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STATISTICAL ANALYSES OF BIOAEROSOL CONCENTRATION 
AT MUNICIPAL LANDFILL SITE 

ANALIZA STATYSTYCZNA ZAWARTO ŚCI BIOAEROZOLU  
W OBRĘBIE SKŁADOWISKA ODPADÓW KOMUNALNYCH  

Abstract:  Air microbial quality of the municipal landfill site and in its surroundings was evaluated. Adverse 
impact of the municipal landfill site in Tarnow on the atmospheric environment was noted, despite the use of 
correct waste disposal technology. The sampling site and season of the year significantly affected the numbers of 
various groups of air microorganisms at the municipal landfill site and in its vicinity. For most cases, the effects of 
the sampling site on the microbial numbers were stronger than that of the season of the year. In this study, higher 
microbial numbers were observed at the sampling sites located in the area of the active landfill site compared to 
those located in its vicinity. The obtained results indicate, that despite the lack of current limits for bioaerosol 
levels the landfill site, even after its closing and reclamation, may still not be a suitable place for any public usage. 
Therefore, any regular microbiological studies of air should be carried out for a long time both at the area of 
landfill site and in its vicinity. These results could allow to define the time, when the landfill site become stable, 
regarding the numbers of microorganisms released to air. 
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In many countries, establishing municipal landfill site is still the only way of waste 
management. Wastes are always treated as a substantial hazard for people and the 
environment, regardless of their origin, properties and possible usefulness. It is to be 
stressed, that the range of this hazard is determined by various factors as, quantity and 
nature of deposited wastes, the kind, shape and age of a landfill site, a waste disposal 
technology, safety protection and recruitment of the landfill site, soil properties and 
meteorological conditions [1-6]. Microbiological contaminants are mainly bacteria, 
microscopic fungi, viruses, plants pollen and different substances produced by 
microorganisms, which are called bioaerosol or organic dust [7]. Bioaerosols are naturally 
or artificially produced aggregation of biological particles dispersed in air [8, 9]. They may 
consist of both live and dead cells of microorganisms as single cells or their aggregation. 
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Size of aerosol particles suspended in the air ranges from 0.001 (bacterial endotoxins) to 
more than 100 µm (plants pollen) [7]. Concentration of bioaerosols depends on the quantity 
and quality of dust particles in the air. Thus factors increasing the dust pollution also favor 
microorganisms’ presence in the air. Under normal environmental conditions, majority of 
bacterial and microfungal aerosol components does not have any health hazard at their low 
concentrations. Long-lasting keeping up of unstabilized amounts of wastes as well as all 
factors increasing the dustiness on any municipal landfill site (eg waste delivery, planting 
with mechanical equipment, waste compacting and covering) cause formation of bioaerosol 
with high concentrations of microorganisms. The main source of bioaerosol at the landfill 
sites are municipal wastes. High share of organic wastes creates favorable conditions for 
existence and proliferation of many microorganisms as: bacteria, viruses, algae and fungi. 
The distribution of bioaerosols depends on microclimatic condition and seasonal changes of 
them [10-12]. The amount of air-portable microorganisms is usually higher during summer 
then winter but some authors reports no seasonal changes [13]. The highest concentrations 
of bioaerosols are usually observed directly above landfill sites and is even thousand times 
higher than in indoor premises (flats, public buildings) [14]. The microbiological particles 
are displaced quickly to long distances (even hundreds kilometers) from their sources [15]. 
Fate of the microbial contaminants in the air depends on their size. Particles of diameter  
10-100 µm almost immediately deposit on the ground near the source of emission. Smaller 
particles (0.5-10 µm) are passively transported with the air to long distances. Landfill sites 
emit spores of different fungi, and the most common are: Alternaria, Aspergillus, 
Cladosporium, Fusarium, Penicillium, Mucor, Rhizopus, Trichoderma [16]. The 
composition of fungi in the air on the landfill site is mostly consistent with the fungi species 
which develop on the waste. Among microorganisms present in bioaerosols are also 
opportunistic pathogens, which can cause diseases when host organisms immune systems 
fails [17, 18]. Microorganisms which compose bioaerosols, do not proliferate in the air and 
depending on the environment conditions can survive for only specified period of time. 

Usually, the occurrence of diseases (mainly those of the respitatory system) among 
municipal landfill sites workers is higher compared to other people. Live and dead cells of 
biological aerosol (eg thermophilic fungi and bacteria) can enhance a health hazard among 
the workers, frequently causing pathogenic infections, eg some allergies and asthma  
[19-24]. Pathogenicity and virulence of microorganisms in the air of municipal landfill sites 
is not stable over time. Microbial persistence in the air and their abilities to cause infectious 
diseases depend on species and infection types, as well as meteorological and 
microclimatical features (ie direction and speed of wind, temperature, humidity, 
atmospheric pressure, solar radiation, rainfall and statics). The relationships between the 
emission of microorganisms and atmospheric conditions or seasons indicate, that the range 
of harmful effects may change both in space and time [25-28]. Health effects caused by 
inhalation of various air particles, depend on their size, chemical composition, 
microbiological properties, as well as on the place of their deposition in the respiratory 
system [29]. Particles smaller than 5 µm in diameter may penetrate pulmonary alveolus and 
cause their allergic inflammation and other dangerous diseases. It is important to remember 
that in all environments are polluted to some extent. Problems with contamination appear 
when the concentration of pollutants is higher than the normal background level 
characteristic for specific environment [7]. Occupational exposure limits for microbial 
contamination of air have not been established yet.  
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Removing of municipal wastes by collection on a landfill site, is a routine procedure of 
their disposal for a long time. Hence, the aim of this study was to statistically analyze 
bacterial and fungal aerosol distribution at the municipal landfill site.  

Material and methods 

The municipal landfill site in Tarnow was opened in 1985. It is located in north-eastern 
part of the town. The waste disposal site was selected in a hummocky area, where ground 
depressions are slightly over 10 meters. At this place, the ground slightly declines to the 
south-east direction. The whole area of the landfill site covered approximately 12.68 ha. 
Three (formerly reclaimed) sectors of the total area equal to 4.8 ha are assigned for waste 
deposition. The fourth sector is currently used, occupying the area of 1.5 ha. It complies 
with all current European norms. After completion of the landfill operation at the site 
territory, a new technical project assumes the possibility of further landfill operation at new 
sectors, covering the total area of 18.5 ha. The landfill operation is carried out the using 
horizontal method. Thus wastes are weight followed by compaction after deposition in the 
appropriate sector. The wastes are deposited in layers of the thickness equal to 2 m in 
separated weekly working lots (17 · 21 m). Periodically, the wastes are disinfected using 
chlorinated lime. After formation of the waste layer, it is covered with the insulating layer 
of soil.  
 

 

Fig. 1. Localization of sampling stands 

For microbiological studies, air samples were collected each month for the 3-year 
period. The studies were carried out at 10 sampling stands, located along the predominating 
wind direction, inside and around the municipal landfill site in Tarnow (Fig. 1). This 
sampling stands were as follows:  
No. 1 - at the open ground, located on the west from the entrance to the landfill site, 
No. 2 - located near the entrance to the landfill site, near the weighing station, 
No. 3 -  located at the field composting plant station, 
No. 4 - located at the agricultural area, on the north from the landfill site border, 
No. 5 - located at the area of the active sector in the landfill site,  
No. 6 - at the area of the reclaimed sector, 
No. 7 - located closely to a leachate tank, 
No. 8 - at the open ground in front of a row of trees, located on the east from the landfill 

site border, 
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No. 9 - at the open ground, behind the row of trees and shrubs, located on the east from 
the landfill site border, 

No. 10 - at the area of Tarnow city, at the distance of approximately 2 km on the  
south-west from the landfill site. 

Air samples were collected using an Air Sampler SAS 90 impactor during landfill site 
operation. For sampling, the impactor was always set on the height of 1-1.5 m above the 
soil surface to collect the bioaerosol from the breathing zone. In addition temperature, 
relative air humidity (RH) and the speed of wind were recorded using a weather meter 
Kestrel 4000 (Nielsen-Kellerman, USA) (Table 1). The air samples were collected for 
inoculation of the following media: Tryptic Soy Agar (TSA, Difco) with 5% of defibred 
sheep blood for bacteria, Mannitol Salt Agar (MSA, bioMérieux) for staphylococci, 
Gauze's agar for actinomycetes and Malt Extract Agar (MEA, Difco) for fungi. The 
inoculated media were incubated as follows: TSA at temperature 35-37°C for 48 hours, 
MSA at 37°C for 48 hours, Gauze’s agar at 28ºC for 7 days, and MEA at 25°C for 5 days. 
 

Table 1 
Microclimatic parameters of air at sampling sites at the municipal landfill site in Tarnow and in its vicinity 

Air temperature [ oC] Relative humidity (RH) [%] Wind speed [m · s–1] Sampling 
site Range Median Range Median Range Median 
1 –1.9-24.0 15 57-88 62 2-4 2.1 
2 –1.8-26.6 17 43-91 68 1-4 1.9 
3 –1.4-28.7 18 69-84 72 1-2 1.1 
4 –0.7-25.2 15 54-83 68 1-3 1.6 
5 –1. 6-22.6 14 41-78 58 2-3 2.2 
6 –0.4-22.1 14 57-86 68 1-3 1.8 
7 –1.8-24.5 16 39-81 56 2-4 2.7 
8 –0.9-25.8 15 51-93 70 1-2 1.6 
9 –1.5-27.7 17 42-83 59 2-3 2.3 
10 –2.1-28.7 18 43-78 64 2-4 2.8 

 
The quantitative data were put in into the spreadsheet software Microsoft Excel 2000. 

Using this program, an introductory data processing was carried out (eg logarithmic 
transformation of the total bacterial numbers). All statistical analyses were carried out using 
Statistica 5.1 G. The total numbers of various groups of microorganisms were log 
transformed, according to the function: y = log10(x + 1). This transformation enables to 
approximate the values of respective replications to the normal distribution. Furthermore, it 
eliminates a positive correlation between average values and variances, which diminishes  
a reliability of any parametric statistical tests (eg Student's t-test and analysis of variance) 
[30]. To evaluate effects of the sampling site itself on the total numbers of various air 
microorganisms, One-way analysis of covariance (ANCOVA) was carried out, with time 
(months) as a covariate. The significance of differences between averages was tested using 
Newman-Keul’s multiple range test (p ≤ 0.05). The simultaneous effects of the sampling 
site (1-st factor) and month of the year (2-nd factor) were assessed by carrying out two-way 
analysis of variance (ANOVA). Considering the fact that some assumptions of the 
parametric analysis of variance could not be fulfilled (eg additivity of the factors, 
homogenicity of group variances, the normal distribution of variables within groups, etc.)  
a nonparametric alternative of analysis of variance (for each factor separately),  
the Kruskal-Wallis test on ranks was carried out additionally [31]. The results of two kinds 
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of analyses were concordant (in a few cases imperceptibly weaker significance level for the 
nonparametric test was noted). Therefore the results of Kruskal-Wallis test are not given. 

Apart from the univariate analyses the analogous multivariate analyses were carried 
out (one-way MANCOVA and two-way MANOVA), where all the variables (after 
logarithmic transformation) were included. Besides of the significance level, some 
multivariate statistics were calculated here, Wilk’s lambda (a ratio of the intragroup 
variance/covariance matrix to the intergroup variance/covariance matrix) and Rao’s R  
(a converted value of Wilk’s lambda used for the significance level assessment).  

To evaluate any possible effect of the meteorological variables on the numbers of air 
microorganisms at the same sampling sites, a parametric Pearson's correlation coefficient 
(r) was calculated and its significance level was assessed. Additionally, a nonparametric 
Spearman's correlation coefficient on ranks (R) was calculated. Considering the nature of 
the data (some of the variables were not measured in the continuous scale and they did not 
follow the normal distribution) this kind of coefficient could be more reliable than the 
Pearson's one. Calculations of correlation coefficients comprised air temperature, relative 
air humidity, the speed of wind at a moment of air sampling (independent variables - x), 
and microbiological (log cfu m–3 air) variables (the dependent - y) for the whole period of 
studies. 

Results and discussion 

Municipal landfill sites and all inconveniences associated with them have become  
a noticeable problem in environmental protection last years. The waste management, especially 
in the case of industrial and municipal wastes, can be considered as an important and difficult 
task. Hence, for any correctly organized waste management, a periodical control of the landfill 
site effects on the natural environment and the labour environment both during landfill site's 
operation and some time after its reclamation, should be taken into consideration [3, 19, 32]. In 
this study, effects of the municipal landfill site in Tarnow on microbial quality of the 
atmospheric air within the landfill site and at the closest surroundings were assessed. 

The statistical analyses of data obtained in this study indicate that significant 
differences in the numbers of airborne microbes determined at sampling sites located at 
different distances from the landfill site were found. It is a natural phenomenon as 
microorganisms and other particles raised up with aerial streams to upper layers of 
atmosphere, begin to sediment after travelling some distance. Air is not a suitable 
environment for establishing a community of characteristic microflora [26, 33].  

The Figure 2 presents results of sampling site effects on the numbers of various groups 
of airborne microorganisms at the municipal landfill site in Tarnow. It was found: a) the 
highest corrected averages of hundreds cfu m–3 air for fungi, b) high averages from several 
tens to several hundreds cfu m–3 air for bacteria; c) moderately high averages from several 
to 100 cfu m–3 air for staphylococci, d) low averages from several to ca. 30 cfu m–3 air for  
β-hemolytic bacteria and actinomycetes; e) very low averages of several cfu m–3 air for  
α-hemolytic bacteria. ANCOVA indicated increasing effects of the municipal landfill site 
(location of the sampling site) on the numbers of airborne microorganisms, in the following 
order: fungi (nonsignificant effects p = 0.145) < actinomycetes (p = 0.0003) < α -hemolytic 
bacteria (p = 4 · 10–6) < β-hemolytic bacteria (p = 1.5 · 10–6) < bacteria (p = 10–11)  
< staphylococci (p = 3 · 10–16). For all groups of microorganisms, except fungi, the average 
numbers for the site No. 5 (ie active sector of the landfill site) were significantly (p ≤ 0.05) 
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higher compared to the lowest averages (usually the sites No. 1, 8, 9 and 10). For 
staphylococci, the average number at the site No. 5 (after back-transformation) was even  
20-fold higher than the lowest averages. In addition, the averages for sites No. 2, 3 and 6 
were significantly higher compared to those found for the sites No. 1, 8, 9 and 10 (for 
bacteria, also averages of the sites No. 2 and 3; however, for β-hemolytic bacteria the 
average of No. 2 was equal the average of No. 5).  

 
Bacteria: F(9. 349) = 8.47; p = 10-11
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Actinomycetes: F(9. 349) = 3.52; p = 0.00034
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Alfa-hemolytic bacteria: F(9. 349) = 4.85; p = 4 · 10-6
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Fungi: F(9. 349) = 1.50; p = 0.1447
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Staphylococci: F(9. 349) = 11.83; p = 3 * 10-16
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Beta-hemolytic bacteria: F(9. 349) = 5.15; p = 1.5 · 10-6
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Fig. 2. Results of analysis of covariance (ANCOVA; with time as a covariate) and Newman-Keuls 
multiple range test (p ≤ 0.05) of the numbers of various groups of air microorganisms at the 
municipal landfill site in Tarnow and in its vicinity [log cfu m–3 air; mean values marked with the 
same letter do not differ significantly (p ≤ 0.05)] 
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Table 2 
Results of two-way analysis of variance (ANOVA), comparing the effects of: I) sampling site, and II) month of the 

year (average for the whole period of study) on the numbers of various groups of air microorganisms at the 
municipal landfill site in Tarnow and in its vicinity [log cfu m–3 air] 

Source of variation 
(see - the legend) Variance 

Degrees 
of freedom 

(df) 

F Statistic  
(proportion  
of variances) 

Significance  
level  
(p) 

A. Total number of bacteria 
1. Sampling site (I) *** 

2. Month of the year (II) *** 
3. Interaction [(I) · (II)] 

4. Intragroup variability (error) 

3.529 
2.646 
0.242 
0.451 

9 
11 
99 
240 

7.827 
5.868 
0.537 

4 · 10–10 
2 · 10–8 
0.9997 

 
B. Total number of fungi 

1. Sampling site (I) * 
2. Month of the year (II) *** 

3. Interaction [(I) · (II)] 
4. Intragroup variability (error) 

0.600 
7.516 
0.097 
0.492 

9 
11 
99 
240 

3.048 
38.199 
0.492 

0.0179 
< 10–20 
0.9999 

 
C. Total number of actinomycetes 

1. Sampling site (I) *** 
2. Month of the year (II) ** 

3. Interaction [(I) · (II)] 
4. Intragroup variability (error) 

1.504 
1.252 
0.347 
0.437 

9 
11 
99 
240 

3.440 
2.864 
0.793 

0.0005 
0.0015 
0.9067 

D. Staphylococci 
1. Sampling site (I) *** 

2. Month of the year (II) *** 
3. Interaction [(I) · (II)] 

4. Intragroup variability (error) 

7.036 
3.497 
0.456 
0.529 

9 
11 
99 
240 

13.299 
6.610 
0.861 

3.2 · 10–17 
1.24 · 10–9 

0.8022 
 

E. α-Hemolytic bacteria 
1. Sampling site (I) *** 

2. Month of the year (II) ** 
3. Interaction [(I) · (II)] 

4. Intragroup variability (error) 

1.412 
0.730 
0.276 
0.282 

9 
11 
99 
240 

5.008 
2.590 
0.978 

3 · 10–6 
0.0040 
0.5419 

F. β-Hemolytic bacteria ++ 

1. Sampling site (I) *** 
2. Month of the year (II) *** 

3. Interaction [(I) · (II)] 
4. Intragroup variability (error) 

2.228 
2.503 
0.352 
0.370 

9 
11 
99 
240 

6.023 
6.766 
0.952 

1.3 · 10–7 
7 · 10–10 
0.6053 

 

Explanations: significance level of the factors (sources of variation): * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; 
comparison of averages (statistically homogenous groups) is presented separately: a) averages for sampling site 
were equal to the adjusted averages from one-way analysis of covariance (homogenous groups of averages were 
somewhat different than those, obtained in two-way ANOVA), b) averages for months - in the analysis of the raw 
data (nontransformed ones), effects of the sampling site [F(9, 240) = 7.63 (p = 7.6 · 10–10) were stronger than those of 
month of the year [F(11, 240) = 5.83 (p = 2.3 · 10–8)]. 
 

Table 2 presents results of two-way ANOVA, comparing the effects of the sampling 
site (I) and month of the year (II) (average for the whole period of study) on the numbers of 
various groups of airborne microorganisms at the municipal landfill site in Tarnów. Apart 
from a few exceptions (eg for the fungi, the sampling site), the effects of both factors were 
highly significant. Generally, the sampling site effects on microbial numbers were stronger 
than that of month of the year. It was found that both effects decreased in the following 
order: staphylococci (sampling site: p = 3.2 · 10–17; month of the year: p = 1.24 · 10–9)  
> bacteria (sampling site: p = 4 · 10–10; month of the year: p = 2 · 10–8) > α-hemolytic 
bacteria (sampling site: p = 3 · 10–6; month of the year: p = 0.004) > actinomycetes 
(sampling site: p = 0.0005, month of the year: p = 0.0015). For fungi, the site effect, 
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however significant (p = 0.0179), in comparison with the highly significant time effect  
(p < 10–20) can be considered as the negligible one. In the case of the β-hemolytic bacteria, 
the sampling time (p = 7 · 10–10) affected their numbers more strongly than the sampling 
site (p = 1.3 · 10–7). Taking into account that, for the untransformed data, the site effect was 
stronger (p = 7.6 · 10–10) than time effect (p = 2.3 · 10–8), the real effects of both factors on 
the β-hemolytic bacteria could be recognized as the comparable ones (Table 2). 

 
Bacteria: F(11. 240) = 5.87; p = 2 · 10-8
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Actinomycetes: F(11.240) = 2.86; p = 0.0015
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Alfa-hemolytic bacteria: F(11.240) = 2.59; p = 0.0040
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Fungi: F(11.240) = 38.20;  p < 10-20
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Staphylococci: F(11.240) = 6.61; p = 1.24 · 10-9

Month (mean)

[lo
g 1

0
 c

fu
 ·

 1
 m

3
 a

ir]

I II III IV V VI VII VIII IX X XI XII
0,0

0,5

1,0

1,5

2,0

a

b bb

c
c

c

bc bc bc
bc

bc

Beta-hemolytic bacteria: F(11.240) = 6.77; p = 7 · 10-10
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Fig. 3. Results of a comparison of averages for months (two-way ANOVA: I - sampling site, II - months) 

in the Newman-Keuls multiple range test (p ≤ 0.05) of the numbers of various groups of air 
microorganisms at the municipal landfill site in Tarnow and in its vicinity [log cfu m–3 air; mean 
values marked with the same letter do not differ significantly (p ≤ 0.05)] 

However, the comparison of averages for months of the year (2-way ANOVA:  
I - sampling site; II - month of the year) using the Newman-Keul’s multiple range test  
(p ≤ 0.05) are shown in Figure 3. In general, the airborne microorganisms were more 
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numerous in summer months than during winter and early spring. For the total bacteria, 
fungi and actinomycetes, averages for June and September were significantly higher than 
those for February, March and December. The fungal numbers were almost 20-fold higher 
than the lowest ones, and (in contrast to bacteria and actinomycetes) at least two 
intermediate, statistically homogenous groups of averages could be indicated. However, for 
actinomycetes, the additional high was found in January. Several statistically homogenous 
groups of averages were also observed for staphylococci (the highest for June, August and 
October, the lowest for March) and for β-hemolytic bacteria (the highest for August, the 
lowest for May). Throughout the study, α-hemolytic bacteria were the most frequent in 
August and the rarest in June (Fig. 3).  
 

Table 3 
Results of: A. one-way multivariate analysis of covariance (MANCOVA; with time as a covariate), and  

B. two-way multivariate analysis of variance [MANOVA; I) factor: sampling site, II) - month of the year] of the 
numbers of various groups of air microorganisms at the municipal landfill site in Tarnow and in its vicinity  

[log cfu m–3 air] 

A. one-way MANCOVA 
I. Summary 

Source of variation 
Wilks 

Lambda 
Rao’s R df 1 df 2 

Significance 
level 
(p) 

Sampling site *** 0.600 3.429 54 1758 3 · 10–15 

II. Univariate F-tests on single variables 
Group of microorganisms F(9, 349) (proportion of variance) Significance (p) 
Total number of bacteria 
Total number of fungi 

Total number of actinomycetes 
Staphylococci 

α-hemolytic bacteria 
β-hemolytic bacteria 

8.47 
1.50 
3.52 
11.83 
4.85 
5.15 

1 · 10–11 
0.1447 

3.4 · 10–4 
3 · 10–16 
4 · 10–6 

1.5 · 10–6 

B. two-way MANOVA 
I. Summary 

Source of variation 
Wilks 

Lambda 
Rao’s R df 1 df 2 

Significance 
level 
(p) 

Sampling site (I) *** 
Month of the year (II) *** 

Interaction [(I) · (II)] 

0.446 
0.188 
0.188 

3.826 
7.018 
0.769 

54 
66 
594 

1202 
1262 
1417 

9 · 10–18 
< 10–20 
0.9999 

II. Univariate F-tests on single variables 
 Sampling site Month of the year 

Group of microorganisms F(9, 240) Significance (p) F(11, 240) Significance (p) 
Total number of bacteria 
Total number of fungi +) 

Total number of actinomycetes 
Staphylococci 

α-hemolytic bacteria 
β-hemolytic bacteria 

7.827 
3.048 
3.440 
13.299 
5.008 
6.023 

4 · 10–10 
0.0179 
0.0005 

3.2 · 10–17 
3 · 10–6 

1.3 · 10–7 

5.868 
38.199 
2.864 
6.610 
2.590 
6.766 

2 · 10–8 
< 10–20 
0.0015 

1.24 · 10–9 
0.0040 
7 · 10–10 

Explanations: significance level of the factors (sources of variation): * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; 
df 1 and df 2 - numbers of degrees of freedom, used for calculations of „Wilks Lambda” and „Rao’s R”; 
+) - after excluding the variable: "total number of fungi", effects of the sampling site (p = 8 · 10–18) were stronger 
than those of month of the year (p = 5 · 10–16) 
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The results of one-way MANCOVA and two-way MANOVA of the numbers of 
various groups of airborne microorganisms at the municipal landfill site are given in Table 
3. In general one-way MANCOVA showed highly significant effect of the sampling site on 
the numbers of six various groups of air microorganisms (p = 3 · 10–15). The data would 
seem to suggest, that the sampling site (p = 9 · 10–18) and month of the year (p < 10–20) 
highly significantly affected the occurrence of microorganisms in air. The time effect was 
stronger than that of the strongly than the sampling site. It is noteworthy that: a) in two-way 
ANOVA and MANOVA significant interaction between experimental factors was not 
detected, b) after excluding the variable of total fungal number from the MANOVA model, 
effect of the sampling site (p = 8 · 10–18) was stronger than that of month of the year  
(p = 5 · 10–16) (Table 3). 
 

Table 4 
Relationship (correlation) between meteorological data for the whole period of study [independent variables (x): 

average monthly atmospheric pressure, average air temperature, relative air humidity, average speed of wind, 
cloudiness and the sum of precipitation], and the numbers of various groups of air microorganisms in the 
municipal landfill site at Tarnow and in its vicinity dependent variables (y), expressed as log cfu m–3 air] 

Meteorological data [dependent variables (x)] Numbers of 
microorganisms (y): Atmospheric 

pressure 
Air 

temperature 
Relative 
humidity 

Speed of 
wind 

Cloudiness Accumulated 
precipitation 

Bacteria 
• –0.126 
♣ –0.150 

0.014 
0.066 

–0.137 
–0.057 

0.095 
0.054 

–0.137 
–0.143 

0.011 
–0.088 

Fungi 
–0.599 *** 
–0.578 *** 

0.808 ***  
0.815 *** 

–0.515 *** 
–0.589 *** 

0.299 ** 
0.416 *** 

–0.377 *** 
–0.389 *** 

0.795 *** 
0.746 *** 

Staphylococci 
–0.107 
–0.175 

0.017 
0.000 

0.054 
0.062 

0.116 
0.120 

0.122 
0.103 

0.046 
0.017 

Actinomycetes 
–0.080 
–0.163 

0.071 
0.077 

–0.153 
–0.135 

0.219 
0.193 

–0.084 
–0.120 

0.086 
0.045 

α-hemolytic bacteria 
0.041 
0.111 

–0.018 
–0.076 

–0.087 
–0.067 

0.038 
–0.014 

–0.134 
–0.162 

–0.058 
–0.111 

β-hemolytic bacteria 
0.109 
0.032 

–0.111 
0.006 

0.174 
0.065 

–0.273 * 
–0.125 

0.031 
–0.030 

–0.146 
–0.103 

Explanations: • Pearson’s linear correlation coefficient (r); ♣ Spearman’s nonparametric correlation coefficient 
(correlation of ranks) (R). Significance of the correlation coefficient: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001 

 
The results obtained in this study indicated, that numbers of various groups of 

microorganisms, occurring in the air were highly dependent on the microclimatic 
conditions. Table 4 illustrates the correlation between the meteorological data and the 
airborne microbial numbers at the municipal landfill site in Tarnów. Generally there was no 
significant correlation noted, exception being the fungal group. The fungal numbers were 
significantly (p ≤ 0.05) positively correlated with the air temperature, sum of rainfalls and 
the speed of wind. However, the negative correlations were found with the atmospheric 
pressure, relative humidity and cloudiness. The high correlation between the sum of 
rainfalls and fungal numbers can be considered as weakly reliable and overestimated due to 
the occurrence of two mutually separated groups of data: a) low values for both variables, 
b) high values for both variables. The numbers of β-hemolytic bacteria were poorly 
correlated with the speed of wind. However, it was only found for the Pearson's parametric 
coefficient of linear correlation (r). The Spearman's nonparametric coefficient of 
correlation (correlation of ranks, R) was not statistically significant, which allows us to 
consider the above relationship as negligible (Table 4). In Table 5, the correlations between 
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the meteorological data (temperature, relative air humidity and the speed of wind) and the 
numbers of various groups of airborne microorganisms is presented. The numbers of almost 
all the groups of microorganisms (except α-hemolytic bacteria) correlated positively with 
the air temperature. This relationship decreased in the following order: fungi (r = 0.599,  
R = 0.616, p << 0.001) >> staphylococci > the total bacteria > actinomycetes > β-hemolytic 
bacteria [r = 0.098 (nonsignificant), R = 0.155 (p < 0.01)]. For most cases the occurrence of 
microorganisms in air poorly negatively correlated with the relative air humidity (absolute 
values of r and R below 0.14). The negative correlations were also observed between the 
speed of wind and the numbers of some groups of microorganisms, the highest ones for 
fungi (r = –0.371, R = –0.426, p < 0.001) and staphylococci [r = –0.153 (p < 0.01),  
R = –0.187 (p < 0.001)]. 
 

Table 5 
Relationship (correlation) between meteorological data in the period of study [independent variables (x): air 
temperature, relative air humidity, and speed of wind on the day of air sampling], and the numbers of various 

groups of air microorganisms in the municipal landfill site in Tarnow and in its vicinity dependent variables (y), 
expressed as log cfu m–3 air] 

Meteorological data [dependent variables (x)] Numbers of 
microorganisms (y): Air temperature Relative humidity Speed of wind 

Bacteria 
• 0.211 *** 
♣ 0.211 *** 

–0.119 * 
–0.098 

–0.105 * 
–0.103 

Fungi 
0.599 *** 
0.616 *** 

–0.110 * 
–0.132 * 

–0.371 *** 
–0.426 *** 

Staphylococci 
0.216 *** 
0.252 *** 

–0.019 
–0.038 

–0.153 ** 
–0.187 *** 

Actinomycetes 
0.164 ** 
0.195 *** 

–0.106 * 
–0.136 ** 

–0.004 
–0.062 

α-hemolytic bacteria 
0.006 
–0.024 

0.064 
0.071 

–0.105 * 
–0.080 

β-hemolytic bacteria 
0.098 

0.155 ** 
–0.024 
–0.040 

–0.065 
–0.106 * 

Explanations: • Pearson’s linear correlation coefficient (r); ♣ Spearman’s nonparametric correlation coefficient 
(correlation of ranks) (R). Significance of the correlation coefficient: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001 
 

For statistical analysis of the results obtained in this study, mostly parametric methods 
were used, eg analysis of variance (covariance), despite the possibility of not fulfilling of 
all assumptions of such methods (eg additivity of the experimental factors, homogenity of 
the group variances, the normal distribution of variables within groups) [31]. Their use 
could be justified with an exploratory approach to the data analysis, where data did not 
have to fulfill any particular assumptions, drawn in advance, and any results of significance 
testing (“p” values) were approximate tracers of significance only [34]. Alternatively,  
a nonparametric method was also applied: Kruskal-Wallis test, but its usefulness was 
diminished by the following limitations: a) low statistical power; b) no possibility to carry 
out any equivalent of two-way (and more) analysis of variance and analysis of covariance; 
c) unavailability (in STATISTICA) any "post-hoc" multiple range test - to compare 
averages [35].  

Considering the above mentioned limited reliability of significance testing in the 
parametric statistical analyses carried out in this work (eg ANOVA and ANCOVA), we can 
accept that routinely taken significance level of p ≤ 0.05 could be too weak. However more 
than once noted here, the values of significance level of p ≤ 10–6 (sometimes even of  
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p ≤ 10–20) can be considered as highly significant, even for breaking down of some 
assumptions of parametric statistical analyses. Admittedly, some new studies similar this 
one, and/or being their continuation, using modern and sophisticated statistical methods  
(eg the generalized linear and nonlinear models), allow excluding any doubts related to the 
results obtained. In the present study, the relationships (correlations) between the 
environmental data and numbers of various groups of microorganisms were assessed 
quantitatively, assuming not only the existence of not only statistical relationships, but also 
the causal ones. Generally the positive correlation was noted, often statistically significant 
(p ≤ 0.05). However skipping a few exceptions, the correlations coefficients were not high 
(< 0.7). This result indicate that the higher contribution of random variability (not 
associated with correlation) than correlation explains the relationship between variables. 
The variability explained by correlation is described by a square of the correlation 
coefficient (r2), ie coefficient of determination, r2 > 0.5 only for high values of r (r > 0.7) 
[36]. Because of this, a practical conclusion can be proposed. It is difficult to built any 
reliable and predicative model on the basis of data analysed in this work, which could 
enable to forecast any microbial air pollution on the basis of available meteorological data 
(eg using multiple linear or nonlinear regression), because of too poor relationships 
between analysed variables (r < 0.7 and r2 < 0.5). The possible reasons of these 
relationships could result from errors in their quantitative evaluation, as well as from the 
lack of any elaborated reliable methods. For example, the correlation between the average 
speed of wind for month, and the occurrence of fungi in air during the first month of study 
was positive and significant [r = 0.30 (p < 0.01); R = 0.42 (p < 0.001)]. However, the 
correlation between the speed of wind, measured at the moment of sampling, and the 
occurrence of fungi in air during the whole period of study, was significant, but negative  
[r = –0.37 (p < 0.001); R = –0.43 (p < 0.001)]. A possible reason of this contradiction could 
be the fact, that the speed of wind was not a fully reliable and sufficient measure of the 
wind effect on the numbers of fungi and other microorganisms in the air. For simplification 
a direction of wind was not considered here. However, even taking this into account, it 
seems to be unsatisfactory explanation. Hence, in any model of influence of wind on the 
microbial numbers in air, each sampling point should be considered separately, regarding 
not only the direction of wind, but also the sampling point location in relation to the source 
of pollution (the active sector of the landfill site). Furthermore, the good predicative model 
besides the “waste load” should also consider other variables, eg an extent of waste 
microbial pollution and susceptibility of waste decomposition and/or composting. 

In this study, the occurrence of various microbial groups in the air was studied. 
Because of a large input of labour, time and resources it was difficult to perform air 
monitoring for every day. As a result, it was not possible to use for the data analysis 
obtained any statistical methods, enabling to forecast any changes in a given variable for 
very short time intervals, eg the method of time series analysis. However, it is possible, 
when a study is based on direct counting of total number of bacteria, using an 
epifluorescent microscope to differentiate bacteria from any dead organic or inorganic 
particles and fungal spores. Airborne microbial concentrations should be estimated every 
day resulting in a collection of data, covering a long time of study. These data may then be 
subjected to the time series analysis. Consequently, the analysis could be a basis to forecast 
any changes in airborne bacterial and fungal numbers (counted directly) depending on the 
season of the year. Monitoring of bioaerosols at the waste application facilities is important 
for risk assessment [37].  
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Conclusions 

Regarding the occurrence of various groups of microorganisms in air, this study shows 
adverse impact of the municipal landfill site in Tarnow on the atmospheric environment, 
despite the use of correct waste disposal technology. The sampling site and season of the 
year significantly affected the numbers of various groups of air microorganisms at the 
municipal landfill site and in its vicinity. For most cases, the effects of the sampling site on 
the microbial numbers were stronger than that of the season of the year. Generally, the 
effects of these factors decreased in the following order: staphylococci > bacteria >  
α-hemolytic bacteria > actinomycetes. For the fungi, the influence of the sampling site can 
be considered as the scarce, as compared with very highly significant effect of the season of 
the year. In the case of β-hemolytic bacteria, any real effect of both factors on the 
occurrence of this group of bacteria could be recognized as the comparable one. In this 
study, we observed higher microbial numbers at the sampling sites located in the area of the 
active landfill site compared to those located in its vicinity. The obtained results indicate, 
that despite the lack of current limits for bioaerosol levels the landfill site, even after its 
closing and reclamation, may still not be a suitable place for any public usage. Therefore, 
any regular microbiological studies of air should be carried out for a long time both at the 
area of landfill site and in its vicinity. These results could allow to define the time, when the 
landfill site become stable, regarding the numbers of microorganisms released to air. 
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ANALIZA STATYSTYCZNA ZAWARTO ŚCI BIOAEROZOLU  
W OBRĘBIE SKŁADOWISKA ODPADÓW KOMUNALNYCH 

1 Katedra Mikrobiologii, Uniwersytet Rolniczy im. Hugona Kołłątaja w Krakowie 
2 Katedra Mikrobiologii, Uniwersytet im. Mikołaja Kopernika w Toruniu 

3 Katedra Ochrony Środowiska Rolniczego, Uniwersytet Rolniczy im. Hugona Kołłątaja w Krakowie 

Abstrakt: Celem badań była ocena jakości mikrobiologicznej powietrza na terenie składowiska odpadów 
komunalnych i w jego otoczeniu. Przeprowadzone badania potwierdzają negatywny wpływ składowiska odpadów 
komunalnych w Tarnowie na środowisko atmosferyczne pomimo stosowania prawidłowych technik składowania 
odpadów. Miejsce poboru próbek powietrza i pora roku oddziaływały wysoce istotnie na liczebność różnych grup 
drobnoustrojów powietrza na składowisku odpadów komunalnych oraz w jego okolicy. W większości przypadków 
oddziaływanie stanowiska pomiarowego na ilość liczbę drobnoustrojów było silniejsze niż pora roku. 
Obserwowano wyższe ilości liczebności mikroorganizmów na stanowiskach pomiarowych zlokalizowanych na 
obszarze czynnego składowiska niż położonych w jego sąsiedztwie. Uzyskane wyniki wskazują, że, mimo braku 
aktualnie opracowanych wartości progowych dla bioaerozoli, to składowisko odpadów nawet po zamknięciu  
i rekultywacji może nie być jeszcze odpowiednim miejscem użytku publicznego. Dlatego też należy prowadzić 
regularne badania mikrobiologiczne powietrza na terenie i wokół składowiska w dłuższym okresie, które pozwolą 
na określenie czasu, kiedy składowisko staje się stabilne pod względem ilości liczby uwalnianych do powietrza 
mikroorganizmów. 

Słowa kluczowe: bioaerozol, środowisko atmosferyczne, składowisko odpadów komunalnych, mikroorganizmy 


