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2@l myth frequently presented as historical fact is more correctly
§ folkloric in origin. Every myth, however, has a ring of truth
2esi| involved in its inception. Remember Hans Christian Anderson’s
tailor who killed seven giants with one blow? They weren’t seven giants as
the myth stated, only houseflies. Perhaps Attila was not the "Whip of God"
but a just, aggressive leader misunderstood by history. Fables and myths
exist in every culture, and the land of metalworking microbiology is no

exception.

MYTH NO. I

The general topic of biostable or biostatic fluids will be
dealt with first. In sensu strictu, these words mean “un-
changing” in the presence of biological agents. Does the
new technology bringing us these so-called miracle fluids
mean that? From a pragmatic viewpoint, what is implied
is that fluids remain functional without worker complaints
and that no recognized microbicides are in the formulation
or are added tankside. The claims run the gamut from no
microbial growth to tolerated high counts of microorgan-
isms.

Statements are rarely made differentiating “antimicro-
bial” into antibacterial and antifungal activities. More of-
ten than not, the antimicrobial of the biostable package is
essentially antibacterial. Thus, problems that frequently
develop are fungal in nature. Despite the apparent antimi-
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crobial activity contributed to metalworking fluid (MWF)
by certain non-"biocidal” molecular species (e.g., alkan-
olamines), a reluctance is shown in certain quarters to-
ward referring to them as frank antimicrobial agents (1) -
(2), although some related alkanolamines are labeled as
such (3).

One advantage in utilizing alkanolamines for microbial
control is related to their primary function as corrosion
inhibitors. Dispensing with traditional microbicides is
both economically and toxicologically commendable. This
approach also has pitfalls, however. Biostability is both
temporal and situational, with the intrinsic property of bio-
resistance being lost with time and dilution. These factors

*Presented at the Conference on “Microbiology in the Oil Industry and Lubrica-
tion” held at Sopron, Hungary, September 10-11, 1992 under the auspices of
the Hungarian Hydrocarbon Institute and the Hungarian Chemical Society.
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TABLE 1 - Microbial Results in Two Metalworking Fluids Using ASTM D3946-80(85), "Evaluation of Antimicroblal Agents in
Water-Based Metaiworking Fluids"

Fluid A (1:20) Fluid A (1:40)
Week B/mL! F/mi? BimL Flml
48 hours zero zero 560 zero
1 week zero Zero 6.3 x 10° zero
2 weeks zero zero zero zero
3 v»}eeks zero zero zero zero
4 weeks zero zero 9.7 x 10® zero
5 weeks? zero zero Zero
6 weeks zero zero zero
7 weeks zero zero Zero
8 weeks zero zero Zero

B/mL  F/mL BmL  F/mL
zero zero 1,000 230
zero zero 7.0x10° 500
zero zero 100 4
zero zero 162 16
zero zero 600 zero

60  zero - 3.8x10° 23x 10
Zero zero 1.4x107 8.0 x 10°
zero zero 24x107 6.6 x 104
zero zero 6.2x 107 zero

1, = bacteria
2, = fungi

Inoculum Count: Bacteria = 1.8 x 10°% Fungi = 8.3 x 108, pH: Fluid A = 9.8; Fluid B = 9.2.

3At week 5, fiuid was reinoculated with 6.0 x 10° bacteria/5.0 x 10® fungi.

TABLE 2 - The Effect of pH' and Concentration? on Metalworking Fluid Bioresistance?

Bacterial Levels

Fungal Leveis

Effect of Same Increase Decrease Same Increase Decrease
Lowering pH to 8 (12 samples)* 42% 58% 0% 67% 25% 8%
Raising pH to 10 (5 samples)* 40% 0% 60% 40% 40% 20%
Dilution from 1:30 to 1:60 (17 samples) 2%% 65% 6% 41% 35% 24%

10, and fluids above 9 were lowered to 8.

"The pH of the métalworking fluids were adjusted weekly to pH 8 with HC1 and to pH 10 with NaOh; fluids below 9 were raised to

2Fluids were diluted to 1:30 and 1:60 with tap water; a duplicate 1:30 was used for pH adjustment.

3Fluids were treated to the regimen of ASTM D3946-80(85). The legends "same," "increase,” and "decrease” reflect only differences
of at least one log. The 1:30 dilution act as control for dilution and pH change.

“The sample is 12+5 or 17 different metalworking fluids. The percentages were calculated on microbial results from 7 time points
taken over a 6-week study. This means that 12 and 5 are in reality 84 and 35 "samples."

are illustrated in Table 1. The two fluids were both amine/
borate-based, with A at pH 9.8 and B at 9.2. Notice that A
showed total control for eight weeks, even at a 1:40 dilu-
tion, and was recommended for a plant trial in a 29,000-
liter central system servicing a mixed-function transfer
line. The operator at week 13 accidentally diluted the fluid
to 1:48, and one week later a massive fungal bloom oc-
curred. This total reliance on the bioresistance properties
of the MWF failed to consider the effect of both dilution
and time on its bioresistance properties. Needless to say,
the MWF company, although their trial continued, lost the
sale, and the lesson was learned not to settle for dilution
endpoints in lab tests that could be exceeded even acci-
dentally in the field.

In a recent study, the dual role of pH/alkanolamines in
contributions to biostability (Table 2) was investigated. It
would appear that high pH (i.e., about 10), will produce a
degree of biostability. However, some fluids lose that
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when pH is lowered while others still retain this property.
These results partially confirm those of Sandin, et al. (3) -
(4) in which bioresistance was directly proportional to
both pH and to alkyl chain length of substituted ethano-
lamines.

Are there any shortcomings in relying on alkanolamines
for building a bioresistant or biostable fluid? Many of the
"biostable” fluids based on pH above 9.5, with some
reaching pH 10, could increase the possibility of
dermatitis [personal communication, Dr. Donald J. Bir-
mingham, May 1991]. Currently, two alkanolamines have
been indicted as chronic toxitants. The two, perhaps most
popular, alkanolamines found in MWF, diethanolamine
(DEA) and triethanolamine (TEA), have received a mixed
toxicological verdict; they both have been implicated as
partners with nitrites in nitrosamine formation (specifi-
cally, N-nitrosodiethanolamine, a known animal carcino-
gen and a presumed human carcinogen). In addition,
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DEA has been labeled an environmental toxicant under
SARA III (6), although TEA has recently been reclassified
and is no longer considered an A2 carcinogen (5). Other
alkan-olamines will be investigated for intrinsic chronic
toxicity considering the current attitude with respect to
chemical exposure in the workplace.

One aspect of biostability relates to the apparent continu-
ing function of the fluid without regard to numbers of mi-
crobes. Soluble oils (i.e., oil-in-water emulsions) have
been stabilized with additional emulsifier, alkali supple-
ments, monocopper citrate, and other additives. A propri-
etary known as Oxcedot™ (copper citrate [Cu]) purport-
edly aids in stabilizing and/or rejuvenating biodegraded
emulsions (7). Although no acceptable mechanism for this
action was offered, the net result of Cu citrate addition is
odor control. At the pH of the emulsion, the stable Cu cit-
rate chelates both sulfides and amines, the major contribu-
tors to malodors (8). Subsequently (9 - 10), Cu citrate was
found to increase the activity of a known biocide,
methylchloroisothiazolone (Kathon 886 MW™). This is
accomplished by complexing nucleophiles (i.e., amines
and sulfides) which irreversibly destabilize the isothia-
zolones.

Holtzman, et al. (1]) demonstrated that with aerobic bac-
terial levels > 10® CFU/mL, sulfate reducing bacteria > 10°
per mL, and almost total loss of C -C,, alkane peaks (by

IR), no difference was observed between this fluid and
virgin fluid with respect to a tapping torque test but the
spoiled fluid failed a cast iron chip corrosion test.

In the absence of microbicide, a mixed microbial
biofilm on a hydraulic filter caused plugging and eventual
shutdown of a hydraulic steel press (12). It appears, then,
that microbes may be tolerated under certain conditions,
sometimes affecting biostability.

Are these microbes that are tolerated friendly organisms,
keeping out unfriendly ones, thereby protecting the fluid?
Table 3 shows the results of a comparative eight-week
survival study in two emulsions, one of which is adver-
tised as a "home” of friendly bacteria. Notice that no sig-
nificant difference is seen between the two groups of sur-
vivors. Under different circumstances, however, some
organisms may appear "friendly.” Large populations of
aerobic bacteria appear to inhibit the outgrowth of fungi
(13 - 14). However, selective killing of the aerobic bacte-
ria permissively allows the subsequent growth of fungi. It
also appears that prior growth of aerobic bacteria is nec-
essary for sulfate reducing bacteria (15) as well as for
fungi.

What is the case for biostatic fluids? Do they really exist
or are they just myths of marketing departments? It has
been demonstrated that fluids can be made more bio-re-
sistant, resulting in reduced microbial loads, and also that
fluids can be maintained with increased microbial loads
without loss of function. The creation of ultimate
bioresistance would certainly create disposal problems,
while severely high microbial levels may contribute to
occupational hazards. The tolerance of large numbers of
bacteria and/or fungi, whether odor is controlled or func-
tion is maintained, is an unconscionable practice. Their
potential relationship to infectious disease will be dis-
cussed later.

t]

SOME OTHER MYTHS — T
BIOCIDE USAGE IN MWF @

Several ex cathedra pronouncements concerning biocide
usage have been made over the past 20 years without
benefit of substantial supporting data. Such pronounce-
ments when made often enough develop a ring of truth
and move painlessly from fable to fact.

TABLE 3 - Detection of Bacterial Species Survivors After Eight Weeks of Exposure in Metalworking Fluid

Originally in

Species Isolated Inoculum
Pseudomonas aeruginosa No
Pseudomonas fluorescens No
Pseudomonas putida No
Pseudomonas stutzeri Yes
Pseudomonas acidovorans No
Pseudomonas maltophilia No
Pseudomonas sp. Yes
Acinetobacter anitratus No
Acinetobacter Iwoffi Yes
Achromobacter sp. No
Acinetobacter xyloroxidans No
Pasteurella haemolyticus Yes
CDC V-Et No
CDC Iv-C-2 No
inoculum came from the unfiltered compressed air lines.
*MWF = metalworking fluid

Competitive MWF?-- Claim Made--Fluid Attracts
No Claims Made Friendly Bacteria
Yes Yes
Yes Yes
Yes Yes
No Yes
Yes No
Yes Yes
No No
Yes Yes
No No
Yes No
No Yes
No No
Yes No
Yes No

Protocol: Modified ASTM D3946-80(85), with aeration for five days and shut off for two days. Undoubtedly, the species not in the
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1. Biocides are not biocides if no written specific claims

about their antimicrobial efficacy are made. This issue is
more than semantic; it is both ethical and legal. If, in fact,

microbes are prevented from growing or grow at much
reduced levels or do not metabolize a MWF component,
then the compound is an antimicrobial agent; it may be
classed as a preservative, a disinfectant, a sterilant, and
either a microbistat or microbicide, but under the laws of
most countries in which pesticide registration is required
(16), such compounds would have to be registered. Fre-
quently, euphemisms are used to avoid registration (e.g.,
deodorants, extenders, stabilizers, rejuvenators, couplers,
synergists). The synergists appear to qualify as non-bio-
cides since in most situations they are inert. Their activity
is only to increase the activity of a labeled biocide. Their
inertness is relative and may only be a question of the
amount that is used (10, 17 and 18).

An alkanolamine, which is primarily used as a corrosion
inhibitor, at certain levels can increase the activity of for-

, maldehyde condensate biocides. At the same levels, it has

no effect when used alone (17). However, when the level
is increased from 1,500 ppm to 5,000 ppm, the alkano-

; lamine is effectively biocidal [personal work, unpublished

data]. This is not too dissimilar to results with copper and
formaldehyde (18), and copper and isothiazolone (10). In
both cases, levels of both ingredients, much lower than
recommended and ineffective when alone, were extre-
mely effective together.

The current status of EDTA in antimicrobial formula-
tions is worth mentioning. This compound was recognized
(19) as a synergist against gram negative bacteria when
used with quaternary ammonium germicides or saturated
triazines (20). Shortly after the inception in the U.S.A. of

" the Pesticide Act of 1972, EDTA was allowed to be called

inert; thus it did not need to be specifically included on the
product label. In 1983, however, its status was changed to
active ingredient in recognition of its “synergistic” activ-
ity. What should not be overlooked is the possibility that
antimicrobial synergism could also reflect a potential for
synergy at the level of toxicity to humans.

2. Development of Resistant Populations - Environmen-
tal selection of resistant organisms with the subsequent
survival of the fittest is a biological imperative. Neverthe-
less, published statements frequently appear claiming that
no resistance was developed against a certain biocide. A
great deal of genetic and physiologic evidence for a broad
number of diverse antimicrobial agents suggests that resis-
tant strains of some organisms can be derived for any anti-
microbial agent given the appropriate set of conditions. It
has been stated that no resistance was developed to 1,3,5
hexahydro-tris-2-hydroxyethyltriazine (21) and more em-
phatically that the same was true for formaldehyde (22).
Organisms resistant to formaldehyde have been isolated
from the field (23) and have also been derived in the labo-
ratory (24), with resistance in both cases coupled to pro-
duction of increased levels of formaldehyde dehydroge-
nase. Methylchloroisothiazolone (Kathon 886 MW™) is a
highly successful, cost effective MWF biocide with initial
claims that no resistant forms developed. These claims
were recently reinforced (25). However, under appropriate
conditions, two classes have been derived of resistant
Pseudomonas aeruginosa, transient and permanent. Both
of these are dose-dependent and related to underdosing
(Table 4).

3. Dosing Schedule - The prevalent thinking, again dic-
tated by sales and marketing, is that biocides should be
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incorporated in the MWF concentrate. Marketing strategy
promotes the myth that such incorporation is microbio-
logically superior. Nothing could be further from the
truth. Incorporation in the concentrate ties biocide dosage
to one use dilution level. A biocide concentration based
on a presumed dilution in a machine sump would be in-
sufficient if the machine fluid was diluted beyond that
point (underdosing). Chemical incompatibilities and in-
solubilities would be magnified in the concentrate. Reli-
ance on incorporated biocide presumes that biocide half-
life is equal to fluid half-life; more likely, biocide will
dissipate at a greater rate than can be replaced by fluid
make-up additions.

It is therefore better to dose with biocides separately and
at appropriate levels to MWF sumps in use, rather than
rely on in-concentrate additions. Furthermore, dose deliv-
ered is not always dose received, and to avoid
underdosing residual levels of biocide should be deter-
mined chemically.

4. A concluding myth in this biocide area is that mi-
crobes read labels. The statement that “it is supposed to
work” does no impress the illiterate bacteria.

I would suggest that in the area of biocide selection,
avoid mythology and rely on valid test results, and always
... Caveat Emptor. .

SOME OTHER MYTHS —
MWF MICROBES AND
COMMUNICABLE DISEASE

I have saved the most insidious myth for last. The pres-
ence of large numbers of microorganisms frequently
found in MWF (11, 27 and 28), as well as the rare isola-
tion of pathogenic species (28), has been used as evi-
dence for the imminent danger of exposure to MWEF (29).
1t is not this author’s intent to minimize the potential for
communicable disease; however, little or no epidemio-
logical evidence exists for the satisfaction of Koch’s pos-
tulates with respect to MWF. Let me deal first with skin
and mucous membrane infections from MWF.

Marcus Key (30) stated emphatically that “The belief
that bacteria present in cutting fluids is an important
cause of skin disease has no basis in fact.” This was also
emphasized in a review article by Gerald Gellin (31).
Menter and coworkers (32), at a Chrysler Corporation
manufacturing site, patch tested 206 employees, includ-
ing both sexes and representatives from tool and office
workers. Patches contained spoiled fluid, biocides, mask-
ing agents, as many as 108 bacterial CFU/mL, and metal
fines, and were applied to occluded skin for 25 weeks.
There were no infections, irritations, or hypersensitive
reactions in any of the volunteers. According to Rycroft
(33), “Any role of colonizing bacteria in soluble oil
dermatitis is likely to be secondary to the deterioration
they may produce in the emulsion rather than primarily
infective.”

A study was conducted in this author’s laboratory on
isolation of Staphylococcus aureus from MWF and its
subsequent survival. Isolations of coagulase negative S.
aureus were obtained from the centrifugal pellet from
three liters of MWF. Fresh cultures survived poorly and
coagulase positive S. aureus phage strain 80/81 died rap-
idly in MWF (34).

There is an indirect hazard from treating microbes.
Table 5 shows a list of biocides used in MWF producing
allergic contact dermatitis. Although these compounds
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may affect only a limited group of hypersensitive indi-
viduals, excessive use may in fact produce more general-
ized dermatitis.

Although verified incidents of infections are rare, an out-
break of Pontiac fever (short-term, non-fatal Legion-
ellosis) associated with MWEF is an exception (15) , (39).
This was in August ,1981, in a Ford Motor Co. engine
manufacturing plant in Windsor, Canada, and it affected
about 300 workers. The source of the Legionella was a
heavily contaminated emulsion containing more than 10*
CFU of bacteria/mL, and the isolate was subsequently
given new species status as Legionella feelii (39).

The prudent use of biocides to control non-Legionellae
seems justified, especially in the light of recent work (35)

TABLE 4 - Resistance Development* to Methyichlorolsothiazolone by Pseudomonas aseruginosa
Fate of
Treated Bacteria Doses of Kathon™ 886 MW" (ppm)
Survivors of — 10 20 30 50 75 100 125 150 175 200
Resistant* to — 20 30 40 60 85 110 135 160 185 210
Killed by - 35 45 55 75 100 125 150 175 200 225

*After a 4-log kill, there is grow-back to the original population within 24 hours. Resistance is maintained to the inducing dose
through a least 15 passages.

®14.5% active ingredients
°If dose differential for resistance development is increased (e.g., survivors of 20 ppm are treated with 35 ppm), recovery is

extended beyond 24 hours and are killed by 45 ppm. the survivors of the second treatment (35ppm) exhibit only transient
resistnace which is lost after 2-3 passages.

Note: Table 4 is a summary of a presentation at a symposium on biocide function - Annual Meeting of the Society for Industrial Microbiology,
August 1988, Chicago, Illinois. Please see Abstract which appears at end of this paper.

TABLE 5 - Blocides in Metalworking Fluids Reported to Produce Allergic Contact Dermatitis (from Selected Reports)
# Chemical Name Common or Tradename*
1 O-phenylphenol OPP, Dowicide A
2 p-chloro-m-xylenol PCMX
3 p-chloro-m-cresol PCMC
4 hexahydro-1,2,3 tris-2 hydroxy-ethyltriazine Grotan BK, Onyxide 200
5 N-methylchloroacetamide Grotan HD
6 2-hydroxymethyl, 2-nitro 1,3-propanedio! Trisnitro
7 Mixture nitrobutylmorpholines NP1487
8 1-(3-chloroallyl)-3,5,7, triaza-1 azoniaadamantane chloride Dowicil 75
9 Mixture of methyl + chloromethyl isothiazolones Kathon MW 886
10 Benzisothiazolone Proxel CRL
11 i Mercaptobenzothiazole MBT
12 Na (2-pyridylthio})N-oxide Sodium Omadine
* Composite was made from a number of worldwide medical journals where only tradenames were used.
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