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1. Background 
 
  Waste from non-biodegradable materials is sorted on waste sorting units to produce 

recyclable raw materials, leading to direct access to waste by workers.  

    

 The organic residues present on waste serve as substrate for numerous microorganisms, 

increasing workers exposure to biological agents.  

 

 Waste industry increase workers exposure to microbial contaminants, such as fungi and 

bacteria (bioburden) and previous studies reported health risks associated with such 

environments. 

         

 Personal protective equipment (PPE), such as Filtering Respiratory Protective Devices 

(FRPD) and mechanical protection gloves are of mandatory use. 

 (Park et al. 2016; Černá et al. 2017) 



 Aspergillus spp. species are filamentous fungi commonly found in different environmental 

compartments, where they thrive as saprophytes. Some species among the Aspergillus 

genera can be occasionally harmful to humans.  

                            (Seyedmousavi et al. 2015)  

 Only a few species are considered as significant opportunistic pathogens in humans.  

                              (Heitman 2011) 



Aspergillus section Fumigati is an opportunistic pathogen of immunocompromised hosts and 

one of several Aspergillus species that cause a wide range of respiratory disorders. 

                              (Hope et al. 2008) 

 

     

(Dagenais and Keller 2009) 



Another feature that should not be neglected 

is the fact of several Aspergillus sections have 

toxigenic potential leading to multiple 

occupational exposure risks.  

  (Varga et al. 2015; Viegas et al. 2018)  

 



 There is scientific evidence that associates 

occupational exposure to bioaerosols 

(such as fungi) in the waste industry to 

health outcomes.  

 (Domingo and Nadal 2009; Viegas et al. 2019) 

 

 Studies performed on waste management 

industry have reported Aspergillus as the 

most prevalent genera on waste-sorting, 

incineration and composting.          

                              (Viegas et al. 2016, 2017) 



 

 During protective equipment use, humidity and 

temperature conditions provide favorable conditions for 

Aspergillus growth, among other microorganisms. 

              (Jankowska et al. 2000; Majchrzycka et al. 2016) 

 

Due to the pathogenic potential from Aspergillus spp. the presence on FRPD 
and gloves may be a severe occupational hazard to the workers. 
 
The aim of this study is to enlighten exposure assessors for the 
environmental microbiology relevance through the characterization of the 
Aspergillus distribution on protective equipment . 



2. Materials and methods 

FRPD   Passive Sampling 

interior layer 

exhalation valve 

Gloves  

FMW 

SW 

MI 

MSVO 

Workstations 

Feeding machines with waste 

Sorting waste 

Machines inspection 

Machines and special vehicles operator 

Tasks Total 

FRPD 120 
 
Gloves 67 
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Bacteria 

Inoculation in tryptic soy agar (TSA), incubation at 30ºC for 7 days 

Inoculation in violet red bile agar (VRBA), incubation at 37ºC for 7 days 

Fungi 

Inoculation in 2% malt extract agar (MEA) with 0.05 g/L 
chloramphenicol media, incubation at 27ºC for 5 to 7 days 

Inoculation in dichloran glycerol (DG18) agar-based media, incubation 
at 27ºC for 5 to 7 days 

Assays performed 

  Fungal biomass 

  Toxigenic fungal strains (Aspergillus sections Flavi and Fumigati) 

  Azole resistance 

 Mycotoxins 



3. Results - Fungi contamination FRPD 

 Valves presented Aspergillus spp. as the most prevalent genera on MEA media (44.4%) 
among all fungi. 
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 Aspergillus section Fumigati was 
the one with highest prevalence, 
both in exhalation valves (76.57% 
MEA; 87.24% DG18) and interior 
layer (75.81% MEA; 51.22% DG18).  

 Nigri section was the second more 
observed on MEA.  
 

 In DG18, besides Fumigati and 
Nigri, Flavi, Circumdati and Candidi 
were also detected with a relevant 
prevalence 



3. Results - Fungi contamination Gloves 
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 The most commonly found was 
Aspergillus sp. (50.46%) in MEA, 
whereas in DG18 was 
Penicillium sp. (75.58%). 
 

 In both culture media section 
Nigri was the most prevalent 
(89.97% MEA; 32.24% DG18). 

 



3. Results – Toxigenic strains on FRPD  

 The presence of this section was not identified by culture based methods in 2 of the 
samples where it was detected by qPCR. 
 

 It was observed in more samples with culture based-methods (15%; 18 out of 120 
samples). 

qPCR analysis successfully amplified DNA from the Aspergillus sections Flavi and Fumigati.  

Interior layer 

5% (6 samples out of 120) 

Aspergillus section Flavi 



 The presence of this section was not identified by culture based methods in the exhalation 
valves. 
 

 In 25 of the interior layers where it was detected by qPCR it was not identified by culture-
based methods. 
 

 It was observed in more samples with culture based-methods (35.83% interior layers - 43 
out of 120 samples; 30% in exhalation valves - 36 out of 120 samples). 

Exhalation valves 

1.66% (2 samples out of 120) 

Interior layer 

33.33% (40 samples out of 120) 

Aspergillus section Fumigati 



3. Results – Toxigenic strains on Gloves  

Aspergillus 

sections 

detected 

Detection methods 

Culture-based Molecular 

Number of 

samples 
% 

Number of 

samples 
% 

Circumdati 9 13.43 22 32.84 

Flavi 22 32.84 6 8.96 

Fumigati 19 28.36 59 88.06 

Versicolores 1 1.49 61 91.05 



4. Main findings and discussion 

The results highlight the occupational concern regarding the 
exposure to microbiologic agents, more specifically to 
Aspergillus. 

 Employers are obliged to assess and control the risks due to biological 
agent’s exposure.  
 

 Among the measures that can minimize exposure is the use of 
appropriate personal protective equipment.  

                (Directive 2000/54/EC) 
 
 



However, and as suggested by our results: 
 

 deposited microorganisms on the equipment analysed are able of rapid 
proliferation in the material in conditions of high humidity (resulting from 
exhaled air/ sweating). 
                     (Majchrzycka et al. 2016) 

 organic dust deposited on the equipment material, which is a source of 
nutrients, can favor the microorganism’s development. 

              
  (Jankowska et al. 2000; Maus, Goppelsröder, Umhauer 2001) 

 

 The lack of hygienic procedures when wearing the equipment; inadequacy 
of the FRPD for this specific setting; replacement frequency … 

 
Aspergillus contamination found on both equipment's 



 
 

FRPD and Gloves fungal contamination is mimicking the 
environment contamination  
 
 Applied as a passive sampling method to assess occupational exposure  

     



 

 Inform workers about the fungal burden on the equipment to easier 
behavior changes for hygienic measures 

5. Next steps 



 Fungi presence as a surrogate for mycotoxins? Biomonitoring results 
confirmed the exposure previous the use of the equipment as mandatory 

  
 
 



 
 

Thank for your attention! 
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