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Commercially available kits were tested for their ability to detect bacterial and
fungal contamination in hydrocarbon fuel systems. The handling ease of the kits
was evaluated, and their sensitivity was compared with that of conventional
methods. Most kits in both laboratory and field studies compared well with
laboratory methods and were sufficiently sensitive to determine contamination in

shipboard fuel tanks.

Microbial growth in hydrocarbon fuel systems
arises because of the impossibility of keeping
storage facilities sterile and the inevitable pres-
ence of water from condensation, poor mainte-
nance, or its deliberate addition as ballast in
shipboard tanks. The two-phase fuel-water sys-
tem supports microbiological growth (4, 5, 8, 10,
11), which may use the fuel as an organic carbon
source and manifest itself as slime and fungal
mats causing line and filter blockages and gauge
malfunctions. Metabolic products can also be
deleterious; for example, sulfate-reducing bac-
teria produce sulfides which degrade the fuel
and also accelerate metallic corrosion. Conse-
quently, there is a need to monitor the buildup
of microbiological contamination in shipboard
fuel tanks.

Test kits are commercially available for use as
monitors of microbial contamination in fluids
where bacteria and fungi are present. The haz-
ards of such contamination in food processing
and the medical and industrial fields have been
well documented (3, 9), and test kits have the
potential capability of exposing early signs of
contamination (2, 3). Each kit is designed to
detect a specific type of infection. Only the API
broth vials (Difco) and the Microb Monitor (Bo-
ron Oil Co.) kits are specifically designed for use
in fuel tanks, but others are adaptable for this
purpose. A comparison of the sensitivity and
specificity of various kits was made with stan-
dard laboratory methods by using laboratory
cultures of common fuel contaminants. Selected
kits were used to assay contamination of field
samples taken from water-ballasted shipboard
fuel tanks.

MATERIALS AND METHODS

Microbiological test kits. The kits, listed with
their sources, shelf life, and type in Table 1, are used
for detecting and enumerating (i) total bacteria, (ii)

fungi and yeasts, and (iii) sulfate-reducing bacteria.
Those that use dipslides or dip-pads (Fig. 1A, B, and
C) consist of sterile containers with either plastic
dipslides covered with a suitable agar medium or pads
enriched with a nutrient. The slide or pad is immersed
in the test liquid and returned to its container to be
incubated for the appropriate time and temperature.
To ease surface colony observation, some dipslides
contain an indicator dye which turns the bacterial
colonies red as the medium is used.

The two test tube kits (Fig. 1D) designed for sulfate-
reducing bacteria detection consist of nutrient agar-
filled tubes into which capillaries containing the test
fluid are inserted. Mineral oil and a tablet generating
CO, are added to the S-R Deeps before capping,
whereas the Easicult-S is simply capped. Sulfate re-
ducers generate sulfide which reacts with ferrous ions
in the medium, forming black ferrous sulfide. The
medium turns black around and within the capillary
tubes, indicating a positive test. For these kits, as well
as the dipslides and the dip-pads, the quantity of
growth appearing within a specific time can be com-
pared with calibration photographs included in the
kits to determine the approximate number of micro-
organisms in the original test liquid.

Two vial-type kits tested are shown in Fig. 1E. Both
require a syringe for inoculation. The API broth vials
turn black as a positive test for sulfate reducers. By
serial dilutions, it is possible to use the vials for an
estimation of the numbers of sulfate-reducing bacteria.
The Microb Monitor consists of two 120-ml vials con-
taining both fuel and nutrient-enriched aqueous
phases. After inoculation and incubation, the presence
of microorganisms may be observed as turbidity, slime,
mat formation, or color change in the fuel phase and
compared with a similarly inoculated control vial con-
taining a biocide.

Laboratory microorganisms. A fungus (Clado-
sporium resinae) and a yeast (Candida sp.) commonly
found in fuel tanks were isolated from a contaminated
JP-5 storage tank. Sulfate-reducing bacteria mixed
with other bacteria were from a semicontinuous labo-
ratory culture originally isolated from infected fuel
tanks (6). Pseudomonas marina (American Type Cul-
ture Collection) was used for total bacterial count
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