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Gontrolling
Goolant Gontamination

s industry seeks to
improve the econ-
omy of plant oPer-

ation, responsible mana-
gers are paYing more
attention to factors that
affect efficient and reliable
operation of their facili-
t ies. One area of attention
that can pay off hand-
somely is the control of
microbiological activitY in

coolant systems. ManY en-
gineers and plant operations person-
nel are just beginning to appreciate
the effects on their machining opera-
tions caused by their Plant 

"bio-

sphere," which contains bacteria,
fungus, mold and other contaminants.

Understanding how microbial life
affects metalworking fluids helPs
plant managements determine how
best to minimize microbial problems
with confidence. Such knowledge
also enables managements to more
effectively evaluate the data pro-
vided by plant operators and service-
company rePresentatives'

Effects of Microbial Growth

Fluid-transfer systems consist of
pipes, valves, sumps, treatment units'
towers and storage tanks
used for containing and/or
t r a n s p o r t i  n g  w o r k i n g
fluids or process fluids in
an industrial operation.
E x c e s s i v e  m i c r o b i a l
growth causes seven Prin-
cipal types of problems:
deterioration of working or
process fluids; generation
of odors; fouling of lines,
valves and filters; accelera-
tion of corrosion; poor
quality and production
performance; environmen-
tal deterioration, including
immediate workplace; and

A look at the problems caused by microbial
growth in fluidtransfer systems, the

types of organisms found and the methods
for evaluating contamination.

unit to carry out activit ies
that individual members of
the populat ion cannot .
These consortia can and do
attack the chemicals in
various additive Packages
such as anticorrosives and
even biocides. Fig. I i l lus-
trates how biocides used at
low doses can actuallY
s t i m u l a t e  m i c r o b i a l
srowth.

Indirect effects of mi-

Bv HARRIS R. VAHLE, €xecutive Vice President-Pillsbury 
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and F.J. FRSSVR]t, PhD, Technical Field Rep.
Angus Chemical Co., Northbrook' lll.

other areas such as possible contri-

butions to skin and/or respiratory ir-

ritation.
The deterioration of fluids is a

complex Process, the Progress of

which depends on the chemical com-

oosition of the fluid. Metalworking
huids contain a varietY of organic
compounds that maY serve as both

food and energy sources for mi-

crobes. Hydrocarbons, Petroleum
sulfonates, fattY acids and fattY

esters, to name a few, although at-

tacked slowly by individual types of

microbes, can be degraded raPidlY

by consortia of microorganisms.
"Consortium" is the currently ac-

cepted term used to describe a mixed
population of microbes acting as a

crobial deterioration of working

fluids include loss of pH control, lu-

bricity, cooling properties and emul-
sion stabil ity. Fluid viscosity may

either decrease, as is most often the

case, or increase, dePending on the

specific organisms and chemicals
Dresent.

Odor production is closely related
to fluid deterioration since it is the
result of the l iberation of volati le
products of microbial metabolism' A

variety of odor-causing chemicals is
produced, some of which are nox-
ious, and others, such as hYdrogen
sulfide, are highly toxic. Adding deo-
dorizers to sumps neither addresses
the problem nor eliminates its cause.

Microorganisms tend to form
films on surfaces. These
films can become several
mi l l imeters th ick,  causing
flow restrictions, Prevent-
ing proper valve oPeration
and substant ia l lY reducing
filter life. AdditionallY,
these films are good insu-
lators and can cause sig-
nil icant reductions in the
efficiency of heat ex-
changers.

Microbes l iving within
films are often Protected
asainst biocide treatment.
ti is is why biocides that
seem to work well in bench
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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
agents of microbial corrosion.

Physically, the film forms a
nonuniform barrier between the
fluid and pipe or other component
surface. This causes electropotential
differences around certain resions of
the component surface, creatlng mi-
croscopic galvanic cells. In addition
to producing hydrogen sulfide, which
is highly corrosive itself, sulfate-re-
ducing bacteria and certain other
species use the hydrogen ions that
tend to accumulate at the cathode of
these cells. This accelerates the gal-
vanic reaction. Other microbes in the
film produce corrosive organic acids
as byproducts of their metabolism.

From a human health standpoint,
the primary microbial concerns
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relate to skin and perhaps respira-
tory irritation, discomfort and gen-
eral unpleasant conditions.

Types of Microorganisms Found
in Metalworking Systems

Two principal groups of microor-
ganisms that create problems in met-
alworking fluids are bacteria and
fungi. They can coexist in the
system. Either bacteria or fungi can
predominate in a system at any given
time, depending upon the existing
physical and chemical conditions.
For example, fungi tend to have a
higher temperature and lower pH
tolerance than most bacteria. How-
ever, bacteria are the only organisms
found at extreme temperatures or
PHS.

Bacteria are microscopic, single-
cell organisms that differ from the
rest of the biological kingdom by

Metalworking fluids operate in a plant"biosphere" that contains bacteria, fungus,
mold and many other contaminants.

their lack of an obvious internal or-
ganization. Fungi, though also mi-
croscopic, occur as either single cells
or f i laments. They have a cell struc-
ture similar to all higher organisms.

Fungi may occur as yeasts or
molds. As yeasts, they are single-cell
organisms that reproduce by bud-
ding. As molds, they form complex
mazes of filaments and colorful,
spore-bearing structures that give
many molds their powdery appear-
ance. A single species of fungus may
exist either as a yeast or mold, de-
pending on environmental conditions
and the stage of its l i fe cycle. Most
fungi, however, exist primarily in
either the yeast or mold form.

Cephalosporium is a slime- and
odor-forming mold commonly recov-
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ered from metalworking fluids.
Fungi, like higher organisms, are
generally classified by their physical
ippearance or morphology. Morpho-
logical descriptions are suPPle-
mented w i th  nu t r i t iona l  and
biochemical information.

Several approaches are aPPlied to
classification or identification of
bacteria. Bacterium maY change
form depending on its state of well-
being and may gain or lose nutri-
tional capabilities as conditions
change. The classification and iden-
tification process, therefore, dictates
the use of several hundred biochemi-
cal, nutritional capabilities as condi-
tions change.

Bacteria can be categorized
roughly by their shape and ability to
hold a dye known as the "Gram"

stain. Gram negative rods are the
predominant forms found in metal-
working fluids.

Another way of classifYing bacte-
ria is based on their need for oxygen.
Aerobic bacteria require oxygen in
order to grow. Anaerobic bacteria
cannot grow in the Presence of

oxygen, although some (aeroto-
lerant) can survive exposure to
oxygen. These latter forms are of
concern in metalworking systems be-
cause they tend to survive periods of
aeration. A third group of bacteria,
very important in industrial systems,
uses the same metabolic machinerY
as the aerobes. As oxYgen is used uP,
they shift gears and use the same
biochemical pathways as anaerobes.
These bacteria, called "facultative

anaerobes," play an important role
in creating an environment in which
anaerobes that are present can grow'

A third way of classifying bacteria
considers their metabolic capabili-
ties: their ability to use certain com-
pounds as nutrients, degrade them
without using them as nutrients, or
produce specific byproducts (such as
ithanol). This approach is particu-
larly 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, hYdrocarbon de-
graders, iron bacteria as sulfate re-

ducers, hydrocarbon degraders, iron
oxidizers, etc.

Often, it doesn't matter whether
the activity is the result of the action
of a single species or a consortium.
The consortium can be treated as
though it were a single organism.
This is much like dealing with your I
body as a whole rather than with
blood cells, muscle cells and brain I

cells as discrete units. An industrial
system that is experiencing uncor-
trolled microbial growth maY be
treated as though it were diseased,
the metabolic activities being the
symptoms.

If one were to list the Predominant
bacteria from rivers, Ponds and
lakes, it would be strikingly similar
to a listing of bacteria most com-
monly recovered from metalworking
fluids. This suggests that makeuP
water is the principal source of mi-
crobial contamination in metalwork-
ing operations. Dust particles, gen-
eril, man-contributed contamination
and refuse also add to microbial
loadings.

Factors Affecting Microbial
Growth

Just as fire dePends on air, heat
and fuel for its existence, microbes
have definite requirements for their
existence. Unlike fire, microbes have
a complex varietY of requirements
that are much more difficult to iso-
late. Nevertheless, by understanding
the principal factors that affect mi-
crobial growth, metalworking plant
operators can make intelligent deci-
sions about their microbe-control
programs.

The primary factor controlling mi-
crobial growth is the availability of
nutrients. All microbes need sources
of carbon, nitrogen, PhosPhorus,
sulfur and energy. In metalworking
fluids, these elements are readilY
available in some coolant chemical
formulations. Though not all compo-
nents of a metalworking fluid are de-
graded at the same rate or to the
Jame extent, the net result is the de-
terioration of the fluids over various
time cycles. Even biocides may serve
as nutrients at low concentrations'
The concentration of neat oil or syn-
thetic chemical affects its biodegra-
dability. Reports over the past three
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Each coolant system is unique, and coolant additives should be designed specifically for each



ORGANISM

PSEUDOMONAS SP.

PROTEUS SP.

AEROBACTER SP.

CLOSTRIDIUM SP.

decades have indicated that bacterial
populations grow optimally in oil-
water emulsions in various concen-
tration ranges. Fungal growth aP-
pears to predominate in rnore
concentrated fluids.

Inorganic salts also play an impor-
tant role, both as nutrients and as
ionic buffers. Bacteria survive longer
in a balanced-salts solution than in
deionized water. It has been reported
that the concentration of inorganic
salts, particularly those of calcium
and magnesium, has a Profound
effect on microbial growth and cool-
ant life. Fungi tend to prefer softer
water (hardness less than 700 PPm
CaCO:), while bacteria grow better
in  hard water  (1000-1500 PPm
CaCO:). Hard water interferes with
the antimicrobial action of manY
biocides. The concentration of the
principal inorganic constituents of
river water is quite variable. Water
hardness, for examPle, can varY bY
as much as 37.5 percent through the
course of a year. Obviously, this can
have a significant effect on a plant's
microbe-control program.

Microorganisms grow best at neu-
tral 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 (PH-

1.0). These are called acidophil ic
bacteria.

Most bacteria are neutroPhiles,
preferring l ife in the 6-8.5 pH range.
A few alkalinophilic bacteria grow
well at pH 9-10, but these organisms
do not tend to cause sPoilage Prob-
lems in metalworking fluids main-
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pH
OPTIMUM MAXIMUM

f luids can withstand exposure to
temperatures up to about 45 degrees
C (  l  l3  F) .  However,  thermal  t reat-
ment is usually not a viable oPtion
for controll ing growth in metalwork-
ing p lants.

Of the four princiPal factors el-
fecting microbial growth in metal-
working operations, water qualitY
and pH are most easily controlled on
si te.  Nutr ient  avai labi l i ty  can be
controlled through the careful selec-
tion of coolants, emulsions and ac-
companying treatment Packages.
Temperature control is a less practi-
cal option. Other factors such as
oxygen availabil ity and moisture
content (availabil ity of water) are
important in some applications, but
are not profitably controlled in met-
alworking operations.

Microbial Growth in Fluid-
Transfer Systems

Fluid-transfer systems can be clas-
sified as open, closed or semiclosed.
A closed system is one to which less
than one percent makeuP fluid is
added each day. Storage tanks, hY-
draulic systems and closed-loop cool-
ing systems are examPles of closed
systems.

In c losed systems,  microbia l
growth follows batch-culture dynam-
ics (F ig.  2) .  In i t ia l ly ,  dur ing the lag
phase, growth is not evident. Mi-

MINiMUM

8.0

8.4

9.0

5.6

4 .4

4.4

5.0-5.8

6.6-7.0
6.0-7.0

6.0-7.0

6.0-7.6 8.5-9.0

tained at pH greater than or equal to
9.5. Some of the pH ranges for bac-
teria commonly isolated from metal-
working fluids are l isted in Table l.

Alkaline solutions tend to draw
carbon dioxide from the atmosphere'
a process that neutralizes the solu-
tion. This reaction can lower the pH

sufficiently to enable bacteria to
grow. That is why alkalinitY, a mea-
sure of a solution's buffering capac-
ity, is as important a Parameter to

monitor as pH.
Different bacteria tolerate differ-

ent temperature ranges. For exam-
ple, bacteria have been isolated from
icebergs and from the mouths of
geysers. The bacteria most com-
monly recovered from metalworking

Fig.2. Growth in a Glosed SYstem

q
a

o



crobes are becoming acclimated and
are changing their environment. The
lag period is followed by a period of
rapid growth accompanied by rapid
nutrient depletion.

As nutrient concentrations drop
below critical levels and toxic bypro-
ducts accumulate, the microbial pro-
duction rate is roughly balanced by
the die-off rate. This period is known
as the stationary phase. Finally, as
the die-off rate exceeds the growth
rate, a period of population decline
sets in.

In an open system, fresh nutrients
are added continuously and meta-
bolic byproducts are removed contin-
uously. Chemical flooding for en-
hanced oil recovery and single-pass
cooling systems are examples of this
type of system. The first two stages
of growth are the same as for closed
systems (Fig. 3). However, once
growth and death (wash-out) rates
are balanced, microbial loads tend to
remain constant over long periods of
time. The size of the population sup-
ported in this type of system depends
on the factors discussed. Changes in
operating conditions will result in
changes in the steady state size of
the microbial population.

Most metalworking systems are
semiclosed. Coolant is circulated
within the system and makeup fluid

is added regularly. Microbial growth
in semiclosed systems more closely
resembles that in open systems than
that in closed systems. However, mi-
crobial loadings tend to be more var-
iable in the semiclosed than open
systems. This variability reflects the
changes in nutrient concentrations,
biocide concentrations and other
conditions.

In addition to the microorganisms
living free in the fluid, a very impor-
tant fraction of the microbial com-
munity grows in films adhering to
the surfaces of fluid-transfer sys-
tems. Pioneer bacteria attach them-
selves to the surface and begin se-
cret ing a st icky carbohydrate
substance. Other microbes and frag-
mentary particles and nutrients
become embedded in this gylcocalyx
matrix, which begins to function as
an immobilized bioreactor.

Consortia of microbes growing
within this protective film create a
special environment. Deep in the
film, oxygen is soon depleted and
anaerobic growth begins playing an
important role in removing hydrogen
ions from the metal surface over
cathodic regions. The mature film is
in a dynamic state, with portions of
film being torn off and carried away
by the fluid stream while fresh film
material is being produced. Sulfate-

reducing bacteria recovered from
water samples are generally bacteria
that were embedded in these
sloughed-off flocs of biofilm.

For many years, the importance of
microorganisms in these films was
unappreciated, because only a frac-
tion of a film is active biomass. An-
other aspect of microbial films that
has only recently been observed is
their ability to protect bacteria from
the action o[ biocides. This is a
major problem with most biocide-
treatment programs.

Biocides that are effective against
free-living microbes may never come
into contact with microbes livine in
the film clinging to the system iur-
faces. Consequently, shortly after a
pulse dose, when the biocide concen-
tration falls below toxic levels, bacte-
ria from the film rapidly regrow in
the fluid. Today, biocide manufac-
turers and formulators are aggres-
sively seeking methods for making
their products more effective against
the microbes living within the film
layers.

Inadequate biocide treatments
may attack only part of the popula-
tion, thereby reducing the competi-
tion for the survivors. Reoeated
treatment favors the development of
resistant populations. By this proce-
dure, biocide-resistant microbes, for-
merly present in relatively small
numbers (before biocide treatment
began), are given a competitive ad-
vantage over their sensitive neigh-
bors. In time, the resistant commu-
n i t y  p r e d o m i n a t e s  o v e r  t h e
ineffective community.

Currently, a fair amount of con-
troversy exists over how to best cir-
cumvent this problem. In reality, the
answers must be determined for each
system, since. each system presents a
unlque environment. Resist the
temptation to accept standard treat-
ments that haven't been designed
specifically for your system. \

Overdosing presents its own series
of problems, including costs and an ,
uncomfortable environment for all of ;
us.

Measuring Microbial
Contamination

Three approaches to measuring
microbial contamination are deter-
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Fig.3. Growth in an Open System
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mination of: the number of organ-
isms present, concentrations of cell
constituents and the level of micro-
bial activity.

Direct and indirect Procedures
exist for determining cell numbers.
Direct procedures include micro-
scopic counts and particle counts.
Although microscopic counts are rel-
atively tedious and time-consuming,
they can provide data rapidly, when
equipment and trained personnel are
available.

Frequently, organisms that will
not grow on nutrient media can be
identified under the microscoPe.
Special staining procedures enable
the technician to distinguish between
live and dead cells. Other sophisti-
cated staining procedures provide
the best means of identifying or con-
firming the presence of certain or-
ganisms. However, these procedures
are generally not applied in a plant
environment. Samples must be
drawn and analyzed by qualified
personnel.

Particle counting is another rapid,
direct method; however, it is best-

Machine and Tool BLUE BOOK / October 1986

suited for clear fluids where any par-
ticles present are likely to be mi-
crobes. The electronic instru-
mentation for doing particle counts
is expensive and the heavy inorganic
particle loads in metalworking fluids
make bacterial counts almost impos-
sible to obtain.

Indirect procedures require that
microbes contained in a sample
drawn from a system be cultured by
growing in a nutrient medium. Stan-
dard culture-plate counts and dip-
stick counts depend on the develop-
ment of colonies on the surface of
solid media. Each colony ostensibly
comes from a single organism. How-
ever, aggregates of microbes will
form single colonies. Moreover, any
given nutrient medium will favor the
growth of some microbes and inhibit
the growth of others. Under the best
conditions in the laboratory, plate
counts give only about lO-percent re-
covery (define). In the field, recover-
ies are in the 0.01- to 0. l-percent
range.

Plate-count methods are particu-
larly desirable for recovering mi-

Most metalworking fluid
systems are semiclosed.
Coolant is circulated
within the system and
makeup fluid is added
regularly. Microbial
loadings tend to be more
variable ih semiclosed
systems than open
svstems.

crobes for further study. Dip-stick
samples are easy to obtain and take
little operator time, but data are not
available for 24 hours to a week
after the sample is collected. Since
microbial populations in a metal-
working fluid may increase two to
three times during the course of one
cycle through the system, this delay
in receiving data could have cata-
strophic consequences. A single or-
ganism can produce l7 mill ion sur-
viving organisms in a 24-hour
period.

An additional problem operators
seldom consider is that of disposal.
Each colony contains several bil l ion
individuals, often more than were
present in the entire sYstem from
which the original samPle was
drawn. Unless plates or diP sticks
containing colonies are sterilized
before disposal, they maY become
biological t ime bombs.

An alternative to Plate counts is
dilution broths. They contain the
same constituents as the solid media,
except ior the solidifYing agent
(agar). Many microbes that won't



form colonies on solid media will
grow in broth media. After an ap-
propriate incubation interval, sam-
ples are scored for the presence or
absence of growth. Serial dilutions
are more tedious than plate counts
but give higher (probably more ac-
curate) estimations of the size of the
microbial population in the sample.
The problems associated with dilu-
tion procedures are the same as
those for plate counts. The key fea-
ture in both of these methods is that
microorganisms must grow after
having been taken out of their natu-
ral environment. Often they simply
w i l l no t .

The time lag and growth problems
associated with quantifying micro-
bial contamination growth have
prompted investigators to develop al-
ternative rapid methods for estimat-
ing microbial growth. One group of

rapid-test procedures focuses on the
determination of the concentration
of cell constituents such as protein,
enzymes, ATP, l ipids, etc., in the
sample. While many of these meth-
ods provide reliable estimates of mi-
crobial loadings, they also require
expensive and sophisticated instru-
mentation. Among these, the HMB
system provides comparable reliabil-
ity with a test designed to be per-
formed by nontechnical personnel.

The alternative approach is to de-
termine the rate of different micro-
bial activit ies. Radioisotope-labeled
organic compounds have been used
successfully to determine potential
biodeterioration rates. Measurement
of conversion of sulfate to sulfide,
oxygen demand and carbon-dioxide
formation are all examples of activ-
ity determinations. These techniques
are very important for identifying

specific microbial problems and for
developing procedures to control
the m; howeve r, most require ex-
pertise and facil i t ies not found in
most metalworking plants.

To date, there is no single best
method for measuring bacterial
growth. Each procedure has advan-
tages and disadvantages over the
others. Each provides unique infor-
mation. The challenge is to select a
procedure that wil l provide the most
e ffective, efficient and economical
routine monitoring tool. That tool
should quickly signal the develop-
me nt of problems before they
become catastrophies. More compre-
hensive testing can then be per-
formed as necessary to characterize
the problem and institute corrective
actron. BB


