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Microbial Population Control in Emulsion Oil

I. Alemzadeh* and M. Vossoughi!

In this paper, controlling microbial degradation of water based metalworking system fluid,
emulsion oil, is investigated using glutaraldehyde as biocide. Microbial population was determined
through colony counting method. Evaluation and results demonstrate that a 15 day treatment
by glutaraldehyde results in higher resistance to microbial deterioration. Analysis of variance
through multiple comparison tests was conducted and Least Significant Difference (LSD) was
determined. An overall observed paired difference between the first and second treatment is
significant; therefore, the first treatment, with an addition of glutaraldehyde every 15 days is

suggested.

INTRODUCTION
The main purposes of utilizing metalworking fluids are:

o Cooling tools, dies, forms and workpieces,

o Lubricating tools and carry off chips, fines and swarf.

The base of a metalworking fluid is generally
non-aqueous with a viscosity greater than water. If
an application primarily involves cooling, the metal-
working fluid is basically water with similar additives
for heavy duty operation and corrosion protection in
addition to antimicrobial agents. Addition of water to
a metalworking operation creates a favorable environ-
ment for a variety of microorganisms which can directly
or indirectly cause occupational hazard, economic loss
and environmental insult {1-12].

Metalworking fluids become rancid because they
contain a rich blend of nutrients that encourage mi-
crobial growth. Alkanolamine, hetrocyclic compounds,
esters and fatty acids are the major constituents of
many water-based metal cutting fluids [13].

The unfavorable effects due to microbial spoilage
are: intolerable smell, decrease in pH, change in emul-
sion stability, increase in skin and respiratory irritation
and increase in corrosion rate [2]. These effects never
occur prior to diluting oil with water. Contaminants
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may originate in water, or come from other sources
including dust, plant dirt and human wastes. Adverse
health effects due to long-term exposure to various oil,
straight, soluble oil and synthetic metal cutting fluids,
as well as environmental concerns, related to cutting
fluid disposal, have led to introducing dry metal cutting
which eliminates health and safety hazard [14].
Metalworking fluids contain multiple microbial
species including bacteria, most probably, Actinobac-
ter, Pseudomonas, Aerobacter and Bacillus and fungi
[1-2,15]. Temperature is a factor in substrate utiliza-
tion and viability by microorganisms. For esters, uti-
lization increases with decreasing temperature, while
the reverse is true for acids. The microorganisms were
destroyed after exposure to temperatures of 80°C or
above for 30 minutes or more, but were able to survive
at lesser time or lower temperatures [16].
Preservatives are added to the fluid to provide
biocidal and biostatic characteristics in metalworking
systems. It should be noted that a preservative
will not provide rancidity control for the life of the
coolant. As soon as the fluid is placed in use, the
preservative level begins to decline as the chemicals
react with microorganisms. The preservative is usually
the first component to be consumed and this occurs
long before the life of the fluid has been exhausted
[17]. Therefore, in many cases, preservative degrada-
tion does not provide a serious environmental effect
[3]. In a few cases, the pH of the discarded fluid
should be adjusted to create a favorable environment
conducive to biodegradation [4]. It is necessary to add
preservatives to a working system at periodic intervals
in order to provide maximum lifetime. There exists
a wide range of choices of amtimicrobial agents [5-
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Table 1. Bacterial responses to glutaraldehyde at three different concentrations and treatments.

Treatment Concentration (ppm)
100 200 300
1 10 102 108 108 | 10 102 103 102 | 10 102 102 102
104 105 10 108 | 10% 102 10* 105 | 102 102 10% 103
10* 10 10® 108 | 108 10* 105 105 | 102 103 10 105
10]. Due to the extremely diversel composition of comparison tests were arranged to create statistically

cutting fluids, no individual preservative is effective in

all coolants. Glutaraldehyde as a new
been utilized for metalworking fluids

microbiocide has
[7,8]. The effect

of different glutaraldehyde concentration as a biocide

in metalworking fluid has been evaluate
scale.

Fungicidal efficacy of octhilinon
metalworking fluid has been studied|i
non is utilizable in both synthetic and
metalworking fluids.

The presence of microorganisms in
systems may be measured through a sta
method [5-7] or an analytical technique
Performance Liquid Chromatography|(

d in laboratory

preservative in
n [5]. Octhili-
semi-synthetic

emulsifiable oil
ndard counting
, utilizing High
HPLC), to de-

termine the effect of microbial action on one particular

emulsifiable oil system [11].

In this investigation, microbial cutting fluid pop-

ulation in metalworking machine was
glutaraldehyde as a biocide and a di

controlled, using

flerent pattern

of treatment was considered. Evaluation of the ac-
ceptability of the formulation was determined using

multiple comparison tests [18,19].

MATERIALS AND METHODS

The metalworking fluid used in this investigation was

petroleum-based, diluted 1:10 with tap water.

The

investigation was conducted on cutting machines. In
all experiments, each cutting machine was filled with 20

liters of fresh emulsion after the system

was thoroughly

cleaned. Microbial control of the coolant was studied

In a separate system at ambient temperature.

was a reactive
agent, glutaraldehyde CHO-(CH;),-CHO, 25%.

biocide utilized in this investigation

ferent concentrations of glutaraldehyde

The

Dif-
utilized in the

cutting fluid were 100, 200 and 300 ppm, injected into

the system at exact intervals of 15,

30 and 45 days.

Evaporation losses were restored with tap water or

freshly diluted cutting fluid. Bacterial

populations in

each cutting system were determined by standard pour

plating of serial dilutions on plate count agar.

Malt

agar was utilized for fungal growth. The plates were in-

cubated for 24 to 28 hrs at 25°C for fung

al and 37°C for

bacterial growth. The number of microorganisms was

determined through colony formation
Each value is the average of two repl

units (cfu/ml).
cates. Multiple

homogeneous groups. The grouping of treatment is
accomplished through comparing the means of multiple
comparison procedures. LSD (Least Significant Differ-
ence) test with t-distribution successively judging the
significance of pairwise difference must be compared
with its LSD. There is a considerable difference at the
1% level of significance [19], since it exceeds the LSD.

RESULTS AND DISCUSSION

Glutaraldehyde treatment was based on the evaluation
of glutaraldehyde in an aqueous metalworking system.
Three methods of treatment by glutaraldehyde, 15, 30
and 45 days, were applied. Three different concentra-
tions of glutaraldehyde considered were 100, 200 and
300 ppm. Table 1 represents the results of bacterial
colony counting at three different biocide concentra-
tions and treatments. The results of fungal count in
all tests indicated that the petroleum based fluid is
more resistant to fungal spoilage and the fungal count
did not exceed 10 cfu/ml, so only bacterial count was
evaluated in the cutting system. Therefore, evaluation
of the bacterial colony counting has been conducted
and numerical values were considered (Table 2).

According to Table 1, three kinds of treatment
with different concentrations are conducted. The
difference between the treatments is in the time of
sampling. It is clear that treatment 1 (15 days biocide
addition) reaches an average of about 102 cfu/ml, for
200 ppm biocide addition and treatment 2 (30 days
biocide addition) results in 102 in the case of 300
ppm biocide addition. Treatment 3 (45 days biocide
addition) shows higher bacterial counting due to the
distance between biocide addition.

Table 2 presents the selection of numerical value
(N) for different colony count unit, observed for dif-

Table 2. Numerical value of bacterial colony counting.

Colony Count (cfu/ml) | Numerical Value
10° -2
10° -1
10 0
103 +1
102 +2
10 +3
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Table 3. Microbial responses to glutaraldehyde treatment
per 15 days (treatment 1).

Numerical Value | Frequency Z X Z X2
(V) (F) | (P | (R°F)
3 3 9 27
2 6 12 24
1 3 3
0 0 0 0
-1 0 0
-2 0
sum 12 24 54

Table 4. Microbial responses to glutaraldehyde treatment
per 30 days (treatment 2).

Numerical Value | Frequency Z X Z X2
(N) (F) (N*F) | (N?F)

0 0 0

2 4 8 16

1 2 2 2

0 3 0 0

-1 2 -2
-2 1 -2 4
sum 12 6 24

ferent treatments. Tables 3 to 5 demonstrate the
statistical determinations of glutaraldehyde treatment
at each 15, 30 and 45 day intervals in a metalwork-
ing system. Results of metalworking treatment are
evaluated through statistical method with multiple
comparison tests [19]. Frequency (F') is the number
of observations for each numerical value (V).

STATISTICAL CALCULATIONS

From Tables 1 to 4, total responses, n, and other
statistical parameters are:

n =12*3 = 36,
Y X = 26,
Y X2 =96,

C F= coeflicient of variation,
CF =Y X%/n=1877.

The total sum of squares is denoted by SSi, and is
defined as:

—_ 2 —
SSiw=3 9 X%~ CF=71.23,
The treatment sum is defined as:
$Su =Y nX2 - CF = 3363,

X is the mean.
The sum of squares due to error is:

SSe = SS(,O - SS” = 436
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Table 5. Microbial responses to glutaraldehyde treatment
per 45 days (treatment 3).

Numerical Value | Frequency 2 X Z b &
(V) (F) | (N*F) | (N*F)

3 0 0 0

2 1 2 4

1 2 2 2

0 3 0 0

-1 4 4 4

-2 2 -4 8

sum 12 -4 18

MS, is the mean square obtained as the result of
dividing SS. by its DF (Degree of Freedom, 33 in this
investigation),

MS. =1.32.

LEAST SIGNIFICANCE DIFFERENCE

Least Significance Difference test (LSD) procedure uses
the t-distribution successively to judge the significance
of pairwise comparison. An observed paired difference,
d;j, is compared with its LSD defined as:

LSD = t(10c/2),0(5u.,)

Suy = \/MSe(1/ni+1/n,) |

n; =n; =n,

Sd‘Lj = v/ 2MSe/n = 0.469.

d,; for treatments 1 and 2 is 2-0.5=1.5.

The difference of the average for treatments 1 and
2 is d;; = 1.5, however, the results for treatment 3 (45
days) is not acceptable for comparison tests. It is lower
than the LSD.

The t-distribution at %1 significance with DF
value of 33 is 2.72 [19, Table A4] and so LSD is 1.275.
Multiple comparison test for treatments 1 to 3 was
conducted and as mentioned previously, treatment 3
is not acceptable; therefore, d;, for only treatments 1
and 2 is comparable with LSD.

An observed paired difference, d;;, is compared
with LSD, since d;; = 1.5 exceeds the LSD value of
1.275. Treatments 1 and 2 are significantly different.
Treatment 1 (15 day treatment) for controlling mi-
crobial metalworking at three different concentrations,
100, 200 and 300 ppm is more acceptable. Furthermore,
100 ppm treatment with a 15 day interval is econom-
ically proposed, because during the manipulation in
metalworking system one, colony counting data is lower
than 103 cfu per ml.
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CONCLUSION

Microbial contamination of a petroleum-based cutting
fluid is significantly controlled in a metalworking sys-
tem (cutting machine), using glutaraldehyde as biocide

at three different concentrations: 1
ppm. Three methods of treatment
where biocide was added after 15,
treatment intervals, respectively.

counting method was used for detern
the system. Experimental observati

00. 200 and 300
were examined,
30 and 45 day
Bacterial colony
1ining spoilage of
n indicated that

treatment 1 is more effective in controlling microbial

population in cutting fluids.
Statistical method, using Least
ference (LSD) as a method for pair

Significance Dif-
wise comparison,

indicated that treatment 1 is significantly different from

the two other treatments; therefore,
100 ppm biocide addition is suggeste

REFERENCES

1. Bennet, E.O., Prog. Ind. Microbio

(1974).
2. Passman, F.J., Lubr. Eng., 44, pp 4
3. Bennet, E.O., CRC Handbook of L

treatment 1 with
1.

, 13, pp 121-149

31-433 (1988).

tbrication, Theory

and Practice of Tribology, Ed.. 2. Rosser. CRC Press

Inc., Florida, USA, pp 371-378 (198

1).

4. Gupta, A., Fan, L.T. and Erikson, L.L!, Processing of

the Conference on Hazardous Waste

348-358 (1998).

Research, KSU, pp

5. Lashen, E.S. and Low, A.B., Lubr. Eng, 44, pp 447-452

(1988).

10.

11
12.

13.

14.
15.

16.

17.
18.

19.

I. Alemzadeh and M. Vossoughi

Kitzke, E.D. and Megry, R.J., Lubr. Eng., 19, pp 110-
113 (1963).

Leder, J., Lubr. Eng., 43, pp 666-671 (1987).

Leder, J. and Russo, M.R., Lubr. Eng., 45, pp 217-220
(1989).

Rossmoor, HW. et al., Lubr. Eng., 35, pp 559-563
(1979).

Zabik, M.J., Wildman, J. and Lukanish, J.T., Lubr.
Eng., 44, pp 677-679 (1988).

Almen, R. et al., Lubr. Eng., 38, pp 99-103 (1982).

Moo-Young, M., Comprehensive Biotechnology, 4,
Pergamon Press Inc., London, UK, pp 249-269 (1985).

Kim, B.R., Rai, D.N., Zemla, J.F. and Lehari, F.,
Water Res, 28(6), pp 1453-1461 (1994).

Dunlap, C., Cutting Tod. Eng., 49(1), p 7 (1997).

Rinkus, K.L., Lin, W., Jha, A. and Reed, B.E.,
Proceedings of the Industrial Waste Conference, Ann
Arbor Sci. Publ. Inc., USA, pp 601-610 (1997).

Rinkus, K.M., Lin, W., Jha, A. and Reed, B.E,
Hazardous and Industrial Wastes Proceedings of the
Mzd-Atlantic Industrial Waste Conference, Technomic
Publ. Co. Inc., USA, pp 214-222 (1997).

Barman, B.N., Lubr. Eng., 50(5), pp 351-355 (1994).
Herschdoerfer, S.M., Quality Control in the Food In-
dustry, I, Academic Press Inc., N.Y., USA, pp 121-163
(1984).

Gacula, M.C. and Singh, J.J., Statistical Methods in

Food and Consumer Research, Academic press Inc., pp
91-96 (1984).





