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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; Cerna et al. 2017)
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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)
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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)

Corticosteroid-induced immunosuppression:
PMMN recruitment and tissue damage
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Sporulation Inhalation of airborne conidia Conidial germination in
absence of sufficient

pulmonary defenses

.

Meutropenia:
excessive hyphal growth and dissemination

(Dagenais and Keller 2009)
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OCCUPATIONAL EXPOSURE TO MYCOTOXINS IN SWINERIES

Susana Viegas!?, Ricardo Assungdo?, Bernd Osteresch?, Magdalena Twaruzek®, Robert
Kosicki®, Jan Grajewski5, Edna Ribeirol, Carla Viegasl?

Escola Superiar de Tecnalogsa da Sadde, Instiuta Palitéonico de Lisaoa. 2. Centro de Investigagsa

S e T Another feature that should not be neglected

Occupational exposure to aflatoxin B, (AFB.) in swine farms was already reported (Viegas et al.,, 2013) and showed positive

fndings for AFBA by ELIS in blacd sameles from workers that work i those frms. However, data regarding fungal | is the fact of several Aspergillus sections have

contamination showed that exposure to other mycotoxins could be expected.

STUDY DESIGN _ _ ; - . . . . .

A study was developed to analyze if exposure to further mycotoxins Ll & tOX|ge n |C pote ntla I Iea d I ng to m u Itl ple
was occurring. Occupational exposure assessment to mycotoxins was : !

done with a LC-MS/MS urinary multi-analyte approach (Gerding et al., : e . .

2014). Besides urine samples (25 workers and 19 controls), litter (n = 1 Y - occu patlona I ex posu re rlsks .

5), feed (10) and air samples (23) from swine farms were also analyzed / L

by LC-MS/MS.

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

RESULTS
+ Deoxynivalenol, zearalenone, 15-Acetyldeoxynivalenol, 3-Acetyldeoxynivalenol, fumonisins (FB1, FB2 and FB3),
: mycophenolic acid and sterigmatocystin (STE) were the most prevalent mycotoxins on litter and feed samples.
+" All litter samples presented contamination by STE.
+ All feed samples showed contamination by several mycotoxins (between 9 to 17 mycotoxins in the same sample).
~ Regarding air samples, only two samples have quantifiable values of STE.
+ Workers urine samples showed quantifiable results for deoxynivalenol-glucoside (DOMN-GlcA) (52%), ochratoxin A {4%),
Aflatoxin M1 (16%) and citrinin (CT) (4%). For the control group, only CIT presented one quantifiable result.

- roxins

CONCLUSIONS )

+ Litter and feed samples presented multiple contamination and are 1 Article . . . .
probably responsible for workers exposure. " Occupational Exposure to Mycotoxins in Swine

“ Workers are exposed to several mycotoxins simultaneously. 7 i : Production: EnVironmental and BiOlogical

Further studies should be developed to identify possible contamination

Monitoring Approaches

trends in this workplace environment and to determine the variables that

can influence contamination and workers exposure, . . - .
Susana Viegas "2*(, Ricardo Assuncao ¥*(, Carla Martins 2%*50, Carla Nunes 250,

Bernd Osteresch %, Magdalena Twaruzek 7, Robert Kosicki 7, Jan Grajewski 7, Edna Ribeiro 1
and risk management measures should be defined. . and Carla Viegas LI

* Mycotoxins should be considered an occupational risk factor in this setting

Occupational Health surveillance programs should be implemented.

er B, Humpf H-U [2014) inati i i using an LC-MS/MS multibiomarker approach. Mol Nutr Food Res 58{132):2358—
Lorg/10.1002/mnfr.201400406.
iga L. Verissimo C, Sabino R, Figueiredo P, Almeida A, Carcline E, Viegas C. (2013). O i Exposure 1o in B1 in Swine i and Possible
on Sources, Journal of Toxicology and Environmental Health, Part A: Current Issues, 76:15, 944-951, DOI: 10.1080/15287394.2013 826569

The asthars are grateful to Instituto Palitéenics de Lisboa for funding the Praject “IPL OR_ESTeSL- Bacterial in the context of oecupational exposure and animal health of
swine productions’
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Fig. 2 - Aspergillus spp. sections distribution on forklifts filter samples
Purpose MEA Aspergili [ | Aspergil
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The genus Aspergillus is one of the most prevalent in several highly =f":w”ma" =§|‘;‘i""m
& N " Funigati Ni

contaminated occupational environments, such as the waste sorting =,\|ig.1g o

] B Versicolores

industry &, 0.3%

28 2%

(Domingo and Nadal 2009’- Viegas et aI. 2019) The identification and quantification of Aspergillus sections present on

filters from the air-conditioning systems in fork lifters from waste

industry was performed, including the screening of azole-resistance. In 1.6% 5.9%

-
- 8.9%

addition, toxigenic strains from Aspergilfus spp. were detected. e

Materials and Methods

PERSONAL VEHICLES

Filter pieces from forklifts air conditioning system (n=17) and personal

m St u d ies pe rfo rm e d O n Wa Ste m a n a ge m e nt et ) werextacted ond st et MEA: Fungal load ranged from 0 to 82x10° CFU/m?; Aspergillus genus presented

a prevalence of 1%; Aspergillus genus sections Candidi and Nigri (50%) were the

i lats taining Saboraud medi I ted with 4
screening agar plates containing Saboraud media supplemented wi only ones found.

mg/L itraconazole, 1 mg/L voriconazole, and 0.5 mg/L posaconazole,

DG18: Fungal load ranged from 0 to 28x10° CFU/m? with DG18. Aspergillus spp.

indu st ry h ave repo rte d As perg ill us as t h e accarding to the EUCAST guidelins, These were ncubated at 27 5RO S o oni oot evalent (15.6%) and A, section Versicaores the only ane

days.

Fig. 1 - Filter mycobiota extraction found.

most prevalent genera on waste-sorting,

Occupational

Fyglone e Journal of Occupational and Environmental Hygiene

incineration and composting.

IS5N: 1545-9624 (Print) 1545-9632 (Online) Journal homepage: htrp://oeh.tandfonline.com/loifuceh20

B (Viegas et al. 2016, 2017)

Aspergillus spp. prevalence in different Portuguese
occupational environments: What is the real
scenario in high load settings?

Carla Viegas, Tiago Faria, Liliana Aranha Caetano, Elisabete Carolino, Anita
Quintal Gomes & Susana Viegas
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During protective equipment wuse, 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 .




g HETRC CISPhM

2. Materials and methods

interior layer
exhalation valve

FRPD —LERNE Sampling

w» Workstations W Tasks Total
FMW Feeding machines with waste FRPD 120
SW Sorting waste
Gloves 67
Ml Machines inspection

MSVO Machines and special vehicles operator
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Inoculation in tryptic soy agar (TSA), incubation at 302C for 7 days

Bacteria

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

Inoculation in 2% malt extract agar (MEA) with 0.05 g/L
chloramphenicol media, incubation at 272C for 5 to 7 days

Inoculation in dichloran glycerol (DG18) agar-based media, incubation
at 279C for 5 to 7 days

Bioburden exposure assessment

= Fungal biomass

= Toxigenic fungal strains (Aspergillus sections Flavi and Fumigati)
Assays performed

= Azole resistance

= Mycotoxins
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3. Results - Fungi contamination FRPD

= Valves presented Aspergillus spp. as the most prevalent genera on MEA media (44.4%)
among all fungi.

100% = Aspergillus section Fumigati was
90% . the one with highest prevalence,
s0% both in exhalation valves (76.57%

MEA; 87.24% DG18) and interior

70% layer (75.81% MEA; 51.22% DG18).

W Restricti
60% m Aspergilli
0% mcreumdati ™ Nigri section was the second more
s0% B Candidi observed on MEA.

B Nigri
30% W Flavi = |In DG18, besides Fumigati and
20% Fumigati Nigri, Flavi, Circumdati and Candidi
10% were also detected with a relevant

prevalence

0%
MEA DG18 MEA DG18

Interior Layer Exhalation Valves



Results - Fungi contamination Gloves
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MEA DG18

I Aspergillus section Versicolores
[ Aspergillus section Aspergilli
1 Aspergillus section Candidi
I Aspergillus section Flavi

[ Aspergillus section Circumdati
B Aspergillus section Fumigati
HEE Aspergillus section Nigri

= The most commonly found was
Aspergillus sp. (50.46%) in MEA,
whereas in DG18  was
Penicillium sp. (75.58%).

= |n both culture media section
Nigri was the most prevalent
(89.97% MEA; 32.24% DG18).
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3. Results — Toxigenic strains on FRPD

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

Aspergillus section Flavi i o)

Interior layer

5% (6 samples out of 120)

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

= |t was observed in more samples with culture based-methods (15%; 18 out of 120
samples).
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Aspergillus section Fumigati

Interior layer i N A

33.33% (40 samples out of 120)

1.66% (2 samples out of 120)

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

= |n 25 of the interior layers where it was detected by qPCR it was not identified by culture-
based methods.

= |t 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).
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3. Results — Toxigenic strains on Gloves

Detection methods

Aspergillus
P .g Culture-based Molecular
sections
Number of Number of
detected % %
samples samples
Circumdati 9 13.43 22
Flavi 22 32.84 6
Fumigati 19 28.36 59

Versicolores 1 1.49 61
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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)
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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, Goppelsroder, 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
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FRPD and Gloves fungal contamination is mimicking the
environment contamination

= Applied as a passive sampling method to assess occupational exposure

Mycommn Rea 201 7) 3 1 TRS-T9S B T @ﬂ'ﬂlﬂﬂ.
DN 101007 | 200 7T '

DRIGTHAL ARTIECLE

A new approach to assess occupational exposure to airborne
fungal contamination and mycotoxins of forklift drivers in waste
sorting facilities

Carta Viegm ™ - Thige Farda' < Asa Coballa de Olivakra' - Lt Araskas Castam ™ -
E it il = st a0 i « ] g dialenci T rudedk®™
N Raateerd Kamichi' - Ewslinn Saocry ka’ - Swoama Yiggs'™
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5. Next steps

= |nform workers about the fungal burden on the equipment to easier
behavior changes for hygienic measures

Ann. Occup. Hyg., 2016, Vol. 60, No. 7, 812-824 a H

doi:10.1093 /annhyg/mew032 De harees sosely o
Advance Access publication 31 May 2016 - o

Feedback on Measured Dust Concentrations
Reduces Exposure Levels Among Farmers

Ioannis Basinas'*, Torben Sigsgaard', Jakob Hjort Bonlokke’,
Nils Testrup Andersen', @yvind Omland*?, Hans Kromhout* and
Vivi Schliinssen!~*
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"= Fungi presence as a surrogate for mycotoxins? Biomonitoring results
confirmed the exposure previous the use of the equipment as mandatory
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CO-EXPOSURE TO MYCOTOXINS
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moriasie THE CASE OF WASTE MANAGEMENT WORKERS

Susana Viegas'?; Bernd Osteresch’; Ana Almeida'; Benedikt Cramer?; Hans-Ulrich Humpf®; Carla Viegas'?
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 Portugal;
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Introduction

Occupational exposures are characterized by being complex and
associated to co-exposure to several contaminants by different
exposure routes. Even If exposure occurs to only a chemical
agent, it can have different exposure routes and can result in
different health effects.

The waste management setting is recognized by the presence of
several chemical and biologic agents in the workplaces. Recently,
it was reported occupational exposure to Aflatoxin B1 (AFB1) in
one Portuguese waste management industry (Viegas et al,
2015). However, data regarding to fungal burden showed that

exposure to other mycotoxins should be expected.

Aim of Study

The aim of the present work was to know If workers from this
waste management industry were exposed to other mycotoxins

besides AFB1.

Materials and Methods

The same serum samples from the workers of the previous study
that assessed exposure to AFB1 were consider (n=39). In order to
detect and quantify other mycotoxins present in the serum samples,
an additional dried blood spot based multi biomarker approach

covering 27 mycotoxins and metabolites was applied.

Results and Discussion

From the analytical procedure applied was detected and quantified

OTA exposure is occurring probably by consumption of contaminated
food. Coffee is probably a source in the group studied since in all the
individuals was found 2'R-OTA, an OTA degradation product appearing

during coffee roasting (Cramer et al., 2015) (Figure 1).

h|.t|_|L||.LI.t|aLhH.LIﬂ’I.|.|||bl.huh..nl.l_lnl;u

Figure 1. OTA and 2'R-OTA results (ng/mi)

Regarding EnB results, probably exposure is resulting from the
consumption of cereal-based foods such as bread and/or breakfast
cereals. Results are in line with a previous study developed in

Germany (Gerding et al., 2014).

Ann. Occup. Hyg, 2014, 1-9
doi:10.1093/annhyg/meu082

Assessment of Workers” Exposure to Aflatoxin
B1 in a Portuguese Waste Industry

Susana Viegas'"**, Luisa Veiga®, Paula Figueiredo®, Ana Almeida’,
Elisabete Carolino' and Carla Viegas'
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Thank for your attention!
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