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C h a n ,  L e u n g , 2011; E k 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) (W u r t z ,  B r e u m , 1997; K i v i r a n t a  et 
al., 1999; R e i n t h a l e r  et al., 1999; T o l v a n e n  et 
al., 1999; P a r k  et al., 2011; C a r d u c c i  et al., 2013; 
L e 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; K i v i r a n t a  et al., 1999; 
D e g e n  et al., 2003; To l v a n e n ,  H a n n i n e n , 
2006; P a r k  et al., 2011; L e 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, vibrations, extreme 
temperatures) (K r a j e w s k i  et al., 2002; T o l v a n e n , 
H a 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. M a r t h  et al., 1997; 
A t h a n a s i o u  et al., 2010; C h a n ,  L e u n g , 2011; 
E k e r  et al., 2012). Another methodological problem 
of some studies is that their authors neglected not only 
the health condition of the employees before entering 
the job (e.g. I v e n s  et al., 1999; H e l d a l  et al., 2003), 
but also the time elapsing from an employee’s entry 
into the job and the first occurrence of the symptoms 
(e.g. I v e n s  et al., 1999; K r a j e w s k i  et al., 2002; 
H e l d a l  et al., 2003; A t h a n a s i o u  et al., 2010). 
Additionally, some authors even omitted the identifi-
cation of the measured biological factors. But in fact, 
allergenic, infectious and toxigenic fungal species 
may also be present among the microorganisms oc-
curring in the environment of waste sorting facilities 
(W u r t z ,  B r e u m , 1997; K i v i r a n t a  et al., 1999; 
T o l v a n e n ,  H a n n i n e n , 2006; L e h t i n e n  et al., 
2013; V i e g a s  et al., 2014a, b; C e r n a  et al., 2017).

The most important genera causing allergic reac-
tions isolated from the environment of waste 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 (G r a v e s e n , 
1979). Threshold values for allergic reaction are 
not known exactly; however, B a 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 m3 of air, or  
3 000 particles (conidia) of the genus Cladosporium 
in 1 m3 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 of this disease 
can be microscopic fungi of the genera Alternaria 
(R o 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 
(N u c c i ,  A n a i s s i e , 2007), Paecilomyces (H a l l 
et al., 2004) and Ulocladium (B a d e n o c h  et al., 
2006). Most of these genera were repeatedly detected 
in working environment of waste sorting facilities 
(N e r s t i n g  et al., 1991; W u r t z ,  B r e u m , 1997; 
K i v i r a n t a  et al., 1999; R e 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; 
V i e g a s  et al., 2014a).

In addition to an increased risk of allergic reactions 
and dermatomycosis, the employees of waste 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 and joint 
disorders) (S i g s g a a r d  et al., 1994; M a r t h  et al., 
1997; I v e n s  et al., 1999; K r a j e w s k i  et al., 2002; 
K o z a j d a ,  S z a d k o w s k a - S t a n c z y k , 2009; 
C h a n ,  L e u n g , 2011). Furthermore, E k e r  et al. 
(2012) found out that 40% of the 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 l o n s o  et al., 2015).

An important feature of some fungal species is the 
production of mycotoxins. Mycotoxins are the product 
of secondary metabolism of toxigenic fungal species 
that have adverse effects on humans (C h e l k o w s k i , 
1991). The presence of several 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 
B1 in the blood of waste sorting facility employees. 
Occupational exposure to ochratoxin A and enni-
atin B in the working 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, Penicillium, 
Stachybotrys and Trichoderma (C h e l k o w s k i , 1991; 
J a r v i s  et al., 1998; B r a s e  et al., 2009; M a 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 of technical 
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and organizational measures to help reduce the con-
tamination of the working environment by biological 
agents. The basic recommendation is the consistent use 
of protective working tools (thick rubber gloves, res-
piratory mask, working clothes) and increased personal 
hygiene during and after working shift (S i g s g a a r d 
et al., 1990; M a r c h a n d  et al., 1995; K o z a j d a , 
S z a d k o w s k a - S t a n c z y k , 2009; V i e g a s  et 
al., 2014b). Another necessary measure is regular 
air exchange inside the waste sorting facility and 
thorough daily cleaning of workspaces (M a r c h a n d 
et al., 1995; M a r t h  et al., 1997). The employees 
should be also informed about the occupational safety 
and health risks 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 
(M a r c h a n d  et al., 1995; K i v i r a n t a  et al., 1999; 
K o z a j d a ,  S z a d k o w s k a - S t a n c z y k , 2009; 
A t h a n a s i o u  et al., 2010; V i e g a s  et al., 2014b). 
Finally, within the spatial layout of waste sorting 
facilities, the workspaces should be separated from 
common spaces and sanitary facilities (M a r c h a n d 
et al., 1995; M a r t h  et al., 1997).

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 
particular agent as the employees of waste sorting facilities 
are exposed to the simultaneous interaction of biological, 
chemical and physical agents. On the account of high 
concentrations of fungi 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 implement a uniform 
method for sampling microscopic fungi that will ensure 
both their quantification and exact identification. At the 
same time, future studies 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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