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Purpose of review
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Recent findings

Recent studies emphasize that work-related asthma and hypersensitivity pneumonitis
continue to be caused by exposure to metalworking fluid. Identification of an individual
patient indicates the need for follow-up investigations at the work site to prevent
additional disease and/or identify additional effected individuals. ldentification of the
causal agent for hypersensitivity pneumonitis has centered on microbial contamination
of metalworking fluids with a number of studies focusing on Mycobacterium
immunogenum.

Summary

Both asthma and hypersensitivity pneumonitis occur among workers exposed to
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metalworking fluid. The incidence of these diseases among such workers is unknown.
Outbreaks of these conditions continue to be identified among metal machinists.
Whether these are true outbreaks associated with some breakdown in workplace
controls or, rather the recognition of ongoing endemic disease that is typically
misdiagnosed as pneumonia or common adult onset asthma, needs further evaluation.
Further work to elucidate the specific causal agent(s) is necessary to affect effective
workplace controls. Treating an identified individual case as an index case with a follow-
up workplace investigation will only be possible if practicing physicians interact with

public health authorities to report newly diagnosed cases.
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Introduction

Metalworking fluid (MWF) is used in the machining and
shaping of metal parts. Table 1 summarizes the work
processes and respiratory conditions that have been
associated with MWF. Both obstructive disease — asthma
and chronic bronchitis — and restrictive disease — hyper-
sensitivity pneumonitis — occur from exposure to MWF.
With increased automation and substitution with alterna-
tive materials, the throughput of metal parts being pro-
cessed has increased in the last 30 years, and without
simultaneous changes in engineering and ventilation
controls had the potential to increase worker exposure,
although to a smaller number of workers. For example,
the increase in the use of water-based synthetic MWEs as
an alternative to the straight oil MWFs is presumably an
important factor for the repeated outbreaks of hypersen-
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sitivity pneumonitis, which were first recognized in the
mid-1990s [1,2].

Workers with exposure to MWF are generally in the
manufacturing sector. Like other blue-collar workers,
they generally have a higher prevalence of cigarette
smoking than the general population. This increased
prevalence of smoking in conjunction with workplace
exposures will increase the likelihood of chronic bron-
chitis and irritant symptoms more so than if the group
only smoked cigarettes or only had the workplace
exposures. On the contrary, the trend over time of a
decreasing prevalence of cigarette smoking in this popu-
lation as in the general population may be a contributing
factor in the increased recognition of hypersensitivity
pneumonitis since the development of hypersensitivity
pneumonitis is rare in cigarette smokers.
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Table 1 Work processes, exposures, and respiratory conditions
with exposure to metalworking fluids

Work process Exposure Respiratory conditions
Machining MWFs Asthma, bronchitis,
hypersensitivity pneumonitis,
irritative symptoms, |
aryngeal cancer, rhinitis
Forging/ Drawing Asthma, bronchitis,
stamping compounds hypersensitivity pneumonitis,

irritative symptoms, laryngeal
cancer, rhinitis

MWEF, metalworking fluid.

Work processes

The work processes that use MWF are metal machining,
forging, and stamping. The current US OSHA standard is
5mg/m® despite recommendations in 1998 from the
National Institute for Occupational Safety and Health
and in 1999 from an OSHA Metal Working Standard
Advisory Committee that the allowable level be reduced
to 0.5mg/m>. A 2007 study from Pennsylvania demon-
strated readily available engineering and work processes
to meet the lowered proposed standard [3°] and two 2008
surveys of industries in Finland and Sweden showed that
companies in these countries were below the even lower
air standard of 0.2 mg/m3 [4,5]. The American Confer-
ence of Governmental Industrial Hygienists has recom-
mended a threshold limit value of 0.2 mg/m®.

Metal machining

Although plastic has been substituted for many metal
parts, machining of metal parts remains a common activity.
An estimated 1.2 million workers in the USA do machining

with MWEF (NIOSH Metalworking Fluids website, http://
www.cdc.gov/niosh/topics/metalworking/). Metal pieces
need to be cut, drilled, shaped, and smoothed. In order
to facilitate this machining, MWFs are used. Alternative
names include metal removal fluids, cutting oils, lubri-
cants, machining fluids, and coolants. A patient is most
likely to refer to them as coolants, although their primary
properties are actually to remove metal particles, protect or
treat the surface of the metal being machined, and prolong
the life of the machining equipment. Figure 1 shows a
machining operation with MWF being used.

There are four types of MWFs: straight (mineral oil,
natural, neat), emulsified, semisynthetic, and synthetic
fluids. Straight fluid as the name implies is 100% petroleum
oil and generally is what was used prior to the 1970s. Water-
based oils are now more commonly used; emulsified oil is
an emulsion of mineral oil and water; semisynthetic fluids,
which contain smaller amounts of mineral oil than the
emulsified oils; and synthetic oils, which contain no
mineral oils. The three types of nonstraight MWFs are
water-based products and corrosion inhibitors as well as
dyes and biocides to inhibit microbiological growth are
added to these fluids. Typically, these fluids are collected
in sumps around the machining operations and repeatedly
reused in the machining process after the metal particles
are filtered out. Specific personnel are designated to check
the pH, assess the biological content, and put in additives
in response to the sampling results. These fluids are
not sterile and with repeated use multiple organisms
grow in the fluids and in biofilms on pipes, and containers.
These biofilms, which are an accumulation of microorgan-

Figure 1 Worker machining metal part in an auto part manufacturer
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isms (bacteria, fungi, and/or protozoa, with associated
bacteriophages and other viruses), embedded in a poly-
saccharide matrix and adherent to the surfaces of pipes and
containers, make it very difficult to eliminate particular
microorganisms.

Forging/stamping

Similar to machining, MWFs, called drawing compounds,
are used when cold rolled steel is stamped out into metal
parts (stamping) or compressive force is used on heated
metal to form metal parts to conform to the shape of dies
(forging). Both processes use drawing compounds, as
forging generally involves heated metal, pyrolysis, and
volatization of the drawing compound is likely to increase
the potential for exposure.

Specific respiratory conditions

Recent investigations have been focused on hypersensi-
tivity pneumonitis occurring with MWEF exposure,
although the incidence of asthma from exposure to
MWEF is at least equal if not greater than that of hyper-
sensitivity pneumonitis [6°°].

Work-related asthma

In two population-based surveillance systems, MWF is
the second most common cause of work-related asthma
[7,8]. In a 2008 study from the West Midlands of England,
MWF was the cause of 11% of the reported work-related
asthma with the most frequent cause of work-related
asthma being the isocyanates at 21% [7]. These results
are similar to those from a 2007 study from Michigan
where MWF was the cause of 11% and the isocyanates of
14% of the work-related asthma cases [8]. These results
are in contrast to a 2007 study from Finland that found
that although occupational skin disease was increased in
machinists, respiratory disease was not [9]. These low
rates of respiratory diseases in Finland may be secondary
to the more stringent workplace controls discussed in the
section on work processes [4].

Although microbiological contamination of nonstraight
MWFs has been associated with outbreaks of hypersen-
sitivity pneumonitis and there are concurrent cases of
work-related asthma during these outbreaks [6°°], the
causal agents for work-related asthma that have been
documented with specific antigen bronchoprovocation
antigen testing have all been chemicals. There have been
no recent studies that have provided data to support or
refute the role of microbiological contamination of MWF
rather than a chemical constituent as being the cause for
work-related asthma.

Case reports of work-related asthma documented by
specific antigen bronchoprovocation testing have been
reported with both used and unused emulsified MWF
[10,11]. Tall oil, a derivative of pine rosin, was deter-
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mined to be the causal agent in one of the studies [10]. A
common component of the water-based MWFs, an etha-
nolamine compound, has also been shown by specific
antigen bronchoprovocation testing to cause work-related
asthma [12]. Studies of cross-shift changes in FEV; have
reported the largest response among workers exposed to
the semisynthetic and synthetic MWFs [13,14]. Sim-
ilarly, a higher frequency of symptoms and prevalence
of work-related asthma was associated with the semisyn-
thetic and synthetic MWFs [15].

The diagnosis of work-related asthma from MWFs is
similar to the diagnosis of work-related asthma from other
chemicals. A new consensus statement from the Amer-
ican College of Chest Physicians is an excellent resource
for both diagnosing and managing work-related asthma
[16°°]. Healthcare providers need to inquire about a
patient’s employment at the time of onset of their
asthma. A temporal association of symptoms during the
day or at night after work with improvement on weekends
and vacations is a sensitive but nonspecific finding.
Unfortunately, however, this sensitive screening for
work-related asthma is often overlooked. It has been
consistently reported that physicians fail to document
and presumably fail to ask about their patient’s work and
whether their patient’s symptoms are associated with
work. Collecting pulmonary function testing in conjunc-
tion with the patient’s work allows the clinician to per-
form a natural challenge test, given the general unavail-
ability of a laboratory which will perform specific antigen
bronchoprovocation testing. With chronic exposure the
patient may lose the temporal pattern and even with
prolonged removal from work may continue to be symp-
tomatic [16°°]. Early diagnosis and removal from
exposure is the best predictor of which patients will
either have complete remission of their asthma or be
less likely to have progression of their disease defined as
having more symptoms, requiring more medication, or
developing lower FEV s. No skin tests nor IgE and IgG
antibody testing is available from commercial laboratories
for the MWFs or their components. The absence of a
positive methacholine challenge in a patient currently
exposed to MWFs is highly suggestive that the patient
does not have asthma but an alternative diagnosis such as
irritative symptoms or vocal cord dysfunction [16°°].

Hypersensitivity pneumonitis

Hypersensitivity pneumonitis from exposure to MWF
was first reported in the mid-1990s in a facility in Michi-
gan that manufactured auto parts [1]. A dozen or more
outbreaks have subsequently been reported in the litera-
ture with most studies from auto or auto parts manufac-
turing facilities [2,6°%,17-22]. The initial outbreak
involved six patients. Antibodies to pseudomonas were
identified in the cases of this initial study. The most
recent outbreak was reported in 2007 from an auto engine
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manufacturing facility in England [6°°]. In this latest
outbreak, 19 individuals met the case definition for
hypersensitivity pneumonitis and 74 for work-related
asthma. Eight met the criteria for both conditions. Seven
also met the case definition for ‘Humidifier fever’, which
was defined as recurrent flu-like symptoms worse on the
first day back to work after a break but no pulmonary
function or radiographic changes. In this latest outbreak,
workers had antibodies to actinobacter, or ochrobactrum
that had been cultured from the used MWEF. No cultures
or antibodies were found for mycobacterium species,
although in other recent outbreaks, Mycobacterium immu-
nogenum has been the most common suspected micro-
biologic causal agent that has been identified [2,19,22—
25]. Both live and heat-killed and lysed Mycobacterium
cause hypersensitivity pneumonitis in mice [26,27]. The
use of the biocide triazine as an additive in MWEF has
been associated with mycobacterial contamination [28].
However, the picture is not straightforward because as
with the most recent outbreak from England [6°°] there
have been other outbreaks when M. immunogenum has not
been found [2,17] and M. immunogenum has been found in
MWEF in facilities without cases of hypersensitivity pneu-
monitis [29]. M. immunogenum is difficult to culture and
identify from MWF and three publications from 2008
identify more sensitive methods involving PCR or fluor-
escence microscopy [30,31°%,32]. These more sensitive
methods were not used in the two studies reported above
that did not detect M. immunogenum [6°°,17].

Patients with hypersensitivity pneumonitis have symp-
toms of cough, dyspnea and fever, ground glass opacifica-
tion on their HRCT, and restrictive changes on spiro-
metry and plethysmography and decreased diffusing
capacity. Patients suffering from hypersensitivity pneu-
monitis are usually nonsmokers. An in-vivo study in mice
and an in-vitro study in a mouse cell line have shown that
nicotine inhibited alveolar macrophages and the inflam-
matory response [33]. The other factor known to influ-
ence the development of hypersensitivity pneumonitis is
pregnancy. The most common cause of microchimerism,
which is the persistence of foreign cells in an individual,
is pregnancy with the persistence of fetal cells. Micro-
chimeric cells have been associated with autoimmune
diseases. A study in 2007 of 175 women, who had all been
previously pregnant, found that the 103 women with
hypersensitivity pneumonitis from exposure to pigeons
had an increase in the presence of male fetal cells in their
lungs versus 43 healthy control women and 30 women
with idiopathic fibrosis, even though the idiopathic pul-
monary fibrosis (IPF) women had delivered more sons
[34]. Although this study did not involve MWEF, it is
potentially relevant to women who work as machinists.

Respiratory symptoms and radiograph changes will clear
and pulmonary function changes will markedly improve

over a period of months if the patient is removed from
exposure soon after the onset of symptoms. If the patient is
not removed from exposure, then fibrosis and increased
respiratory symptoms are increasingly likely to occur as the
exposure continues and the symptoms and radiographic
changes are less likely to clear after removal from exposure.

The sporadic nature of these outbreaks has remained
perplexing. Are there truly outbreaks associated with over-
growth of certain microbiological species or are there
endemic, ongoing cases that are misdiagnosed as atypical
pneumonia. Individual case reports including one in 2008
as well as outbreaks involving multiple cases also appear in
the medical literature [35,36°]. If during the time the
patient is off work, changes are made to the worksite such
as cleaning tanks, replacing all the MWF with new unused
MWE, or addition of a biocide so that when the patient
returns to work the causal biological agent is not present, or
present in a much lower concentration; the fact that the
patient was misdiagnosed with atypical pneumonia may
never be recognized. Typically, when an outbreak is
identified, changes in the use of the MWF as described
above are instituted as well as improvements in ventilation
controls. The actual workplace changes that cause the
outbreak to end have not been identified since multiple
interventions are typically instituted at the same time.

Increased automation of machining with faster machines
causing more aerosolization and increased use of water-
based MWFs is the presumed reason that hypersensitiv-
ity pneumonitis was not recognized in association with
this work process until the 1990s. Microbial growth does
not occur in straight oil and hypersensitivity pneumonitis
has not been reported in machining operations in which
only straight oils are used. The current US OSHA stan-
dard for oil mist of 5mg/m” is not sufficiently protective
to prevent hypersensitivity pneumonitis when emulsified
or semisynthetic MWFs are used or relevant to
microbiological contamination.

Irritative symptoms/chronic bronchitis

Exposure to water-based MWF is associated with respir-
atory symptoms, bronchitis, rhinitis, and doctor visits for
respiratory symptoms [15,35,36°,37—-40].

Cancer

There are studies reporting a cancer risk from exposure to
natural (straight) MWFs (mineral oils), with the best
evidence of an association between MWFs and cancer
being for laryngeal cancer and the nonrespiratory cancers
of bladder, pancreas, rectum, scrotum, and skin [37].

Other respiratory conditions

Historically, there have been case reports of lipoid pneu-
monia among individuals working around straight MWF.
Current exposures to the straight oils are usually too well
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controlled and the synthetic oils do not contain petroleum
products to cause this condition. Another condition of
historical interest is Pontiac fever, an influenza-like con-
dition that was reported in an engine-manufacturing
plant using water-based MWF. Patients had antibodies
to a species of legionella but no evidence of pneumonia
[37]. Although theoretically possible, there are no studies
that indicate an increased risk of pneumonia among
individuals who work with MWF contaminated with
microbiological agents. Endotoxin, which is produced
by the Gram-negative bacteria commonly found in
MWFE, has been associated with flu-like symptoms with-
out radiographic or pulmonary function changes. This is
the presumed cause for the ‘Humidifier fever’ cases
described in the recent outbreak in England [6°°].

Conclusion

Exposure to the common MWF currently used in industry
causes both work-related asthma and hypersensitivity
pneumonitis. Recent work has concentrated on the pre-
sumed relationship between the microbiological contami-
nation of MWF with M. immunogenum as the cause of
hypersensitivity pneumonitis. The best documentation
for the cause of work-related asthma and MWF is for
the chemical constituents rather than a microbial contami-
nation. However, when outbreaks of hypersensitivity
pneumonitis occur, there has been a simultaneous recog-
nition of work-related asthma, which suggests the same
microbiologic agent is responsible for both diseases at least
during outbreaks.

Clinicians need to consider whether their adult patients
with asthma or suspected community-acquired pneumo-
nia who may really have hypersensitivity pneumonitis
have exposure to MWEF. The recognition of the association
of asthma and/or hypersensitivity pneumonitis with MWF
is very important in treating a patient since removal from
exposure is the most effective treatment modality.
Additionally, this recognition of an association in an indi-
vidual patient has significant public health importance.
Follow-up at the work site by public health authorities of
this patient is important to both identify and prevent
additional cases as well as to further elucidate the specific
causal agent(s) and work processes that cause these
conditions.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

e of special interest

ee of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 178).

1 Bernstein DI, Lummus ZL, Santilli G, et al. Machine operator's lung a
hypersensitivity pneumonitis disorder associated with exposure to metalwork-
ing fluids aerosols. Chest 1995; 1008:636—-641.

2 Kreiss K, Cox-Ganser J. Metalworking fluid-associated hypersensitivity pneu-
monitis: a workshop summary. Am J Ind Med 1997; 32:423-432.

3  Sheehan MJ, Hands D. Metal working fluid mist: strategies to reduce ex-

e posure: a comparison of new and old transmission case transfer lines. J
Occup Environ Hyg 2007; 4:288-300.

Description of relatively simple approach to reduce workplace exposure to MWF.

4 Suuronen K, Henriks-Eckerman ML, Riala R, et al. Respiratory exposure to
components of water-miscible metalworking fluids. Ann Occup Hyg 2008;
52:607-614.

5 Lillenberg L, Burdorf A, Mathiasson L, et al. Exposure to metalworking fluid
aerosols and determinants of exposure. Ann Occup Hyg 2008; 52:597-605.

6 Robertson W, Robertson AS, Burge CBSG, et al. Clinical investigation of an

ee outbreak of alveolitis and asthma in a car engine manufacturing plant. Thorax
2007; 62:981-990.

Study of a recent outbreak of hypersensitivity pneumonitis in an automotive engine

facility with concurrent recognition of work-related asthma.

7 Bakerly ND, Moore VC, Vellore AD, et al. Fifteen-year trends in occupational
asthma: data from the shield surveillance scheme. Occup Med (Lond) 2008;
58:169-174.

8 Rosenman KD, Reilly MJ, Kalinowski D. Annual report on work-related asthma
in Michigan. East Lansing, Michigan (11/13/07); 2006 http://www.oem.m-
su.edu/asthma/06WRA _all.pdf (accessed 10/29/2008).

9  Suuronen K, Aalto-Korte K, Piipari R, et al. Occupational dermatitis and
allergic respiratory diseases in Finnish metalworking machinists. Occup
Med 2007; 567:277-283.

10 Hendy MS, Beattie BE, Burge PS. Occupational asthma due to an emulsified
oil mist. Br J Ind Med 1985; 42:51-54.

11 Robertson AS, Weir DC, Burge PS. Occupational asthma due to oil mists.
Thorax 1988; 43:200-205.

12 Savonius B, Keskinen H, Tuppurainen M, et al. Occupational asthma caused
by ethanolamines. Allergy 1994; 49:877-881.

13 Eisen EA, Holcroft CA, Greaves IA, et al. A strategy to reduced healthy worker
effect in a cross-sectional study of asthma and metal working fluids. Am J Ind
Med 1997, 31:671-677.

14 Kennedy SM, Chan-Yeng M, Teschke K, et al. Change in airway responsive-
ness among apprentices exposed to metal working fluids. Am J Respir Crit
Care Med 1999; 159:87-93.

15 Rosenman KD, Reilly MJ, Kalinowski D. Work-related asthma and respiratory
symptoms among workers exposed to metalworking fluids. Am J Ind Med
1997; 32:325-331.

16 Tarlo SM, Balmes J, Balkissoon R, et al. Diagnosis and management of work-

ee related asthma: American College of Chest Physicians Consensus State-
ment. Chest 2008; 134 (Suppl):1S-41S.

Recent consensus statement on the diagnosis and management of work-related

asthma.

17 Hodgson MJ, Bracker A, Yang C, et al. Hypersensitivity pneumonitis in a
metalworking environment. Am J Ind Med 2001; 39:616-628.

18 Fox J, Anderson H, Moen T, et al. Metalworking fluid-associated hypersensi-
tivity pneumonitis: an outbreak investigation and case —control study. Am J Ind
Med 1999; 35:58-67.

19 Gupta A, Rosenman KD. Hypersensitivity pneumonitis due to metalworking
fluids: sporadic or under-reported? Am J Ind Med 2006; 49:423-433.

20 Bracker A, Storey E, Yang C, et al. An outbreak of hypersensitivity pneumonitis
at a metalworking plant: a longitudinal assessment of intervention effective-
ness. Appl Occup Environ Hyg 2003; 18:96—-108.

21 Trout D, Weissman DN, Lewis D, et al. Evaluation of hypersensitivity pneu-
monitis among workers exposed to metal removal fluids. Appl Occup Environ
Hyg 2003; 18:953-960.

22 Weiss LPC, Lewis R, Rossmoore H, et al. Respiratory illness in workers
exposed to Metalworking fluid contaminated with nontuberculous mycobac-
teria: Ohio, 2001. Morbid Mortal Wkly Rep 2002; 51:349-352.

23 Shelton BG, Flanders DW, Morris GK. Mycobacterium sp. as a possible
cause of hypersensitivity pneumonitis in machine workers. Emerg Infect Dis
1999; 5:270-273.

24 Wallace RJ, Zhang Y, Wilson RW, et al. Presence of a single genotype of the
newly described species Mycobacterium immunogenum in industrial metal-
working fluids associated with hypersensitivity pneumonitis. Appl Environ
Micro 2002; 68:5580-5584.

25 Wilson RW, Steingrube VA, Bottger EC, et al. Mycobacterium immunogenum
sp. nov., a novel species related to Mycobacterium abscessus and associated
with clinical disease, pseudooutbreaks and contaminated metalworking
fluids: an international co-operative study on mycobacterial taxonomy. Int J
Syst Evol Microbiol 2001; 51:1751-1764.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://www.oem.msu.edu/asthma/06WRA_all.pdf
http://www.oem.msu.edu/asthma/06WRA_all.pdf

102 Occupational disease

26

27

28

29

30

31

Thorne PS, Adamcakova-Dodd A, Kelly KM, et al. Metalworking fluid with
mycobacteria and endotoxin induces hypersensitivity pneumonitis in mice. Am
J Respir Crit Care Med 2006; 173:759-768.

Gordon T, Nadziejko C, Galdanes K, et al. Mycobacterium immunogenum
causes hypersensitivity pneumonitis-like pathology in mice. Inhal Toxicol
2006; 18:449-456.

Watt WD. Observations on the relationship between triazines and mycobac-
teria in metal removal fluids. Appl Occup Environ Hyg 2003; 18:961-
965.

Khan IU, Selvaraju SB, Yadav JS. Occurrence and characterization of multiple
novel genotypes of Mycobacterium immunogenum and Mycobacterium
chelonae in metal working fluids. FEMS Microbiol Ecol 2005; 54:329-
338.

Rhodes G, Fluri A, Verber J, et al. Detection of Mycobacterium immunogenum
by real-time quantitative Tagman PCR. J Microbiol Methods 2008; 73:266—
268.

Selvaraju SB, Khan IU, Yadav JS. Specific detection and quantification of
culturable and nonculturable mycobacteria in metalworking fluids by fluores-
cence-based methods. Lett Appl Microbiol 2008; 47:451-456.

Description of rapid low-cost methods to identify M. immunogenum.

32

Veillette M, Page G, Thorne PS, et al. Real-time PCR quantification of
Mpycobacterium immunogenum in used metalworking fluids. J Occup Environ
Hyg 2008; 5:755-760.

33

34

35

36

Blanchet MR, Israel-Assayang E, Cormier Y. Inhibitory effect of nicotine on
experimental hypersensitivity pneumonitis in vivo and in vitro. Am J Respir Crit
Care Med 2004; 169:903-909.

Bustos ML, Frias S, Ramos S, et al. Local and circulating microchimerism is
associated with hypersensitivity pneumonitis. Am J Respir Crit Care Med
2007; 176:90-95.

Beckett W, Kallay M, Sood A, et al. Hypersensitivity pneumonitis associated with
environmental mycobacteria. Environ Health Perspect 2005; 113:767-770.

Morehead RS. A 51-year old man with emphysema and progressive dyspnea.
Chest 2008; 134:430-433.

Case report of hypersensitivity pneumonitis with discussion of diagnostic and
management issues.

37

38

39

40

NIOSH. Criteria for a Recommended Standard. Occupational exposure to
metalworking fluids. DHHS (NIOSH) Publication No. 98-102:1-223.

Park DU, Jin KW, Koh DH, et al. Association between use of synthetic
metalworking fluid and risk of developing rhinitis-related symptoms in an
automotive ring manufacturing plant. J Occup Health 2008; 50:212-220.

Robins T, Seixas N, Franzblau A, et al. Acute respiratory effects on workers
exposed to metalworking fluid aerosols in an automotive transmission plant.
Am J Ind Med 1997; 31:510-524.

Sprince NL, Thorne PS, Popendorf W, et al. Respiratory symptoms and lung
function abnormalities among machine operators in automobile production.
Am J Ind Med 1997; 31:403-413.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



	Asthma, hypersensitivity pneumonitis and other respiratory diseases caused by metalworking™fluids
	Introduction
	Work processes
	Metal machining
	Forging/stamping

	Specific respiratory conditions
	Work-related asthma
	Hypersensitivity pneumonitis
	Irritative symptoms/chronic bronchitis
	Cancer
	Other respiratory conditions

	Conclusion
	References and recommended reading


