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ABSTRACT: The handling of waste can be responsible for occupational exposure to particles and
fungi. The aim of this study was to characterize exposure to particles and fungi in a composting plant.
Measurements of particulate matter were performed using portable direct-reading equipment. Air sam-
ples of 50 L were collected through an impaction method with a flow rate of 140 L/min onto malt extract
agar supplemented with chloramphenicol (0.05%). Surfaces samples were also collected. All the samples
were incubated at 27°C for 5 to 7 days. Particulate matter data showed higher contamination for PM;
and PM, sizes. Aspergillus genus presents the highest air prevalence (90.6%). Aspergillus niger (32.6%),
A. fumigatus (26.5%) and A. flavus (16.3%) were the most prevalent fungi in air sampling, and Mucor sp.
(39.2%), Aspergillus niger (30.9%) and A. fumigatus (28.7%) were the most found in surfaces. The results

obtained claim the attention to the need of further

1 INTRODUCTION

Composting is an important process of solid waste
management and it can be used for treatment of
a variety of different wastes (green waste, house-
hold waste, sewage sludge and more) (Duquenne
et al., 2012). This is a natural self-heating process
involving the biological degradation of organic
matter under aerobic conditions. Installations for
composting vary greatly in size (from domestic to
large-scale facilities), degree of enclosure (Open,
partially enclosed, enclosed facilities), design
(static windrow systems, aerated static piles, bio-
reactors, etc.) and the type of wastes composted
(Swan et al., 2003).

The handling of waste and compost that
occurs frequently in the process (compost turn-
Ing, shredding, and screening) has been shown to
bq responsible for the release of dust and airborne
microorganisms and their compounds in the air

research.

of the composting facilities. Therefore, dust, mes-
ophilic and thermophilic microorganisms as well
as volatile organic compounds, endotoxins and
glucans compose the bioaerosols in those settings
and have been found at high levels in numerous
composting facilities and may present an exposure
hazard especially for workers (Marchand et al,,
1995; Duquenne et al., 2012). Consequently, sev-
eral microorganisms and thermophilic fungi, such
as Aspergillus fumigatus have been reported (Swan
et al., 2003; Duquenne et al., 2012). Furthermore,
this kind of contamination in composting facili-
ties has been associated with increased respiratory
and dermal pathologies among compost workers
(Biinger et al., 2000, 2007).

In spite of the several published studies, expo-
sure to bioaerosols and dust in composting
facilities located in Portugal is still insufficiently
characterized. Taking this in consideration the
aim of the present study was to characterize and
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s the exposure to particulate matter and fungi
totally indoor composting plant located in
1gal.

fATERIALS AND METHODS

Description of the composting plant

:apacity of the studied plant is of 40 thousand
of biowaste per year and can go until 60 thou-
tons per year. The facility consists in a build-
1 which the different composting operations
erformed. In this building there is no sorting
1se all the waste sorting process is done in a
‘ent plant. Waste is unloaded in a reception
which is confined and prepared to receive
s with the waste and to avoid the emission
lors for the outdoor environment. First phase
e process is a waste pretreatment that intends
move undesirable materials from the process
5, rocks, plastics, metals...). The next phase
aerobic digestion and after dehydration there
'set composting action, followed by an open
vosting with forced aeration. All the process
thirteen weeks.

Particulate matter

mneasurement of Particulate Matter (PM) was
rmed in 7 workplaces (Maintenance work-

Centrifuges, Maturation Park, Pre-treat-
, Control Room, Waste screw and Cabinet of
orklift) using a portable direct-reading equip-
(Lighthouse, model 3016 IAQ) to measure
‘erent sizes (PM,; PM; PM,; PM; PM,)).
option was considered because the differenti-
between particle’s size fractions is important
der to estimate with more detail the possible
ration of dust into and within the respiratory
n (WHO, 1999; Brunekreef and Forsberg,
1. Measurements were conducted near the
2rs nose and during tasks performance. The
ia follow for chosen the measurement places
the ones where the workers spend more time.
neasurements were conducted continuously
duration of 5 min and were considered the
, maximum and minimum values obtained
ich particle size.

Fungal contamination

amples of 50 L were collected from 6 indoor
ling sites (Maintenance workshop, Centri-
, Maturation Park, Pre-treatment, Control
, Waste screw) were collected through an
ction method with a flow rate of 140 L/min
malt extract agar (MEA) supplemented with
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chloramphenicol (0.05%). using the Millipore
air Tester (Millipore). An outdoor sample wyg
also collected since this was the place regarded a4
reference.

Surfaces samples were collected by swabbing
the surfaces of the same indoor sites, using a 10 p
10 cm square stencil disinfected with 70% alcohgj

solution between samples according to the Inter.
national Standard ISO 18593 (2004). The obtaineq

swabs were then plated onto MEA.

All the collected samples were incubated at 27°C
for 5 to 7 days. After laboratory processing and
incubation of the collected samples, quantitative
{colony-forming units—CFU/m’ and CFU/m})
and qualitative results were obtained with identj-
fication of the isolated fungal species. For species
identification, microscopic mounts were performed
using tease mount or Scotch tape mount and lac-
tophenol cotton blue mount procedures. Morpho-
logical Identification was achieved through macro
and microscopic characteristics as noted by Hoog
et al. (2002).

3 RESULTS

3.1 Particulate matter

Particulate matter data showed that the workplace
“Room Process Control” presented the lowest val-
ues of contamination. In opposite, the workplace
with higher contamination was Forklift Cabinet
for PM, ;, PM;and PM, sizes. In the case of PM
and PM, the Maintenance Workshop presented
the higher values (Figure 1). The particles con-
centration obtained in all workplaces were sig-
nificantly different (p < 0.05) with exception for
results obtained in: Room Process Control and
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Figure 1. PM mean values distribution by workplace.
The results are presented in mg - m .
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Figure 2. Fungal load distribution in the different
workplaces.

Maturation Park in PMg; (p = 0.07); Pre-Treat-
ment and Maturation Park in PM; (p = 0.35); and
Maintenance Workshop and Maturation Park in

PM,, (p = 0.12).

3.2 Fungal contamination

Pre-treatment and Waste screw were the sampling
sites with the highest fungal load in air and Centri-
fuges and Maturation park has the highest fungal
load in surfaces samples (Figure 2).

Besides both sampling sites with higher air fun-
gal load, also Maintenance Workshop presented
more CFU.m™ than the outdoor sample.

Nine different species of filamentous fungi were
identified in air samples with a total of 982 isolates.
Aspergillus genus presents the highest prevalence
(90.6%). Aspergillus niger (32.6%), A. Sfumigatus
(26.5%) and A. flavus (16.3%) were the most preva-
lent fungi in air sampling, but A. sydowii, A. versi-
colorand A. glaucus were also isolated. Neosartorya
fumigata was identified in air sampling. Mucor sp.
and Penicillium sp. were also identified.

Four different species were isolated in surfaces
samples with a total of 1810000 isolates. Aspergillus
genus also presents the highest prevalence (60.8%).

- Mucor sp. (39.2%), Aspergillus niger (30.9%) and
i 5&_4,.- fumigatus (28.7%) were the most found, but 4.
" flavus was also isolated.

ISCUSSION

Depending on the waste treatment technology
employed, aerosol formation capable of transport-
reathable particles with microorganisms has
dy been published. Regarding composting
plants several hazardous agents may be released

during the waste composting process (Kummer
and Thiel, 2008; Nadal et al., 2009).

Concerning PM data it was possible to measure
5 different sizes that can be distinguished either in
the inhalation fraction (PM; and PM,,) and res-
piratory fraction (PM,;; PM, and PM, ;) (WHO,
1999; Brunekreef and Forsberg, 2005). Moreover,
studies developed in waste management setting
consider normally only the inhalable dust or total
dust and do not distinguish or provide data related
with the respiratory fraction (Wouters et al., 2006;
Park et al., 2011).

In this study, high values of contamination were
observed with particular emphases in Forklift
Cabinet and Maturation Park. In this last case, the
contamination found is probably due to the con-
stant movement of forklifts in this area promoting
re-suspension of PM. There are negative health
effects related with this type of exposure demon-
strated in literature, namely penetration into the
gas exchange region of the lung (PM;) and also
the possibility to produce disease by impacting in
the upper and larger airways below the vocal cords
(PM,,) (Vincent and Mark, 1981; Brunekreef and
Forsberg, 2005). But PM, is also a concern in the
Forklift Cabinet and in the Maintenance Work-
shop, being already in the respiratory fraction this
particle size can penetrate in the alveolar region
and be involved in systemic effects (Brunekreef
and Forsberg, 2005).

In the Maintenance Workshop PM,; and PM,
have also some expression probably due to the type
of work develop that can involve activities such
as sanding, drilling and cutting and not so much
waste management activities. However, these work-
ers spend a great part of their time in the places
where waste management operations are done, and
therefore, the exposure is very diverse during the
day and it is dependent of many factors, such as
the task developed, materials and equipment used,
environmental conditions and also work practice
(Eduard and Bakke, 1999).

The same tendency in particle’s size distribu-
tion was found in other research work developed
in different occupational settings that involves
exposure to organic dust, namely in swine and
poultry production (Basinas et al., 2013; Viegas
et al., 2013a,b). In those settings, and with simi-
lar values of contamination by PM, it was pos-
sible to observe respiratory health effects refated
with exposure (Donham et al., 1989; Viegas et al.,
2013a).

It is important to refer that only one measure-
ment of 5 minutes was taken in each workplace,
and variations in PM results can be expected along
the day, related with the waste characteristics and
also with the tasks being developed. Neverthe-
less, the measurements were performed during a
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“normal” day in what concern with the process and
the amount of waste that was being handled.

Besides mass concentration, there are other
aspects that must be contemplated when consid-
ering PM health effects: chemical characteristics
and number of particles. Additionally, particles may
act as a carrier and a source of nutrients for fungi
(such as Aspergillus, Penicillium and Mucor genus)
(Seedorf et al., 1998), and bacteria (Halstensen
et al,, 2013). PM is also rich in endotoxins from
the cell wall of gram-negative bacteria and is also
associated with mycotoxins produced by several
fungi (Mayeux, 1997). These biologically active
compounds adhered to PM, along with coexist-
ing toxicant gases that can be carcinogenic, allergic
and irritant, promote concern regarding exposure
to mixtures and possible additive and synergistic
health effects (Von Essen and Donham, 1999).

As stated by Spencer and Alix in 2006: “Com-
posting operations are industrial facilities, like fac-
tories. As such, the same reasoning and concepts of
industrial hygiene that apply to any other type of
factory also apply to compost factories.” Some of
the preventive and protective measures that can me
mentioned are for instance: pave roads; keep roads,
areas and equipment clean; dampen Joads; enclose
and ventilate potentially dusty process areas; main-
tain closed cabin door or windows from forklifts;
provide masks for workers; consider spraying and
much others (Spencer and Alix, 2006).

In this kind of industry it is impossible to elimi-
nate all fungi, not only because the permanent bio-
aerosol generating operations carried out inside
the facilities (Marchand et al., 1995), but also due
to the high amounts of waste, that is the perfect
subtract for fungal growth and development
in suitable levels of temperature and humidity
(Wouters et al., 2000). When waste is handling in
indoor environments, the bioaerossol’s exposure is
higher (Wouters et al., 2006), increasing the poten-
tial health effects due to fungi exposure.

With respect to the health risks derived from
exposure to fungi, nowadays, there are no guide-
lines set by the National Institute of Occupational
Safety and Health (NIOSH) concerning the allow-
able load at the workplace (Vilavert et al., 2009).
The World Health Organization (WHO) con-
siders the value of 150 CFU.m™ as a reason for
concern, especially when potentially pathogenic
species of fungi are present (Goyer et al., 2001)
as the ones most prevalent in our study. Pretreat-
ment and Waste Screw sampling sites surpass the
WHO value. Moreover, 3 from the 6 sampling sites
presented higher fungal load than outdoor sample
meaning that there are sources of indoor fungal con-
tamination, such as waste (Wouters et al., 2000).

Besides the quantitative assessment, is crucial
to analyze the fungal species present, since adverse
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health effects dependend on fungal species (Rag
et al., 1996; Hoog et al.. 2000). According to the
American Industrial Hygiene Association (AlHA
1996) in the Field Guide for the Determination of Biy.
logical Contaminanty in Environmental Samples, the
identification of the species A. flavus and A. Sumy.
gatus, both of them identified in the analyzed plant,
requires implementation of corrective measures.

Mycotoxins occur in occupational environmenys
whenever fungi are present (Mayer et al., 2008
and the results obtained were useful to confirm
the relevance to assess toxinogenic strains, from
A. flavus and A. fumigatus in future research,
Additionally, knowledge regarding the presence
of mycotoxins in bioaerosols from composting
facilities is still widely uncertain and is very wide
the possibilities of toxins and metabolites that cap
be present needing to be consider for additiona]
research work (Fischer et al., 1999). In agreement
with this, Brera and colleagues (2002) found
aflatoxin in airborne dust samples from different
occupational settings. Previously, also Autrup
and colleagues (1991) measured aflatoxin levels
in dust samples from animal-feed production.
More recently, some published work developed in
Portugal (Viegas et al., 2012, 201 3c) has shown that
there is occupational exposure to aflatoxin Bl in
environments where there is exposure to organic
dust concomitantly to high fungal contamination,
like in the studied composting plant.

3 CONCLUSIONS

The results obtained in this study claim the atten-
tion to the need of further research regarding
occupational exposure in composting plants.
Additionally, these results allowed the delinition of
more detailed sampling strategies to better charac-
terize exposure to the risk factors.

Despite the need of more detailed data, the
information obtained claims attention to the need
for applying adequate preventive and protective
measures.

REFERENCES

Albrecht, A., Fischer, G., Brunnemann-Stubbe. G.,
Jickel, U. & Kampfer, P, 2008. Recommendations
for study design and sampling strategies for airborne
microorganisms, MVOC and odours in the surround-
ing of composting facilities. Int. J. Hyg. Environ.
Health 211: 121-131.

American Industrial Hygiene Association, 1996. Field
Guide for the Determination of Biological Contami-
nants in Environmental Samples. AIHA.

Basinas, 1, Schlunssen, V., Takai, H., Heederik.
D., Omland, O., Wouters, |.M., Sigagaard. T. &




Kromhout, H. 2013. Exposure to inhalable dust and
endotoxin among Danish pig farmers affected by
work tasks and stable characteristics. Ann. Occup.
Hyg.(Inpress). .
Brera, C., Caputi, R., Miraglia, M., ITavicoli, I., Salerno,
A., & Carelli, G. 2002. Exposure assessment {0 myco-
toxins in workplaces: Aflatoxins and ochratoxin
A occurrence in airborne dusts and human sera.
Microchem. J. 73:167-173.
Brunekreef & Forsberg, B. 2005. Epidemiological evi-
dence of effects of coarse airborne particles on health.
Eur Respir J 26:309-318.
Biinger, 1, Schappler-Scheele, B., Hilgers, R. & Hallier, E.
2007. Int. Arch. Occup. Environ. Health 80: 306-312.
Binger, I, Antlauf-Lammers, M., Schulz, T.G., West-
phal, G.A., Muller, M.M., Ruhnau, P. & Hallier, E.
2000. Occup. Environ. Med. 57: 458—464.
Déportes, L., Benoit-Guyod, JL. & Zmirou, D. 1995.
Hazard to man and the environment posed by the use
of urban waste compost: a review. Sci. Total Environ
172: 197-222.
Donham, K. Haglind, P. Petersen, Y. Rylander, R. &
Belin L. 1989. Environmental and health studies of
farm workers in Swedish confinement buildings.
BrJ Ind Med. 46: 31-37.
Douwes, J., Thorne, P, Pearce, N. & Heederik, D. 2003.
Ann. Occup. Hyg 47: 187-200.
Duquenne, P, Simon, X., Koehler, V., Goncalves-
Machado, S., Greff, G., Nicota, T. & Poirota, P. 2012.
Documentation of bioaerosol concentrations in an
indoor composting facility in France. J. Environ.
Monit. 14(2): 409-419.
Eduard, W. & Bakke, B. 1999. Experiences with task-
based exposure assessment in studies of farmers and
tunnel workers. Norsk Epidemiologi 9(1): 65-70.
Eitzer, B.D., 1995. Emissions of volatile organic chemi-
cals from municipal solid waste composting facilities.
Environ. Sci. Technol. 29: 896-902.
Fung, F. & Hughson, W.G. 2003. Health effects of indoor
fungal bioaerosol exposure. Appl. Occup. Environ.
Hyg. 18: 535-544.
Goyer, N., Lavoie, J., Lazure, L. & Marchand, G. 2001.
Bioaerosols in the Workplace: Evaluation, Control
and Prevention Guide. Institut de Recherche en Santé
et en Sécurité du Travail du Québec.
Halstensen, A.S., Heldal, K.K., Wouters, LM,
Skogstad, M., Ellingsen, D.G. & Eduard, W. 2013.
Exposure to Grain Dust and Microbial Components
in the Norwegian Grain and Compound Feed Indus-
try. Ann Occup Hyg (In Press).
Herr, C.E.W,, Nieden, A., Bodeker, R.H., Gieler, U. &
Eikmann, T.F. 2003. Ranking and frequency of
somatic symptoms in residents near composting sites
with odor annoyance. Int. J. Hyg. Environ. Health
206: 61-64.
Hoog, C., Guarro, J., Gené, G. & Figueiras, M., (2th ed),
2000. Atlas of Clinical Fungi. Centraalbureau voor
Schimmelcultures.
Komilis, D.P,, Ham, R.K. & Park, J.K. 2004. Emission
of volatile organic compounds during composting of
municipal solid wastes. Water Res. 38 (7): 1707-1714.
Kummer, V. & Thiel, W.R., 2008. Bioaerosols-sources
and contro! measures. Int. J. Hyg. Environ. Health
211: 299-307.

Marchand, G., Lavoie, J. & Lazure, L. 1995. 1. Air Waste
Manage. Assoc. 45: 778-781.

Nadal, M., Inza, 1., Schuhmacher, M., Figueras, M.1. &
Domingo, J.L. 2009. Health risks of the occupational

exposure to microbiological and chemical pollutants
in a municipal waste organic fraction treatment plant
Int. J. Hyg. Environ. Health 212(6): 661-669.

Park, D., Ryu, S., Kim, S. & Yoon, C. 2011. An Assess-
ment of Dust, Endotoxin, and Microorganism Expo-
sure during Waste Collection and Sorting. J. Air &
Waste Manage. Assoc. 61:461-468.

Rao, C., Burge, H. & Chang, J. 1996. Review of quantita-
tive standards and guidelines for fungi in indoor air.
J Air Waste Manage Assoc. 46: 899-908.

Schlosser, O., Huyard, A., Cartnick, K., Yaez, A, Catan, V.
& Do Quang, Z. 2009. Water Environ. Res. 81: 866-877.

Seedorf, 1, Hartung, J., Schréder, M., Linkert, K.H,,
Phillips, V.R., Holden, M.R., Sneath, RW, Short
J.L, White, R.P,, Pedersen, S., Takai, T., Johnsen, 1O,
Metz, J.H.M., Groot Koerkamp, PW.G., Uenk, G.H.
& Wathes, C.M. 1998. Concentrations and Emissions
of airborne Endotoxins and Microorganisms in Live-
stock buildings in Northern Europe. In: Journal of
Agricultural Engineering Research 70: 97-109.

Spencer, R. & C.M. Alix. 2006. Dust Management,
Mitigation at Composting Facilities. BioCycle. 47(3):55.

Swan, J.R.M., Kesley, A., Crook, B. & Gilbert, E.J. 2003.
Occupational and Environmental Exposure to Bioaer-
osols from Composts and Potential Health Effects—
A Critical Review of Published Data, Norwich.

Viegas, S., Faisca, V.M., Dias, H., Clérigo, A,, Carolino,
E. & Viegas, C. 2013a. Occupational Exposure to
Poultry Dust and Effects on the Respiratory System
in Workers Journal of Toxicology and Environmental
Health, Part A: Current Issues, 76(4-5): 230-239.

Viegas, C., Viegas, S., Almeida-Silva, M, Verissimo, C.
& Sabino, R. 2013b. Environmental impact caused
by fungal and particles contamination of Portuguese
swine. WIT Transactions on Biomedicine and Health.

16: 11-24.

Viegas, S., Veiga, L., Verissimo, C., Sabino, R, Figueredo
P, Almeida, A., Carolino, E. & Viegas, C. 2013c. Occu-
pational exposure to aflatoxin Bl: the case of poultry
and swine production. World Mycotoxin Journal.
6(3):309-315.

Villavert, L., Nadal, M., Figueras, I. & Domingo, M.
2009. Baseline levels of bioaerosols and VOC's around
a municipal waste incinerator prior to the construc-
tion of a mechanical - biological treatment plant.
Waste Manag, 29(9):2454-61.

Vincent, J. & Mark, D. 1981.The basis of dust sampling
in occupational hygiene: A critical review. Ann Occup
Hyg. 24: 375-390.

Wijnand, E. & Bakke, B. 1999. Experiences with task-
based exposure assessment in studies of farmers and
tunnel workers. Norsk Epidemiologi 9 (1): 65-70.

World Health Organization 1999. Hazard prevention
and control in the work environment: Airborne dust.
WHO/SDE/OEH/ 99.14.

Wouters, IM., Spaan S., Douwes J., Doekes G. & Heed-
erik, D. 2006. Overview of personal occupational expo-
sure levels to inhalable dust, endotoxin, beta(1-N3)
glucan and fungal extracellular polysaccharides in the
waste management chain. Ann Occup Hyg 50: 39-53.

239



