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 Metalworking fluids (MWFs) are commonly used in the machining industry during metal working 
processes, such as cutting, turning, milling, drilling and grinding. These fluids are used extensively as industrial 
lubricants to lubricate and cool the metalworki
and carrying away heat. MWFs are also used to wash away waste metal debris, and improve the machining 
performance, thus prolonging the life of the cutting tool [1].
 Based on theNational Occupational Exposure Survey (NOES) by the National Safety and Health, it is 
estimated that 1.2 million workers are potentially exposed to metalworking fluids (MWFs) [2]. Workers may be 
exposed to MWFs by inhalation of the diluted fluids mist or skin absorp
handling of work pieces coated with the fluids [3]. Exposure to MWFs may lead to adverse health effects, such 
as skin and respiratory health problems. Dermatitis and skin problems are the most common complaints 
associated with MWFs [2]. 
 Microbial contaminants in the occupational environment are associated with a wide range of health effects 
with major public health impacts including infectious disease, acute toxic effects, allergies, respiratory 
symptoms, skin problems and lung function impairment [4].The MWFs are still easily contaminated by 
microbes even after treating the fluids with biocides and remain in the tanks [5].The breakdown product of 
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A B S T R A C T  
Background: Air quality in workplaces is a main concern for industrial hygienists and 
occupational health specialists. Aerosolization of microorganisms or their by
from contaminated material can significantly decrease the air quality and expose 
workers to potentially harmful agents.  Metalworking fluids (MWFs) are commonly 
used during metal working processes in the machining industry and are used as cooling 
and lubricating agents in machining processes. MWFs are harmful to the environment 
and to the health of workers. Microbial contamination is the major concern of the usage 
of the water based MWFs and isassociated with various health effects, such as skin 
dermatitis and respiratory problems. To identify the risks and elaborate safe exposure 
thresholds, the microbiology of air and MWF samples from industrial workplaces must 
be characterized, which means the airborne microorganisms must be identified and 
quantified. This review summarizes the principle of exposure to microorganism 
contamination in relationship to the bacterial characterisation. A survey of the literature 
with regard to the levels of airborne bacteria and fungi in machining industries is also 
provided in thispaper. This review shows that very complex microbial contaminant 
sources are present in industrial settings, thevariability of which makes it difficult to 
predict the biodiversity in such an environment.Conclusion:In general, water based 
MWFs areexcellent for microbial growth. The review highlights the health implications 
of microbial exposure from the usage of MWFs. Thus, it is recommended that further 
research addresses the dynamics of the microbial and chemical changes that occur over 
time in the MWFs used in the machining operation. 
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INTRODUCTION 

Metalworking fluids (MWFs) are commonly used in the machining industry during metal working 
processes, such as cutting, turning, milling, drilling and grinding. These fluids are used extensively as industrial 
lubricants to lubricate and cool the metalworking operation by reducing friction at the tool
and carrying away heat. MWFs are also used to wash away waste metal debris, and improve the machining 
performance, thus prolonging the life of the cutting tool [1]. 

ccupational Exposure Survey (NOES) by the National Safety and Health, it is 
estimated that 1.2 million workers are potentially exposed to metalworking fluids (MWFs) [2]. Workers may be 
exposed to MWFs by inhalation of the diluted fluids mist or skin absorption contact with the MWFs during the 
handling of work pieces coated with the fluids [3]. Exposure to MWFs may lead to adverse health effects, such 
as skin and respiratory health problems. Dermatitis and skin problems are the most common complaints 

Microbial contaminants in the occupational environment are associated with a wide range of health effects 
with major public health impacts including infectious disease, acute toxic effects, allergies, respiratory 

and lung function impairment [4].The MWFs are still easily contaminated by 
microbes even after treating the fluids with biocides and remain in the tanks [5].The breakdown product of 
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Metalworking fluids (MWFs) are commonly used in the machining industry during metal working 
processes, such as cutting, turning, milling, drilling and grinding. These fluids are used extensively as industrial 

ng operation by reducing friction at the tool-work piece interfaces 
and carrying away heat. MWFs are also used to wash away waste metal debris, and improve the machining 

ccupational Exposure Survey (NOES) by the National Safety and Health, it is 
estimated that 1.2 million workers are potentially exposed to metalworking fluids (MWFs) [2]. Workers may be 

tion contact with the MWFs during the 
handling of work pieces coated with the fluids [3]. Exposure to MWFs may lead to adverse health effects, such 
as skin and respiratory health problems. Dermatitis and skin problems are the most common complaints 

Microbial contaminants in the occupational environment are associated with a wide range of health effects 
with major public health impacts including infectious disease, acute toxic effects, allergies, respiratory 

and lung function impairment [4].The MWFs are still easily contaminated by 
microbes even after treating the fluids with biocides and remain in the tanks [5].The breakdown product of 
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biocides in the MWFs may serve as nutrients for microbial growth. The most common contaminants in MWFs 
are the gram-negative bacteria [6].  
 Since the most frequently used typesof MWF in the machining industry are water-based, the primary 
concern is the presence of contaminants that encourage the growth of bacteria and fungi. The biological agents 
present in the MWF liquids are emitted in the form of droplet bioaerosols during a rapid rotation of the working 
metal tools, which are inhaled by machine operators and causeadverse health effects mainly on the respiratory 
system [7]. The aim of this review is to evaluate the health implications of microbial exposure toMWFs 
bychemical and industrial machinists. 
  

MATERIALS AND METHODS 
 

 This paper is a review of the available literature and serves as a reference for further research on microbial 
exposure from metalworking fluids (MWFs). 
 The online sites of PubMed (http://www.pubmed.gov), Medline (http://medline.gov), and other 
electronic databases were used to identify relevant studies in the published literature from 1997 to 2014. 
Additional references were selected from reference lists in identified articles. From the identified papers, studies 
meeting the following eligibility criteria were selected: Studies of associations between the microbial exposure 
from the usage of MWFs among machinists. A case study, cross-sectional, case-control, cohort or experimental 
design. 
 

RESULTS AND DISCUSSION 
 
A. Types of MWF: 
 Metalworking fluids (MWFs) are also frequently known as coolants, lubricants, machining fluids and 
cutting oil [8]. MWFs comprise four major categories, which are straight oil, soluble oil, semi-synthetic fluids 
and synthetic fluids [1]. Many MWFs, except for the straight oils, are mixed with water beforeuse. The 
characteristics of each MWF are described below: 
 
Straight Oil:  
 This type of MWF is mostly made up of mineral (petroleum) or vegetable oils. The petroleum oils used for 
these fluids today tend to be "severely solvent refined" or "severely hydro treated" (refining processes 
thatreduce the cancer-causing substances called polynuclear aromatic hydrocarbons [PAHs] that are present in 
crude oil). Other oils, of animal, marine or synthetic origin, can also be used singly or in combination with 
straight oils to increase the wetting action and lubricity. 
 
Soluble Oil:  
 Soluble oil is also called emulsifiable oil, which comprises 30 to 85 percent of severely refined lubricant 
based oil and emulsifiers to help disperse the oil in water. The fluid concentrate usually includes other additives 
to improve performance and lengthen the life of the fluid. Soluble oil products are supplied as concentrates that 
are diluted with water to obtain the working fluid. They may have colorants added.  
 
Semisynthetic MWFs:  
 This type of MWF contains a lower amount of severely refined base oil, for example, 5 to 30 percent in the 
concentrate. Semisynthetic MWFs offer good lubrication, good heat reduction, and good rust control, have 
alonger sump life and are cleaner than soluble oils. They comprise many of the same ingredients as soluble oils 
and contain a more complex emulsifier package. 
 
Synthetic MWFs:  
 These MWF formulations do not contain any petroleum oil. They contain detergent-like components to help 
"wet" the part and other additives to improve performance. Like the other classes of water-miscible fluids, 
synthetic MWFs are designed to be diluted with water. 
 Among the four types of fluid, generally,synthetic MWFs are the cleanest, offer the best heat reduction, 
have excellent rust control, and offer longer sump life. In addition, this type of MWF is transparent (allowing 
the operator to see the work) and are largely unaffected by hard water [9].  
 
B. MWF Additives: 
 All MWF classes may contain additives, such as stabilizers, biocides, dispersants, dyes, and odorants. When 
MWFs are used, a primary concern is the presence of contaminants that encourage the growth of bacteria and 
fungi. In addition, there is a potential for oils to be heated high enough where the cutting tool works on the metal 
work piece to form polynuclear hydrocarbons (PAH's) [10]. 
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 Various chemical additives are formulated into MWFs in order to achieve specific performance 
requirements. Categories of common additives and their basic functions are shown in Table I. Additive 
“packages,” that is, combinations of chemical additives, may be introduced into MWF formulations to fulfil 
specific machining requirements, such as lubricity specifications, corrosion resistance, biocide effectiveness, 
high-speed/high-pressure applications, and so on [2]. 
 
Table 2.1: Examples of Metalworking fluids additives. 

Additive Type Example 
Corrosion inhibitor Amine carboxylates, amine borates, tolytriazole salts 

Emulsifiers Soaps, sulphonates, alkanolamides 
Couplers Glycol ethers 

Extreme pressure (EP) lubricants Sulphurized, phosphate compounds 
EPA-approved Biocides Trizines, oxazolidines, isothiazoloone, phenolics 

Lubricants Sulphurizedfatty oils, phosphate esters, dibasic acid esters. 
pH buffering Alkanolamines 
Dispersants Primary amino alcohols 

 
 Diluted MWFs that are contained in small sumps and large central systems are prone to microbial 
contamination by various species of bacteria, fungi, and algae. Metalworkers may be exposed to MWF aerosols 
of mixed composition that containintact microbial cells, cell fragments, and metabolites, in addition to the 
organic and inorganic compounds found in fluids, and the contaminants that enter fluids during routine 
operations [2]. 
 Major cleaning of the machines did not significantly reduce the overall average concentration of bacteria 
contained in the cutting fluids over a six-month period. The replacement of MWFs was reduced for the 
machines that underwent a major cleaning protocol and the use of biocides. Cultivable bacterial flora evaluated 
on TSA and MacConkey were shown to be controlled through the use of biocides [11]. 
 The biocidesused clearly extend the lifetime of MWFs, which might lead to their increased use by the 
industry. However, because of the health problems related to biocide use, other avenues for controlling the 
bacterial flora present in cutting fluids, such as filtration or ozone treatment, should be investigated. If biocides 
are used for microbiological control, proper fluid management practices should be implemented with minimal 
utilization of these products [12]. 
 
C. Microbiological Contamination of Water Based MWFs: 
 Microbiological contamination refers to the non-intended or accidental introduction of infectious material 
like bacteria, yeast, mould, fungi, virus, prions, protozoa or their toxins and by-products [13]. Microorganisms 
produce a variety of substances that can stimulate inflammatory, toxic or allergic (immune) reaction when 
inhaled.  Studies have found that gram negative bacteria, especially Pseudomonas spp., Burkholderiacapacia, 
and Acinetobacteriacalcoatius, are the major bacteria contaminants of MWFs. 
 Soluble MWFs are commonly used in themachining industry. These fluids represent a high potential for 
health risk due to the high water content present in the emulsion, which is excellent for microorganism growth 
[14]. Respiratory problems and skin problems resultfrom exposure to the microbial contaminants in MWFs. The 
biological agents present in the MWFs liquids are emitted in the form of droplet bioaerosols,which are inhaled 
by the machine operator during therapid rotation of the working metal tools,thereby causing adverse health 
effects,particularlyon the respiratory system [7]. 
 
D. Health Effects of MWFs: 
 While MWFs are safelyused by thousands of workers, problems could develop when good hygiene 
practices are not followed or when fluids are not properly managed or maintained. The major health concerns of 
improperly managed fluids or when good hygiene practices are not followed include skin irritation, allergic 
contact dermatitis, irritation of the eyes, nose and throat, and, occasionally, breathing difficulties, such as 
bronchitis and asthma. Although rare, some workers have contacted hypersensitivity pneumonitis (HP) from 
improperly managed fluids. HP is an allergic type reaction in the lungs that may be caused by exposure to 
certain microbial products. HP is marked by chills, fever, shortness of breath and a deep cough. Prior to 1985, 
the use of poorly refined mineral oils had been associated with an increased risk of cancers of the larynx, 
rectum, pancreas, skin, scrotum, and bladder. The following MWF references provide more hazard 
identification and health effects [10]. 
 MWFs may cause adverse health effects through skin contact with contaminated materials, spray, or mist, 
and inhalation from breathing the MWF mist or aerosol. Millions of workers engaged in the manufacture of 
automobiles, farm equipment, aircraft, heavy machinery, and other hardware are exposed to machining fluids 
[15].It is estimated that 1.2 million workers are potentially exposed to MWFs based on a National Occupational 
Exposure Survey (NOES) by the National Safety and Health [2].  Recent reports have documented that 
occupational exposure to MWF fluid mist is associated with respiratory symptoms. Occupational asthma and 
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hypersensitivity pneumonitis (HP) have been linked with exposureto MWFs. These findings have increased the 
concern about other adverse health effects that may affect machinists[9]. 
 A study in Poland indicated that there were increased risks of cough and acute symptoms suggestive of 
pneumonia found among the respondents who were exposed to the microbial contaminants in their workplace 
[16].In addition, based on the Centres for Disease Control and Prevention in USA, there were findings in a 
report thatrepresented one of the largest reports on the outbreaks of work-related respiratory illness in the 
machining environment in the United States, and the health implications wereestimated to affectone million 
workers exposed to MWFs. 
 Several other respiratory symptoms have been attributed to exposure to MWFs, such as cough, phlegm, 
wheeze, chest tightness, and chronic bronchitis. There are also reports of immunological responses to gram 
negative bacteria [17]. 
 Workers exposed to MWF mist and vapour have an increased risk of developing work-related asthma, 
bronchitis, irritation of the respiratory tract and breathing difficulties. It can also cause extrinsic allergic 
aveolitis, which can cause increasingly severe breathing difficulties in recurrent episodes, following repeated 
exposure. Exposure may also cause irritation to the eyes, nose and throat.Under suitable conditions, bacteria and 
fungi can grow well in MWFs. Inhalation of these bacteria, fungi or toxic by-products can cause irritation of the 
respiratory tract or flu-like symptoms, as well as making existing asthma symptoms worse [18]. 
 A serious health concern associated with MWFs isdermatitis. Every year, about 200 cases of contact 
dermatitis related to exposure to cutting oils and coolants are reported to the EPIDERM (European Prevention 
Initiative for Dermatological Malignancies).All types of metalworking fluid can cause irritation of the skin or 
dermatitis. Neat oils in regular and prolonged contact with the skin can cause irritation of the hair roots. Fine 
microscopic metal particles, which are generated during machining, can damage the skin and make any existing 
irritation worse [18]. 
 
Dermatitis can be caused: 
 By bacteria and their toxic by-products when these are present in the sump;  through contact with 
sensitising agents, such as chromium, nickel and cobalt, which can leach out from cutting tools and grinding 
wheels into metalworking fluids; and by chemicals thatare added to metalworking fluids, particularly for killing 
bacteria (biocides) or preventing corrosion 
 In the past, the use of unrefined mineral oils to the exposed skin, such as hands and forearm, led to skin 
cancer. Oil-soaked clothing and oily rags kept in overalls caused cancer of the scrotum. Today, the use of highly 
refined oils and the substitution of cancer-causing chemicals in MWFs, as well as changes in work practices and 
improved personal hygiene, have reduced the risk of cancer [17]. 
 
E. Biomakers: 
 The invasion of pathogens against the body cells trigger infection that leads to an immune response. 
Sometimes infection leads to disease. Disease can occur when immunity is low or impaired, when virulence of 
the pathogen is high, and when the number of pathogens in the body is high. Inflammation, or swelling caused 
by an increase of fluid in the infected area, is a sign that white blood cells are on the attack and releasing 
substances involved in the immune response [19]. 
 Very few biomarkers of exposure have been identified. Approximately 80% of serum immunoglobulin is 
made up of IgG the main task of which is to defend against microorganisms. IgG antibodies in the serum have 
been suggested as an indirect marker of exposure tofungi [20][21]. IgG antibodies may serve as anexcellent 
indicator and tool in assessing the exposure to microbial contaminants. Studiesshow that there is a significant 
elevation of IgG antibodies in response to bacterial antigens[6]. 
 Very few studies are available on the immune response to antigens in MWFs [5].  Based on previous 
studies, the IgG antibody responses were related to the microbial air concentration of the corresponding 
workplaces [6]. Immune response to environmental antigens was commonly related to disease.  
 The mycobacteria group was suspected ofbeing the causal agent in the infected workers. The first study 
reported cases of allergic alveolitis in metal turning plants, in which IgGs against Pseudomonas 
fluorescenswereinvestigated [14]. Exposure to MWFs containing a mixture of reactive and pro-inflammatory 
agents induced a toxic response in the upper cell lining, resulting in decreased formation of normally expressed 
immune defence protein [22]. 
 Previous studies on rats showed that the levels of endotoxin-specific antibodies, including IgG2a and IgE, 
increased significantly (P < 0.05) in the rats that were exposed to endotoxins. The results also showed that lung 
inflammatory responses were induced without changing the pulmonary function after repeated exposure to 
MWFs contaminated with endotoxins. Thus, the study concluded that endotoxin-specific IgG2a and IgE might 
be effective biomarkers for workers exposed to MWFs contaminated with endotoxins in workplaces [23]. 
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F. Workplace Risk Factors for Microbial Contamination ofMetalworking Fluids: 
 The findings from a study showed that the total number of bacteria collected with a Reuter centrifugal 
sampler on the air surrounding machines wasinversely related to the distance from the machines [6]. This 
showedthat the distance between MWF machines were associated with the microorganism concentration in the 
environment. 
 According to studies, the average concentrations of viable bacteria in MWF were from 105 to 108 cfu/ml 
[6]. The low level of microbial contaminants in MWF samples might be due to the addition of anti-bacterial 
agents (biocides) to the MWFs in most of the machines. However, even if biocides are added to the fluids, they 
can easily be contaminated by microbes, which remain on the surface of the water tanks when old fluids are 
replaced [5]. 
 According to a study, microorganism contaminations of air-handling units (AHUs) is common in buildings 
with central heating, ventilation, and air-conditioning (HVAC) systems, and are potential sources of 
contamination for occupied spaces. Fungi have been found growing on air filters, insulation, and cooling coils, 
as well as in the ducts. This contamination often contributes to building-related diseases, including both 
infectious diseases and hypersensitive diseases, such as allergic rhinitis, asthma, and hypersensitive pneumonitis 
[24]. Thus, circulatingthe contaminated air in the room together withpoor ventilation andno fresh incoming air 
will support the microbial growth. 
 Based on Laitinen et al. (1999), it can be concluded that environmental bacteria arethe most important 
source of worker’s exposure when working with MWFs [6]. 
 
Conclusion and contribution To Knowledge: 
 MWFs are widely used as lubricants in the machining industries. The most commonly used MWFs in 
Malaysian industry are water-based, which are very conducive for microbial growth, such as bacteria and fungi. 
Machineworkers are the most exposed to the contaminant of metalworking fluids. However, there is alack of 
related studieson exposure tometalworking fluids in Malaysia. Therefore, this review contributes knowledge 
concerning theinteraction affect between biological contaminants, so that action can be applied to prevent 
related health implications. Thus, effective control measures to prevent health impacts from the usage of 
metalworking fluids and the intervention to overcome matter can be taken in the future. 
 MWFs have been proven to be effective materials in improving various machining processes. However, the 
findings have demonstrated that several components of MWFs can contribute to various health effects. In 
general, water based MWFs areexcellent for microbial growth. It is recommended that further research is needed 
to address the dynamic of the microbial and chemical changes that occur over time in the MWFs used in 
machining operations. 
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