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FOREWORD

A very successful conference entitled "The Health Hazards of Cutting Oils and their Control"
was held at Birmingham University Institute of Occupational Health in April 1988. This book
contains the papers presented and edited transcripts of the question and answer sessions.

The conference was attended by over 72 people from the UK and other European countries,
and as can be seen by the length of the question sessions a lively debate was generated.

The success of the conference was largely due to the efforts of Mark Piney who planned and
organised the conference and the exhibition.and Joyce Blake who administered them SO
efficiently.

My thanks are due to Mark Piney and the authors for their written contributions and to Caroline
Baxter, Jane Hill, Samantha Roberts and Joyce Blake for help with the transcript and to Sue
Shackleton for the bibliography.

Ms. Deborah C. Glass
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INTRODUCTION TO THE CONFERENCE

Mr M Piney - Honorary Lecturer in Occupational Hygiene
Institute of Occupational Health

Metalworking fluids are used in small or large amounts in most, if not all, manufacturing industries.
They can be a significant running cost and their stability and quality have a vital impact on the
quality and rate of production. Metalworking fluids can also adversely affect the health of those
people that work with them.

Health Effects

Neat mineral oils can cause skin and scrotal cancer. The risk is much reduced in the UK due to the
use of solvent refined oils but the risk may still exist for some groups workers.

Certain constituents and contaminants of oil can lead to occupational asthma. Dr S Burge, who
will be addressing this Conference, summarised his view of the problem as follows:

"Over the last 5 years in Birmingham it has become clear that occupational asthma occurs in
workers exposed to cutting oil mists. In fact, in my ciinic oil mists are the most commonly
recognised cause of occupational asthma."

Of the prescribed diseases, dermatitis is the biggest cause of lost time of work in the UK. It
accounts for around 65% of the prescribed disease total every year and represents approximately
10,000 people who have to be take time of work, sometimes for weeks. Approximately 2,500 or
25%, come from the metal manufacturing and engineering industries. Most of this dermatitis is
caused by soluble oils and it often represents the tip of the iceberg. One study of 100 machine
operators found that about one third had some degree of dermatitis which was uncomfortable and
unpleasant but it was not bad enough to cause people to take time of work. The problem is often
endemic and goes unrecognised.

Soluble oils can become highly infected with bacteria and sometimes fungi. Such contamination
not only causes objectionable smells and slime but also blocks filters, leads to acidity and
corrosion, blinds grinding wheels, causes poor surface finishes and shortens service life. It may, in
some cases, help lead to outbreaks of dermatitis and could pose an inhalation health hazard.

The Conference

The Conference examines the health and production problems that can occur when using
metalworking fluids and then goes on to consider practical methods of controlling both. It is my
perception that the subject that we are dealing with today and tomorrow does not often get a
public airing. Various parts of it do but the subject as a whole does not. As we shall see the cutting
fluid industry is rapidly changing and innovative and the potential health hazards have changed
over the years. Some have waned while others have appeared. The Institute is concerned to run a
Conference which is not just a list of problems but also explores solutions. This the particular focus
of day 2. We feel that the Conference is timely given relevantty imminent arrival of the Control of
Substances Hazardous to Health Regulations and the fact that the HSE is preparing a guidance
note on the health hazards of cutting fluids. From the delegate list it would appear that about 50%
of the audience are from the engineering industries, about 25% are from the oil supplies industries
and the rest fit into various categories. Such an interesting mix of people should stimulate a
healthy and broad ranging debate. There is one change to the programme, regrettably the Trade
Union speaker has had to withdraw at the last minute due to unavoidable work commitments. (We
had hoped to include a paper from Mr S Schmoller but unfortunately he was not able to meet the
publication deadline.)

The speakers that we have assembled are experts in their field and have years of experience in
dealing with the health hazards of cutting oils and their control. | hope you enjoy the conference.

P




THE COMPOSITION OF METALWORKING FLUIDS

P J Ruane - Technology Division, Castrol Limited

1. Introduction

The purpose of a metalworking fluid is to aid the process of changing the shape or composition of
metal, which normally involves plastic deformation (metal forming) or the removal of excess material in
a controlled manner (metal cutting). Metalworking fluids play a major role in many manufacturing
processes, and can have a significant bearing on process efficiency, productivity levels, operator
acceptability, energy levels and safety. Choice of the correct fluid is vital if all process requirements
and any additional parameters are to be fully achieved, and the suitability of the chosen fluid will
depend for the most part on its general type and chemical composition.

The main emphasis of this conference is on cutting oils and therefore this paper will in the main be
evoted to describing the composition of metal cutting fluids, although virtually all the additives

This paper does not seek to condone or justify the use of any of the additives or chemicals mentioned,
its purpose is purely to identify the types and classes of additives which have been or are currently in
use in particular metal cutting fluids. Only where use in such fluid requires distinct characteristics of the
additive will any reasons for its incorporation be addressed. in addition it is not the author's aim to
favour one type of fluid over another any advantages or criticisms implied in the text are entirely
unintentional. :

2. Types of Metal Cutting Fluid

There are three major types of metal cutting fluids; neat oils, emulsifiable oils and water soluble
synthetic fluids (1). Neat oils are essentially ready to use and are normally designed to be non-miscible
with water. Emulsifiable oils are normally based on a mineral oil or other water insoluble hydrocarbon

when mixed with water, and which produce oil in water emulsions, although there are a number of
water in oil emulsions which are used for special purposes. Oil in water emulsions may be milky,
transiucent or clear depending on the balance of emulsifiers to base fluid. Water soluble synthetic
fluids, also known as synthetics or chemical fuids, contain no mineral oil and are usually based entirely
on water soluble chemicals.

In addition to the above there is a further type of fluid often called a semi-synthetic fluid, which can be
considered a cross between an emulsifiable oil and a water soluble synthetic fluid. It normally refers to
products which have a low emulsified oil content and which upon dilution with water, produce clear
emulsions. As yet no authoritative body within Western Europe has specified the maximum level of oil
in a semi-synthetic fiuid. Opinions vary between limits of 10 and 50 percent, but it is not the intention of
this paper to propose such a specification.

3. Neat Oils

The simplest examples of neat oils are straight uncompounded mineral oils which essentially fall into 3
types, although a more detailed classification is available (2).




3.1 Paraffinic Oils

These are oils that have been produced from paraffinic crudes by severe solvent refining or deep
hydrotreatment processes followed by dewaxing. They are characterised by good oxidation stability,
high viscosity index and high pour points.

3.2 Napthenic Qils

Again these oils are produced by severe solvent refining or deep hydrotreatment, but as naphthenic
crudes have a low wax content they normally do not require further dewaxing. The oxidation stability

and viscosity index are not as good as those of paraffinic oils, but due to their low wax content the pour
points are usually lower.

3.3 Aromatic QOils

These essentially consist of vacuum distillates of either paraffinic or naphthenic crudes which may or
may not undergo further treatment. Aromatic oils are characterised by poor oxidation stability, low
viscosity index and low pour points.

In 1968 a study (3) suggested that certain types of polycyclic aromatic hydrocarbons (PCAH) existed in
unrefined fractions of crude oils. On the basis of this study the Institute of Petroleum advised member
companies (4) to base neat metalworking oils on oils which had been solvent refined or treated in other
ways so as to give an appreciable reduction in the content of PCAHs. This recommendation, followed
by the judgement in the Stokes - v - GKN case, later the same year, ensured that during the early 1970s
those manufacturers of neat cutting oils who had not already done so, reformulated their products onto
oils other than the aromatic type with their inherently high PCAH contents (5).

In addition to mineral oils, neat oils can also be based wholly or in part on synthetically derived
hydrocarbons, such as poly alpha olefins (PAOLs), heavy alkylates or polyisobutenes, which can often
impart additional desirable properties to the finished fluid.

Whilst simple uncompounded oils are suitable for the less severe operations where hydrodynamic
lubrication predominates, for more severe operations where the boundary lubrication condition
occurs, the presence of load carrying additives is necessary. These may be conveniently subdivided
into two types namely lubricity additives and extreme pressure (EP) additives.

3.4 Lubricity Additives

Lubricity additives are usually polar molecules which have a reactive group at one end which has an
affinity for metals. The molecules of the additive form a tenacious film on the metal surface which is
retained at pressures at which mineral oil alone is displaced.. Examples of these polar lubricity
additives are natural fats, fatty acids, synthetic esters, certain waxes, and metal soaps.

As the pressure between the cutting tool and the metal surface increases further, the film of lubricity
additive is ruptured and friction can only be overcome by the use of extreme pressure additives.

35 Extreme Pressure (EP) Additives

Extreme pressure additives contain elements, particularly sulphur, chlorine and phosphorus, which at
the high localised temperatures caused in the cutting zone are able to combine with the metal. The
resulting compounds act as solid lubricants and prevent intimate contact between the tool and
workpiece reducing the possibility of welding of the two surfaces. The choice of additive is generally
governed by the material being machined, for example sulphur containing EP additives are normally
avoided when machining yellow metals due to the formation of dark sulphide stains. However, the
effectiveness of sulphur, chlorine and phosphorus based additives varies considerably and for
particular operations synergistic mixtures of EP additives may be required where a single additive is
incapable of providing the necessary level of performance.

O



3.5.1  Sulphur based EP Additives

The simplest form of this type of additive is flowers of sulphur, which when dissolved in a hydrocarbon
base fluid is a very effective agent for metal cutting. In this form the sulphur is very reactive and will
stain copper readily, and additives containing sulphur which react in this way are said to be “active".
Examples of this type of additive are certain sulphurised fats, esters, fatty acids and hydrocarbons. It is
possible to combine sulphur in such a way as to render it “inactive” to copper, and inactive sulphurised
additives, which are usually sulphurised fats and certain polysulphides can be utilised more widely as a
result. However, it has been found, both experimentally and in practice, that particularly in ferrous
machining active sulphurised additives confer better extreme pressure properties than their inactive
counterparts.

3.5.2. Chlorine based EP Additives

Although chlorine itself is a green, poisonous gas, when combined in certain molecules, typically
chiorinated paraffins, chlorinated paraffin waxes, chiorinated fats/fatty esters/fatty acids, it is an
extremely effective extreme pressure additive. Chlorine reacts and functions at the cutting zone in
much the same manner as sulphur, but since it is more reactive it combines with the workpiece metal
at significantly lower temperatures. Unlike their sulphur containing counterparts, chlorine-bearing
extreme pressure additives do not stain most non-ferrous metals. However, because of their high
chemical reactivity, chlorine-bearing additives are almost always compounded with inhibiting or
neutralising ingredients to prevent corrosion of ferrous metals due to the release of excessive hydrogen
chloride, usually caused by heat or contamination with water. Examples of inhibitors commonly used
are organic epoxides, phosphites, overbased petroleum sulphonates, and certain fatty amines.

3.5.3  Sulpho-chlorinated EP Additives

It has long been known that mixtures of chiorine and sulphur based additives can act synergistically in
terms of machining performance. It is possible to introduce chlorine and sulphur onto the same
molecule, for instance by reacting an unsaturated substrate such as natural fat with Sulphur
Monochloride. Under the correct conditions a sulpho-chlorinated fat is produced normally containing
nearly identical percentages of both sulphur and chiorine. These sulpho-chlorinated additives,
commonly sulpho-chlorinated mineral oils, fats, esters and fatty acids are probably the most active EP
agents currently used in metalworking, and find use in neat oils designed for use in the most severe
applications such as broaching. However, as with the chlorinated additives, their reactivity can lead to
severe staining problems on a number of metals and high levels of corrosion inhibitors are often
necessary, which in practice has meant that their use has been somewhat restricted.

3.5.4  Phosphorus based EP Additives

Phosphorus, usually in the form of an organic or organo-metallic phosphate functions as a relatively
mild extreme pressure lubricant. It has lower anti-weld properties than chiorine or sulphur and is more
suited to reducing friction and wear. The most common types of phosphorus based EP additives
normally used are phosphate esters such as Tri-Tolyl Phosphate, and organometallic phosphate such
as Zinc Dialkyl Dithiophosphates (ZDDPs). Most phosphorous EP additives are non-staining to both
ferrous and non-ferrous metals.

3.5.5  Other EP Additives

In recent years a "new" series of extreme pressure additives has been developed. These have been
referred to as passive extreme pressure additives (6), and are based on the technology of overbased
sodium and calcium petroleum sulphonates. Although not as yet widely accepted they have proved
highly effective both alone, or more usually combined with other EP additives such as polysulphides, in
several of the more difficult metalworking operations. They have a number of inherent advantages
over conventional EP additives, particularly as regards corrosion, but due to the level of overbasing
some compatibility problems can occur with other additives such as natural fats and fatty acids.




3.6 Other Additives used in Neat Qils

In order to meet specific process or operational requirements, a vast array of other additives may be
used in neat oil formulations. Among those commonly incorporated are: antioxidants, viscosity index
improvers, pour point depressants, anti-mist additives, tackiness additives, corrosion inhibitors, metal
passivators, scourability additives, dyes, scents and reodorants and finally antifoams.

The reason for the use of most of these additives are self evident, but in certain instances a slightly
more detailed explanation for their use is warranted.

Tackiness additives improve the adhesive properties of the lubricant film to the metal surface. They
induce "stringiness" or structure in the finished product which allows it to maintain its integrity under
load. The most commonly used additives of this type are high molecular weight polymers and certain
metal soaps.

Although neat oils are generally formulated so as not to be miscible in water, in certain operations it is
advantageous that the cutting oil can be removed from component by water washing. A wide range of
emulsifiers can be used to render neat oils removeable or "scourable” in this manner, although perhaps
the most common are alkyl phenol ethoxylates and polyglycol esters.

Foaming probiems are usually associated with water miscible fluids, particularly emulsifiable oils, but in
certain operations such as flute grinding of twist drills severe air entrainment into the grinding oil can
occur. Although many of the inherent problems in this context can prevented by correct base oil and
additive selection, in some circumstances an additional foam control agent is necessary. Typical foam
control agents used for this purpose are silicone fluids and high molecular weight propoxylates.

4. Emulsifiable Oils

In general terms emulsifiable oils can be considered to be neat oils which by the addition of emulsifiers
and other additives can be dispersed as discreet oil droplets in water. Most emulsifiable oils are based
on a paraffinic or naphthenic mineral oil, although as with neat oils other synthetic hydrocarbons can
be used. Aromatic mineral oils (ie, those derived from vacuum distiltates) may still be used and
certainly the study previously referred to (3) indicated that there was evidence that emulsions of these
oils were less hazardous than their neat oil counterparts. However, in practice their use is normally
restricted to a very small number of emulsifiable oils, where they are incorporated purely for technical
reasons. Emuisifiable oils containing load bearing additives of the types used in neat oils are often
termed highly fatted, (lubricity additives) or EP (extreme pressure additives) soluble oils. Although the
load bearing additives used are usually water insoluble, a number of water soluble or water dispersible
tubricity and EP additives are utilised.

The dispersion of oil into water is effected by emulsifiers which stabilise the dispersion by reducing the
interfacial energy such that the charges on the oil droplet repel all other droplets. Emulsifiers are
classed by the charge they impart to the emulsified droplet, and in the vast majority of cases these will
be anionic or non-ionic, cationic being relatively rare, particularly in metalworking oils.

4.1 Emulsifiers

For many years the most commonly used primary emulsifiers were petroleum sulphonates, either
natural or synthetic, or fatty acid soaps. Petroleum sulphonates were generally not used alone since,
although they were able to form stable emulsions, the pH of those emulsions was normally too low to
ensure long term emulsion stability since it normally lay in the range 7-8 where bacterial activity is at a
peak. For this reason fatty acid soaps were used, which together with petroleum sulphonates,
produced emulsions with the preferred initial pH range of 9-10.

In recent years, particularly with the development of biostable emulsifiable oils, many other emulsifiers
have been utilised such as fatty amines, sulphonamidocarboxylic acids and sarcosines. These have
often been aided by secondary emulsifiers such as succinamides, non-ionic surfactants and
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alkoxylated fatty acids in order to produce emulsions with additional desirable characteristics such as
enhanced detergency and dispersancy.

The type of emuision produced by an emulsifiable oil is generally related to the ratio of emulsifier to
insoluble oil phase. The higher the emulsifier ratio the greater the tendency to produce clear emulsions
(droplet size 0.1 micron). Reducing the emulsifier ratio will gradually coarsen the emulsion, eventually
resulting in milky emulsions (droplet size 1.5 - 5 microns). In addition to emulsifiers a number of other
additives are used in emuisifiable oils, most notably corrosion inhibitors, biocides, coupling agents,
scents, dyes and antifoams.

4.2 Corrosion Inhibitors

The move away from sodium nitrite led to the development of a wide range of other water soluble
corrosion inhibitors, which are covered more fully later in the section on water soluble synthetic fluids.

4.3 Biocides

Biodeterioration of emulsions was first described over 40 years ago (9). A wide range or biocides has
been and continues to be incorporated into emulsifiable oil formulations, but for convenience they may
be divided into three types:

i) Phenolic types eg., Ortho-Phenyl Phenot (OPP)
ii)) Formaldehyde release types, eg., Hexahydro -1,3,5, tris (2-hydroxy-ethyl)-s-triazine
iii) Others, eg., Pyridinethiones

A number of reviews on biocides for aqueous metalworking fluids are available (10, 11) covering a very
large number of individual chemicals, too numerous to satisfactorily cover here. However, several
further points are worthy of mention: many biocides are only suitable for addition to the dilute emulsion

Often mixtures of biocides are utilised in a fluid formulation to take advantage of synergistic effects (12).
Also it is known that certain sequestering agents such as EDTA can greatly increase the activity of
biocides incorporated into cutting fluid concentrates (13). The development of 'biostable’ coolants,
usually based on boramides or boron amine esters (14) has led to the marketing of biocide-free
emulsifiable oils, which produce emulsions that allow a controlled degree of bacterial contamination
which does not seriously influence emulsion longevity. In the UK products of this type are establishing
an increasing market share.

In addition to boron containing ‘biostable' emulsifiable oils, other biocide-free systems which control
bacterial contamination have been proposed, of which perhaps the best known involves use of copper
complexes (15).

44 Coupling Agents

Coupling agents act as mutual solvents between the oil phase and aqueous phase and are added to
produce a stable single ghase mixture of all the additives present over the normal range of storage
temperatures ie., 0 to 40°C. Their performance is dependent on chemical type and structure, and the
most common types are alcohols, glycols and glycol ethers. Certain coupling agents, such as




10

xylenols, which are the basis of phenolic coupled emulsifiable oils, have other advantageous
properties, such as anti-microbial activity.

45 Other Additives

Dyes and scents are added to emulsifiable oils, as they are to neat oils and water soluble synthetics to
enhance operator acceptability. Since emuisifiable oils contain surface active agents such as soaps or
non-ionic surfactants, there may be a tendency, particularly in soft waters for the freshly prepared
emulsion to produce foam during use. Foam control agents such as silicones, water-insoluble waxes
and polyglycols are often incorporated to control this foam generation until contamination of the
emulsion by tramp oil, or machining debris on the emulsion surface helps to suppress the foam.

5. Water Soluble Synthetic Fluids

Water soluble synthetic fluids, often referred to as synthetics or chemical fluids, contain no mineral oil
and are usually either true solutions or extremely fine colloidal solutions. in their simplest form the
diluted versions of these fluids can be considered to be essentially non-corrosive water, since this was
sufficient to satisfy the initial requirements for which they were designed, namely rapid heat removal
whilst preventing rust. The earliest types of water soluble synthetic fluids were mixtures of
alkanolamines and sodium nitrite which were used at low concentrations usually in grinding operations.
With the trend away from the use of sodium nitrite, nitrite-free versions were produced based on a vast
array of other water soluble ferrous metal corrosion inhibitors such as amine neutralised carboxylic
acids, inorganic salts and boron compounds. In recent years there has been a trend to increase the
scope of use of synthetic fluids by introducing additional additives such as dispersants, wetting agents,
water soluble lubricity and EP additives so that quite arduous machining operations can be effected.
Unfortunately in water soluble synthetic fluids the absolute level of performance available is often
limited by the necessity to ensure that the resulting fluid has a low foam propensity when diluted with
water. Wetting agents for instance improved the capacity of the fluid to wet out metal surfaces, often
by reducing the surface tension. Choice of the wrong chemical type or use of an excessive
concentration however, often leads to foaming problems in practice. For this reason particular low
foam wetting agents such as acetylenic surfactants and block copolymers are normally used.

Dispersants are important additives in water soluble synthetic fluids in that they can control the
suspension and deposition of metalworking debris, and in some cases prevent the build up of deposits
on machine tools. Polymeric materials are widely used in this context with polyacrylates, maleic
acid/olefin copolymers and substituted polyamines being perhaps the most popular types. As with
emulsifiable oils, water soluble synthetics may also contain biocides, scents, dyes and antifoams where
these are considered necessary.

6. Solid Lubricants

Solid lubricants such as molybdenum disulphide and graphite are used in certain specific metal cutting
operations, such as tapping and thread cutting where they can be smeared onto the work zone, usually
in the form of specifically formulated pastes or greases. However, the difficulties involved in
maintaining a stable suspension of these solid lubricants in a base fiuid, and separating debris from the
resulting cutting operations from this suspension, have prevented their use in circulated fluid systems.
Considerably greater use of solid lubricants is made in metal forming operations, particularty where
deformation processes operate at speeds too low to activate EP additives, or generate temperatures
too high to prevent complete additive breakdown. Here solid lubricants function effectively by
presenting a physical barrier between the workpiece and tool. Additives used in this context, other
than those above, are calcium hydroxide, calcium carbonate, talc, certain clays, sodium bicarbonate,
powdered metals, ie., lead, and powdered inert organic solids such as PTFE.

7. Concluding Remarks

This present paper gives only a brief insight into some of the additives used in the composition of metal
working fluids. A number of more extensive reviews are available in this context (16, 17) for those
seeking further information on this subject.
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The range and number of additives used in metalworking fiuids is already vast and is growing
continuously as a result of continuous research to produce products which perform better and are
more acceptable to the end user and his environment.

The impact of actual or proposed legislation preventing or restricting the use of certain additives has
often led to the rapid development of a wide range of alternatives from an alert and responsive cutting
fiuids supply industry. Where formulators may previously have had only a handful of additives, suitable
for effecting a particular operation, there may now be several hundred. Additives which were
considered irreplaceable in their day have now been replaced as a matter of course, and attention has
moved on to the next challenge.

Whilst it is certain that in the future metalworking fiuids will be more effective, safer to use and more
environmentally acceptable, it is also highly likely that the composition of these fluids will be even more
complex and varied than they are at present.
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THE HEALTH EFFECTS OF CUTTING FLUIDS ON THE LUNGS

P S Burge, Consultant Chest Physician, Occupational Lung Disease Unit, East
Birmingham Hospital, Birmingham B9 5ST, U.K.

This paper describes some of the perceived respiratory hazards for people exposed to oil
mists, most of which can be dismissed, the exception is asthma. The paper goes on to
discuss occupational asthma in general and problems with oil mists in particular.

In many engineering shops there is a haze of oil mist in the air which is inhaled. Exposure
can be in the order of 1-2 mg/ms. well within the occupational exposure limit, despite this,
individual workers may develop occupational asthma.

Luna Cancer

Cancer of the skin has been a problem with mineral oil exposure, due to the contamination
of oils with polyaromatic hydrocarbons. This has lead to the suggestion that the higher
incidence of lung cancer seen in urban industrial communities might be due to the
inhalation of oil mists. There is now good evidence that this is not true, (Hendricks, N.V. et
al 1962, Ely T.S. et al (1970), Goldstein D.H. et al 1970); and that there is no increased risk
of lung cancer from current inhalation of oil mists in engineering shops.

Lipoid Pneumonia

This used to occur after exposure to large amounts of medicinal paraffin taken by mouth
and is now extremely rare. Cases due to oil mist exposure at work have been described,
(Proudfit et al 1950, Foe et al 1954, Cullen et al 1981). It almost certainly does not occur as
aresult of current levels of exposure to oil mists at work.

Bronchitis

There are two diseases which are often confused with the same general title of bronchitis.
Bronchitis strictly implies a productive of cough and phlegm which is common in many
industrial situations, and is a protective mechanism of the lung clearing the inhaled
material. Chronic Obstructive Bronchitis implies the addition of airways obstruction which
is the main cause of respiratory disability. The prevalence of cough and sputum
production (chronic simple bronchitis) among turners, hardeners, and grinders was
studied by Jarvholm (1982). He looked at a population exposed to oil mists at
concentrations at about half the exposure limit, for at least 3 years, and obtained an 89%
response rate. He concluded that exposed non-smokers had more cough and phlegm
than the control group and that this was related to oil mist exposure. Those people with
respiratory symptoms had poorer lung function and poorer gas transfer than those who
were asymptomatic but both poputations were above average. This is almost certainly
because of the healthy worker effect in the asymptomatic group.

Immunoglobuiin (IgM) levels were compared with those of office workers and IgM levels
were raised in the oil mist exposed workers. This is an unusual situation which has rarely
been described in occupational groups; however electronics workers exposed to soldering
fluxes containing colophony (a pine resin extract) have also shown raised total levels of
IgM. Pine oil is widely used in oil-based products as a deodorant and colophony adducts
are used as emulsifiers. It may be that the 1gM levels in the oil mist exposed workers are
related to colophony exposure. In the electronics workers, the IgM levels appear to be a
marker of exposure rather than disease, (Burge et al 1981 ).
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Morgan et al (1988), studied an engineering works with workers exposed to both mineral
and soluble oil aerosols, 96% of the exposed population were examined. These were
divided into workers exposed to mineral oil, those exposed to high and low levels of
soluble oil, and an incidentally exposed group working in the stores and on an assembly
line under the same general factory roof. Peak oil mist exposures were approx. 2 mg/m®.

Work-related cough, wheeze and breathlessness, (that is symptoms that were better on
days away from work), were highest among the mineral oil exposed group. Work-related
sore and dry throats appeared to be dose related symptoms among the soluble oil
exposed workers. Smoking rates were high, approx. 65% overall. The results are shown in
figures 1 and 2.

Because the control group were incidentally exposed to oil mist, another control group
was found. Comparison with workers from the galvanising industry, who were exposed to
substantial amounts of fume but not to oil mist, showed a lower level of eye, nose and
throat complaints. It may be therefore, that low levels of exposure to oil mist may cause
these effects.

Occupational Asthma

Occupational asthma is asthma due in whole or in part to agents met with at work. Once a
normal person has developed occupational asthma, he nearly always also has asthma
related to non-specific stimuli such as cold air, fog, exercise and respiratory infection,
which affect other asthmatics. It is therefore rare for asthma even wholly caused by work
to be related only to work exposure. Nevertheless, it is possible to differentiate between
occupational asthma and other environmental asthmas by finding deterioration in the
asthma related to periods at work and improvement away from work. Once occupationat
asthma has developed, continuing exposure is likely to iead to worsening asthma and a
smaller chance of complete recovery once exposure ceases.

Occupational asthma accounts for about 5% of all adult onset asthma, and at least in
Birmingham, oil mist exposure is the commonest recognised cause of occupational
asthma. However, occupational asthma due to oil mists has not been widely described
elsewhere. The methods of diagnosing occupational asthma are well established and
involve history taking, measurement of lung functioning in relationship to work,
immunology (where appropriate), and bronchial provocation testing.

The most important way of making a diagnosis of occupational asthma is from the history.
The two best screening tests are to ask a worker whether their symptoms of airways
obstruction improve on days away from work or on holiday. Those with occupational
asthma will be found amongst these two groups. Workers who improve on holiday may
also avoid domestic allergens, so holidays at home need to be differentiated from holidays
away from home. Some workers with occupational asthma do not improve on weekends
away from work as longer periods are required for recovery to start. There are different
patterns of deterioration in relationship to exposure which are seen in general, and in oil
mist exposed workers in particular, and it may be that there are different mechanisms
involved with some of these different patterns.

Measurement of Lung Function in Relationship to Work

Measurement of lung function on a day away from work is a poor method of diagnosing
asthma in general and occupational asthma in particular. It is often normal in this situation
or at least within normal limits. Before and after shift measurements of lung function are
also in general unhelpful as the diurnal variation in airway calibre with lowest values on
waking and highest values 6-8 hours later are usually superimposed on the working day
such that improvement should be expected at a morning or day shift. The most
appropriate method of confirming occupational asthma is by measuring peak expiratory
flow rate 2 hourly from waking to sleeping over periods of work exposure and periods
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Figure 1 : Prevalence of work related res;

piratory symptoms in engineering shop workers
showing increasing symptoms with increasing exposure to soluble oils and generally
increased symptoms in the workers exposed to mineral oil aerosols.
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Figure 2 : Prevalence of work related respiratory symptoms in the same workers as in
figure 1. Chronic bronchitis was common, but did not increase with increasing exposure
to soluble oil aerosols. Wheeze and breathlessness were more common in workers
exposed to the mineral oil.
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away from work. Using such methods we have found definite work refated changes in 13
out of 25 workers investigated who were exposed to oil mists, (Robertson et al, 1988). The
asthma may be progressively worse each day at work with improvement over the
weekend. This is the most common form of occupational asthma and is generally seen in
those with specific hypersensitivity to a particular agent being inhaled. Figure 3 shows
such a reaction in a worker who was found to be sensitised to the pine oil constituent of
the oil mist used as a reodorant (Hendy et al, 1985). Equivalent daily deterioration is less
often seen and occurs in two situations, either when a worker fully recovers between each
days exposure, or when a substantially fixed element of airways obstruction exists, such as
with continuing exposure. Interestingly the worker shown in the previous figure developed
an equivalent daily deterioration pattern after prolonged exposure (Fig. 4). It was only
following the engineering strike of 1981 that he was well enough to show the more classical
progressive deterioration pattern shown in the previous figure. Equivalent daily
deterioration may also result from an irritant effect known in pre-existent lung disease such
as severe obstructive bronchitis.

Some workers have reactions which are most severe on the first day of exposure and
improve despite continuing exposure, or sometimes are worst mid-week with improvement
towards the end of the week. Such a reaction is shown in figure 5. The record starts with
a two day period away from work with a mid-week deterioration followed by substantial
improvement on a one day period off work, followed by deterioration which is maximum on
the first day of the next working week. Reactions that are worse either on the first working
day or mid-week and will improve despite continuing exposure are rare in allergic asthma
but are the type of reaction classically seen in Byssinosis in the cotton mills. There is some
evidence to suggest that the mechanisms are different in this group and may be related to
microbial contamination of the environment. Cutting oils frequently become contaminated
with many bacteria, and endotoxin levels are increased in this situation. Endotoxin is a
possible cause of such reactions. It is interesting that the above worker reacted on
challenge testing only to used soluble oil and no reaction to the clean soluble oil, nor to the
mineral oil to which he was also exposed. This would further substantiate the effect of
microbial contamination, although clearly there are other materials which contaminate the
used oil, including materials derived from either the cutting tool or from the piece being
worked.

The methodology of serial peak flow measurements in relationship to work have been
described by Burge (1982). These measurements are specific but not very sensitive.
Finding asthma unrelated to work on serial peak flow measurements with short periods
away from work between work periods, should not exclude the diagnosis of occupational
asthma.

Bronchial Provocation Testing

There are substantial problems in bronchial provocation testing with soluble oil aerosols,
which have not yet been solved. In the work situation the exposure is to an aerosol which
is formed by spraying the oil onto a fast rotating piece which is hot. It has not been
possible to reproduce in the challenge chamber the flash heating and aerosol components
of the exposure at work. The constituents of the oil mist exposures at work are also
extremely varied, and most workers are exposed to aerosols from several different soluble
oils. Bronchial provocation testing in theory offers the only way of differentiating between
the different components of the oils which may be causing the reactions. To date,
bronchial provocation testing is only finding the specific cause of occupational asthma in
the minority of those tested with oil mist exposure. The first worker reacted to the pine oil
reodorant which was volatile at room temperature (Figs. 6 and 7). It is therefore likely that
the causes of occupational asthma in oil mist exposed workers varies and that both the
individual constituents of the oil and contaminants during oil use are relevant. Dyes,
biocides, reodorants and emulsifiers are more likely to be the cause of reaction in unused
oils than the oils themselves.

17




Figure 3 : Daily maximum (top line), mean (middle line), and minimum (bottom line) peak
flow in a toolsetter exposed to oil mists. The days at work have a stippled background, the
days away from work a clear background. There is progressive daily deterioration during
the first work week, with recovery during a three day break, with further deterioration
during the next two days at work.
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Figure 4 : Serial plot of peak flow as in fi
at work. His asth
equivalent daily d

gure 3 in the same worker after a prolonged period
ma is now much more severe with lower

eterioration with only very partial recovery o

peak flow readings. There is
n days away from work.

Peak
Flow

0
(L/min)
180 -

160 -

140 -
120 -
100 -

19




20

Figure 5 : Serial plot of peak flow in a worker exposed to soluble oil aerosols from a
neighbouring bar grinder during the first two weeks, and exposed to mineral oil aerosols
only during the second two weeks. There is midweek deterioration in the first work week,
recovery on the one day off work followed by first day deterioration in the second work
week. There is no asthma when exposed to mineral oils only. Bronchial provocation
testing showed reactions to used soluble oils only, suggesting that microbial
contamination was the cause for his asthma.
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Figure 6 : Bronchial provocation testing to a soluble oil. Exposure was by stirring in a
beaker with exposure to the volatile component only. There was an immediate reaction
following exposure, with no reaction to a control (hard metal dust) exposure. The cause of
the reaction was shown by further testing to be due to the pine oil reodorant. (Fig. 7).
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Figure 7 : Bronchial provocation testing to the pine oil reodorant as in figure 6 showing an
immediate asthmatic reaction. -
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So far, immunology has not been helpful in the differentiation of the causes of occupational
asthma from oil mists. Specific IgE antibodies are readily found to whole protein allergens
such as grass pollen and house dust mite in a domestic environment, and flours and
animal danders in the occupational environment. They are less useful in asthma due to
smaller molecular weight chemicals which may not always be related to IgE sensitization.

Summary

Current evidence suggests that airways reactions are the major respiratory problem with
occupational oil mist aerosol exposure. It is likely that individuals become sensitised to
different components of the aerosols, leading to occupational asthma as the most
important disease. This may be due to constituents of clean oil, or to contaminants of
used oils. Some used oils are also capable of causing irritant effects to the eyes, nose or
throat, and exacerbation of pre-exisiting airways disease. These effects occur at levels of
exposure well within the current exposure limits.

All mineral and soluble oil supplied should have a complete list of their contents readily
available. Microbial contamination should be reduced and exposure levels further
reduced.
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Questions

Mr.A.J.Riley British Petroleum Occupational Health Centre. Is there any link between those
chemicals which give an indication of respiratory problems and those which also cause
occupational dermatitis?

Dr.P.S.Burge | don't know the answer to that, we are going to hear from Richard Rycroft about
dermatitis and the last time | heard him, which was many years ago he was very keen on the
microbes being mainly responsible, is Richard here yet? No. Lets hope he comes quickly but
anyway can you ask him that. But | think there is, that he thinks or did think anyway that the
major dermatological problem was from an irritant effect brought on by microbial
contamination, and | think microbial contamination is responsible for probably about a quarter
of the occupational asthmas from oil mists that | see. Colophony is in everything it really is or
bits of pine oil and | think that is one possible cause, but there is such a range of things and if
people start inhaling chemicals which they are undoubtedly going to do in this industry then
there is going to be probably the odd patient who gets sensitized to almost anything.

Dr.P.C.Elms Cardiff. Are reodorants such as pine oils just cosmetic to make things smell nice?

Mr.P.J.Ruane If you notice when | put the overhead up | subdivided them into scents and
reodorants. Scents are definitely cosmetic and by scents, | mean those such as flower
fragrances included purely to give a nice smell to a particular product. Scents do not tend to
be used a great deal in the oil industry because odour is so subjective. You can get a situation
where people in one factory like pine smells and in another factory hate them. Reodorants are
used purely to mask a particular smell inherent in a product such as that which occurs when a
sulphurised fat is present which has a hydrogen sulphide smell. In operation the product may
be heated to higher than ambient temperature so you get a perceptible unpleasant odour from
the actual oil. Reodorants can be very effective in that context as a mask.

Dr.Eimes | was just going to make the general point that you have got to be very careful with
just putting things in for a cosmetic effect. Looking at the cosmetic industry you will probably
have noticed or perhaps your wife has told you that there is an increasing sale of scent-free
cosmetics for this very reason. Pine oil or colophony gets used in most of these things just as
a cosmetic and this is a danger we have got to avoid or can be easily avoided as long as
people know the reason why.

Mr.Ruane Regarding colophony, pine oil in fact is not always used as reodorant. There are
certain products on the market that use pine oil as a coupler, particutarly in emulsifiable oils.
However they tend to be rather rare now. It is fair to say that there is more resistance to the
smell of pine oil than there used to be. Pine oil was universally acceptable as a reodourant, but
that tends not to be the case any more. Regarding colophony, it is generally associated with
products derived from pine woods and can be a component of materials such as tall oil. Fatty
acids for instance which are widely used as an emulsifier. The levels may be very small but
even so it would be present in materials other than in reodorants.

Dr.J.S.Gardiner ICI Fibres. | would like to ask Dr Burge if he knows of any evidence of
pulmonary fibrosis ensuing after exposure to atmospheric oil?

Dr.Burge There is one paper which | wrote a long time ago and | dismissed as being, the
evidence was not there, | can give you the reference of one or two papers but | think that the
medical evidence is extremely doubtful.
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Mr.E.C.Hill Cardiff. You showed a slide from Bengt Jarvholm of the increased immunoglobulin
level and you have suggested that in some cases micro-organisms are the factor there, have
you actually looked at the serological aspects by looking for antibodies specifically.

Dr.Burge No. I'm not suggesting that the microbial contamination is the cause of the IGM rise,
the immunoglobulins have been looked in quite a lot of causes of occupational asthma and the
only one they have been raised in, is in colophony asthma in the electronics industry with no
microbes at all and the specificity of that was unclear because we cannot actually measure
antibodies to colophony because we have not got the protein binding to make complete
antigens out of it yet, but one of the problems is to know what microbes to look at because
certainly in my side of things | find great difficulty in growing things apart from Pseudomonas
and some of the common medical type organisms as opposed to some of the ones you would
be growing. :

Mr.S.Bryan Rods Oils. Could | ask our last speaker whether he can put a percentage to the
number of people who have occupational asthma in the working engineering population.

Dr.Burge Not at all, my study of one place in Coventry has not demonstrated unequivocally
occupational asthma there at all, although there are some throat and eye symptoms, the
Jarvholm ones did not try and specifically identify occupational asthma so | don't know. | think
its going to depend on the contamination and i think its going to depend on what is actually in
the oils at the time, and that is such a variable feast that it is very difficult to know.

Mr.S.Bryan My question is to gauge whether there would be a situation where the number of
people who suffer from occupational asthma would be people who would suffer from that
regardless of the cutting oil or would be more prone to that sort of asthmatic condition
whatever their working environment would be.

Dr.Burge | think that somebody with underlying asthma is more likely to develop occupational
asthma and somebody who has asthma at the start of an employment would be at excess risk
of getting a new sensitization to most forms of occupational asthma. The ones that | have told
you about are all people who have developed it for the first time with oil mist exposure. We
looked at one of your oils actually and | didn't think it caused a reaction in anybody.

Mr.R.J.Reynolds Health and Safety Executive. I'm not surprised that Dr. Burge should have
found that the number of people who suffer from occupational asthma is greater for oil mists
than for isocyanates because | suspect there are many more people, a bigger population who
are exposed to oil mist and also the people who are exposed to isocyanates generally use, in
fact they have to use respiratory protection, if they don't and the factory inspector goes in and
sees them working, for example paint spraying, with out proper protection there is likely to be
a prosecution resulting. | would like to know your view as to whether you really think that oil
mist is a more potent agent than isocyanates, | really don't think it is myself.

Dr.Burge | think that it is very unlikely that they are as potent as isocyanates, all I'm saying is
justin my practice | identify more of them and clearly the base from which they come may be
vastly higher. This is something new and the first person we reported with occupational
asthma was only three years ago, that was the first individual who | mentioned who stirred this
stuff. | think this is the part of the world where we ought to be able to try and look at the
problem because there is such a lot of oil used.

Dr Holland-Eliiott GEC Trafford Park. Can | ask what your indication is please for provocation
testing?
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Dr.Burge The indications for provocation testing are first of all having the resource to do it and
| don't really have the resource with oil mist because it is too complicated. We should try
however when somebody's livelihood depends on finding the precise cause. It is likely that the
solution to this is going to be substitution of the offending agents out of the oils and for that
you have to identify the cause. It's no good just showing it's the cause for one person you
have got to show that it's the case more widely than that. | think there is a definite place for
provocation testing for some patients. But unfortunately its really too complicated for the
resources that we have. We need some help in trying to do this to get the exposures correct,
but | don't think there is an indication just for the sake of doing it, but if somebody is going to
lose their job and be made redundant otherwise. | think there is a good indication for doing
them.

Mr.Riley BP. Picking up on the point made by the gentleman from the Health and Safety
Executive that oil mist is not as great a problem as isocyanates, | agree. With isocyanates the
occupational exposure is a lot lower than it would be to oil mist in the slides that you have
shown there was a considerable amount of oil mist in the work environment and therefore
potential for inhalation. Do you think that there are grounds to decrease the exposure limit or
bring the exposure for oil mist down on the grounds that there may be a problem with
occupational asthma?

Dr.Burge | think that is a bit premature | would think that in general you need to get it as low as
you possibly can as the rules say. | think my paper is the only one on occupational asthma at
present and | think that it's jumping the gun a bit but | think its worth it. If you are looking at
people with oil mist exposure what I'd encourage your occupational health services to do is to
be aware that this might be affecting the lungs and to have a look and see if you have a
problem in your work place, specifically with increased respiratory problems, low lung function
or asthma. Then I think you need to reduce your exposures or else change your oils.

Dr.H.R.Kemble Ford Motor Company. First of all, a plea to workers in the field, to tidy up the
nomenclature of the oils they are talking about. The first speaker did point out that there were
definition problems when it came to the synthetics and the semi synthetics. What did Dr.
Burge measure in the environment when he did his investigation?

Dr.Burge Debbie Glass measured some of them and she is behind you so perhaps she could
answer that at the Coventry factory.

Ms.D.C.Glass Institute of Occupational Health We measured total oil mist in air, according to
the standard method with cyclohexane extractables we did not actually look at any of the
constituents.

Mr.M.Piney Gerry Lee, is going to talk about measurement and the problems of measurement
tomorrow. We have heard today how complex oils are and | think he will touch upon that.

Dr.Burge The factory where the worker was exposed to both the mineral oil and the suds the
hygienist there did actually differentiate between exposures to one and the other, and the suds
exposure on a personal sampler was said to be about 0.5 milligrams per cubic metre and the
mineral oil about 1.5 mgm. | dont know how he differentiated them.

Mr.H.Krebs Hankel Dusseldorf in Germany. In the first presentation it was pointed out that
even nitrite free products containing alkanolamines can produce nitrosamines do you have
any hints for the audience to reduce even this building up of nitrosamines.

Mr.Ruane | would say the obvious answer to that is to have products that are alkanolamine
free or certainly free of alkanolamines that produce nitrosoalkanolamines which are likely to
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have a real carcinogenic risk. Having said that its rather easier said than done. One of the
difficulties in this sort of work anyway is that, as far as | am aware, there is no perceived
threshold of no risk for nitrosamines so if you have a situation where you have 1ppm in the
coolant you are not in a position to say that coolant offers no risk. In practice it seems very
unlikely that it does offer a risk but at the moment it is difficult to actually say that such is the
case. It is quite possible to produce products that are alkanolamine free having said that, a
move to alkanolamine free products would involve moving away from current machining
technology which requires products containing alkanolamines. Its a difficult situation which is
not really being helped by some of the advice thats being given on nitrosamines which is, to
say the least, a little indistinct in terms of what their actual risk is perceived to be.

Ms.Glass IOH 1 believe HSE are producing a guidance note on nitrosamines in cutting fluids.

Mr.Ruane There is one already. Actually | make reference to it in my paper tomorrow which
discusses nitrosamines. | would say that particular guidance note is not much help because it
says things like "it may be regarded as a possible human carcinogen".

Dr.Burge What do you want? Do you want to say it is definitely carcinogenic?
Mr.Ruane Yes. That would be a definite help.

Mr.Krebs In the second presentation it was pointed out that cobalt could cause occupational
asthma. Do you have any hints on how to reduce cobalt dissolving into coolants?

Mr Ruane | take it here we are talking about water miscible coolants, yes | do. There has been
quite a bit of work done on this in the last eight or ten years. It is not possible to reduce cobalt
pick up from hard metal completely, particularly where you grind the hard metal pieces to
make tool inserts for instance. That is because pure water, even de-ionised water used in this
context does actually pick up some cobalt. What is possible is to eliminate materials which are
actually accelerators in this context. Certain alkanolamines are a good example, in that they
greatly increase the rate of pick up into the coolant. Several companies are producing
coolants which have been shown to produce a relatively low level, which does not increase
further despite extended use. That level at the moment seems to be in the region of around 40
to 50 ppm cobalt but if you compare that to some of the levels of cobalt you can reach with
particular synthetic fluids I've seen instances of over 800 ppm of cobalt in emulsions, | would
say at least that is a step forward.

Unidentified speaker Was that in grinding hard metal or using a hard metal cutting tip?

Mr.Ruane That is actually producing the hard metal inserts for cutting tools. For people who
are entirely unaware of this subject, in this context hard metal is usually referred to as the
material made by bonding tungsten carbide powder in a cobalt matrix. The tungsten carbide
is unaffected by the actual coolant but cobalt from the matrix has a tendency to dissolve.

Unidentified speaker | think what | would like to know is, whether there is a danger of cobalt
getting into the aerosol when you're cutting with a hard metal tip, metal which does not contain
cobalt.

Mr.Ruane | would think in terms of risk thats considerably lower than where you are actually
directly machining hard metal.

Unidentified speaker. Well obviously yes.
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Mr.Piney If | could add something there, again | would ask that question of Gerry Lee because
I think he has some experience of that in the plants which he is responsible, he's on tomorrow
so | would ask the same question again.

Mr.Ruane There is quite a bit of information that suggests that solubilised cobalt within
coolants is actually a contact allergen. I'm not sure if Dr Rycroft has done some work on it.

Dr.A.C.Fletcher Birmingham University. A few years ago | heard an account and unfortunately
I do not think it was documented, of a machine shop where there appeared to be an epidemic,
a large proportion of people off sick with what may have been diagnosed as asthma or a acute
bronchitis at the time. After some argument about what it might have been in the end the
coolant fiuid, the suds oil was removed steam cleaned and replaced and the epidemic or the
large proportion of people off sick subsided. This appeared to be a natural experiment
implying a microbial contamination, in the same way as people away from work because of a
strike etc show a subsidence in symptoms. | was wondering if you had any better
documented cases than this, perhaps apocryphal story, that would confirm that sort of
situation.

Dr.Burge No, the three people I've got who are worse on the first day of the week and
particularly the one | showed you, one of the reasons they may be worse then is that that
particular factory was not used over the weekend and the coolant was stagnant during that
time and the microbial growth was much greater when the stuff was stagnant and often there
was a terrible smell when it was first started up on a Monday morning. In fact he was worse
when he was on an early shift, on a six to two on a Monday, than when he was on a two till ten
when it had been running for a bit. | don't think that is the whole cause and | think that with
some of these microbial aerosols actually you do become tolerant to them very quickly, and
you actually require a period off work to produce the symptoms, and the answer is obviously
to work over the weekend!

Mr Piney Dr Burge, what research do you feel needs to be done into the problems of
occupational asthma due to oil? :

Dr.Burge I think there needs to be a team who understands about oils and | unequivocally as
you will discover don't understand about oils, | understand about occupational asthma, but
what | need to work with is somebody who can actually look at the situation, look at both the
microbial contamination and look at the constituents of the oil and start measuring things in
the air, then we basically need to go and start off with cross sectional studies in a number of
different places, preferably places which are working with a very limited number of oils and
where some of that is in the air. We need to look at places where there is high levels in the air
and places where there is low levels in the air and see if one place has more problems than
another. Thats | think will be the next stage which is relatively cheap certainly by rat and mouse
and injecting things into them standards, thats very expensive, much cheaper than that and
you have actually got peopie who are exposed so | would go for looking at the humans first
and look at a range of exposures, using mixed teaming including oil chemists, hygienists, and
doctors who understands about occupational asthma.
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INTRODUCTION TO MICROBIAL CONTAMINATION OF CUTTING OILS:

ENGINEERING AND HEALTH IMPLICATIONS

E C Hill ECHA Microbiology Ltd, Unit M22 Cardiff Workshops, Lewis Road, East Moors,
Cardiff, CF1 5EG

Many hundreds of different microbes have the ability to utilise oils and oil additive as nutrient and
energg sources and hence can grow and reproduce in cutting oils (1). Microbial populations of up
to 10% per ml are not uncommon and are responsible for chemical, physical and functional
changes in the cutting oil formulation. Water is essential for active microbial growth and hence oil
emulsions, and synthetic and semi-synthetic aqueous dispersions are often ideal environments.
Straight cutting oils can only support active microbes if they are significantly water contaminated.
In many modern metalworking fiuids the oil component may be partly or completely replaced by
other ingredients.

Severe infections are recognized by objectionable smells, discolourations, slimes and scums.
Functional problems are evidenced by filter plugging, oil emulsion separation , fall in pH, corrosion,
wheel blinding in grinding operations, poor surface finish on work-pieces and short service life.
There are thus sound economic reasons for minimizing microbial spoilage and in recent years this
has been aggravated by the increased cost of down-time, the new oil charge and, in particular,
disposal of the old oil charge.

Conventional control measures have involved good housekeeping, re-formulation and the
application of anti-microbial chemicals (loosely referred to as biocides). Attempts to use filtration
and ultra-violet light to reduce infection have met with little acceptance but in line pasteurization
has been investigated and a few equipments built and installed.

Some formulations of metalworking fluids (MWF) have attempted to confer “bio-stability" but this
does not mean that they are necessarily actively anti-microbial. In most cases large bacterial
populations can be tolerated without obvious evidence of functional impairment. However, in
prolonged use these fluids frequently prove prone to massive fungal infection.

Although the Health and Safety at Work Act enjoins an employer to provide a safe and healthy
working environment, the health risk of infected cutting fluids is largely a matter of conjecture and
opinion. The new "Control of Substances Hazardous to Health " Regulations 1988 includes
microganisms as hazardous substances and requires employers to carry out a risk assessment.
The Sheffield Trades Union Safety Committee once proposed that cutting oils should contain less
than 10% bacteria per ml with no pathogens present.  This is almost unachievable in the light of
present knowledge and practice.

We can postulate (2) that hazards could arise from infected cutting oils due to

1. conventional pathogenic microbles being present.

2. spoilage microbes which are opportunistic pathogens being present.
3. chemical changes induced by the microbes.

4, a serological response due to inhaling infected aerosols.

5. toxin production and release by microbes present.

6. mis-use of biocides or use of hazardous biocides.
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These perceived risks would be manifest by inhalation, ingestion and skin contact. The former will
be dealt with in a later paper.

Although it is known that urinary tract and faecal pathogens can occasionally be found in MWF and
survive there, no evidence available to suggest this is a real hazard.

Skin pathogens do not survive well in MWF and although they must repeatedly "inoculate" MWF
systems they do not appear to play a significant role in dermatitis. A much more likely role in
dermatitis is the involvement of the opportunistic pathogens, particularly Pseudomonas
aeruginosa, as these can destroy the skin structure by virtue of their keratinolytic enzymes and
hence affect its permeability to chemical and biological irritants. These same organisms are potent
endotoxin producers and these can be expected to invoke a response if introduced into the body.
The selection of a biocide must be appropriate not only for its anti-microbial properties but also its
toxicology and environmental impact. Some biocides can promote nitrosamine formation. Over-
dosing with biocides is itself a potential hazard. This can now be avoided by using an on-site
biocide monitor which allows precise additions of biocide to be made to achieve target levels but
not exceed them (3).

REFERENCES
1. Hill E C, 1984. Biodegradation of Petroleum Products, in "Petroleum Microbiology” (ed. R
M Atlas) MacMillan Publ. Co. New York, 579-617.
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Potential. 6th International Colloguim on Industrial Lubricants. Proc. Technische
Akademie Esslingen, Ed. W J Bartz., 12 Jan Vol I 21-2-1 to 21-2-3.

=M

oS R0 0o

al
ot
fo
fo



DERMATITIS AND CUTTING FLUIDS

Dr. R J G Rycroft - Consultant Dermatologist, St John's Hospital for Disease of the Skin; and
Health and Safety Executive, London.

We see hundreds of patients with cutting fluid dermatitis and almost of them work with water-based
cutting fluids. We rarely see people in our occupational dermatology clinic with dermatitis from
neat (straight) oils. There are various reasons for that, including the fact that neat oils are used less
now. When neat oils do cause trouble, it is almost always oil folliculitis or acne that we see, which
is cured by better hygiene and not usually a big problem to get rid of from a factory.

Most cases of skin cancer from cutting fluids are related to neat oils rather than to water-based
fluids, though there are also some cases from water-based cutting fluids. Another important point
about skin cancer from cutting fluids is the latency period, the long time that may elapse between
the operative first working with cutting fluids and getting cancer, meaning that many of them occur
in retired machine operatives. This often leads to their occupational causation being overlooked,
since they may be seen simply as skin cancers of retired men from prolonged sun exposure. The
true level of skin cancers from cutting fluids is more than the reported level though they are usually
curable. The scrotal cancers have a higher fatality risk and still sometimes present. Dermatitis
from neat oils is relatively rare compared with folliculitis, and relatively rare compared with
dermatitis from water-based fluids. When it does occur, it is more likely to be from neat oils with a
low boiling range. The lower the boiling range the higher the irritancy. Aromatic fractions in neat
oils seem to be more irritant than paraffinic.

If you patch test patients with neat oils enough you will occasionally detect sensitization to an
additive. It must happen quite rarely because of the scarcity of reports. Those that we have seen
in the last 10 years or so have been, first of all, dipentene, which we found sensitizing in a honing
oil once, and two instances of epoxides, which are used as scavengers of chlorine ions released
from chlorinated paraffins. Unfortunately, epoxides do not always cross-react with our standard
epoxy resin patch test. To move on now to water-based fluids. | have never seen a case of
folliculitis from water-based fluid. Water-based fluids, have caused much less skin cancer but they
have caused a great deal more dermatitis. This often begins as scaling between the fingers,
similar picture to that from washing-up or from being a hairdresser. The common factor appears to
be contact with surfactant. The dermatitis can then invade the back of the hand and tends to go up
the forearms, often seeking out the area where the fluid runs down every time that the arm is lifted.
It usually seems to spread in a rather patchy way and some times it is so patchy that it can look
like a constitutional form of eczema called discoid or nummular eczema.

Although the surfactant (emulsifier) is the main irritant, one has to consider other factors as well
and | will come to these again when we are talking about control. We envisage that, because
irritation tends to happen over a prolonged period of time, the irritant stimulus needs to be
repeated until the skin repair mechanisms begin to fail. The majority of dermatitis from water-
based cutting fluids is irritant. If you patch test such patients they are often negative. But there is a
substantial minority with positive patch tests. Irritancy is probably still the primary event in most
cases, though sometimes sensitization might precede irritancy. In a recent series of patients
attending two patch test clinics with water-based cutting fluid dermatitis, more than a third were
found to have a relevant allergy, not always however in the cutting fiuid. These are of course a
highly selected group of patients and not representative of the whole factory population with water-
based cutting fluid dermatitis.

At the top of the list of allergens in water-based cutting fluids are biocides. The commonest has
probably been formaldehyde itself, from formaldehyde-releasers, but the releasers themselves can
also sensitize, for example certain of the Grotan range. Formaldehyde-releasing biocides also
occur in the Bioban range. Sometimes patients are allergic to both formaldehyde and
formaldehyde-releasers, sometimes only to one or more of the releasers.  Substitutes for
formaldehyde have increasingly been used, including the Proxel range, which are also sensitisers.
Other sensitisers are in the Kathon range, for example Kathon 886 MW. The concentrations at
which such biocides are used in water-based cutting fluids are crucial in determining the risk of
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sensitization. The lowest levels that are technically adequate should always be aimed at, to
minimize the risk. Besides the biocides, the common sensitisers in water-based cutting fluids
include colophony (rosin) the base of some of the emulsifiers, MBT, a much rarer constituent of
cutting fluids used particularly for machining copper, and the metals nickel, cobalt, and chromium.
The levels of these metals in cutting fiuids are usually too low to be a problem, but if alloys high in
nickel, cobalt, chromium are machined sensitizing levels can arise from leaching-out.

What influence micro-organisms have on the dermatitis remains debatable. We do not think that
they normally have any direct effect of the skin because they are not human pathogens. But they
may perhaps have an indirect effect by their degradation of cutting fluid making it more irritant.
Nevertheless, | have been in factories with highty contaminated cutting fluids but little dermatitis,
and in factories with much less contaminated cutting fluids but much more dermatitis.

In a detailed study of machine operatives working with soluble oil that | carried out in the 1970s,
about 1/3 of a survivor group, missing many men who had previously contracted dermatitis, still
developed some degree of dermatitis from the soluble oil in the course of one year, that is right
down to the most minimal degree. Soluble oil dermatitis is therefore endemic, rather than
epidemic, and so-called outbreaks are, in reality, periodic increases in prevalence. Of new
workers, as many as 2/3 had some degree of dermatitis during their first six month of work, the so-
called "green labour" effect.

Dermatitis from water-based cutting fluids is common and it is multifactorial in causation. There are
many factors contributing to it: sensitization is only one of them, an important one but not the most
important. If we look at the man, the machine and the fluid, the most important thing in the man,
over which we have no control, is his individual degree of susceptibility to dermatitis from cutting
fiuids. This is not a factor that we are able to predict with any reliability.

With regard to protective clothing, plastic over-sleeves can sometimes be helpful. Their materials
and design could probably be improved. Gloves are often unusable for safety reasons but, when
they can be used, their materials and design also require attention. Barrier cream does not seem
to help a great deal, probably because water-based cutting fluids tend to remove them.
Sensitization by lanolin in barrier cream very rarely occurs. After work skin conditioning cream
does seem to help, but achieving usage of afterwork creams is often difficult. The choice of skin
cleanser needs to be a balance between effectiveness, and their adverse effect on the skin.

Systems of work and payment can make a difference to the degree of skin contact with cutting
fluid. Psychosocial factors can influence the course of a dermatitis. People tend to get more
trouble when they first start the work, the "green labour" effect already referred to, and when you
transfer them to a different type of machine. We have seen a few blind persons with severe
dermatitis from cutting fluids because of their inability to monitor visually the amount of skin
contact that they are experiencing.

To a certain extent the machine cannot be altered. Vertical drills, for example, tend to involve
heavy exposure to cutting fluid. The control method of the machine is crucial and increasing
computerisation is decreasing cutting fluid contact. Machine designers could probably spend a
little more time thinking about their soluble oil delivery systems and how to design them so that
exposure of the operative to cutting fluid is minimised. Much could be gained from having sumps
that you can clean out more thoroughly.

Turning to the water-based cutting fluid itself, the less irritant a surfactant the manufacturer can use,
the better. Technical requirements, however, may preclude some of the less irritant surfactants,
such as nonionics. Control of alkalinity is important and biocides can sometimes raise it. The case
against metal fragments (swarf) is a very difficult one to prove, but it seems that chafing of
fragments against the skin might make the fluid more irritant and that reducing swarf levels might
help to prevent dermatitis. The strength of the soluble oil or synthetic fluid mix affects its irritancy.
A compromise has to be reached between technical demands and dermatological demands,
technical demands usually preferring it stronger and dermatological demands always preferring it
weaker. There are now some excellent valves for mixing coolants, which | think work very well, and
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seem to be helpful to factories in achieving the right concentration. Refractometers can be used to
check the strength during use. The concentrations of potential sensitisers, such as biocides, in the
formulation need to be controlled by the manufacturers. Any addition of biocides during use needs
to be very carefully controlied indeed in the factory

Climatic factors, over which we have no control, do influence the prevaience of dermatitis, the cold
dry weather that can occur in February and March being particularly damaging. The essential
factory environment, while difficult to talk about, is highly relevant, from the general attitude of
factory management to the problem, to the personality of the foreman or supervisor in the machine
shop. :

In summary, cutting fluid dermatitis is a common problem to which we have some but by no means
all of the answers. A joint approach between dermatologists and industry is likely to be the most
productive in the future
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Questions

Mr.A.J.Riley BP. Dr. Rycroft, do you believe that there is a safe level of contact allergen or
are we in a situation where there will always be a risk if something is allergenic.

Dr.R.J.G.Rycroft Thanks for the opportunity of being more precise. There Is probably no
entirely safe level at which a biocide is still effective. There are levels at which it will be
effective and sensitize only rarely.

Mr.P.Oates Castrol. A question, or a remark to Richard Rycroft regarding formulating a
soluble oil with non ionics. There are two reasons that it is not conducted and products
not marketed that way. Number one its very very difficult to formulate a soluble oil on non
ionics and produce one acceptable to engineering in other words with good corrosion
resistance. The second reason is that with non-ionics its very very difficult after use to
separate the emulsions, to separate the oil from the water for disposal, thats the problem,
its not cost Richard.

Dr.Rycroft Thank you for that clarification.

Dr.W.E.Brooke from Manchester. Like Dr Rycroft | have iooked at a lot of tool setters skins
only unlike him | spread it out over twenty years and did not try todo it alt in one year. One
of the problems | see is the man with mild to moderate reoccurring varying chronic eczema
as he is a trained man you really can't just throw him out of that job you can find him
something else to do, | just wonder whether he is at any increased risk of developing a
long term skin problem such as cancer.

Dr.Rycroft | think that there are many people like that, | see them much more in factories
of course than I do in our clinic. | think that one is justified in keeping them in their jobs.
While there is no increased risk of cancer, there is sometimes a tendency for their
dermatitis to become more permanent. But | think that this disadvantage must be
balanced against all the other advantages of being able to stay in the same job. Many
patients will choose to have a controlled degree of dermatitis to preserve their own
livelihood and, as long as this is an informed decision, | think it is a perfectly reasonable
one.

Dr.P.C.Elmes Cardiff. We usually move out the occupational asthmatic patients because
they get their reactions with faliing doses, in other words they become more and more
sensitive. What you have just said implies that the skins does not. You were talking about
the patchy distribution, is the skin which recurrently gets dermatitis more sensitive than the
areas of surrounding skin?

Dr.Rycroft The patches do shift around so that there is not really any immune skin. Some
people do deteriorate progressively with continued cutting fluid contact and have to be
removed from the job. But they are probably outnumbered by those who are able to
continue. Unfortunately, we have no way at present of distinguishing at the outset between
these two groups.

Dr.Eimes The group that deteriorated were not the asthmatics?

Dr Rycroft No, we have not been able to find any predictive clinical features. We have to
manage patients according to the individual course of their dermatitis.

Mr.C.Packham Reinol-Janet(UK) Dr. Rycroft,you mentioned the use of gloves. Can | make
a plea that if gloves are to be used at the very least the work force are shown how to use
them. We frequently see more problems caused by the incorrect use of gloves than solved.

Dr.Rycroft Yes that is a very good point, and one that | did not make.

34




AR —————. -

W W —E

PR N T T P e

Dr.A.M.Grieve Shell There are three points | would like to make: the first is to support what
Dr.Eimes said about respiratory allergens and people sensitized to respiratory allergens |
think they should be removed from future contact with the allergen and all structurally
related substances | don't think there is any debate about that. There are similarities
between respiratory allergy and dermatological allergy but there are also some real
differences.The first is that respiratory allergens can kill. Concerning the advice to take
people out of their working environment, | respect what Dr. Rycroft says, we ought not to
do that too readily but at the same time if we have a problem which is potentially lethal, as
with a respiratory allergen we have to address that. | am aware of some cases of people
who have been offered by a doctor a form of medical treatment and used it as a
prophylaxis for a respiratory allergen. They have been taking inhaled steroids or
something like that to prevent the respiratory allergy preventing them from working. In a
potentially lethal situation | don't think that is acceptable at all. How then, can we apply this
to the dermatological situation? Is Dr. Rycroft aware for instance of anyone who might be
giving someone topical steroids in order to enabie the patient to continue working with a
dermatological allergen? Finally, in the previous and | thought excellent presentation by
Dr. Burge he mentioned that with the RIDDOR Regulations the only real way of us
collecting evidence of the prevalence of conditions which were occupationally related was
if general practitioners or hospital doctors were notifying these cases. Could | ask Dr.

. We are currently developing a system, like the yellow card system
for drug reactions, for doctors to report occupational skin disease.

Dr.J.Parr NIPA Laboratories. What type of tests would Dr Rycroft recommend that
ould use to assess the sensitization potential of new

compounds and how relevant are animal tests such as guinea pig maximization tests?

Dr.Rycroft | would recommend the use of t
acceptable variants. But this still leaves
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CANCER AND CUTTING OILS : THE PAST AND PRESENT

J A H Waterhouse, Senior Research Fellow, Institute of Occupational Health, University of
Birmingham

Just over two centuries ago, Percival Pott, surgeon at St. Bartholomew's Hospital ("Barts") in
London's Smithfield clearly demonstrated an occupational cancer hazard. He is generally credited
with being the first to do so, in his paper published in the year 1775. The connection was of course
between soot and cancer of the scrotum. In the trade of chimney sweeping it was known as the
“soot wart’, and it was Pott who recognised it as a cancer. The practice at that time, and also well
into the nineteenth century, despite specific legislation, was for a sweep to keep a young boy,
(often starting at the age of 5) to climb up the chimneys to dislodge the soot. Almost always the
boy was naked and became blackened all over from the soot. Washing, or the use of a bath was a
rare occurrence, often at intervals of several years. As the boy grew older he would graduate to be
a master sweep, and take on a boy apprentice himself. But his long period of intimate contact with
the soot would often lead to the development of a scrotal cancer. Pott considered that the
lodgement of soot in the rugae of the scrotum constituted the principal reason for the condition,
but as we shall see, that skin appears to be particularly susceptible to hydrocarbon carcinogenesis.

A century later, Volkmann of Halle in Germany, found scrotal cancer as an occupational hazard of
coal tar distillers, and paraffin workers. Two years later, Joseph Bell of Edinburgh showed the
same cancer in a Scottish shale oil worker. In the early years of this century the same condition,
cancer of the scrotum, formed the subject of a prize essay by S.R. Wilson. Wilson traced 35 cases
in the records of the Manchester Royal Infirmary, and found 27 of them to be mule spinners.
Further investigation, which he pursued, together with A.H. Southam, showed it indeed to be a
hazard of cotton mulespinning, and it became known in this country as Mulespinner's Cancer. The
change from animal or vegetable based oils as lubricants for the spindles, to minera oils took place
in the latter half of the nineteenth century, and the consequential development of scrotal cancer,
with a delay of 20 to 30 years as the latent period of the disease, led to appearance of a number of
cases in the Royal Infirmary and other hospitals of that area. It was now clearly linked to mineral
oil, and in the 1920's and subsequently, animal experimentation showed the oil also to be
carcinogenic in mice. There was in fact a considerable activity in this field especially in the
Manchester area. The Home Office set up a Departmental Committee to enquire into the matter,
and the Secretary appointed to the Committee was Sidney Henry. Dr. Henry became very closely
involved in the whole subject and indeed in 1946 published a definitive book about it. Manchester
Corporation also set up locally a Cancer Committee, to look into other aspects also, and in
particular the chemistry of the responsible carcinogens. Here the Twort brothers continued their
work for a long time, and led to the eventual publication of an MRC Report on “The carcinogenic
action of mineral oils: a chemical and biological study".

Dr Henry was a Medical Inspector of Factories (the forerunners of EMAS) and in his book he
analysed the death certificates of 1631 cases of scrotal cancer, these being the numbers occurring
in England and Wales from 1911 to 1938 inclusive, after certain corrections had been made. He
found just under half of them to be due to mineral oil, and rather more than a quarter due to tar and
pitch. The remainder included chimney sweeps, a miscellany of other occupations where the
nature of the possible hazard was not clear, and finally an unclassified group.

Latent Period:

One of the opportunities that occupationally-induced cancers provide is that of affording an
estimate of the length of time required for the cancer to develop after first exposure to the
carcinogenic hazard. Since scrotal cancer occurs so rarely - if ever - spontaneously, it is therefore
possible to measure the time from first employment to the diagnosis of the tumour in the majority
of cases. If we choose to look at mulespinners cancer from a period when it was still a common
occupation in Lancashire, and when also, even for the oldest employees, their time of first
employment dated from times when the use of mineral oil had almost completely supplanted
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animal or vegetable oils for the lubrication of the spindles, we can attempt to estimate the period of
latency. Such a time was 1936 and Table | shows an excerpt from the Annual Report of the Chief
Inspector of Factories for that year. A total of 562 cases of scrotal cancer among cotton
mulespinners is analysed in that table in relation to their years of employment. The minimum
period, in the range 10-14 was actually 13 years, and the maximum just seventy years. The median
period for the Active group is close to 45 years, a few years later for the ex-spinners and about a
dozen years later (than the Active group) for the retired or unemployed. The latent period among
these men is therefore a long one.

After the war the old mulespinning machines began to be superseded by more automated devices.
As a consequence, some of the men who had been mulespinners may have been seeking

who had died from scrotal cancer. In the short time available it was only possible to provide in a
rather elementary way a comparison of the Birmingham region with the South Metropolitan region
(see Table Il). The South Metropolitan Cancer Registry was the name given at that time to the unit
which combined the cancer morbidity data from three health regions, the South West Metropolitan,
the South East Metropolitan and the Wessex. It is obvious from Table Il that the figures for the
South Metropolitan Registry were approximately double those of the Birmingham Registry for
population, total cancers, and for two of the sites of the male genitalia; while for the scrotum the
ratio was reversed. This suggested we had four times the incidence that South Metropolitan had,
and to draw this conclusion did not need very special expertise in epidemiology.

To return to Kipling's conjecture, we looked at the occupational descriptions of our scrotal cases.
We found an excess when compared proportionally with a control series, (as well as with the
occupational distribution of the Region) of toolsetters, which was also the occupation of Mr.
Stokes. There was no evidence of mulespinners or former mulespinners and this persisted when
we were able to obtain occupational histories by direct interviews with many of the men, or with

their next-of-kin, which we were enabled to do because of a research grant from the Institute of
Petroleum.

of cases were likely to increase in the future. His words were indeed prophetic for it was among
this group of bar automatic machines making small parts chiefty for the motor industry, that the
cases arose that we reported nearly twenty years later. Furthermore, after this time lapse, both the
average age and the average latent period had increased, moving closer towards Henry's figures.

At about the same time, the Thonys, a husband and wife who were both Medecins du Travail in the
French Department of Haute Savoie, had found in a period of fifteen years 133 squamous cell skin
cancers, including scrotal tumours, likely to be associated with mineral oil. Along the river Arve

very difficult to undertake because of the persistence of the Code Napoleon with its excessive
emphasis on secrecy and confidentiality in matters medical. Nevertheless the Thonys estimated
their rates of skin cancer to be about 36 times that for the whoie of France.
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Table |
Cotton Mule Spinners .
Years of Active Retired or Ex- Total :
Employment Unemployed Spinners :
10- 1 - . 1 €
15- 3 - - 3 ¢
20- 13 - 2 15 h
25. 25 - 2 27 N
30- 44 1 8 53 ¢
35- 71 1 4 76 N
40- 72 2 7 81
45- 72 7 17 96 A
50- 67 10 14 91 p
55- 38 21 9 68 b
60- 13 10 13 36 "
65- 3 4 7 14 °
70- - 1 - 1 ¢
Total 422 57 83 562 fe
m
st
p:
W
ne¢
Table Ii he
BRCR SMCR ar
W
Population us
a
(millions) 4.76 8.22 m
Male only 235 3.88
T
th.
Total cases of pe
nc
Malignant th
disease (3-yrs) 40,069 77,393 toc
Male Only 20,625 38,697 rel
In
Total cases of:- les
of «
Testis (3-yrs) 152 292 utt:
Penis (3-yrs) 77 139 cal
Scrotum (8-yrs) 113 55 the

gy

BRCR = Birmingham Regional Cancer Registry
SMCR = South Metropolitan Cancer Registry
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The Scandinavian countries are outside the Code Napoleon and moreover, go even further to
facilitate epidemiological studies by their personal number system. Each of the countries has its
own variant, but the basic concept is that of a single number for each individual, which includes in
a coded form, his birthdate, sex and birthplace. In this country we each have several numbers -
one for the National Health Service, one for the National Insurance and another for a driving
licence, quite apart from those allocated by banks and building societies. The Scandinavian
system substitutes one unique number to each person, which must be used for every purpose, and
is quickly memorised. Consequently, follow-up of individuals is greatly simplified, including
obtaining causes of death.

A recent publication from Sweden (Jarvholm et al, 1985) describes the finding of skin tumours and
premalignant conditions among turners who were exposed to cutting oils in a factory making
bearing rings. The factory was founded in 1907 and today employs about 2,500 blue-collar
workers, as well as 1000 white-collar workers. Their study was based on 682 lathe operators
observed in the 21 year period from January 1960 to December 1980, whose exposure time to
cutting oils varied from a few years to more than 30 years. Five skin cancers occurred in this time,
four being scrotal and one on the face, and all were squamous cell carcinoma. Compared to the
male population of the same city, 0.3 cases would have been expected, so that finding 5 cases was
statistically highly significant (p < 0.001). In addition, eight cases of keratoacanthoma and five
premalignant (senile keratoses) cases were found among the 682 tumours. Among 400 male office
workers from the same factory, 375 (94%) of whom replied to the questionnaire, no skin tumours
nor any premalignant lesions of any kind were discovered. In 1975 the acid-refined mineral oils that
had been used were replaced by solvent refined oils, with a far lower concentration of polycyclic
aromatic hydrocarbons (PAHs), and no further primary skin tumours were found after that date.
We had experience a similar finding in Birmingham of a sudden reduction in new tumours after the
use of solvent refined oils. Possibly the oil may act not only as an initiator of carcinogenesis but as
a promotor also, so that although initiated, a growth may not go on to develop as a frank
malignancy. -

These same authors used the prevalence of oil acne on the forearms of the turners as an index of
the general level of carcinogenicity, and the graph (Fig. 1) shows the pattern of prevalence in the
period under review. The four events marked indicate possible influences on the level: the first (a)
noting a new procedure to remove the work from the machine mechanically rather than manually,
thus reducing direct exposure; (b) represents a change in the method of turning , requiring less
toolsetting; (c) was the time when workclothes were supplied free; and (d) the change to solvent-
refined oils. The curve reflects the effects of these events on the prevalence of oil acne.

In summary, a very clear inference is the importance of registration or notification of malignant skin
lesions, especially the non-melanotic. Because of their good survival they do not appear as causes
of death, yet they reflect a variety of carcinogenic effects, originating in oils, PAHs, soot, tar, pitch,
ultraviolet radiation etc., and may thus be sensitive indicators of new and unsuspected

carcinogens. Cancer registries should therefore continue to include all varieties of skin tumours in
their catchment.

39




40

Figure 1. Prevalence of oil acne on the forearms of turners. The letters show major changes in the
work environment. (a = automatic removal of rings, b = new turning method with less tooi-setting,
¢ = free supply of workclothes, d = change to solvent-refined oil)
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CANCER AND CUTTING OILS - CLINICAL COURSE, TREATMENT AND
PROGNOSIS

Professor M A Cooke- Honorary Senior Clinical Lecturer, Institute of Occupational Health,
Visiting Professor Health and Safety Unit, University of Aston, Consultant Chief Medical
Adviser to Firmenich and Other Companies,

Lesions which may precede oil cancer are -
1. Dermatitis - irritant or allergic
2. Follicuitis (Oil Acne)

Occurs at site of contact, eg., forearms, face, legs. Gross secondary infection may occur.
Avoidance of contact and adequate washing are essential preventive measures.

3. Shagreen Skin

Similar to Sailor's skin or Farmer's skin which are precancerous conditions due to ultra-
violet light exposure.

Clinical signs are those of patchy atrophy, pigmentation and liver spots. Photosensitivity
may play a part.

4, Warts and Keratoses

Fiat or sessile. May occur in 5-10% of machinists. May spontaneously regress or
degenerate into carcinoma.

5. Kerato-acanthomata

These are difficult to diagnose histologically from squamous cell carcinoma but have
reddish haloes. They normally resolve spontaneously in about eight months

leaving a small depressed cavity in the skin. A few (about 5%) progress to squamous cell
carcinoma. If occurring on the scrotum, should always be treated as carcinoma.
Treatment is by excision or curettage.

6. Squamous cell carcinoma

Appearance may be ulcerative or proliferative. Exposure for at least four and a half years
but usually much longer is required. It starts in one of several ways, either as keratoses or
fiat warty lesions, which may later break down, or as nodular or ulcerated lesions. it is
difficult in some cases to be sure of the degree of malignancy in the easily stages and the
lesions have to be differentiated from simple warts and kerato-acanthomata. Doubtful
lesions are best excised and studied histologically, although the histology is no always or
early distinguishable from that of keratoacanthoma.

TREATMENT

Treatment of scrotal cancer is by wide and deep excision. Affected glands should be removed but

normal glands are left. If there is any glandular recurrence a month or so later, the further affected
glands should be removed.

Treatment of lesions at other sites is by excision and/or radiotherapy.
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PROGNOSIS

The prognosis for oil induced carcer of the skin, other than on the scrotum, is good if treatment is
reasonably early. Scrotal lesions, about 50-60% of the total, are more serious and it is difficult to
give a definite prognosis in any individual case. The poor prognosis, a mortality of more than 50%,
and the drastic treatment required, emphasise the importance of fully adequate preventive
measures.

Qil cancer of the scrotum
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AIRBORNE HEALTH HAZARDS OF CONTAMINATED CUTTING OILS

EC Hili - ECHA Microbiology Ltd, Unit M22, Cardiff Workshops, Lewis Road, East
Moors, Cardiff, CF1 5EG,

Airborne health hazards could arise in several ways. Volatile microbial by-products could
be objectionable or toxic. For example, hydrogen sulphide has a UK OEL of 10 mgm/m
and this is frequently exceeded near spoiled metal working fluids (MWH). Hydrogen
sulphide anaesthetises the sensory organs and hence our awareness diminishes. It is
more poisonous than hydrogen cyanide and deaths associated with microbial spoilage
have been recorded. Sulphide generation is aggravated by stagnation and swarf
accumulation.

Metal working operations generate aerosols of cutting fluids. Droplet sizes less that 5 m
can pass into the alveoli; they can be demonstrated in the machine shop, particularly near
grinding machines. If the cutting fluid is infected, large numbers of microbes can be
inhaled. Of most concern is Pseudomonas aeruginosa which is both a common spoilage
organism and a known opportunistic lung pathogen. Exposure of laboratory animals to
Pseudomonas aeruginosa infected oil aerosols causes rapid pneumonia and oedema; a
lesser effect is observed with non-infected oil mists. However, a machine shop survey of
38 men exposed to Pseudomonas aeruginosa aerosols failed to reveal any evidence of
respiratory tract infection (1).

It is probable that the viability of the air-borne bacteria rapidly diminishes but inhalation
could still invoke a serological response. Such a response is presented in "Humidifier
Fever" which is caused by the inhalation of microbial aerosols from air conditioning
systems and is typically a "Monday morning" phenomenon. The symptoms are “an
influenza like iliness, which pyrexia and malaise as the main symptoms, but cough, chest
tightness, dyspnoea and weight loss may also be seen” Could there be a parallel in
machine shops? "Humidifier Fever", can be confirmed by the presence in the patient's
serum of antibodies to the inhaled microbes. We have tested 170 blood samples from
workers in four factories for Pseudomonas antibodies. One of the factories did not use
metal working fluids and was used as the control. The average titre of Pseudomonas
antibodies in workers in the three factories using metal working fluids was significantly
higher even though the blood samples were random and did not necessarily come from
personnel involved in metal working operations. Pseudomonas aeruginosa was present in
metal working fluids in these three factories but not in the industrial fluids used in the
control factory or in its air conditioning system.

Animal experiments have shown that the presence of an inhaled oil aerosol enhances
antibody response to an antigen inhaled at the same time.

As stated previously, Pseudomonas spp and other Gram negative bacteria are substantial
contributors of endo-toxins. The average human tolerance to these is 350 EU and this
must frequently be exceeded when infected aerosols are inhaled as 1EU is approximately
equivalent to 100,000 Gram negative bacteria (3).

A recent cause for concern has been the colonisation of MWF by strains of Legionella - the
causative organism of Legionnaire's Disease. In 1981, 317 assembly plant workers in a
Canadian car factory contracted Pontiac Fever, a mild form of the disease probably from
the MWF (2).

Micro-organisms are known to accelerate nitrosamine formation in fluids containing nitrites
and amines but as yet this process has not been confirmed in MWF Nitrosamines are
known animal carcinogens when inhaled, ingested or absorbed through the skin.

As well as the potential microbial hazards we must bear in mind that biocides used in metal
working fluids will also be aerosolized and if they are known eye irritants will probably also
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be lung irritants. Reference has already been made to a technique which monitors their
precise concentration. There seems good grounds for a reappraisal of airborne hazards
from infected metal working fluids and the decision to use biocides may reflect health
concerns as well as operational problems.
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Panel discussion all speakers.

Mr.H.Krebs Henke! Dusseldorf Germany Has Mr Hill any experience of reducing the bacteria
number by centrifuge or secondly have you heard about the method that F.N.Freidrichshafen
has developed something like an X-ray beam with cobalt 60 to reduce bacteria number? You
told us that bacteria gets on the swarf and with a centrifuge you could reduce the content of
swarf even the very little particles. Could this be a method?

Mr.E.C.Hill Well I think it does work; the Specific gravity of micro-organisms is about 1.05 so if
your centrifuge will pull out a particle of that specific gravity, and most of them obviously will
and you examine the sludge which comes out of the centrifuge you will find in fact that the
sludge does consist of targe numbers of bacteria. There are microbial problems in diesel and
gas oil etc where centrifuges are run and they certainly pull out a large number of micro-
organisms. Although they separate a large number of micro-organisms you are still left with a
fair number in the system. As far as electron beam sterilisation is concerned, going back
about ten years ago we tried this and found that you killed the organisms by creating active
chemical radicals but what the active chemical radicals did to your metal working fluid was
completely unacceptable. So we abandoned this project at that time and | don't think we ever
published this: there was a paper published in the States and that concluded more or less the
same thing. However | understand that there have been new developments in Germany.

Ms.D.Glass Institute of Occupational Health | would be interested to know if anybody had
taken any measurements of hydrogen sulphide in the work place because | would be very
surprised if they reached very significant levels | believe the odour threshold of hydrogen
sulphide is 0.02 to 0.13ppm which is not a great deal. The smell is extremely noxious at 4 to 5
ppm, by 30ppm it smells sweet and by 150ppm you can't smell it. The fatalities have usually
been as a result of either a sudden release of gas for example, a chemical in the drains leading
to a sudden very high exposure for people in the immediate vicinity or people exposed in
confined spaces. I'm not sure if either of these situations would be relevant to factory
exposures, | wondered if anybody had actually taken any measurements.

Mr.Hill | completely agree with you, the instances that | know are tank cleaning on ships and
things like this in confined spaces. Going back some years (I've forgotten the details) we
measured hydrogen sulphide after the MWF emulsions had been stagnant; and immediately
you aerate them they will release hydrogen sulphide into the atmosphere. We did quite a bit of
work in the laboratory, growing organisms in metal working fluids and measuring the hydrogen
sulphide there and this is all in the published literature. For example one of the experiments we
did was to run simulation rigs with metal working fluid and we had chemicals which adsorbed
and accumulated the hydrogen sulphide so that we could work out how much we produced
during a certain period.

Ms.Glass But you don't know exactly what sort of level it was? My worry is that hydrogen
sulphide is dangerous at the levels when you can't smell it or when it stops smelling
unpleasant; people complain about it when it smells nasty and that is not a good guide.

MrHill 1 think we only ever once got round to a factory measurement; most work was
simulation in laboratory. [f you are interested | think | can give you the references, | showed a
slide where we were removing swarf and showing the influence that had and if you remember
that had sulphide levels on it. We were measuring the sulphide in the fiuid and also in the air
because we would then gas out the sulphide and measure it in the air.

Mr.A.Coutts Rohm and Haas(UK) We have talked a lot about bacteria and the endotoxins they
produce but there has not been much talk today about fungi, fungi are profuse producers of
secondary metabolites and a lot of these metabolites are well known mycotoxins I'm thinking
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particularly with reference to aflatoxins and various other mycotoxins produced by fungi,have
any studies or definitive work been done on the toxicity of dead fungal spores or mycotoxins
produced by fungi?

Mr.Hill In metal working fluid | would say no. | have asked Dr Rycroft this question after his
paper but he has not looked at it. | think we are agreed that it is well worth looking at because
obviously mycotoxins are so well known in other situations but | don't believe anybody has
looked at them in relation to metal working fluids.

Mr.M.Piney It seems to me we are in the same position we were in 1981, you are saying look
there is a lot of bacteria being produced potentially a lot of endotoxin being inhaled, what are
the health effects? We are still saying * well, we don't know." | was going to ask you a general
question, what research do you think needs to be done in this area?

Mr.Hill 1 think you are right and we are in the position we were in five years ago. We have
virtually made no progress except for recording the facts and wondering what it means. |
didn't mention that we had done some animal experiments at Dr. Elmes laboratory through a
joint research student and I've got to say that at the end of it all, | wasn't terribly convinced of
the results because the poor animals were suffering from the effects of the enormous numbers
of micro-organisms, | think we could do more sensible animal experiments to start with and try
to get a bit more information about things like Monday morning odour. What is the real
sickness element in this? Is it just the bad smell or are people inhaling hydrogen sulphide or
endotoxins or what are they inhaling? | think its incredible that we just don't know these things
and yet we know that we are inhaling enormous amounts of endotoxin.

Dr.P.C.EImes Cardiff Dr. Waterhouse mentioned the fact that these scrotal cancers started
when they changed from vegetable oils such as linseed or sperm oil to mineral oils and there
has been a lot of talk of course about aromatics and polyaromatics particularly as being the
carcinogens. There has been a change to oils which don't contain these. Does Professor
Cooke think that these cancers, which seem only to occur in people who get the acne, are
going to disappear now that the aromatics are taken out of the oils or in other words, are we
back to the pre 1870 situation?

Professor M.Cocke I'm not too sure that there is any firm epidemiological data to show what
the degree of difference is. As far as animal experiments are concerned, these are fairly
conclusive. Solvent refined oils are very much safer than non-solvent refined oils from a cancer
point of view. | saw a series of experiments many years ago which the oils were injected into
the necks of mice. There was a high incidence of cancers at the sight of injection in the non-
refined oils but not from the solvent refined oils. That seemed good enough for me to show
that there was a potential difference between the two. There has been a diminution in the
incidence of cases, but | would not like to express an opinion on how much is due to the oit
and how much to better handling, better machines, or perhaps other factors. | would like to
correct one impression that | might have given; | didnt mean to imply that acne was a
necessary precursor of cancer or indeed that the cancer subjects are necessarily predisposed
to acne in any way. it is only that acne is a marker of over-exposure to an irritant oil. Thereby
there is a potential risk following long term exposure of a total population. Some of you
probably saw the television programme a few weeks ago in which the use of dirty oils was
suggested as a cause of skin cancer. It is interesting that we do not know of many cases of
cancer in garage mechanics. We have looked at this with Miles Kipling years ago; he knew of
only one case in a garage mechanic. This seems slightly strange because one might have
thought they would be a susceptible population in so far as there is exposure to used oil. We
were not able to find evidence of this so we hope that that programme a few weeks ago did
not start a scare running that garage mechanics are highly at risk - it does not seem that they
are. | think | am correct John, in saying we have not got any firm data to answer the question.
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Perhaps we should start now because we are about the correct interval after the introduction
of solvent refined oils to be able to look for the improvement.

Dr.J.Waterhouse Well | would certainly support that, | support both of the things that Maurice
said. We certainly looked at the garage mechanics, very diligently, and found nothing. As
regards the change of oils and the reduction in scrotal cancer which | mentioned, | got very
nearily to the point of getting support for a study because these things have got to be studied.
As you know, they are expensive and they take time, but to get any worth while results one
would really want to take all the data to the present time and with fewer cases that is going to
make it even harder and to examine them in great detail. | would certainly like to do that, I'd

was roughly fifty fifty.

Mr.A.Eastwood Stirling Winthrop  What is the panel's view of the levels of acceptance of
bacteria found in biostable emulsions, the boron based compounds. Itis common for us as a
biocide company to find levels of perhaps 10° or 10%or more which may well appear to have
no effect on the performance or appearance of the emulsion. Does this not represent a health
hazard to the end user?

Mr.Ruane Well [ think in terms of health hazard we are back to looking at the results that Ted
gave in terms of what are acceptable levels. | think its fairly common and most suppliers of
biostable coolants will probably agree that the normal level that you are looking_at as a sort of
ball park maximum figure is around 10 maybe even between 10° and 10’ Essentially
depending on the formulation you can actually produce biostable fluids which will run lower
levels than these. Additionally you can produce fluids which will run satisfactorily even with
levels of bacteria up 108, Its very much a question of design of the fluid and the potential
application In terms of the actual bacteria themselves posing a health hazards | don't think that
we are in a position to answer that question.

Mr.Hill I agree I think we don't know but from a personal point of view ! think that its asking a
little much to tolerate inhaling aerosols where the fluid contains say in excess of 10 organisms
per ml | think we are throwing an awful lot of rubbish at the body. Again from a personal point
of view if | find very large numbers of Pseudomonas aeruginosa, which is a known
opportunistic pathogen | find this unacceptable. So | think we (a) should be a little selective
about what we allow there and (b) it just seems unreasonable to me that we should assault the
body with enormous numbers of micro organisms.

Mr.M.Piney On this question Ted, it just struck me you together have had a huge amount of
experience in dealing with these problems what is the sort of reasonably practicable level of
bacteria in cutting fluids, something you can aim keep below or roughly around.

Mr.Hili 1 think with exceptionally good control 10° and to be reasonably practicable its very
often 10°.

Mr.Ruane | think to be honest, its the fact that we cannot give you a straight answer to that
question which is probably keeping both Ted and | in gainful employment!

Mr.G.S.Gray British Aerospace Are the biocide monitors that Mr. Hill spoke of commercially
available? What is their shelf life in view of the fact the fragility of certain organisms?
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Mr.Hill They are commercially available; They can be supplied from my laboratory The shelf
life is two years plus, as the organism is a sporing bacillus which is extremely stable.

Mr.G.Worthington British Aerospace We have been using the same types of coolant for twg
years both biocide and biostable, originally with the biostable | was keeping it down to 10
measured with the bio-dip slide now using quite high concentrations, we are hardly keeping
the bacteria under control, do you think that bacteria become resistant even at this optimum
concentration over a period of time, do they mutate or something?

Mr.Hill I think the answer is almost certainly a population shift because there are thousands of
different spoilage bugs if you read a thousand different papers you find a thousand different
answers: It is only when I have free labour called students that we can ever look in real detail
at the micro-organisms there. We do know that we may have a precise population, say a
certain mixture of six organisms which we can identify, and then there will be a change and
another six will appear.

Mr.Worthington Would that therefore mean that some bacteria are more resistant to the
biocide or the biostable additive than others and the same concentration?

Mr.Hill Well certainly different organisms have much different resistance. If you look at the
data sheets produced by all our friends sitting around here Sterling and NIPA etc, they will
quote the inhibitory concentration of their biocides against a range of organisms, many of
them of no interest to you but you will see that there are quite enormous differences. The fly in
the ointment is Pseudomonas as far as the bacteria are concerned: if you can control
Pseudomonas you can almost certainly control the rest of the bacteria but not necessarily the
fungi and the yeasts.

Ms.Glass IOH In that case your red to white indicator organism is that based on the
Pseudomonas reaction or can you only use it as an indication that the biocide is the right
strength not that it is actually working for something that you might be worrying about?

Mr.Hill Its an indicator. You mostly know by experience or from the biocides companies the
concentration which you should have there and the test tells you that you have got above or
below that concentration. We have now had a fair bit of practical experience and we have
published a fairly lengthy paper in Esslingen in Germany in January. If you keep the level of
biocide up generally speaking you don't run into these resistance problems; it is when you are
on marginal levels that you start to get population shifts. | can think of instances now where
we get very close control of concentration within clearly defined targets of not above 12ppm
active biocide and hopefully not below 6 and this has been going on for years without trouble.
Conversely of course there are documented cases of very resistant strains appearing
particularty to biocides like formaldehyde but our experience in general is if we keep the
biocide at some pre-determined level we don't run into these resistant populations.

Dr.S.D.Robertson Shell Mr Hill's calculations which | surmise were on the back of a fag packet,
I think he came up with 10™ units of toxins plus biocides, was that on the assumption that there
was complete retention of the aerosol say in the aiveolar region of the lungs or was that a net
retention figure? You can inhale particles of say 5 microns or less, | presume you can exhale
them as well.

Mr.Hill It was a back of a fag packet calculation as you say making assumptions about the
number of organisms which were there and the amount of aerosol which you would create. |
agree that the 5 micron figure for inhalable droplets is well accepted (its not our figure) but
about the exhalation | just don't know. | can't think of any paper which tells us how much we
exhale or whether all is absorbed into the atveolae.
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Dr.Robertson | don't know either, that is why | was asking the question. The calculation you
have done, without wishing to appear complacent, is the worse case situation.

Mr.Piney | think that Ted's back of the fag packet calculations are the correct way to do it and
that the possibility of exhalation is true for sub-micrometre particles it does happen there is a
dip in retention in the alveclae but | think that allowing for that it would make little difference to
the calculations which are a fair way of doing it.

Dr.Robertson No | wasn't meaning to criticise the calculations, it was as he said himself,
informal. Could | possibly ask another question from Mr Hill? | am probably interpreting the
data you provided incorrectly but you reported some work done on aerosol measurements of
less than 5 microns sampled less than two feet from the grinder, | think you said that there
were 33,000 bacteria per cubic metre but as when you went to four feet from the grinding
wheel there was a dramatic reduction. You surmised that that could be misleading because
possibly most of the living organisms had died. If the particulates were sampled at the same
time i.e. either two feet or four feet away from the grinding wheel and if most of the bacteria
were dead the implication is that these micro organisms have an extremely short life time.

Mr.Hill  We sampled with an Anderson sampler which only measures living bacteria and |
quoted one set of figures which are in the literature but you will find that its more or less
representative of what we found. | think that there are two factors, one is the poor survival of
gram negative bacteria but | agree | don't think this is the only factor as I'm sure that ventilation
and air movement were another factor. Once we were four feet away we are in all sorts of air
currents, we certainly didn't have a static machine tool with no ventilation; all the normal
ventilation was working.

Dr.Robertson Does that not in fact imply that the end user of coolants has a responsibility as
well and therefore such things as improved air extraction, expensive as though it may be from
a capital investment view point may be necessary if in fact tighter legislation is going to come
about?

Mr.Hill 1agree. | didn't add, but | could have said, that we did the same work near straight
cutting oil machines and | have forgotten what the figures were but we had no where near
these high figures and this is what you might expect because microbial infection in straight
cutting oil is fairly minimum. | think ventitation is very important.

Professor Cooke I'd like to make a few comments in the context of "what are we really looking
for?" It depends who we are and | would not wish to deprecate work which has been done on
microbial contamination of atmosphere. | agree with Mr Hill; my sentiments would be that
while we should not expose the human individual to avoidable contamination, the human
individual can tolerate considerable "dirt" from time to time. The presence of antibodies is
indicative of exposure to a specific organism but is not good at telling how the body has
reacted to that organism; whether it is for the benefit of the organism to have a high level of
antibodies or whether the organism is failing because there is a high level. | am reminded of
work in Czechoslovakia; they are looking at immunoglobulins in miners exposed to
particulates and also at children with asthma when they are at school or when they are on
holiday. They found quite dramatic changes in the immunoglobulins and | think this could be
one of the research tools of the future. It could perhaps give us a better idea of whether the
body is suffering as a result of this exposure or not. The Monday morning syndrome is not
uncommon and there are other causes than organisms. The 'dirty buildings syndrome, treated
by some with a certain amount of scepticism year to year is attributed to different causes. It
may be a non-specific symptom complex due to a variety of factors. We need to know
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whether the human organism really suffering and it might be worth keeping in mind the study
of immunoglobulins.

Mr.Hill | don't have explanation of it; it just was a fact.

Professor Cooke A very interesting one. The WHO incidentally, have set up a small group
looking at immunotoxicology in a series of diseases. Maybe we should consider these
aspects.

Mr.A.J.Riley B.P. If | could agree with Professor Cooke there, this is also borne out by Dr.
Sherwood Burge's presentation this morning who in his work reported that coughs sore
throats dry throats, bronchitis,wheeziness and breathlessness were not related to oil mist
exposure but one thing he did say was that the respiratory allergy quite a lot of that was
probably due to microbial contamination so that's some evidence that the body is actually
coping with a lot of the microbial contamination but can't cope with the protein molecules and
you are actually getting allergies as a result of that.

Mr.Piney Can the speakers summarise from a microbiological point of view the companies
that get it wrong, what do they do? You must have come across it again and again and you
get a sort of standard pattern things to do that will mean you have problems either health or
machine problems.

Mr.Ruane Well | think good housekeeping is the most important single factor. Biocides are
the second line of defence or perhaps even the the third. It is good housekeeping to start with,
and in particular thorough machine cleaning that differentiates the good companies from the
bad. Don' take a dirty machine chuck the old oil out and put good ciean oil in its place.
Machine cleaning prevents the carry over of any contamination. Using a decent water supply
helps. Don't use canal water as some people occasionally do in the Birmingham area. Every
aspect of good housekeeping has a part to play.

Mr.Hill I would just echo that; | would also say that it is well worth while to educate personnel
in all these aspects. However good the general housekeeping is, individuals by reckless action
can ruin the best of schemes.
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OIL AND COOLANT MISTS - ASSESSMENT CRITERIA AND CONTROL

G L Lee - Occupational Hygiene Adviser, Rover group Plc

The cutting and forming of metals with tools and machines and the rapid movement of one
surface against another - eg., a journal running in a bearing - are fundamental processes
with roots in antiquity. They are all characterised as being exothermic in nature. The
quantity of heat generated under modern industrial conditions is sufficient to weld cutting
tools to work pieces, produce unacceptable thermal distortion remove the hardness of
heat-treated components and cause the seizure of bearing surfaces. Unless some method
had been found to remove this heat and to provide lubrication of bearing surfaces,
industry as we know it could not have developed and man would not have progressed
much beyond the peasant farmer and simple artisan stages. Man the toolmaker would
have been severely limited if it had not been discovered that the wooden wheels of the ox
cart could be run at speeds on the axle without catching fire, if lubricated with animal fats
and oils. Having discovered how to harden metals, the use of cooling water on the
sandstone wheel ensured that the hardness was not lost when sharpening the axe, chisel
and sword. The early recognition of the importance of coolants and lubricants and their
subsequent development made modern industry with its high performance machine tools
possible.

The use of coolants and lubricants has enabled the high speeds of the turbine and internal
combustion engine to be achieved; to remove large amounts of stock at very high speeds
on lathes, milling, grinding and many other machines. Even the simple operation of drilling
a hole in a metal plate can only be done rapidly when a copious supply of coolant is
applied. The very fabric of our mass production, mass consumption society is made
possible by the use of coolants and lubricants.

The potential for exposure to coolants & lubricants

The advantages of using coolants and lubricants are there for all to see. Equally, so are
the dramatic consequences of not using them on high speed machinery.  The
consequences of using the products which constitute the range of coolants and lubricants
are that people come into contact with them. There is a potential for exposure.

The oral toxicity of these materials is not generally a matter of great concern. The
consequences of skin contact in terms of dermatitis is undoubtedly the major potential
health problem with many of the product formulations encountered. Primary irritation and
defatting of the skin can occur to varying extents, depending upon the composition of the
products and the degree of exposure. However, the use of relatively simple measures to
prevent repeated and prolonged skin contact (usually to the hands and forearms), with
good personal hygiene and skin care, may eliminate the dermatitis risk, for the majority of
circumstances.

Long-term skin disorders such as cancer of the skin and particularly of the scrotum has
been a potential for some types of mineral oil based products in the past. The emotive
nature of the word “cancer” has ensured that a lot of attention has been paid to the subject.
The results of many studies confirm that risk can be kept low by the use of special refining
techniques and the adoption of good personal hygiene practices.

Exposure via the respiratory route is the potential which has perhaps attracted the most
attention. Workers, medical officers, hygienists and many others have long been aware
that coolants and lubricants could be present in air as mists. The inhalation of these mists
has given rise to concern about possible health effects and stimulated research and
development to try and resolve health enigmas and point the way to obtaining
contemporary control standards.
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Mechanisms for the generation of oil and coolant aerosols

Two basic mechanisms are identified:-
1. Mechanical atomisation
2. Vapourisation and re-condensation

The rotational speeds of components and machine parts in conventional cutting and
milling machines is not particularly high. Bar automatic lathes, for example, often run at
spindle speeds of the order several hundred to (say) 1000 rpm. The resultant peripheral
speeds of chucks, gears etc, are also relatively low. In most cases, it can be shown that
the centrifugual forces involved will be inadequate to generate an aerosol. Such low speed
parts of machines are responsible for the splash of coolant which is experienced when
splash quards are removed. Commercial liquid aerosol generators used to produce liquid
aerosols for respiratory studies and the calibration of instruments usually run at orders of
magnitude higher in terms of rotational speed - say 60,000 rpm.

Mechanical atomisation of coolants and oils does occur on some machines. Grindin9
machines are common examples. Here peripheral speeds are of the order 6000 feet min~
for conventional grinding and 12,000 feet min™' for high speed grinding. Liquid aerosols
are freely generated by such machines. Another important means of mechanical
atomisation is the use of compressed air. The work done by compressed air jets can
readily produce mists by a nebulisation process. A paint spray gun is a classic example.
Sometimes oil mists are generated by nebulisation to lubricate air tools-drills, nut runners
etc. Oil mist produced by spray jets have also been applied to the lubrication of machine
tools.

The most common source of oil mists on machines is the vapourisation and condensation
process. It is the same process as that by which natural mists and fogs occur. A liquid is
evaporated and re-condenses. In the natural mist and fog, water droplets are involved and
atmospheric dust plays a part in providing the condensation nucleus. In the case of
cutting oils again the liquid is evaporated, but the boiling parts involved are very much
higher - hundreds of degrees celsius. Cutting tip tool temperatures are more than
adequate to cause the vaporisation and additional heat energy is present in the workpiece
and metal swarf. The re-condensation produces a mist of smalt droplets. A characteristic
of these mists is the uniform, small size of the droplets - usually 1-2 micrometres in
diameter.

Assessment of oil and coolant mists

At the particle densities found, coolant mist clouds are fairly difficult to see using the
unaided eye, under normal diffuse ambient lighting. Back lighting from a beamed, intense
light source, such as the sun from a hole in the building fabric, reveals the presence of the
aerosol. Itis useful to be able to visualise the release of coolant mists - to see where they
originate and how they are dispersed. The Dust or Tyndall Lamp is a useful aid to this
visualisation. By observing the most intensively scattered light in the forward direction
within a narrow angle to the direction of the beam, the presence of particulates is readily
seen. The technique and the associated procedures for recording observations are dealt
with in some detail in a publication by the British Occupational Hygiene Society (see
references). The essential efements of the method is seen in the following diagram taken
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from the publication referred to:-

Lamp
- » - _l_
7 T 5%to 15°
> Maimum 24 smeld\f \b
di light
ivergence ot lig eam Eye or Camera

Fig.1 How to position a Tyndall lamp to observe respirable particulate.

1. Qil Mists

Useful though visualisation is, sampling and analysis may be required to establish the
concentrations of oil and coolant mists. Dealing firstly with oil mists, the most common
practice is to draw air through a pre-weighed glass fibre filter and re-weigh after an
appropriate sampling period. When the weight gain is less than (say) 1 mg.m'3v then
further work is not normally justified. Samples can be from static samplers or more
usefully, from personal samplers to determine concentrations personal to the worker.

Analysis of collected oil mist samples can be achieved by one of these basic methods:-
gravimetric, ultraviolet or infra-red absorption.

The gravimetric method involves extraction of the oil from the filter using low boiling point
solvents, such as dichloromethane, petroleum distillate, hexane, cyclohexene or 1,1,2-
trichloro-trifiluoroethane. The mass of oil extracted is then assessed by evaporating the
filtered extract in a tarred beaker, using an infra-red lamp in a fume cupboard. As long as

the oil does not contain significant proportions of readily volatile material, the method is
suitable.

The technique can be modified to measure via UV or infra-red spectrometry, n-Hexane and
cyclohexane can be used for UV measurement but it has been shown that improved

analytical sensitivity is achievable using 1,1,2-trichlorotrifluoroethane. The latter solvent is
also safer to use.

For infra-red measurement, extraction with dichloromethane or again, 1,1,2-

trichlorotrifluoroethane is the appropriate preparation stage. Absorption occurs in the 3.4
micrometres region.

The techniques have been fully described (see references). The methods are based on
development work done by a joint working group from the motor vehicle industry.

It is important to use a sampling method which does not collect vapours. It has been
shown that if readily volatie components are present, the collection of even small
proportions of vapour can lead to very erroneous conclusions about exposure to oil mists.
Acceptable exposures to hydrocarbon vapours are generally at the 10 to several hundred
ppm level, ie., several grams per metre”. For (say) C10 hydrocarbons, 1 ppm is equivalent
to 5.8 mgs.m*. Inclusion of only a few ppm of vapour in the mist collection system will
produce elevated results. Thus, adsorbant tube collection is only suitable for vapours.
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Figs. 2 & 3

Use of a Tyndall beam to show oil mist at a hobbing machine
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Fig. 4

Fig. 5

0il mist from milling machine

Particulates around cutting zone




Spectrophotometry can sometimes be usefully enhanced using scale expansion facilities
on the spectrophotometer. Work done inside the motor vehicle industry showed that oil
mist in some workshops was largely derived from the lubrication oil used for the machine
tools which collects as a “tramp” oil on top of emulsified oil coolants. Differences in the
peak absorption values for the soluble cil and the lubricating oil enabled the relative
proportion from each source to be determined, leading to controlling the loss of lube oil
from bearing seals, rather than the spending of money on extraction.

2. Water Mix Coolants

These include emulsified oils (soluble oils), synthetic and semi-synthetic formulations and
chemical solutions. The latter could be a simple solution of sodium carbonate in water or a
sodium nitrite /triethanolamine mixture in water. These have been widely used as grinding
coolants - the objective being to impart post-machining corrosion resistance to ground
steel surfaces. In addition to corrosion inhibitors, water mix coolants can contain
emulsifiers, such as alkali metal petroleum sulphonates, anti-oxidants, extreme pressure
additives and biocides. Some formulations could also include anti-foaming agents and
other detergents.

When used on grinding machines, a dense aerosol is produced. (see figs 6 and 7) This is
substantially water. |f measurements of total airborne, dried particulate or in the case of
emulsified oils, oil only, are made then low values will be obtained. Such measurements
will not relate to the complaints which can arise in use.

Two techniques have been developed which help in making assessments. The first one is
applicable to formulations containing sodium nitrite.  The technique is based upon the
reaction of nitrites with Saltzman's reagent. The reagent contains N(I-naphthyl)-ethylene-
diamine dihydrochloride. Nitrites react to produced a purple coloured complex which can
be measured on a spectrophotometer. The method was originally developed for nitrites in
waters and later adapted by the Californian Public Health Board for the measurement of
oxides of nitrogen in air. Using two bubblers in series, sampling is continued using a fairly
high flow rate until the colour in the reagent reasonably well developed. By measuring
each bubbler, the collection efficiency can be determined and corrections made for any
losses observed. The result is expressed in terms of mgs of sodium and/or the nitrite
content of the diluted coolant in the machine. Hence the aerosol concentration can be
specified in terms of either coolant concentrate or total aerosol.

An alternative method of assessment is to measure the total sodium present in the aerosol.
A conventional sample pump is used to collect the particulate on a filter. An aqueous
extract of the filter is then examined for sodium content using a flame photometer. By
comparison with the sodium content of the coolant in the machine, the total mass
concentration of aerosol is determined.

Criteria

The current hygiene standard for oil mist is 5 mgms.m's. This is also the American
standard and indeed, the criterion was developed in that country, based upon the
observations that exposure to oil at that level did not appear to produce demonstrable il
effects, or complaint. However, it is important to note that the observations were with pure
oils - largely aliphatic types.

Most cutting fluids contain, additives, such as sulphurised fat, chlorinated wax and various
additives such as corrosion inhibitors. Additionally, the base oils are frequently derived
from naphthenic and aromatic feed stocks. The net result is a to produce an oil which
when present as a mist, is considerably more irritant than aliphatic oil. It has certainly been
UK industry experience that a criterion lower than 5.0 mgs m™ is more appropriate. In-
house standards of the order 2-3 mgs m™ are not uncommon. The writers's experience is
that a level of 2 mgs m™ is a more appropriate air quality standard to use. In Denmark a
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serious suggestion was made that the air quality standard should be 1.0 mgs m'3, but it
was not adopted due to industry insisting that it was not technically achievable without
undue cost.

For water based coolants, some “in-house" standardg have been 100 mgs, m3 total
aerosol, based upon sodium measurements, 15 mgs m™~ coolant concentrate, based upon
sodium nitrite determination and 0.1 mgs, m™ in terms of sodium nitrite alone. All these
criteria have been developed from the incidence of complaints about upper respiratory
tract irritation, "taste", sore throats etc.

When coolants are used for grinding operations on some exotic metals, there may well be
hygienically significant amounts of metals or metal compounds in the aerosol. The
grinding of refractory alloys such as NIMONICS or cemented carbides can produce
exposures to nickel, cobalt, chromium and other metals. Analysis of collected aerosols on
suitable filters may well be required to assess the significance of exposure.

Control

When oil is mechanically atomised by (say) an air jet to lubricate an air tool or lubricate
gears on hand tools, the control to produce the absolute minimum amount of mist needed
is important. Metering devices are available which introduce single drops of oil into air
lines for atomisation. Certainly when controls are set properly, there are few complaints
about taste and odour.

Atomisation to lubricate larger systems such as gear trains over machines are more
difficult to control. An excess of oil mist is generally used and the only practical method of
control is to use local exhaust ventilation to collect the surplus mist. Fortunately, the
practice of lubricating machines using mists is not so common.

Coolant flow dynamics play an important part in determining the amount of oil mist
released by metal cutting machines. A common failing is to use high velocity jets to feed
coolant to the cutting operation. The high velocity is obtained by reducing the bore of the
jet (raising the pressure) which has the effect of reducing the coolant volume flow rate. Oil
has a specific heat about one’ half that of water. Large volume flow is needed to properly
quench the heat from tool, workpiece and hot swarf. A number of studies have shown that
oil mist emissions can frequently be dramatically reduced by raising the coolant flow on
gear hobbing machines, vertical lathes and other cutting machines. One classic study
reduced oil mist concentrations in the thermal "plume" above the machine from

67 mgs. m3 down t0 0.4 mgs. m™. (see figs 8 and 9)

Increasing coolant flow is also of value when water based coolants are used on cutting
machines. The machining of flywheels and brake drums for motor vehicles is a good
example. Visible mists were completely eliminated by attention to coolant flow. Sore
throats also disappeared and considerable capital on local exhaust ventilation was saved.

When grinding operations are undertaken with water based or indeed, with other types of
coolant, the release of coolant mists is inevitable. Some grinding machines direct aerosols
to the rear of the machine. Since the lifetime of a 2 micrometer water droplet is only 0.18
seconds at ambient temperature, dispersal of the aerosol may well occur without
problems. Other grinding machines direct coolant aerosols towards the operative and
complaint is much more likely. The use of local exhaust ventilation is the only practical
approach.  Machines using straight cutting fluids, such as thread grinders and gum
reaming machines, generate oil mists which can only be controlled using local exhaust
ventilation.

Coolant maintenance is an important factor. In use, water based coolants can increase
markedly in concentration - especially on grinding machines. At a concentration of 1 part
coolant in (say) 50 parts of water, upper respiratory tract irritation may well not occur.
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Soluble 0il coolant mist - Boring Operation
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Fig. 8

Fig. 9

Oil mist from oil applied to a

hobbing machine via a 'fish-tail'
oil mist 67 mg/m>

0il applied by 4 pipes to the same machine reduced oil mist
to 0.4 mg/m®



When concentrations reach 1 part in 10 or 20 parts of water, irritation could well be
noticed.
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CONTROL OF POTENTIAL HEALTH HAZARDS OF FORMULATION PRACTICE

P J Ruane - Technology Group, Castrol Limited

1. Introduction

In recent years many sections of industry have come under increasing pressure to assess
and minimise the potential health hazards associated with manufacturing processes and
the resulting finished products. This has been particularly true of those industries
concerned with the supply and use of cutting fluids and has occurred against a
background of continuously changing market conditions, and incessant demands for
improved product performance and cost effectiveness.

The cutting fluids sector differs substantially from the remainder of the lubricant industry.
Specifications and industry standards for products are rare and for actual product
performance virtually non-existent. Formulation, particularly in areas such as water
miscible products, is often considered to be a 'black art' rather than a science, with the
result that the compositions of nominally similar products from alternative suppliers can be
radically different. This is essentially due to the fact that it is rare, particularly with water
miscible fluids, to come across instances of the same product being used for identical
operations in the same machine, under identical conditions. As a result, customer
requirements and any resulting problems can vary enormously, and this can have a
considerable impact on the formulation strategies of potential suppliers.

Increased awareness of potential health hazards amongst user companies and their
operatives have also had a major impact on the marketing strategies of cutting oil
suppliers. This has resulted in major revisions to new product profiles. Gone is the
requirement for formulators to devise a product to effect particular operations at the lowest
cost regardless of other parameters. This has very much been replaced, certainly in more
responsible suppliers, by the recognition that there is a need to balance product efficacy
and cost efficiency against potential toxicity and likely environmental impact.

It is not the intention of this paper to address all the likely health hazards associated with
cutting oils and their control. Direct hazards such as flammability, transport risk, or the
impact of accidental spillage will not be considered. Instead this paper will concentrate on
the potential health hazards related to the use of cutting oils formulated on particular
components, together with any additional hazards resulting from the use of these cutting
oils in the field, paying particular regard to dermal and inhalation toxicity. The control of
these hazards by formulation practice will be discussed, but it is the author's intention only
to provide general advice in this context, rather than produce a long list of "safe"
formulations. This is essentially to avoid implied criticism of viable alternative formulation
strategies, and of course to ensure the confidentiality of in-house formulations. However, it
should be stressed that, certainly in the UK, most reputable suppliers will, if requested,
provide a considerable degree of formulatory detail to accredited medical advisers of user
companies. This would normally occur under the auspices of a suitable secrecy
agreement to safeguard the interests of both parties.

2. Formulation Strategies

For the purpose of this paper, it is convenient to define the potential components of cutting
oil formulations as those which are known to be hazardous, those likely to offer a potential
hazard and those which are considered to be non-hazardous. Initially it is worthwhile to
analyse more closely the formulation strategies applicable to products containing
components covered by each of these definitions:
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21 Formulating away from material known to be hazardous

This strategy would on first inspection, appear to be self-explanatory. Certainly it would be
expected that chemicals which posed a known hazard, such as certain carcinogens which
are recognized as having caused occupational cancer in humans, would have their use
restricted by legislation. Such legislation does exist in the cotton industry which specifies
that any oil used from mule spinning must be either of animal or vegetable origin or else a
mineral oil which has been refined with sulphuric acid to conform to a particular colour and
viscosity specifications (1). However, the only regulations likely to restrict the formulator of
cutting oils are those contained in the 1974 Health and Safety at Work Act (2) or the 1984
Classification, Packaging and Labelling of Dangerous Substances Regulations (3), together
with its subsequent amendment (4).

Fortunately, most responsible companies and their formulators do not require the
establishing of controlling legislation on legal precedent to exclude particular additives
from their products. Hence the adoption of severely solvent refined or deep hydrotreated
mineral oils with their inherently low PCAH contents for use in neat oils, throughout the
cutting oil supply industry since the early 1970s. In addition to this many other toxic
materials which were once widely used have been excluded, often purely on the basis of
proven toxicity of the particular additive to laboratory animals.

However there will always be instances where no consensus regarding the toxicity of a
particular additive, either within the cutting oil industry, or the scientific establishment is
available, and hence a somewhat different strategy will need to be applied.

2.2 The limitation or gradual elimination of use of materials which are potentially
hazardous

This situation is considerably more vague than that outlined above, since the basis of the
strategy will depend on the interpretation of the evidence available suggesting that a
particular chemical or additive may or may not be hazardous. Usually no unqualified
statement of potential hazard will be available from an authoritative body, and opinion
based on experiences in the field with products containing the material may vary widely
between companies and individuals.

Sodium nitrite is a good example of an additive which falls into this category. It is well
known that under the alkaline conditions of most water miscible cutting oils, sodium nitrite
can react with amines to form nitrosamines (5), many of which are known carcinogens (6).
Particular attention has been paid to N-nitrosodiethanolamine (NDELA) which has been
widely detected, particularly in water soluble synthetic fluids (7,8). In 1984 the US
Environmental Protection Agency (EPA) issued a regulation (9) prohibiting the use of nitrite
in any cutting fluid containing a triethanolamine salt of a tricarboxylic acid complex. This
was widely interpreted as a complete ban on the use of nitrite in metal cutting fluids, which
was clearly not the case. In 1987 the Health and Safety Executive issued a Guidance Note
(10) which stated the opinion that NDELA should be considered a possible human
carcinogen, and advocated avoidance of combinations of amine and nitrite. In practice
many UK companies offer both nitrite containing and nitrite-free formulations for virtually all
operations, and certainly over the last 4-5 years the trend has been very much away from
sodium nitrite containing products. Perhaps the only exception is in the machining of
spheroidal graphite (SG) cast iron where nitrite is currently the most effective inhibitor in
reducing the emission of the highly poisonous gas phosphine.

An even more equivocal situation exists with formaldehyde, the basis of many
formaldehyde-release type biocides which has given indications of carcinogenicity in
laboratory animals (11), but despite widespread use in industry, no clear evidence of
human carcinogenicity has been found in practice, even in quite extensive surveys (12).
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A final example of the problems facing the formulator in deciding which materials are
potentially hazardous, is the situation concerning the potential carcinogenicity of
chlorinated paraffins which are widely used as EP additives in cutting oils. A two-year
gavage (force-feeding) study carried out by the US National Toxicology Program (NTP),
utilising high doses of chlorinated paraffin dissolved in corn oil concluded that there was
clear evidence of carcinogenicity in rats and mice for a twelve carbon, 58% chiorinated
material (13). A twenty three carbon, 43% chlorinated hydrocarbon gave evidence of
carcinogenicity in male mice but not in rats or female mice! (14). As result of these tests
NTP will not at present list the twenty three carbon 43% chlorinated hydrocarbon as a
carcinogen, but further studies are planned. The relevance of the study to actual human
exposure has not yet been justified. )

The above indicate the clear dilemma of the formulator in choosing additives to produce a
given product. In addition to any toxicological information available on established
materials, there is often the need to weigh the significance of no, or at the most negligible
amount of information on alternatives. As a number of workers have pointed out (15)
toxicity testing is not cheap and there is no guarantee that the results obtained even in well
planned and executed long term tests will provide definitive or even useful information on
the potential toxicity of the substance tested. With this in mind another, more radical
formulatory strategy is available.

2.3 Formulating products only on additives which are considered to be non-hazardous

In many ways this must be considered the ideal solution to many of the potential health
problems associated with cutting fluids, or for that matter any other formulated product.
Indeed with certain fiuids, normally associated with low severity cutting operations such a
scenario is entirely feasible. For the most part though it must remain a somewhat distant
possibility, rather than a practical proposition.

Essentially the difficulty in producing products of this general make-up lies with the scarcity
of toxicological information. This occurs not just for the individual additives but for
mixtures of different additives, which may prove either toxicologically synergistic or
antagonistic, dependent on factors such as relative concentrations and general
environment. A typical example of this is the observation that the toxicity of phenolic
biocides is influenced by the dituents used with them as well as the concentration of the
diluents. Even naturat oils, such as olive oil can increase this toxicity (16).

2.4 Summary

In practice, formulators use a mixture of all the three strategies outlined above. The
emphasis at present would appear to be on formulating away from known hazards, but
with increasing awareness of potential health risks the other strategies discussed may well
achieve a higher degree of importance.

3. Potential Health Hazards and their Limitations

The potential health hazards of cutting fluids can be categorised as those inherent hazards
resulting from the incorporation of particular components, additives, or combinations of
additives in the actual fluid, and those resulting from the changes to the fluid which can
occur in actual use. In fundamental terms the former is generally the more significant,
since a cutting fluid which is formulated in ignorance of the toxicological characteristics of
its components is likely to cause significantly more serious health related problems than a
carefully formulated fluid which undergoes problems which are related to the operation in
which it is being used.
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3.1 Health Hazards which occur with neat oils and their control

The health hazards associated with neat oil formulations can be conveniently subdivided
into the effects resulting from exposure to oil mist and the effects of oil on the skin.

3.1.1  Oil Mist

Initially, it is important to differentiate between oil mist, which is the liberation of ail in
droplet form into the atmosphere around the machine, and oil fume which results from
partial thermal decomposition of the oil in use. The hazardous effects of oil mist are
generally considered to result from droplets which are less than 5 microns in diameter,
since these can successfully penetrate the respiratory tract (17). The toxicological effect of
these droplets is closely related to that of the actual base oil, and that of any additives
present but a considerable impact on the overall level of oil mist, and more particularly on
average droplet size can be made by the use of antimist additives. In certain
circumstances the polymers on which anti-mist additives are based have a tendency to
shear. Where mist control is important, for instance, where the recommended QEL
(Occupational Exposure Limit, based on an 8 hour time weighted average) of 5 mg/m* is
being approached, extra polymer may need to be added to the oil in use. This is normally
achieved by adding the additive in the form of a concentrate.

Oil fume is a more difficult problem to discuss since much depends on the type and
additive treatment of the oil, although in general its occurrence can often be related to
incorrect cutting oil selection or an inadequate flow of oil to the cutting zone. Hence oll
fume can generally be reduced or eliminated by non-formulatory action.

3.1.2  The effect of neat cutting oil on the skin

Without doubt the most significant health hazard resulting from exposure of the skin to
neat oils is cancer. Carcinogenic activity in neat oils is normally associated with the
presence of polycyclic aromatic hydrocarbons (PCAH), the type and concentration of
which are directly related to the method of refining used to generate the mineral oil used
(18). It is widely accepted that the only processes which successfully eliminate the
carcinogenic potential of mineral oils are severe solvent refining, or deep hydrotreatment
(19) and the use of mineral oils other than those generated by these processes in
formulations cannot be advocated. There is evidence that some additives used in cutting
oils, notably antioxidants, can inhibit the production of tumours by certain of the PCAHs
found in mineral oils (20). Unfortunately, as yet there is no evidence that the carcinogenic
properties of all PCAHs can be eliminated entirely so the complete elimination of all
carcinogenic potential from mineral oils is not yet possible.

In addition to the potential carcinogenicity of mineral virgin oil problems can also occur
with used oils, since it has been established that during use the PCAH content of oils
subjected to high temperatures can increase substantially, the extent being dependent on
the type of application for which the oil is used (21). With cutting oils, based on highly
refined mineral oils outlined above, increases in the PCAH content are normally low
depending on the severity of the cutting operation. However, with automotive engine oils
the levels of PCAH can increase by as much as 100 times during use, and in previous
years these engine oils were simply re-refined; the resulting re-refined oil often finding use,
alone or compounded, as a neat cutting oil due to its relatively low cost. Instances of this
practice are now much reduced, but certainly it has not been entirely eliminated.

Apart from carcinogenicity the main health hazards posed by neat cutting oils are
dermatitis, which is defined as inflammation of the skin resulting from some external cause,
and absorption of toxic substances from the oil through the skin layer. It has been said
(17) that neat oils rarely cause dermatitis, and there may well be some truth in this when
applied only to uncompounded mineral oils produced by the refining processes outlined
above. Nevertheless contact with the skin over an extended period even with these highly
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refined oils has been widely reported (22) as causing dermal irritation due to their defatting
action. Lower petroleum fractions, ie., those with boiling points lower than 300°C such as
kerosene or gas oils, tend to exacerbate this problem and should be avoided where
continuous skin contact is likely. However, for most cutting operations where neat oils are
used, additive treated oils are the rule rather than the exception, uncompounded mineral
oils having in the main been replaced by water based cutting fluids.

The use in neat oils of additives which are known to be toxic, or are primary skin irritants at
the concentrations used is now rare. However, instances have occurred where additives
have been found to be contact sensitisers or allergens. Examples are certain epoxy
compounds (23) which are used as stabilisers to prevent the breakdown of chlorinated EP
additives, and certain olefins (24) used in honing oils. Fortunately, the incidence of
dermatitis caused solely by the presence of additives in neat oils is relatively low, a much
greater incidence exists where the neat oil has been affected by operational use.

A number of factors can combine to increase the incidence of skin problems during actual
use. The most common is abrasion or breakage of the skin caused by swarf, sharp
projections, etc. which leaves the skin more vulnerable to attack even by materials which
would normally have difficulty penetrating the surface layer. In addition, unless the oil is
formulated to have good filterability, very fine particles of swarf or debris, generated during
an operation, may cause irritation by entering the pores or hair follicles, which are very
vulnerable to this type of attack. This is particularly true when water is present in the oil,
since this water peptises metallic swarf, resulting in both an increased incidence, and a
higher degree of skin irritation. This water may be from contamination of the oil by water
based cutting fluids, which may be preventable, or by other means such as condensation
which may not. In this latter case care should be taken to ensure the neat oil used has
suitable demulsifying characteristics to allow this water to be separated off. The presence
of water can also have a deleterious effect on additives which may break down to give by-
products which are irritating. Perhaps the best known examplz of this type is the
breakdown of chlorinated paraffins in the presence of water resulting in the generation of
small amounts of mineral acid, which is a primary irritant. Excessive heat will also achieve
this breakdown and as a result where chlorinated paraffins are used inhibitors to prevent
breakdown may be needed, but care must be taken to choose the correct additive, since
some, as indicated above, may cause sensitization.

The machining of certain metals can also lead to dermatitis which may be exacerbated by
utilising an incorrect type of level of additive package, leading to high levels of metal salts
being suspended in the oil being used. Examples include nickel and titanium, although
instances of dermatitis caused by zinc contamination resulting from use of a galvanised
tank to store the oil, a condition common with water based fluids, have been recorded. In
instances such as these the formulator would almost certainly seek the assistance of an
independent dermatologists, to ensure the correct choice and concentration of additives
are made to prevent dermatitis whilst retaining acceptable machining performance.

4. Health hazards which occur with water miscible fluids and their control

Incidence of cancer caused by emuisifiable oils is extremely rare and by water based
synthetic fluids, virtually unknown. As with neat oils, the health hazards of diluted water
miscible fluids normally occur as a result of direct contact with the skin or with the airborne
mist. Hazards also exist in the storage and dispensing of the neat concentrate, but these
are not considered within the scope of this paper.

Perhaps the main health hazard associated with water miscible fluids, whatever the type,
results from too high a level of pH in the aqueous dilution. Since normal skin is slightly
acidic (pH 6.8) the best pH for a diluted fluid would be close to this level, ie., neutral.
Unfortunately, in order to provide good corrasion protection, particularly on ferrous metals
and bacterial stability, considerably higher pHs are necessary. In practice it has been
found that fluids formulated to give an operating pH in the diluted form of between 8.5 and
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9.5 are the most satisfactory. Higher pHs tend to cause excessive defatting of the skin
over even moderate periods of exposure, leaving it open to further attack, and mists of
these high pH coolants can cause severe nose and throat irritations. Both conditions can
be considerably worsened by the presence of other additives dependent on the fluid type.

4.1 Emulsifiable Oils: Problems associated with cutting oil emulsions and their control

In many ways it was the lack of inherent health hazards with water-based emulsions which
spurred the dramatic increased in their use during the 1970s. When based on highly
refined mineral oils or synthetic hydrocarbons they contain few additives with the
exception of sodium nitrite (discussed previously) and certain biocides, which result in or
show any significant levels of toxicity. The most prevalent problem associated with their
use is contact dermatitis due to their detergent and defatting action on the skin,
exacerbated in this case by certain of the emulsifiers which may be present in the product.
Careful choice of additives, allied to strict control of emulsion pH can virtually eliminate
incidences of dermatitis in practice, but choice of biocide is perhaps the most crucial factor
in preventing major problems in this context. This is essentially due to the fact that many
biocides in the neat form are highly toxic, and their use levels in products must be strictly
timited if incidences of contact dermatitis are to be prevented (25). Unfortunately in
practice, events can often conspire to adversely affect the most carefully formulated
products, and a build up in concentration of the emulsion may increase incidences of both
skin defatting and contact dermatitis.

Other health problems observed in practice include dermatitis resulting from a build up of
salts from the metal being machined or storage tanks, usually nickel or zinc respectively,
and problems associated with bacterial spoilage. The best known of the latter is the smell
of hydrogen sulphide (often referred to as "Monday Morning Stink”) caused by anaerobic
sulphate reducing bacteria. However, whilst this is certainly unpleasant it is unlikely to
cause serious problems in practice, and can be eliminated by appropriate bacterial control.
This can be effected by using a suitable biocide in the concentrate, or perhaps by
changing to "biostable" fluid since these can be excellent in preventing infections by
sulphate reducing bacteria. Great concern has been expressed regarding the potential
health hazards which might result from the inhalation of aerosol mists or skin contact with
emulsions contaminated with pathogenic bacteria, which are sometimes detected in
certain emulsions. As yet the writer is unaware of any problems which can be directly
attributed to this source, although some workers in this field suggest evidence does exist
(26).

4.2 Water Soluble Svnthetic Fluids: Problems associated with true or extremely fine
colloidal solutions and their control

Many of the health hazards associated with water soluble synthetic fluid solutions, such as
skin defatting, are common to those already discussed under emulsifiable oils. However,
there are a number of important differences in formulation or use which can cause some
particular additional problems Firstly, synthetic fluids normally contain high level of
alkanolamines to give good corrosion characteristics and buffering capacity at low
dilutions. As a resuit they may still form nitrosamines, including NDELA, even though the
products do not contain sodium nitrite (27), although the levels are usually very low.
Secondly, since synthetic fluid solutions are normally used for grinding operations, the
level of mist inhaled during use may be relatively high. Therefore, care must be taken to
ensure that any components incorporated do not present a hazard if inhaled in this
context. Health problems have been widely reported in this context, particularly with the
alkanolamine soaps of low molecular weight monocarboxylic acids, such as isononanoic
acid, which have given numerous instances of sore throats, and some associated
breathing difficulties, and should therefore not be considered suitable for use. Finally,
synthetic fluid solutions are often used to machine hard metal, which is normally based on
tungsten carbide particles in a cobalt matrix. Many additives, such as alkanolamines,
increase the rate of dilution of the cobalt which, when solubilised, has caused numerous
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cases of allergic reaction (28). Elimination of these solubilisation accelerators can severely
limit the uptake of cobalt into solution significantly reducing its potential to cause
dermatitis.

5. Concluding Remarks

It is now over a century since the practical value of using liquids to aid metal cutting was
proven. Great strides have been made in product technology in that time, but only in the
last few decades have these advances in product technology been matched by
improvements in the reduction of potential health hazards associated with cutting fluids.
Today, potential health hazards are in many ways the major factor influencing formulators
in their continuous search for new and improved products. The aim of this paper has been
to examine some of the strategies available to the formulator, whilst at the same time
indicating some of the constraints which can limit their effectiveness. The intention has
been to emphasis that although the contribution of the formulator is significant, it forms
only a small part of a complex and rapidly growing area of interest in which progress is
highly dependent on the work of other specialists. It is by co-operating with these
specialists, be they industrial hygienists, toxicologists, dermatologists or others that real
reductions in the heaith hazards associated with cutting fluids will be made.
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Questions

Mr.M.Ganier France | would like to know if you have specifications to control the level of
refining of base oils in your company please? Specifications or measurement or control to
know if the base oils are good for formulating cutting oils.

Mr.P.J.Ruane Like most companies in this field we have internal specifications that we
utilise. Obviously this is an area where there is considerable general interest, but | think it
may well be that different companies have different attitudes to this particular situation. As
| said we certainly have our own in house specifications, but they tend not to be based on
any particular official specifications. 1 think that this subject is possibly something we
could talk about outside the conference.

Mr.H.Krebs Henkel Germany You pointed out that an American study showed chtorinated
paraffin could be a potentially hazardous material. In Germany there is a big movement
against chlorinated paraffin, not due to the application but due to the handling of the waste
oil. Does this cause concern in the UK yet?

Mr.Ruane As you say the movement in Germany is really due to legislation controlling
waste. In the UK as far as | am aware there is as yet no real movement to introduce
legistation in this area. Whether it is adopted as part of an EEC directive in the future is, of
course always open to question. | think to some extent the situation in the UK is somewhat
different to that in Germany. In Germany there was a tax advantage to reclaiming used oil.
In the UK that situation was never the case and the industry was never quite as well
established as it was in Germany. Also in the U.K. we don't have a separate Green Party,
or to be more precise, we don't have a Green Party which has an effect on the political
power base in the UK, so therefore | don't think we are quite as concerned with
environmental legislation as you are in Germany.

Mr.C.Packham Reinol-Janet(UK) Mr. Ruane felt that pH was the main problem with soluble
oils. 1 would tend to agree with Richard Rycroft in his comment that emulsifiers are the
main problem. A pH of eight and half to nine and half would only cause skin problems if
the duration of the contact was excessive and in that context the emulsifiers would almost
certainly be a greater enemy to the skin. In fact there was work done last year Shiga
University in Japan on the treatment of people suffering from atopic dermatitis using
alkaline soaps with an alkalinity of around ten to eleven and these actually produced a
substantial improvement in short term contact with the skin. There is a lot more work to be
done on this yet but | would be very doubtful whether eight and a half to nine and a half in
the short contact between the oil and the skin that should be occurring with good practice
would actually cause problems.

Mr.Ruane Well actually Dr. Rycroft spoke about this yesterday, its a pity he's not here and
we could argue this point a bit more fully his comment was that he thought the problem
was related to emulsifiers. However a little later he said he thought that water soluble
synthetic fiuids were in actual fact even more likely to cause dermatitis than emulsifiable
oils and of course water soluble synthetics don't normally contain any emulsifiers at all. |
was perhaps being a little controversial in saying that it was just pH. Obviously there are
quite a number of factors that are likely to come into play. The types and percentages of
emulsifiers and of other additives such as biocides which are likely to be incorporated are
going to have an important effect. However | think in the main, something that everyone
can control in their soluble oils, if they control nothing else, is the pH and | think given if
you like a general environment pH in all products maintained in the range mentioned, you
would generally see some fairly substantial improvements in health and safety related to
skin.

Mr.R.Weaver de la Pena Qils Can | ask Mr. Lee what is your opinion on coolant mist which
is produced on purpose by commercially available spray mist devices.
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Mr.G.Lee In my experience they are a cause of considerable difficulty, | assume you did
mean coolant mists not lubricating mists?

Mr.Weaver Yes on a milling machine for instance.

Mr.Lee Well my experiences have been that they are difficult to control. | can only say in
my own industry, when we tried them they proved extremely difficult to control and if you
want to control them you are really forced to use local exhaust ventilation. Local exhaust
ventilation requires a lot of capital and also requires a lot of revenue to run it.

Mr.Weaver So do you try to prevent their use in the first place?

MrLee Yes, we try to avoid using mist coolant systems. We look upon them with a
jaundiced eye.

Dr.P.C.Elmes Cardiff To Mr. Lee. | was interested to hear you say that you thought the 5
milligram per cubic metre limit was too high and | was going to reinforce that by saying
that you would have to keep a very much lower limit than that to stop people coming
sensitised and developing the occupational asthmas that Dr Burge was talking about
yesterday. Once they are sensitized of course you may not be able to expose them to
even one milligram or lower. The people who are missing from this conference are the
people who make the machines and | was wondering how much cooperation your group
(who are obviously buying in new machines every now and again) get from the machine
tool manufacturers in producing a machine that has a lubricating system that does not
produce mists.

Mr.Lee Our influence is varied. We have certainly endeavoured to influence the Machine
Tool Industry Research Association via a number of seminars by revealing our findings,
and | think its true to say that some manufacturers do supply machine tools with very much
better designed cooling systems. Better cooling systems in that much larger pumps are
supplied . Of course, we still get machines of traditional design with inadequately powered
pumps so that the volume of coolants you can actually put on to the cutting point is not
sufficient. However, | think | have to say a word in deference to the machine tool designer.
We often buy the machine tool to cut at one speed and then we double the speed and
double the feed to get more production out of it, so we are sometimes our own worse
enemy.

Dr.Elmes | was going to follow that up, | have noticed going round factories that the speed
of machining and therefore the requirement for coolant is increasing and this means that
you are really going to have to flood the cutting tool will this in fact helpful because it
forces the machine maker to enclose and prevent the production of mists?

Mr.Lee Yes ! thinkitis. | can certainly recall from my own experience machines where that
has actually been done, but | can equally recall machines on soluble oils conventional
machines like Ryder vertical lathes which are fairly ubiquitious in my industry for machining
fly wheels and brake drums. They use emulsified oils, or other water based coolants.
Simple actions like reaming-out the jet points to remove the precipitated fat and
accumulated dirt can double the coolant flow and can dramatically change the situation.
Workers exposure to coolant aerosols can be reduced to none or virtually none. There is
also a great tendency to flatten the end of the coolant pipe to increase the pressure in the
belief that this will some how magically improve the cooling. What it will do is to reduce the
volume. It is volume of coolant that you require to remove the very large quantity of heat
present.

Mr.E.C.Hill Cardiff Could I direct questions to both speakers first of all to Pat Ruane. If we
look at the toiletry industry there is a very very well regulated list of preservatives and
biocides which are permitted at very well regulated concentrations. Most of these things
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chemicals also appear as industrial biocides for cutting fluids. Does anybody, when they
are formulating cutting fluids, ever look at the toiletries list of preservatives and biocides
and at the concentrations which are permitted there? If you are going to put hand lotion
on your skin its very much like putting cutting fluid on your skin. Is the same sort of
regulatory information or even the same sort of knowledge available to the metal working
fluid formulators? If | could add my question to Mr.Lee, is there any sense in looking at
perhaps glycol measurements as an indication of total aerosol from metal working fluids. It
strikes me that nitrite is the

wrong thing to ook at at the moment.

Mr.Ruane Regarding the cosmetics industry and the biocides they use | can only speak for
my own company in that we follow the publications in this particular area quite closely
particularly with regard to topics like contact sensitization for instance. Generally you are
quite correct in that the concentrations they are using are substantially greater than those
which would occur in the finished emulsions of products where we incorporate biocides.
Having said that, you always potentially have a worst possibility situation in practice,
whereby through bad maintenance or indiscriminate additions you can have emulsions in
which there are substantially greater concentrations of biocide than you would expect. So
the cosmetic industries information on upper limits and their effect on contact sensitization
is obviously of importance. | don't honestly think | can speak for the oil industry in general
on this subject and it would be hard to know the general attitude.

Mr.Hill But you'd look at these lists.

MrRuane Oh yes. In fact | think one of the references | give in my paper is to
chloracetamide which is of course now quite widely accepted in the cosmetics industry to
be a contact sensitizer.

Mr.Lee Yes | think you are probably quite right Glycol might have been a parameter to
have measured, particularly in view of the fact that we seem to be going away from nitrite
based materials. | was simply trying to list the limited amount of work that had been done
on trying to measure it at all. | can only report the two techniques that have been
developed so far. The other thing | think you have got to remember that in the user
industry we don't always have the advantages of a university research department behind
us and we often have somewhat primitive techniques of measurement.

Mr.H.G.Cattell Rocol Ltd. Highlighting the role of the formulator of cutting fluids, one thing
I think formulators of cutting fluids do is to formulate particularly water based ones to be
used in a specific dilution range. One thing which | suppose frustrates me is to find
complaints coming back when fluids have not been correctly diluted, | would like to hear
Pat's comments on dilution control.

Mr.Ruane Yes to some extent we had a go at this yesterday. Regarding dilutions | think
I've reached the stage now where | almost expect recommendations to be disregarded and
as soon as we get a problem in this context it's immediately the first thing | look for. it's
amazing that you find companies who are prepared to spend millions of pounds on new
machinery they spend a fortune training the operatives in computer programming so that
they can actually run the machines, they invest vast sums in the development of new
components to make on these particular machines and yet the very last thing they do is
maintain the actual strength of the coolant in the sump. It passes all understanding to
some extent but I'm afraid its just one of these things that | have now come to accept as a
fact of life, I've even had people stand up in front of me and say this coolant has never
been above a particular strength which is usually within the range recommended and you
can pull a sample out of the machine stick it on a refractometer and show it to be three
times that concentration.

Mr.Lee May | just add a comment supporting that. In fact | didn't know that the gentleman
here had visited my factory. He's obviously been in when | wasn't there. It is certainly true
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that we have found our measurements correlate quite well with complaints of upper
respiratory tract irritance especially on grinding machines. The coolant supplier tells us
that a product should be used at (say) 1:50 concentration in water. No problems of
irritancy are encountered. Allow the concentration to increase to 1:5 or 1:10 and of course
you encounter problems. The concentrations of irritant substances in the coolant are
increased. | support the comment.

Mr.Ruane Having said that | think it fair to say, with my salesman's hat on, that | much
prefer customers to use over concentrated solution than under concentrated!

Mr.P.Oates Castrol Just two poirnits, one to my colleague Pat Ruane. | think during your
talk you-made the comment that by solvent refining or hydro-treating it was impossible to
remove all the polycyclics from a mineral oil. Now that's not quite true because by very
strong oleum treatment of an oil or very deep hydrogenation one can remove all the
aromatics and its called medicinal white oil. Just a point of correction. The one to Ted Hill
with regard to looking at the biocides used by the cosmetic industry. Yes we do we look at
the publication by The Food and Drug Administration which lists the biocides which are
registered with the FDA. The EPA drug administration registers the use of biocides in
cosmetics and medicines for over the counter use. They list the biocides, their
concentration and the number of times they are used and of course there is quite a
difference with cosmetic. Some are produced under aseptic conditions, it goes in a nice
package most likely U.V. light rays over it to keep it sterile and the lady who is going to use
it puts her nice clean hands in it. Now if you compare to industry where its been
contaminated daily by swarf, by the dirt from the machine, by general dirt coming in on the
actual component its a different world entirely.

Mr.K.Emery Colt International Mr.Lee, could you advise us what work if any you have done
in investigating the performance and efficiency of local capture and filtration of oil mists
from the machines.

Mr.Lee A fair amount of work on efficiency of capture has been done because it is quite
easy to do. By visualisation as I've tried to show, you can see whether you are capturing
the fume or not. By measurement you can confirm that exposures are under control.
Work on filtration effectiveness has been somewhat limited. In the interest of energy
conservation the tendency is to return filtered air back to the workplace rather than to
simply extract it from the building. A rule of thumb criterion is that the concentration of a
contaminant ought not to exceed one tenth of the Occupational Exposure Limit (where
there is one). 1 have to confess that | have very little information about the performance
and efficiency of differing filtration systems.

Mr.K.Gardiner, Institute Of Occupational Health. Mr.Ruane. how much cooperation is there
between the oil manufacturers and the producers of the machines with regard to
formulation? I'm thinking in particularly that prevention is better than control.

Mr.Ruane In my own view not nearly enough. It would be nice to have a situation where
we could discuss the design of a machine with its manufacturer, suggest any
improvements or changes which would maximise the coolant life and see any results on
the final machine. In practice a machine is designed to meet a need and when the design
is finalised the manufacturers know what is required of the coolant or lubricant and
therefore they can tell us what features need to be designed into the oils. There is a certain
amount of cooperation but how relevant this is in the final reckoning to the actual machine
that is produced is open to some question, | think what we hope to do is influence machine
tool manufacturers to adopt a more sensible approach particularly regard to water based
coolants, | was encouraged by what Mr. Lee said regarding the fact that some machines
are coming in now that are rather better. | think that perhaps to some extent indicates
there is some success, whether we as suppliers of cutting oils who claim to have some
small part of that | don't honestly know. | would suspect though, that as in all things, it is
the buyer who has the greatest impact.
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Mr.Lee Could | just add that some of the better machines, the gentleman at the back there
will be very pleased to know come from his country from Germany.

Dr.S.D.Robertson Shell Research | agree with Mr.Ruane about the importance of pH not
necessarily just from a purely dermatological point of view. | certainly agree that pHs are
an important parameter that should be measured on a routine basis in the plant, the
trouble is that there can be some debate as to what in fact is the correct pH. Some people
advocate test strips, some prefer hand held glass electrode systems, | wonder in fact what
your own view on the preferred method of pH measurement was.

Mr.Ruane I'm afraid I'm firmly in the camp of the instrument as opposed to test strips
which I'm not a great fan of to tell you the truth. We have in the last few years seen the
development of numerous small or even pocket size pH meters. My own company has
tested quite, a few and a lot of them, its fair to say, are rubbish in that the slightest thing will
blind the electrode. However there are a few that are quite satisfactory with emulsions and
excellent with synthetics. The emulsions that are very badly contaminated with tramp oil
are the major problem, as are emulsions that are in use at very high strengths, usually
because they blind the electrode very quickly. However | would prefer a decent quality
pocket pH metre everytime over test strips.
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CONTROLLING MICROBIOLOGICAL CONTAMINATION OF CUTTING FLUIDS

Ray Weaver - Marketing Manager de la Pena Oil Ltd

What contamination are we talking about?

The cutting fiuids, a.k.a. coolant, slurry, suds, white water, which are the subject of this paper are,
in concentrate form, well protected against microbiological contamination. They contain either
relatively high biocide concentrations prior to dilution for use, or insufficient of the water required
to sustain the growth of organisms. -

Systems operating in theoretically water-free conditions, running for instance on neat oil for
broaching or gear shaping, do in fact suffer occasionally from the accidental ingression of water
(leaks, condensation etc,) which can eventually form a water bottom beneath the oil. Bacterial and
other types of growth in this water can then cause a great amount of damage by corrosion and
blocking of filters.

Our concern here, however, is with cutting fluids which are mixed on purpose with water for use as
coolants in turning, milling, drilling and other metalworking operations.
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Nowadays, an in-use cutting fluid may consist, typically of 97% water and just 3% active
ingredients. These fluids include oil-based emulsions (soluble oils) and semi-synthetics, and oil-
free synthetics.

The micro-environment found in the modern machine tool sump can, if uncontrolled, offer an ideal
breeding ground for contaminating organisms:-

Water

Nourishment C,H,P,S )N,

0, from the air or chemical sources
Comfortable temperature range (10-35°C)

Pl A

Lack of control by either coolant supplier or end-user will, aimost certainly, lead to the troublesome
growth of the following types of contamination:

* Aerobic bacteria, thriving in the presence of atmospheric

oxygen, and characterised eventually by a rapid drop in the pH of the cutting fluid.
Anaerobic bacteria, which can multiply in the absence of

atmospheric oxygen, say beneath a layer of tramp oil, by splitting chemical sources to
obtain oxygen. You will sometimes notice foul-smelling, toxic H,S around machines with
sulphate-reducing anaerobes in them. This is the "Monday morning smell" of rotten eggs.

* And finally, yeasts and fungi.

Of these four classes, it is the fungal growths which are currently held to present the most severe
problems to the cutting fluid formulator.

Contamination Control Recommendations

Keep your cutting fluid in undiluted, and therefore protected form, until it is required to be mixed
with water for use. Take steps to avoid accidental entry of water into drums or storage tanks.
Install drain taps at the lowest point of bulk storage tanks to allow eventual water bottoms to be
drawn off from beneath your concentrate. Avoid storing pre-mixed quantities of cutting fluid,
unless you can guarantee the regular cleaning of the storage contained. Otherwise, especially if
you use cheap and cheerful coolant, you will have heavy infection even before the coolant reaches
the machine tool.

Advice like this is typical of the ongoing support required by most end-users, and the benefits of a
formal policy of good housekeeping cannot be over stressed.

What are the consequences of this microbiological contamination?

Why spend two days talking about microbiological contamination? After all, it sounds to the
disinterested like something that should be just delegated to the lab, or the Health & Safety Officer.

This is, in fact, a big mistake. (The delegation, not the two days.)
Table 1. Some functions of cutting fluids

Cool

Lubricate

Protect machine and components

Prevent smoking

Protect tools

Sweep away chips

Accept bacteria and tramp oil

Be compatible with men, materials and machines
Improve surface finish































































































































































