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W OBREBIE SKEADOWISKA ODPADOW KOMUNALNYCH

Abstract: Air microbial quality of the municipal landfill & and in its surroundings was evaluated. Adverse
impact of the municipal landfill site in Tarnow dhe atmospheric environment was noted, despiteusieeof
correct waste disposal technology. The samplirgagid season of the year significantly affectedniimabers of
various groups of air microorganisms at the muikcipndfill site and in its vicinity. For most casehe effects of
the sampling site on the microbial numbers werensger than that of the season of the year. Indtioidy, higher
microbial numbers were observed at the samplires siicated in the area of the active landfill sienpared to
those located in its vicinity. The obtained resitidicate, that despite the lack of current linfits bioaerosol
levels the landfill site, even after its closinglaeclamation, may still not be a suitable plageafoy public usage.
Therefore, any regular microbiological studies ofshould be carried out for a long time both a #irea of
landfill site and in its vicinity. These resultsutg allow to define the time, when the landfillesttecome stable,
regarding the numbers of microorganisms releaseit to
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In many countries, establishing municipal landdile is still the only way of waste
management. Wastes are always treated as a sudistaamrard for people and the
environment, regardless of their origin, propertéagl possible usefulness. It is to be
stressed, that the range of this hazard is detednby various factors as, quantity and
nature of deposited wastes, the kind, shape andofgelandfill site, a waste disposal
technology, safety protection and recruitment of fandfill site, soil properties and
meteorological conditions [1-6]. Microbiological m@aminants are mainly bacteria,
microscopic fungi, viruses, plants pollen and d#f# substances produced by
microorganisms, which are called bioaerosol or migdust [7]. Bioaerosols are naturally
or artificially produced aggregation of biologiqadrticles dispersed in air [8, 9]. They may
consist of both live and dead cells of microorgarsisas single cells or their aggregation.
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Size of aerosol particles suspended in the airasrigpm 0.001 (bacterial endotoxins) to
more than 10@um (plants pollen) [7]. Concentration of bioaerosibdpends on the quantity
and quality of dust particles in the air. Thus dastincreasing the dust pollution also favor
microorganisms’ presence in the air. Under nornmairenmental conditions, majority of
bacterial and microfungal aerosol components doesiave any health hazard at their low
concentrations. Long-lasting keeping up of unsizdil amounts of wastes as well as all
factors increasing the dustiness on any municgadfill site gg waste delivery, planting
with mechanical equipment, waste compacting aneiog) cause formation of bioaerosol
with high concentrations of microorganisms. The msource of bioaerosol at the landfill
sites are municipal wastes. High share of orgardst@s creates favorable conditions for
existence and proliferation of many microorganissesbacteria, viruses, algae and fungi.
The distribution of bioaerosols depends on microatic condition and seasonal changes of
them [10-12]. The amount of air-portable microoligars is usually higher during summer
then winter but some authors reports no seasomalgels [13]. The highest concentrations
of bioaerosols are usually observed directly aldawdfill sites and is even thousand times
higher than in indoor premises (flats, public bimtgs) [14]. The microbiological particles
are displaced quickly to long distances (even hedsikilometers) from their sources [15].
Fate of the microbial contaminants in the air dejsean their size. Particles of diameter
10-100um almost immediately deposit on the ground neaisthece of emission. Smaller
particles (0.5-1Qum) are passively transported with the air to loigjathces. Landfill sites
emit spores of different fungi, and the most commneme: Alternaria, Aspergillus,
Cladosporium, Fusarium, Penicillium, Mucor, Rhizopus, Trichoderma [16]. The
composition of fungi in the air on the landfillesits mostly consistent with the fungi species
which develop on the waste. Among microorganismssgmt in bioaerosols are also
opportunistic pathogens, which can cause diseabes Wost organisms immune systems
fails [17, 18]. Microorganisms which compose biaesids, do not proliferate in the air and
depending on the environment conditions can suridvenly specified period of time.

Usually, the occurrence of diseases (mainly thdsth® respitatory system) among
municipal landfill sites workers is higher compatedother people. Live and dead cells of
biological aerosoldg thermophilic fungi and bacteria) can enhance dttinéazard among
the workers, frequently causing pathogenic infectjoeg some allergies and asthma
[19-24]. Pathogenicity and virulence of microorgans in the air of municipal landfill sites
is not stable over time. Microbial persistencehia &ir and their abilities to cause infectious
diseases depend on species and infection typesweds as meteorological and
microclimatical features i€ direction and speed of wind, temperature, humjdity
atmospheric pressure, solar radiation, rainfall atadics). The relationships between the
emission of microorganisms and atmospheric comttior seasons indicate, that the range
of harmful effects may change both in space ane {igb-28]. Health effects caused by
inhalation of various air particles, depend on rthsize, chemical composition,
microbiological properties, as well as on the placgheir deposition in the respiratory
system [29]. Particles smaller tham® in diameter may penetrate pulmonary alveolus and
cause their allergic inflammation and other dangemiseases. It is important to remember
that in all environments are polluted to some extBnoblems with contamination appear
when the concentration of pollutants is higher thidwe normal background level
characteristic for specific environment [7]. Occlipaal exposure limits for microbial
contamination of air have not been established yet.
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Removing of municipal wastes by collection on afdhsite, is a routine procedure of
their disposal for a long time. Hence, the aim tué tstudy was to statistically analyze
bacterial and fungal aerosol distribution at thenioipal landfill site.

Material and methods

The municipal landfill site in Tarnow was openedlB85. It is located in north-eastern
part of the town. The waste disposal site was s&dein a hummocky area, where ground
depressions are slightly over 10 meters. At tha@] the ground slightly declines to the
south-east direction. The whole area of the lahdfie covered approximately 12.68 ha.
Three (formerly reclaimed) sectors of the totalbaegual to 4.8 ha are assigned for waste
deposition. The fourth sector is currently used;upying the area of 1.5 ha. It complies
with all current European norms. After completiohtbe landfill operation at the site
territory, a new technical project assumes theipiisg of further landfill operation at new
sectors, covering the total area of 18.5 ha. Thdfith operation is carried out the using
horizontal method. Thus wastes are weight follolgdompaction after deposition in the
appropriate sector. The wastes are deposited erdagf the thickness equal to 2 m in
separated weekly working lots (17 - 21 m). Perialdjc the wastes are disinfected using
chlorinated lime. After formation of the waste layi is covered with the insulating layer
of soil.
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Fig. 1. Localization of sampling stands

For microbiological studies, air samples were atld each month for the 3-year
period. The studies were carried out at 10 samggliagds, located along the predominating
wind direction, inside and around the municipaldfih site in Tarnow (Fig. 1). This
sampling stands were as follows:

No. 1 - atthe open ground, located on the wesn fitte entrance to the landfill site,

No. 2 - located near the entrance to the landfé, :ear the weighing station,

No. 3- located at the field composting plantistat

No. 4 - located at the agricultural area, on themfsom the landfill site border,

No.5- located at the area of the active secttinériandfill 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 okesglocated on the east from the landfill
site border,
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No. 9 - at the open ground, behind the row of ti@es shrubs, located on the east from
the landfill site border,

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

Air samples were collected using an Air Sampler 8Smpactor during landfill site
operation. For sampling, the impactor was alwayssethe height of 1-1.5 m above the
soil surface to collect the bioaerosol from theabh&ng zone. In addition temperature,
relative air humidity (RH) and the speed of windreveecorded using a weather meter
Kestrel 4000 (Nielsen-Kellerman, USA) (Table 1).eThir samples were collected for
inoculation of the following media: Tryptic Soy AgérSA, Difco) with 5% of defibred
sheep blood for bacteria, Mannitol Salt Agar (MSBipMérieux) for staphylococci,
Gauze's agar for actinomycetes and Malt Extractr A§4EA, Difco) for fungi. The
inoculated media were incubated as follows: TSAeatperature 35-37°C for 48 hours,
MSA at 37°C for 48 hours, Gauze's agar at 28°C7fdays, and MEA at 25°C for 5 days.

Table 1
Microclimatic parameters of air at sampling sitetha municipal landfill site in Tarnow and in iginity
Sampling Air temperature [°C] Relative humidity (RH) [%] Wind speed [m - 7]

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 spreaeskoftware Microsoft Excel 2000.
Using this program, an introductory data processivep carried outefy logarithmic
transformation of the total bacterial numbers). gdltistical analyses were carried out using
Statistica 5.1 G. The total numbers of various peowf microorganisms were log
transformed, according to the function= logo(x + 1). This transformation enables to
approximate the values of respective replicationthé normal distribution. Furthermore, it
eliminates a positive correlation between averaglees and variances, which diminishes
a reliability of any parametric statistical teség Student's t-test and analysis of variance)
[30]. To evaluate effects of the sampling sitelitgm the total numbers of various air
microorganisms, One-way analysis of covariance (8\8) was carried out, with time
(months) as a covariate. The significance of déifees between averages was tested using
Newman-Keul's multiple range tegh € 0.05). The simultaneous effects of the sampling
site (1-st factor) and month of the year (2-nddgctvere assessed by carrying out two-way
analysis of variance (ANOVA). Considering the fatiat some assumptions of the
parametric analysis of variance could not be {felfil g additivity of the factors,
homogenicity of group variances, the normal distiitn of variables within groups, etc.)
a nonparametric alternative of analysis of variander each factor separately),
the Kruskal-Wallis test on ranks was carried owditahally [31]. The results of two kinds
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of analyses were concordant (in a few cases imp#btg weaker significance level for the
nonparametric test was noted). Therefore the esfiKruskal-Wallis test are not given.

Apart from the univariate analyses the analogoutivadate analyses were carried
out (one-way MANCOVA and two-way MANOVA), where athe variables (after
logarithmic transformation) were included. Besidets the significance level, some
multivariate statistics were calculated here, Wilkambda (a ratio of the intragroup
variance/covariance matrix to the intergroup varéoovariance matrix) and RaoR
(a converted value of Wilk's lambda used for thgnicance level assessment).

To evaluate any possible effect of the meteoroklgiariables on the numbers of air
microorganisms at the same sampling sites, a paranfearson's correlation coefficient
(r) was calculated and its significance level wassssd. Additionally, a nonparametric
Spearman's correlation coefficient on rank¥ \(as calculated. Considering the nature of
the data (some of the variables were not measuréikicontinuous scale and they did not
follow the normal distribution) this kind of coeffent could be more reliable than the
Pearson's one. Calculations of correlation coeffiti comprised air temperature, relative
air humidity, the speed of wind at a moment ofsEimpling (independent variablex);
and microbiological (log cfu M air) variables (the dependeny)-for the whole period of
studies.

Results and discussion

Municipal landfill sites and all inconveniences aated with them have become
a noticeable problem in environmental protectiah y@ars. The waste management, especially
in the case of industrial and municipal wastes,lmagonsidered as an important and difficult
task. Hence, for any correctly organized waste g@ment, a periodical control of the landfill
site effects on the natural environment and thedalenvironment both during landfill site's
operation and some time after its reclamation, Ishioel taken into consideration [3, 19, 32]. In
this study, effects of the municipal landfill site Tarnow on microbial quality of the
atmospheric air within the landfill site and at thesest surroundings were assessed.

The statistical analyses of data obtained in thisdys indicate that significant
differences in the numbers of airborne microbe&meined at sampling sites located at
different distances from the landfill site were o It is a natural phenomenon as
microorganisms and other particles raised up withiah streams to upper layers of
atmosphere, begin to sediment after travelling saligance. Air is not a suitable
environment for establishing a community of chaggstic microflora [26, 33].

The Figure 2 presents results of sampling sitecesfen the numbers of various groups
of airborne microorganisms at the municipal landfite in Tarnow. It was found: a) the
highest corrected averages of hundreds cfuain for fungi, b) high averages from several
tens to several hundreds cfa’mair for bacteria; ¢) moderately high averages fsaweral
to 100 cfu m® air for staphylococci, d) low averages from selyaa. 30 cfu i air for
B-hemolytic bacteria and actinomycetes; e) very bwerages of several cfufrair for
a-hemolytic bacteria. ANCOVA indicated increasindeefs of the municipal landfill site
(location of the sampling site) on the numbersidfane microorganisms, in the following
order: fungi (nonsignificant effecfs= 0.145) < actinomycetep £ 0.0003) <o -hemolytic
bacteria p = 4 - 10% < B-hemolytic bacteriag{ = 1.5 - 10° < bacteria § = 10™)
< staphylococcif{ = 3 - 10"). For all groups of microorganisms, except furigé average
numbers for the site No. Be(active sector of the landfill site) were signifitly (p < 0.05)
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staphylococci, the average number at the site N@ftér back-transformation) was even
20-fold higher than the lowest averages. In addittbe averages for sites No. 2, 3 and 6

were significantly higher compared to those found the sites No. 1, 8, 9 and 10 (for
bacteria, also averages of the sites No. 2 ando@ever, forp-hemolytic bacteria the

higher compared to the lowest averages (usuallysites No. 1, 8, 9 and 10). For
average of No. 2 was equal the average of No. 5).

Bacteria: F(o.3409) = 8.47; p = 10°1

Actinomycetes: Fg 349) = 3.52; p = 0.00034

Alfa-hemolytic bacteria: Fg.349)

2,5

Fig. 2. Results of analysis of covariance (ANCOMW&ith time as a covariate) and Newman-Keuls

multiple range testp(< 0.05) of the numbers of various groups of air oicganisms at the

municipal landfill site in Tarnow and in its victgi[log cfu nT° air; mean values marked with the

same letter do not differ significantlp € 0.05)]
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Table 2
Results of two-way analysis of variance (ANOVA)ngmaring the effects of: I) sampling site, and Ipmth of the
year (average for the whole period of study) onrtln@bers of various groups of air microorganisnthat
municipal landfill site in Tarnow and in its victgi[log cfu nT? air]

Source of variation ' Degrees F Statistic Significance
(see - the legend) Variance of freedom (prop_ortlon level
(df) of variances) (p)
A. Total number of bacteria
1. Sampling site (I) *** 3.529 9 7.827 4.10%
2. Month of the year (Il) *** 2.646 11 5.868 2. 108
3. Interaction [(I) - (I1)] 0.242 99 0.537 0.9997
4. Intragroup variability (error) 0.451 240
B. Total number of fungi
1. Sampling site (I) * 0.600 9 3.048 0.0179
2. Month of the year (Il) *** 7.516 11 38.199 <10®
3. Interaction [(I) - (I1)] 0.097 99 0.492 0.9999
4. Intragroup variability (error) 0.492 240
C. Total number of actinomycetes
1. Sampling site (I) *** 1.504 9 3.440 0.0005
2. Month of the year (Il) ** 1.252 11 2.864 0.0015
3. Interaction [(I) - (I1)] 0.347 99 0.793 0.9067
4. Intragroup variability (error) 0.437 240
D. Staphylococci
1. Sampling site (I) *** 7.036 9 13.299 3.2 10"
2. Month of the year (Il) *** 3.497 11 6.610 1.24 . 10°
3. Interaction [(I) - (I1)] 0.456 99 0.861 0.8022
4. Intragroup variability (error) 0.529 240
E. a-Hemolytic bacteria
1. Sampling site (I) *** 1.412 9 5.008 3.10°
2. Month of the year (Il) ** 0.730 11 2.590 0.0040
3. Interaction [(I) - (I1)] 0.276 99 0.978 0.5419
4. Intragroup variability (error) 0.282 240
F. B-Hemolytic bacteria "
1. Sampling site (I) *** 2.228 9 6.023 1.3- 10
2. Month of the year (Il) *** 2.503 11 6.766 710"
3. Interaction [(I) - (I1)] 0.352 99 0.952 0.6053
4. Intragroup variability (error) 0.370 240

Explanations: significance level of the factorsuf@es of variation): * < 0.05, ** p < 0.01, *** p < 0.001;
comparison of averages (statistically homogenoosigg) is presented separately: a) averages forlsggite
were equal to the adjusted averages from one-walysis of covariance (homogenous groups of averages
somewhat different than those, obtained in two-WB§¥OVA), b) averages for months - in the analysighaf raw
data (nontransformed ones), effects of the sampiiegRo 240)= 7.63 p = 7.6 - 10') were stronger than those of
month of the year [ff, 240= 5.83 p = 2.3 - 10F)].

Table 2 presents results of two-way ANOVA, comparihe effects of the sampling
site (I) and month of the year (Il) (average fa thhole period of study) on the numbers of
various groups of airborne microorganisms at theioipal landfill site in Tarnéw. Apart
from a few exceptionseg for the fungi, the sampling site), the effectdoth factors were
highly significant. Generally, the sampling sitéeefs on microbial numbers were stronger
than that of month of the year. It was found thathbeffects decreased in the following
order: staphylococci (sampling site:= 3.2 - 10 month of the yearp = 1.24 - 10)
> bacteria (sampling sitea = 4 - 10'® month of the yearp = 2 - 10°%) > a-hemolytic
bacteria (sampling sitgp = 3 - 10% month of the yearp = 0.004) > actinomycetes
(sampling site;p = 0.0005, month of the yeap. = 0.0015). For fungi, the site effect,
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2.3 - 10%, the real effects of both factors on

0.0179), in comparison with the highly signifitatime effect

(p < 10?9 can be considered as the negligible one. In #ise of theé3-hemolytic bacteria,
7 - 10%) affected their numbers more strongly than thepdimm

1.3 - 10%. Taking into account that, for the untransforndeds, the site effect was
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7.6- 109 than time effecty
the B-hemolytic bacteria could be recognized as the @vatge ones (Table 2).
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Month (mean)
- month of the year) using tNewman-Keul's multiple range test

(p < 0.05) are shown in Figure 3. In general, the aitbomicroorganisms were more

Month (mean)
in the Newman-Keuls multiple range tegt< 0.05) of the numbers of various groups of air

microorganisms at the municipal landfill site inrflaw and in its vicinity [log cfu rif air; mean

values marked with the same letter do not diffgniicantly (p < 0.05)]
However, the comparison of averages for monthshef year (2-way ANOVA:

Fig. 3. Results of a comparison of averages fortimo(two-way ANOVA: | - sampling site, Il - months)

- sampling site; Il
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numerous in summer months than during winter anty epring. For the total bacteria,

fungi and actinomycetes, averages for June andeBdyatr were significantly higher than

those for February, March and December. The fungeaibers were almost 20-fold higher
than the lowest ones, and (in contrast to bactarid actinomycetes) at least two
intermediate, statistically homogenous groups efages could be indicated. However, for
actinomycetes, the additional high was found iruday Several statistically homogenous
groups of averages were also observed for stapbgtd¢the highest for June, August and
October, the lowest for March) and fpthemolytic bacteria (the highest for August, the
lowest for May). Throughout the study;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 asance (MANCOVA,; with time as a covariate), and
B. two-way multivariate analysis of variance [MAN@VI) factor: sampling site, Il) - month of the ygaf the
numbers of various groups of air microorganisnth@tmunicipal landfill site in Tarnow and in itinity
[log cfu n® air]

A. one-way MANCOVA
|. Summar
o Wilks Significance
Source of variation L Rao’sR df 1 df 2 level
ambda ®)
Sampling site *** 0.600 3.429 54 175 3"
Il. Univariate F-tests on single variables
Group of microorganisms Fo, 349 (proportion of variance) Significancp)(
Total number of bacteria 8.47 1.10"
Total number of fungi 1.50 0.1447
Total number of actinomycetes 3.52 34 .10
Staphylococci 11.83 3.10%
a-hemolytic bacteria 4.85 4.10°
B-hemolytic bacteria 5.15 1.5 10°
B. two-way MANOVA
|. Summar
o Wilks Significance
Source of variation Rao’sR df 1 df 2 level
Lambda ®)
Sampling site (I) *** 0.446 3.826 54 1202 9.10%
Month of the year (lI) *** 0.188 7.018 66 1262 <10%
Interaction [(I) - (11)] 0.188 0.769 594 1417 0.9999
Il. Univariate F-tests on single variables
Sampling site Month of the year
Group of microorganisms Fo, 240) Significance [f) Fu, 240) Significance f)
Total number of bacteria 7.827 4.10% 5.868 2. 10°
Total number of fungf) 3.048 0.0179 38.199 <10®
Total number of actinomycetes 3.440 0.0005 2.864 0.0015
Staphylococci 13.299 3.2- 10" 6.610 1.24 . 10°
a-hemolytic bacteria 5.008 3.10° 2.590 0.0040
B-hemolytic bacteria 6.023 1.3- 10" 6.766 7 -10%

Explanations: significance level of the factorsuf@es of variation): P < 0.05, *p<0.01, *** p<0.001;

df 1 anddf 2 - numbers of degrees of freedom, used for calonksof ,Wilks Lambda” and ,Rao’R’;

+) - after excluding the variable: "total numberfoigi”, effects of the sampling sitp € 8 - 10%% were stronger
than those of month of the year£ 5 - 10%9
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The results of one-way MANCOVA and two-way MANOVAf the numbers of
various groups of airborne microorganisms at thaioipal landfill site are given in Table
3. In general one-way MANCOVA showed highly sigoéit effect of the sampling site on
the numbers of six various groups of air microoigias ¢ = 3 - 10™). The data would
seem to suggest, that the sampling gite @ - 10'® and month of the yeap(< 1029
highly significantly affected the occurrence of migrganisms in air. The time effect was
stronger than that of the strongly than the sarggite. It is noteworthy that: a) in two-way
ANOVA and MANOVA significant interaction between marimental factors was not
detected, b) after excluding the variable of téaalgal number from the MANOVA model,
effect of the sampling sitep(= 8 - 10'® was stronger than that of month of the year
(p=5 - 10" (Table 3).

Table 4
Relationship (correlation) between meteorologiehdor the whole period of study [independentalalgs X):
average monthly atmospheric pressure, averagemaperature, relative air humidity, average speedsiiod,
cloudiness and the sum of precipitation], and tmlpers of various groups of air microorganismsa t
municipal landfill site at Tarnow and in its vidipidependent variableg)( expressed as log cfurir]

Numbers of Meteorological data [dependent variablesx)]
microorganisms ): Atmospheric Air Rela_ttl_ve Spe_ed of Cloudiness Accu_m_ulqted
pressure |temperature| humidity wind precipitation
Bacteria *« -0.126 0.014 -0.137 0.095 -0.137 0.011
& —0.150 0.066 —0.057 0.054 -0.143 —0.088
Funai —0.599 *** 0.808 *** | —0.515 *** 0.299 ** | —0.377 *** 0.795 ***
9 —0.578 *** 0.815 *** | —0.589 *** | 0.416 *** | —(0.389 *** 0.746 ***
Staphviococci -0.107 0.017 0.054 0.116 0.122 0.046
Phy -0.175 0.000 0.062 0.120 0.103 0.017
Actinomveetes —0.080 0.071 -0.153 0.219 -0.084 0.086
Y —0.163 0.077 —0.135 0.193 —0.120 0.045
. . 0.041 -0.018 —0.087 0.038 -0.134 —0.058
o-hemolytic bacterig 14 _0076 | -0067 | -0.014 | -0.162 ~0.111
. . 0.109 -0.111 0.174 —-0.273 * 0.031 —0.146
p-hemolytic bacterig 35 0.006 0.065 0125 | -0.030 ~0.103

Explanations» Pearson’s linear correlation coefficiem};(# Spearman’s nonparametric correlation coefficient
(correlation of ranks)R). Significance of the correlation coefficientp% 0.05, ** p< 0.01, *** p< 0.001

The results obtained in this study indicated, thambers of various groups of
microorganisms, occurring in the air were highlypeledent on the microclimatic
conditions. Table 4 illustrates the correlationwestn the meteorological data and the
airborne microbial numbers at the municipal lahdfile in Tarnéw. Generally there was no
significant correlation noted, exception being fhegal group. The fungal nhumbers were
significantly ( < 0.05) positively correlated with the air temperatuisum of rainfalls and
the speed of wind. However, the negative corratatizvere found with the atmospheric
pressure, relative humidity and cloudiness. Theh higrrelation between the sum of
rainfalls and fungal numbers can be consideredeakhly reliable and overestimated due to
the occurrence of two mutually separated groupdatéd: a) low values for both variables,
b) high values for both variables. The numberspdfemolytic bacteria were poorly
correlated with the speed of wind. However, it waty found for the Pearson's parametric
coefficient of linear correlationr). The Spearman's nonparametric coefficient of
correlation (correlation of rank®&) was not statistically significant, which allows to
consider the above relationship as negligible (@&l In Table 5, the correlations between
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the meteorological data (temperature, relativehaimidity and the speed of wind) and the
numbers of various groups of airborne microorgasig@ypresented. The numbers of almost
all the groups of microorganisms (excephemolytic bacteria) correlated positively with
the air temperature. This relationship decreasethenfollowing order: fungir(= 0.599,

R =0.616,p << 0.001) >> staphylococci > the total bacteriactinomycetes B-hemolytic
bacteria f = 0.098 (nonsignificantRk = 0.155 p < 0.01)]. For most cases the occurrence of
microorganisms in air poorly negatively correlateith the relative air humidity (absolute
values ofr andR below 0.14). The negative correlations were alsseoved between the
speed of wind and the numbers of some groups ofomiiganisms, the highest ones for
fungi r = —0.371,R = -0.426,p < 0.001) and staphylococci E —-0.153 p < 0.01),
R=-0.187 0 < 0.001)].

Table 5
Relationship (correlation) between meteorologiathdn the period of study [independent varialigsair
temperature, relative air humidity, and speed aofdaon the day of air sampling], and the numbengaoibus
groups of air microorganisms in the municipal lalhdite in Tarnow and in its vicinity dependentrizbles §),
expressed as log cfurair]

Numbers of Meteorological data [dependent variablesx)]
microorganisms (y): Air temperature Relative humidity Speed of wind
Bacteria e 0.211 *** -0.119 * —0.105 *
& (0.217 *** —-0.098 -0.103
Fundi 0.599 *** -0.110 * —0.371 ***
Y 0.616 *** -0.132 * —0.426 ***
Staphviococci 0.216 *** -0.019 —0.153 **
pny! 0.252 ** -0.038 —0.187 ***
. 0.164 ** -0.106 * -0.004
Actinomycetes 0.195 ** ~0.136 ** ~0.062
. . 0.006 0.064 —0.105 *
a-hemolytic bacteria —0.024 0.071 ~0.080
. . 0.098 -0.024 -0.065
B-hemolytic bacteria 0.155 ** _0.040 —0.106 *

Explanations» Pearson’s linear correlation coefficiem};(# Spearman’s nonparametric correlation coefficient
(correlation of ranks)R). Significance of the correlation coefficientp% 0.05, ** p< 0.01, *** p< 0.001

For statistical analysis of the results obtainethia study, mostly parametric methods

were usedeg analysis of variance (covariance), despite thesipdisy of not fulfilling of
all assumptions of such methods @dditivity of the experimental factors, homogerofy
the group variances, the normal distribution ofiatales within groups) [31]. Their use
could be justified with an exploratory approachtite data analysis, where data did not
have to fulfill any particular assumptions, drawreidvance, and any results of significance
testing (‘p” values) were approximate tracers of significarmdy [34]. Alternatively,
a nonparametric method was also applied: Kruskadli$Veest, but its usefulness was
diminished by the following limitations: a) low sitgtical power; b) no possibility to carry
out any equivalent of two-way (and more) analysigayiance and analysis of covariance;
¢) unavailability (in STATISTICA) any "post-hoc" ritiple range test - to compare
averages [35].

Considering the above mentioned limited reliabildy significance testing in the
parametric statistical analyses carried out inwdsk (eg ANOVA and ANCOVA), we can
accept that routinely taken significance levepaf 0.05 could be too weak. However more
than once noted here, the values of significanvel lef p < 10° (sometimes even of
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p < 10%) can be considered as highly significant, even ozaking down of some
assumptions of parametric statistical analyses. iiddty, some new studies similar this
one, and/or being their continuation, using modand sophisticated statistical methods
(eg the generalized linear and nonlinear models)wallacluding any doubts related to the
results obtained. In the present study, the relalipps (correlations) between the
environmental data and numbers of various groupsnimffoorganisms were assessed
guantitatively, assuming not only the existencaaifonly statistical relationships, but also
the causal ones. Generally the positive correlatias noted, often statistically significant
(p < 0.05). However skipping a few exceptions, the elations coefficients were not high
(< 0.7). This result indicate that the higher cimittion of random variability (not
associated with correlation) than correlation ex@ahe relationship between variables.
The variability explained by correlation is desedbby a square of the correlation
coefficient ¢?), ie coefficient of determination? > 0.5 only for high values af (r > 0.7)
[36]. Because of this, a practical conclusion canpboposed. It is difficult to built any
reliable and predicative model on the basis of @atalysed in this work, which could
enable to forecast any microbial air pollution be basis of available meteorological data
(eg using multiple linear or nonlinear regression)cdese of too poor relationships
between analysed variables € 0.7 andr’ < 0.5). The possible reasons of these
relationships could result from errors in their qiiiative evaluation, as well as from the
lack of any elaborated reliable methods. For exaimple correlation between the average
speed of wind for month, and the occurrence of fim@ir during the first month of study
was positive and significant [= 0.30 p < 0.01);R = 0.42 p < 0.001)]. However, the
correlation between the speed of wind, measuretheatmoment of sampling, and the
occurrence of fungi in air during the whole perioidstudy, was significant, but negative
[r =-0.37 p < 0.001);R=-0.43 p < 0.001)]. A possible reason of this contradictimuld

be the fact, that the speed of wind was not a ftdliable and sufficient measure of the
wind effect on the numbers of fungi and other micganisms in the air. For simplification
a direction of wind was not considered here. Howeegen taking this into account, it
seems to be unsatisfactory explanation. Hencenynnaodel of influence of wind on the
microbial numbers in air, each sampling point stidu¢ considered separately, regarding
not only the direction of wind, but also the samglpoint location in relation to the source
of pollution (the active sector of the landfillesjt Furthermore, the good predicative model
besides the “waste load” should also consider otlaiables,eg an extent of waste
microbial pollution and susceptibility of waste dewposition and/or composting.

In this study, the occurrence of various microlgabups in the air was studied.
Because of a large input of labour, time and ressuit was difficult to perform air
monitoring for every day. As a result, it was natsgible to use for the data analysis
obtained any statistical methods, enabling to fase@ny changes in a given variable for
very short time intervalseg the method of time series analysis. However, passible,
when a study is based on direct counting of totamimer of bacteria, using an
epifluorescent microscope to differentiate bactdram any dead organic or inorganic
particles and fungal spores. Airborne microbial aanirations should be estimated every
day resulting in a collection of data, coveringoad time of study. These data may then be
subjected to the time series analysis. Consequéhtyanalysis could be a basis to forecast
any changes in airborne bacterial and fungal nusfmyunted directly) depending on the
season of the year. Monitoring of bioaerosols atwaste application facilities is important
for risk assessment [37].
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Conclusions

Regarding the occurrence of various groups of miganisms in air, this study shows
adverse impact of the municipal landfill site inri@w on the atmospheric environment,
despite the use of correct waste disposal techgolbige sampling site and season of the
year significantly affected the numbers of vari@rsups of air microorganisms at the
municipal landfill site and in its vicinity. For nsbcases, the effects of the sampling site on
the microbial numbers were stronger than that ef ghason of the year. Generally, the
effects of these factors decreased in the followander: staphylococci > bacteria >
a-hemolytic bacteria > actinomycetes. For the futigg, influence of the sampling site can
be considered as the scarce, as compared withhigily significant effect of the season of
the year. In the case df-hemolytic bacteria, any real effect of both fastan the
occurrence of this group of bacteria could be retmgl as the comparable one. In this
study, we observed higher microbial numbers as#rapling sites located in the area of the
active landfill site compared to those locatedtivicinity. The obtained results indicate,
that despite the lack of current limits for bioaablevels the landfill site, even after its
closing and reclamation, may still not be a sudgtlace for any public usage. Therefore,
any regular microbiological studies of air shouldarried out for a long time both at the
area of landfill site and in its vicinity. Thesesuéts could allow to define the time, when the
landfill site become stable, regarding the numbérsicroorganisms released to air.
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ANALIZA STATYSTYCZNA ZAWARTO SCI BIOAEROZOLU
W OBREBIE SKEADOWISKA ODPADOW KOMUNALNYCH

Katedra Mikrobiologii, Uniwersytet Rolniczy im. Hoga Kothtaja w Krakowie
2Katedra Mikrobiologii, Uniwersytet im. Mikotaja Kapnika w Toruniu
3Katedra Ochrongrodowiska Rolniczego, Uniwersytet Rolniczy im. HngdKothtaja w Krakowie

Abstrakt: Celem bad& byta ocena jaki&i mikrobiologicznej powietrza na terenie skiaddwisodpadéw
komunalnych i w jego otoczeniu. Przeprowadzone hiadaotwierdzaj negatywny wplyw sktadowiska odpadéw
komunalnych w Tarnowie n@odowisko atmosferyczne pomimo stosowania prawigitdwtechnik sktadowania
odpadéw. Miejsce poboru prébek powietrza i poraurodddziatywaty wysoce istotnie na liczelsta6znych grup
drobnoustrojéw powietrza na sktadowisku odpadéw teatnych oraz w jego okolicy. W wkiszaci przypadkéw
oddzialywanie stanowiska pomiarowego nasdloliczbe drobnoustrojow byto silniejsze nipora roku.
Obserwowano wisze ildgci liczebngci mikroorganizméw na stanowiskach pomiarowych aldowanych na
obszarze czynnego sktadowiska pbtozonych w jego ssiedztwie. Uzyskane wyniki wskaaupe, mimo braku
aktualnie opracowanych waft progowych dla bioaerozoli, to sktadowisko odpaddawet po zamkgeiu

i rekultywacji mae nie by jeszcze odpowiednim miejscenmiytku publicznego. Dlatego zenalery prowadzé
regularne badania mikrobiologiczne powietrza nartieri wokot sktadowiska w diszym okresie, ktore pozwpl
na okrélenie czasu, kiedy skladowisko staje stabilne pod wzghHem ildici liczby uwalnianych do powietrza
mikroorganizmaow.

Stowa kluczowe:bioaerozolsrodowisko atmosferyczne, sktadowisko odpadéw korimyma, mikroorganizmy



