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In recent years, many studies have pointed to a relationship between the working activity in waste sorting facilities and the 
occurrence of health problems (respiratory, gastrointestinal, musculoskeletal, skin and eye irritations). Employees in these 
facilities are simultaneously exposed to many biological, chemical and physical factors. Due to the repeated detection of high 
concentrations of airborne fungi (reaching up to 1.8 x 106 CFU m-3) in the working environment involving potentially aller­
genic, infectious and toxigenic fungal species, it can be assumed that fungi may play an important role in the development of 
health problems. In terms of minimizing health risks, it is necessary to take several preventive and protective measures to re­
duce contamination of the working environment by biological agents. The basic recommendation is the consistent use of pro­
tective equipment as well as the observance of persona! hygiene by the employees. Other necessary measures are the frequent 
air exchange inside the facility, educating the employees about health risks associated with waste sorting and establishment of 
regular medical check-ups. 
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INTRODUCTION 

In recent years, waste production has grown world­

wide. Due to the excessive production ofwaste, there 

is an increasing pressure on its recycling. In April 

2018, the Europea11 Parliament, in agreement with 

the European Council, supported new recycling tar­

gets under the legislation on waste and the circular 

economy. The new D i r e c  t i  v e  (EU) 2 O l 8 / 8 5 l 

orders the Member States to i11crease the proportio11 of 

the mu11icipal waste desti11ed for reuse a11d recycli11g 

to a minimum of 55 % of weight by 2025, to increase 

this proportion to at least 60% ofweight by 2030, and 

to 65% of weight by 2035. Thus, waste treatment is 

going to be a still more important topic. 

Waste in waste sorti11g plants is very often co11-

tami11ated with organic residues that serve as a 11utri­

ent substrate for the growth ofmany microorganisms 

(Pahr e 11 , CI a r  k, 1987), including an important 

group of microscopic fu11gi. Microscopic fu11gi are 

heterotrophic organisms capable offeeding and prolif-
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erati11g on various substrates - not only on the organic 

residues adhering to the waste, but also the surfaces 

ofvarious interior equipment ofwaste sorting facili­

ties ( e.g. wood, gypsum boards, plywood, chipboard, 

cellulose, wallpaper, textil es made of natural fibres, 

and also insulation materials) (R a p  e r,  Fe n 11 e 11, 

1977;Pa s a n e n  et al., 1992;Ka r u n a s e n a  et al., 

2000). Owing to the external factors (air velocity, 

air humidity) and mechanical handling of waste, the 

microscopic fungi particles from these sources are 
released i11to the air (Pasane11 et al., 1991 ), where they 

become part ofbioaerosol and can further sediment and 

reco11tamine the surfaces ofthe i11terior equipment, or 

they can cling to the exposed parts of workers' bodies 

as well as their clothing (I v e n  s et al., 1999; Pa r k 

et al.,20ll;Vi e g a s  et al.,2014a). 

In the waste sorting facilities, high concentratio11s 

of airborne fungi have repeatedly been measured - up 

to 4 orders of magnitude higher tha11 those meas­

ured in office buildings or home interiors (G o r 11 y ,  

Kr y s i n  s k a - Tr a cz y k, 1999; K Ia n o v a ,  2000; 
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Pa s t  u s z k a et al., 2000). The relationship between 
the occurrence of health problems and the high con­
centrations of airborne fungi has not been clarified 
yet; however, it is assumed that microscopic fungi play 
an important role in this case. I v e n  s et al. (1999) 
documented the connection between the exposure of 
garbage men to microscopic fungi and the develop­
ment of gastrointestinal problems. 

The aim ofthis paper is to summarize the existing 
knowledge about fungal contamination of working 
environment in waste sorting facilities. Particular 
emphasis is placed on the species composition ofthe 
fungal community inside waste sorting facilities as 
well as on the health problems associated with oc­

cupational exposure to microscopic fungi. 

Fungal composition in waste sorting facilities 

In general, indoor fungi include a mixture of 
those that have entered from outdoors (La c e y ,  
1981; Bu r g e et al., 1982) and those from indoor 
sources. Aspergillus spp. and Penicillium spp. are 
usually considered the major groups of indoor fungi 
(Go r n y ,  Du t k i e w i cz ,  2002). These fungal 

genera were the most prevalent fungi isolated from 
working environment ofwaste sorting facilities too. 

However, the percentage represented by each genus 

varied between the studies. 
Vi e g a s  et al. (2014a) detected in the air sam­

ples from waste sorting facilities almost exclusively 
species of Aspergillus genus, whereas in Lehtinen 
et al. (2013) 93% of all identified species of the cap­

tured fungi were constituted by the genus Penicillium. 
Pinto et al. (2015) detected the genus Penicillium in 
95% of al! captured fungi. Similar percentages of 
the genera Aspergillus ( 44%) and Penicillium ( 40%) 

were detected in the samples by T o  I v a n e  n et al. 
(1999). Apart from the fungi ofthe genera Aspergillus 
(A. candidus, A. jlavus, A. fúmigatus, A. glaucus, A. 
nidulans, A. niger, A. ochraceus, A. phoenicis, A. 
versicolor) and Penicillium (P. brevicompactum, P 
camemberti, P. chrysogenum, P.citrinum, P. com­
mune, P. corylophilum, P. crustosum, P. digitatum, 
P. expansum, P. glabrum, P. italicum, P. lanosum, P. 
nalgiovense, P. olsonii, P. pramulosum, P roqueforti, P. 
rugulosum, P variables, P. verrucosum), other fungal 
genera were isolated from the air ofthe waste sorting 
facilities: Absidia, Alternaria, Botrytis (B. cinerea), 
Chrysonžlia, Cladosporium ( C. cladosporioides, C. 
herbarum,Cladosporium sp.), Epicoccum (E. nigrum), 
Fusarium, Ge'otrichum (G. silvicola, Geotrichum sp.), 

Hemicarpenteles, Humicola, Hyalodendron, Monilia, 
Muco1� Paecilomyces, Rhizopus, Sporobolomyces (S. 
roseus), Trichoderma, Trichophyton, Ulocladi11111, 
Wallemia(N ers tin g et al., 199l ;Wu r tz ,  Br e u m ,  

1997;Ki v i r a n t a  et al., 1999;Re i n t h a l e r  et al., 
1999;T o l v a n e n  et al., 1999;L e h t i n e n  et al., 
2013; Vi e g a s  et al., 2014a; Pi n t o  et al., 2015; 

C e r n a  et al., 2017; De g o i s et al., 2017; S a n t  o s 
et al., 2018, M a d  s e n  et al., 2019, Br a g  o s z e  w s k a ,  
2020). 

So far, surface contamination of indoor environ­
ment in waste sorting facilities has been dealt with 
by only a few studies (Pa r k et al., 2011; Vi e g a s  
et al., 2014a). V i e g  a s et al. (2014a) identified eight 
different species ofmicroscopic fungi in the samples 
taken from the surface of the waste sorting facility 

equipment and faces ofthe employees. In the analysed 
samples, the most frequent species included Aspergillus 
niger (66.1 %), A. flavus (14.2%) and A. fumigatus 
(13.8%). These species ofmicroscopic fungi were at 
the same tirne the most numerous species captured in 

the samples taken from the air in the same working 
environment. The remaining 5 .9% included A. can­
didus, A. terreus, Neosartorya fumigata, Eurotium 
herbarium and Absidia spp. The identification of 
captured microscopic fungi was not performed in the 
study by Pa r k et al. (2011 ). 

Occupational exposure to fungi 

Employees of waste sorting facilities can be ex­

posed to particles ofmicroscopic fungi in three ways: 

inhalation, gastrointestinal, and dermal exposure (Park 

et al., 2011). Inhalation is the easiest to measure and 

therefore also the most frequently rated type of expo­
sure. Table I overviews the concentrations of airborne 

fungi particles measured in the working enviromnent 

of waste sorting facilities. 
Airborne fungi sampling has revealed that the 

employees ofwaste sorting facilities are exposed to a 
wide range of airborne fungi concentrations reaching 

up to 1.8 x 106 CFU m-3
. The employees ofthe other 

types of waste treatment facilities (e.g. composting 
plant, landfill, waste incineration plant, sewage treat­
ment plant) are exposed to similar co11centrations of 

airborne fu11gi (R a h  k o 11 e 11 , 1992; Ma r c  h a  11 d et 

al., 1995; I v e n s  et al., 1999; Ki v i  r a n  t a  et al., 

1999;Re i n t h a l e r  et al., 1999;Kr aje w s k i  et al., 

2002; T o  I v a n e  n ,  H a n  11 i n  e 11 , 2006; Te i x e i r a 

et al., 2013). 

The potential health risks to employees of waste 

sorting facilities result mainly from their Jong-term 

exposure to high concentrations ofmicroscopic fungi 
particles. Ivens et al. (1999) found out that during a 
single workday the waste collectors i11haled approxi­

mately 1.2 x 105-1.8 x 107 (2.8 x 106 011 the avarage) 
CFU of airborne fungi at a concentratio11 of l O x 

I 03-4.9 x 105 CFU 111-3
• On the basis of the obtained 

results, they created a three-level classification ofthe 
employees' weekly inhalation exposure to airborne 

fungi: (1) low exposure Jeve! (1 x 105-1 x 106 CFU 

of microscopic fungi), (2) medium exposure level 

(I x 106-J x 107 CFU of microscopic fu11gi), and 
(3) high exposure Jeve!(> 1 x 107 CFU ofmicroscopic 
fu11gi). 
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Tabl e l. An o vervi ew o f  measu red conc entr ations ( in CFU per I m3) of airborne fungi in working environment of waste so rting faci l i ti es depend­
ing on the type o f  sampling device u sed 

Literary s ou rce 

Ne r s ting etal. (1991) 

Ne r s ti ng ét al. (1991) 

Ma lm r o s etal.(1992) 

Ra h k o ne n ( l'9�2) 

S i g s g a a r  d et al. (I 994) 

S i g s g a a: r ď ét al. ( 1 994) 

Ma r chan d etal.(1995) 

WurÍz, Breum (1997) 

Re i n t  h a I e r et al. ( 1999) 

T.o Iv a ne n et al. (1999) 

To I v a n e n et al. (1999) 

To I van ťri (2001) 

To I vane n (2001) 

K.r aj e w s.k i. et al. (2002) 

K o z aj d a et al. (2009) 

Par k et al. (2011) 

B rez a - B o r u ta (2012) 

L ehtinen etal. (2013) 

Ko z aj da et al. (2015) 

Ce l'n a et al. (2015) 

Pi n t o  et al. (2015) 

Ce rn a et al. (2016) 

C e r n a et al. (2016) 

Ce r na et al. (20 I 7) 

San t o  s et al. (2018) 

Brag o s ze ws ka (2019) 

M a d  sen et al. (2019) 

CFU m-3 

I.Ox 10 2-1.5 x 10 4 

4.Q X 10 2'-l,4 X l0 5 

3.5 x 10 2-1.8 x 10 4 

6.5 x 102-2.5 x 10 4 

5.2 x 10 3 (5.4 x I 0 3)* 

I.4 x 1 o4 (3.1 x 10 4)* 

8 .0 X 10 2-7.2 X 10 3 

9.6 X J02-2.3 X 10 5 

3.Q X 10 4-1.6 X 10 5 

3.6 X 103.:_J.4 X 10 5 

I .Ox 104-1.3 x 10' 

3.3 x 10 2:.:.2.0 x I 0 5 

0-J.2 X ]Q 4 

8.4 !' 10 4-1.3 X 10 5 

J.9 X 10 3-J.6 X IQ 5 

2.4 x 104
.,--1.l x l o5 

Q-5,3 X 10 4 

1.5 x 10 3-2.9 x I 0' 

J.9 X 10 3-3.4 X 104 

2.6 X !0 3-3.9 X 10 4 

].5xl 04* 

2 x I 0 2- I. 7 x l 0 6 

3 X 10 2-6.4 X 10 4 

2.0 X 102-1.8 X ]0 6 

2.0 X 10 1-2.8 X 10 4 

2.1 X 10 2-J.2 X 10 3 

6.3 x 10 2-6.5 x 1 o3 

Type ofsamp ling deyice 

A 

A 

A 

A 

F 

A 

.p 

A 

A 

F 

F 

A 

F 

s 

A 

A 

s 

s 

F 

s 

F 

s 

A 

F 

Type of sorted :waste 

unspecified 

unspecified 

unspecified 

urispecified 

paper 

unspecified 

unspecified 

paper 

unspeci fied 

unspecified 

unspecified 

imspecified 

unspecified 

unspecified 

unspecified 

unspecified 

unspecified 

unspecified 

unspecified 

paper 

glass 

p lastic s 

p lastic s 

plastics 

unspecified 

unspecified 

cardboard 

CFU = co lony for ming uni t, A= 6-stage Ande rse n casc ade i mpacto r, F = membrane fi lt er sampler, I= i mpinger , S= s ingl e head i mpactio n ai r 
sampler 

*me an (SD) 

Microscopic fungi particles that cling to clothing 
and faces ofthe employees as well as particles inhaled 
by mouth can become a source of gastrointestinal ex­
posure. Park et al. (2011) found out in their study that 
during one work shift an average of 1.6 x 104 CFU 
of microscopic fungi per 1 cm2 adhered to the waste 
sorting f acility employees' faces. In comparison, an 
average of 3. 7 x 105 CFU of microscopic fungi per 
1 cm2 adhered to the waste collector's face. The study 
also showed that during work shift a large amount of 
microscopic fungi particles can cling to various parts 
of the employees' clothing (average values for trousers: 
4.2; 106 CFU cm-2, gloves 6.5 x I 06 CFU cm-2, sleeve 
3.2 x 106 CFU cm-2 , shoulders 1.6 x 105 CFU cm-2, 

handkerchief 3.3 x 105 CFU cm-2). 

The sources of employees' dermal exposure are 
the sedimentation of airborne fungi particles on their 
exposed skin or direct touching the contaminated waste. 
As stated by Park et al. (2011 ), a significant amount 
of microscopic fungi particles was detected on the 
exposed parts of garbage collectors' bodies (average 
values for face: 3.7 x 105 CFU cm-2, back of the hand: 
2.6 x 106 CFU cm-2, palm: 6.4 x 106 CFU cm-2). 

Health risks or"the occupational exposure 

In recent years, an increasing nmnber of studies 
have given evidence of the relationship between the 
working activity in waste sorting f acilities and the 
occurrence of health problems (Ma r t  h et al., 1997; 
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Ch a n ,  Le u n g , 20l l ;Ek e r  et al., 2012).In spite 
of the large number of studies, it is very difficult 
to link a specific health problem with a particular 
factor, since the employees of waste sorting facili­
ties are exposed to the simultaneous interaction of 
biological agents (microscopic fungi, bacteria, vi­
ruses) (Wu r tz, Br e u m ,  1997; Ki v i r a n t a  et 
al., 1999;Re i n t h a l e r  et al., 1999;T o l v a n e n  et 
al., 1999; Pa r k et al., 2011; Ca r d  u c c i et al., 2013; 
Le h t i  n e  n et al., 2013), chemical agents (microbial 
volatile organic compounds, endotoxins, mycotox­
ins) (R a h  k o n e n ,  1992;Ki v i r a n t a  et al., 1999; 
De g e n  et al., 2003; To l v a n e n ,  Ha n n i n e n ,  
2006; Pa r k et al., 2011; Le h t i n e n  et al., 2013; 
V i e g  a s et al., 2014b) and physical factors (noise, 
unsatisfactory light conditions, vibratíons, extreme 
temperatures) (Kr aj e w s k i et al., 2002; To I v a n e  n ,  
Ha n n i  n e  n ,  2006). Neglecting the synergistic ef­
fects of these factors represents a major limitation 
of many available studies ( e.g. Ma r t  h et al., 1997; 
A t h a n  a s i o u et al., 201 O; Ch a n ,  Le u n g ,  2011; 
E k e r  et al., 2012). Another methodological problem 
of some studies ís that their authors neglected not only 
the health condition ofthe employees before entering 
thejob (e.g. Iv e n s  et al., 1999; He Id a l  et al., 2003), 
but also the tiine elapsing from an employee 's entry 
into the job and the first occurrence of the symptoms 
(e.g.Iv e n s  et al., 1999;Kr aj e w s k i  et al., 2002; 
He l d a! et al., 2003; A t h a n a s i o u  et al., 2010). 
Additionally, some authors even omitted the identifi­
cation ofthe measured biological factors. But in fact, 
allergenic, infectious and toxigenic fungal species 
may also be present among the microorganísms oc­
curring in the environment of waste sorting facilities 
(Wu r tz, Br e u m ,  1997; Ki v i  r a n  t a  et al., 1999; 
To l v a n e n ,  Han n i n e n , 2006;Le h t i n e n  et al., 
2013; Ví e g  a s et al., 2014a, b; Ce r n  a et al., 2017). 

The most important genera causing allergic reac­
tions isolated from the environment ofwaste sorting 
facilities are Alternaria, Aspergillus, Cladosporium, 
Penicillium, Mucor and Rhizopus. These genera of 
microscopic fungi are characterised by a· fast asexual 
reproduction cycle giving them the ability to quickly 
produce a huge amount of conidia or spores, which 
are easily released into the environment (Gr a v e s e  n ,  
1979). Threshold values for allergic reaction are 
not known exactly; however, Ba g n i  et al. ( 1977) 
state in their study that an allergic reaction of hu­
mans can occur in the presence of only 100 particles 
(conidia) of the genus Alternaria in 1 111

3 of air, or 
3 000 particles (conidia) ofthe genus Cladosporium 
in I 1113 of air. 

The most common infectious disease caused by 
microscopic fungi is dermatomycosis (an infectious 
disease of the skin, skin derivatives and mucous 
membranes). The potential originators ofthis disease 
can be microscopic fungi of the genera Alternaría 
(Ro b b et al., 2003), Aspergillus (O z c a  n et al., 

2003 ), Cladosporium (V i e i r a et al., 2001 ), Fusarium 
(Nu c  c i ,  A n a  i s s i e ,  2007), Paecilomyces (Ha 11 
et al., 2004) and Ulocladium (Ba d e n  o c h  et al., 
2006). Most ofthese genera were repeatedly detected 
in working environment of waste sorting facilities 
(N e r s t i n g  et al., 1991;Wu r tz, Bre u m ,  1997; 
Ki v i  r a n  t a  et al., 1999;Re i n t h a l e r  et al., 1999; 
T o l v a n e n et al., 1999; Le h t i n e n  et al., 2013; 
Vi e g a s  et al., 2014a). 

In addition to an increased risk of allergic reactions 
and dermatomycosis, the employees ofwaste sorting 
facilities were more susceptible to the organic dust 
toxic syndrome ( cough, chest tightness, dyspnea, flu­
like symptoms such as fever, muscle and joint pain, 
fatigue, headache) and a higher risk of gastrointesti­
nal ( diarrhoea, stomach cancer), respiratory (hoarse­
ness, cough, upper respiratory tract inflammation) and 
musculoskeletal problems (musculoskeletal andjoint 
disorders) (S i g s g a a r  d et al., 1994; Ma r t  h et al., 
1997;Iv e n s  et al., 1999;Kr aj e w s k i  et al., 2002; 
Kozaj d a ,  Sza d k o w s k a-S t a n czy k ,  2009; 
Ch a n ,  Le u n g , 2011).Furthermore, Ek e r  et al. 
(2012) found out that 40% ofthe employees in a large­
scale waste treatment facility suffered from metabolic 
syndrome (insulin resistance and glucose intolerance, 
diabetes mellitus, obesity, abdominal fat accumula­
tion, dyslipidemia and hypertension). Employees of 
waste sorting facilities are further exposed to the 
risk of acute infectious diseases due to inhalation of 
bioaerosols containing infectious particles released 
from waste (A Io n s o et al., 2015). 

An important feature ofsome fungal species is the 
production ofmycotoxins. Mycotoxins are the product 
of secondary metabolism of toxigenic fungal species 
that have adverse effects on humans (Ch e I k o w s k i ,  
1991). The presence ofseveral mycotoxins has been 
detected in the environment of waste sorting facili­
ties. D e g  e n et al. (2003) detected the presence of 
ochratoxin A in the blood of the workers handling 
waste, and V i e g a s et al. (2014b) detected aflatoxin 
B 1 in the blood of waste sorting facility employees. 
Occupational exposure to ochratoxin A and enni­
atin B in the workíng environment of a waste sorting 
plant was also reported (V i e g  a s et al., 2018). The 
most significant toxigenic microscopic fungi that 
have been isolated from the working environment of 
waste sorting facilities include the following genera: 
Alternaria, Aspergillus, Cladosporium, Eurotium, 
Fusarium, Neosartorya, Paecilomyces, Penicžllium, 
Stachybotrys and Trichoderma (Ch e  I k o w s k i , 1991; 
Ja r v i s  et al., 1998; Br a s e  et al., 2009; Ma r i n  
et al., 2013). Thus, the exposure to other mycotoxins 
could be expected. 

Preventive and protective measures 

To minimise health risks, both the employees and 
employers are encouraged to take a number ofteclmical 
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and organizational measures to help reduce the con­
tamination ofthe working environment by biological 
agents .  The basic recommendation is the consistent use 
ofprotective working tools (thick rubber gloves, res­
piratory mask, working clothes) and increased persona! 
hygiene during and after working shift (S i g s g a a r  d 
et al., 1 990; M a r c h a n d  et al., 1995 ;  Koz aj d a ,  
Sza d k o w s k a - S t a n czy k ,  2009; Vi e g a s et 
al., 20 14b). Another necessary measure is regular 
a ir exchange ins ide the waste sort ing facil ity and 
thorough daily cleaning ofworkspaces (M a r c  h a n  d 
et al., 1 995 ;  M a r t h  et al., 1 997). The employees 
should be also informed about the occupational safety 
and health r isks they are exposed to during work . 
At the same time, they should have regular medical 
check-ups, and in the case of health problems they 
should be immediately transferred to another position 
(Ma r c h a n d  et al., 1995 ; Ki v i r a n t a  et al., 1999; 
Kozaj d a ,  Sza d k o w s k a - S t a n czy k ,  2009; 
A t h  a n  a s i o u et al., 20 1 0; Vi e g  a s et al., 20 14b). 
Finally, within the spatial layout of waste sorting 
facilities, the workspaces should be separated from 
common spaces and sani tary facilities (Ma r c  h ·a n d 
et al., 1 995;M a r t h  et al., 1 997). 

CONCLUSION 

In recent years, several studies have illustrated the 
relationship between the working activities in waste 
sorting facilities and the occurrence of health problems 
in employees. Despite the large number of studies, it is 
very difficult to connect a specific health problem with a 
particu!ar agent as the employees ofwaste sorting facilities 
are exposed to the simultaneous interaction ofbiological, 
chem i cal and physical agents. On the account of high 
concentrations offungi repeatedly measured in the air of 
some waste sorting plants and due to the identification of 
toxigenic, allergenic and infectious species, microscopic 
fungi probably play an important role in this respect. In 
order to thoroughly assess the influence of high concen­
trations of microscopic fungi on the health condition of 
the employees, it is necessary to implernent a uniform 
method for sampling microscopic fungi that will ensure 
both their quantification and exact identification. At the 
same time, future studí es should consider the employees' 
health condition as well as other factors that can affect 
employees in the work environment. Last but not least, 
a crucial step in decreasing the health risks to the em­
ployees in waste sorting facilities is the compliance with 
the proposed preventive and protective measures as well 
as the implementation of occupational exposure limits. 
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