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tests are -sometimeJ ineffective in
actual plant situations. Microbes
within the film, which are referred to
as the "glycocalyx," are important
agentsof microbial corrosion.
Physically, the film forms a
nonuniform barrier between the
fluid and pipe or other component
surface. This causeselectropotential
differences around certain resions of
the componentsurface,creatlng microscopic galvanic cells. In addition
to producing hydrogen sulfide, which
is highly corrosive itself, sulfate-reducing bacteria and certain other
species use the hydrogen ions that
tend to accumulate at the cathode of
these cells. This acceleratesthe galvanic reaction. Other microbesin the
film produce corrosive organic acids
as byproducts of their metabolism.
From a human health standpoint,
the primary microbial concerns
Machineand ToolBLUEBOOK/ October1986

relate to skin and perhaps respiratory irritation, discomfort and general unpleasantconditions.

Typesof Microorganisms
Found
in MetalworkingSystems
Two principalgroupsof microorganisms
thatcreate
problems
in metalworking fluids are bacteria and
fungi. They can coexist in the
system.Either bacteria or fungi can
predominate in a systemat any given
time, depending upon the existing
physical and chemical conditions.
For example, fungi tend to have a
higher temperature and lower pH
tolerancethan most bacteria. However, bacteria are the only organisms
found at extreme temperatures or
PHS.
Bacteria are microscopic, singlecell organisms that differ from the
rest of the biological kingdom by

Metalworking
fluidsoperatein a plant
"biosphere"
thatcontains
bacteria,
fungus,
moldandmanyothercontaminants.

their lack of an obvious internal organization. Fungi, though also microscopic,occur as either single cells
or filaments.They have a cell structure similar to all higher organisms.
Fungi may occur as yeasts or
molds.As yeasts,they are single-cell
organisms that reproduce by budding. As molds, they form complex
mazes of filaments and colorful,
spore-bearing structures that give
many molds their powdery appearance.A singlespeciesof fungus may
exist either as a yeast or mold, dependingon environmentalconditions
and the stage of its life cycle. Most
fungi, however, exist primarily in
either the yeastor mold form.
Cephalosporiumis a slime- and
odor-forming mold commonly recov-
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for each
Eachcoolantsystemis unique,andcoolantadditivesshouldbe designedspecifically

ered from metalworking fluids.
Fungi, like higher organisms,are
generallyclassifiedby their physical
ippearanceor morphology.Morphological descriptions are suPPlemented with nutritional and
biochemicalinformation.
are aPPliedto
Severalapproaches
classification or identification of
bacteria. Bacterium maY change
form dependingon its state of wellbeing and may gain or lose nutritional capabilities as conditions
change.The classificationand identification process,therefore,dictates
the useof severalhundredbiochemias condical, nutritionalcapabilities
tionschange.
Bacteria can be categorized
to
roughlyby their shapeand ability
"Gram"
hold a dye known as the
stain. Gram negativerods are the
predominantforms found in metalworkingfluids.
Anotherway of classifYingbacteria is basedon their needfor oxygen.
Aerobic bacteria require oxygenin
order to grow. Anaerobic bacteria
cannot grow in the Presenceof

oxygen, although some (aerotolerant) can survive exposure to
oxygen.These latter forms are of
concernin metalworkingsystemsbecausethey tend to surviveperiodsof
aeration.A third groupof bacteria,
very importantin industrialsystems,
usesthe samemetabolicmachinerY
As oxYgenis useduP,
asthe aerobes.
they shift gears and use the same
anaerobes.
biochemicalpathwaysas"facultative
These bacteria, called
anaerobes,"play an important role
in creatingan environmentin which
that are presentcangrow'
anaerobes
A third way of classifyingbacteria
considerstheir metabolic capabilities:their ability to usecertaincompounds as nutrients,degradethem
without using them as nutrients,or
producespecificbyproducts(suchas
ithanol). This approachis particularly useful in industrial situations
where it is more important to know
what the bacteria are doing rather
than what to call them' In this
scheme,bacteria are identified as
sulfate reducers,hYdrocarbondegraders,iron bacteriaas sulfate re-

ducers,hydrocarbondegraders,iron
oxidizers,etc.
Often, it doesn'tmatter whether
the activity is the resultof the action
or a consortium.
of a singlespecies
The consortiumcan be treated as
though it were a singleorganism.
This is much like dealingwith your I
body as a whole rather than with
blood cells, musclecells and brain I
cells as discreteunits. An industrial
systemthat is experiencinguncortrolled microbial growth maY be
treated as though it were diseased,
the metabolic activities being the
symptoms.
If onewereto list the Predominant
bacteria from rivers, Ponds and
lakes,it would be strikingly similar
to a listing of bacteria most commonly recoveredfrom metalworking
fluids. This suggeststhat makeuP
water is the principal sourceof microbialcontaminationin metalworking operations.Dust particles,gencontamination
eril, man-contributed
and refuse also add to microbial
loadings.
Factors Affecting Microbial
Growth
Just as fire dePendson air, heat
and fuel for its existence,microbes
have definite requirementsfor their
Unlike fire, microbeshave
existence.
a complex varietY of requirements
that are much more difficult to isoby understanding
late. Nevertheless,
the principal factorsthat affect microbial growth, metalworkingplant
operatorscan make intelligentdecisions about their microbe-control
programs.
The primaryfactorcontrollingmicrobial growth is the availabilityof
nutrients.All microbesneedsources
of carbon, nitrogen, PhosPhorus,
sulfur and energy.In metalworking
fluids, these elementsare readilY
availablein somecoolant chemical
formulations.Thoughnot all componentsof a metalworkingfluid aredegraded at the same rate or to the
Jameextent,the net resultis the deteriorationof the fluids overvarious
time cycles.Evenbiocidesmay serve
as nutrientsat low concentrations'
of neatoil or synThe concentration
thetic chemicalaffectsits biodegradability. Reportsover the pastthree
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ORGANISM

MINiMUM

SP.
PSEUDOMONAS

5.6

SP.
PROTEUS

4.4

SP.
AEROBACTER

4.4

SP.
CLOSTRIDIUM

5.0-5.8

decadeshave indicated that bacterial
populations grow optimally in oilwater emulsionsin various concentration ranges. Fungal growth aPpears to predominate in rnore
concentratedfluids.
Inorganic saltsalso play an important role, both as nutrients and as
ionic buffers. Bacteria survive longer
in a balanced-saltssolution than in
deionizedwater. It has been reported
that the concentrationof inorganic
salts, particularly those of calcium
and magnesium, has a Profound
effect on microbial growth and coolant life. Fungi tend to prefer softer
water (hardnessless than 700 PPm
CaCO:), while bacteria grow better
in hard water (1000-1500 PPm
CaCO:). Hard water interfereswith
the antimicrobial action of manY
biocides. The concentrationof the
principal inorganic constituents of
river water is quite variable. Water
hardness,for examPle,can varY bY
as much as 37.5 percentthrough the
courseof a year. Obviously,this can
have a significant effect on a plant's
microbe-controlprogram.
Microorganismsgrow best at neutral or slightly acidic pH. Generally'
fungi grow better at moderatelY
lower pH (4.5-5.0) than do bacteria.
However, some of the iron-oxidizing
grow well in 2N sulfuric acid (PH1.0). These are called acidophilic
bacteria.
Most bacteria are neutroPhiles,
preferringlife in the 6-8.5 pH range.
A few alkalinophilic bacteria grow
well at pH 9-10, but theseorganisms
do not tend to cause sPoilage Problems in metalworking fluids main-

pH
OPTIMUM MAXIMUM

6.6-7.0
6.0-7.0

8.0

6.0-7.0
6.0-7.6

9.0

8.4
8.5-9.0

tained at pH greaterthan or equal to
9.5. Some of the pH rangesfor bacteria commonly isolated from metalworking fluids are listed in Table l.
Alkaline solutions tend to draw
carbon dioxide from the atmosphere'
a processthat neutralizesthe solution. This reactioncan lower the pH
sufficiently to enable bacteria to
grow. That is why alkalinitY,a measure of a solution'sbuffering capacity, is as important a Parameter to
monitor as pH.
Different bacteria tolerate different temperature ranges. For example, bacteria have been isolated from
icebergs and from the mouths of
geysers. The bacteria most commonly recoveredfrom metalworking
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fluids can withstand exposure to
temperaturesup to about 45 degrees
C ( l l 3 F ) . H o w e v e r ,t h e r m a l t r e a t ment is usually not a viable oPtion
for controllinggrowth in metalworking plants.
Of the four princiPal factors elfecting microbial growth in metalworking operations, water qualitY
and pH are most easilycontrolledon
site. Nutrient availability can be
controlledthrough the careful selection of coolants,emulsions and accompanying treatment Packages.
Temperaturecontrol is a lesspractical option. Other factors such as
oxygen availability and moisture
content (availability of water) are
important in some applications,but
are not profitably controlled in metalworkingoperations.
Microbial Growth in Fluid-

TransferSystems
Fluid-transfersystemscan be classified as open, closed or semiclosed.
A closedsystem is one to which less
than one percent makeuP fluid is
added each day. Storage tanks, hYdraulic systemsand closed-loopcooling systemsare examPlesof closed
systems.
In closed systems, microbial
growth followsbatch-culturedynami c s ( F i g . 2 ) . I n i t i a l l y ,d u r i n g t h e l a g
phase, growth is not evident. Mi-

Fig.2. Growth in a Glosed SYstem
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