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ABSTRACT: Exposure to bioaerosols is a critical occupational issue that requires close atiention.
Workers in several occupational environments. such as health care, agriculture, animal production. waste,
fishery, forestry, mining, construction. and day care are exposed 1o higher risks ol biological hazards due
o work characteristics. This review intends 1o provide information on what is currently known about
sampling methods to achieve mycobiota cxposure assessment, since fungal burden charactenization con-
linuous 10 be a chatlenging task for every industrial hygienist. A brief description about Research Group
Environment & Health (GIAS) contribution on this topic is alse given with an overview of the developed
and ongoing projects. Passive and active methods should be applied in paralfel 1o ensure a more precise
occupational exposure assessment to the fungal contamination. Increasing the number of different sam-
pling methods will enrich data tindings enabling industrial hygicnists to perform risk characterization.

1 INTRODUCTION

Airborne microorganisms might pose an occupa-
tional hazard when present in high concentrations
in occupational environments resulling in health
problems (Stetzenbach. Butiner & Cruz 2004), The
presence of high levels of bioacrosols, and more
specifically the mycobiota content. is frequently
the result of the natural colonization of an organic
substralc present in the workstation but may also
be intentionally added (the case of food industry)
(Oplliger 2014). Therefore. exposure o bivaerosols
is a critical occupational issue that requires close
attention (Wang et al. 2015). The workers in differ-
ent seltings, such as health care. agriculture, animal
production. waste. fishery, forestry, mining, con-
struction, and day care are exposed to higher risks
of biological hazards because of the work char-
acteristics (Wang et al. 2015; Viegas et al. 2015a).
Numerous studics have indicated that these work-
ers have higher prevalence rates of respiratory dis-
eases and airway inflammation (Heldal et al. 2003;
Bang et al. 2005: Heederik et al. 2007; Cox-Ganser
et al. 2009).

Of note, is the uniquely of each bioaerosol sam-
ple as its composition varies in time and space
(abundance and diversity of species) (Oppliger
2014). Thus, exposure assessment to bioacrosols
and more specifically to the mycological content,
remains to be a challenging 1ask for every industrial

hygienist. Occupational exposure lo microbiologi-
cal nisks can be estimated using a variety of dif-
ferent methods and each situation is wnique and
requires specific methodology (Oppliger 2014:
Viegas et al. 2015a).

Information about on what is currently known
concerning sampling methods to achieve mycohi-
ola exposure assessment will be provided. In addi-
tion, a bricf description about Research Group
Environment & Health (GIAS) contribution on
this topic is also given with an overview of the
developed and ongoing projects.

2 SAMPLING METHODS

2.1 Active methods

The active methods devices used to sample air-
borne fungi mainly rely on threc different prin-
ciples namely, impaction. impingement and
filtration (Mandal & Brandl 2011; Viegas et al,
2013a). Impaciors use solid media such as agar to
collect bioaerosols by impactation, Their casiness
o handle and the cheap cost are major advan-
tages (Zollinger. Krebs & Brandl, 2006: Viegas
et al. 2015a). The colonies number can be counted
by visual inspection after incubation resulting
in a direct quantitative estimate of the number
of culturable fungi in the volume of air sampled
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2iM3a). This method is the chosen by ACGIH
(Verhoeff. Van Wijnen & Brunekrecf 1992) and
recommended by the Canadian Health Organiza-
tion (Health Canada [993).

Inimpingers particle collection is based on liquid
media. Normally, sampled air is drawn by suction
through a narrow inlet wwbe into a small ilask con-
taining the coilection medium. Once the sampiing
is complete, aliquots of the collection liguid can
be cultivated in appropriate growth media to enu-
merate viable microorganisms allowing quantila-
tive determinations. since the sample volumes and
sampling times can be previous defined (Zollinger.,
Krebs & Brandl 2006: Viegas et al. 20152). For-
merly known as scrubbers, they are often neces-
sary in occupational settings with higher fungal
loads. This approach. besides allowing dilution of
the sample prior to plate incubation, atso casier the
application of molecular tools since a liquid air
sample is expected after the sampling, Both these
features arc not generally possible with samplers
that employ impaction on solid media {Thorne &
Heederik 1999: Viegas et al. 20135a). On the down-
side. fungi present in small numbers and as single
units may be less represented (Macher 2001) and
impingers cannot operate tor long periods since
liquid evaporation can humper the fungi viability
{De Nuntiis et al. 2003).

Filtration samplers collect particies air through
suction filters. Air is drawn by a vacuum linc
through a membrane filter that can be made of
uluss fibre, Polyvinylchloride (PVC). polycarbonate
or cellulose acctate or gelatin (Mandal & Brandl
2011). The filter membrane can be placed on a cul-
ture media and incubated to allow Mungal growth
or even digested with a tampon solution such as
sterile Phosphate Buflered Saline (PBS) and then
inoculated in the sclected media (Sudharsanam
ctal. 2002: Viegas et al. 2015a). Filier samples can
also be dispersed in a liquid prior 1o cultivation
cnabling higher colony counts (Viegas ct al. 2015)
and a more straightforward bench work in case of
applying molecular tools (Viegas et al. 2015a). Duc
to the risk of dehydration—since the surface where
the particles are collecled is completely dry—this
method is only suited for resistant microorganisms.
such as fungal spores (De Nuntiis et al. 2003).

Personal sampling is the ideal method for assess-
ing personal bioaerosol exposure (Wang ¢t al
2013). An perfect personal bioaerosol sampler
used in occupational environments should be light
and robust, noninterfering with the work tasks,
able to collect selected bioacrosols, and with suit-
able biological sampling cificiencies (Agranovski
ct al. 2002). The [iliration method is the one gen-
crally applied for personal bicaerosol exposute
assessment.

2.2 Passive methods

Passive sampling provides a valid risk assessment as
1t measures the harmful part of the airborne popu-
lation which [falls onto a eritival surface (French
ct al, 1980). In less contaminated occupational
environments, such as hospiial facilities. passive
monitoring uses mainly “settle plates™, which are
standard Petri dishes. These plates contain culture
media exposcd to the air for a given tme in order
to cotlect biological particles which “sediment™ out
and are then incubated. Results are expressed in
CFU/plate/time or in CFU/m*hour (Pasquarella,
Pitzurra & Savino 2000). This method was alrcady
reported as the only method applied 1o ensure the
bioburden exposure assessment (Hayleeyesus &
Manaye 2014).

In sctrings with higher mycobiota burden the
trend is to complement active methods with differ-
ent passive methods such as surface swab (Viegas
et al. 2016} and. more recently. Electrostatic Dust
Cloth (EDC) (Normand et al, 2009 Viegas et al.
201 7¢).

Surface swabs complement microbiological
characterization of the air and are used in orvder
to identify contamination sources and to cvaluate
effivacy of surface cleaning and disinfection pro-
cedures { Klanova & Hollerova 2003; Stetzenbach,
Buttner & Cruz 2004; Viegas ct al. 2016¢). Surface
samples are collect by swabbing the surfaces using
a 1t x 10 em? stendil disinfected with 70% alcohol
solution between samples according to the Interna-
tional Standard 1SO 18593 (2004). Specifically for
the mycobiola assessment surface swabs already
showed higher diversity in terms of the number of
fungal species detected, as well as a higher Fungal
load, when compared with the air samples prov-
ing the relevance of analysis of the latter samples
in complementing the results obtained by air sam-
pling (Viegas et al. 2016c¢).

The EDC is an casy-10-use passive device that
consists on a polypropylene cloth (Kilburg-Basnyat
el al. 2016) and is increasingly being used because
it is electrostatic. inexpensive, easy to obtain, and
effective at collecting dust (Cozen et al. 2008).
EDCs employ clectric fibers which have revealed to
increase particle retention (Kilburg-Basnyat et al,
2016). Despite not widely used in occupational
cxposure assessments the main advantage from
EDC is that they can collect contamination from
a larger period of time (weeks to several months)
as in the analyzed papers. whercas air samples can
only reflect the load from a shorter period of time
(mostly minutes) (Viegas ct al. 2015a; Viegas et al.
2017c).

The importance to employ, in parallel. active
methods and passive methods was already reporied
(Brenier-Pinchart et al. 2009; Viegas et al. 2016c:
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Table 1. Sampling methods applied [rom the different projects developed and ongoing on GIAS.

Occupational Sampling and

setting Active methods Passive methods  analyses methods Reterence
Poultries [mpaciion Impinger  Surface swabs Impaction and surface swabs:  Viegas et al. 2014¢
WWTP Impaction Impinger  Surface swabg Culture based methods Vicgas et al. 20t4a
WTP Impaction Impinger  Surface swabs Impinger: Molecular Viegas ¢t al. 2014b

Surface swabs
Surface swabs
Surface swabs
Surface swabs

Impaction Impinger
Impaction Impinger
Impaction Impinger
Impaction Impinger

Cork Industry
Feed Industry
Slaughterhouses
Swine (on going)

Bakeries (ongoing)  Impaction Impinger  Surface swabs

Filiration EDC
Flospital facilities Impaction Impinger  Surface swabs
(starung) Filtration EDC

tools Viegas ¢ ul, 2015h
Viegas ¢f al. 2016a
Viegas et al. 2016b
Impacuon: Culture based
methods
Impinger and surface
swabs: Molecular tools
Impaction: Culiure based
methods
All the other sampling
methods applied cullure
bascd-methods and
molecular tools

Viegas et al. 2017¢) since active methods provide
information about the contlamination load. while
us-ing passive methods such as surface swabs and
EDCs gives us a more detailed scenario regarding
occupational exposure to mycobiota (Viegas et al.
17¢).

Of note. depending on each occupational envi-
ronment the assessment can be complemented with
different environmental matrices, such as litter and
feed in animal production (Sabino et al. 2012
Viegas et al. 2012 Viegas et al. 2013), air condi-
tioning filters from fork lifters managing wasic
(Viegas et al. 2017b). raw materials on feed indus-
try (Viegas et al. 2016a) settled dust in bakeries
(data not available). The obtained results besides
providing information about the contamination
sources can also enrich exposure assessment with
daia and, consequenily, the risk characterization.
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Since 2010 the Research Group Environment &
Health (GIAS) (rom Escola Superior de Tecno-
logia da Sadde de Lisboa. Instituto Politécnico
de Lisboa, has been focusing on the mycobiota
occupational exposure assessment in different
occupational  environments (Poultries. Waste
Watcr Treatment Plants - WWTP, Waste Treat-
ment Plants—WTP, Cork industry, Feed industry,
Slaughterhouses, Swine, Bakerics and Hospital
facilities) (Table 1). Active and passive methods
have being applied to pursuit the most suitable and
accurate fungal contamination exposure assess-
ment with an increase of sampling methods, and
also analyses, performed through the years.

No significant correlation was found on lungal
loads obtained through both active and passive
samplings (Viegas et al. 2014-2017) as in other
study {Petti, lannazzo & Tarsitani 2003). The lack
of correlation can be justified by a wide range of
environmental variables. such as workers who may
carry the mycobiota indoors (Scheff et al. 2000),
as well as the developed activitics and work prac-
tices that may aflect fungal load (Jurgensen and
Madsen 2016). Furthermore. when correlation is
tested only with culture base methods results, we
cannot disregard also the fact that viable fungi
constitute a small percentage of the total con-
centration of the mycobiota (Huang et al. 2013:
Viegas et al. 2015a) and. therefore. a bias about the
fungal load is expected.

4 CONCLUSIONS

Passive and active methods should be applied in
parallel to ensure a more precisc occupational
exposure assessment to the fungal contamination.
Increasing the number of different sampling meth-
ods will enrich data findings. enabling industrial
hyatenists to perform risk characterization.
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