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A-m08. U.S. Wright Air Development C2zituj . i0owt.r Plant Laboratory
Zk lias L. Margolin).

T.HE BIOLOGICAL DETERIORATION AND DEGRADATION OF HYDROCARBONS.
U.S. Department of the Air Force. Technical Report No. 6290

(June 1951) 27 p.

The blologoal degradato•on of 1AMvtidul bkrooez'bcs
found in motor fuels, olse, p-eases, and in corrosion-
preventive and other additive composi-ions was studied
using various species of molds arA bacteria that are capaOie
of oxidizing petroleum prodUcts. Ln general, the obserred
effects of micro3rg•ism attack on aircraft engine fuels
and lubricants wore not ok clfficient ma~xitude to adverOsLY
affect their service performernce.

For aliphatic bydrocarboia, growth increased as the
length of the carbon chain in'.reased. Branched-chain (l0o)
compounds were more susceptible to attack than were otraigh•b•.
chain compounds. Becauzo the branched chain constituents
of ga3ol1ne have the highest anti-kmock properties, grow-
ing bacteria might aecrease the octane rating. The growth
produced, however, was not appreciable and did not. sees to
require Preventive asures. *Un•aturated cyclic comPOxmds
did not support grwth as well as did saturated cyclic cam-
pounids.

Changes in pH caused by mold growth were generally not
appreciable, but several samples showed increases or 4e-
creases in pX of one unit or more when tested with a.

"*specific f=uu. These changes were more pronounced under
aerobic than under anaerobic conditions. Other noticeable
effects of the presence of microgrganisms in oil were de-
crease In densities, discoloring of unsaturated bydrocarbous
produced during the oxidative process, and, especially in
heavier oils, formation of gummy residues.

There was a de-finite correlation between the results
of individual mold tests carried out under anaerobic coadi-
tions in flasks with mineral salts solution and those
obtained with the standard tropical aerobic testing tech-
nique. Samples that grew mixe4 molds in the tropical test-
Ing chambers also supported growth of individual molds.
The growth produced In the flasks, however, wva much moe
pronounced. This indicates that for most crgsnis the
presence of other elemns is required befwoe the maban
of the hgd.ocarbans a= be utilized.

B-563 Great Britain Department of Scientific and Industrial Research.
REPORT OF THE CHEMISTRY RESEARCH BOARD, WITH THE REPORT OF THE

DIRECTOR OF THE CHEMICAL RESEARCH LABORATORY FOR THE YFAB1952.
1953. 124 p. -

[Petroleum, storage, bacteria, sulfur, Desulfovibrio, growth,
culture, corrosion, metals]



-ou, ,;., J. F.rrit-r and 14. Louis.
LA 2ONSERVATION DES ESSENCES AU CONTACT DE L'EAU ET DE DIVERSES

PAROIS [71E STORAGE PROPERTIES OF GASOLINES IN CONTACT WITH
WATER AND TANK WALL MATERIAL (in French)].

Rev. Inst. Franc. Petrole et Ann. Combustibles Liquides 6: O5-.Ii
(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 ratio 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, recomended as gasoline tank liners. Certain
acid-reacting coatings may change the color of blue gaso-
line dyes to green. Concrete, even when protected by crgarza
coatings, is frequently attacked by sea water and may form
white deposits. Gasoline stored in concrete tanks in the
presence of sea water contained an increased amount of
residual salts after evaporation.

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

F-1028 Knosel, D., .and-W. Schwartz.
UNTERSUCHUNGEN ZUR ERDOLBAKTERIOLOGIE. II. UBER VORKOMMEN UND

VERHALTEN VON MIKROORGANISMEN 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,

•iI growth, tests, foreign]
I

F-1029 Gangel, G., and W. Schwartz.
UNTERSUCHUNGEN ZUR ERDOLBAKTERIOLOGIE. III. UBER DAS VERHALTEN

VON MIK1OORGANISMEN IN ERDOLPRODUKTEN [INVESTIGATIONS IN
PETROLEUM BACTERIOLOGY. III. OCCURRENCE OF MICROORGANISMS
IN PETROLEUM PRODUCTS].

Z. Hyg. Infectianskrankheiten 14O(1) :100-126 (1954)

[Petroleum, bacteria, Desulfovibrio, Mycobacterium, Pseudomonas,
Actinomyces, Bacterium, Micrococcus, Bacillus, biomechanism,
growth, tests, foreign]
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MI F2•OPEU A1. hIDAC; I DY.1 Z1:RSIOHU, I }II•H BIl'UjINISOLILRUNG
[MTCI•OBIES AS A CAUýSI ` TiHE DESTRUCTION OF BITUMEN INSIJIATT.ON.

Bitumen, Teere, Asphalte, Po.rchl C:161-164 (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 greatly weakened
adhesion of the remaining coating. Pores and blisters
occurred particularly at the transition zone of the
steel walls and the concrete foundation.

This severe damage was not caused by substandard mate-
rial or by faulty applicatic'L techniques. A few similar
failures of bituminous coatings have been reported from
other locations and in the literature. All instances
indicated that anaerobln 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 developaent of soil bacteria
and other microorganisms.

F-1078 Appert, J., and M. Louis.
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 preferentially from paraffinic to aromatic to
cyloparaffinic compounds. Few data exist, however, on
microorganism attack on crude petroleum, particularly on
the heavy fractionE. Observatior.a 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-water-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 bac-
teria, most of which were actinomycetes, whereas the



bottom mud, though also poor In population, contained
S...r..a-. different types of bacteria. The composition of
the crude showed an incrua;c in re',sins, no change in the
uzsphaItene content, and a d(:crca±-e in oily constituents
from 69.9% to 52.8% with edge rýud and to 47.8% with bot-
tom mud. After 60 dcauy, the oily 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 4 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 compoundsappeared to be attacked first. This change paralleledthe increased resin phase described above. In the later

stages of attack, the cyclic compounds in the oily frac-
tions Imcreased again.

S F-1212 Bonetti, .lio
SRICERCHlE MICROB!OLO;ICflE SUI T"RI.- 0~hROLIFEBI 3 OSSIDAZIONL

MICROBlCA DE1GLI rDR•OCARBURI. (W.YMA 2) [MICROBIOLOGIJAL RE•JAR'Jh
SON CILBEARING SOILS AMD MICROBIAL OXIDATION OF HYDROCAIRBONS.

(NOTE 2)].
Ricerca Sci. 26:'(70-.))0 (March i1"')

Enrichment cultures were prepared with muds from

natural gas and oil 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, anthracene, or cholesterol.
The medium consisted of 1 g ammonium nitrate, .g mono-
basic potassium phosphate, 1 g magnesium sulfate, and
0.2 g calcium carbonate per liter.

Two of the microbial 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 incubated at
25 0 C. No growth developed even after 5 mos. However,
the addition of a small amount of calcium oleate to
the oils and of an inorganic nutrient salt mixture to
the fat constituonts resulted in mold growth.

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

P.D.C. Co=nent: Contrary to the findings reported in
this abstract, other investigators have observed 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 dioctylphthalate increased its mold
susceptibility, particularly in soil burial
tests [Monthly O.SoR.Do report on deteriora-
tion of plastics by microbiological action.
Novo 1944o - 1,12:12, G-259(3)].

(2) The Electrical Equipment Panel stated that
mineral-type oils and greases showed little
tendency to grow mold only if free from fat-
ty acids, esters, glycerides or soaps (Trop-

ioproofing of electrical equipment with par-
ticular reference to prevention of mould
growth in electronic equipment. Jan. 1945. -

1,17:16, WA-3918-3AJ.
(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. 1945ý - 1,24121, VIA-4337-2A].

(4) Division 19, National Defense Research
Committee reported that refined fatty oil
from the head of blackfi3h is susceptible to
mold growth (Mould growth; summary of data
on materials and treatments. Mar. 1944. -

1,408,1, G-125J.



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
r6ducers, forming transitory intermediates of insoluble
fatty 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 anaerobes, and incubated in
glass-stoppered bottles at 27 C. Hydrocarbon oxidation
was accompanied by sulfate reduction which was used as
an index of bacterial activity.

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

-211• Z'..oBell, Claude E.
ACTION OF MICROORGANISMS 01 HYDROCARBONS. (Scripps Institution

of' Oceanography, La Jolla, Calif. Nlew Series No. 393).
Bact. Reva. 10:l-49 (March-June 1946) 1),) p.

Nearly a hundred species of bacteria, yeast, and molds
have been shown to be capable of oxidizing gaseous, liquid,
and solid hydrocarbons 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 is generally essential, although nitrate or sulfate
serve as hydrogen acceptors for some hydrocarbon oxidizers.

Microbial multiplication, 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



certain limits, long-chain hydrocarbons are attacked more
readily than similar compounds of small molecular weight.
The addition of aliphatic cidechains increases 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 some crude oils are bacteriostatic, samples
of others are destroyed or otherwise modified by 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 provide clues to the location of subterranean de-
posits of petroleum.

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 susceptible to
this type of oxidation.

Microorganisms in soil oxidize methane and other hydro-
carbons of biological origin. Applications of crude oil
to soil 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.

G-2298 ZoBell, Claude E.
MICROBIAL TRANSFORMATION OF MOLECULAR HYDROGEN INWRIIE' SEDIMENiT,

WITH PARTICUIAR REFERENCE TO PETROLEUM. (Scripps Institution
Uo" Oceanography, La Jolla, Calif. New Series No. -41).

Bull. Am. Assoc. Petroleum Geol. 31:1709-17'1 (Octoier 1r)4() 4ý p.

[Petroleum, hydrogen, decomposition, bacteria, marine, scdiment,
Clostridium, Pseudomonas, Aerobacter, bacillus, Sarcina,
Serratia, Esoherichia, Salmonella, IHydrogenomonas, Methano-
bacterium, biomechanism, tests]

G-2686 Savolainen, Tapio.

SIT1JDIES ON THfE GROWTH-INHIBITION OF CERTAIN ANAEROBIC BACTERIAL

STRAINS BY ORGANIC COMPOUNDS.
Ann. Med. Lxptl. Biol. Fenniae '2 (2):1-177 ( •o4P)

Plate tests were carried out on four anaerobic and
four aerobic bacterial species using 1300 chemical sub-
stances, of which nearly 9g% were orga:ic compounds.



Marked bacteriostatic action may be displayed by all
members of a chemical group. The great activity of the
nitro compounds probably is not due to a simple oxida-
tion reaction, since it is also round in the amino-
phenols. Other groups of pronounced general activity
were dyes, inorganic compounds, phenol-like compounds,
mlscellaneous sulfur compounds, halogen carbonic acids,
alkaloids, and aldehydes. Lethal 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.g., 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 anal'ogous 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 trinitrophonol,
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
aerobic strains.

Conclusions from the plate tests should be drawn
only from definite and consistent bacteriostatic dif-
ferences between the various bacterial strains, jince
the deviations between duplicate tests made with
anaerobic 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 hiFh 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. e•-
fringens, C. tertium, -. nooo•i, C. multifermentans,
Cornybacteriu, dirhtheriae, Staphylococcus aureus,
Salmonella Rartyphi B, and Streptococcus haemolyticus.
A variety of culture media were prepared according to



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 A-.r/l2(D2 +Dd+d 2 ), 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 bactevicides; data from the
above report have been transferred to this file.

G-3488 Hunter, J.B., H.F. MeConomy and R.F. Weston.
ENVIRONNENTAL pH AS A FACTOR IN CONTROL OF ANAEROBIC BACTERIAL

CORROSION.
Corrosion 4:567-581 (December 1948)

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
seems to indicate that anaerobic corrosion of pipelines
might be inhibited by keeping the alkalinity of the
adjacent soil above this bacteriostatic 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, 0.44 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
water.

The pH values of 7, 8, 9, 10, and 11 were obtained in
separate flasks by addiiLg 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 14-days incubation at the
higher pH levels.

The darkening of lead acetate paper caused by the
formation of metabolic hydrogen sulfide wan 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
was that they are an investigation of the effect of pH
on bacterial grovth rather than an corrosion.
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i ~~Inri.!•,. Chem. 4112-{1(Augunst 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 lb 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 fractionsi
this applied to both untreated and treated fractions.
Treatment of the heavier fraction consequently improved
the stability of the blend more than did 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.

Sin•aficantly 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 least, to catalytically cracked
fuel.

G-5i28 Westveer, W.M., and J.S. Brosier.
PREVENTING BACTERIAL GROWTH IN OIL EMULSIONS.
Metal Progress 56:357-358 (September 1949)

Most emulsifiable oils, used as coolants and lubricants
in cutting, grinding, and forming operations, support baec-
terial growth when diluted to 1:5 or more. The tyPe of
preservative tat can be added is determined by its com-
patibility with and its solubility in the emulsion.

Two oil-soluble germicidal preservatives, o-phenylphenol
and 2,, 14,6-tetrachlorophenol, in amounts of 0.1% of the
total weight of the emulsion, proved capable both of keep-
ing hydraulic emulsicus free from bacteria and of cleaning
bacteria-clogpsd systems.
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RAPID FoRrATION 0!1 1;111 :OI;cEN'hAIONS OF 1!YD!PO(O;L SULFIDE
lpy 3UIFAT'!,'-R':DIic Ii:,I C •,RA

Bo',yu Thompson Institut,• 'ur 'lar.t h'-scarch, Inc., Yonkers,
; .Y. Hoeprtnt No. (;/'., 'Thntrtts. i 'y-4(>, (October/December

Over forty strains of sulfate-reducing bacteria (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

700-900 ft 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 g
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 rapid rates of formation.

The previougly reported maxima of hydrogen sulfide for-
mation, 1i468 mg per liter for marine forms and 749 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 saltse

Grams per liter
Ammonium chloride 1 .00
Magnesium sulfate (MW0 4 97H 2 0) 2.00
Sodium sulfate 18.25

Dibasic potassium phosphate 0.50
Calcium chloride (CaCl 2 .2H 2 0) 0.10
Sodium lactate 21.00
Sodium chloride 10.00
Calcium carbonate 1.00
Ferrous ammonium sulfate

(Fe(NH 1 ) 2 (S0 14 ) 2 26H 2 0) Trace

For both marine and nonmarine forms more rapid development
ocoured in 1% sodium chloride than with no sodium chloride or
with 2% or more. The presence of calcium carbonate was

important and better results were obtained when this com-
pound was used than when similar pH values were induced

by the addition of sodium hydroxide. Larger amounts of
sodium sulfate reduced the rate of hydrogen sulfide for-
mation 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.
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G-7588 Greathouse_, !Uenn A., Carl J. Wessel.
MICROBIOLOGICAL DETERIORATION OF MANIFACTURED MATERIALS.
Ann. Rev. Microbiol. 5: ý33-358 (1951) 26 p.

[Microorganisms, bacteria, t'ungi, decomposition, hydrocarbons,
petroleum, leather, paper, plastics, textiles, coatings
(organic), metal, rubber, review]

G-7856 Spruit, C.J.P., and J.N. Wanklyn.
IRON/SULPHIDE RATIOS IN CORROSION BY SULPHATE-REDUCING BACTERIA.
Nature 168:951-952 (December 1951) 3 P.

Corrosion of iron by the bacterium Vibrio desulfuri-
cans was studied under anaerobic heterotrophic and auto-
trophic conditions. According to Kuhr'@ mechanism the
stimulation of corrosion is due to utilization by the bac-
teria of cathodically produced hydrogen by which the cor-
rosion reaction would otherwise be polarized. Kuhrls
equation indicates that if no organic hydrogen donors are
present and the hydrogen for sulfate reduction comes sole-
ly from iron corrosion, the ratio of total iron corroded
to iron present as iron sulfide should have a value of 1.
This ratio is closely related to the ratio NZ gram ato=
iron corroded to mol sulfate reduced which 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 8-56 days, allowed cal-
culation of values of the ratio N. Under heterotrophic
conditions these values ranged from 0.9 to 1.5 whigh, in
view of the relatively large amounts of easily oxidizable
lactatepresent, is regarded as in accord with expectations.
Under autotrophic conditions, N values ranged from 5 to 9,indicating that only part of the hydrogen liberated in
the corrosion of iron is utilized for sulfate reduction.
Mass spectrometer analyses showed that significant amounts
Of hydrogen gas were evolved.

These results indicate that in autotrophic medium the
ratio N is merely a measure of the extent to which bac-
teria, utilize hydrogen liberated by iron corrosion and
that no acceleration of corrosion is produced by such by-
drogen utilization. Further support for this view arises



from a study of the influence of inoculation with sulfate-
reducing bacteria on the corrosion potential of an iron
electrode in air-free autotrophic medium. These measure-
ments revealed no significant cathodic depolarization.
Acceleration of corrosion by sulfate reducers in hetero-
trophic medium is, therefore, considered to be caused not
by removal of hydrogen but by some other action of the
bacteria, probably their sulfide producing action.

-7990 Wormwell, F., and T.W. Farrer.
ELECTROCHEMICAL STUDIES OF ANAEROBIC COIdOSIO1: IN PRiSESENCE

OF SULPHATE-REDUCING BACTERIA.
Chemistry & Industry (London) (195Ž) 2 p.

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

G-8433 Stone, Robert W., and Claude E. ZoBell.
BACTERIAL ASPECTS OF THE ORIGIN OF PETROLEUM.
Ind. Eng. Chem. 44:2564-2567 (November 1952) 4 p.

[Petroleum, bacteria, biomechanism, Serratia, Mycobacterium,
Desulfovibriol

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 reccmen-"
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
separated, black ferrous sulfide scum formed in the
accumulator, and hydrogen sulfide odor was noticeable.
Trne 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 concrete wall of the cistern and a~ccumulator. The
emulsifying agent in the original soluble oil was mainly
a mixture of stabilized petroleum 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, ai. released the oil from the broken emulsion.

Recoummendations for preventing this type of decompo-
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 pH of 7 or lower for
development. The system should be thoroughly aerated
and good circulation maintained at all times. Adoption
of these precautionary measures eliminated all trouble
in the hydraulic pressure system described. A germiide
can be added if eeosseary.

L- , !j AT:' ;ý l.,AS)ýT

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

The addition of 7% pentachlorophenol to the polysulfide
polymers 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 microorg8nisma attacking the linings were conon
soil and water bacteria and molds. Specific bacteria
isolated end Identified included Bacillus meatherim, B.
terminalis Achromobacrer liqulfLt7ana Flvobacterium
difftuan' en 1 brio desulf-aricanse The molds vere
of thepobera Acim, C oiu Alternariab

2 b"6 and nicillim.

Using a sulfate-free modification of the medium des-
cribed in the preceding abstract, the growth of Desul 0-

vIbrio desulphurlcans, strain 'Hildenborough,' was ob-
served directly. Compound.. which were able to replace
sulfate for growth includod sulfite, thlosulfate, tetra-
thionate, metabisulfite, and dithicnite. EXcept for di-
thionites, which probsbly decomposed spontaneously to sul-
fate and sulfur before being reduced, resting cell sus-
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pensions reduced these ions, using the theoretical ammnt
of hydrogen and forming the theoretical amount of sulfide.

The organism was unable to grow with or to reduce di°
thlonate, perdisulfate, 'formaldehydesulfoxylate, ' sulfa-
mate# benzenesulfonate, methanesulfonate, 0-hydroxyethane-
sulfonate, sodium ethylsulfato, dimethylsulfone, or cys-
tine. If purified by redistillation, elementary sulfur
was also unattacked. Five other strains of D. desulphuri-
cans, four of them cultivated autotrophically, were also
G-Ele to grow with pure elementary fulfur.

Colloidal sulfur permitted slow growth, or slow hydro-
gen absorption when a resting cell suspension was 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, thioaulfate, and tetrathicmate were not Intemeiatoe
in nenal sulfate reduction, but that sulfite vas.

]. ,•n ratiar, •.;, ar." ':1i !i- -i.-r. ic

;ROWTl OF BAMT-IA IN SO T.• OIL E,.M'JLSIONS.
Appliel Microtiol. l: 7) fC (J,aii•. 1' i ,,5" 11

The growth of bacteria in soluble oil emulsions aMA
methods for determining their number are discussed. Dw-
teria ow readily in a variety of soluble oils; soil,
feces, river water, machine-shop sweepings, and pit sludgp
serve as inocula. Increasing the oil concentration of
the emulsion decreases the mean generation time and In-
creases the number of viable bacteria. The addition of
peptone to the emulsion increases the number of viable
bacteria and results in objectionable odors.

In the eaneration of bacteria in soluble oil emul-
sicns, distilled water or 20 X phosr/ate buffers at 99
7.0-8.0 appear adequate as diluent•, and nutrient sag
seme ad•quate as a plating medium. Dilu ts containing
sodi'um hlerwi are undesirable.

9, I ".I .~. -•."• -:..' • ': .* ,' i '... !... 9:

Many bacteria grow in soluble oil emulsions causing
undesirable condittons such as foul odors a&d lowered 9
with subsequent breaking of emulsion. Because there Is
little published work on evaluating disinfectants for the
emualsions, two test moethods-a methylene blue screening
tests and a more severe circulation test--were developed.

The mthylme blue test Is based on the ability of
bacteria to lower the oxidation-reduction potential whom

l lil I l



actively multiplying in oil emulsions and to decolorize
methylene blue thlocyanate. One part of a sterilized
solution containing a I g tablet of this compound per
200 ml water is added to 10 parts sterilized 4% soluble

oil 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 l%_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 oil 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 is 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 is inocu-
lated with 10 ml of a mixed contaminated 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% -ercurio
chloride, 0.005% o-hydroxyphenylmercury chloride, 0.005%

phenylmercury oleate, 0.010% azochloramide, 0.10% 2,2'-

methylenebis(3,4,6-trichlorophenol), 0.10% hexylresor-
cinol, and 0.10% oatylresorcinol. 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% isobutylresorcinol and 0.10% amyl-
resorcinol passed the methylene blue test and steri-
lized 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-I0165 Pivnick, Hill-lard, W.E. Englehard and T.L. Thompson.
THE GROWTH OF PATHOGENIC BACTI-EIA IN SOLUBLE OIL EMULSIONS.
Applied Microbiol. 2:lLo_-142 (May 19354) 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 bacteria, 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 water floods,
and methods of control are discussed. Factors to be
considered when choosing a bactericide include toicity,,
ease of handling, solubility In oil and water, compati-
bility with other chemicals, and pH of the system.

Sulfate-reducing bacteria (Desulfovibrio) are impor-
tant to flood operators because they cause corrosion
and, by forming insoluble 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
water flood operators because they form slimes only in
waters containing relatively 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
exposed water which can result in serious plugging.
Molds act similarly to algae but do not require sunllght,
only oxygen.

The fresh well water used in the North Burbank flood
passes through about 11 miles of pipe, has a pH of
7.2-7.4, and contains 1000 ppm total solids, 0.3 ppm
dissolved oxygen, and 0.3 ppm soluble iron. The presence
of 30 pPs formaldehyde did not control the sulfate-red&c-
ing bacteria or general bacteria. A mixture of tri-
methyl-'soya' - and dimethyl-'dicoco' -ammonis chloride
inWected upstream of the su.rge tank in amounts of 7 ppa
protected the system for 10 mo from both Iron and sul-
fateo-reducing bacteria. A strain of Pseudomonas. homlser,
becam resistant and was present in large concentration.
An occasional supplemental slug treatmo'nt with an amine-
type compound my be required to prevent plugging by
this organism.

The 'produced' water In this unit comes from oil-
water mixtures which enter a heater treater where the
two coaponents are separated. The water passes thr%4h
an anthracite filter, then is mixed with fresh water,
and Is reinjeete into the formation. Quaternaries,
primary aIneSN, &nd maitures of the two were net satis-
factory bactericides for this water since they were



EXL•,i:ua by oli Utirliud over from the heater tr.a'ter.
When 15 ppm sodium tetrachlorophenoxide which has a low
oil ::>'lubility vas injected into the produced fluid
up,;i-Lam of the heater troatters, 3-5 ppm went into the
oil phase, and 10-12 ppm into the water leaving the
filters. This concentration controls only the sulfate-
reducing bacteria. If other typos are present a higher
concentration is required.

Both the fresh-water and the produced-water systems
•< oT-1rated as closed-type systems.

-. ! . '.I .... 1• ..
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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-
sideraole periods of time (more than 250 days in some
cases) whereas the gram positive bacteria were killed in
most instances in less than 1 day. Medium straight and
emulsion type cutting oils permitted survival of the bac-
•teria for longer periods 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 inhibition
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 Comment: Thirty strains of enteric pathogens and two
strains of Klebsiella pneumonias were tested for their
ability to grow in soluble oil emulsions by H. Pivnic,
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. 2:140-142 (May 1954); PDC
0-101652

:i. 0UAz 1O 01111. i!Q<I hIJ!J,~J~N AVTL Y SUIFATE-
HFD'CUCI BACTFIiIA.

•po l .2: •,2- i- (Novemhb,-r 1'51;) 1i4 p'-

pesultg of extensive tests indicate that proemntlY

known strains of Desulfovibrio probably cannot be applied



successfully in the field for secondary recovery of oil
from oil-bearing sands and shales.

In eloven separate experimorts involving the use of
103 oil-containing unconColidaFited packs of sand or cal-
careous material and six Gandotone 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. Oils included five
crude oils and one n-cetane--crude oil mixture. Most of
the many different aqueous 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 conditions.

Several of the mechanisms postulated for the release
of oil 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 oil. These studies showed little or no
utilization of crude oil and n-hexadecane by any of the
Desulfovibrio cultures. It also appears unlikely that
these bacteria can modify crude oil sufficiently to affect
oil recovery in commercial quantities.

PDC Comment: Related earlier studies on file at the) Cen-
ter include the following:
(1) Claude X. Zobell, ACTION OF MICROWGANISM) ON RIDRO-

CARBONS, Bact. Revs. 10(1/2):1-49 (b*roh-June 1946)
[PDA 5:B 12, G-2114]

(2) Claude E. ZoBell, MICROBIAL TRANSFOMWTION OF MOI-
CULAR RYDROGEN IN MARINE SEDIMENTS ... Bull. Am.
Assoc. Petroleum Geol.31:1709-1751 (October 1947)
[EDC G-2298)

(3) Robert W. Stone and Claude E. ZoBell, BACTERIAL
ASPECTS OF T•E ORIGIN OF PETROLEUM, Ind. g. Chem.
44:2564-2567 (November 1952) [PDC 0-8433]

G-IO94i Grossman, Joy P., and J.R. Postgate.
THE ESTIMATION OF SULPHATE-REDUCING BACTERIA (D. DESULPIHURICANES.)
Soc. Appl. Bacteriol., Proc. 16:1-9 (April 102•) ) P.

The effect of reducing agents on the apparent via-
bility of sulfate-reduoing bacteria is discussed, and a
satisfactory method for determining the number of viable
sulfate-reducing bacteria in a culture is described.

Stock cultures of a strain of Desulfovibrio desulfurl-
cans called Hildenborough were subcultured in a medium of
glucose, peptone, yeast extract, and sulfate at intervals
of not more than 1 wk. A halophilic strain, El Agheila Z,
was counted in a medium of lactate, yeast extract, sul-
fate, and 2.5% sodium chloride. Either medium was sup-
plemented if required with 1.5% agar, 1 4t mol per ml of



ferrous amnonium sulfate, and various reducing agents such
as sodium sulfide, cysteine hydrochloride, or ascorbic
acid. The pH was adjusted to 7 .4 t 0.2. Cultures were
usually incubated in an anaerobic Jar containing hydrogen
plus carbon dioxide. Dillution counts in liquid media
were made by preparing replicate one-in-ten dilutions in
5 or 10 ml of the test medium and incubating. Colony
counts in solid media were made by preparing a 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 Thom& 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 had similar properties,
but thiolacetic acid was sometimes inhibitory. Dilution
counts in liquid media 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 bLcteria 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; fur-
ther examination of positive tubes was therefore
necessary.

In the past, dilution in media containing no added
reducing agent has frequently been 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
populaticu: figures varying from 1% to O.O001% of a
constant pulation may be obtained.

& -i1619 Reese, i ,.1,ti .I.,

ACTIVITY OF F' 11 C;> I >2

Farlowir *hv auvI~

To study the range of organisms capable of growing on
typical plasticizers and hydrolizing the fatty materials
therein, 358 fungi wore grown on coconut oil, methyl
acetylricinoleate, and dihexyl sobacate. Of the organ-
isms tested 95% grow on co--onut oil, 90% on the ricinoleate,
and 60% on the sebacate. On the sebacate, 95% of the
strains tested showed less than 50 mg growth per flask, or
less than 10% conversion of oil to mycelium.



The Aspergilli chowed varying activities. A. terreus,
A. .nger' A. flavus-oryzae series, A. fumigatus A._ c I&a-

vatus, A. tamarii, A. vor.-!,olor, and A. ustus were among

the uost Lctive; the least ac~ive included A. repens and

A. wontii. Among the C.aotomiLun, C. globosum, C..spirale

a-nd C. m--ollplum were very A,-tive; the leu6t active were

C. causlaeIformi3 and C. velutin:u=. Cladosporium herbarum

isolatea hAd medium to low aot1vity. insect parasites as

a whole appeared to be activo oil consumers. Thus Bouveroi

baccniana, Aspergilluo para ittci,3, and Asp9ril lavus

were very active, wheroas -.bn plant paras.to oIt_.Rytis

cinerea had littlo activJity. Teo Phycomycetes vary in

their oil metabolizing ability, the most active (three

species of the genus Cunni.ghamella) showing mycelial

woights equal to 65% of the initial weight of coconut oil

and 20-40% of the initial 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

scelium after filtering, ethanol extraction of the resid-

ual oil, and drying at 70 C.

G-11713 Grossman, Joy P., and J.R. Postgate.

THE METABOLISM OF MAJATE ALD CEhTAIN OTHI.`ý h70MPOMIDS ',Y

DESULPIIOVIBRIO DESULPIHURICANS.
J. Gen. Microbiol. 12:429-445 (June 1))5)

A sulfate-reducing bacteria, Desulfovibrio desulfuri-

cans (strain El Agheila Z) o¥idized 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 frcm

malate, fumarate, or succinate plus excess sulfate. Suo-

cinate was formed transiently during malate oxidation.

Various inorganic sulfur..containing anions, methylene
blue, or oxygen acted as alternative hydrogen acceptors

to sulfate for malate oxidation. In the absence of sul-
fate, malate was metabolized yielding for each 3 mol of
malate, two of carbon dioxide and two of succinate plus

acetate. 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 cetyltrimethylamonium bromide

formed fumarate and lactate plus carbon dioxide from ma-

late. Fumarate was formed via a reversible fumarase; lac-

tate was formed via a decarboxylase system independent of

cosymase, Mm++, cocarboxylase, or codecarboxylase.



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, muleate, or acetylene-dicarboxy-
late were not reduced. Malate was reduced slowly.

The reaction sequence succinatelfumarate- malate-.-
lactate-e-pyruvate--oacetate probably takes place in
these bacteria. A reversible succinatefumarate system
may form a link between sulfate reduction and the OzidA-
tioe of ornic compounds or hydrogen.

ý;-i1735 Pivr~i.en !i'i)'i
PSEUDONK)AS RBi']C:•IS~ , A :.h• 2W L •*a" ,OLUL ....... . I:

J. Picteriol. ():i-, (July 1

Thirty-two cultures of a pink Pseudomonas 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 ends 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 m 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 ms
later. In some cultures, hydrogen sulfide was produced
abundantly within 24 hrr, in others it was detectable only
after 14 days' incubation. All cultures reduced litmus
milk in 1-4 days, but only two thirds peptonized it in
28 days. Nitrates were reducel to nitrites in 2 days.
All cultures contained cataiace. Starch was not hydro-
lyzed, nor was acid producod from glucose, fructose,
sucrose, or lactcse. All of eight cultures tested util-
ized lactate, mwlate, succinate, and fumarate as sole
carbon sources, but only half of them used glucose and
fructose.

M 01



Abundant groath occurred In nutrient broth at 20-30 C,
but at 37 C all cultures showed anly ulight or no growth
after 4 days. Noticeable grovrh occuzred at pH 6-10
vithin I day, but at pH 5 or ll o gr vas obs ed•
even in 12 days. The no spacl grows best unier aroblo-
conditions and resembles Pseudomonas putrifaotens*
exceapt for pigmetation anth sbIlt~r to format
sursas and 'roduce odors.

G-12154 Cowling, J.E.
INEPT LININGS FOR IULK FIJL STORAG,•L TANKS.
BuDocks Tec-h. Digest ,,o. (1i:7-> 1 (,%)vemer 1)

[Petroleum, fuel, storage, tank, corcreti-, steel, inte.rior,
coatings, elastomer, fungil

3-12556 Ladd, .•N.
THE OXIDATION OF HfDROCARBONS BY SOIL bACTIERIA. I. M.1ORPHOLOW;ICAL

AIMl BIOCHEMICAL PROPURTIES OF A SOIL DI"MTI X L"TILIZIN-
HYDROCARBONS.

Australian J. Biol. Sci. 9:92-104 (Febrwary 1c•t)

A description is given of the morphology Mid biocheUI-
cal properties of Corynebacterium sp., a saprophytic soil
diphtheroid that is able to oxidize aliphatic hydrocarbons.

The rates of oxidation of n-hexadecsne, n.!tetradecare,
nodecane, n-octane, 1-hexadecene, 1-tetradecene, and
T-dodecene are measured. Respiratory quotient values for
the oxidation of n-hexadecane, n-tetradecene,, and n-decsae
indicate their coplete oxidation.

Increased dispersion of n-decane by surfce active
agents does not increase its oxidation rate. An emulsion
of n-decane, however, homogenized in a blender and contain-
in only one fifth of the amount of hydrocArbon, is oxidis-
ed at the sam rate as the nonhomogealzed control.

The orpanism oxidized normal fatty acids (C -C1 ), nor-
mal fatty alcohols (C2 -Cll), several aliphatic ala~hyes,.
and the higher methyl ketones. It is unable to oxlidae the
lover ketones or cyclic compounds. Coo.,ddAtion rates of
n-dacane with its oxidative derivatives show no summation
of the respective individu%i rates.

At pA 6, oxidation of 0.016 M succinate ts inhibited
50% by 0.024 X mlonate, but at"this pH •ad concentration
ulonate had ;o effect on a-decane oxidation. I% Is In-
hibited 76% by 0.004 M fluoroacetate, 100% by 0.008 K4
cyanide, 90% by 0.12 R azide, 100% by 0.0001 M mercuric
lons, and 88% by 0.00M M 1idoacetate. Cysteine (0.008 M)
completely reactivates cýlls inhibited by lodoacetate.

Two nonvolatile acids, chromatographically identical
vith lactic acid and glutaric acids, are produced during
the oxidation of n-decane. No volatile acids vere do-
tected.
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Emulsion-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-

Lsms also pose industrial health problems.
None of seeral co~lercial cutting-oil inhibitors

tested prevented bacterial growth for more than a few
days. Many inhibited oil samples contained more bac-
teria than the uninhibited control. Among fifty-one
experimental compounds tested as potential bactericides
in cutting oils, five compounds used at a concentration
of 1000 ppm controlled the 0owth of bacteria for the
full testing time of 60 days under conditions simulating
actual cutting-oil service. They included three phenolic
co..ounds, 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-
(hydroxymethylinitromethane. A sixth compound, dialdehyde
(slyoxal 30%) was effective for 16 days.

Because compounds similar in constitution to the ef-
fective compounds were either totally ineffective or
effective for only a short time, a useful two-part test
for cutting-oil inhibitors was developed. Compounds
which prove effective in a closed-system screening test
lasting 7 days are tested in an open systez for a longer

-peeriod of time to assess the effective life of the in-
.i'titor In service.

.-2;',J.. i..., .....i,,". ".":...... - ...

Applie, .i~i - .

The susceptibility of five soluble oils and six emul-
sifiers used in soluble oils to oxidation by Pseudomonas
oleovorans or Pseudomonas formicans vas determined.
Measurements were made at 30 C in a WLrburg respiroseter
containing 1 ml of washed suspensions of the orgnisms•
in the presence of 2.0% soluble oil. These were coinr-
cial products and little is known of their composition.
Errlsifiers used in concentrations of 0.5% included pe-
troleum sodium sulfonatc, rnaphthenic acids, sodium soap
of wood rosin, trieth.anolamine oleate, and sodium oleate.
Tris(polyoxyethylene)sorb!tan monoleate ws present as
a 0.125% solution.



The bacteria varied in their capacity to oxidize in-
dividual oils and the oils varied in their suscepti-
bility to oxidation by a given bpecies. Oils containing

oleates or fatty materials were rapidly oxidized by both
species. The emulsifying agents also varied in oxidiz-
ability. Oleates, particularly triethanolamine oleate,
were readily 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. [ MSEQUDOMNA RUB1E4S§ j
A NEW SPECIES FROM SOLUBLE OIL EMJLSIONS, J. Bacteriol.
70:1-6 (July 1955); PDA 13: Biol 24, 0-11735].

-i~~( 'rustr 'ru4

oruov oil, tacteria, algata, to.<ics, corrosiun,
corrosionpi-oofing]

i-l311� Piivnick, H., L.H. Sabina, i. Samuel-Maharajah ani C.K.
Fotopoulos.

CURRENT RESEARCH IN THE BACTERIOLOGY OF SOLUBL JlL
EMULSIONS.

Lubrication Eng. 12:310-315 (SeptemLner-Octot:er Ic l)

[Oil, emulsion, bacteria, Achromobacter, Aerobacter,
Pseudomonas, Escherichia, Salmonella, Bacillus, Desulfovibrio,
yeast, ftingi, physiology, taxonomy, reviewi

G-13147 iennett, E.O.

and BACTERIAL SPOILAGE OF .%MULSION OILS, PART I AND II.

i-13259 Soap Chem. Specialties 32:47-49, part I; 32:46-48, tart II
(Octol~er, November 1956)

Emulsion-type metal-cutting fluids (so-called
soluble-oil emulsions) show a bacterial count of may
million bacteria per ml after only a few hours of use
in open systems. The count can rise to as high as 700
million per ml. Bacteria found in used emulsion oils
include both spore-forming and nonspore-forming typesj
they include Pseudomonas oleovorans and aeruginosa,
Escherichia coli, Achromobacter, and many other species.

The sources of bacterial contamination of oils orig-
inate largely from contact with the skin, sputum, and



food residues of machine operators and, to a lesser ex-
tent, from the water used in making up the emulsion.

Among control measures, frequent pasteur1z2tion 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 fur-
ther study on the plant scale before their industrial
efficiency can be established. Suitable compounds must
possess not only germicidal potency, but a low level of
human toxicity, high stability and solubility in the
oil-water system, compatibility with emulsion com-
ponents, and reasonable cost.

Commercial application of inhibitors should be com-
bined with good industrial hygiene to prolong the serv-
ice life of the inhibited emulsion. For increased anti-
bacterial activity, a combination of two or more inhibi-
tors or a periodic change from one compound to another
to reduce the development of resistant mutation@ should
be considered.

An extensive listing is included of available pub-
lihed and unpublished information on compounds that
have b*een screened as antibacterial agents in emulsion
oils. No indication of effectiveness is given.

G-13461 Tant, C.O., and E.O. Bennett.
THE ISOLATION OF PATHOGENIC BACTERIA FROM USED EMULSION OILS.
Applied Microbiol. 4:332-338 (November 1956)

[Oils, emulsion, petroleum, bacteria, Achromobacter, Aerobacter,
Bacillus, Escherichia, Diplococcus, Micrococcus, Paracolobactrum,
Flavobacterium, Proteus, Pseudomonas, Sarcina, Shigella,
Streptococcus, yeast, collection, isolation, techniques]

G-13463 Samuel-Maharajah, R., Hilliard Pivnick, W.E. Englehard and
Sheila Templeton.

THE COEXISTENCE OF PATHOGENS AND PSEUDOMONADS IN SOLUBLE OIL
EMULSIONS.

Applied Microbiol. 4:29j3-299 (November 1956)

[Oils, petroleum, emulsion, bacteria, Pseudomonas, Achromobacter,
Escherichia, Aerobacter, Salmonella, Klebsiella, Shigella,
culture, biomechtinism, techniquej

G-13479 Hartsell, S.E.
MICROBIOLOGICAL PROGRESS REPORT. MAINTENANCE OF CULTURES UNDER

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

Data obtained in this evaluation and by other investi-

gators show that various strains of bacteria, 7eastso



Basidoyogetoe and other fungi survive periods up to 1h4

yr under paraffin oil. Although in each group soM

strains suffer loss of viability or loss or gain of

characters, tt Is concluded that both the longevity and

the maintenance of cultural characteristics are due to

natural biological variation. The strain, the storage

medium, the temperature, the subculturing medium, and

the frequency and technique 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-heat-

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 on 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
inooulum is obtained.

G-13547 Pivnick, H., M. Fuller, H. Graham and S. Uyeno.

BIOLOGICAL OXIDATION OF SOLUBLE OIL EMULSIONS.

Lubrication Eng. 11:96 (March-April 1955)

[Oils, emulsions, oxidation, bacteria, culture]

G-13627 Dworkin, Martin, and J.W. Foster.

STUDIES ON PSEUDOMONAS METHANICA (SOHNGEN) NOV. COMB.

J. Bacteriol. 7 2:646-659 (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

Pseudomotas, Alcaligenee, or Bacll.U.• The sulfates are
then reduced to hydrog~T sulfide by species of Vtbrto

desulfuricaue., V. thermodesulfuricans, or Desulfovibrio.



The conversion takes place at 25-30 C at pH 6.5-7.5.
The sulfate-reducing culture is preferably added after
sulfate formatl.on.

The sullfate-producirg jacteri% 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 phosphate monohydrate, 2 g dipotassium
hydrogen phosphate, 2 g amroniur nitrate, 0.25 g magnesium
chloride hexahydrate, and 0.31 g each of manganese chloride
tetrahydrate, ferrous chloride, and calcium carbonate in
1 liter distilled water adjusted to pH 7. Accessory growth
substances such as vItamins and amino acids, as well as
traces of copper, mercury, zinc, blimuth, and iodine can
be added to stimulate activity, but zore than a trace of
these metals can poison the -icroorp Ulm. A suitable
medium for grpowig the sulfata-reA :ccing bacteria under
anaerobic conditians contains, per liter of distilled water,
I g sodium sulfate, 0.1 g calcium chloride dibydrate, 3.5 a
cru•e oil, and a trace of ferrous ammonium sulfate. After
good growth ha been --taoned, the culture is centrifuged
and wb*hd vith 0.8% sterile salt solutian to rae
excess sulfate.

Improved noncorrosive oil comp&3itions with superior
wetting action comprise a mineral lubricating oil having
a viscosity of 100-125 SIM at 100 F, 0.05-5%, preferab-
ly 0.25-2.% sodiuz benzoato, and 0.02-20%, preferably
2-5% of a solubilizing agent such as an oil soluble
alka.J metal petroleum sulfonate. T.esc co- ositicons
are usefal as rust preventing Cocpositioas, emulsifiable
cutting oils and textile ol1,.

Me sodium benzoate iz- preferably formed in situ in
the coApobiti~o, thus, tho benzoic acid is dissolved
"in the lubricating oil, and then the holubilizing
agent ctWtiing ftree alýali is added. Profearbly the
soluble oil conuina 0.05-5.0% of a stabilIzer such as
God'.um naphtbevate or an allpW1 itic alcohol having 1-4
carbcms.

Antifoaing, oiliness, or extreme prossure a4sat
can be ad4ed to the composition. Sodlum resinate is
Lncludd VbWn -transparent eaullions are desired. Fun.
giG ssh 8s s O-phienylphenoxIde can be Imnn.-



porated. Petroleum napnrtia or whiLe spirit are suitable
solvents for compositionG to be applied to metal ourfaces.
A hard microcrystalline wax ia recomnonded as an additive
for rust preventive coating coapsaitionn.

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

"* r r , ,,, .. " • . ..
U ': .u'' t ~r , AY ~

.. S. Pat. 2, . ... Jurne 1, 1'5'44 2 p

In the tank storage of petroleum and petroleum pro-
ducts & Water layer to usually provided In the bottom of
the tank to insure against loss by leakage. Iicroorgau-
UsNA (bacteria, yeast, and molds) are alaoet always fonmd
in this water, functioning at tne interface of the stored
material and water. The metabolic processes of these
organismA resu't in the formaticn of guFq substances,
hydrogen sulfide, and peroxides, and in the discolorttion
of Petroleum products. Such undesirable metabolic activity
can be prevented by maintaining the vat-r layer at a PH
between 9 and 10 and by charging it with a substance
capable of being ionized to produce a toxic boro: -con-
taining anion. This can be accompliahed by two separate
asts or by a single agent such as berax.

Tests Vere conducted with gasoline, naphtha, and cr'de
oil layered over a typical tap water having a pH of 7.4
Wd inocu•a•ted with a solution COntainji &| heavy gr•th

of bacteria. The untreated water samplus showed bactarla
growth vlthin 24-48 hr, indicating microbial action onthe oils. In water treated with sodius hydroxide to givea PH of 9, turbidity "as observed in 5 days. No pwth
or 'turbidity was evident in water sature ,.4 with boraxsev after a 2-vk cubation period, nor vwa there any
c In thse Pahysical r chazrateristioo of the ydrooar*

A;NrUAL u I .'.VIF %-F •v1 -1.

5t 'r .c Al I o z- e it Hv~r .I. f-
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Is. ,•, mo:, io:: , N h:r~~ori•: , !-,L,'t, ý itm, b iom.;chanizm, culture,

?DL-,- C U.S. Wri'jh' A,,ir Dr-vojj,,rit (ntr. Dircctorat,- ot' Res-arch.
,-tl-riais Laboratory (Sam Bakanauskar).

BACTE•IOLOGICAL ACTIVITY IN jP-4 FUEL STORAGY rANYC.
Its T.,chnical Memorandum WCRT TM 57-2, Supplement 2 (rrch

IP57) II p.

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

Some of the sludge in storage tanks for JP-4 jet fuel
wan formed by bacterial action at the wat*erydrocarbon
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-
solid residues. Bacteria unable to utilize the fuel
alone were 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-water-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 by Ul 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.
5% 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 ithree gum inhibi-
tors tested, Tenemene 60 showed the highest bacterio-
static activity, followed by 2,6-di..tert-butylphenol,
and Paranox I41 , respectively.



PDL-30 4 ,53 Bennett, L .0.
THE' ROLF OF SLA?-iDCOBACTEpiRIA IN THE DETERIORATION OF

Lubrication Eng. 1 ý:2 15- 2 lj) (April 195-()

[Research, oils, cutting oils, ba-cteria, sulfate-reducing
bac-teria]

Sulfate-reducing bacteria were isolsted& fromu twer v-
eight of thirty-three samples of spoiled cutt-Ing, emul-.
sions. These emuluions represented fifteen dif.-zee-at
commercial products. Viability of these bac"'*rla p-lved
them to be part of the natural bacterial flor* of thts-
emulsions. They caused spoilage by reducing oulfat-',,
sulfites, thiosulfates, tetrathionates, and retal~i& L-
fites in the etmulsion to sulfides. Pure cultares o
these oulfate-reduc-ing bacteria could not be &taned,
All cultures were contaminated with heterotropktic a-
tensa capable of growing under aerobic conditions. These
heterotrophic organisms may produce 0onditions that ini-
tiate Or stimulate growth of sulfate reducers,, e.g., an-
aerobic conditions, decrease in nitrogen content, or pro-.
duction of compounds essential or stioulating for growth
of sulfate reducers.

Forced aeration of the emulsion reservoir can effect-
ively eliminate the unpleasant odors,. possibly kill the
anaerobic sulfate -reducing organisms,, and retard the de-
terioration and spoilage of the emulsions. Nowe of the
inhibitors effective against heterotrophic bacteria lande
aerobic conditions are active against sialfate-reducing
bacteria.

PDL-30h79 Campbell, L. Leon, Jr., Hilmer A. Frank and Elizabeth R. Hall.
STUDIES ON THERMOPHILIC SULFATE REDUCING BACTERIA. 1. IDENTI-

FICATION OF SPOBOVIBRIC LESULFURICANS, AS CLOSTRIDIUM
NIGRIFICANS.

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

[Research, sulfate bacteria, identification, taxonomy]

Cosparevive atudilea of f-.v.o ,trains of Clost~r1di',.
niiiuo four straine of Dporovibrio d.eiulnir,1c'.vns,
ant two dtr I inG of D(E :.~lfovtbrio desulfurit~asi revea2I3
that the firs' t'do orepniews are irenticol and have prop-
erties previously described for C. nigif icans and aer
distinctly different from the third. Sincethe name
C. nigifcans has taxonomic priority, the spore-forming,
theiitP =Ac sulf ate reducers should be properly named

C. nigused.n and tenm prvbi eufrcn
"ýononp the used. orothCvibrio desufrcn
S. desulfuricans reduced sulfate,, uft. an thio-

same conditions.* It was also found



that little or no growth occurred in the absence of these
sulfur compounds. Glucose, ethanol, lactate, and pyruvabe
were utilized by all cultures as hydrogen donors for sul-
fate reduction.

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

PDL-30841 Pivnick, Hilliari, ar.d C.K. i'otopoulos.
DISINFECTION OF SOLUBLE OIL EIMUSIONS.
Lubrication Eng. :i5. i1-15tS (ku.,-rch 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 al-
though mixtures or saccessive 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, an aldehyde not previously used as a
bactericide for cutting oils, shows some promise. In
general, the most important prerequisite in a disinfec-
tion program is thorough cleaning. Residual dirt may
inactivate disinfectants and the larger the number of
bacteria, the greater the chance that disinfectant-
resistant strains may be present.

The oils tested were a vegetable oil derivative, a
mineral oil 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 adde& 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 I wk at room
temperature, inoculated, and shaking resumed for 10
days. The inoculum consisted of bacteria in used oil
from 4 machine shops added in amounts to give 1 x 101
bacteria per ml of emulsion. Plate counts weie made at
1 and 10 days. In a second test emulsions containing
disinfectant were circulated 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, 4, 7, 14, 21,
and 28 days.

All the oils 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.



PDL- ý08Nivri , Hillii 'irfi, arid L.R. Sabina.

STI'DI'S O1F ALEOMONAS FORMICANS CRAWFORD (O'M. NOV. FROM

3,, 1n)il• OI, ':,MIJLSION'S.
J. tNkL'A, I'iol, t''. " -:• 2 ,e r a y 1,)",()

[Rcs• 'i'h, ba,'t,:r ' istjisomonas I'ormlcans,, cutting oil,

i5o0atO:-;, metabolisirl, morpholot;y, taxonomy -

Fourteen cultures of Pseudomonas formicans Crawford

were isolated from soluble oil emulsions and compared

with Crawford's isolates from sewage. The organisms

from the two sources possessed many stable, 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 anaerobically in a

manner-similar to Escherichia celi except that formate

accumulated. Hexokinase and aldolase were demonstrated,

but glucose-6-phosphate dehydrogefase wvas not observed.

It was suggested that, for the present, the species be

considered as a member of the genus Aeromolas.

PDL-3106- Jonrs, Galen E., and Robert L. Starkey.

F,'•AYI'I0NATION OF STABLE ISOTOPES OF SULYFUR PY MICROOh !ALTS!1;

A71D THEIR ROLE IN DEPOSITION OF NATIVE SULFUR.

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

[Research, sulfate bacteria, sulf'ide-oxidizing, sulfur,

isotopes, bacteria]

The degree of fractionation of the stable sulfur

isotopes 832 and S34, resulting from reduction of sul-
fate to sulfide by Desulfovibrio desulfuricans and

oxidation of elemental sulfur to sulfate by Thiobactl-

lus thiooxidans was determined.
During reduction of sulfate to sulfide by D. desuli

furicans, no fractionation was observed when the bac-
teria 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 medium, 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)W 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. Low

temperature was an effective means of keeping the met&-
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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-
mental sulfur to sulfate by T. thiooxidans.

PDL-31413 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, corrosionproofers, toxics, fungi, bacteria,
oxidationproofers, tradenames, tabulation, commercial paper]

PDL-31884 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, oil, 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
riealy oxidized by at least one of the pure cultures.

PDL-32095 Luchterowa, A.
GEOMI1ROBIOLOGIA W PHZEMYSLE NAFTOWYM [GEOMICROBIOLOGY IN THE

OIL INDUSTRY (in Russian)].
Acta Microbiol. Polon. 2:151-153 (1953)

[Petroleum, geomicrobiology, foreigni
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. ., ,",i i'. i•A~OWI; OF SAT''IATED AID UNSA711Tiln-u
'iY1'!,'O '*Ai1sO;; Oi, SAA'R1OWI!YTIC IYrCOrACTERIA].

A,.*ti v1i-ro! lol . Polon. 2:1'19-1:2 (0'.51)

[ lf~tc ' 1yt, t~1cobacter ur, I,-trolcur;, Iparaff'ins, hydrocarbons,

i'DL--,21 j( Luchtcr, A.
ZDOLI•OSC WYKORZYSTYWANIA ROZNYCIH WEGLOWODOROW PRZEZ BAKTv?.IE

TERENOW ROPONOSNYCH [UTILIZATION OF VARIOUS. .
BY BACTERIA ISOLATED FROM OIL-FIELDS (in Russian)].

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

[oil fields, petroltum products, hydrocarbons, bacteria,
nutrition, gases, research, foreign]

PDL-32250 ZoBell, Claude E.
PART PLAYED IN BACTERIA IN PETROLEUM FORMATION.
Scripps Institution of Oceanography, La Jolla, Calif. New

Series 569. In J. Sediment. Petrol. 22(1):42-419 (March
1952)

[Petroleum, formation, bacteria, biomechanism, biosynthesis]

PDL-32265 Bakanauskas, Sam.
BACTERIAL ACTIVITY IN JP-4 FUEL.
U.S. Wright Air Development Center. Technical Report 58-32;

... ASTIA Doe. 151034 (March 1958) 15 p.

[Research, fuel, bn'cteria, bacteriostat, boron compounds,
storage, tanks]

The sludge found in water bottoms of storage tanks for
JP- a kerosene-type fuel uced in jet afrcraft, is
caused by bacteria and productR resulting from bacterial
metabolic activity. Using the streak-plate method, 71
bacteria were isolat.& from .aludge aamples taken from
JP-4 tanks. Genera represented included Pseudomonas,
Aerobacter, and Bacterium. Teats carried out on 17 of
the bacterial cultures shovwd that none of the corrosion
and gum inhibitor additives in the fuel was satisfactori-
ly bacterlostatic. On the contrary, JP-4 fuel as well as
some additivea were nutritiwv. Laboratory evaluations
showed that bacteria emulsified the fuel, and produced
semisolid guq residuee from it. They formed precipi-



tates in amounts and types that could easily affect the
filter systems of aircraft. Water soluble, fuel-insolubils
bacteriostats were selected for sludge treatment. Pre-
liminary tests shoved that 1.5 to 2.0% sodium totraboarte,
or 2.0% potassium tetraborate, in the vater bottoms of
JP-iI storage tank produced bacteriostatic co•d.1tions.

PDL-32 ý62 Tsun, ishi, 1., and A. Lct:.
A METHOD FO'i Tr ,"h, RAPID :1I1PTIVATIrO:F ) DESUL1FOVIBRIO AESTIARII

ON FILTE3 %,NIRAN;!,S.
Applied Microriol. ,: ,?-ý, (J.,inrary l' -)

[Research, bact-ria, Desul.lovibrio, cultures, technique]

PDL-32771 Kolesnik, Z.A., and N.I. Shmonova.
[ON THE STTJDY OF OIL VARIATION IN AXNAEROBIC CONTDITIONS LINDER

THE INFLUENCE OF BACTEREA OF THE PSEUDOMONAS GEN'US (in Russian)I.Doklaly Akal. Nau? S.S.S.R. i!5:1197-I÷ (]L I

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

A study was made of the effect of bacteria of the
Vaeugteas @nias on crude oil and its 0ooema0ts
under anaerobic conditions. The behavior of P. fluo-
rescens denitrificans was observed in five mineral
media which 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 4-day old culture of P. fluorescens denitri-
ficans or with a 1:1 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 did-not.

The paraffinic oil samdles from the Caucasus ex-
hibited compositional changes and signs of active bac-
terial propagation. P. fluorescens denitrificans pro-
pagated alone as well as in conjunction with emulfate
reducing bacteria. The asphalt-tar components of all
inoculated oil samples sustained carbon 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 naph-
thentc acid content of the latter cultures was nearl1
10 times below that of samples inoculated with the bac-
terial mixture. Changes in paraffinic components of
Inoculated samples were in the form of reduced nalting
points and an increased percentage of motbhyl ponW.

PDL-32851 Dostalek, Milan, Miloslav Staul and Alena Rosypalova.

PUSOBENI MIKROOR',ANISMU NA NAFTOVE UHLOVODIKY [THE EFFECT

OF MICRO-ORGANISMS ON PETROLEUM HYDROCARBONS].
Ceskoslov. Mikrobiol. 2:4j- 4' 8 (1957)

[Research, foreign, oils, petroleum, bacteria (sulfur),

bacteria (denitrifying), oil wells, metabolism]

A study was made of the action of 70 strains of deni-

trifylng bacteria and 42 strains of desulfurising bac-

teria from oil-well waters on paraffinic and naphthenic

oils. Under aerobic conditions, 90% of the strains test-

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 with a low molecular weight. Under anaerobic

conditions, the viscosity of the oil diminished; under

"aerobic conditions, viscosity increaed.

PDL-32893 Bahr, H., and W. Schwartz.
UNTERSUCHUNGEN ZUR OKOLOGITE FARBLOSKR FADIGER SCHWEFELMIKROBEN

[INVESTIGATIONS ON THE ECOLOGY OF ?OLORLESS, THREADY SULFUR

MICROBES].Biol. Zentr. 75:151-646 (1`15t)

[Research, bacteria (sulf'ur), Beggiatoa, Thiotrix, ecology,

Halophiles, Thermophiles, hydrogen silfile, foreign]

FDL-32900 Solti, M., and J. Horvath.
UBER DEN EINFLUSS ANAEROBER BACERIEN AET DEN STROMBEDRF IM

5ERDaEICH V.R:,ITER, KATHODISCH GESC} MI"ZTk ANLAGEN [ T1E

INFLUENCE OF ANAEROBIC BACTERIA ON THE AIJRRENT DENSITY OF

CATHODICALLY PROTEC2ED EQU IP.MENT YN SOIL].

Werkstoffe u. Korrosion Q:?-.÷i (May i9¶)

[Research, foreign, pipe, soil, :.athoiic protection, ste.1,

bacteria (sulfar), coatings, Uituminous =terials, "errous

metal]

The Protective current requirements of buried steel

pipe are higher in the presence of large quantities of

anaerobic sulfate-reducing bacteria, since these Corgn-



ism reduce both anodic and cathodic polarization values.
Depolarizing tests shoved 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 pip.ng in bacterially active soil
could be achieved over a 5-mo test period by maintaining
a negative protective potential of -0.920 v. In prac-
tice, the application of higher than average protective
current densities is uneconomical. Instead, the use of
bituminous coatings in conjunction with cathodic protec-
tion Is proposed. Such coatings should contain a bac-
tericide and should be resistant to the increase in p1
caused by the applied current.

?DL- i ,•,o5 LittleW'ooL, D(-r,-)thy atA.J.• Po--twt,-.

SODIUM iLOi1D?. AND THE .... W...1 oF 11. Ai2'iI:b'G ;'.
.,,en. .Mi(,rur iol . 17:,7• ' ,( ';'

MI.O,: b~XM , ;tx• I:; U'A :'tI:; ; S:'L' • 51:-''k

[Hiespar'roich f sutoi'i'-rwhs'L

A,.1. •

~t'•.,at,""h, tol-trin,- , r~

Two chae~oynthetic autotrophic bacteria vere isolated
from stream leaching exposed ore bodies in BInabia Can-
yon, Utah. Earlier studies had established that the
laree amounts of soluble iron and copper in the strea&m
were of biological origin. One of the organisms found is
able to oxidize free sulfur, ferrous iron, iron pyrite&,
molybdenite, and several copper sulfide minerals. This
organism is very similar to Thiobacillus terrooxidans.
The second organism oxidizes free sulfur, but does not
oxidize the sulfide minerals. This one is similar to
Thiobacillus thiooxidans. Both or aniss are slimlar to
fThilosxcl in tolerating a high acid concentration (pR2. to 3T

These chemosjnthetic bacteria utilize carbon dioxide
as a source of carbon. The addition of organic materials
may stop or impede growth. Benzene inhibits pyrite oxi-
dation; acetone has some inhibiting action; kerosine, glu-
cose, and sucrose have little if any effect. Urea and
L-cystine my supply the nitrogen requirement; 0-alanine
and sodium nitrate do not. Optimum urea concentration is
0.05 9 per liter. On the basis of contained sitrogPUn
urea is 10 times ore effective than GMiMa sulfate as
a nltrosen source.
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TO DATA 1:1. iPHYS I lO,,;Y CF i'RCPT'. -('XIDIZIN I'ThRIA- I
M. kot , iU10 i :'" , : Is t1 (Se1t, -A r t, r 0 c t)

P _,search, ! i4n, t a,_teri, r .: ir'itio,,, xr ofle , F s..udomonas,

Mycot~aeterium, phjsiology, soil,'

The propane oxidizing ability of three Species of
acobacterium and one of Psuudoon.s i solated from the

subsol of Russian petroloum-bearing regions vS Oval-
uated by a atcrorespirometric method. ThO ability of
the culture to assimilate labelled carbon dioxide in the

process of chemosynthesis also was tested.

The endogenous respiration of 1OC million bacteria

amounted to 5 cu mm oxygen per hr. Additions of glucoso

increased oxygen consumption to 7 1/2 to 10 cu - per hr

and subsequent additions of propane to 20 to 50 cu m-

per hr. However, glucose additions which followed those

of propane failed to increase or even decreased the oxy-

gen consumption rates. This suggests that the bacteria

are not inclined to use up easily assiliIable organic

compounds in the presence of propane.

The propane oxidizing bacteria assimilated free car-

bon dioxide in the process of chemosynthesis, The

energy required for the process wva released in the

course of propane oxidation.

Bryner,, L.C.j, anA~ A.K. Jaimeson.
MIT7ORIAN;IS-ZC IN LUEACIING SULFIDrL MIERALF.
Appil'i-1 .iýrotioi. "I-:-- (July - .
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zcOS, "ind, ;u:ro> hav,- littP. [i' any ftI'Vt'ct. Urea and

/ L-cysti V 'ray supply ,ht-- nitrogvtn reqriprement; 13-alanine

airi(l no.lium nitrate ,Io nut. Optimum urua concentration is

u.') g I)(:r- liter. On th basis or' contained nitrogen,

airea is i1', timec more ff.Žetiv,: than ammonium sulfate as

a nitrogen source.

PDL-32681 Ross, Richard T.
MICROORGANISMS IN RELATION TO ORGANIC COATINGS. MICROBIOLOGY

OF PAINT FILVS `1•.3 ATTACK OF LINSEED OIL AND LINSEED OIL

FILMS BY MICROORGANISMS.
Official Digest 30:377-391 (April 1958)

(Research, paint, linseed oil, film, fungi, bacterial,

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: Pullularia pullulans,

Alternaria sp., Aspergillus niger, Cladosporium sp., and

one bacterium, Flavobacterium marinum.

Results indicate that linseed oil and linseed oil

films 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 lipolytic enzymes specific for the ester linkage

of the triglycerides in linseed oil and oxidative enzymes

which catalyze oxidation of both glycerol and fatty acids.

Cleavage of the ester linkages by any single micro-

organism produced free glycerol and free fatty acids.

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 oil films revealed an in-

creased isappearance of both conjugated and nonconju-

gated material with a concur-.ent reduction in the num-

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 COMPAPATIVE BIOCHEM-

JSTRY OF CARBOHYDRATE OXIDATION.

Texas Repts. Biol. Med. 16:79-100 (1958)

(Review, biochemistry, fulngi, carbohydrates, oxidation,

mechanisms]



0 T ''ll{ :,. i:-K :; [RATIC: 2ASUR.k,'%:T.T FOR
'T. '7lYT TA.3 FCH:.'A:TIh; OF STEROIDS WITH M.ICFOORc1Pu;IS'.

[ t.ii, L'ution, :Jorou: arisr. , steroi-ls,

FDL-3343?' LilIi (Vii i:,mIpany, Inlianapolic, Ind. Agricultural
ani Inlustrial Proliucts Division (W.!4. Cannon).

BACTERIAL INThIBITION IT; SOLUBLE OIL EMUINSIONS.
Produot Information Bulletir. (n.d.) ii p.

[Research, oil_, cutting, bactericide, o-phenylphenol,
mercury compounds, organic, ThimerosoiT

'Elcide 75', a proprietary bactericidal mixture com-
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 spoiad soluble da
emulsions, partial bacterial inhibition was obtained
with 12.5 ppm of Thimerosal, and complete Inhibition at
25 and 50 ppm. In shop tests, a common soluble oil 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 24 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 555,0(X
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 prepared soluble oil emulsion. Its con-
centrate form is caustic, corrodes aluminum, copper, and
brass, and must be protected from sunlight and high temp-
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 SIROVODIK 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, foreign, analysis, sulfate, reduction, bacteria,
hydrogen sulfide]



The biological reduction of sulfate was studied by
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 Vg per ml. The evaluation of spots
by two workers A4ffered on an average by 8.7%. The
method is suggested for the estimation of the number of

sulfate reducing bacteria in mineral waters.

Dostnlek, Milan anI Milos Spurny.
KULTIVACNI C!!IAKTFRISTIKY DESULIJRIKACNIC1! BAKTEhRII Z

DAFTOVYCH LOZISL:K [CHARACTERISTICS ON CULTURING OF ST'IA}HATE
REDUCING BACTERIA FROM OIL DEPOSITS].

C•-koslov. Mikrobiol. 1:1518-164 (1956)

[Rest-ar(.h, foreign, bhcteria, oil, sulfate, reduction, culture]

An attempt was made to culture desulfuriuing 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 sulfide produced and the length of
the lag phase. The initial optimim 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 the limits of zero to
-40 my. Good development of the culture occurs, how-
ever, when the oxidation-reduction potential is below

150 my. Hydrogen sulfide production was stimulated by
addition of 3 to 10 mg yeast extract per 100 ml nu-
trient solution. The concentration of sulfate in the
nutrient media affected 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
sulfide, but the lag phase was prolonged. -,The optimum
concentration is 0.07 to 0.28%ý sodium sulfate. Under
optimal conditions, the lag phase lasts2`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-is 48 to 72 hr. In cultures inoculated with bac-
teria precultured for a longer period, the lag phase
is considerably prolonged and irregular.



AL J -'-'I-%h 1 k, aeil S3.1. Rizk..
'O':Z 0*- OP S,1 LPATE-KEDUC11"" BACTERIA IN MIXED BACTERIAL

POFULATIONS.
Nature 12:5'8 (August 19>-B)

[Research, bacteria, Desulfovibrio, population, technique]

PDL-33518 Spurny, Milos, Milan Dostalek and Jiri Ulehla.
METODA KVANTITATIVNIHO STANOVANI DESULFURIKACNICH BAKMII

[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 stand-d bhYogen sulfide production curves. Curves
are obtained from mixed cultures of sulfate reducing
bacteria having a known number of organisms per milli-
liter. A nomoaran for evaluating the number of sul-
fate redu ing bacteria in cultures containing between
101 to 100 organisms per ml is given.

PDL-33522 Ben'kovskii, V.G., T.M. Bogoslavskaya and E.A. Drizo.
[SOME CAUSES OF DETERIORATION OF ANTICORROSIVE BTTUMINOUS

COATINGS (in Russian) ].
Akademiia Nauk Kazakhskoi SSR, Alma-Alta. Institut Nefti.

Trudy 1:65-75 (1956)

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

Bituminous coatings on iron pipe vere Investigated
vith respect to the SUfluenee of water, aqueo•s eleotro.
lytes, and electrochemical and bacteriological processes.
The influence of ground water on anticorrosive proper-
ties was evaluated according to the degree of swelling,
leachability, and water permeability.

Two bitumen-coated iron samples were buried in sepa-
rate waterproof soil boxes; one was wetted by a liquid
medium containing a bacterial culture of Desulfovibrio
desulfuricans, a sulfur-reducing bacteria. Both boxes
were periodically moistened with equal amounts of dis-
tilled water for 8 mo. A 0.14% decrease in sulfate ions
of the sample vetted with the bacterial culture was ob-
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.



The sulfur content of bitumen immersed in a 1 N soda
solution for 50 days decreased from 1.05 to 0.707- in dis-
tilled water the final concentration was 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 C.

Permeability of bituminous films with thicknesses up
to 0.5 mm was 0.5 mg per sq cm after 24 hr in distilled
water; films with a thickness of 1 mm were impermeable
after 70 days. Two films, one with 15% kaolin filter,
with thickness from 0.8 to 3.5 mm were tested in a 10%
solution of sodium chloride and 1 N cobalt sulfate solu-
tion containing cobalt-60. After 180 to 225 days expos-
ure, no penetration by cobalt and chloine ionL me ob-
served.

PDL-33773 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]

PDL-33875 Littlewood, Dorothy, and J.R. Postgate.
ON THE OSMOTIC BEHAVIOUR OF DESULPHOVIBRIO DESULPHURICANS.
J. Gen. Microbiol. 16:596-603 (June 1957)

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

PDL-33927 Tant, C.O., and E.O. Bennett.
THE GROWTH OF AEROBIC FACTERIA IN METAL-CUTTING FLUIDS.
Applied Microbiol. 6:3 8-ýCl (November 1958)

[Research, oils, cutting, bacteria, population, Pseudomonas,
Proteus vulgarisi

Pseudomonas and Proteus vulya~rs are probably the
oset iqortant orianism involved in the deterioration

of metal-cutting fluids. In a series of experiments
where fifteen different species of microorgantems were
studied for their ability to grow in fresh samples of
six c~unercial metal-cutting fluids, Pseudomonas aerue
ginosa and P. oleovorans were found to grow rapidly
and abundantly in all test fliolds and Proteus vul-
Mi in all but one. Klebsiella preuvoniae, fara-

coloactrum op., and Salmonella-t _were 6M
abundantly in marv products, wile Escherichia coli



and Staphylococcus aureus showed limited growth in a
few products; the gro•• -of ttese species vas depend-
ent upon formulation of the fluid and strain varia-
tion of the species. Organisms which did not grow in
test fluids include Achromobacter op., Aerobacter
aerogenes, Bacillus subtilis, Escherichia inter"edia,
Proteus moranii, a-hemoly-tic Streptoc s
and yeast species

PDL-33928 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) 44:413-423 (July 1957)

[Research, bacteria, sulfur-reducer, enzymes, physiology,
biochemistry, cytochromel

PDL-34221 Anderson, Kenneth E., Regina Lanigan, Francis Liegey, John
Worden, Frank Yackovich and Austin Finan.

THE DEVELOPMENT OF NEW BACTERICIDES AND FLOOD WATER TREATMEIT
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]

PDL-34236 U.S. Quartermaster Corps. Quartermaster Research and Engineering
Center, Natick, Mass.

PREVENTION OF MICROBIOLOC'ICAL DETERIORATION OF ARMY MATLRIEL,
FOURTH ANNUAL REPORT.

July 1958. 120 p.

PDL-34313 Gromovich, V.A., N.V. Ovchinnikova, S.I. Kusnezov, V.A.
Kusnezova and K.B. Ashirov.

[A CONTRIBUTION TO THE INHIBITION OF DEVELOPMENT OF 71E
SULPHATI-REDUCING BACTERIA IN THE OIL FIELD OF TIlE KALINOVKA
LAYER (in Russian with English summary)1.

Mikrobiologiya 26:j'30-3)y7 (May/June 19,1)

(Research, fore•ign, sulfide, oil wells, bacteria, sulfur,
corrosion, bactericide, formalAehyde]

Sulfide* and free hydrogen sulfide which often ae
found in o1l field water may cause serious corrosion of
oil ve*l equipaent. Studies in oil fields of the adby-
Shev district indicate that hydrogen sulfide formation



-esults from activity of sulfate reducing bacteria. Ad-
"tion of formaldehyde to oil field water in ountas of

100 rm per liter inhibits development of these bactLeia.
P~mping 1.5 tons of formaldehyde dissolved in 1200 cu

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

rounding vells.

PDL-34355 PostKtf, ,Johrl.
A DIAONOSTIC hiEACTIO!: 0i D0SU, HHOVIBh 1:0O D: LUrI'CA•.
Nature l%: ±t -1 : -' (1eUeuary

[Research, sulfur, tacteria, Desulf'ovibrio, identification,
technique]

PDL-34410 Jaegers, Kurt.
STABILIZED CUTTIN4G OIL EULSIONS (in German).
Ger. Fat. c_44191; April , 19K. 71 p.

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

Cutting oil emulsions are stabilized against bac-
terial action by addition of an alkali 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 do.
velopment, and color change upon contamination with a
2.5% culture solution.

PDL-34456 Ishimoto, Makoto, Thtsuhiko Yagi ani Nasaru Shiraki.
BIOChE£MICAL STUDIES ON SLTr EDUCIN.. BACTERIA. A. T1F

FliNICTION OF -_YTOC',1%'N~ OFr (
T F7 WDCN3 BACTERIA IN

DE-CO•OSITIOr OF FOR'AT: AID RED,,TION OF SULFul" ANt

HYDROXYLAMINE.
J. Bioche7.. (Japan) 4:1 &f-y1, (ow'ruLer 1

[Research, 1ýacterila, L;'!u:, Liu-'LWiotry,

PDL-344)o Egorovn, A.A., and Z.i'. 1>•riugit.
[A NHL:' ,M,.IhCN O 0i" PJ ... IN, .MY2 :i,,,: .... FT O: FO

it , i icsi(iri )
Ml',2Kot lologli,',i -,' ' L- 2:,.."A,,,-.:'t ,•I

e'arh, :-,:,' , 'tctri'i, ptroP,,um, ta:ornoyn, te, '!.dliue

A new method was developed for defatting petroleum
smears in studying microorganisms which take part in the
formation, transformation, and destruction of petroleum.



The method consists of washing smears in 1% solution of
OP-7 or OP-1O (composition not given) brought to 50 to
60 C, instead of ether, benzene, or gasoline. For good
results, slides must be washed three times in three dif-
ferent vessels prior to smearing. Water for the prepa-
ration of OP-7 and OP-1O solutions, dissolving dyes, and
washing 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-7 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 base water-alcohol solution.

PDL-34677 Hirabayashi, Seishi.
STUDIES ABOUT THE RELATION OF MICRO-OROANIIS• [sic] WITH FATS

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

[Research, fungi, bacteria, 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, Penicillium,
Citroayces, Cladosporium, Verticillium, Qidium, and
yeast. Addition of peptone to the media generally pro-
moted growth.

The decomposition of ether-extracted soya bean oil by
fungi was studied using 53 species of Penicillium, Asper-
gillus, 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, o.6o, 2.32, and 2.76, respective-
ly. The iodine value generally decreased, indicating
attack by microorganis-is. When it increased, some un-
saturated compounds were produced from glycerol.

A medium consisting of ether-extracted soya bean pow-
der and a nitrogenous salt mixture was most favorable
for growth of Aspergillus and Penicillium. The salt mix-
ture and soya bean oil was a less favorable grovth medium,
and the soya bean oil alone showed an iruhibitory effect.



Microorganism behavior is 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 dlauc. 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, Asperilus, Endomyces, and
Penicillium were isolated from paraffin medium. From
20 to 42% of paraffin in the medium was consumed by
these organisms after 2 mo incubation. When added to
a salt mixture, paraffin was a less favorable carbon
source for fungal growth than fats and oils.

PDL-: C021 Heios, J.. an'. V.L. Larn.:'.
T~~~~~aE T:U"T £R LLA OYý STRSi'~LzHU:L

Wire ani Wire UroduLcts, 1:1i%2 - 7' ,i J. (C 'tober 1 ; :%

[R ,/,•,pol:jethyiene, ....cr•,i•, " tem'•' , c aom~ -t ur,•,,

insulation, mrechanis'., ,,

Brittle failure or stress cracking of high-density
polyethylene for use as wire and cable insulation emn be
initiated by one or more of three distinctly different
mechanisms, 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 th, 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 reaction.

Factors affecting the brittle failure of polyethylene
include (1) average molecular weight, (2) molecular
weight distribution, (3) total crystallinity, (4) degree
of branching, and (5) purity. The first two factors pre-
dominate in environmental cracking; the third is impor-



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 groups (e.g., carbonyl)
not only encourages oxidation, but also reduces the con-
tact angle between polymer and medium.

High density polyethylenes are more susceptible to
thermal embrittlement than low density formulations.
Blending the two in suitable proportions decreaes 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 pos-
sible approach to reducing stress cracking without
sacrificing desirable characteristics is the irradia-
tion of polyethylene and other post-forming treatments.

PDL-350(9 Isf-.ýer•:-, D .L., and E.O. Bennett.
BACTN.,!AL DETERKORATI O,1 LMýUL,;ION lT_,'. IT CTT5. 0ATUR TH'

RFLATIONSHIP BET:W:IUE AEOB:ER AOKE - ULFA h-RFTD•UIN" BACTERIA.
Appli,,d Microticl. 7:121-125 (Mlarch p

[Research, oils, cutting, bacteria, suIfur]

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-
tion-reduction 'potential and production of nutrients by
the aerobic flora are possible secondary factors which
may stimulate growth of the sulfate-reducing bacteria in
these products.

PD -ý5071: ]uy c L.J. nr' a O b :':,,t
BACTE.RIAL 'LTL:'"nrjRT" C CY K2"& zn;" ....... .:. w* :A,-" .......

AIpplie Mi r .Ai ' I. "

Spoilage of emulsion cuttlrAn oils is shown to be the
result of the combined activities of two distinct types
of microorganisms: anaerobic sulfate-ieducing bacteria
and a variety of ht.terotrophic bacteria, the majority of
vhich belong to the rernus Pseudomonas. Certain inorgan-
ic salts present in the mediu, used also were necessary
or contributory to deterioration. These included potas-
sium monohydrogen phosphate, magnesium sulfate, ammonium
sulfate, sodium sulfate, and ferric aamonium sulfate.



'dher, tdiese salts were present, Gpoilage continued throughfi-.C'34~bulurs The organic ccauponents of the medium
(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.

and O(H *:!,-A, STUDIESf 01, 2ULFATE-R!ED1CITIG BACTERIA. . ULFAT11.
i'DL-35159 1i:DCI1 YCELL SUSPEIIIi' A. TU OCER~SSE

J.iochern. (Japan) 41:537-514V, h]4 763-770 (195*;.)

[Pacturin, sulfate-reducer, Desulfovibriop biomrechanisrn]

PDL-3518b4 Ishimoto, Makoto, Jiro Koyama and Yutaka Nagai.
BIOCHEEMICAL STUDIES ON SULFATE-REDUCING BACT-ERIA. 4. RETYJCTIOL'

OF TH1IOSULFATE BY CELL-FREE EX(TRACT.
~ u~J. Fiochem. (Japan) 42:41-53 (January 1955)

[Bacteria, sul-fate-reducer, t.hiosulfate,, biomrechantsm, teots-

?DTL-35188 G kiyr. cc, .J., and E.O. BennE~tt.
THE SIENSITIVITY OF SULFATE -REDUCING BACTERIA TO ANTIBACTERIAL

A'3F1rTS. (THE MERCURIALS').

Producers Month-ly 23(l):15-17' (Novem~ber 19-1-1)

[Research, bacteria, sulfur, toxics, mercury compounds, organici

!i1 dehirtyudifafereNneto thec ompoud we ersuded effectiveir
Tnhibtrtctvtydifrn aeguainta clture studied fovirthir

inhibitory actiit agintaonue of thDopudswr ?ecufveibri
concentrations of 50 and 25 ppm. The two most effect-
ive, M4etaple and phenylmercury 8-quinolinolate., com-
pletely inhibited hyd~rogen sulfide production for 28
days at a concentration of 100 ppm. Ethylmercurithio-
salicylate, methylmercury acetate, and phenylmercu:y
acetate were effective at 250 ppm. Eleven of the cam-
pounds. were ineffective even at 1000 pnu; nine were ef-

= fective at 1000 ppm and five at 500 ppm.

PDL-35851 Harris, J.0.
MICROBIOLOGICAL STUDIES REVEAL SIGNIFICANT FACTORS IN OIL

AN) GAS PIPELINE BACK-FILLED DITCHES.
Kansas. Agricultural Experiment Station, Manhattan. Dept.

o-,f flacteriolog~y. Technical Bulletin 102 (May 19',9) 12p

[I BwAt'via, fung-i, yeast, Plseudomonas., Micrococcus, Act iromycer,
Er~'iaAspergillus, Botrytis, Penicillium, Encomyces,

T'hiobacilluz, hydrocarbons, coal tar, asphalt, waxes,



........... ,,o i , ...... ition, soil]

D-Stewart, , . . .. .. tvensorn, A.C. Jones
an,' D.O. Schizzl,,r.

,ACTi,:IAL HYDROCiBBOiN OXIDATIu:,. 1. OXIDATIO14 OF N-HEXADOCAINE
BY A RXA.-,LGATIV! 0C2U5.

J . 2acteriol. 7 : Ii. . (Septem ut.r 11'--,;o)

[H/yirocarbons, petroleum, parat'fiz, oxidation, bacteria,
M.4ethanomonan, Candida, Pseudomorns, tests]

PDL-35878 Strawinski, R.J.
A MICROBIOLOGICAL METHOD OF PROSPECTING FOR OIL.
World Oil l4l(6):I04,1~0ý,i09-iI0,112,115 (November 1955)

[Petroleum, oil prospecting, bacteria, biomechanism, soil
sampling]

?DL-35879 Hutton, William E., and Claude E. ZoBell.
THE OCCURRENCE ATD-CHARACTF.RISTICS OF METHANE-OXIDIZING BACTERIA

IN MARINE SEDIMENTS.
J. Bacteriol. 58:463-473 (October 1949)

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

PDL-35880 Davis, John B.
STUDIES ON SOIL SAM4PLES FROM "PARAFFINE DIRT" BED.
Bull. Am. Assoc. Petrol. Geologists 36:2186-2188 (November 1952)

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

PDL-35881 Stewart, James E., and R.E. Kallio.
BACTERIAL HYDROCARBON OXIDATION. II. ESTER FORMATION FROM ALKANES.
J. Bacteriol. 78:726-730 (November 10959)

[Hydrocarbons, paraffins, oxidation, bacterial

PDL-35882 Strawinski, R.J., and J.A. Tortorich.
PRELIMINARY STUDIES OF METHANE-OXIDIZrNG BACTERIA AND THEIR

POSSIBLE ROLE IN OIL-PROSPECTING.
Bacteriol. Proc. 55:27 (1955)

[Petroleum, oil prospecting, bacteria, methane, techniques]
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P• .:., .... ip l p,'tl:.,, ••il z~x'1 ~;,n at~cteria, anailysis,

,'D.- 4 "'•. i,, Claude r:. (aosig-nor to A.:t ricin Pe-troleum Institute)

!•cT1;RIOLOGICAL PROCESS FOR TREATr!'NT OF FLUID-BEARIING
1-ARTH FORMATIONS.

".S.� Pat. 2,413,278; December -,, 1)40. 4 p.

[Oil well, recovery systemn, bacteria, patent]

i.•, PDL-•598 Taggaxt, Millard S., Jr. (assignor to Standard Oil Development Co.)

OIL PROSPECTING IETHOD.
U.S. Pat. 2,234,637; March 11, 1941. 2 p.

[lP-troleum, oil prospecting,, bacteria, methodology, patent]

I PDL-360J4 Mackenzie, K.
TH{E METABOLISM OF VIBRIO DESULFURICA14S IN ANAEROBIC PETROLIFEROUS

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

[Petroleum, bacteria, sulfur, Desulfovibrio, nutrition, metabolism'

PDL-3613 8  Bennett, E.O., C.L. Adamson and V.E. Feisal.

FACTORS INVOLVED IN THE CONTROL OF MICROBIAL DETERIORATION.

1. VARIATION IN SENSITIVITY OF DIFFERENT STRAINS OF T"1E

SA14E SPECIES.
Applied Microbiol. 7:368-372 (Noveýmber 1959)

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

Fifteen cultures of Pseudomonas aeruginosa were

* studied to determine their sensitivity to ten phenoln in

• nutrient broth (pH 7.0), to metal cutting fluids (emul-
sion oil at pH 8.5), and to nine nev nitroparaffins in an

emulsion oil. Statistical evaluation showed three types
of variations in sensitivity: (1) between different

S~strains, (2) between individual strains, and (3) between

A particular environments in which the inhibitor was stud-S~ied. Cold storage increased the sensitivity of'some

N strains to certain phenols and increased their resistance
to others. Variations were greater with scme inhibitors
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 inhibitors was greater than to the phenols.



. 4

[Ols tac~ iL -,* t.:.. ' A:tro::-yD, ,wt.r, t

Effects v; 1*teriostatic agents in petroleum contain-
ing lubricsara such as cutting oils, hydrocarbon fluids,
and core oils have the formula: ROCH(R')C(X)NO2 R where R
is methyl or ethyl, R' is an aryl, substituted aaryl 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-l-(3, 4-dichlorophenyl)-l-methcxy-2-ni-
trobutane, and 1- (2-furyl)-2-bromo-l-mothaxy-2-nLtropro-

PDL-36427 Anonymous.
MICROBIAL ATTACK ON OR FORMATION DF HYDROCARBONS.
Abstracts. (n.d.) 68 p.

[Hydrocarbons, petroleum products, bacteria, fungi, abstracts,
biblioigaphy]

PDL-36555 Leonard, John M.
FUEL F•UIGI.
Naval Research Revs. (February 9lTh) _ p.

[Je, ••'A f•'•,br,-terin, -itaminant]

Jet fuels can support the growth of certain fungi
and bacteria. Pellicles and mycelium resulting from
such growth 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 inaccessible 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 nperating by water displace-
ment, and in-aequate amouncs in fuels where water is a
variable contaminant.
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.'DL- ;,9J :W,:ck. Jay V.
A FEhROUS-ION-OXfl)IZING BACTERIUM. 1. ISOLATIONi AUD SO~M

GE,•,RAL PHYSIOLOGJCAL CHARJACTEhRISTICS.
J. Bacterioi. 79:502-50? (April 1960)

[Bacte.ria, sulfur, iron, Ferrobacillus, Thiobacillus,
physiology, growtn, isolation, technique]~

.DL-372•9 Shaposhnikov, V.V., L.N. Kondratieva, and V.2. Fedorov.
A NEW SPECIES OF GREEN SULPH[UR BACTERIA.
Nature 187:167-168 (July 19(0)

[Bacteria, sulphur, Chioropseudomonas, classil.ication]

PDL-57270 Wolf son, L.L.
MICROBIOLOGY IN SECONDAIRY RECOVER{Y SYSTEMS
Corrosion 16:132-13h (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-
i1, slime fOr-mera, and corrosive (sulphate reducing)

bacteria are considered. Lire cycles and nutritional
requirements of these organisms are treated with empha-
sis on the effect of di~fferent types or bacteria on
each other. Clostrid~ium, a genus or bacteria capable
of hydrogen suilfide 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

S~metabolism. Flood water containing them turn black up-
on standing, produce gas, and the bacteria emit a putri-S~factive odor when proliferating.



Since the spores ar- a reit..ng stage, they resist
adverse conditions of extreme temperature, pressure,
chemicals, and lack c.' food. They are correspondingly
hard to kill. Hydrogen sulfide or iron sulfide pro-
duced by them may cause a generalized or slab type cor-
rosion and pitting.

'''r'~ 1 y ;~. L , -.. t H.:'_: ,t-1n :.: ., f;iJ~t.azinue,

Y r:{',"ot i " 11

A piperazine derivative, l-(5-nitro-2-thiazolyl'-
4-acetylpiperazine is a specific inhibitor of anaerobic
organisms including Gram positive and Orem negative
bacteria, actinomycetes and protozoa, but not their
aerobic counterparts. The minimum inhibitory concen-
tration fnr anaerobic organisms ranged from 0.7 to
1 pg/ml, for Trichomonas vaginalis to 250 Pg/ml for
Clostridium perfringens. The aerobic and facultative
organisms were approximately 300 to 1000 times more
resistant than obligate anaerobes, rvgardless of tax-
onomic status.

The effect of the compound was microbiocidal, since
exposed populations were rendered sterile within 24 hr
at the minimum stated inhibitory concentration. The
activity against susceptible anaerobes was independent
of pH, exogenous protein, and could not be reversed by
20 times the concentration, on a molar basis, of such
substances as thiamine, riboflavin, folic acid and
adenine.

The selective inhibition of obligate anaerobes was
not related to anaerobiosis per se, since facultative
organisms under anaerobic conditions showed th7:r nor-
mal resistance to the piperazine. Blocking haem pig-
ments of facuj.tative organisms with potassium cyanide
did not induce sensitivity to the drug. Desulphovi-
brio desulphuricans, which possesses a reversibly
oxidizable pigment similar to cytochrome c 3 , was as
sensitive as anaerobes such as Clostridium novyi and
Trichomonas vaginalis, which are totally devoid of
such pigments.-



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 and aqueous

salts solution; the fuel was the sole source of carbon.
The test bacteria were 17 cultures obtained from bottomI sludge in JP'?4 fuel storage tanks; all were checked for
ability to grow in the presence of JP-5 fuel. The tox-
icants included mercaptobenzothiazole compounds,, aJ~i chlorinated thiobisphenol, several quaternary compounds,
sodium tetraborate, silver, tetraethyl~lead antiknock

mixture and its two principle constituents, pure tetra-
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 concentrations. 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 keeping mi-

crobial contamination to a minimum in such areas as
storage tanks. Silver metal, toxic at exceedingly low
concentrations, was bactericidal in smaller amounts
than required for fungicidal activity. Tetraethyl.lead
and ethylene dibromide incorporated individually in

JP-5 at roughly 0.13 and 0.5 ml per gallon, respective-
C ly, were inhibitory to bacteria. In combination in the

antiknock preparation, however, these compounds ex-
hibited a lesser degree of toxicity. Work on the pro-
blem is proceeding.

PDL-37915 Bennett, E.O., and R.H. bauerle.
THE SENSITIVITIES OF MIXED POPUILATIONS OF BACTERIA TO IIJ1IIBITORS.

' ~~~~Australiar J. Biol. Sci. 1:•-h,(90

[Mercury compounds, nitroparaffinr, phenols, bacteria, LOXiCs,

sul-fur

The sensitivities to three classes of inhibitors of
"pure and mixed cultures of Pseudomonas aeruginosa and

Desulfovibrio desulfuricans were determined. Five ph

six tercurials and six nitroparaffins were used, and the



inhibitory conc.ntratior. in parts per million of each
compound is given for both pure and mixed cultures. In
addition, the senbitivity of one culture in the presence
of dead cells-of the other to one compound from each
class of the inhibitors was aetertined.

The presence of P. aeruginosa produced in some cases
an increase in resistance of D. desulfuricans to sub-
stituted phenols a consistent increase to nitroparaffins,
but no marked response to mercurials.The sulfate reduc-
ing bacteria 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 bacteria 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.

PDL-38654 DcC;ray, R.J., and L.N. Killian.
BACTERIAL SLIN AND CORROSION IN PETROLEUM PRODUCT STORAGE.
ind. Eng. Chem. 52:7ý'A-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 water 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 promote 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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I ••L- tPost 'at. uohn.k SUL1 ,ATL,•T LDIJCTIO" BY 'TAIA.
Annual Review o" 14icrobiology, Vol. 1:505-520 (195')

J [Bact,:ria, sulfur, Desul:'ovibrio, classification, culture
metabolism, biomechanism, bibliography]

PDL-39337 Ginzburg-Karagicheva, T.L.[MICROBIOLOGY OF PETROLEUM (in R-.ssian) i.

Priroda 4'(:#-1 • ('hrch 195!)

[Petroleum, bacteria, sullfato-ruducer, metabolism, biomechanism,
microbiology, foreign]

PDL-39784 Bennett, E.O., and ) .U. Futch.

NITROPARAFFINE INHIBITORS FOR CUTTING FLUIDS.
Lubrication Eng. 16:228-230 (May 16jO)

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

Sixteen nitroparaffins wera studied for their abil.
ity to inhibit microbial gro-rth in sIx different major
metal cutting fluids. Tris(hydroxymethyl)nitromethane,.
2-nitro-2-ethyl-1y,3-propanediol dipropionate, 2-bromo-
2-nitropropyl acetate and 2-nitro-2-ethyl-1, 3-propane-
diol exhibited superior activity against both aerobic
and anaerobic flora commonly found in these products.
Somenof the nitroparaffins were superior to over i00
phenolic compounds previously studied; tests with
aerobic bacteria were carried out at 1000 ppm, and
It 800 ppm with anaerobic sulfate reducing bacteria
(Desulfovibrio desulfuricans). The inhibitory activ-
ity or tris(nydroxymethyl)nitromethane is believed to
be due in part to its ability to release formaldehyde
slowly in alkaline environment. Nitroparaffins which
do not release formaldehyde are added to undiluted
products by the manufacturers. In general, the nitro-
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.



In the procedure uses, each test unit was reinoc-
ulated with a mixture of bacteria once a week. This
is a more effective procedure than the use of a single
inoculation at the beginning of the experiment. For
example, with a single inoculum, 2-nitro-l-butanol
was completely inhibitory for 101 days in a concen-
tration of 500 ppm. When fresh inoculum was added
weekly, the same compound was effective for 78 days
in a concentration of 1000 ppm.

['DL- ,'"!'4 Anonymous.MI TES, N'ETING 01.' AD •Itu,_ U I . LO ;I :A L AI1h ." C Ai,

GROWTHiS IN 11t4IL , iF'jntauor , War:•hi nton, .
January 196, 1U1. (6 p.

I'DL-)+I- 4 Hitzman, Donald 0., aid ialph P. Schn-iur (assn,'not:; tu
Phillips Pf-trolcum Co.).

MICROBIOLOGICAL CORROSION PROTECTION FY (OERMICIDAL ZONE
AND PROTECTIVE COATING.

U.S. Pat. 2,979,377; April 11, 1961. p.

[Metal, corrosionproofing, bact'-ria, soil, toxi(, coatings
(organic), tanks, pip,:, posts, patent]

Buried and partially buried objects are protected
against microbiological corrosion by: (1) applying a
protective coating material containing 5 to 500 ppm
(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., bitumen-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 microorganisms,
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, nitrosify-
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. 47Yb). Apart
from copper 8-quinolinolate, 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.

I In view of the relative immunity 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

1 oz finely divide", metallic silver to 100 gal Type 53
latex is under study.

PDL-h060(ý Watkins, L'.M. (Sinclair •:,: ,trh LDt oratori,2:z, Na'v' Y ,
MIc':OORMAN IS!) A17ECT OTL.
De{rn'Ž.br 1'IW,0. IC p.

4 [BaLter.ia, oils, fuel, !"torat,:, r..view,

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
is known to occur in clear oil layers. Rate of consump-
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 methane. Aliphatic compounds
are more susceptible to m.lxed cultures than aromatics or

naphthenics; olefins more than paraffins; and long-chain
hydrocarbons more than similar compounds of low molecular
weight. Gasoline, kerosine, lubricating oil, and paraf-
fin wax are oxidized in this ascending order of ease.

]



Coloration or d4s,:ýoration may result, but f~els
-Ay remain clear despite r.abundance of filter-clogging
organisms. Bacteria 7ay -icstroy or seriously impair the
efficacy of rust inhibitors. One type badly corrodes
brass, forming a heavy gel. Hydrogen sulfide produced
by anaerobic reduction of sulfate in tank water bottoms
and oxidized by air to elementary sulfur can render fuels
unusable . Centrl..ga1 pumping of the heavy scum of
fuel, rust, and biological matter usually :resent at oil-
water interfaces invariably produc lerable =mul-

aions. Deterioration of transformer oils and lubricants
and diesel fuel in laid-up engines has been attributed to
oxidizing bacteria. Cutting oil enulsions require bac-
tericides to prevent break-down.

Filters are commonly clogged by invisible biological
slimes. Insoluble impirities in oils include the pro-
ducts and byproducts of petroleum consumption by>lO0
biological species of about 40 genera. Degra.dation of
stored oils is commonly marked by an odor of hydrogen
sulf'ide, rancid fat, ammonia,'or mildew. Bacteria may
lower the octane rating of gasoline stored over water
either by preferential attack on branched-chain hydro-
carbons or by promoting the prý1iinitation or degrada-
tion of tetraethyllead; significantly, all commercial
gasoline inhibitors are bactericides. Substantial water
tolerance variations in refinery stocks may be attribu-
table to biological creation oif polar molecules in
either crudes or distillates; clear stored fuels can
form interfacial sCIums when shaken with water.

Anaerobes accelerate interr.a, pitting of tank bottoms;
coating insulatir is broien down. In working tanks and
tanker holds, they may at e.el thcmselves under ru3t
blioters; aerobes cooporqtq Ly quickly removing free
oxygen. Consumption of petroleum 3pilled on soil is
:apid. Such contaml:Aation may reduce soil fertility
during the first year; cventually, the activity of oil-
consuming bacteria may increasoe fertility. Subsequent
spillage on the same c:ý_rfact is concumed even more
quickly by the heightened conceatration of bacteria.
Agricultural oil sprays nourish bacterial populations,
so that subsequent applications disappear more rapidly.
Asphalt slowly decompoces 'hen mixed with normal soil,
but not in sterile soil. Bactoria control oil pollution
of water both by oxidation and by causing the oil to
sink.

Biological activity may develop explosive concentra-
tions of methane in tanks, and cause oxygen depletion
in inactive tanks. Oil products are heat-sterilized In
refining. Reinfection can be controlled by: (i) clean-
liness of containers and pipes; (2) elimination of water
bottoms; (3) substitution of distilled or rain water
(low in essential nutrient mineral salts) for less pure
waters; and (4) use of suitable bactericides.



Ir

.h,.'!ý' ;!A - I'lYSI 0LO,;Y AiD PRACTICAL SIGNIFICANCE.
S~t.•: or. t'...or,.tl ar,9 ,Mppli,.- !1 ,ptcts of modern

r:miAroa io]o,y, sponnor,,I .Jointly by the Amer. Cyanamid Co.,
7.h. i'. r arn o. , an! M.rci. and ';o. (196,O/61) 32 p.

[Pactv.ria, Ur, Dizullovibrio, corrosion, physiology,
1Aiornmf-harii-r, rtvi-w, thiblioofraph: I

F)DL-4II0O Andreycvskiy, I.L.
[BACTERIAL ACTION ON PETROLEUM STRATUM (in Russian)].
Priroda h7:90-91 (October 1959?)

[Bacteria, sulfur, nitrogen, petroleum, 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. Microbiological change
occurring in petroleum fractions under laboratory con-
ditions depended on the composition of the fractions,
culture conditions, etc. For example, in the 250 to
400 C fraction, the action of microorganisms resulted
in an increase of naphthenes 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, i.e.,
conditions of 'nitrogen hunger," which evidently stimu-
late the utilization by bacteria of the heavy, nitrogen-
containing petroleum fractions. This was confirmed in
laboratory experiments. In the absence of nitrogen
in the culture media, the heavy 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 sul-
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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I .J. 1.. '-'mast•'r Corps. Quartermnst,.r H,:suarch and
lri~h', ing" 'ommanrd, Naitick, Mass. Chemicals arid I'Ia::tir';
DivivIuri. Microblioloiical Deterioration Series No,. >

(June I 1 )l I ) 1) .

(Bacteria, sulfur, Desulfovibrio, corrosion, iron, stet,1,
fuels, cutting oils, petroleum, products, oils, storaig
toxics, bibliography]

PDL=-)41241 Sharpley, J. Miles.
MICROBIOLOGICAL CORROSION IN WATERFLOODS.
Corrosion 17:92--96 (August 1961)

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

PDL-41423 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.

PDL-41533 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, antibiotics, sensitivity, toxils, tests)

FDL-41557 Horvath, Jozsef.
CONTRIBUTIONS TO THE MECHANISM OF ANAEROBIC MICROBIOLOGICAL

CORROSION.
Acta Chim. Acad. Sci. Hung. 25(l):65-78 (196o)

[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 phasei- of the experiments, are interpreted on



the basis of bacterial activity and the place of pre-
cipitation of corrosion products. Correlations between
results obtained in the laboratory and thooe observed
in practice are discussed in connection with the possi-
bility of mitigating anaerobic microbiological corrosion.

PDL-415cI9 Aml rose, Henry A. (assignor to ý;uif Research & Development
Co., Pittsburgh, Pa.).

TRiATMENT OF DISTILLATE FUEL OILS WITH AQUEOUS ANTI-MICROBIAL
AGE NTS.

U.S. Pat. 2,975,04j; March 14, 1911. 6 p.
r

[Fuel, oil, depositproofing, microorganisms, toxic, patent]

A method of preventing formation of biolgical
els ein distillate fuel oils comprising at least two

fuel oil fractiong ooiling in the No. 2 fuel oil
range is presented. At least a portion of one of the
fractions with a total acid number of > 0.1 is
treated with 1 to 20 vol % of a 2 to 400 B4. aqueous
caustic soda soluticn. Tne neutralized oil Is then
separated from the partially spent solution and
washed with 10 to 200 vol % water cozitairnin 0.001 to
0.1% of an oil insoluble microbicide, e.g., the
sodium salt of 2,4,5-trichlorophenol, an alkyltolyl-
methyltrimethylammoniura chloride whose alky, group
contains 9 to 15 carbon atoms, or an alkyldimethyl-
benzylammonium chloride whose alkyl group contains
8 to 18 carbon atoms. After s-paratAon from the
wash water, the neutralized oil is blended with the
other fraction or fractions to form a fuel having an
acid number % 0.1 and resistance to microbial gala-
tion.

PDL-41570 Gulf Research and Development Co., Pit~sburgý, pq. (A-thar V.
Churchill and William W. Leathen).

DEVELOPMENT OF MICROBIOLOGICAL SLUDGE INHIBITORS.
U.S. Department of the Air Force. Aeronautical Systems

Division, Wright-Patterson Air Force Base, Ohio. ASD
Technical Report 61-193; ASTIA Doc. AD-263 009 (June
1961) 66 p.

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

A total of 184 microorganisms were isolated from jet
fuel-vater bottom samples collected from storage tanks
at nine Air Force bases. These isolates included 75
fungi, 104 bacteria, and 5 nonclassical iron-depositing
bacteria; 61% of the total isolates remained viable for
20 days in Jet fuel-mineral salts substrates. These tay



be considered to have the ability to attack the hydro-
carbons and form sludCe. The viable isolates appeared
to fall into five fun-al •nd trxee bacterial groups. The
most predominant and dura---tIe fungal group were the brown
fungi, with 87% surviving the 20 day viability test.
Among the bacterial gro,.ps, t:._ more homogeneous and
transparent bacterial species predominated although the
heterogeneous and opaque bacteria had the greatest sur-
vival rate.

Of 178 water-soluile materials evaluated as potential.
sludge inhibitors, alkyl quaternary ammonium acetate
(C1 7 H3 7 0 2 N), dimethylamine borane, and tri-n-butyl
borate were effective microbicides 0nd are recommerded

for trial in bulk storage 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-
crease in dielectric constant, microorganism did not
appreciably affect properties of Jet fuel.

Ip]2h-•,!< ., S ~Cr.amer ud, a i -, Jr. (assignor to 2ulf Oil Corp., ittos! 2w,,
Pa. ).

i"UhL OIL (01. O3l1OUm C OTITA!NIN ANTiMICinOBIAL AG"ETS.
U.S. .at. C,75,042; March 14, Pt1. p.

[Oil, fuels, fungi, Lacteria; toxic, patenti

Microbial gel deposition in petroleum distillate

fuels in contact with an aqueous phase can be con-

trolled by addition of oil-soluble materials such as
a 40% solution of formaldehyde in n-propyl alcohol,

Dowicide 1 (o-phenylphenol) or n-propyl alcohol or

by water-soluble, oil-insoluble compounds such as
mixed alkytolylmethyltrimethylammonium chlorides con-
taining alkyl groups witn 9 to 15 carbons or mixed
alkyldimethylbenzylammonium chlorides having alkyl
groups with 8 to 18 carbons. Tle water soluble
compounds are dissolved either in the bottom water
or incorporated in the oil using dispersing or blend-
ing agents or a mutual solvent such as acetone,
alcohol or glycerol. Effective concentrations in oil

or bottom water range from 0.01 to 1.0 vol %; 0.1%
usually suffices. Oil may be treated at any point
between refinery and burner or after infection.
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i As, c. so .c'': I .- ( •, (April 1 i)

altr~La, anaerobes, c'ulturej

A simple, fast, inexpensive and clean method of
cultivating anaerobes is described. An inoc . ated
plate and Eh indicator (B.B.L. thioglycollate-resazurin
broth incorporating 1.5% agar) 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 mm, 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 50% aqueous solution of an-
hydrous sodium carbonate. The cap is inserted in the
polyethylene bag and the bag inmediately sealed with
3/4 in. cellulose tape and incubated.

The method produced good .rowth of Clostridium
perfringens, C. tetani, C. snorogenes, and anaerobic
streptococci within 1 to 24 incubation. The resazurtn
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.

PDL-41959 Erisson, G. Lee and Margaret L. Wulf.
INVESTIGIATION OF CORROSION AND MICROBIOLOGlICAL DEGRADATION

IN INTEGRAL FUEL TANKS.
Boeing Airplane Co. Wichita Division, Wichita, Kansas.

Document No. D3-3629 (February 19b1) 1" p.

PDL-41986 2ozanova, E.P., and L.D. Shturm.
STUJDY OF AMINO ACIDS RELEASED INTO THE 1MTDIUM BY MICROORGANISMS

GROWING ON PETROLE;UM wITHr TO TU GENESIS OF OZO..-R.T1.-

LIKF BITUMENS.
Microbiology 29:51 -5, (March-April P,0,1)

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

A large variety of amino acids were found accumula-
ting in the culture fluids of '2cobacteriu mucosum,
Mycococcus ruber, Proactinium psraffinae, . corrallinus,
P. actinoides, Penicillium nitatum, and F. chrysogenum
on mineral medium containirn .araffin-base petrpleum as
the source of organic material under aerobic conditions.
These amino acids were probs17 products of autolysis of
microbial cells, and were apparently in the form of
hydrolyzable complexes. The mo3t varied composition



(15 amino acids in all) was tound in Proactinium coral-
linus, which, along with fungi, formed a thick pellicle
on petroleum. However, only slight growth was observed
and no amino acids were found in the culture fluid of
this organism on the same me Li~i but without the addi-
tion of petroleum.

Comparison with the amrin: jzids found in ozokerite-
like bitumens shows that the amino acid composition of
the petroleum contains all the amino acids present in
the bitumen and more. Amino acids in the bitumen were
df-tected only after hydrolysi3 with 25% sulfuric acid
and only in the more altere t fraction of dark paraffins.
Data obtained suggest that the 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 P•YSIOLOGY 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]

I)L-42107 Skalon, I.S.
A r L, METHOD FOR SEPARATING AEROBIC AND ANAEROBIC SPECIES OF

MICROORGANISMS.
Microbiology 29:657-658 (May-June 1961)

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

PDL-h211( Coursey, D.G., and H.O.W. Eggins.
MICROORGANISMES RESPONSABLES DE L'ALTERATION DE L'HUILE Dv

PALME PENDANT LE STOCKAGE [MICROORGANISMS RESPONSIBLE FOR
THE ALTERATION OF PALM OIL DURING STORAGE].

Oleagineaux 16:227-233 (April 1961)

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

A mycological study was made of 202 samples of oil
which were collected at various production and storage



sites in Nigeria, 18 collected in Ghana, 6 in Sierra
Leone and 6 in South Cameroun. Numerous lipolytic fungi
and yeast were !solated fr om these samples on ar agar
medium containing oil, 'I.- and Nile Blue pH indi-
cator. The frequ,.ncy of occurrence of tne fungal species
isolated varied within wile limits. Thus, Paecilomyces
varioti was found in 53 sa-.•.pIes, Aspergillus gigantea in
46, A.nier in 33, and Rhizopas nigricans in 31. Among
species found in a few samples only were: A. tamarii,
Monilia acremoniur., Penicillium luidosum, and Mucor
corticolus.

These 7 species and two species frequently occurring
in fruits of the palm tree (Cunninghamella elegans and
a Sclerottumr 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
were made of the 'lipolytic effect' of the fungi, i.e.,
of the difference between 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 oil 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 fungi accelerated the
rate of palm oil hydrolysis. A niger, A. tamaril, Paecil-
omyces varioti, Rhizopus nigricans, and Sclerotlum are
classified as strongly lipolytic, causing after B wk a
lipolytic effect of 1.5-3.3 even at low water concentra-
tions. The remaining 4 species were weakly (0.5-0.9)
lipolytic. For most species the lipolytic effect was
somewhat higher at high water contents. Since the lipo-
lytic activity of fungi is significant at water concen.
tratlons below the permissible maximum for expart (2%),
the lipolytic microort nisms can be considered as the
main cause of palm oil deterioration during storage
at temperatures at which the autocatlytic hydrolysis
process is very slow.

PDL-1?I;2 Stor'nort, P ..
DO J IT 1F"I<1 RVA'TIA A ' v,- , r', I; h i:.L;T3LN.
Oil an J.T ( : . 1 ,1

[I? :] , j¶t, ol i, k•:¾, i, , ,t :'i , .toaEr-., I'; -. vu'

PDL-421J8 Fu, f.
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P'DL-*.,1' . .,lv 'izrrn, M..virv P., Martln 11. Rogoff and Irving Wendtr
HAC'TEHIAL OXIDATIO[N OF PYRITIC MATERIALS IN COAL.
Appli.- Mi(robiol. 9:h491-4,) (November 1961)

1 ::it, o;xioatloui, kact! ria, iron, rul'ur, F', rrobacillus,
Thiobacillus, tcstt s

PDL-4,2t9 Jones, Galen E., and Robert L. Starkey.
SURFACE-ACTIVE SUBSTANCES PRODUCED BY THIOBACILLUS THIOOXIDANS.
J. Bacteriol. 82:788-789 (November 1961T

[Bacteria, sulfur, Thiobacillus, culture, growth]

[TPL-42•5~, Shell Research Limited, London.
NOVEL IIYDRAZIDES, T1!EIR PREPARATION AND COMPOSITIONS CONTAINING

r[I.IEM.

.;t. Prit. Pat. Spec. 861,949; March 1, 1961. 5 P.

[Fungi, bacteria, hydrazides, leather, paper, textiles, cutting

oils, patent]

Hydrazine derivatives of the general formula
X4(R)N(R' )Y are highly active against a wide speatrum
of bacteria and fungi including plant pathogens. R
and R' represent a carboxylic acyl group with 1 to 18
carbons; X and Y are preferably SCC13 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 squeo uscutting
oils to protect against damage by fung and bacteria.

PDL- 4 266t0 Lagardu, E.
ETUDE DU POUVOIR BACTEURIOSTATIQUE ET BACTERICIDE DE QUELQUES

COMPOSES VIS-A-VIS D'UNE SOUCHE PURE DE BACTERIES SULFATO-

1hEDUCTRTCES [STUDIES ON THE BACTERIOSTATIC AND BACTERICIDAL

ACTIVITIES OF CERTAIN COMPOUNDS AGAINST A PURE STRAIN OF

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

(Bacteria, sulfur, toxics, amines, amuouium compounds (substituted), copper
comounma (crrganto), foreign)

The following preparations used in the petroleum industry for control
of biological corrosion were tested against Desulfovibrio desulfuricans:
(1) an alkylaminopropylene amine (16-18 carbons); (2) acetate of primary
copramine; (3) diethylberzyldodecylammonium chloride; (4) dimethyldicopram.
monium chloride; (5) dodecyldimethylammonium oxide or hydroxide; (6) sodium



alkylaminopropionate (alkyl derived from copra fatty acids); (7) sodium
alkylaminoacetate (alkyl from copra fatty acids); (8) octadecyldipolyglycol-
benzylammonium chloride; (9) a 1:1 mixture of 3 and 14; (10) a 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; (14) formaide-
hyde (40% aqueous solution).

Preparations 2 and 1.4 were bacteriostatic in a concentration of 10 ppm;
10 and 13 were active at '.0 ppm; 3 and 9 at 30 ppm; 1 at 140 ppm. Prepar-
ationd 1,4,5 and 12 were bacteriostatic at 50 ppm, compounds 6,7 and 8 at
80 to 100 ppm.

Preparations 1,2,3,4,8,9 and 13 had a strong bactericidal action, kil-
ling 100% of bacter-ial cells within 15 min at a concentration of 5 ppm. At
the same contentration, 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 14 were exceptions. The former had a weak bacteriostatic action
but was strongly bactericidal; the latter a strong bacteriostatic but a slow
killing action. Compounds containing the dodecyl radical were particularly
effective bactericides.

PDL-L,2S12 Allred, R.C., T.A. Mills and J4 . Fisher.

BACTERIOLOGICAL TECHNIQUES APPL- ABLE TO THE CONTROL OF SULFATE
REDUCING BACTERIA IN WATPR FLOODING OPERATIONS.

Producers Monthly 19(2):•l-•2 (December 1954)

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

PDL-42937 Mityushova, N.M., A.T. Latyninai, Z.G. Razumovskayn, L.V.
Sergoev, and M.S. Rolionova.

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

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

(Oils, lubricating, fungi, toxic, optical equipment]

Lubricating oils for optical instruments under con-

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 vt 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.



£-t I ;•,itL, s. * . . bu:.r, .r., ar! A.ý'. Smith, Jr.
ON;-DAY STABILITY TE'ST FOIN D1STTLIAT;. FIJEL OILS.

Ao , !~',h . 1So, ';.t, D Itv. If:.tro I. ,'hern., ; ,n. Pajlers ± (•,)

0I "I -l' ,tLi' m !;,!,)5•C•)(1'';t

A one-day accelerated test for distillaut 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
oil is purged with oxygen for 5 min, then the bottle is
sealed, oven heated for 24 hr at 212 ±2 F, cooled at
room temperature for 0.5 hr and in cold tap water for
another 0.5 hr. Solids formed are determined by suction-
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 stability of manufacturing 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 base oils
without additives. It should be used only for predicting
the stability of freshly manufactured oils (not older
than 2 vk) because storage time under air increases
sediment formation.

111L-4 O01 DeGray, R.J., and L.N. Killian.
BACTERIAL CONTAMINATION OF REFINED PETROLEUM PRODUCTS.
Am. Chem. Soc., Div. Petrol. Chem., Gen. Papers 5(1):

h41-51 (March 1960)

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

PDL-43028 Sultzer, Barnet M.
OXIDATIVE ACTIVITY OF PSYCHROPHILIC AND MESOPHIILIC BACT1,I1A
ON SATURLATED FATTY ACIDS.

J. Bacteriol. 82:h92-h19 (October 1961)

[Bacteria, fatty acids, decomposition, oxidation, biomechunism]



A L-. , A L , .J . M. i, 1 I,. Lton u Jarnpbý 11l
7!T)T I O. UOr T1hRMOPIITLIC SULFATE-REDUCING IACTERIA. Il. HYDRO-

",:U flA.' A('.IVITY OF k2LOSTRIDIUM NIGRIFICANS.
J. r iol. 0"-• T - (December 1i61)

S[ba<ttir1i, Clostrifiium, physioloiy, tnzymcl

PDiL-4_035 Peck, H .D., Jr.
ENZYMATIC BASIS FOR ASSIMIIATORY AND DISSIMILATORY SULFATE

REDUCTION.
J. Bacteriol. 82:933-949 'December 1961)

[Bacteria, sulfur, Desulfovibrio, Clostridium, Thiobacillus,

biomechanism]

PDL-43046 Carlson, V., and E.O. Bennett.

TIE 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 my
bave a profound effect on activity of added antibac-
terial agents. In tests with nineteen compounds with
oil-water ratios varied from 1:10 to 1:100, using

Pseudomonas aeruginosa as the test organism, a 1:40
dilution usually was most difficult to inhibit. In.

hibitory concentration generally rose sharply as dilu.
tion increased from 1:10 to 1:40, dropped slightly to'
a 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, 1-bromo-l-nitropropane, was

effective in the same concentration (100 ppm) in all
oil-water ratios; 2,J4,6-trichlorophenol was most
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-nitro.
2-methyl-i, 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, o0 and

50, 100, 50 ppm at dilutions of 1:10, 1:40 and 1:90,
respectively. In general, sodium ethylmercuriLthio-
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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liacttri:t, .aul ur, toxics, phenols, chemical stru,-turt:ý

Sixty-three phenolic compounds were studied for
their inhibitory activity against Desulfovibrio desul-

furicans. A concentration of 25 ppm of 2-bromo-4-phe-
nylphenol, 4-chloro-2-cyclohexylphenol and 2-chloro-

4-nitrophenol completely inhibited hydrogen sulfide

production for 28 days. Eleven compounds were in-
effective at 1000 ;pm; thirty were inhibitory at 1000
ppm and the remaining nineteen were inhibitory in
concentrations from 50 to 500 ppm.

PDL-)-050 Benný-tt, E.O., G.J. Guyne. and D.L. Isenberg.

THE SENSITIVITY OF SULFATE-REDUCING BACTERIA TO ANTIbACTERIAL
AGENTS---III. THE NITROPARAFFTN DERIVATIVES.

Producers Monthly 24(5):26-r7 (March 1960)

[Bacteria, sulfur, toxics, nitroparaffins, chemioal str. 4,tus

Inhibitory activity of approximately 200 nitroparaf-

fins against the sulfate reducing bacterium, Desulfo-
vibrio desulfuricans, was determined. The following

7 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 stearatep 2-chloro-
2-nitrobutyl acetate, 4-chloro-4-nitro-3-hexanol, 1-

chloro-l-nitro- and 3-chloro-3-nitro-2-pentanol and
2-chloro-2-nitro-l-propanol. Forty-One .compounds were
ineffective at concentrations of 1000 ppm; the re-
maining compounds were inhibitory at concentrations
from 50 to 1000ppm. Sulfur bacteria weremore sensi-
tive to many of these compounds than to mercurials or

phenols. The effect of molecular substitution appears

somewhat similar to that observed with other compounls

such as phenols. Nitro are more effective than amino
groups and chlorine more than bromine groups.

PDL-4•076 Gray, P.H.H., and H.G. Thornton.
SOIL BACTERIA THLAT DECOMPOSE CERTAIN AROMATIC COMPOUNWD-.
Centr. Pakteriol. Parasitenk, Abt. II. 73:74-96 (January I,.A)

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



BENZIN, PETROLEUM, PARAFFINOL TUND PARAFFIN ALS KOHLENSTOFF-

UID E1ERGIEQUELLE FUR MIKROBEN [GASOLINE, PETROLEUM,
PARAFFIN OIL AND PARAFFIN AS CARBON- AND ENERGY SOURCE

FOR MICROBES].

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

[Putroleum, gasoline, paraffins, hydrocarbons, bacteria,

Mycobacterium, Micrococcus, Actinomyces, decomposition,

nutrition, growth, tests, foreign]

PDL-43078 Munz, E.
ZUR PHYSIOLOGIE DER METHANBAKTERIEN [ON THE PHYSIOLOGY OF

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

[Bacteria, methane, physiology, foreign]

PDL-43080 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]

PDL-43082 Allen, Fraser H.
THE MICROBIOLOGICAL ASPECTS OF GASOLINE INHIBITORS.

Inst. Petroleum, J. 31:9-15 (January 1945)

[Petroleum products, gasoline, bacteria, toxics, phenols,

storage, stabilizers]

FDL-43083 Tausson, W.O.
UBER DIE OXYDATION DER BENZOLKOHLENWASSERSTOFFE DURCH BAKTERIEN

(THE OXIDATION OF BENZENE HYDROCARBONS BY BACTERIA].

Planta 7:735-758 (May 1929)

[Hydrocarbon, benzenes, oxidation, bacteria, foreign]

PDL-430 8 4  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]



0! ~.X2I -. '-11i0Iiii'LFAF.IN THE liEDuCTION OF
211.1'1. 102' F' 'i~Y i~1J;ý1,LF0VIBhRI0 DESULFURICANS.

~>~ itr,* 1~,arol L.V. Dol~rovol'skaya.
W~OL~;i; :Tt;TTt; Y PACTERTA OF THE ABILITY TO DECOIýPOSE FAT.

io~ O~y ~')(July-August 1,!61)

[F;at, lt~compasitian, I act, ra, 13acteri un, Pseudomonas,

PDTL-ý >I U.S. Armed Stervicec Technical Inf'ornm.tion Agency (Ruth B. Henery).
cOM1PILATION, OF REWFERENCES ON MICROBIOLOGICAL CONTAMINATION

O F F IJE US).

ASTIA Doe . 26t)OUU (INovemb.-r 19u1~) ýl P-

[Fuel, pe~troleum, bactteria, fungi, research programs, tests,
standards, bibliography, abstracts]

PDL-L" <5ý5 Stone, R.W., A.G.C. White and M.R. Fcnske.
MICROORGANISMS ATTACK-INC PETROLEUM AND PETROLEUM FRACTIONS.

[P.:-troloourn, bacteria, culturel.

FDL-4ýý56 Bushvo11, L.D .-yand H.F. Haas.
THlE U7TLIZATION OF CERTAIN HYROCARBONS BY MICROORGANISMS.

J. IBacteriol. 41:654-67? (1941)

[Hydrocarbons, petroleum products, gasoline, kerosene,
mineral oil, paraff'in, decomposition, bacteria, Pseudomonas.

Corynebacterium, Mycobacterium, Proteus, Mycopilrna,, Escherichia,

Staphylococcus, Azotobacter, Serratia, Aerobacter., Phizobium,

Lactobacillus, Bacillus, Sarcin-aSpirillum, Eberthella,
Shigella, Salmonella, growth, culture, tt~sts]

PDL-43357 Hopkins, Sydney John and Albert Charles Chibnall.

GROWTH OF ASPERGILLUS VERSICOLOR ON HIGHER PARAFFINS.

Biochem. J. 26:133-14 (1932)

[Paraffins, fungi, Aspergillus, growth)



T ,-Di IL,':~ L ~O• TiE OXIDATION OF FATTY
A j' ¾y< j'Y D OMCY'AS,,,• A. d I~I•O3A.

Arnto,:~i,- vi'. T-eL~'w,_. ' hj,.k °,: . .'5 L (I sj.,

[Fatty % , OILo, oxi l i n 1.,t'ria, i'veuomonas, 2,4-dinitrophenol,

PDL-4347C .padhyay, J., and J.L. 'tok2..

AAL-0i I ' JOWTII OF PSYCHLROPHILIC BACTERIA.
J. Bacteriol. 8j:2(0-'275 (February 1962)

[Bacteria, growth, araerole.3, psychrophiies, culture, techniques]

PDL-43525 Carlson, V., E.O. Bennett and J.A. Rowe, Jr.
MICROBIAL FLORA IN A NTJMBER OF OILFIELD WATER-INJECTION SYSTEMS.
Soc. 2etrol. Engrs., J. 1:71-80 (June )Q961)

[Fungi, bacteria, population, water systems , oifields]

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

Desulfovibrio, Pseudomonads, Sphaerotilus and
Bacillus were predominant genera. Achromobacter,
Micrococcus, Clostridium, Flavobacterium and Sarcina
were also isolated in significar.t numbers. Molds,
iron bacteria, sulfur bacteria ind soil bacteria oc-
curred less frequently. Pseudomonads and Desulfovibrio
were 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) oc-
curred in two systems handling produced bring contain-
ing appreciable quantities of entrained oil. Problem
due to microorganisms were apparent in only one system.
Membrane filter tests indicated that bedding filters
generally do not improve water quality. They do not
remove fine solids, and filters and other surface
vessels are excellent environments for microbial
growth.



,,.1 K, ', (' ., i,,rL I: * :O.¶~ :,, r;; and Arthur M. Kaplain.
rfl .PLo,;; 'A! DI:TEIO:B•HOATIOTN OF 0 1YDROCARBONS AND THlE

.i: iA'r. i V P" ;Aii A. 1O 0 1' i',F IJIP N'•'N USED FOR THIE STORAGE,

I ION Ar,2:) I[ANDI ,NC 01" 1'I.ThOL;LUM PRODUCTS; A SELECTED
, * r 0,'XAPIItY.

P.:. Q'viurter master 2orps. Quartermaster Research and Engineering

Cn'rtur, Natick, Mass. Chemicals and Plastics Division.
MiorobLological Detcrioratiun Series No. 5, Supplement No. 1
(Mar(h 1962) i) p.

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

PDL-43947 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) 4o p.

[Bacteria, sulfur, fungi, foulers, borers, sea ,.ater, iron,
steel, nonferrous metals, concrete, polymers, elastomers,
cordage, Proactinomyces, Actinomyces, Pseudomonas,
Micromonaspora, Thiobacillus, Desulfovibrio, stone, wood,
bibliography, reviewl

I'DL-,44027 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) 398 p.

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

PDL-44039 Schab, Henry W.
PROBLEMS ASSOCIATED WITH WATER CONTAMINATED JET FUELS.
Am. Soc. Naval Engrs. J. 72:41-59 (February 1960)

[Fuels, jets, contaminants, dust, water, iceproofing, filter,

storage]

PDL-441l8 Wheeler, H.O., and E.O. Bennett.
SURVIVAL TIMES OF BACTERIA IN HEAVY AND EMULSION TYPE CUTTING OILS.

Texas Repts. Biol. Med. 12:1057-1058 (1954)

[Cutting oil, emulsion, contaminants, bacteria, Pseudomonas,

Aerobacter]

S.. . .. . . .• ,• : : •, l; !i!• •? i• .,••'.••'•:;,!••!•. *,•"" . -.:.: ,; ..
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i .T 0" 2tIUH'1AT! ASSWJ,1IIATION 01; THE 1 DU TION OF
A Y'..... ',.iiAtTA2,•, SylTItll'SI' IN F'HNGI.

>1. oc :a. , J. "':. 1- , (,January 19("')

[ i.*rt• o, . si;-,, ul ,, io / nth fis F

i'DL-h1,4 !iormnunko, V.I.
USi' OF T!il AUTORADIO;RAPHIC MET11OD FOR A QUANTITATIVE ASSAY

OF MLTiLANE-OX-DIZIN BACTERIA.
Microt iolooy 0:292 -29:1 (September-October 19,)()

[Mýiethane, oxidation, bacteria, assay, tr•chnique'

PDL-4h128 Ar.-nshtein, A.M.
ROLE OF AZOTORACTER IN BIOLOGICAL PURIFICATION OF FFTRO 1tfM

WASTE WATERS.
Microbiology 30:269-271 (September-October 1961)

[Petroleum, waste water, decontamination, bacteria, Azotobacterj

PDL-44130 Bogdanova, V.M.
UTILIZATION OF NITROGENOUS PETROLEUM COMPOUNDS BY MICROORGANISMS

UNDER ANAEROBIC CONDITIONS.
Microbiology 30:265-266 (September-October 1961)

[Petroleum, nitrogen, bacteria, decomposition, analysis]

PDL-44298 Kellogg (M.S.) Company, New York, N.Y. (Walter D. Schmidt
and Warren C. Shreiner).

PRELIMINARY DESI3N STUDY FOR A JET FbUEL PURIFICATION CENTER
FOR AIRCRAFT CARRIERS.

Report No. CE-57-178; ... ASTIA Doc. 144,'?35 (August 19,7) 71 p.

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

PDL-h4299 Purolator Products, Inc., Rahway, N.J. (Richard G. Seed and
Arthur A. Fowle).

A GENERAL STUDY OF DIVERSE FILTRATION' PHENOMENA WITH POSSIBLY,

APPLICATIONS TO AIRCRAFT FUEL FILTRATION.
U.S. Wright Air Development Center. Technical Report 54-181;

... ASTIA Doc. 3346h (November 19'2) 58 p.

(Fuel, jet, contaminant, ice, filtratir., applications, rcviewl



.. ..... ., " ='L'l.-4l1,' 1.. 7!OBIOLO(;ICAL CORROSION I-

.... ~'~' I t ~ t (.i ' . )

L[ruJi, :o'.r):;Ion, teaturi%, l)esulfovibrio, me:chanism]

Itioral !1,,_-:arch Council. Prevention of Deterioration
Center (Richard W.H. Lee).

BIiLIOGRAIPrY ON MICROORgANISMS AFFECTING PETROLEUM AND
PETROLU,1M PRODUCTS INCLUDING REPORTS ON SULFATE -REDUCING
1](TE RIA (REVISED)

PDC Search No. 62-037 (Au.,ust 1962) 18 p.

[PN'trolEmm, oils, fuels, degradation, bacteria, sulfate-reducer,
Desulf'ovibrio, fungi, bibliography]

PDL-hh_51. Bennett, E.O.
THE DETERIORATION OF PETROLEUM PRODUCTS BY BACTERIA.
Chem. Specialties Mifrs. Assoc., Proc. Ann. Meeting, Dec. 1958,

h5:115-120 (1959)

[Petroleum products, decomposition,, oil, emulsion, gasoline,
diesel, mineral oil, bacteria, Aerobacter, Bacillus,
Escherichia,-Micrococcus, Pseudomonas, Klebsiella, yeast,toxics ]

PDL-h4514 Yeager, Charles C.
MICROBIAL PROBLEMS IN THE REFINING OF OIL.
Chem. Specialties Mfrs. Assoc., Proc. Ann. Meeting, Dec. 1958,

45:120-123 (1959)

[Petroleum, bacteria, fungi, toxics, review]

PDL-44515 Lada, Arnola.
THE ROLE OF MICROORGANISMS IN SECONDARY OIL RECOVERY.
Chem. Specialties Mfrts. Assoc., Proc. Ann. Meeting, Dec. 1958,

45:123-125 (1959)

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

PDL-44516 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, biomechanism]
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* 2Iour~u ,h. rcwart hn etn iooyntht csi- I

Ceniter (Walte.r M,. llejuki) .
Co 0N~irF '11 M,1Wl -J T L'S I I T *1,:1z1 _ C I ESIARCU PIAr7IN"';

HYD!R0CkAPAON JET FUý1iZ ANT FUIfL SYSTMIoU MICROBIOLO'X.

I Fuels, jet, ilactcrira, t'uni,*, contaminanits, conferfýncel

PDrL-4495r 0 Furi~et, . and V. ?'r~elette.
SODIUM AZIDE SELLL TIVLF NM'DIU!M FOR T1~i PRIMARY ISOLATION OF

AlAFEi0B IC RACTE~iIA.
J . Ba ct er io1. H1 ?Y17:- (J une 1~?

[Bactt~ria, a- rotes, m-iaerot~es, iosoLation., techniquel

PDL-450)46 Rogoff, Mairti- H.
CHEMISTRY OF OXIDATION OF' POLYCYL' AROMATIC HYDROCARBON~S

BY SOIL PSEUDOMUNADS.
J . Btaeteriol. ~ ic.(M~ay 1%i. 7

[Hyirocari ors (aro-,Eti-: , 0 ilatio!n, ltact,ý-rin, Pseu uio01rnas,

FDL-45050 Isoro, Maao anni NMtazo Ale.

)F ~t )JR:IS:2 'Y lAY'TKRIA (in Japariec. 1

(3teroits, oxii~tion, cta-t,*-ria, 1)st-u iomoas, Acetoh-acter,
Xarfthowonae, klicrok~wcast, Vitrio. Sarcirm, Lactobacicllus,

A~hr~actr, lvut ictci~ir, L-htrichift, Aerotactvr,

PDL-45051 I son r M skiaau n Mntat z r Alt
MICRO.BIAL VBA:NSFO5;ýMAIO:; OF.T2~S PART II. OXIDATION~ OF

HYDUOT IS~f)" B''Y -&.,.- :*.IX-T"'T'- 1 OF NIFF:_RLEýT 'u

j~ter o x5 1X ,a ti a 'e r~ I~s~ araAco acter,
Xarithomonar, A f;oo~~ V it rio Sarcira, Lactolacillus,
Achrcl.;,cter, l1avot~ncteriwt, Es~herichili, Atcrot~a~ter,
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1JocSty of AutYmofive TiEn ineer., Ine., New York, N.Y. P Or i,

.[Fuels, jet, aircraft, Canks, contaminants, corrosion, bacteric, fungi]

Sorrositn of aircraft turbine fuel tanks whose surfaces are coated with
suna-N phenolic resin is directly related to the location and concentration
of con'ami,;hnts: 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 boindaries. Contaminants in fuel supplies include sa-
line or brackish'watef, surfactants originating as refinery by-products or
oxidation products, iron rust and microorganisms. These contaminants may,
interrelate as fpllows. Water, rust, and microorganisms enter the tanks
through surfactant-contaminated fuel or deteriorated filter-separators. Rust
holds the water, providing a bed for the growth of bacteria in contact with
the topcoating. Bacterial acid Iroducts react with the rust which penetrates'
the topcoating; the organic acids then attack the aluminum.

Recently developed detection methods and an. improved quality control
procedure are described. Y4

1'DL-4'k trantz., W.
FLUID SYSTEM C'4NTAMINATION AND COMPOM1ENT SELECTION.
Society of Automotive Engineers, Inc., New York, N.Y. Paper

575D (n.d.) ,4 p.

[Hydraulic fluids, fuels, contamiaationproofing, missiles, aircraft]

The trend toward over-miniaturizatibn, reduced electrical power input
and reduced servo hydraulic flow results in impractical demands for fluid
cleanliness. Better communication is needed between the system mechanical



designer and the electrical system control specialist to insure more practical
servo valve and hydraulic system requirements. Some contamination will
always prevail and must be designed for. The controls and hydraulics
industry should sharply reappraise the impractical fluid cleanliness standards
now Imposed on It.

PDLD[-;4I: l•oger., 1.D., l.A. KrynitsKy and A.V. Churchill.
JET FUEL cONTAMINATION: WATER, SURFACTANTS, DIRT AND MICROBES.
Society of Automotive Engineers, Inc., New York, N.Y. Paper

'503C (n.d.) 12 p.

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

Jet fuel contdmination and resultant tank corrosion have
caused aircraft accidents. The problem is reviewed. Complete

VJi analysis of unusual materials is imperative to prevent unexpected
N' 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
is 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 criteria. Laboratory techniques investigated
serve to measure the effects of additives on organic tank
coatings and of fuel-additive combinations on filter-separators.

PDL-45430 Rossmoore, H.W.
CORRELATION OF COLIFORM ACTIVITY AND ANAEROBIC SULFATE REDUCTION

WITH DETERIORATION OF CUTTING FLUIDS.
Lubrication Eng. 18:226-229 (May 1962)

(Cutting oils, bacteria, sulfur]

i~ii,'Samples of used cutting fluids were collected weekly for 10 vk fro(m
five central sumps selected to include three manjor types of cutting fluids:

straight soluble oil. heavy. duty soluble oil and oil-free synthetic solutions.1< Germicides used were o-phenylphenol in three sumps, tris(hydroxymethyl)nitro-
methane, and a mixture of 2-mercaptobenzothiazole and sodium dimethyldithio-
carbamtee. Samples were cultured separately for tntal counts, coliforscounts and anaerobic sulfate reducers. In-plant conditions were checked with
biological results.

Correlation between coliform number and oil deterioration was low.
H11 Conversely, sulfate reducing bacteria were much in evidence In spoiled and

malodorous eOUl*ion. * 8torae atf'L10 C for,1 vwk greatly redueod total and
coliform counts but-levees of sulfate 'reducers represented by bydrogen sulfies

1 >, were maintained L Other factors which related to coolant- life included heat
stability, tramp oil acceptancei fine retention' and corroeivity.



PDL-4oK,'/94 Ano." -
SUPQCU.A:: AVIATIO'; V- 1. ,.. ...*.'-:A` IN i' L.

Oil '"as J. (22 (..:. )

[Aircraft, `'uls, --ontam.inantr, o ta ra i rro ! n ,

microort-anisms, stiimentz, tests,

?"•L-45653 Churchill, Arth.r V.
MICROBIOLO-iCAL L-XAMITATIO: OF J?.'T FUL-WATU SAIMPLES IAMEY

AND EGLIN AIR FORCE BASES.
U.S. Department of the Air Force. Aeronautical Systems

Division, Wright-Patterson Air Force Base, Ohio. TDR 6o.
ASD-TDR-62-361 (July 1,)62) 9 p.

(Fuels Jet, contasinants, fungi, bacteria, chemicalse

Eight of ten samiles from storage and aircraft fuel tanks at Ramiy aud
Eglin All contained ten or black sediments and/or sli gelatinous sludgme.
Motile snd nomaotils bacteria predominated; fungi fiaments ve tow& La
three, with no gpowth in the substrates. Brovn fungi vere present In two
storage tanks and black fungi in a KI-135 tank. Transparent bacteria occurred
in eight samples, opaque bacteria in six, and €coid bacteria in one. go
chromogenic, sulfate-reducing, sulfur-depositing or Iron-oxidizing tacter Ia
were found. Sulfur-oxidizing bacteria my have been present in one vet
sludge sample from a corroded wing tank. Iron-depositing bacteria were
present in eight samples and occurred throughout Raeny AFB. Analysis of
dry and vet sludge from an aircraft tank at Raemy All shoved a high content
of ash oxide, nitrogen and sulfur, indicating presence of large anunts of
inorganic salts and orapnic sediment. Spectrographic analysis showed alumlia

s the mwn constituent, with minor amounts of silicon sodlua, zinc, og-
nesiia, Iron and calclua. The vet sludge contained 2,s"O ppm chWoride,
indicating a high malt water content.

FDL-45722- Sherwood, P.S.
WATCH OUT FOR BACTERIAL CORROSION I; .ME REFINERY.
Corrosion Thchnol. -:211-21c (August lk2)

[Bacteria, Desulfovitrio, cooling systems, an... .rouri,

tanks, petroleum products, catholic protection, :irrosion,
iron, =_nganese, toxics, tUn compounls (or•ariz:), chlorin.',
copper sulfate, zinc :hlorile, phenols, arnij.- :o"ro.Is
(sutstit'tel;, coatings (organic), review.

F-, 7 -7 2 Leonari, J.M., ar.) Dorothea E. Kleme.
FU-31I IN, FIL7-'.

Report or :L Protess (Septemter I--"•', .

'Bacteria, f , Hort eniron, f pe., populatior.



1i Ia D PL -~
..40Ui1 'l AVICAT S1TOWA(W TAIIr IS ii.i . CARHIERS.
.*t. !rlt. Admiralty :%.terials Laboratory, Holton Heath,

1Pool,! Report No. A/6(c) (March 1961) 6 p.

[Fuel, oil, storage, contaminants, fungi, Hermodendrum, toxic, 8-quinolinol]

Oil/water interfacial samples from the AVCAT stowage tanks of H.N.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 'ested, 8 -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
water, nonfoaming, nonemulsifying, and having no metal radicals.

V'D[.-4600)q te nd-y, 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 Aspcrgillus npp. The hydraulic fluid is a 40/60 glycerol-
watier mixture containing (jisodium hydrogen phosphate and sodium nitrite as
corrosion inhibitors. The syutem should be thoraougly cleansed using an
aqueous solution of 0.1% 'Panacide' Sodium and then filled with the hydraulic
fluid containing a similar amount of the fungicides The fluid should be
changed every 3 mo.

PDL-46072 Bennett, Edward 0. (assignor to Texaco Inc.).
BACTERIA INHIBITED SOLUBLE OT..
U.S. Pat. 8,039,960; June 19, 1962. j P.

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

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

PDL-46342 Slavina, G.P.
STUDY OF BACTERIAL PROCESSES OF UTflERGROUND OXIDATION BY

HYDROCARBONS. --
Microbiology 30:802-805 (May-June 1962)

[Soil, oilfields, hydrocarbons, oils, gases, bacteria, oxidationi



PDL-4,ý351 Baker, .D , .. Papiska anl L. L-on -mptel.

CHOLI:-,: FEPJNJTATIOr BY DESUL.FOVIBR IO DES"L U.7ICA:;S.
J. Blatter ioi. % '7•-7_ . (•vemter I7(,77"•

[Bacteria, salfur, Desulfovitrio, physiologyl

PDL-46363 Colmer, Arthur i.
RELATION OFfT E nRO;j OXIDIZ:_, .HIOBA2ILLUS FERROOXIDA.NS,

TO THIOSULFATE.
J. Bacteriol. 83:761-765 (April 19'.2)

I[tateria, iron, sulfur cosounds, oxidation]

A study was made of Thiobacillus ferrooxidans isolated from the acid
drainage of so=e northern West Virginia coal ml . Cultures isolated from
ferrous iron agr, then subcultured f,,r 85 consecutive transfers in thio-
sulfate broth during a period of 14 mo, were able to use ferrous iron as
their energy source vhen returned to ferrous iron broth. Thiosulfute
utilization wa quantitatively followed by iodine titration and pH change;
ferrous iron oxidation was quantitatively determined by use of 1,10-phenan-
throline. Characteristic colonial forms were produced by T. ferrooxidans
gowing on thlosulfate agr irrespective of wther the Inoculun van from
Iron broth or thiosulfate broth.

?DL-4,65.7 Mitchell, James P.
S2TL"Y OF NOZZLES TO SPRAY ?O:ANTA.:INAT7. F':: L.
Pratt and Whitney Aircraf't, Hartfor , ?onn. iPA :-7'- ;

A ST IA L oc . 27 . } ( •e r %r _L , ' i - :

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

Fuel contaminated With MIL-E-50071 plus fungas and passed through a 150M
filter ws tested for its effects on performnce of turbo-Jet main burner
fuel nozzles and on resultant turbo-Jet performance. An air atomizing nozzle,
an impingement nozzle and two types of pressure atomizing nozzles were
evaluated to determine the best method of spraying the contaminated fuel.

Contaminant accumulation in the nozzle can disturb spray uniformity
and change the flow schedule. These effects cause poor temperature distri-
bution, with hot spots at the burner can exit and possible Gawage to the
turbine. Contamination has little effect = large, sVwrl-tp nnssl,#;
*say passage diuwnsions are recommended. Air toUmiing noazzles have the
largest Mtering pasmges; investigation a their fesIbtlity io Justiflod.



cY['iOIH':MT•AI ý,UJIES OF FUNGI WIHICH CONTAMINATE AIRCRAFT
•"'... AINT) D1iTRIORATE MATERIALS.

,.,. -partment of the Air Force. Aerospace Medical Research
;aloratories, Wright-Patterson Air Force Base, Ohio.
Techncanl Documentary Report 62-132 (November 1962) 77 P.

[Fuels, aircraft, contaminants, fungi, bacteria, Asperailaus, 2brothaetum,
physiology]

A new approsch 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 wall materials, chitin and cellulose.

Cytochemical analyses of Aspergillus •nger ATCC 6275 reveal the presence
of chitin in the longitudinal and cross walls of the hyphae, and in the
primary lamellae; both chitin and cellulose occur in the secondary lamella.
of the walls of conidiophorea•,vesicles and conidIa. Similar analyses show
the presence of chitin alonein the walls'of the corresponding cells of
Myrothecium verrucaria ATCC 9095. .Adaptations of standard cytochemlcal
procedures to identification of cell wall materials in .Pseudomonas aerugLnona
ATCC 13388 indic6tejtheprobable presence'of 'chitin in the primiry and ofcellulose in6theýs6 c-n y wall lamellae. Attempts to identify cell wall

materials in EscherifchiýcoliXKl2i0O798 show definite differences in the
make-up of the 'primary and&seconday wall lamellae and the possible presence
of cellulose in the secondarydeposits.

JL-h6679 Maruzzella, Jasper C., Saul Reine, Harold Solat and Arthur
Zeitlin.

THE ACTION OF ESSENTIAL OILS ON PHYTOPATHOGENIC BACTERIA.

Plant Disease Reptr. 47:23-26 (January 1963)

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

At concentrations from 1:1000 to 1:10,000, in vitro activity of 123
essential oils was tested on growing cultures of Corynebacterum hanense

'ACC 10202, Pseudomonas glycinea NRRL B-838, P. striafaciens NRRL B-864, and

Erwinis.parotovora A--CC 80I.7 Seventy-e.ight oils inhibited L 1 organism at
concAtrg'tions - l:4Ooo. Organum red (he to 45% phenols), redistilled
Madagascar clove leaf, Zanzibar clove stem, redistilled Cassia cinnamon,
tanzibar clove, northern wintergreen leaf, Ceylon cinnamon bark and pimerlto
leaf were highly inhibitory ag&lnst all organisms. C. michiganense was the
most and P. glycinea the leaL'% sensitive organism.



PDL-47001 Baumgartner, A .W.
SULFATE-REDUCING BACTERIA--THEIR ROLE IN CORROSION AND WELL

PLUGGING.
Producers Monthly 26:2-5 (July 1962)

[(Bcteria, sulfur, corrosion, oil fields, toxics, oil wells)

Sulfate-reducing bacteria are widely distributed in oil producing and

water injection systems. Frequently they cause plugging of injection wells

and a severe type of pitting corrosion. They enter water injection systems

via contaminated drilling muds, supply water or produced fluids. Suspect

situations include: 'black water' or water containing suspended iron sulfide

particles; sour gas (hydrogen sulfide) injection systems; sour oil, gas or

water wells; and pitting corrosion, particularly where tubercles and iron

sulfide are evident. Positive identification is described In API RP 38.
Each water systet' has its own tolerable 'critical nuber' of these bacteria.
Control Is by oho.ce of equipmenti and by effective bactericides. Re&ulr

bacterial analyss, judicibus)y interpreted, arw the beat gulM to adequate
control.

PDL-47051 Carlson, V., and E.G. Bennett.
ThE MICROBIAL FLORA OF PETROLEUM FLOOD WATERS.
Bacteriological Proceedings (1960) p. 35

[Petroleum, water floods, bacteria, Desulfovibric, Pseudomonas,

Flavobacterium, Micrococcus, Achrobacteri BacililUs SarcTna]

PDL-47059 Delta Air Lines, Atlanta, Ga.

RECCMMENDAT1ONS FOR A SiRVEILLANCE PROGRAM TC PRECLUDE THE

POSSIBILITY OF 71U0THER CONTAMINATION OF AiTRCRAFT iEL

SYSTEM AND RELATED COMPONENTS._ .... "o - (December 1962) i1 p.

Engineering Report No. 10-13489- (e-

[Fuel, petroleum, kerosene, aircraft, contaminants, bacteria,

fIIngi, yeast, contaminationproofing, procedure]

FDL- 4 7119 Monsanto Research Corp. Boston Laboratories, Everett, M

(John 0. Smith, Glenn R. Wilson and Horace F. Martin).

EFFECTS OF SELECTED STRAINS OF MJCROORCANISW ON THE COMPOSI-

TION OF FUELS AND LUBRICANTS.

Report No. MRB2023QI (December 1962) 1.3 p.

[Bacteria, fuel, hydrocarbons, growth, progress report]

Of twenty-three jet fuels screened for susceptibility to

microbial attack by the NRL mixture of bacteria from fuel tank

and water bottom isolates, only TSF-6201 and RP-I consistently

supported a slow rate of growth. Inoculated fractions of
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TSF-6201 also supported a slower rate of growth than did
&irpilar fractions of TSF-6203, a fuel that consistently
showed a high growth rate. The growth-retardant components
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-I 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]

PDL-47197 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.

(Aluminum alloys, aircraft, :uel, tanks, corrosion, microorganisms, progress
repaxt]

Microbiologically corroded integral fuel tank specimens from B-520,
KC-135 and F-102 aircraft were cut into sizes suitable for microscopic exam-
rInation and identity of the aluminum alloy was verified by emission spectro-

graph. Types of corrosion were determined by visual and metallographic
examination 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 with some intergranular attack
on 2024 alloy. Corrosion varied from small isolated pits, 0.001 in. deep,
to 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. Suitable methods were
established for measuring depth of attack and for classifying corrosion.
TMhese 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 iroculus from Rney AFB and
single and composite cultures of specified banteria and fungi In delonised ,
wiater/fuel, Bushnell-Haas/fuel, Bushnell-Ham-cystine/fuel and seawater/fuel



media. Chemical investigations include & variety of system designed to
produce concentration cells, galvanic cells, chemical attack, etc., In
vaeious standard and modified environments.

Future plans include tcnsile and fatigue testing of specimens of the
following alloys, 2024 -T351, 7075-T651, 7079-T651 and 7178-T651, after being
corroded by both-chemical and microbial means.

PDL-47445 Baumgartner, A.W.
MICROBIOLOGICAL CORROSION-WHAT CAUSES IT AND HOW IT CAN BE

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

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

FDL-47478 Von Riesen, V. Lyle.
HYDROGEN SULFIDE PRODUCTION BY PSEUDOMONAS AERUGINOSA.

II. QUALITATIVE SUBSTRATE STUDY.
J. Bacteriol. 85:248-249 (January 1963)

[Bacteria, sulfur, Pseudomonas, biomechanism]

PDL-47479 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.

PDL-47517 Schwitzer, M.K., and Achaz V. Saldern.
SCR=TZ 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)

(oil wells, oil fields, bacteria, toxic, corro-ionproofer,
amines, surfactants, foreign)

PDL-47565 Ishimoto, Makoto, and Daisaburo Fujimoto.
BIOCHEMICAL STUDIES ON SULFATE-REDUCING BACTERIA. X. ADENOSINE-5'-

PHCSPHOSULFATE REDUCTASE.
J. Biochem. (Japan) 50:299-304 (october 1961)

[Bacteria, sulfur, Desulfovibrio, enzymes, culture, techniques]
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I'DL-006'K Willoookson, :e.orge W. (assignor to U.S. Borax and Chemical
Corp., Los Angeles, Calif.).

MMTIOD FOR INHIBITING BACTERIAL ACTIVITY IN PETROLEUM.
U.S. 01t. 3,105,887; May 22, 1962. 1 p.

[Petroleum products storage, bacteria, toxics, boron
compounds (organici, patent]

With or without a water bottom, petroleum and its fractions
and other hydrocarbons in storage are protected from bacteria
by adding an alkali metal borate glycol and an alkylene 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-propanediol
borate, sodium or potassium 2,3(or 1, h)-butanediol borate,
or sodium triethylene glycol borate. Compounds are formed by
heating 6 to 20 tols 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.

PDL-47694 Krynitsky, John A., and George W. McLaren, Jr.
SOME EFFECTS OF MICROBIAL GROWTHS ON SURFACTANT PROPERTIES OF

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 sulfonates or petroleum naphthenates. Analyses
after growth periods of 12 to 14 wk showed either little change
or slight reductiou 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.

PDL-47745 Traxler, R.W.
MICROBIAL DEGRADATION OF ASPHALT.
Biotechnology and Bioengineering 4(4):369-376 (December 1962)

(Asphalt, decomposition, bacteria, fungi]

i i i ,.S
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PDL-47771 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 14, 1962. 15 p.

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

In flooding oil-bearing strata for petroleum recovery,
anaerobic sulfate-reducing bacteria are controlled by injecting
at an effective level (normally 10 to 15 ppm) an aqueous
solution of reaction products (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 oil reacted
with the amine mixture.

FDL-47840 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]

PDL-47898 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,M1/8; September 18, 1962. 2 p.

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

During flooding of oil-bearing strata with water, sulfate-
reducing bacteria are controlled by adding 2 toI 100 ppm of
certain nitroamines. Claimed compounds' "include? 2-nitrb-2-
ethyl-l, 3-b is (dimethylamino) propane,' 2nit'ro-2-miethyl1l, ..3-
bis (dibutylamino)propane, 2-nitro-2-mthyly-l,3-dimiorpholinopropane, e -

2-nitro-2-methyl-l,3-bix(2-hydroxyporpyl)aminopropane and
2-nitro-methyl.l, 3-dipiperidylpropane.,I -
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PDL-47900 ditzman, Donald 0. (assignor to Fhillips Petroleum Co.,
Bartlesville, Okla.).

TREATMENT OF HYDROCARBONS.
U.S. Fat. 3,069,325: December 18, 1962. 5 P.

V'uels, Jct, petroleum products, depositproofers, nitrogen
compoundb (organic), sulfur compounds (organic), oxygen
compounds (organic), bacteria, corrosionproofers, sea water,
"patent]

Organic contaminants containing oxygen, nitrogen or sulfur
from corrosive sludge in liquid petroleum hydrocarbons,
particularly Jet fuels in contact with sea water, are reduced
by introduction of strains of microorganism (Bacillus,
Achromobacter, Pseudomonas, Thiobacteria or mixturethereof)
which metabolize one or more of the contaminants. Organism
for use in the liquids hydrocarbons are obtained 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-4T79 Swift, Janet.
EFFECTS UF STERILIZING AGENTS ON KICROORGANISIM.
California Institute of Technology, Pasadena. Jet Propulsion

laboratory. Astronautics Information, Supplement to
Literature Search No. 260 (March 1963) 70 p.

[Bacteria, fungi, toxics, antibioitics, radiation, bibliography

PDL-48081 Lukins, H.B., and J.W. Foster.
1TKfYL KMW MtALISM IN HYDROCARBON-UTILIZIfG MYCOACTERIA.
J. Bacteriol. 85:1074-1087 (December 1962)

(Bacteria, blomechanisms, ketones]

PDL*48105 Swatek, Frank E.
FUDAMENTALS OF MICROBIOW'OICAL CONTAMINATION OF LIQUID HYDIO-

CARBON FUELS.
Society of Automotive Engineers, Inc., New York, N.Y. Paper 651A

(n.d.) 7 P.

[Fuels, hydrocarbons, contaminants, bacteria, fungi, identification]



PDL-48085 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% K9HPO4, 0.1% MgSO4 7HýO, and 0.5% NH4 NO3

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/lOO ml
after 3 days, of which 5% was ribonucleic acid.

FDL-48113 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 14 -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 ,l 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 the physical or chemical

properties of the engine oil., There is no increase in carbon,

varnish or sludge on any engine part. Spectrouttric oil

analysis techniques are not affected. The microbicide stops

production of harmful sulfides.

FDL-48136 Sherwood, P.W.
VORSICHT VOR BAKTERIELLER ORROS IONIN RAFFINRIEN [WATCI OUT

FOR BACTERIAL CORROSION IN REFINERIES' ]
Werkstoffe u. Korrosion 14:7-10 (Janfmry 1963)

[Petroleum, refinery, bacteria, corrosion, foreign]
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PDL-48166 Kitzke, E.D., and R.J. McGray.
THE OCCURRENCE OF MOLDS IN MODERN INDUSTRIAL CUTTING FLUIDS.
Lubrication Eng. 19:110-114 (March 1963)

[Cutting fluids, fungi, growth]

PDL-48219 Churchill, A.V.
MICROBIAL FUEL TANK CORROSION: MElCHANISMS AND CONTRIBUTO)RY

FACTORS.
Materials Protection 2:18-20,22-23 (June 1963)

[Fuel, jet, tanks, corrosion, bacteria, fungi, cortaminants,
water, surfactants, toxics, chromium compounds, A =era us,
Penicillium, Spicaria, Fusarium, Hormodendrium, Ciadospor um,
reviewj

PDL-48220 McGregor, James M.
MICROORGANISMS FAIL TO GROW IN FURANE LINED JET FUEL STORAGE

TANSK.
Materials Protection 2:24-26,28 (June 1963)

(Fuel, jet, tanks, bacteria, corrosion, linings, coatings
(organic), furane resins]

PDL-48l21 Ward, C.B.
CORROSION RESULTING FROM MICROBIAL FUEL TANK CONTAMINATION.
Materials Protection 2:10-12,14,16 (June 1963)

(Fuel, jet, tanks, corrosion, bacteria, fungi]

PDL-48376 Irll, Morieko.
STUDIES ON CEROPRILIC GROWTH OF MOULDS ON WAX PARAFFIN. II.

COMPARATIVE STUDIES ON CEROPHILIC AND TOXOPHILTC GROWTH OF
MOULDS.

Bot. Mag. Tokyo 71:5 9 (1958) 35 p.

(Paraffin, wax, fungi, Acrotheca, A!prglllus, Penicilliu,•,
Cladosporlus, Alternaria, Curvularla, Monascus, growth,
culture, co'eisonF
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