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Methylene blue reduction for rapid inplant detection of coolant breakdown.

METHYLENE BLUE REDUCTION FOR RAPID INPLANT
DETECTION OF COOLANT BREAKDOWN!

H. W. Rossmoore2

Summary. A method is described for the detection of micro-
bial breakdown of cutting fluids and coolants which can be
easily performed in local plant chemical laboratories without
the need for specially trained personnel.

Utilisation de la réduction par moyen du bleu de méthyléne pour
la découverte rapide, dans les laboratoires locaunx, de Ia rupture
des liguides réfrigérants. On décrit une méthode de découvrir
la rupture microbiale des fluides de coupe et réfrigérants, qui
peut facilement s’accomplir dans les laboratoires chimiques des
outillages locaux, sans avoir besoin d’employer les personnes
spécialement instruites.

Introduction

This investigation was undertaken not only for the
purpose of more quickly detecting bacterial breakdown
of water-soluble cutting fluids but also to make detec-
tion less dependent on a central bacteriology laboratory.
Most large users of cutting fluids either have no
facilities for adequately performing routine bacterio-
logical tests or must rely on a central company
laboratory or on an outside contractor. In either case,
there is more delay than is tolerable in the initiating
of tests and relaying of results to interested individuals
in the plant. There is ample evidence that both
quantitative and qualitative changes in the bacterial
flora take place within 24 hours after collection and
we have evidence in this report that recommendations
based on bacterial counts are often too late to be
useful.

Thus, we looked for a test procedure that could

easily be performed in existing plant chemistry -

laboratories without the necessity of training or
employing personnel in specific bacteriological tech-
niques. Although it does have recognized limitations,
there is sufficient background on methylene blue
reduction correlating microbial metabolism in a
particular milieu with the total active bacterial popu-
lation. It has been recommended for the screening of
raw milk samples (ALPHA, 1967) and, though no
longer official, for the measurement of the relative
stability of sewage effluents (ALPHA, 1960). Pivnick
and Fabian (1953) reported the use of methylene blue
reduction in soluble oil emulsions for the purpose of
screening inhibitors. However, they were measuring
growth from small inocula rather than the results of
growth and their control systems were reduced before
36 hours. In addition, Senez and Azoulay (1961)
reported that methylene blue was the most effective
electron acceptor in the oxidation of n-heptane by

Die Reduktion mit Methylenblau als eine Methode fiir die
schnelle ortsbetrieblich Entdekung des Kiihlmittelszerfall. Eine
Methode fiir die Entdeckung des mikrobialischen Zerfalls der
Schneide- und Kiihlungsflussigkeiten wird beschrieben, die sich
ohne ausdriicklich erzogenes Personal in den chemischen
Laboratorien der Ortsanlage sehr leicht ausfithren kann.
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La reduccién methylene azul para la deteccién rapida dentro de las
plantas del trastorno del enfriante. Se describe un método de
descubrir un trastorno micrébico de los fluidos cortantes y
enfriantes, método que se puede emplear facilmente en los
laboratorios quimicos para las plantas sin necesidad de emple-
ados ensenados especialmente para esto.

Pseudomonas aeruginosa suggesting the potential
utility of dye reduction for the detection of hydro-
carbon breakdown.

It was obvious that if methylene blue reduction was
to be used for the purposes stated previously, that we
would have to increase sensitivity of the test beyond
that reported by Pivnick and Fabian. In this context
sensitivity is stated to mean not only rapid results
which can be related to total viable population but
also and perhaps more important a high degree of
co-relatability with the condition of the coolant; i.e.,
the faster the reduction, the poorer the overall quality
of the coolant.

Methods and Materials

The study was divided into three parts: the first was
aimed ‘at establishing parameters for the test system
which would enable an operator to arrive at results
that were repeatable and that were also obtainable in
a short period of time. The test itself was based upon
the ability of biological systems to reduce methylene
blue to a colorless compound, a process that only
goes to completion in the absence of oxygen.

The effects of the following variables were explored :
PH, oxidation-reduction potential, temperature, meth-
ylene blue concentration, the need for exogenous
energy source, the concentration of exogenous energy
source, light, the addition of iron, and the addition of
tramp (hydraulic) oil, order of reagent addition and
relationship of bacterial count to reduction time.
These studies were made with representative members
of the soluble cutting fluid family.

In addition to the above-described variations the
advisability that standards would be necessary for the
evaluation of results was considered. Unused coolants
with amounts of methylene blue equal to zero to 90%
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reduction were prepared and subjected to the following
temperature and storage conditions:

1. Steam sterilization, 121°C, 15 pounds pressure for
15 minutes and stored at room temperature for
one month,

2. Storage for one month at 60°C in the dark.

3. Storage at room temperature (25°C) and exposed
to the diurnal conditions of the laboratory.

4. Storage at refrigeration temperatures (4°C) for
one month.

Results with these presumptive standards indicated
that exposure to light for long periods of time and
exposure to temperatures of sterilization destroyed
the color of the methylene blue-coolant combination.
Since the reliability of any standard is related to its
continuing dependability and since it would have been
necessary to heat treat systems to some extent to
destroy the bacteria present in them, we decided to
abandon standard comparison and instead direct our
attention to 1009, reduction systems.

The second portion of this program was aimed at
correlating the test system that was proven most
reliable in laboratory pilot samples with regularly
collected cutting fluid samples from central systems in
a selected manufacturing operation. We were able to
collect samples from many central systems either
weekly or semi-weekly. We compared reduction times
and bacterial plate counts, with the subjective evalua-
tion of the cutting fluid by plant personnel.

The third part of this program involved two con-
comitant studies: the utilization of the methylene blue
reduction procedure in the plant by inhouse personnel,
modified to suit their schedules, at selected central
systems for a period of five weeks; and the determina-
tion of possible reasons for some of the inconsistencies
in the results obtained in the initial pilot study. Since
we found that relatively low bacterial counts with fast
reduction time oftentimes correlated with an unsatis-
factory rating by personnel, we thought it would be
profitable to examine the effect of the suspending
media on reduction time of a microbial population
centrifuged from a representative cutting fluid. This,
in effect, might reveal the confribution of an old or
new coolant on the metabolic activity of the microbial
flora. In addition, several experiments were conducted
on the reduction proclivities of the two major species
involved in cutting fluid deterioration.

Pseudomonas oleovorans ATCC 8062 was grown as
described (Rossmoore & Brazin, 1968), washed three
times in M/15 Na,HPO, buffer and resuspended in a
final concentration of 8 x 1010 cells/ml. Aliquots of
this suspension were lysed by freezing and thawing at
—70°C to ambient reducing the viable population by
99.99%. Binary dilutions of the original suspension
and its lysed derivative were used as the inoculum in
the previously described reduction protocol. Desulfo-
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vibrio desulfuricans A.T.C.C. 7757, was grown as
described (Rossmoore et al, 1963) washed as above
and resuspended at a concentration of 10 mgm of
cells in 15 ml. An aliquot of this suspension was
completely lysed in a Raytheon 10KC sonic oscillator
for 30 minutes. The sonicated suspension was fraction-
ated at 33,000 g in a Servall RC-2 centrifuge. Aliquots
of the original suspension, its lysed derivative and
fractions were used as inoculum in the previously
described reduction protocol except that acetate
buffer, pH 5.2 was substituted for the M/15 phosphate
buffer.

Results
Part One

1. pH: The studies on pH revealed that the fastest
reduction times were obtainable at alkaline pH.
Twelve pH variations from 4 through 8 were run
with the coolant varieties and no reduction was
obtained at pH 5.4 or lower. In addition, reduction
time at pH 8 was the fastest obtained, a fortuitous
result since the ambient pH of most cutting operations
is above 8.5.

2. Oxidation Reduction Potential: Oxidation values
varied from —20 millivolts to +100 millivolts. The
values were not repeatable and no statistical signific-
ance could be attributed to this function. We therefore
abandoned control and/or measurement of oxidation
reduction potential as part of the test system.

3. Temperature: The preliminary tests were carried
out at four temperatures: 25°C; 37°C; 45°C; and
4°C. No results were detectable within reasonable
time limits when the incubation temperature was
either 45°C or 4°C. In addition, 37°C did not prove
better than 25°C; therefore, all subsequent testing
was most conveniently done at ambient laboratory
temperature.

4. Methylene Blue Concentration: A concentration
of methylene blue was sought that would give a
detectable color in any coolant base and which would
undergo 100 per cent reduction when the other
variables were controlled. Methylene blue isothio-
cyanate tablets in a recommended dilution of one
tablet to 200 ml of water was found to be the optimal
concentration.

5. The need for and concentration of exogenous energy
source: It was found that reduction time was much
too slow without the addition of a readily utilized
carbohydrate. Sodium lactate was the energy source
of choice. Initial concentrations of 5, 10, and 209,
showed the 109, to be most effective, while the 59
was slightly less so, and 209, was, in fact, inhibitory
to reduction.

6. Light: Because of the results obtained with the
standards stored at room temperature and the feeling
that the color fading was due to light, duplicate sets
were carried out at room temperature in the dark and
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in the laboratory light. Although no significant
differences were noticed, it is recommended that the
test system not be exposed to direct light.

7. The addition of iron: Up to 3 parts in 100 of
iron fine was added to duplicate systems without
significantly affecting reduction results.

8. The addition of tramp oil: Up to 25% by volume
of oil was added to duplicate systems. While the
presence of oil did extract methylene blue from unused
coolant, it did not significantly affect reduction times
in contaminated coolant.

9. Order of Reagent Addition: In order to eliminate
as many variables as possible we recommend the
following order of mixing of test components.

One methylene blue isothiocyanate (8.8 mgm/tablet)
tablet is dissolved in 200ml of distilled water; 60%
sodium lactate (USP) diluted to 109 in distilled water.
The methylene blue and sodium lactate solutions were
mixed in the ratio 1:1 and stored in the cold in an
amber glass bottle.

Four screw cap tubes (Falcon plastic 2027) were
labeled 2, 4, 6, and 8ml., respectively. To each vial
was added 4 m! of methylene blue-lactate mixture and
then the appropriate amount of coolant was intro-
duced. The two ingredients were mixed gently and
then buffer (M/15 Na,HPO,) was added to the very
top of the vial. The cover was secured tightly and the
contents were gently mixed by inverting several
times. Results were read after 3, and 6 hours. The
following key (Table 1) is presented to indicate the
quantitation that was used in evaluating reduction.

Table 1-—Recommended Key for Evaluating Methylene
Blue Reduction in Oil/Water Cutting Fluids.

Size of Sample in ml Time of Reduction
8 6 4 2 3 hours 6 hours
R R R R 3+ 5+
R R R N 4+ 3+
R R N N 3+ 2+
R N N N 2+ 1+
N N N N — .

R = 1009 reduction

N = less than 50 % reduction
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10. There is no doubt that increase in bacterial
viable count parallels a decrease in methylene blue
reduction time (Table 2). However, this parallelism
was not always so regular a phenomenon indicating
that the relationship between counts and reduction
is a multifaceted one.

Table 2—The Relationship of Total Aerobic Count to
Methylene Blue Reduction time in Soluble Oil.

Viable Bacterial Max %
Count/ml % Reduction Time (min.)
7 x 108 100 15
3.5 x 108 100 30
1.8 x 108 100 60
9 x 107 100 75
4.5 x 107 45 120
0 0 120
(7 x 108

heat-killed)

Part Two

Of major interest in any test system geared to
co-relatability are the actual results carried out on site.
Over 100 samples from more than 20 central systems
were run in this series. The results indicated that a
very high degree of repeatability and co-relatability
existed. The reduction times were fastest in those
systems that were rated the poorest by plant personnel.
Since we have not yet arrived at quantitation, it is
difficult to set the percentage of co-relatability. In
Table 3 you can see a selection of results from five
central systems for a three week period. No attempt
had been made to confer previously with plant person-
nel on the relative incanings of their subjective
evaluations. However, a better clue to the condition
of the fluid is the regularity of biocide addition. This
was done sometimes with recommendation of the
central bacteriology laboratory and sometimes on the
subjective evaluation of the operator. The adding of
an appropriate biocide at the appropriate time (prior
to deterioration) would be the most rational deterrent
to premature cutting fluid disposal. We have used
methylene blue reduction to evaluate the biocides
used in the plant (Table 4). Even at levels four to
eight times those used in the plant neither inhibitor
does spectacularly in lowering biological activity.
This is a brief for a reasonable program of control
although it does not in itself demonstrate the effective-
ness of the methylene blue reduction test.
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Table 3—Correlation of Methylene Blue Reduction, Bacterial Count and on Site Evaluation

of Cutting Fluid Quality.

Week 1 Week 2 Week 3
Size in Methy. Bact. Germicide Operator | Methy. Bact. Germicide Operator | Methy. Bact. Germicide Operator
Gallons | Blue Count Addition Appraisal | Blue Count Addition Appraisal | Blue Count Addition Appraisal
35000 |2+ |15 x 106 |Day  |Insol. 34+ [106 5days |Fair | 44 |1 x 104 |6days |Fair
Prior High Insol. Prior
High
21,000 — |48 x 106 |2 weeks |High — 12.5 x 106 |3 weeks |Fair 2+ |5 x 106 {4 weeks |Fair
Prior Insol. Prior High Prior
Insol.
60,000 | 4+ (65 x 106 |4 days [|Fair- 4+ |3 x 106 |6days [Fair- | 4+ |1 x 104 |4 days |Fair
Prior poor Prior poor Prior
High
Insol.
36,000 | — |28 x 106 |1 week |Good + 116 x 106 |1 week |Fair 24 (2 x 106 |1day [Good
Prior . Prior Prior
26,000 | 3+ |41 x 106 |3 weeks |Poor 4+ (32 x 106 |4 weeks {Fair- | 3+ |2.6 x 107 |5 weeks |Fair-
Prior Prior poor Prior poor
Part Three either work load or work force. As a result, the

Although we had recommended that a 4-tube test
be used and that at least two readings (e.g. 3 and 6
hour) be taken during the 8 hour day, there was a
reluctance on the part of management to increase

procedure adapted did not reflect the soundest possible

(Friday).

approach for evaluating a new test. For the most part,
readings were made at 5 hours and 20 hours, (the
next day), with only the 5 hour reading on day 5

Table 4—Biocide Selection Using Methylene Blue Reduction.

Sample % Methylene Blue Reduction Bacterial Count/ml
3 hrs 6 hrs
1. From plant (untreated) 100 100 1.6 x 108
2. With 100 ppm O-phenyghénol 100 100 71. x 107
With 2000 ppm 0-phenylphenol 0 50 3.6 x 105
With 1000 ppm dichlorophenol 100 100 3.4 x 107
With 2000 ppm dichlorophenol 50 50 4.6 x 107

Size of Central System 20,000 gal
0-phenylphenol added: 350 ppm 4 day prior
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Bacterial counts taken immediately on sample from plant; No. 2, 3, 4, 5 taken after 6 hour contact with biocide.
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Nevertheless, it was possible to monitor change in
each system (Table 5 and 6). In system No. 1 (Table 5)
in week 1 between day 3 and 4 there was a change in
reduction time from 20 hours No Reduction to 20
hours Reduction. At the same time, the condition of
coolant according to the operator was severe enough

to require the addition of 500 ppm o-phenyphenol on
day 4. The report from the Bacteriology laboratory
based on the samples of day 1 and day 3 did not
arrive until day 2, week 2, and stated “system bears
watching.” Needless to say, this advice was a little
late.

Table 5—Inplant Evaluation of Methylene Blue Reduction for Cutting Fluid Maintenance—Central System No. 1.

. Central Bacteriology
On Site Laboratory
Total Sulfate
Week  Day Methylene Blue Reduction! Count Reduction
1 1 20 hours N. R. 3 x 106 none
2 20 hours N. R.
3 20 hours N. R. 43 x 106 none
4 5 hours N. R. — 20 hours R
52 5 hours N. R.
2 1 20 hours N. R. 24 x 104 none
2 5 hours N. R. — 20 hours R
3 5 hours N. R. 13 x 106 none
4 Holiday
5 5 hours N. R.
3 1 20 hours N. R. 2.8 x 106 none
2 20 hours N. R.
3 20 hours N. R. 3.6 x 106 none
4 20 hours N. R.
5 5 hours N. R.
4 1 20 hours N. R. 4.5 x 106 none
2 20 bours N. R. 2.8 x 106 none
5 1 20 hours N. R. 6 x 106 none
2 5 hours N. R., 20 hours R
3 5 hours N. R., 20 hours R 11 x 106 none
4 5 hours N. R., 20 hours R
5 5 hours N. R. 1.7 x 106 none

IR = 100% Reduction of Methylene Blue
NR = No reduction of Methylene Blue

2Week 1, Day 1-—No recommendation from Bacteriology lab—*bears watching”
Day 2—No recommendation from Bacteriology lab—*bears watching”
Both reports arrived Day 1, Week 2. Operator added 50# 0-phenylphenol Day 5, Week 1.

The final series of experiments were related to
explaining some reasons for the lack of correlation
between viable count and reduction. We replaced the
spoiled emulsion (Table 7) with phosphate buffer,
fresh emulsion and pasteurized spoiled emulsion. Both
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the original suspension and the pasteurized suspension
had faster reduction times than buffer or fresh emul-
sion. This suggests that a deteriorated millieu could
contribute to the metabolic pool, thereby shortening
reduction time.
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Table 6—Inplant Evaluation of Methylene Blue Reduction for Cutting Fluid Maintenance—Central System No. 2.

Total Sulfate
Week Day Methylene Blue Count Reduction
1 1 5 hours N. R., 20 hours R 20 x 106 trace
2 4 hours R
3 5 hours N. R., 20 hours R 20 x 106 none
4 3 hours R
5 5 hours N. R.
2 1 5 hours N. R., 20 hours R 9 x 106 none
2 5 hours N. R., 20 hours R
3 5 hours N. R. 30 x 106 none
4 holiday
5 5 hours N. R.
3 1 5 hours N. R., 20 hours R 28 x 106 none
2 5 hours N. R., 20 hours R
3 5 hours N. R., 20 hours R 53 x 106 none
4 5 hours N. R., 20 hours R
5 5 hours N. R. :
4 1 5 hours N. R., 20 hours R 36 x 106 trace
2 5 hours N. R., 20 hours R 32 x 106 none
5 1 5 hours N. R., 20 hours R 35 x 106 none
2 5 hours N. R., 20 hours R
3 5 hours N. R., 20 hours R 35 x 106 none
4 5 hours N. R., 20 hours R
5 5 hours N. R.

System dumped, cleaned and recharged Day 6, Week 1

Table 7—The Effect of Suspending Medium on Methylene Blue Reduction Time.

Viable Bacterial pH7 Emulsion Culture Pasteurized
Count/ml Fresh 59, oil/water | Phosphate Buffer Supernatant Culture

Max. Time Max. Time Max. Time Max. Time

Red. Min. Red.  Min. Red. Min. Red. Min.
1.5 x 109 100 60 100 45 100 30 100 45
7.5 x 108 65 105 60 105 100 75 100 60
3.8 x 108 35 105 35 105 75 90 100 120
1.9 x 108 35 105 25 120 50 90 50 120
9.5 x 107 15 105 5 150 25 90 30 120
0 5 150 5 150 5 150 5 150
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Table 8—The Effect of Cell Lysis on Methylene Blue Reduction of Pseudomonas oleovorans ATCC 8062.

Whole Cell Time for Remaining Viable Time for
Viable count/ml 100 % Reduction Count/ml after lysis 100 % Reduction
8 x 1010 spontaneous 5 x 107 spontaneous
4 x 1010 spontaneous 2.5 x 107 spontaneous
2 x 1010 spontaneous 1.3 x 107 B 5 min.

5 x 109 5 min. 6.5 x 106 10 min.
2.5 x 109 10 min. 3.3 x 106 -45 min.
1.3 x 109 30 min. 1.7 x 106 90 min.
6.5 x 108 60 min. 8.5 x 105 210 min.
3.3 x 108 105 min,
1.7 x 108 210 min.

Finally, (Table 8 and 9) we looked at the effects of
cell lysis on reduction time in Ps. oleovorans and
D. desulfuricans. 1t is readily seen that destruction of
cell integrity did not destroy enzymatic activity
associated with methylene blue reduction, suggesting
that total viable cell population might not realistically
correspond to reduction activity.

Table 9—The Effect of Cell Lysis on Methylene Blue
Reduction of Desulfovibrio desulfuricans T757.

Time for 1009,
Reactants Reduction
1. Methylene blue & lactate None
2. Methylene blue & lactate
& pasteurized cell suspension None
3. Methylene blue & lactate
& unheated cells 2 min.
4. Methylene blue & lactate
& lysed cells 2 min. -
5. Methylene blue & lactate
& supernatant from #4 4 min.
6. Methylene blue & lactate
& pellet from #5 None
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Summary and Conclusion

Although there is a certain degree of positive
correlation between extent of reduction and viable
cell population within each cutting fluid system, it was
readily apparent that it was not possible to make any
extrapolations from one system to another. For
example, 3+ reduction might be equivalent to 20
million cells/ml in one place and 200 million cells/ml
in another. In addition, quite often these were a drastic
drop in total viable bacteria without a concomitant
drop in reduction time. As a rule this inconsistency
followed after treatment of the system with one of
several biocides. However, despite this drop in count
more often than not the operator agreed with the
methylene blue reduction level as evidenced by the
subjective evaluations we received. In the laboratory
it is much easier to control many of the extraneous
factors that interfere with perfect biological correla-
tion. Nevertheless, the important fact to be noted is
that the operator could have much closer control over
the rational addition of biocide and the subsequent
prevention of dumping if he utilized the results of the
methylene blue reduction test rather than rely on
either his own organoleptic evaluation or that of a
distant (in time and space) bacteriology laboratory.
Although it seemed incongruous for total bacterial
levels to drop without affecting reduction time, results
in our laboratory showed Ps. oleovorans was killed
by freezing and thawing without an equivalent
lengthening of methylene blue reduction time. At the
time this study was conducted, the biocides used on
site were all phenol derivatives. Hugo (1956) has
demonstrated that one mode of action of these






