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Recently it has been shown that appropriate test procedures are
good predictors of metalworking fluid bioresistance in which poten-
tially useful biocides may be functional. The variety of microor-
ganisms degraa’z'ngw metalworking fluids suggests that it would be
appropriate to utilize more than one chemical agent to imstitute
bivlogical control.

A mixed culture of bacterial species: Pseudomonas aerugin-
osa, Proteus mirabilis, Pseudomonas fluorescens. Klebsiella
pneumoniae, and offungal species: Cephalosporium and Fu-
sarium species, all isolated from metalworking fluids originally,
were evaluated in soluble oil, preformed emulsion, and synthetic
metalworking fluid containing either 1,3,5-hexahydrotriazine (2-
hydroxyethyl), sodium 2-pyridinethiol-1-oxide, or mixtures of these

Jor two or eight weeks. The following gencral results were obtained.

1. The mixture of the two biocides produced greater than addi-
tive antimicrobial effects.

2. A differential effect in the three fluids was noted, suggesting
that the amount of dissolved o1l reduced activity.

3. There was good correlation between the two-week test Sfor

bioresistance and the eight-week test for biocide evaluation.

INTRODUCTION

The use of mixtures of antimicrobial agents to control
either single or mixed microbial populations has been con-
sidered acceptable practice in the therapy of infectious dis-
eases for a number of vears. There are a number of reasons
for using biocidal mixtures. These are:

anticipation of microbial resistance

extension of antimicrobial spectrum

increase in cost effectiveness: and due to reduced
levels
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4. less solubility problems
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5. fewer incompatibilities; and
6. a potential reduction in toxicity.

The current paper deals with a mixture of two biocide
tvpes that appear to have excellent practical utility in com-
bination.

The first of these, hexahydro 1.3.5. tris (2-hvdroxy-
ethyl)-triazine (HET), has been used to control biological
breakdown of water-soluble metalworking fluids with some
success for at least 15 vears. However, levels and rate of use
of biocides in the metalworking industry are difficult to
control, i.e., the incorporati()n of biocides in fluids prior to
use can neither take into consideration all possible dilutions
of the concentrated fluid nor the length of time the fluid
will be used once diluted. With more extensive use of the
hexahydrotriazines. it became apparent that abuse as well as
misuse (+4), (3) could lead to the development of fungal
growth which, once established, was difficult to contain. In
one of those studies (4). the advantages of adding a known
acuve antifungal agent were explored. Subsequently (1), it
was found that sodium 2-pvridinethiol-1-oxide (P) was com-
patible with the activity of HET and together they could
effectively control both bacteria and fungi in oil-in-water
metalworking fluid.

This presentation deals with the selection of an optimal
ratio and a more rigorous challenge of this combination in
the three major metalworking fluid types and in two proce-

dures currently nearing acceptance by two committees of
ASTM.

MATERIALS AND METHODS

The first series of tests were done to determine optimal
levels of each biocide in the three metalworking fluids.

Procedure One: 48-Hour Screening

Preparation of Bacterial Inoculum. Mixed spoiled metal-
working fluid was mixed with an equal amount of sterile
tryptic soy digest broth and incubated with shaking at 30°C
for 48 hours (6). This constituted the bacterial inoculum.
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