDR-62-361 (July 19%2) 9 p.

(Fuel, Jet, contaminants, fungi, bacteria, chemicals)

Eight of ten samples from storage and aircraft fuel tanks at Ramey and
Zglin AFB contained tan or black sedimente and/or slimy gelatinous sludge.
Motile and nonmotiles bacteria predominated; fungi filamente vere found ia
three, vith no growth in the substrates. Brown fungi vere present in two
storage tanks and black fungi in a KC-135 tank. Transparent dacteria occurred
in eight samples, opague bacteria in six, and mucoid bacteria in one. No
chromogenic, sulfate-reducirg, sulfur-depositing or iron-oxidizing tacteria
were found. S8ulfur-oxidizing bacteria may have been present in one wet
sludge sample from a corroded ving tank. Iron-depositing dbacteria were
present in eight samples and occurred throughout Ramey AFB. Analyeis of
4ry and vet sludge from an aircraft tank at Ramey AFB showved a high content
of ash oxide, nitrogen and suifur, indicating presence of large amounts of
inorganic salts and organic sediment. Spectrographic analysis showved aluminus
as the main constituent, vith minor amounts of silicon, sodius, zinc, mag-
nesium, iron and calciua. The vet sludge contained 2,£00 Ppa chloride,
indicating & high salt wvater content.

PDL-4ST22 Sherwood, P.S.
WATCE OUT FOR BACTERIAL CORROSION IN THE REFINERY.
Corrosion Trchnol. 3:211-C1e {August 1% 2)

{Bacteria, Desulfovitrioc, cooling systems, unlergrouni,
tanks, petroleum products, cathoilc protection, -vffOSiO!X,
iron, menganese, toxics, tin compounis {orvanic), chlorine,
copper sulfate, zinc chlorile, phenols, ammoniuz sowgounis
{substituted), coatirgs (organic), revies.

FOL=w®723 Leorard, J.M., ani Dorothea ¥, Kleamwe.
FURZI IN FLEL. )
Report of XRL Progress (Septemter 10t & p.

{Bacteria, funsi, Horaodendron, f.iel, populaticr,
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AOULD T AVCATD OTOWAGE TALES 1N .M. CARRIERS,
St. brit. Admiralty Materialc Laboratory, Holton Heath,
I'oole Report No. A/6(C) (March 1961) 6 p.

(Fuel, oil, storage, contaminants, fungi, Hermodendruam, toxic, 8-quinolinol)

. 0il/water interfacial samples from the AVCAT stowage tanks of H.M.S.
Victorious" contained Hormodendrum sp., probably a strain of H. Nordoi
Bruhne or an allied species. No evidence of Nocardia was found. Of 12
fungitoxics tested, B-quinolinol sulfate was the most lethal (at 1:20,000
against cultures) and the only one meeting other requirements of the appli-
cation. These included solubility in water but not in fuel, effectiveness
at very low concentrations, low cost, nontoxicity, nonprecipitating in sea
wvater, nonfoaming, nonemulsifying, and having no metal radicals.

PDL-L600Y9 Hendey, N.I.
H.M.S. CENTAUR - FUNGAL GROWTHS IN HYDRAULIC SYSTEM.
Gt. Brit. Admiralty Materials Laboratory, Holton Heath,
Poole. Report No. B/15(C) (December 1960) 2 p.

(Hydraulic fluids, ships, glycerol, Aspergillus, fungi, toxics)

Growths from the hydraulic system of H.M.S. Centaur consisted of the
hyphal stages of Aspergillus spp. The hydraulic fluid is a 40/60 glycerole
water mixture containing disodium hydrogen phosphate and sodium nitrite as
corrosion inhibitors., The system should bde thoroughly cleansed using an
aqueous solution of 0.1% 'Panacide' Sodium snd then filled with the hydraulic

fluid containing a similar amount of the fungicide. The fluid should be
changed every 3 mo.

PDL-%6072 Bennett, Edward O. (assignor to Texaco Inc.).
BACTERIA INHIBITED SOLUBLE OTL. ‘
U.S. Pat. 8,039,960; June 19, 1962. 3 Pp.

[Cutting oils, bacteria, toxics, mercury compounds (organic)]

Bacterial spoilage of cutting oil emulsions is prevented by addition
of 25 to 2500 ppm (usually 100 ppm) of a compound of the type RHgCO;R®
where R is an alkyl or alkoxyl alkyl with 1 to 4 carbons and R' is an alkyl
with 1 to 3 carbons. Methylmercury acetate is claimed.

L-U63h2 Slavina, G.P.
i ’ ;TUDY OF BACTERIAL PROCESSES OF UNDERGROUND OXIDATION BY
HYDROCARBONS. :
Microbiology 30:802-805 (May-June 1962)

[Soil, oilfields, hydrocarbons, oils, gases, bacterls, oxidation]
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Raker, ' ,D., H.,R. Papiska ar? L. Leon Camptell.
CHOLI!E FERMENTATION BY DESULFOVIBRIO DESULFURICALS,

J. Bacteriol. “4:973.773 [lgvemter 1747
/

[Bacteria, sulfur, Desulfovitrio, physiology.

Colmer, arthur R.

RELATION OF THE IRCi OXIDIZER, THIOBACILLUS FERROOXIDANS,

TO THIOSULFATE,
J. Bacteriol. 81:761-7¢5 (April 13%2)

[Bacteris, iron, sulfur compounds, oxidation)

A study vas made of Thiobacillus ferrooxidans isolated from the acid

drainage of some northern West Virginia coal mines.
ferrous iron agar, then subcultured fur 85 consecutive transfers in thio-
sulfate broth during a period of 1t mo, were able to use ferrous iron as
their energy source vhen returned to ferrous iron broth.
utilization was quantitatively followved by iodine titration and pH change;
ferrous iron oxidation was quantitatively determined by use of 1,10-phenan-
throline. Characteristic colonial forms wvere produced by T. ferrooxidans
groving on thiosulfate agar irrespective of vhether the inoculu” was froa

iron broth or thiosulfate broth.

Mitchell, James ?P.
STUDY OF NOZZLES TO SPRAY TONTAMIIATEC
Pratt and Whitrey Aircraft, Hartfor:,

(Fuel, aircraft, turbo-jet, contaminants, fungi]

Fuel contaminated with MIL-E-SOO7B plus fungus and passed through a 150w
filter wvas t2sted for its effects on performance of turdbo-jet main burner
fuel nozzles and on resultant turbo-jet performance.
sn impingement noz:zle snd tvo types Of pressure atomizing noxiles vere
evaluated to determine tre test method of spraying the conteminated fuel.

Conteminant accumulation i{r the noztle can disturd spray uniforaity
end change the flov schedule. These effects cause poor temperature dietri-
dution, vith hct spots ai the burner cen exit and possidle damage to the
turbine. Contaminatior has little effect o large, svirl-type nnssl:s;

Alr stosizing nozsles have the

spray psssage dimensions are recommended.

largest mstering pesssges; investigation of their feasidility {s Justified.

—~ e
- <

Tonn.
am - i I R A A P B ) .
ASTIA Toc, 27-3:i% {Febrriary 1«. 1

Cultures isolated from

Thiocsulfute

An air atoaizing noztle,
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YTOCHEMICAL LiUDIES OF FUNGI WHICH CONTAMINATE AIRCRAFT
FUMIS ARND DETERIORATE MATERIALS.
“,S. Department of the Air Force., Aerospace Medical Research
Tatoratories, Wright-Patterson Air Force Base, Ohlo.
Technical Documentary Report 62-132 (November 1962) T7 p.

bow
3
i
A=

[Fuels, aircraft, contaminants, fungli, bacteris, Aspergillus, Ayrothecium,
physiology) )

A new approach to the control of fungi and bacteria which contaminate
aircraft fuel is the accumulation of information on the chemical make-up of
the cell walls of four of these organisms., Particular emphasis is on the
resistant wvall materials, chitin and cellulose,

Cytochemical analyses of quegg}llus niger ATCC 6275 reveal the presence
of chitin in the 1ongitud1na1 and cross walls. of the hyphae, and in the
primary 1nmellae, both chitin’ and cellulose ‘6C€cur in the secondary lamellae
of the walls of. conidiophoree, vesicles and conidia. Similar analyses show
the presence or chitin alone‘in .the walls of. the corresponding cells of
Myrothecium’ verrucaria’ ATCC 9995.,fAdaptations of standsrd cytochemical

; A e
cellulose in: ‘the eﬁ%ndnry;vall*lamellae. [Attempta to identify cell wvall
materials in- Eecheriehia*colilez 10798 show definite differences in the
make-up of the primary. end uecondnry wvall. lnnellae and the possidle presence
of celluloee 1n the' eecondlry depoeitl.

IL-46679 Maruzzella, Jasper C., Saul Reine, Harold Solat and Arthur
Zeitlin.

THE ACTION OF ESSENTIAL OILS ON PHYTOPATHOGENIC BACTERIA.

Plant Disease Reptr. h? 23-26 (January 1963)

[Bacteria, vegetation, pathogens, toxics, essential oils, tabulation]

At concentrations from 1:1000 to 1:10,000, in vitro activity of 123

esseatial oils was tested on growing cultures of Corynebacterium michiganense

""ATCC 10202, Pseudomonas glﬁcinea NRRL B-838, P. striafaciens NRRL B-864, and
Erwvinis parotovora ATCC 1. Seventy-eight oils inhibited 21 organism at

" concqrtrotions s 1:4000., Organum red (L0 to 45% phenols), redistilled
Madagascar clove -leaf, Zanzibar clove stem, redistilled Cassia cinnamon,
danzivar clove, northern wintergreen leaf, Ceylon cinnamon bark and pimento
leaf wvere highly inhibitory agalnst all orgsnisms. C. michiganense was the
st and P. glycinea the lear™ sensitive organism. :
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Baumgartner, A.W.

SULFATE-REDUCING BACTERIA--THEIR ROLE IN NORROSION AND WELL
PLUGGING., |

Producers Monthly 26:2-5 (July 1962)

(Bacteria, sulfur, corrosion, oil fields, toxics, oil wells]

Sulfate-reducing bacteria are widely distributed in oi

water injection systems. Frequently they cause plugging gfliﬁgzg:iézsv:ggl
and a severe type of pitting corrosion. They enter water injection systems
via contaminated drilling muds, supply water or produced fluids. Suspect
situstions include: ‘'black water' or water containing suspended iron sulfide
particles; sour gas (hydrogen sulfide) injection systems; sour oil, gas or
water wells; end pitting corrosion, particularly where tubercles a;d iron
sulfide are evident. Fositive identification is described in API RP 38
Each veter syste: has its own toleradvle 'critical number' of these bcct;rin
Coatrol 10 2y cho«ce of equinmeni and by effective bactericides. Regular )
bacterial snalyses, judicidbusly interpreted, arc the best guide to adequate

Carlson, V., and E.O. Bennett.
THE MICROBIAL FLORA COF PETRCGLEUM FIOCD WATERS,
Bacteriological Proceedings {1960) p. 35 B

[Fetroleum, water flocds, bacterisa, Desulfovibrio,-Pseudomonas,
flavobacterium, Micrococcus, Achrobacter, Bacilius, Sarcina

Delta Air lLines, Atlanta, Ja.

RECCMMEKDATIONS FOR A SURVEILLANCE PROGRAM TC FRECLUDE ™HE
POSSIRILITY OF FURTHER CONTAMINATION OF AIRCRAFT rUEL
SYSTEN AND RELATED COMPONENTS.

Engineering Report No. 10-13483-20 (December 1062) 11 p.

[Fuel, petroleum, kerosene, aircraft, contaminants, bacteria,
fungl, yeast, contaminationproofing, proce&ure]

Monsanto Research Corp. Boston lavoratories, Evereti; Mass,
(John O, Smith, Glenn R. Wilson and Horace F. Martin).
EFFECTS OF SELECTED STRAINS OF MTCROORGANISMS ON THE COMPOSI-

TION OF FUELS AND LUBRICANTS.
Report No. MRB2023Ql (December 1962) 13 p.

[Bacteria, fuel, hydrocarvons, growth, progrees report]

Of twenty-three Jet suels screened for susceptibility to
microbial attack by the NRL mixture of bacteria from fuel tanx
and water bottom isolates, only TSF-6201 and RP-1 consistently
supported a slow rate of growth., Inoculated fractions of
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TSF-6201 also supported & slower rate of growth than did
eimilar fractions of TSF-6203, a fuel that conmsistently
showed a high growth rate., The growth-retsrdant compcnents
were not isolated. - ) :

Of forty-four hydrocarbons (forty-two saturated naphthenes
and two straight-chain paraffins) screened, only dodecane
and cetane, the only straight-chain hydrocarbons, were
attacked. Urea clathrate formation disclosed that TSF-6201
contained less n-alkanes than TSF-6203. On incubation of
n-alkane fraction of TSF-6201 the growth rate was greater
or at least equal to that of TSF-6203. These results
indicate that microorganisms in the NRL mixture attack
n-alkanes preferentially. This is confirmed from the slow
rate of growth of RP-1 fuel which contains mostly saturated
naphthenes with only a low percentage of n-alkanes.

PDL-47137 Leadbetter, E.R., and J.W. Foster.
BACTERIAL OXIDATION OF GASEOUS ALKANES,
Arch. Mikrobiol. 35:92-104 (1960)

(Hydrocarbons, gases, bacteria, oxidation]
General Dynamics, Convair, Fort Worth, Texas.

MICROBIOLOGICAL CORROSIVE EFFECTS ON STRUCTURAL MATERIALS
USED IN AIRCRAFT FUEL TANKS.

Report FPR-008, Issue No. 1 (February 1963) 64 p.

{Aluainum alloys, aircraft, “uel, tanks, corrosion, microorganisms, progress
repost]

Microbiologicelly corroded integral fuel tank specimens from B-520,
KC=-135 and F-102 asircraft were cut into sizes suitable for microscopic exam-
iration and i{dentity of the aluminum alloy was verified by emission spectro-
graph. Types of corrosicn were determined by visual and metallographic
exaninetion of specimens sectioned through typical areas of attack, Inter-
granular corrosion predominated in the cratered and exfoliated surfaces of
7178 and 7075 alloys, and pitting corrosion vith some intergranular attack
on 202k alloy. Corrosion varied from small isolated pits, 0.001 in. deep,
t0 large areas of exfoliation 0.0224 in. deep. Screening tests on mechan-
ical, chemical and electrochemical methods for removing sealants, coatings
and corrosion products established that chemical techniques using a mixture
of nitric and hydrofluoric acids were most suitable. BSuitadble methods were
sstablished for measuring depth of attack and for classifying corrosion.
These employ an optical micrometer, an optical comparator, a stereomicroscope
and a metallograph. Additional work is required in measurement and classifi.
cation of surface areas and volume of attack. .

Screening tests were initiated to select microbiological and chemical
corrosion systems capable of duplicating the corrosion on fuel tank specimens.
The microbiological system includes natural inoculum from Ramey AFB and
single and composite cultures of specified dacteria and fungi in deionized .. _
wvater /fuel, Bushnell-Haas/fuel, Bushnell-Hass-cystine/fuel and seavater/fuel
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media. Chemical investigations f{nclude a variety of systems designed to

produce concentration ceils
galvanic cells, chemica
various standard and modifiéd environmcntc., 1aveack, tree in

Future plans include tensile and fatigue testing of specimens of the

following slloys, 202k-T351, 7075-1651, 7079-T651
corroded by both chemical a;d microbial mezgl. >1 and T178-1651, after being

Baumgartner, A.W,

MICROBIOLOGICAL CORROSION—WHAT CAUSES IT AND HOW IT CAN BE
CONTROLLED.,

J. Petrol. Technol. 14(10):1074-1078 (October 1962)

[0i1 wells, ferrous, corrosion, mechanism, bacteria, sulfur,
Desulfovibrio, water systems, preventive treatments]

Von Riesen, V. Lyle.

HYDROGEN SULFIDE PRODUCTION BY PSEUDOMONAS AERUGINOSA.
ITI. QUALITATIVE SUBSTRATE STUDY.

J. Bacteriol. 85:248-249 (January 1963)

[Bacteria, sulfur, Pseudomonas, biomechanism]

U.S. Quartermaster Corp. Quartermaster Research and Engineering
Center, Natick, Mass.

MINUTES OF ELEVENTH CONFERENCE PREVENTION OF MICROBIOLOGICAL
DETERIORATION OF MILITARY MATERIEL.

November 1962. 76 p.

Schwitzer, M.K., and Achaz V, Saldern.

SCHUTZ GEGEN KORROSION UND MIKROORGANISMEN IN PRIMAREN
OLSONDEN UND FLUTUNGAANIAGEN MIT HILFE VON KATIONOGENEN
OBERFLACHENAKTIVEN SUBSTANZEN [PROTECTION FROM CORROSION
AND BACTERIA IN PRIMARY AND SECONDARY OIL PRODUCTION BY
USING CATIONIC SURFACE ACTIVE AGENTS].

Erdol u. Kohle 15:974-977 (December 1962)

[011 wells, o1l flelds, bacteria, toxic, cor*o"ionproofer,
amines, surfactants, foreign]

Ishimoto, Makoto, and Daisaburo FuJimoto.

BIOCHEMICAL STUDIES ON SULFATE-REDUCING BACTERIA X. ADENOSINE 5'
PHCSPHOSULFATE REDUCTASE. ‘

J. Biochem. (Japan) so 299-3oh (October 1961)

[Bacteria, sulfur, Desulfovibrio, enzymes, culture, techniques]
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willcovkson, George W. (assignor to U.S. Borax and Chemical
Corp., Los Angeles, Calif.).

METHOD FOR INHIBITING BACTERIAL ACTIVITY IN PETROLEUM.

U.8, pPat, 3,035,887; May 22, 1962. 1 p.

[Petroleum products, storage, bacteria, toxics, boron
compounds (organicj, patent |

With or without a water bottom, petroleum and its fractions
and other hydrocarbons in storage are protected from bacterisa
by adding an alkali metal borate glycol and an aikylene group
of 2 to 6 carbons in length and containing a total of 2 to 20
carbons. Claimed compounds are sodium or potassium ethylene
(or diethylene) glycol borate, sodium or potassium 1,2-propanediocl
borate, sodium or potassium 2,3(or 1, 4)-butanediol borate,
or sodium triethylene glycol borate. Compounds are formed by
heating 6 to 20 mols diol to 1 mol alkali metal tetraborate
at 75 to 110 C for a sufficient time to drive out water.

Liquid condensation product is added in sufficient quantity
to cover the tank bottom.

Krynitsky, John A., and George W. Mclaren, Jr.

SOME EFFECTS OF MICROBIAL GROWTHS ON SURFACTANT PROPERTIES CF
FUELS,

Biotechnology and Bioengineering 4(4):357-367 (December 1962)

[Fuels, jet, bacteria, fungi, surface effects]

Fungi and bacteria from fuels (JP-4, JP-5 and an alkylate
bottom fraction) were grown in Jet fuel (or hydrocarbon)-—salt
solution mixtures, and the layers were analysed for surfactant
properties. Controlled surface activity was imparted to some
samples by adding minute quantities (1000 ppm) of either
petroleum sulfonstes or petroleum naphthenates. Analyses
after growth periods of 12 to 14 wk showed either little change
or slight reducticu in the surface active properties of any
sample. Examination of the aqueous bottoms revealed that
microbial growths did effect increases in their surface active

properties.

Traxler, R.W.
MICROBIAL DEGRADATION OF ASPHALT.
Biotechnology and Bioengineering u4(+):369-376 (December 1962)

(Asphalt, decomposition, bacteria, fungi)




PDL-47771

PDL-L47840

PDL-47898

- 90 =

Groote, Melvin De, and Jen Pu Cheng (assignors to Petrolite
Corp., Wilmington, Del.).

METHOD OF INHIBITING THE GROWTH OF SULFATE REDUCING BACTERIA
IN WATER FLOODING PROCESSES,

U.S. Pat. 3,049,492; August 4, 1962. 15 p.

[Bacteria, sulfur, toxics, oil fields, amines, patents]

In flooding oil-bearing strata for petroleum recovery,
anaerohbic sulfate-reducing bacteria are controlled by injecting
at an effective level (normally 10 to 15 ppm) an aqueous
solution of reaction preducts (at 100 to 300 C for 1 to 4 hr)
of an oxirate-containing compount and an oxyalkylation-
susceptible nitrogen-containing compounds on mixtures thereof.
The product may be formed from: (1) epoxidized soy bean oil
reacted with ethylenediamine or a mixture of diethylenetriamine,
triethylenetetramine and tetraethylenepentamine; (2) epoxybutyl
stearate reacted with hydrazine or the above mixture of amines;
or (3) an epoxidized alcohol derived from soy beam o1l reacted
with the amine mixture.

Westlake, D.W.S.
MICROBIOLOGICAL DEGRADATION OF QUERCITRIN.
Can. J. Microbiol. 9:211-220 (April 1963)

(Quercitrin, decomposition, bacteria, fungi, Alternaria,
Aspergillus, Fusarium, Cephalosporium, Penicillium, Pullularia,
Pseudomonas, tests]

Hodge, Edward B. (assignor to Commercial Solvents Corp., New
York, N.Y.).

PROCESS FOR THE CONTROL OF BACTERIA IN WATER. FLOODING OPERATIONS
IN SECONDARY OIL RECOVERY.

U.S. Pat. 3,054,758; September 18, 1962. 2 p.

[Bacteria, sulfur, toxics, oil flelds, amines, patent]

certain nitroamines. - Claimed compound

ethyl-1, 3-bis(dimethylamino)propg

bis(dibutylamino)propane,v 2-nitro=2-
-nitro-2-methyl-1,3-b1x(2-hydroxyporpyl)aminopropane and
-nitro-methyl-l 3-dipiperidylpropane. L
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PDL-47900 ditzman, Donald 0. (assignor to Fhillips Petroleum Co.,
Bartlesville, Okla.).
TREATMENT CF HYDROCARBONS.
U.S., Fat. 3,069,325; December 18, 1962. 5 p.

[Tuels, Jet, petroleum products, depositproofers, nitrogen
compounds {organic), sulfur compounds (organic), oxygen
compounds (organic), bacteria, corrosionproofers, sea water,
patent]

Organic contaminants containing oxygen, nitrogen or sulfur
from corrogive sludge in liquid petroleum hydrocarbons,
particularly jet fuels in contact with sea water, are reduced
by introduction of strains of microorganisms (Bacillus,
Achromoba:ter, Pseudomonas, Thiobacteria or mixtures thereof)
vhich metabolize one or more of the contaminants. Organisms
for use in the liquids hydrocarbons are ottained from sludge
formed at the interface of a crude oil and salt water. They
are cultured in sea water containing as an added nutrient a
compound with at least one of the elements, oxygen, nitrogen
or sulfur, present in the contaminant. Cultures are added
to contaminated fuels containing sea water and incubated.

PDL-4T7921 Swift, Janet.
EFFECTS UF STERILIZING AGENTS ON MICROORGANISMS.
California Institute of Technology, Psesadena. Jet Propulsion
Laboratory. Astronautics Information, Supplement to
Literature Search No. 260 (March 1963) 70 p.

(Bacteria, fungi, toxics, antibiotics, radiation, biblitography!

PDL-4BOB1 Lukins, H.B., and J.W. Foster.
METHYL, KETOKE METABOLISM IN HYDROCARBON-UTILIZING MYCCBACTERIA.

J. Bacteriol. 85:1074-1087 (December 1962)

(Bacteria, biomechanisms, ketones]

PDL-48105  Swatek, Frarck E.
FUNDAMERTALS OF MICROBIOLOGICAL CONTAMINATIOR OF LIQUID HYDRO-
CARBON FUELS.
Boclety of Automotive Engineers, Inc., Nev York, N.Y. Paper 651A

(nd.) 7T op.

(Fuels, hydrocarbons, contaminants, bacteria, fungi, identification]
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Yamada, Koichi, Joji Takahashi and Kaetsu Kobayashi.
THE UTILIZATION OF HYDROCARBONS BY MICROORGANISMS.
Agr. Biol. Chem. (Tokyo) 26:636 (September 1962)

[Microorganisms, nutrition, lightproofers, hydrocarbons,
amino acids, physiology]

One hundred and twelve strains of bacteria isolated from
soils were cultured in media containing 5% kerosene as carbon
source, 2% agar, 0.25% K,HPO,, 0.1% MgSO, THgO, and 0.5% NH,NO,
or 0.3% urea. In 4 days at 26.5 C, 47 strains produced amino
acids; 17 strains produced ultraviolet absorbers. Amino acids
were identified by paper chromatography as alanine, aspartic
acid, glutamic acid, glycine, isoleucine, leucine, serine,
tyrosine and valine. One strain growing in the kerosene—mineral
salts—urea medium attained a dry cell yield of 0.8 gm/100 ml
after 3 days, of which 5% was ribonucleic acid.

Society of Automotive Engineers, Inc., New York, N.Y. (Robert H.
Wright and H. Franklin Hostetler).

MICROBIOLOGICAL DIESEL FUEL CONTAMINATION.

SAE Paper 651B (n.d.) 8 p.

[Fuels, diesel, bacteria, toxics, boron compounds (organic)]

A 1b-mo field study evaluated an organo-boron microbicidal
fuel additive, Biobor RD, in a storage tank containing 1 million
gal diesel fuel and in the operation of 5 diesel locomotives.
The following conclusions are drawn: 'Microorganisms suspend
water and other fuel contaminants and induce filter clogging.
At 20 ppm boron, the microbicide sterilizes the fuel, the
interface, water bottoms and sludge. ' Fuel: contaminated with
microorganisms can clog locomotive filters in < 1 mo; sterilization
with the organo-boron additive permits 6 mo filter life.
The microbicide substantially reduces injector tip deposits
and engine wear; it does not affect"théjphysicalgor chemical
properties of the engine oil.  There 18 no increase in.carbon,
varnish or sludge on any engine part.: Spectrometric oil . -
analysis techniques are not affected. :.The microbicide stops
production of harmful sulfides. R e ol AR

VORSICHT VOR BAKTERIELLER. KORROSIONIN RAFFINERTEN [WATCH OUT
FOR BACTERIAL CORROSION IN REFINERIESL} = = =~
Werkstoft'e u. Korrosion 1&:7-1oy(qgaaary1196,)

[Petroleum, refinery,*badﬁefia,vcbr“
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Kitzke, £.D., and R.J. McGray.
THE OCCURRENCE OF MOLDS IN MODERN INDUSTRIAL CUTTING FLUIDS,
Lubrication Eng. 19:110-11? (March 1963)

[Cutting luids, fungi, growth]

Churchill, A.v.

MICROBIAL FUEL TANK CORROSION: MECHANISMS AND CORTRIBUTORY
FACTORS.

Materials Protection 2:18-20,22-23 (June 1963)

[Fuel, jJet, tanks, corrosion, bacteria, fungi, cortaminants,

water, surfactants, toxics, chromium compounds, ASErgmus,
Penicillium, Spicaria, Fusarium, Hormodendrium, Cladosporium,
reviev]

McGregor, James M.

MICROORGARISMS FAIL TO GROW IN FURANE LINED JET FUEL STORAGE
mw.

Materials Protection 2:24-26,28 (June 1963)

(Fuel, jet, tanks, bacteria, corrosion, linings, coatings
(organic), furane resins]

Ward, C.B.
CORROSION RESULTING FROM MICROBIAL FUEL TANK CONTAMINATION.
Materials Protection 2:10-12,14,126 (June 1963)

[Fuel, jet, tanks, corrosion, bacteria, fungi]

Imai, Morieko.

STUDIES ON CEROPHILIC GROWTH OF MOULDS OF WAX PARAFFIN. II.
COMPARATIVE STUDIES ON CEROPHILIC AXD TONOPHILIC GROWTH OF
MOULDS .

Bot. Mag. Tokyo 71:529 (1958) 35 p.

(Paraffin, wax, fungi, Acrotheca, Aspergillus, Penicillius,
Clsdosporium, Alternaris, Curvularia, Monascus, growvth,

culture, co=parison;
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