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Purpose of review

To examine respiratory and skin diseases that occur among workers exposed to metalworking fluids

(MWFs) used during machining processes.

Recent findings

Five cases of a severe and previously unrecognized lung disease characterized by B-cell bronchiolitis and
alveolar ductitis with emphysema (BADE) were identified among workers at a machining facility that used
MWFs, although MWF exposure could not be confirmed as the etiology. In the United Kingdom, MWEF is
now the predominant cause of occupational hypersensitivity pneumonitis (HP). Under continuous conditions
associated with respiratory disease outbreaks, over a working lifetime of 45 years, workers exposed to
MWEF at 0.1 mg/m? are estimated to have a 45.3% risk of acquiring HP or occupational asthma under
outbreak conditions and a 3.0% risk assuming outbreak conditions exist in 5% of MWF environments. In
addition fo respiratory outcomes, skin diseases such as allergic and irritant contact dermatitis persist as
frequent causes of occupational disease following MWF exposure.

Summary

Healthcare providers need to consider MWF exposure as a potential cause for work-related respiratory and
skin diseases. Additional work is necessary to more definitively characterize any potential association
between MWF exposures and BADE. Medical surveillance should be implemented for workers regularly

exposed to MWF.
Keywords

B-cell bronchiolitis and alveolar ductitis with emphysema, dermatitis, hypersensitivity pneumonitis,

metalworking fluids, work-related asthma

Respiratory and dermatologic diseases associated
with metalworking fluid (MWF) exposure were last
reviewed in this journal in 2015 [1]. An estimated
1.2 million US workers are potentially exposed to
MWFs [2]. MWFs are used during machining pro-
cesses for the purposes of reducing friction, cooling,
preventing corrosion, and removing metal debris
[1,3"]. There are several types of MWFs, referred
to by different names, which can create confusion
in the medical literature (Table 1). Workers are
exposed to MWFs through direct skin contact when
handling bulk fluids or by inhalation of vapors,
mists, or dusts [3""]. MWFs are typically recycled
and can become contaminated with microorgan-
isms, which is associated with both a degradation
in performance and potentially harmful inhala-
tional exposures to microorganisms and their
byproducts [3*]. Biocides can be added to prevent
microbial contamination, but exposures to biocides
are also associated with adverse health events. The
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purpose of this review is to describe a previously
unrecognized severe lung disease that occurred
among workers exposed to MWF; provide updated
data regarding conditions related to MWF exposure,
including hypersensitivity pneumonitis (HP), occu-
pational asthma (OA), and dermatitis; and describe
controls that can be used to reduce worker exposure
to MWEF. This article does not review any potential
associations between MWF and cancer.
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Occupational disease

KEY POINTS

e Five cases of a severe and previously unrecognized
lung disease characterized by B-cell bronchiolitis and
alveolar ductitis with emphysema (BADE) were
identified among never-smoking production workers at
a machining facility that used metalworking fluids
(MWEF) designed to preferentially grow Pseudomonas
pseudoalcaligenes, although MWF exposure could not
be identified as the etiology of the disease cluster.

o A risk assessment for occupational MWF exposure and
hypersensitivity pneumonitis (HP) and occupational
asthma (OA) determined that if workers were
continuously exposed to conditions associated with HP
or OA outbreaks, over a working lifetime of 45 years,
workers exposed to MWF at 0.1 mg/m® would have a
45.3% risk of acquiring OA or HP under outbreak
conditions and an overall 3.0% risk of OA or HP
assuming that outbreak conditions exist in 5% of
MWEF environments.

e The predominant skin disease related to MWF
exposure is occupational contact dermatitis, and
because of the number of potential chemicals and
compositions of MWFs, identification of the causal
irritants or allergens can be difficult.

e Facilities should limit potentially harmful exposures to
MWEF by reducing airborne mists, maintaining fluid
quality, limiting bacterial contamination, and
minimizing skin exposures, and implementing a
medical monitoring program that includes symptom
evaluation and possibly spirometry.

Table 1. Metalworking fluid nomenclature and
classifications

Other names

Metalworking fluid
Machining fluid
Metal removal fluid
Mineral oil

Cutting fluid
Cutting oil
Working fluid

Type Definition

Straight mineral oil

Combination of oil
and water

Soluble or emulsified

Combination of oil
and water but
lower concentration
of oil than soluble type

Semi-synthetic

Synthetic No mineral oils
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B-cell lymphocytic bronchiolitis, alveolar
ductitis and emphysema (BADE)

During 2012-2016, the National Institute for Occu-
pational Safety and Health (NIOSH) evaluated the
environmental conditions and respiratory health of
workers in a machine-manufacturing facility where
MWFs were used [4,5%,6]. The NIOSH Health Hazard
Evaluation was initiated after an occupational med-
icine provider realized four patients receiving treat-
ment in a local clinic for severe lung disease were
employed at the same workplace, including one
worker who underwent lung transplantation [57].
Careful examination of lung tissue biopsy and
explanted lung specimens resulted in the identifica-
tion of a previously unrecognized occupational lung
disease with a unique histopathologic pattern
described as B-cell lymphocytic bronchiolitis, alve-
olar ductitis, and emphysema (BADE) (Fig. 1) [5].
During the evaluation, a fifth employee who had
been employed for <5 years at the time of initial
spirometry in 2013 sought treatment after serial
spirometry conducted in 2016 identified a severe
decline in forced expiratory volume in one second
(FEV1).

At the time of diagnosis, each of the five workers
worked in the production areas of the facility and
were young (27-50 years), never-smokers, with a
constellation of symptoms that included cough,
wheeze, exertional dyspnea, spirometric obstruction,
and reduced diffusing capacity. Pathological features
of the surgical biopsies from four workers and
explanted lung tissue specimen from one worker
included bronchiolocentric lymphocytic infiltrates
with CD20" B-cell primary lymphoid follicles in
the bronchioles and alveolar ducts (Fig. 1) [5"]. One
of the most striking features shared by all five workers
was prevalent centrilobular emphysema on high-res-
olution computed tomography. Bronchiectasis,
bronchial wall thickening, and air trapping were also
present. Although the presence of emphysema was
an unusual finding among these nonsmoking pro-
duction workers, emphysematous changes have
been reported in other potentially work-related con-
ditions, including chronic HP [7]. Emphysema is
also a common component in those with chronic
obstructive pulmonary disease or chronic obstructive
pulmonary disease (COPD); recent work by Lytras
et al. concluded that occupational exposures
accounted for 21% of COPD cases [8].

The microbial composition of both environ-
mental samples and specimens collected from work-
ers at the machining facility where BADE was
identified among production workers was evaluated

Volume 21 e Number 2 o April 2021

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Diseases among workers exposed to MWFs Nett et al.

FIGURE 1. Representative hematoxylin and eosin stains of explanted lung tissue and surgical lung biopsies highlight the
primary histological features of lymphoplasmacytic infiltrates with primary lymphoid follicles around the distal airways and
notable involvement of respiratory bronchioles and alveolar ducts, in addition to diffuse emphysema. (a) Low-power view,
highlighting peribronchiolar lymphoid aggregates with widespread emphysema. (b) Medium-power view, showing nonreactive
lymphoid follicles with nodular extensions into the alveolar ducts (arrows); emphysema also appreciated. (c, d) High-power
views of nodular lymphoid aggregates around a respiratory bronchiole and chronic inflammatory infiltrates expanding the
walls of the alveolar ducts. (e) Immunohistochemical staining for CD20, a B<ell marker, demonstrating B cells make up the
maijority of the primary follicles. [Reprinted with permission from Cummings et al. [5]].
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to gain a better understanding of the impact of
workplace environment on health [9]. The main
MWEF used at the facility when samples were col-
lected was a bioconcept MWF engineered to pro-
mote the growth of one organism, Pseudomonas
pseudoalcaligenes, which was considered by the man-
ufacturer to be a nonharmful bacterial species that
outcompetes other potentially harmful bacteria and
preserves the condition and stability of the MWF
[10,11]. The nasal, oral, and skin microbiota of
workers who worked in the machine shop where
MWFEF were used, compared with workers from other
areas of the facility, had greater similarity to the
microbiota present in the MWF specimens, and
Pseudomonas was the dominant taxon [9]. Further,
exposure of murine B-cells to bulk fluid MWF sam-
ples obtained at the facility resulted in B-cell prolif-
eration, which is of concern considering B-cell
follicles is a characteristic of BADE. These findings
indicate that further investigation is needed to char-
acterize the relationship, if any, between inhala-
tional exposure to MWF engineered to promote
the growth of P. pseudoalcaligenes and BADE, includ-
ing active surveillance for disease in multiple set-
tings other than the facility where the BADE was
described, along with animal exposure studies.

Hypersensitivity pneumonitis

MWE is now the predominant cause of occupational
HPin the United Kingdom [12]. Approximately 35% of
the 202 cases of occupational HP reported to surveil-
lance of work-related and occupational respiratory
disease during January 1996-2015 were attributed to
MWE, with the majority associated with outbreaks
[13]; this equated to an estimated 818 cases during
the study timeframe after accounting for cases submit-
ted by chest physicians using a sampling approach that
included a core group of physicians with an interest in
occupational respiratory diseases who submitted all
eligible cases and the other participating physicians
who submitted all eligible cases for one month of the
year only [14]. Using the estimated 818 cases that
occurred during the study timeframe and assuming
35% were caused by MWFE, the annual incidence in the
United Kingdom of occupational HP attributed to
MWF during the first three 5-year intervals was ~0.5
cases per 1 million workers and decreased to 0.4 cases
per 1 million workers during 2011-2015. Further, 36
(17%) of 206 total cases of HP identified at a United
Kingdom tertiary care center were caused by MWF
exposure [12]. Compared with HP cases from other
causes, MWF-related HP was significantly associated
with male sex, younger age, acute/subacute disease
onset, fever, weight loss, systemic features or recurrent
symptoms, crackles on examination, higher median
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percentage predicted values for forced vital capacity
(FVC) and diffusing capacity of the lung for carbon
monoxide (DLCO), more frequent lymphocytes on
bronchoalveolar lavage cytology, and less reticulation
on computed tomography.

Two case reports of HP were published that
demonstrated substantial growth of P. pseudoalcali-
genes in contaminated MWF recovered from each of
the patient’s worksites [15,16]. One patient also
underwent precipitin testing for 20 antigens; the
only strong positive was to P. pseudoalcaligenes
[15]. These two cases are noteworthy considering
the five cases of BADE presented above occurred in a
facility that used MWF designed to preferentially
allow growth of P. pseudoalcaligenes [5"], and brings
into question the safety of inhalational exposures to
MWEF contaminated with this bacteria. Using spe-
cific inhalational challenge (SIC) tests is the only
method for clearly establishing a particular antigen
or agent is the cause of HP [17]. Unfortunately, SICs
must be performed in a controlled setting and are
only available at select tertiary care settings. Addi-
tionally, it can be challenging to establish a specific
organism is the cause of HP considering antigens
produced under stress in contaminated MWF in a
workplace differ from those produced in a labora-
tory setting [17]. The use of recombinant antigens
specific to MWF can be used for SIC to aid in
establishing a definitive diagnosis [17,18].

In 2019, Park published a risk assessment for
MWF exposure and respiratory disease [3™"]. Inci-
dence rates for HP and OA were combined because
both diseases often occur together in MWF-related
outbreaks. The assessment estimated that if workers
were continuously exposed to conditions associated
with HP or OA outbreaks over a working lifetime of
45 years, which includes MWF exposure at 0.1 mg/
m?, their risk of acquiring OA or HP would be 45.3%,
and their overall risk of OA or HP would be 3.0%
assuming a 5% prevalence of outbreak conditions.
These findings underscore the need to conduct
medical surveillance for workers exposed to MWF,
even at levels below occupational exposure limits.
MWFE-related HP should be considered in any worker
exposed to MWF who develops interstitial lung
disease of unknown etiology; establishing a diagno-
sis requires a multidisciplinary team approach [19].
Each case of occupational HP should be treated as a
sentinel event prompting the evaluation of the
workplace and assessment of the workforce’s
respiratory health.

Asthma

In recent years, reporting of OA following MWF
exposure has decreased. Rosenman posited that
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improved ventilation controls and enclosure of
newer machines with local exhaust ventilation
reduced the level of exposure to chemical sensitizers
and thus the potential risk of sensitization [1].
Some studies have evaluated peak expiratory flow
(PEF) measurements following an OA outbreak attrib-
uted to MWFs. Burge et al. examined serial PEF meas-
urements following exposure to MWF in a UK factory
[20]. Workers identified as having OA or allergic
alveolitis underwent serial PEF measurements and
were found to have significant reductions in PEF.
However, PEF measurements could not distinguish
workers with OA from those with alveolitis. Immedi-
ate declines in PEF were notable in OA, whereas late
reactions were more consistent with a diagnosis of
alveolitis. Workers with both OA and alveolitis also
exhibited decrementsin FEV1, FVC, and DLCO. Ilgaz
et al. performed serial PEF measurements on workers
with sensitizer-induced OA caused by MWF aerosols
for the purpose of evaluating trends in PEF perfor-
mance before and after work following the imple-
mented use of respiratory protective equipment [21].
The authors demonstrated that following sensitiza-
tion, respiratory protective equipment prevented sig-
nificant reductions in PEF measurements in the
majority of workers with OA, but only eliminated
work-related decreases in PEF in 25% of workers.
These findings highlight the need for source control
in industrial settings that use MWF and the need for
ongoing monitoring of symptoms and spirometry
after respiratory protection is implemented.
Respiratory irritation and symptoms consistent
with asthma (e.g., shortness of breath, chest tight-
ness, wheeze) are common among workers who
experience MWF exposures. In addition to the life-
time risk of adverse respiratory health effects from
HP and OA studied by Park, exposure to MWF at
0.1mg/m® also resulted in excess risk of FEV1
decline [3""]. Therefore, use of spirometry as an
adjunct to medical surveillance might be warranted
because early identification of changes in FEV1
could indicate sensitization or potentially COPD.

Skin contact with MWF can occur before, during, or
after machining processes. Exposures to either
petroleum-based or water-based MWFs are well-
known causes of occupational skin disease, most
commonly resulting in contact dermatitis. Occupa-
tional contact dermatitis, primarily irritant contact
dermatitis (ICD) and allergic contact dermatitis
(ACD), is thought to cause 90-95% of all occupa-
tional skin diseases [22].

MWFs are a broad class of chemicals and can
contain a variety of chemical ingredients with
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variable composition. This varied chemical expo-
sure often makes it difficult to distinguish the exact
causal agent resulting in skin disease. However,
allergens responsible for ACD can be identified
using patch testing. Since 2014, a number of case
studies have described occupational dermatitis in
metalworkers. These chemicals constitute recog-
nized occupational allergens within MWFs, and
include N-butyl-1; 2-benzisothiazolin-3-one; 2-
butyl-1,2-benzisothiazol-3 (2H)-one; 2-amino-2-
methyl-1-propanol; colophonium; and methyl-
chloroisothiazolinone/methylisothiazolinone [23-
26]. A study by Alinaghi et al. (2020) found that
considerable concentrations of metals that can
cause ACD, including chromium, nickel, and cobalt,
can be found in both used and unused MWFs,
presenting an additional potential allergen exposure
for metalworkers [27].

Skin diseases continue to be the predominant
diagnoses related to occupational exposure to MWE.
A retrospective analysis of 39,331 patch-tested pro-
duction workers in North America revealed that the
prevalence of ACD and ICD was significantly higher
in production workers than nonproduction workers
[28]. Warshaw et al. identified MWF as a common
allergen source resulting in 6.8% of positive patch
test results among production workers.

In Germany, a cohort study used questionnaire
data to identify MWEF exposures in 230 metal-
workers during 2012-2017 [29]. Of the 230 metal-
workers identified, 188 (81.7%) were suspected to
have occupational dermatitis, of which 138 had self-
reported work exposure to MWF. Machining activi-
ties were the predominant activities reported among
this cohort of metalworkers. The most common
diagnosis among the 230 metalworkers was chronic
ICD (39.6%), followed by atopic dermatitis (23.5%)
and ACD (14.8%). Of the 58 metalworkers with
occupational hand dermatitis that underwent patch
testing, 11 (18.7%) tested positive for reactivity to
water-based MWFs.

In Switzerland, Koller et al. carried out a descrip-
tive analysis of occupational diseases associated
with MWF that occurred during 2004-2013 [30].
The authors identified 1385 cases of occupational
diseases attributable to MWF; of these, 1280 (92%)
were skin disease. Consistent with other studies,
contact dermatitis was the most commonly diag-
nosed skin disease (n=1261, 98.5%). A trend analy-
sis demonstrated the prevalence of occupational
skin disease related to MWF decreased over the
period of study. The authors attributed this decline
to intensive efforts to improve skin protection in
Swiss workplaces, and a likely reduction in skin
exposure although attempting to prevent inhala-
tional exposures and respiratory outcomes.
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In a review of risk assessment and respiratory
outcomes, Park noted a prevalence of dermal disor-
ders of 0.10-0.85 per 1000 in studies following acute
outbreaks of respiratory diseases from MWFs [3™].
Park noted that regulating MWF exposures known
to cause respiratory effects could also substantially
reduce dermal exposures through the implementa-
tion of engineering controls and additional mea-
sures. As facilities strive to reduce MWF exposures
and consider implementing medical surveillance
programs for exposed workers, an assessment of skin
symptoms should accompany respiratory symptoms
as a part of the evaluation process.

Machining activities in manufacturing facilities neces-
sitate the use of MWFs. The identification of a previ-
ously unrecognized and severe lung disease like BADE,
and continued reports of HP, asthma, work-related
symptoms including nasal symptoms and wheeze,
and dermatitis [1,6,17,29,31-34], reinforce the need
for diligent exposure control in settings where MWF
are used. Key components of an exposure control
strategy include maintaining fluid quality, limiting
bacterial contamination, limiting airborne mists, and
minimizing skin exposure to MWEF.

Facilities that use MWF should have a fluid man-
agement system that includes a fluid maintenance
schedule. MWFs are commonly colonized with a
variety of microorganisms requiring monitoring
and control. MWFs with bacterial concentrations
>10° colony-forming units per milliliter (CFU/mL)
are poorly controlled and should be addressed imme-
diately, which might require draining and a thor-
ough cleaning of the system [35]. Facilities using a
bioconcept fluid should consult with the fluid man-
ufacturer for guidance on proper management.

The proper design and operation of MWF deliv-
ery systems can minimize mist and vapor generation.
Exhaust ventilation systems can prevent the recircu-
lation of contaminants in workplace air. NIOSH rec-
ommends limiting exposures to MWF aerosols to
0.4mg/m* for the thoracic particulate mass as a
time-weighted average concentration for up to 10h
per day during a 40-h workweek [36]. Employees
should minimize skin contact with MWFs as much
as possible to prevent skin disorders. Facilities that
use MWFs should consider implementing medical
monitoring that includes a regular assessment of skin
and respiratory symptoms, and possibly spirometry.

Additional work is necessary to more definitively
characterize any potential association between

126 www.co-allergy.com

BADE and inhalational exposures to MWF designed
to allow for preferential growth of P. pseudoalcali-
genes. Likewise, more work is also necessary to
understand the role inhalational exposure plays
regarding MWF contaminated with P. pseudoalcali-
genes and HP. Contact dermatitis continues to per-
sist as a common occupational disease following
MWEF exposure, with MWF components continually
identified as causal allergens. Facilities should limit
potentially harmful exposures to MWF by reducing
airborne mists to as low as feasible, maintaining
fluid quality, limiting bacterial contamination,
and minimizing skin exposures.
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