THE BACTERIAL FLORA OF UGED
EMULSION OILS

A Thesis
Presented to
the Faculty of the Department of Biology

University of Houston

In Partial Fulfillment
of the Requirements for the Degree
of

Master of Science in Biology

570

M. D. ANDERSON MEMORIAL LIBRARY
UNIVERSITY OF HOUSTON

by
Carl Q. Tant

June 1937

L

=3
7@‘

94



Abstract

Although several workers have studied the bacterial flora
of emulsion oils, there is much inconsistency in their results.
This inconslistency was thought to be the result of inadequate

methods of studying the flora of these oils.

-
-

An adequate method for isolating bacteria from vsed emul~
sion oils was developed based upon concentr .tion and inh;bitio;.
techniques.

Following development of this method a study was conducted
in a large industrial plant., Over an eleven weeks period, a total
of twenty-seven different species of bacteria was isolsted from
seven differont commercial cubting oils.

Growth studies of fifteen of these organisms in pure cul-
ture were conducted with s3ix of the same coolanta from which they
were isolated, It was found that the growth of bacteria in emul-

sion oilas 1s dependent upon both the pature of the organism and

the composition of the coolant.
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I. Introduction

Emulsion oils consist of petroleum oils emuleified with
;oapa of tall oil, rosin, petroleum sulfonate, and others, and
such additives as rust inhibitors snd coupling agents. These
enulsions, commonly referred to as cutting oils or coolants,
serve two primcipal functionst (1) te cool both the tools and
the stock so that neither becomes overheated and thus sudject to
‘¢racking and chipping, and (2) to lubricate the point of contact
between tools and stock.

The cutting oll ia sold to the customer as & water-Iree
concentrate which is diluted according to the characteristics of
the coolant and t&o type of machining operation involved. The
diluted materiasl forza a stable milk-white emulsion which thus
combines the lubricating properties e¢f petroleum and the cooling
properties of water.

These emulsions are supplied to the cutting and grinding
machines, either from.individual tanks containing fifty to 100
gallons, or from large sumps contsining thousands of gallons and
supplying many machines. The ccolant flows over the metal being

vofkod and then returns to the individual tank or sump from which



it is recirculated.

The open circulation systems offer ample opportunity for
the coélant to becomq contaminated with bacteria, The workers may
place their hands in the coolant and inadvertantly contaminate it
with the matural flora of their skin. Contamination may also oc-
cur when the workers expsctorate, cough, urinate, or discard lunch
scraps into the collecting troughs at the base of the machines.

Theras is moreopportunity for contamination to occur in
th; case of machines served by coolants from large sumps than
for machines with inlividual tanks. In some of the older in-
stallations, the return lines from the machine to the sump are
open troughs which may or may not be partallly covered with a
heavy sttel mesh or wooden slats. In walking over these troughs,
the employees unavoldably brush particles of dirt from their
shoes or the floor into the coolant. The sump itself is often

only partially covered and the thousands of gallons of emulsion

oil in it are thus exposed to direct aerial contamination.

Codkroaches, pieces of wood, c¢loth rags, and other debris



have been observed in the coolant, but these larger particles are
usually prevented by a metal screen from returning to the machines.
These particles remain in the sump until it is drained and cleaned,
a-proqedure which is carried out once every six to eighteen months.

The bacteria that find their way into the emulsion consti-
tute a serious problem from both the economic and the health stand-
points. Some of the ways by which the bacteria produce these
deleterious effects are as follows: (1) The emulsion may serve
as ; vehicle of disease transmission if pathogenic bacteria are
present in it., (2) Some of the organisms are capable of ox~
idizing the emulsion with the production of nauseating odors.
(3) A spoiled emulsion will not function properly and may result
in damege to the machine bits or tools. Considerable loss in
production as well as direct c¢oolant expenss is entalled by the
company when a spoiled emulsion must be discarded, the machine
cleaned, and new coolant added.

In recent years, the bacterial content of cutting emulsions
haa received considerable attention. Research has been directed

toward understanding the mechanisms by which the bacteria spoil

the emulsion, determining methods for controlling bacterial



spoilage, and determining whether, under industrial conditions,
emulsion oils may contaln disease producing microorganisme.

Rosenberger (1922) investigated the bacterial flora of
0il emulsions and reported the presence of both sporeforming and
non~gporeforming bacilli.

Schwartz (19%1) found that comedones of the hands and
fingera frequently occurred in workers handling cutting oils, and
reported that folliculitis was the most frequent type of dermatitis,
He isolated pathogenic staphylococci from these lesions, but felt

that they were not from the oil itself, and stated,

» + o« 8o0luble petroleum oils, when diluted for use, are
not well suited as culture media because of the fact
they coneist mostly of water and a small percentage of
the aoluble 0il, .+ s « The insoluble cutting oils as a
¢lass are not suitable for the growth of bacteris be-
cause they contain such a large percentage of petroleum
0il and becausme many of them also contain an inhibitor
which has antiseptic properties. . . .

During a five months investigation of used emulsion oils,

Lee and Chandler (1941) found that a new species, Pseudomonas

oleovorans, was present almost to the exclusion of all other
species. Duffett, et al (1943) found that the majority of the

species isolated from thirty different emulsion oil samples



belonged to the genus Pseudomonaa. In addition to Pseudomonas

oleovorans, Pseudomonas aeruginosa, two specles of Achromobacter,

Aerobacter serogenes, Eacherichim coli, Bacillus elvei, yeasts,
;nd molds they isolated six new mpecles of pseudomonads. Eaceh
enulsion sample usually contained several different species and
genera.

Weirich (1943) found Facherichia coli to be the second

or third most common organism found in cutting emulsions, and

aleo noted the presence of micrococci and Pseudomonas seruginosa.

The C. B. Dolge Company (undated pamphlet) reported that

Escherichia coli was present in large nuzmbers and that strepto-

ecocci and microcooci were occasionally present. Pivnick (1952)

found micrococei, Barcina, Flavobacterium, Vibrio, and wany

apecies of pseudomonads.
Bennett and Wheeler {1954) found large numbers of

Micrococcus pyogenes var. sureus in a used sample from a plant

where several workers were suffering from pyogenic infections,

Pivnick and Fabian (1954) did not f£ind Escherichia cecil in

samples they examined; however, they isolated Aerobacter aerogenes

and c¢coli-serogenss intermediates as well as pseudomonadas. Pivnick



{(1959) isolated a new species, Pseudomonas rubescens, from emul-

sion eils. Bennett (1956) reported the isolation of a Paracolo=-
bactrum gpeclies and & Salmonella epaeiwa from used cutting
emulsions.

Okawaki (1953) reperted that seversl specice of intestinal
pathogens survived and also multiplied im cil emulsions. Plvnick
et al (1954) confirmed Okawaki's work. %heeler and Bemnett (1954)
end Bennett and Wheeler (1954) showed that Gram~positive organisms
were not capable of surviving im oil emulsions, but that many
Gram-negative pathogens remained wviable for as loang sa 250 dayse
in two different emulsions. ¥heeler and Bennett (1956) conducted
laboratory studies which showed that most commercial cutting oil
inhibitors were of no value in &nhibitlng the bacterial flora of
emulsions.

The results obtained by other workers have been somewhat
inconsistent. The literature, however, generally indicates that
aerobic bacteria are capable of surviving and growing in emulsion
oils under laboratory conditions. Ia view of the lack of agree~

ment concerning the normal flora of cutting oils, it was delieved

that fallure of other workers %o isolate more than two or three



species of bacteria from used emulsion samples might be due to
the limitations of the technigues employed. From mwany standpoints,
it was also believ;d that if the orgunisms were present in the
emulsions under industrial conditions, i1t would be important to
know whether they were present merely as temporary contaminsnts
or whether they mctually survived and multiplied in the oils.
Consequently, this Iinvestigation was undertaken to develop a
technique that would demonstrate the presence of bacteria in
small guantities in emulsion oils. If such species existed in
used emulsi&ns, & method should be developed to determine whether
the organisms merely survived or whether they could multiply in

the various cutting ¢ompounds.



IX. Experismental Procedure for Isoclating
Bacteria from Used Emulsions

Attempts were made to isolate organisms from used emulsion
olls by streaking loopsful of the sample directly onto nutrient
agar, blood agar, and 8 S agar (Difco) plates. In all cases the
plates, incubated at 37°C either showed little growth or Proteus

and Pseudomonasg species swarmed and overgrew the other colonies,

making it impossible to obtain pure cultures.

Failure to obtain organisms from other genera agreed with
the report of officials of the plant cooperating in the research.
On several occasions over a period of years they had sent coolant
samples to a commerciael laboratory several hundred miles away.

| Although the samples had been packed in dry ice and shipped by
the most rapid transportation available, no conclusions regarding
the cause of deterioration could be made. Bennett (1956) reported
that freezing samples of emulsion reduced the ba&terial flora as
much as ninety-nine per cent.

After consider;blo experimentation the following procedure

*was developed for isolating bacteria froa emulsion oils.

l. Four ml of the sample was centrifuged for fifteen



minutes at 20,000 rpm. The supernatant was 1mmed1ntely asaeptica}ly
pipetted off and discarded, and the sediment waas used to streak
nutrient and blood agar plates.

2+ A 20.0 ml amount of the uncentrifuged sample was inocu-
lated into 200.0 ml of Selenite Broth (Difco). S S end EM B
plates were streaked from the Selenite Broth after it haﬁ incubated
for eighteen hours at 37°C.

3+ The addition of 0.1 per cent chloral hydrate and/or

0.004 per cent potassium tellurite {Schaub and Foley, 1952) to all

s0lid media controlled overgrowth of Pseudomonas and Proteus species.

Table 1 indicates that two fsctors mre involved in studying
the bacterial flora of & used cutting oil: (1) speed in inoculating
the primary isolation media, and (2) concentration and inhibition

techniques to control overgrowth and swarming of Pseudomonas and

Proteus species.

Thirty cultures were isolated from these six coolants by
using the new technique, while only eleven were isclated by using
the old method.

Table 1 indicates a possible reason for the failure of

other workers to obtain consistent results in studying the flora
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of used emulsions., Even using the concentration techniques and
enrichment media, speed in proceasing the sample iz essential if
reliable results are to be obtained. Only a few hours delay may
result in practically uncontrollable overgrowth of Proteus and

Peseudomonas species. The time factor involved in shipping used

coolant samples to a distant laboratory (Pivnick, 1955) probably
accounts for the failure to isolate few species other than the

pseudomonads.



11X, 'The Flora of Used Emulsions from a
Large Machine Shop

Samples of seveﬁ different commercial coolants were ob-
tained at weekly intervals for eleven weeks from a large machine
shop. These samples were obtained from the following nine col-
lecting points:

Gollectiﬁg point no. 1. Machine served by individual tank,
capacity 60 gallons. O0il is not changed, although one to three
gallons iu.added daily to make up for loss due to evaporation, etc.

Collecting point no. 2, Machine supplied from a 6,500
gallon sump (listed below as collecting point no. 4) serving six
large machines.

Collecting point no. 3. Machine served by individual
tank, capacity 80 gallons., Coolant added and changed every 3-4
months as needed,

Collecting point no. 4. Sample obtained from 6,500 gal-
lon sump serving six large machines. Coolant chaggad every 3-4
months, and lines to machines flushed and cleaned approximately

once yearly
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Collecting point no. 5. 3ample obtained from 7,000 gal~
ion sump serving approximately fifty machines. BSump cleaned and
coolant added approximately once yearly.

Collecting point no. 6. Sample obtained from machine
served by sump described as collecting polnt no. 5.

Collecting point no. 7. Machine served by individual tank,
capacity 50 gallons. Coolant changed and added as needed. Be-
cause of objectionable odor, two ounces of “Rancrid" deodorant is
added weekly.

Collecting point no. 8. Machine served by individual tank,
capacity 70 gallons. Coolant changed and added as needed. Machine
is only in intermittant use.

Collecting point no. 9. Machine served by individual tank,
capacity 72 gallons. Coolant changed approximately once each
month.

A 100.0 ml sample of each coolant was obtained weekly from
each collecting point over a period of eleven weeks. Isolation
and identification of organisms was accomplished by the technique
described in Part II.

While this study was in progress, a record was kept of all
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coolant changes, machine cleaning, etc.

Table 2 shows that twenty-seven zpecies were identified
from the 100 coolant samples. Addlitional organisms which could
not be identified were encountered.

Machines (collecting points no. 2 and no. 6) supplied by
large sumps (collecting points no. & and no. 5 respectively) with
coolants B and D were found to contain a much larger number of
species, The reason for the high number might have been due to
the type of system or to the kind of coolant used.

The number of species isolated varied widely from one
coolant to another, ranging from only four species in the sample
obtained at collecting point no. 1 to twenty-two species in the
samp;le obtained at collecting point no. 5.

There was no significant change ian the bacterial flora
present following addition or change of coolants in the machines,
as shown in table 5.

Furthermore, i@ was noted that the same species were
usually present from week to week (table %) at each collecting

point, although a few species were highly erratic in their ap-

paarance.
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The relative consistency in the composition of the flora
isoleted from each collecting point indicated that either these
species were multiplying in the coolant, or that frequent and
heavy contamination was occurring. Consequently an attempt was
nade to determine whether fifteen selected species isolated from
used emulsions were capable of reproducing in pure cultures in

six of the emulsions tested.



V. Experimental Procedure for Growth Studies

The following procedures were employed for studying the
growth of bacteria in emulsion oils:

1. Pure cultures of organisms were isolated from used emul-
sion oils as previously described.

2. Conventrates of coolants A, B, £, D, E, and F were
diluted as used in industry.

. E. A 19.5 ml aliquot of each coolant wes placed in standard
water-analysia test tubes, which were plugged with gauze-wrapped
cotton and autog¢laved for 15 minutes at 15 1b pressure.

k. A suspension of the pure culture to be studied was made
in physiological saline solution, and 0.5 ml was inoculated into
each coolant.

5. At the time of inoculation a count was made by routine
plate count procedure.

6. The tubes were incubated at room temperature for sixteen
days with constant agitation on sn asutomatic shaking machine.

7. Plate counts were made daily.

8. Wormally, three strains of each species were studied;

however, if inconsistency of results was apparent, four strains were
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used. Only one or two strains of the rarely isolated

were studied.

organisma

16



VI. Results and Discussion

Table 6 shows that s me orgunisms were a'le to multiply in
all six coolants whereas others varied widely in their ability to
multiply or survive, Bennett and Wheeler (1956) reported that the
Gram-negative organisms éenstituted the most serious problem in
emulsion oils. This study is confirmatory, as all of the organisms
wvhich grew with any frequency were gram-negative. However, as table
6 shows, there were also many of the Gram-negative organisms which

did not survive.

Achromobacter species

Members of this genus are considered to be common inhabitants
of the soil and water (Bergey, et al, 1948). The presence of

Achromobacter in emulsion oils has beenreported previously by

Duffett et al (1943), Since these organisms were isolated from 12
per cent of the emulsions studied, growth studles were carrkd out
on two strains. All strains gradually declined in number in the
coolants tested, |

This study indicates that these organisms do not multiply
in emulsions, and that they play no role in the deterioration

process. They are probably present as temporary contaminants
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from the water used in the coolant, or from dirt which has fallen
into the system.

Aerobacter serogenes

Aerobacter aerogenes is widely distributed in nature and

is normally found on plants and to a varying degree in the intes-
tinal tract of man and other animals.
This organism has been found in emulsion oils by Duffett,

t 8l (1943) and Pivnick snd Fabian (1954). Fabian and Pivnick

——— s

(1953) reported that it was capable of growing inm pure culture in
emulsion oil. Bennett and Wheeler (1954) reportei that these
organisma had a survival time of from 30 to 59 days in two dif-
ferent emulsions. Bennett (1956) reported this organism in almost
pure culture from one industrial emulsion.

As can be seen from table 6, Aerobacter amerogenes was

capable of surviving in four of the six emulsions studied., This
consistent survivael indicates that under some conditions the or-
ganism might be capable of growing in the coolant.

If such be the case, the report of Hunter and Weiss (193%)

that Aerobacter aerogenes is capable of producing hydrogen sul-

fide under certain conditions is of considerable interest. If
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this occurs to any extent, it is possible that the organisms could

be a factor in odor production.

Asrobacter cloacae

Aerobacter cloacae was isolated only once during the initial

stagea of this investigation. It could not again be foundj there-
fore no growth studies were conducted. The organiem, which is nor-
mally found in the feces and sewage cennot therafoere be considered
an ;mportant constituent of the flora of emulsion eils, and was

probably present only as a temporary contaminant,

Bacillus cereus and Bacillus subtilis

These organisms have not been found in emulsions before,

although the presence of Pacillus alvei has been reported by

Duffett, et al (1943). Bennett ani Wheeler (1954) reported that

Bacillus subtilia did not survive for any appreciable time in

emuleion oils. It will be noted from tables 3 and 4 that the oc-
currence of these orgeniems in a particular emulsion was sporadic.
During the second stage of this investigation, Bacillua

cereus was not agpain isolated; however, Bacillus subtilis was,

and growth studies were conducted with it. In no case did the

organisms multiply in the cocolants. Boﬁever. following an
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initial drop in count, the organisms seemed to remain fairly
static, showing a very gradual decresse in number in all ewulsions
except Coolants E and F. In these two coolants the drop in viable
count was more rapid.

On the basis of this data and previous reports in the
literature, it woﬁld seem safe to sssume that these orgenisms are

not an important part of the normal flora of emulsion oils.

Diplococcus pneumoniae

Diplococcus pneumoniae is normally found in the respiratory

tract of man and animals. It is the most common cause of lobar
pneumonia and has been implicated in meningitis, mastoiditis,
peritonitis, pericarditis, endocarditis, and many other diseases.
It is also found in the respiratory tract and salivary secretions
of normal individuals.

The presence of Pneumococcus in emulsion oils has not been
reported before. Bennett snd Wheeler (1954) reported that this
organism d1d not survive in emulsion oils. The evidence indi-
cates that it was present as a result of recent contamination. As
the organism was not again found following the beginning of the

. growth studies, further information coulld not be obtained.
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Escherichia colil

Yscherichia coll is a normal inhabitant of the intestinal

tract of men and other vertebrates. The organism is widely dis-
tributed in nature. Although generally considered non-pathogenic
it may cause infectionas of the genito-urinary tract and has been
reported to be the etiological agent of infant diarrhea.

Escherichia eoli is considered important as an index of

fecal contamination. The purity of water is basei on the number
of these organisms present. Consequently, its presence in large
numbers in industrial emulsion oils can be considered of some im-

portance.

The presence of Escherichia soli in emulsion oils hes been

reported by Duffett, et al (1943}, Weirich (1943), and the C. B.
Dolge Company (undated pamphlet). Weirich (1943) reported this
organism to be the second or third most common encountered in used
emulsions. Fabian and Pivnick (1953) did not find it in used emul~
sions, but reported that pure cultures of the organism grew in
emulsion oile, while Bennett und Wheeler (1954) reported this
organism was not capable of surviving for any appreciable length

of time. The variation in results may have been due to a strain
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variation.

In this study Eacherichia coli was isolated from 41 per cent
qf all samples studied and showed some consistency from week to
week in several of the used emulsions.

The results of the growth study show that the organism
does not grow to.any great extent in any of the coolants studied.
However, as can be seen from table 6, one strain of the organism
wultiplied slightly in Coolants B and E, and two strains multiplied
sliéhtly in Coolant D. It is interesting to note that Strain
20-E~7d4 did not survive more than six days in any of the coolants,
while Strains 21-D~5b and 23-B-2a multiplied slightly or survived
in Coolants B, D, B, and F. None of the three strains survived
more than five days in coolants A and C. This indicates that

growth or failure to grow is dependent not only upon strsin varia-

tion, but also upon the formulation of the coolant.

Escherichia intermedium

Escherichia intermedium is freguently found in the soil,

water, and intestinal tract of man and other animals. It was
isoclated twice during the initial study of flora in emulsion oils,

and once for the growth study. As table 6 indicates, the‘organism
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did not survive more than one day in any of the six coolants.

Escherichia freundid

Escherichias freundii is normally found in the soil and water

and occasionally in the intestinal trasct of vertebrates., It was
isolated only seven times from two coolants during the early part
of this study, and could not again be isolated for growth study.
In view of the rarity with which this apecies wag igo~
1a§ed. it cannot be considered an importsnt part of the flora of

emulaion oils.

Klebsiella pneumoniae

Elebsiella pneumonise is considered a normal inhabitant of

the intestinal tract ofmn and other vertebrates. It is oc-
casionally associated with infections of the genito-urinary tract
and has been implicated in infant diarrbhea. It is the second most
commén cauge of pneumonia, producing a form of the disease which
rapidly terminates fatally if not quickly diagnosed and treated.
Pivnick, et 81 (1954) reported that one culture was capable
of growing in emulsion oils, while another culture decreased in
numbers and disappeared entirely after 21 days incubation. Ben-

nett and Wheeler (1954) reported that the organism did not survive
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in either of the two emulsions they studied. Pivnick, et al (1954)
reported that after recovery from the emulsion, the strain which
grew was capable of killing mice.

In this study Klebsiella pneumonise was iaolated thirty~two

times from the 100 samples studied., As can be seen from table 5,
these isolations were fairly evenly distributed among five of the
seven coolants.

As can be seen from table & and plate 2, Klebsiella pneumoniae

exhibited extreme variation in its ability to multiply in the
various coolants. With the exception of Coolant A in which few
species multiplied, the ability of Klebsiella to grow seems de-
pendent upon strain variation. It is interesting to note that
Strain 25-D~b6a survived for the éntire sixteen days in Coolant A,
It is possible that the high count which Strain 23-B-4a obtained
from Coolant B from which it was originally isoclated was the result
of adeptation to the coolant, although the results of other strains
do net support such t§aory.

The results cobtained in this study confirm both those of
Pivnick, et al (1954) and Bennett and Wheeler (1954), indicating

that survival and multiplication of this speciea in commercial cut-
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ting oils is dependent upon strain variation.

Micrococcus specles

The pyogenic mierococci are normally found on the skin of

the human body and in the oral and nasal cavities. Micrococcus

pyogenes var. aureus is found more commonly than Micrococcus pyogenes

var. albus or Micrococcus pyorenes var. cltreus.
R

The micrococci have often been reported in used emulasion
oils. Schwartsz (1941) found that no significant number of these
orééniama could be found in e@ulsion oils. The C. B. Dolge Company
(undated pamphlet) reported that they were occasionally present in
used emulsion oils. Pivnick (1952) reported the presence of these
organisms in emulsion eils. Bennett and Wheeler (1954) found large

numbers of Micrococcus pyoprenes var. aureus in a used sample from

a plant in which several workers were suffering from pyogenic in~
fections. The orgenism could not be recovered from the emulsion
after the sample had been allowed to stand for one week. These
same workers could no? show survival for any significant period of
time in two different emulsions. From theae chservations Bennett
and Wheeler (1954) concluded that the micrococci are not capable

of growing in emulsions, but that the organism could be isolated
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where considerable numbers were being inoculated into the coolant by
infected workers.
Tables 4 and 5 show that the presence of these organisms

in emulsions is very sporadic. Table & indicates that Micrococcus

pyogenes var. aureus generally failed to survive more than a few

days in any of the emulsions tested., The one exception, Culture
17-D-hka in Coolant D, was originally isolated from that emulsion, ani
when reinoculated into it in pur; culture attained a maximum count
ofll.EO0.000 organisms per ml in five days. These results provide

basis for assuming thst this specles may be able to adapt or mutate

and multiply in emulsion oils.

Paracolobactrum intermediatea

The paracolon bacilli are normally found in the intestinal
tract of man., Stuart, et al (1943) reported that they were found
~in greated numbers in the feces during outbreaks of gastroenteritis.
Morgan and Cheever (1952) suggested, however, that they are not
primary etiological agents of disease since they are found in the
normal intestinal tract, especially in tropical areas.

Bennett (1956) reported the isolation of a Paracolobactrum

organism from a used emulsion. In this study members of this genus
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were isolated in 47 per cent of the samples studied. W%hen this
frequency is considered along with the high rate of other members
gf the family Entercbacteriaceae, further evidence for heavy fecal
contamination of emulsion oils is presented.

Pure cultures of the genus exhibited wide variation in their
ability to grow in emulsion oils (table 6; plate 1). Culture
25-B-4b -hich was isolated from Coolant B wmultiplied in Coolants
B, D, E, and F. Culture 25f?~8a isclated from Coolant ¥ multiplied
in éoolants B, D, and ¥. Culture 26-D-5a isclated from Coolant D}
did not grow in that oil, but 4did survive; unlike any of the other
cultures, hcwevér, it dié multiply in Coolant C. Culture 26-C-3b,
isoclated from Coolant § survived, but failed to grow in that cool-
ant, while multiplying rapldly in Coolants B, D, E, and F, None
of the four cultures survived in Coolant A.

Thus, it would appesar thag. like Klebsiella pneumonise,

tho growth or survival of Paracolobactrum intermediates is de-

pendent upon the nature of the coolant as well as strain variation.
In view of the fact that 50 per cent of the cultures multiplied
end 12 per cent survived, the paracolon orgsnisms can probably

be conzidered an important part of the flora of emulsion oils. The
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fact that 38 per cent failed to survive, considering that almost
one-half of the origian) samples studiad contained the organisms
ip indiéative of frejuent fecal contemination.

Proteus species

Proteus vulgaris is the €ypo speceis of the genus Proteus,

and was the fourth most frequently isolated organism in the study
of used emulsion oils. The organism has & wide range of habitation
in nature. It is frequently found in putrifying organic matter as
a s;prophyte. It is a common inhabitant of sewage and manure, and
is frequently found in the normal human stool (Morgan and Cheever,
1952). It has been implicated as the etiological agent in some
cases of gastroenteritis (Cooper, et sl, 1941). Morgan and
Cheever (1952) reported that it is frequently the cause of peri-
tonitis and wound abscesses. Pierson and Honke (1541) found that

Proteus vulgaris played a definite etiologic role in from six teo

thirteen per cent of all human urinary tract infections.

Proteus vulgaris is a facultative anmerobe which grows

rapldly aand exhibits swarming motility over a large temperature
range. The organism ias capable of extreme proteolytic action.

It may play some role in the spoilage of emulsion oils, as one
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of its characteristic biochemical reactions is the production of
uas from sulfur and thiosulfates. On one or two occasions a

definite putrifactive odor was noticed, and Proteus vulgavis was

isolated in large numbers from that sample. The orgsnism is also
capable of reducing nitrates to nitrites, and may in this way
cause deterioratlion of nitrate~containing emulsion oils.

Bennett and %Yheeler (19%4) reported that Proteus vulgaris

waz capable of surviving in one emulsion for longer than 150 daya.

In the growth study this organism multiplied rapidly and consis~
tently in all of the emulsions studied with the exception of

Coolant A.

¥

Proteus morgenii, Proteus mirabilis, and unidentifiable

Proteus species were isolated sporadically from the emulsions

studied (table 5). Failure of one strain of Proteus morganii to

survive in pure culture in the six emulsions (table 6) confirms
the suspicions of Tant and Bennett (1956) that these apecies do
not constitute an important part of the bacterial flora of

emulsion oils.

5

Preudomonas species

The presence of Pseudomonas species in emulsion oils has
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been reported by many workers (Lee and Chandler, 194l; Duffett, et
al, 1943; Weirich, 1943; Pivaick, 1952; Pivnick and Fabian, 195%;
and Pivnick, 1955).

These corganiams have been shown by many workers to be ca-
pable of utilizing cutting oils as nutrient and energy sources. Lee

ani Chandler described a new species, Pseudomonas oleovorans which

they found in almost pure culture in several oll semples obtained
from a large machine shop. Stone, Fenske, and White (1942) de-
scribed several species as capable of attacking hydrocurbon and
petroleum fractions.

Sabina and Pivnick (1956) isolated Paseudomonas formicans

from a ussd sanple obtained in Illinoie, and Puseudomonas oleovorans

from & sahpie obtained from England., They showed that these two
species were able to oxidize soluble oil emulsions and emulsi-

fiers, but that they exhibited wide variability in this activity,
depending upon the chemical composition of the emulsion. Bennett

and Wheeler (1954) reported that Pseudomonas aeruginosa was éapable

of surviving for longer than 250 days in one emulsion.

The results of thias study indicate that Pseudomonas oleo~

vorans and Pseudoronas seruginosa are equally common in emulsion
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0ils (tables 4 and 5). The growth study shows that each is equally
capable of multiplying over-a wide range of coolants (table 6). 1In
addition to these two specliea, other pseudomonads which could not
be readily identified as to species were encountered in 34 per cent
of the samples exumined.

Organisms of the genus Pseudomonas were, with the excep~

tion of Flebsiella pneumoniae (table &), the only ones isolated

from collecting point no. 1 and were the only ones which multiplied
to any extent in this coolant (table 6). It has been shown

{(Fabian and Pivnick, 1953; Pivnick and Fabian, 1954) that growth

of pseudomonads in soluble 0il emuleions inhibits the growth of
other organisms. This study indicutes that such is not the case,
The time factor involved in shipping used coolant samples to a
distant laboratory probably sccounts for the failure of Pivnick

(1955) to isolate but few organisms other than those belonging

to the genus Pseudomonas. Table 1 supports this fact.

On the basis of this study organisms of the genus Pseudomonas

conatitute sn importsnt part ¢f the flora of emulsions, and are

probably responsible in part for serobic deterioration.

Sarcina species

Members of the genus Sarcina are mioroaerophilic to an-
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aerobic gram-positive cocci found in the soil, sand, mud, and water.
Pivanick (1952) reported the presence of Sarcina organisms in emul~
sion oils. One sample obtained in this study contained the organism,
but it could not be again isolated for growth study. 1In view of
this, the genus is probably not an importent part of the flora of

industrial cutting oils.

Shigella madampensis (Shigella dispar)

This is the first time that organisms of the genus Shigella

have been reported in used emulsion oils. Bennett and Wheeler

(1954) reported that Shigella paradyasenteriae (flexneri) was

capable of surviving in two different emulsions for as long as 76

days. Shigella sonnei was capable of surviving for only 19 days
in one of the emulsions studied. Pivnick, et sl (1954) reported

that four strains of Shigella sonnei and five astrains of Shigella

dysenteriase rapidly decreased in numbers ani could not be detected

after the tenth day of incubation. It is possible that this or-
ganism may be introduced inte emulsion oils, but it probably dies
very quickly. The orgonism could not again be isolated for growth

study in different emulsions.
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Etreptococcus ryogenes

Although normally found in the humap throat and on the skin,
the pyogenic streptococei afe, upon gaining entrance into the body,
the etiological agents of a wide host of digeases ranging from a
minor sore throat or cutaneous infection to endocarditis and men-
ingitis.

The C. B. Dolge Company (undated pamphlet) reported that
the streptococci were occasionally present in emulsion oils. Ben~
ne;t and Wheeler (1954) could not show survival of these organisms
in two different emulsion oils even for twenty~four hours.

In this study the alpha and beta hemolytic streptococel
were 1solated a total of seventesn times from the 100 coolant
samples studied. Growth study of the organisms lnoculated into
six different emulsions (table 6) indicates that this freguency
was the result of constant inoculation, since in no case were any
of the strains capable of surviving more tﬁan four days.

Yeasts

Duffett, et al (1343) reported the presence of yeasts in

emulsion oils. In this study unidentified yeasts we?e observed

in 41 per cent of the ssmples studied. Failure of the organisms
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to grow when reinoculated in pure culture {table 6) indicates that
they are not an important part of the normal flora of emulsions,
and are probably present as temporary contaminants. Eisendberg
gnd Bennett (unpublished data) however, found organisms having the
morphology of yeasts growing in great abundance in laboratory e-
mulsion oil samples. The exact significance of these organiems in

commercial cutting oils remains unknown,

Salmonella typhosa

Salmonella tyohesa has not previocusly been isolated from

used emulsion oils. However, Bennett (1956) reported the isolation

of a Salmonella species from a used emulsion oil sample.

Bennett and Wheeler (1954) reported that a laboratery

culture of Salmonells typhosa inoculated into an emulsion oil ap-

parently maintained its virulence as the Jjunior author of that
report accidentally contracted a severe case of typhoid fever from
contact with the organism.

Pivnick, et 21 (1954) showed that laboratory cultures of

Salmonella schottmuelleri, Salmonells typhirurium, Salmonells

oranienburg, and Salmonella pullorum grew readily in oil emulsions.

but that all six strains of Salmonells paratyphi tested ani three
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of the four strains of Salmenella typhosa tested failed to grow.

Bennett and %heeler (1954) rep.rted that Salmonella typhosa

survived for ten days in one of the five commercial cutting oils

tested, while Salmonella tyrhimurium survived only nine days and

Salmonella schottmuelleri survived a maximum of mix days.

During the initial stages of this investigation no member
of the genus Salmonella was isolsted. Later, while obtaining

samples for the growth study of other organiams, Salmonella tynhosa

was found in Coolant D, collecting point 4. The organism gave
ch;rauteristic biochemical reactions of the srecies, including
the production of Kas. Diagnosis was confirmed by the use of Sal~
monella Typing Antiserum {Lederle). On the basis of positive re-
actions to O antigens IX, XII, and Vi, and H antigen d, the organism
was placed in Kauffmann-White Group D.

Following identification, a growth study was conducted.
The organism multiplied in four of the six oile tested (table 6).
Here arain is strong evidence that the growth of bacteria in com-

mercial cutting oils is to a gre.t extent dependent upon the com=-

position of the coolant or imhibitor it contains.



VITI. S8ignificance of Results
The results of this investigation are highly significant

;or the following reasons: (1) They incresse our knowledge of
the beoterial flora of emulsion olls, furnishing a basis for future
understanding of the mechanisms of bacterial deterioration of the
oils, This has important sconomic implications for the manufacturer
and consumer of cutting oils. (2) They are important from the
industrisl health standpoint.

/ For the first time & complete study of the true bacterial

florva of emulsion oils has been made. The presence in used emul-

siones of BRerohacter cloacae, Bacillus =ubtilis, Diploecoccus

pneumoniae, Escherichia freundii, Escherichias intermedium, Miero-

goccus citreus, Micrococcus pyogenes var. albus, Proteus mirabilis,

.

Proteus morganii, Shigella madamﬁansia, and Salmonella tyrhosa

have not been previously reported.

From the results of this study, it is obvious that com-
mercial cutting oils %ava & more extensive bacterial flora than
has been heretofore suspected. The incompleteness of previous re-
ports appears to be the re=ult of lsolation methods employed

(table 1). The isolation procedures developed in this study now
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give us a knowledge of the true flora of emulsion oils. The im=-
portance of this lies in the fact‘that without a complete under-
standing of the tyres of organisms present, we cunnot hope to con-
grol emulslion spoilape with efficiency,

The fact that twenty-seven different species of organisms
were isolated, many with consistency, during the course of this
inveaiigation is even more remarkable when one considers the nature
of the industrial plant cooperating in this research. This machine
shop is generally acknowledged to have an exceptionally good in-
du;trial hygiene and safety program. The shwpa‘are kept clean
and are air-conditioned. The presence of insects ani small rodents
is kept at a minimum by an exterminating firm. The cutting oils
are watched carefully, and any complaint of odor or spoilage is
immediately acted upon by plant management. Every effort is made
to control contamination of the cutting oils. It is logical to
suspect thal the number and species of bacteria £{a infinitely
higher in a less progressively managed industrial plant where the
coolants are changed gnly when they begin to treak down completely
or employees refuse to work because of odor.

Despite these efforts to reduce contamination of the cils,

it appears that cheonging coolants and ¢leaning machines has little
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effect on the bacterial flora present (table 2). This fact implies
two thingst (1) Present methods of cleaning machines and sumps
are inadequate and should be improved. (2) Frequent and prac-
tically uncontrollable contaminstion of the emulsion occurs. On
the basis of reports by Lee and Chandler (1941), Liberthson (1945),
and this study, it seems that the methods of cleaning machines and
changing the oils leaves a residual flora which serves as an in-
oculum for the n+w wmulsion. Users of cutting oils could reduce
thg;r coolant expense considerably by adequate cleaning.

0f the fifteen different species observed in the growth
stuly, seven were able to multiply in at least some of the cool-
anta. The growth of these organisms in pure culture does not
necessarily iwply that similar results will be obtained when they
are studied in the presence of other sp-cies. The fzot that sym~
biosis or antagonism between two or more species may occur must
be conslidered. However, it is safe to assume that the organisms
which multirly in emulsion oils (tables 6 and 7) are those which
are most likely responsible for aerobic deterioration of the emul-

sion.

Previous reports indicate that the bacterial flora of
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emulsion olile is principally of a (Gram~positive character. Both
the isolation and growth studies of this reaearch support this
fact, a8 Gram-positive organisms were ismolsted irregularly and
falled to grow in pure cultures in the =ix different emulsions.

A possible explanation for the predomipance of Gram~-negative
organisms involves (1) the nature of the organisms themselves, and
(2) the formulation of the cutting oils.

It is known that the bacterial flora of an emulsion oil

exists in the water phése of the emulsion, and that the site of
bacterial attack of the hydrocarbons ;a probably on the emulsi~
fying agent at the oll-water lnterfuce. Grasm-pomitive organisms
are generally more susceptible to detergent toxicity because of
the phospholipid envelope surrounding the cell (Wyss, 1951).
Hotchkiss (1946), Gale and Taylor (1947), and Mitchell and Crowe
(1947) found that cytolytie injury coccurs more readily to the
Gram-positive organisms, eand that amino-acids and other compounds
leak from the cell.

The pH rangs of most commercial cutting oils is slightly

alkaline. In view of the fact that the isoelectric point of most

Gram~positive bacteria is in the range of pH 2-3, while that of
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the Gram-negative bacteria is in the range of pH 4-5, it is pos-
sible that insoluble salis are formed in the CGram-positive cells
by metal ions present in the alkaline emulsions.

Table 6 demonatrates that Coolant A and Coolant C are
relatively insusceptible to bacteriasl attack. This may be the re-
sult of both formulation of these two coolants or the inhkibitor
used in them. Although these two coolants are the most expensive
of all. the emulsions studied, they may well be more economical for
th; consumer since they are more resistant to bacterial attack.
Even organisme which showed definite strain variation in their
ability to grow in emulsions (plates 1 and 2) were unable to mul-
tiply in thege two cils. The manufacturer of such oils gains con-
s8iderable advantage in sales, and the user would probably save
money over a pericd of time by using resistant products. Since
conditions vary in different plants, it might be worthwhile for
large consumers to conduct bacteriological studies of their own
situation to dsterming which cutting oils are most resistant,

This study gives further support to our knowledge of the

ability of bacteria to adapt and mutate to utilize unusual en-

vironments; nevertheless many workers fail to realize ites im-
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portance and possible applications. With particular reference to
cutting oils, adaptation and mutation are of importance. The manu-
facturer and user of emulsion oils must consider the fact that an
emulsion which will not support bacterial growth originally may do
so within a short period of time. Likewise, an emulsion which will
not auppqrt growth of one strain of an organism may be an adequate
meiia for multiplication of ancther strain of the same species,

The importance of this study from the industriul health
at;;dpoint cannot be ignored. The presence of extremely high nume
bers of coliform organisms as well as the intestinal pathogens is
indicative of fecal contamination. It is important to remember
that the presence of pathogenic bacteria in emulsion oils is
potentially dangerous whether or not they are capable of multi-
plying in the o0il. The presence of even small numbers of micro-
cocci and streptococcl could be the cause of infections among
machine tool workers. Attempts should be made to determine if cor-
relation exists batwefn the potentially pathogenic flora of emul-
sion oils and employse illnesses in machine shops.

Officials of the plant cooperating in this research feel

that if even "run~of~the-mill® cutaneous, upper respiratory, and
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gastro~intestinal infections were to be correlated with contami-
nated coolant sclutions, industry would be forced to shoulder a
heavy additional financial burden of workman's compensation claims
by employees.

In view of the resultas obtained employing the techniques
described, the following future investigations are indicated:

1. Examination of soluble and emulsion o0il coolants in
many industries to determine how wideaspread are the conditions
found to date.

2. Examination of the same c¢oolant as used in varying con-
ditions as a determination of the esxtent to which contamination is
related to condiﬁions of use.

2. Stuﬂ} of the growth and survivael of the iaolaied or=
ganisms in mixed rather than pure cultures to determine exactly
what effect one epecies has upon another.

4, Attempte should be made to trace the source of con-
tamination if poasiblg.

5. Attempts should be made to determine if a correlation
exists between illnesses of workers ani contamination of the cool~

ants they use.
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6. Virulence studies should be carried out to determine if
these organisms normally found in emulsions are pathogenic for
gnimalﬂ.

7. Studiea of the organisma which grow in these oils would

be of value in selection of good inhibitors.

* B & 5 8 8 @
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Summary

A pnew technique for the isolation of aerobic bacteria from
used emulsions is described. Fallure of other workers to achieve
similar isolations is ascribed %o their technigues.

Twenty~seven different speciea of organisms were isolated.

The frequency and variety of organisms was found to vary
with different emulsion oils, but was always higher in samples
obtained from sumps serving more than one machine.

/ Inadequacy of the usual methods of cleaning machines and

sumps and changing coolants is pointed out.

Growth of bacteria in commercial cutting oils is a factor of
both formulation of the coolants and characteristics of the organism,

Some evidence that adaptation by some species to the inhibitor
and/or other constituents of the coolant is presented.

The significance of this investigation from the economie,
industrial-hygiene, and public health standpoints is discussed.

Future investigations which the suthor feels should be

undertaken are outlined.
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TABLE 1 .

Effects of Method of Isolation and Time on the Bacterial Flora of Six Used Esulsions

SAMPLE

TIME FROM COLLECTION OF SAMPLE

NO, ORGARISM Immediate 12 hr. 24 hr. 3 days 5 days
New ©Old JHew 0ld New 0Old HKew ©Old DHNew
Mtd, FHtd, Mtd, Mtd. Mtd. Mtd, Mtd. Mtd. Mid,

1 Pseudomonas cleovorans * + * + +* + '3 + *
Escherichia coli * +
Klebsiella pneumoniae * * + *
Microceccus pyogenes .

2 var. aureus
Proteus wvulgaris + + + * * * +
Pseudomonss aeruginosa *
Yeast specles +*
Aerobacter aerogenes +*
Escherichia coli + .
Micrococcus pyogenes .

var. aureus

3 Paracolobactrum species * +
Proteus vulgaria » * +* + * r *» *
Pseudomonas aeruginosa + +*
Pseudomonas oleovorans + *
Yeast speciss *




TABLE 1 (Continued)

SAMPLE

- TIME FROM COLLECTION OF SAMPLES

NO. ORGANISM Tomediate . 12 Br. 2h hr. 3 days S days
0ld New Olda New O0ld HNew Old VNew 0Old New
Mtd., Mtd. Mtd, Mtd. Mtd., Mtd, Mtd. Mtd., Mtd. Mtd,

Aerobacter aerogenes *
Escherichia c¢oli- + +

b Klebe}elle paeumoniae + + * +
Merocoecns regtnes :
Pseudomonas aeruginosa * * + + *
Pgeudomonas oleovorans + + * + * *
Escherichia colil +*
Paracolobactrum species + +

5 Proteus vulgaris * + * + + *
Pseudomonas aeruginosa + * *
Streptococcus ogenes, .

alpha hemolytic

Escherichia coli +
Klebsiella pneumoniae * +* »

6 Proteus wvulgaris * + + + * + +
Pseudomonas aeruginosa * + + * + + *
Pseudomonas oleovorans + + + + +




TABLE 2

Organisms isolated from one hundred samples of used emulsion oils

Organisms

Total number of timea
ergnnisma isolated

Achromobacter species

Aerobacter aerogenes

Aerobacter cloacae

Bacillus cereus
Bacillus subtilis
Diplococcus pneumoniae
Escherichia coll
Escherichia freundii
Escherichie intermedium

Elebsiella pneumoniae

Mierococcus citreus

Micrococcus pyogenes var. albus

Micrococcus pyogenea var. aureus

Paracolobactrum intermediates
Proteus mirabilis '

Proteus morganii

Proteus species

Proteus vulgaris
Pseudomonas seruginosa

Pseudomonas oleovorans

Pseudomonas specles

S8arcina specles
Shigella madampensis (Shigella 4ispar)

Streptococcus pyogenes, alpha hemolytic

Streptococcus pyogenes, beta hemolytiec

Yeast species

12
18
1
?
3
b
i
?
2
32
l
5
17
b7
b
6
4
46
37
64
3h
1
1
11
6
1h



TABLE 3

Comparimon of the microbial flora of seven

commercial metal coolants®

Commercial ' Number of
- coolant Organisms times
isolated
Coolant A Pgeudomonas aeruginosa 5
;gziteiging Peseudomonas oleovorans 9
(Emulsion oil) Pseudomonas species 4
Klebsiella pneumoniae b
Coolant B Achromobacter species 1l
;g:itegging Bacillus cereus 2
(Emulsion o0il) Escherichia coli 5
Klebsiella pneumoniae 6
Micrococcus pyogenes var. aureus 2
Paracolobactrum species 7
Proteus vulgaris 7
Pseudomonas aeruginosa 7
Pseudomonas oleovorans 5
Pseudomonas species 3
Shigella madampensis (Shigella dispar) 1
Streptococcus pyogenes, alpha 3

hemolytic
co?é:;;ezting Achromobacter species
point 4) Aerobacter aerogenes

Bacillus cereus

Escherichia coli

Escherichia freundii

Klebasiella pneumoniae

Micrococcus pyogenes var. albus

Micrococcus pyogenes var. sureus
Paracolobactrum apecies
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TABLE 3 (Continued)

c 1al Number of
omme;c : Organisms times
¢oolan isolsated
Proteus vulgaris 10
Peeudomonas aeruginosa 9
Pseudomonas oleovorans ?
Pseudomonas species 2
Streptococcus pyogenes, alpha 3
hemolytiec
Streptococcus pyogenes, beta 2
hemolytic
Yeasts 4
foolant C Escherichia coli 5
(Collecting
point 3) Paracolobactrum species 5
(Soluble oil) Proteus morganii 3
Pseudomonas aeruginosa 5
Pseudomonas oleovorans 1l

Coolant D
(Collecting
point S)
(Emulsion oil)

Achromobacter species

Aerobacter aerogenes

Bacillus cereus

Bacillus subtilis

Facherichia coll

EFscherichia freundii

Dirlococcus pneumoniae

Klebsiella pneumoniae

Micrococcus pyogenes var. albus

Mierococecus pyogenes var. aureus

Micrococcus pyogenes var. citreus

Paracolobactrum species

Proteus morganii

Proteus vulgaris

Pseudomonas aeruginosa
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Commercial
coolant

TABLE 3 (Continued)

Organisma

Number of
times
isolated

Pseudomonas oleovorans

Pseudomonas species

Sarcina species

Streptococcus pyogenes, alpha

hemolytic
Streptococcus pyogenes, beta

hemolytic
Yeasts

6

1
1
b

L3

A2

Coolant D
(Collecting
point 6)

Achromobacter species

Aerobacter aerogenes

Baecillus cereus

Bacillus subtilis
Escherichia coli

Escherichia freundii

Klebsiella pneumoniae

Micrococcus pyogenes var. albus

Micrococcus pyogenes var. aureus

Paracolobactrum speclies

Proteus morganii

Proteus vulparis

Pseudomonas aeruginosa

Paseudomonas oleovorans

Pseudomonas species

Streptococcus pyogenes, alpha

. hemolytic
Streptococcus ogenes, beta

hemolytic
Teasts
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TABLE 3 (Continued)

Commercial ) Number of
coolant Organisma times

isolated
Coolant E Achromobacter species 1l
' ;2:§£e;§1ng Aerobacter aerogenes 2
- (Emulsion oil) Escherichia coli 8
Klebsiella pneumoniae b
Micrococcus pyogenes var. albus 1
- Micrococcus pyogenes var. aureus 3
Paracolobactrum species 8
Froteus species 1
Proteus vulgaris 7
Pseudomonas meruginosa 8
‘ Pseudomonas oleovorans 5
Pseudomonas species 3
Yeasts 1l
Coolant F Aerobacter aerogenes 2
;gzit°§§in3 Escherichia coli &
(Emulsion oil) Escherichia intermedium 2
Klebsiella pneumoniae 1l
Micrococcus pyogenes var. aureus 2
Paracolobactrum species b
Proteus vulgaris b
Pseudomonas aeruginosa 5
Pgeudomonas oleovorans 9
Pseudomonas species 6
Coolant G Aercbacter cloacae 1
;g:ite;§ing Escherichia coli 3
(Fmulsion oil) Proteus mirabilis 2
Proteus species 3



TABLE 3 (Continued)

Cozg:;zi:l Organisns Nu::;zsof
isolated
' Proteus vulgaris : 6
Pseudomonas asruginosa 6
Pseudomonas oleovorans - 8
Poeudomonag species 5

*Eleven samples of each coolant were tested, with the exception of
Coolant L, which is represented by twelve samples. ‘
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" The weekly frequengy’gg the microbisl flora gi.ﬁsed emulsion oils for eleven weeks’
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TABLE S

L

Effects of Changing Coolant and Cleaning Machine on the Bacterial Flora

ORGANISM

Before change

After change

1 2 3 s
Aerobacter aerogenes +
Escherichia coll + *
Klebsiella pneumoniae +* >
Micrococcus pyogenes var. albus *
Micrecoccus pyogenes var. aursus
Paracolobactrum species * + * *
Proteus vulgaris * *
Pseudomonas seruginosa + + *
Pseudomonas oleovorans * * +
Pseudomonas species
Yeast species +




TABLE 6
Growth of bacteria in six commercial cutting oils

ORGANISM COOLANT A COOLANT B COOLANT C COQLANT D COOLANT E COOLANT F

Achromobacter speciles

Strain 25-B-4d X k3 - 4 : F F 3

Strain 26-D-6¢ * 2 % %  : i
Aerobacter aerogenes ¢

Strain 22-F~0b - 2 - * * 4

Strain 23-B~-2¢ - E 3 - x & %

Strain 25-D-5a - i - k4 < 4
Bacillus subtilis

Strain 21-D-5a b4 : * X F 4 b3

Strain 22-B-2a - hg 2 b b 5 b4

Strain 2}"‘8“6& - ¥ s + F &
Escherichia coli

S8train 21-D-5b - -4 - + k4 b 4

Strain 23-B-2a - + - + + 2
Escherichia intermedium

Strain 26-4-4d - - - - - -

The capital letter in the strain number indicates the coolant from which the organism was isolated.
Growth is indicated by the symbols:

= Did not survive 7 days ++ 500,000 to 5,000,000 per ml.
%2 Survived at least 7 days, but did not multiply. +++ 5,000,000 te 50,000,000 per ml.
+ To 500,000 per ml. ++++ 50,000,000 to 300,000,000 per ml.

+++++ Over 300,000,000 per nl.



TABLE 6 (Continued)

ORCANISYH COOLANT A COOLANT B COOLAN? C COQLANT D COQLAKT & COOLANT F

Klebsiella pneumonise -

Strain 20-C-3a - + +h4e - - +r¥

Strain 22-E-7a - e e teed - * TS

Strain 23-B-ha - PO - - Py ee

Strain 25-D=6a X : - b3 +EEE PP
Micrococcus pyogenes var. aureus

Strain 16-B-8a - - - - - -

Strain 17-D-ka - - - - - -

Strain 19-B-2a - - - - - -
Paracolobactrum species

Strain 25~-B~4b - rore - e rere b

Strain 25-~F-8a - * - + F PR

Strain 26“9"5& - - 4 % - -

Strain 26-C~3b - FOUTE & C tees PR rebe
Proteus morganii : |

8train Eégc-jc - - - , - - -
Proteus vulgaris *

Strain 22«C«3%a - e+ +e +redt tEr e Sehed

Strain 23-D-6a ' - oS rred PO +EEES PO

Strain 25-B-Z2a - oie e FhEd e +EEEd




TABLE 6 (Continued)

QORGANISM COOLANT A COQLART B COOLANPT € COOLART D COOLART E COQLANT F
Pseudomonas aeruginosa . '
Strain 26-A~la ; i TR ¥y ke e rered *EPEE
Strain 27-E~7a s 2EEEF rebe PEEEE SrEEd PYEY
Strain 28-D-2b Creee sebte POPTe P PPN PO

Pseudomonas oleovorans

Strain 26-A-lc tred E4reE PIPRPY YUY +EPEE tret

Strain 27-C~7¢ b ¥ e+ *rEd P et et trre

Strain 28-D-4b b FEEES e e FrEEE PEEee FEFEP
Salmonella ¢ hoka '

Strain 2?-D-Ed - TeEEe - P4 Erd +obd +hte
Streptococcus pyogenes, alpha

hemolytic
8train 18"9“‘53 ‘ - - - - - -

Yeast species .
Strain 25-B-ba - * - - - -
Strain 25-D=5S¢ N -

I
L
L]
]
'




TABLE 7

Organisms which grow gg_amulsion oils

Klebasiella pneumoniae

Paracolobactrum species

Proteus vulgaris

Pseudomonas seruginosa

Pseundomonas oleovorans

Salmonella typhosa

TABLE 8

Organisms which do not grow in emuleion oils

Achromobacter species

Aerobacter aerogenes

Bacillus eubtilis

Escherichia coli®

Escherichia intermedium

Microcncous pyogenes Var. aureus

Proteus morganii

Streptococcus pyogenes, alpha hemolytic

Yeast speciea

*Grows to & limited extent in some oils.
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