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10.4 The role of the inoculum in the microbiological evaluation
of water-based metalworking fluids
Die Bedeutung des Keimes zur mikrobiologischen Bewertung
von wasserhaltigen Kithischmierstoffen

The development of a microbial inoculum for use in challenging water-based
metalworking fluids can be exactly defined or evolved solely from deteriorated
fiuids from the field. It can include aerobic bacteria, fungi, and anaerobic sulfate
reducers. The selection of the types and sources is dependent upon the origin of
the metalworking fluid and the microbial problem that is anticipated or
encountered.

Die Abtrennung eines mikrobielien Keims fir die Beanstandung wasserhaltiger
Kihischmierstoffe 128t sich nur aus zerstorten Flissigkeiten in der Praxis bewerk-
stelligen. Hierzu kénnen aerobische Bakterien, Pilze und anaerobische Sulfat-
reduzierer gehoren. Die Auswah! und die Herkunft hangen vom Ursprung des
Kiihischmierstoffes ab sowie vom mikrobiotogischen Problem, um das es gerade
geht.
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1. Introduction
Einfithrung

The most critical component in the evaluation of the microbiological status of
water-based metalworking fluids is the microbial inoculum selected for the test
procedure. Metalworking fluids are prone to attack to varying degrees. Their
level of resistance is a function of the formulation of the fluid, which can be
called an intrinsic property, and also of the external activities impinging on the
fluid, which we can refer to as extrinsic factors. intrinsic factors include those
additives that are related to the functionality of the fluid, i. e. their lubricity,
corrosion inhibitors, and in some cases specific antimicrobial agents. The
extrinsic factors include the size of the system in which the fluid is being used,
the nature of the operation, the type of metal in the process, the quality of the
water used for dilution, the design of the system, and the personal hygiene and
esprit de corps of the work force. How long a fluid resists biodegradation while
in place is the net result of all of the factors just mentioned.

2. Nature of organisms
Art der Organismen

In the design of a test method, what should always be uppermost in mind is
both the level and biological nature of the contamination impacting on the fluid.
Tests for microbial resistance have been devised for two purposes: to determine
the relative resistance to attack of fluids as received from the fluid manufacturer,;
and secondly, to evaluate the relative merits of antimicrobial agents designed

for use in metalworking fluids. In addition, it is of importance to separate the
aims of the different levels of concern for biocide efficacy.

2.1 Inoculum selection
Auswahl des mikrobiellen Keimes

The first concern is of the biocide manufacturer who must have broad spectrum
approaches. This manufacturer must iook for a microbial inoculum that is
relatively representative of organisms isolated from the field, and these must be
added to fluids equally representative but also those which have a high degree of
susceptibility to microbial growth. The needs of the producer of metalworking
fluids is stightly more specific. The microbial inoculum selected here should
conform to isolations from the field associated most frequently with that
producer’s fluids. Lastly, the actual user of metalworking fluids and of potentia
biocides must select an inoculum directly from a site in the operation which has
developed a microbial problem.

2.2 Specific Biodeteriogens
Spezifische Bio-Zerstérer

The organisms that have been found to cause problems in most metalworking
fluids, whether they be oil-in-water emulsions, true solutions of a variety of
chemical wetting agents, dispersed pseudo-sofutions, both of which are known

as synthetic fluids, or the above with small amounts of oil added to them, belong
to three major groups: aerobic bacteria, predominantly members of the genus
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Pseudomonas {Table 1), although other species of bacteria have also frequently
been found; anaerobic bacteria, primarily members of the genus Desulfovibrio;
and lastly, members of the group referred to as the imperfect fungi, which
includes several mold species as well as yeasts.

Table 1. Microorganisms isolated from water-based metaiworking fiuids
Tafel 1: Aus Kuhlschmierstoffen isolierte Mikroorganismen

Frequency of Occurrence Growth and/
Speciles in Contaminated Fluids or Survival
1. Pseudomonas aerugtnosa Very High Excellent
2z, Pseudomonas fluorescens Low Good
3. Pseudomonas cepatia Low Good
4, Pseudomonas stutzer! Low Good
5. Pseudomonas alcaligenes Low Good
6. Pseudomonas pseudomaliel Low Fair
7. Pseudomonas putida Low Good
8. Aeromonas hydrophilia Low Fatr
9. Proteus mirabilis Moderate Excellent
10.  Proteus vulgaris Low Good
11.  Proteus rettgeri Low Fair
12, Enterobacter cloacae Moderate Very Good
13. Enterobacter agglomerans Low Good
14, Enterobacter gergoviae Low Good
15, Citrobacter freundii High Very Good
16. Escherichia coli Moderate Good
17.  Kl=bsiella pneumoniaeloxytoca) High Very Good
18. Kiebsiella ozaenae Low Good
19. Serratia liquefactens Low Falr
20, Desulfovibrio sp. Moderate to High Fair to Good
21, Salmonella sp. Rare Fatr
22. Shigella sp. Rare None
23. Vibrlo Rare None
24, Achromobactertum sp. Low Poor
25. Bacillus sp. Low None
26. Clostridium sp. Rare None
27. Staphylococcus aureus Rare None
28, Streptococcus sp. Rare None
29. Nocardia sp. Low Fair
30. Candida sp. Low to Moderate Good
3l.  Fusartum sp. Moderate to High Good
32, Cephalosporium sp. Moderate Good

2.3 Previous studies
Friihere Untersuchungen

Although some fluids show a preference to one or the other of these groups of
organisms, none escape the predation of all three groups; if the conditions are
right, there will be anaerobic sulfate reduction and there be fungal growth.
A number of studies have been previously published [1 — 6] describing
methodology and inoculum preparation. In addition, two test methods for the
microbiological evaluation of metalworking fluids have been standardized by the
American Society for Testing & Materials (ASTM ASTM E686 - 80, Standard
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