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ing bacteria (Desulfovibrio sp.} ia pits of an epoxy-topcoated aluminum oi-

loy (7178) tank, and in tubercles and pits in o similor tank coated with Buna N. The sulfote-reducing bacteria were found in tubercles
in ossociation with Pseudomones ceruginosa and Cledosporium sp. This association of microorganisms in developing oxygen concentra-

tion cells is discussed.

In the past few years, serious corrosion of aluminum
alloys in integral fuel tanks and associated fuel system
components has been a problem in turbine-powered
aircraft utilizing hydrocarbon jet fuels. The corrosion
has been associated with microbial contamination or
the fuels (1-3). Most of the corrcded fuel tanks were
topcoated with a Buna-N phenolic resin. This material
appears to be quite susceptible to microbial attack.

Development of Tubercles

In order to simulate topcoating deterioration and
corrosion in the laboratory, several test tanks were
fabricated from the same aluminum alloy used in inte-
gral wing tanks and were coated with various topcoat-
ings. An artificial water-bottom was inoculated with a
composite water-bottom from Ramey Air Force Base
and overlaid with JP-4 fuel. Microbial problems, con-
tamination problems, and corrosion were particularly
acute at that base.

Blistering of the topcoatings and corrosion were
noted in several of the tanks after they had been incu-
bated for 90 days at 32°-35°C. No blistering or cor-
rosion in the form of pits was observed in any of the
tanks that had not received the inoculum or had re-
ceived a Seitz-filtered inecglum (to remove the micro-
organisms). Two small, light-tan tubercles were ob-
served on the bottom of one of the tanks. This par-
ticular tank, with internal dimensions of 5% in. wide
by 15 in. long and 2% in. deep, was made of 7178 Allo-
dyne-treated aluminum alloy and coated with No.
1039 epoxy resin. The water-bottom consisted of 90%
by volume of sterile dilute (30%) Bushnell-Haas me-
dium (4), with NH(NO; as the nitrogen source, and
10% by volume of a composite of water-bottom sam-
ples from bulk storage tanks at the Air Ferce base.
This water-bottom was overlaid with Ramey Air Force
Base JP-4. Under u.v. light, these two tubercles, as
well as the areas around them, showed a faint greenish
fluorescence.
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Examination of Tubercles

Examination of the tubercle shown in Fig. 1 revealed
it to have the form of a small volcano. This view
shows the crest of the tubercle removed and lying on
its side. A small hole is visible through which small
gas bubbles emerged. Considerable evolution of gas
occurred during the photographing of this tubercle as
a result of the intense heat from the lamps. A pit was
found underneath the tubercle, ca. 2.3 mm in diameter
and 0.5 mm deep.

Microscopic examination of the tubercle showed nu-
merous fungal filaments, many rod-shaped bacteria,
several spiral and comma-shaped organisms, and a
consideraole number of various irregularly shaped
particles (presumably corrosicn products). When these
tubercles were removed and streaked on trypticase soy
agar plates, Pseudomonas aeruginosa was the predomi-
nant organism found. Since many of the spiral and
comma-shaped forms were quite dark and thick, prob-
ably because of a precipitate of metallic sulfide, it
2ppeared that these organisms were probably Desul-
fovibrio desulfuricans or another species of Desulfo-
vibrio. The organisms were treated with alkali and
fluoresced red under u.v. light (365 mg), a characteristic
of these organisms as reported by Postgate (5).

This evidence suggested that sulfide may have been
present in the corrosion pit since sulfate reducers are
characterized by their ability to reduce sulfate, pres-
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;i:l:io’. Tubercle with top remeved (ca. 8K mag.) showing go comma-shaped organisms suggestive of the genus De-
crounion. sulfovibrio. The material in the pit was then cultured
. for this organism and a pure culture of Desulfovibrio
ent in the water-bottom, to hydrogen sulfide. The hy- oy plates of trypticase soy broth (Difce) plus 2%
drogen sulfide n..ght be expected to produce sulfides agar (7) was eventually obtained.
from the constituents of the aluminum alloy (zinc,
copper, etc.). A simple test for the detection of sul- Discussion
fide is the iodine-azide reaction as described by Feigl .
(6). This test is based on the observation that solu- It appears that Pseudomonas aeruginosa, the fungus
tions of sodium azide and iodine do not react ¢ rectly, ~ Cladcsporium, and the other aerobic or facultative
but on contact with sulfides or thiosulfates there is an  organisms were living in close association with the an-
immediate and vigorous evolution of nitrogen with the  aerobic sulfate reducer Desulfovibrio to form, along
formation of sodium iodide with the corrocion products, a visible tubercular mass
. on the tank bottom. Destruction of the coating by tae
(2NaNj + I 2Nal + 3Ng) organisms in the mass appears to have preceded pit
. . . formation.
Considerable nitrogen also evolved when the iodine- - . R
azide mixture was placed in contact with th= corrosion toTt};xeef:?r?c‘iu?:m;mi (ﬁ.mil':aggr?vﬁe a lcer:oamt; ;glg;i
pit. This test has been repeated many times with no s or 1% : y U
t decrease in the rate of bubblin bottom, and together with the other organisms provide
apparent decrease ¢ g anaerobic conditions and nutrients for the maobic
isolation of Sulfate Reducers from Pit sulfate-reducing organisms as well as possibly neu-
.. tralizing toxic materials. '
Several months later, a similar tank from another Such an association between hetercirophic aerobic
series of tests, this one coated with Buna-N, was found bacteria and anaerobic sulfate reducers has been i
to have two large tubercles an_d two smaller ones. shown by Guyness and Bennett (8). They have shown é&. 2
These tubercles, however, differed from the afore- that the spoilage of emulsion-cutting oils is the re- g
mentioned ones in that they were dark and did not  (;1¢ of the combined activities of organizms belonging .
fluoresce under u.v. light. Microscopic examination of to the genus Pseudomonas and anaerobic sulfate-re- -
one of the tubercles revea_led a very large number of ducing bacteria. They have presented evidence that
fungal filaments and yeastlike cells, Fig. 2. the aercbic bacteria oxidize components of the emul-
This tubercie appeared to be composed primarily of  gion that are toxic for the sulfate-reducing bacteria,
fungal elements (Cladosporium sp.), although Pseudo- g suzgest that lowering of the Redox potential and
monds aeruginosa was also present. Microscopic ex-  production of nutrients by the aerobic flora are sec-
amination of the material in the pit revealed many ondary factors that may stimulate the growth of
sulfate-reducing bacteria. A concentration <ell may be
established as a result of strict or highly anaerobic
conditions underneath the tubercle and less anaerobic
conditions at the edge of the tubercle or any exposed
area of aluminum in moist contact with the tubercle,
Fig. 3.
The anaerobic area under the tubercle tends t. be-
come anodic and corrode, while the area at the edge of
the tubercle in contact with more oxygen tends to be-
come cathodic, As a result of tte differences in dis-
solved oxygen, localized corrcsion may occur that may ——

Fig. 2. Fungal filoments and yeasthke cells from tubercle (cs.
200X mey.).

be just as marked as that when twe dissimilar metals
are in contact. Although the gas evoilved from the
tubercle was not identified, it might have been hydro-
gen, since there is some evidence that. when alurninum
dissolves anodically, Al+, as well as Al+ + +, is formed
which reduces H:O to form Al*+ ¢ pius hydrogen (9).

It appears that a situation exists here similar to that
of iron, where the relationship between sulfate-reduc-
ing bacteria and corrosion beneath nodules has ap-
parently been quite well established (10), and that
corrosion has been explained in terms of the oxygen
concentration-cell effect. An alternative pussibility is
that sulfate reducers, which usually contain hydro-
genase, could cathodically depolarize the aluminum
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ascording to tha clausical theory proposed by ven  10-14, 1085 Manuecrint received Feb. 28, 1966: revised
Wolzogen Kiihr and van der Viugt (11). [This has manuscript received July 27, 1968.
been demonstrated since this paper was presented . . . . . .
(12).] The strain isolated from the corrosion pit was cu‘s\s?gndsué%‘tlis:;o%oget%ﬁb i: gg ‘f,’:l{th o‘:f._i;‘eca. 11)9137
found to have good hydrogenase activity. issue.
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