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1. Introduction

Wastewater treatment plants are a source of odours and microorganism
emissions to the atmospheric air (Kolwzan et al. 2010, Sowka et al. 2015, Szytak-
Szydtowski et al. 2016, Sowka et al. 2017). The high density of buildings and
errors in spatial planning cause that residents of buildings adjacent to municipal
wastewater treatment plants are exposed to the emissions of chemical and micro-
bial atmospheric air pollutants (Bylinski et al. 2019, Pasmionka 2020). It may
cause discomfort and fear of the health effects of exposure resulting from the
treatment plant activities.

Bioaerosol emitted to the atmospheric air by opened wastewater treat-
ment plants, especially municipal ones, may contain pathogenic and potentially
pathogenic microorganisms for humans and livestock causing among others al-
lergic reactions (Michalak & Pawlas 2012, Budzinska et al. 2013, Michatkiewicz
2018). Municipal wastewater is also a reservoir for antibiotic-resistant microor-
ganisms (Huang et al. 2012, Osinska et al. 2019, Savin et al. 2019). The volume
of bioaerosol emissions, and thus also the potential health risk, shows a depend-
ence on the size of the treatment plant and the wastewater treatment technology
used in it (Breza-Boruta 2010, Kotwzan et al. 2012, Rizzo et al. 2013). This jus-
tifies researching the health threat caused by the emission of bioaerosol into the
atmospheric air by wastewater treatment plants and the dispersion of this type of
pollution (Michalak & Pawlas 2012, Michatkiewicz 2018).

The aim of the study was to assess the impact of the new, just opend,
small municipal wastewater treatment plant, located 300 m east of the nearest
residential buildings on the sanitary condition of atmospheric air. In the vicinity
of the investigated wastewater treatment plant, natural sources of microorganism
emissions to the atmospheric air were located, including drainage channels filled
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with water and natural terrain obstacles (trees and forests), affecting the disper-
tion of pollutants emitted by the wastewater treatment plant.

2. Study object

The subject of the study was a municipal wastewater treatment plant
(WWTP) serving approx. 20,000 PE (population equiwalent), with an average
daily flow of approx. 2,300 m® located among arable fields. There is the forest on
the south-west of WWTP. In the area of the investigated wastewater treatment
plant, there are predenitrification chamber (67 m®), 2 dephosphatation chambers
(112 m* and 168 m?), 3 denitrification chambers (343 m’, 112.5 m* and 331 m’?),
optional chamber (142 m?), nitrification chamber (1432 m®), and secondary set-
tling tank (610 m®). Treated wastewater is discharged into a drainage ditch. The
wastewater treatment plant is equipped with a sludge dewatering station with
a capacity of 10-12 m*/h, working 6 days a week for 10 hours a day.

3. Materials and methods

The number of microorganisms suspended in the atmospheric air was de-
termined by the sedimentation method, accordance with Polish standards no PN-
89/7-04111/01, PN-89/Z-04111/02, PN-89/Z-04111/03, and PN-89/Z-04111/08.
Measuring stands 1-10 were located in the wind trail every 50 m, taking into ac-
count field conditions on the leeward side of the treatment plant. Control stands
11-13 were situated on the windward side (Fig. 1).

® 13/03/2016 Forest areas
A 09/10/2015, 28/11/2015 [ Agricultural areas
B 24/05/2015 N other areas

PO WWTP area Residential building

[—— Roads

Fig. 1. Location of measuring stands
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Four series of tests were carried out in the transitional periods of the year
(spring and autumn), field tests were carried out between 9.00-12.00. Agarized
microbiological media (BTL Polska LTD., £6dz, Poland) in Petri dishes (3 tiles
with each substrate) with a diameter of 0.09 m were exposed to free-falling mi-
croorganisms for 15 min (media for psychro- and mesophilic bacteria and mold
fungi) and 30 min (for actinomycetes) 1.30 m above the ground. Subsequently,
the dishes with media were incubated at the temperatures indicated in Table 1.

Table 1. Microorganisms incubation conditions

Group Microbiological Incubation Incubation
of microorganisms medium temperature [°C] | time [24 h]
psychrophilic bacteria nutrient agar 22 3
mesophilic bacteria nutrient agar 37 1
mold fungi Cshaiz;’;;a;fe I‘;Vllctgl 26 355
actinomycetes Pochon 26 3-5

After incubation, colonies grown on media were counted. The number of
colony-forming units (CFU) in the unit of air volume was calculated according
to the Omelian formula in the Gogoberidze modification (Polish standards —
PN-89/7-04111/02, PN-89/20411/3). Bioaerosol samples were taken in tripli-
cate. The results are presented as the arithmetic mean for three replications.
Standard deviation is also provided. During the tests, temperature and humidity
of the air, wind direction and speed were determined (Table 2). The assessment
of the sanitary state of the air around the tested wastewater treatment plant was
made by comparing the concentration of microorganisms with the criteria recom-
mended by PN-89/Z-04111/02 (Table 3), PN-89/20411/03 (Table 4) and the pro-
posals of the Team of Experts on Biological Factors (Table 5).

Table 2. Meteorological conditions in the research area at 9 am

Atmospheric factor 24.04.2015 | 9.10.2015 | 28.11.2015 | 13.03.2016
air temperature [°C] +18 +2 -3 +3

air humidity [%] 65 65 90 90
wind speed [m/s] 1.5 2.4 3.0 2-3
wind direction NW SW SE NNW
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Table 3. Criteria for classification of atmospheric air pollution by bacteria according
to PN-89/Z-04111/02 - in the scope related to the results of tests obtained in this work

Total number Number Degree of atmospheric
of mesophilic bacteria | of actinomycetes | air pollution
<1000 <10 uncontaminated
1000-3000 10-100 moderately polluted
>3000 >100 heavily contaminated

Table 4. Classification criteria for atmospheric air pollution by fungi according to PN-
89/Z-04111/03

Total number
of fungi in 1 m’ Degree of atmospheric air pollution
of atmospheric air

average clean atmospheric air, especially

3000-5000 in the late spring and early autumn
5000-10000 pollution that may have a negative impact
on the natural environment
>10000 pollution threatening the natural human environment

Table 5. Proposals for assessing the degree of microbial contamination of atmospheric
air developed by the Team of Experts on Biological Factors (Gorny 2010)
— to the extent related to the results of research obtained in this work

. Degree of atmospheric air pollution
Bioaerosol component
acceptable unacceptable
mesophilic bacteria <5000 cuf/m’ >5000 cuf/m’
thermophilic <200 cuf/m’ >200 cuf/m’
actinomycetes
Fungi <5000 cuf/m’ >5000 cuf/m’

4. Results and discussion

The research shows that the concentration of psychrophilic bacteria on
the leeward side of the treatment plant varied in the range from 156+85 to
6587+1286 cfu/m’, depending on the position and day of the inspection. Their
concentration was higher than in control (average of all positions on the wind-
ward side of the treatment plant) at positions 1-10 on 24/04/2015, 7 and 9
0 9/10/2015, 1-2, and 4-10 on 28/11/2015, 2, 6, 8-10 on 13.03.2016 (Table 6).
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Table 6. Concentrations of microorganisms at individual research stands

(mean value for 3 repetitions with standard deviation)

5 % < g Date of control
° g 5 o
55 | £%
3 g £ 2 24.04.2015 | 09.10.2015 | 28.11.2015 | 13.03.2016
g g
1 1647+401 1577+88 41434130 6534226
2 1265107 | 1543+214 329+149 1139+383
o 3 2617+554 | 1877+270 156485 224491
5 4 3675+946 | 1473+136 589+330 336491
g 5 1127+130 | 19934425 572+42 1300518
ﬁ 6 1387276 | 1872+278 1039483 17924436
E 7 1300£147 | 6587+1287 | 729+184 989+778
5y 8 1851+70 2028+377 676+258 1531+161
% 9 1647+£249 | 6500+332 399+65 345342315
g 10 4108+883 1300+85 555498 597+185
11 1005+65 2877+177 121+65 9154297
12 919+191 23574+149 416+236 1773+140
13 not tested | nottested | nottested | 1344+992
1 7634214 1248+153 | 59974978 87425
2 763488 11444112 | 10924363 121£65
3 9534498 16474259 607+65 87+88
2 4 1629+49 1317£201 | 1040£153 381488
% 5 416+185 21154534 5554385 1300442
S 6 399+65 1491+161 624+112 1109+298
é’ 7 659+209 | 6309+1349 | 676£195 399+107
<, 8 589+123 2357+107 451+£172 693+356
% 9 555+65 4628+663 121+49 11274354
g 10 1283+172 1473465 347+49 243+149
11 433+161 1421425 399425 2254172
12 416+74 15774177 364+42 797+307
13 not tested | nottested | not tested 277+149
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Table 6. cont.
g 0 Date of control
5E | 5E
3 g Z. E “ | 24.04.2015 | 09.10.2015 | 28.11.2015 | 13.03.2016
3 5
1 104+56 165+65 9+12 9+12
2 87+12 87425 0+0 0+0
3 225+80 520+21 43425 43425
4 191465 225496 0+0 0+0
8 5 130+0 295412 26+21 26421
S 6 26421 321117 9+12 9+12
g 7 69+49 849+96 17+12 17£12
g 8 243+25 702421 26+21 26+21
3 9 182456 702421 17+£25 17425
10 113+44 719+12 0+0 0+0
11 113+12 745+107 0+0 0+0
12 104+21 425432 43425 43425
13 not tested not tested not tested 9+12
1 5894218 27044321 52442 205+140
2 104+112 31554283 52442 485+132
3 659+201 4632+410 69+65 355+115
4 173+136 37444405 284421 411«115
5 87+49 37444258 4514218 317+132
B 6 676+42 3380+195 607+177 6724229
5 7 589425 3033+298 1041+44 205+70
- 8 10574354 | 3397+172 | 711+£123 | 1027+161
9 5554218 44034519 364+127 | 2150+454
10 867+25 4039+177 485+49 32114588
11 295449 3969+65 225+130 429+115
12 277£25 306842 69+65 1045+53
13 not tested not tested not tested | 2949+294
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The concentration of mesophilic bacteria on the leeward side of the
wastewater treatment plant varied from 87+24 to 6309+1349 cfu/m’, depending
on the position and the day of the inspection. Their concentration was higher than
in control (average of all positions on the windward side of the treatment plant)
at positions 1-4 5 and 7-10 on 24/04/2015, 3, 5, 7-9 on 9/10/2015, 1- On Novem-
ber 8 28, 2015, 5-6 and 8-9 on March 13, 2016 (Table 6).

Concentrations of actinomycetes on the leeward side of the treatment
plant varied from 0+0 to 719+12 cfu/m?, depending on the position and day of
the inspection. Their concentration was higher than in control (average of all sites
on the windward side of the treatment plant) on sites 3-5 and 8-10 on 24/04/2015,
3, 7-10 on 9/10/2015, 3, 5 and 8 on November 28, 2015, 3 and 8 on March 13,
2016 (Table 6).

The concentration of mold fungi on the leeward side of the wastewater
treatment plant varied from 52+42 to 4645+425 cfu/m’, depending on the stand
and the day of the inspection. Their concentration was higher than in control (av-
erage of all positions on the windward side of the treatment plant) at locations
1, 3, and 6-10 on 24/04/2015, 3-5, and 9-10 on 9/10/2015, 4-10 on 28.11.2015,
9-10 on 13.03.2016 (Table 6).

The concentration of microorganisms in the area and in the vicinity of
wastewater treatment plants examined by other authors, serving from tens to hun-
dreds of thousands of inhabitants were similar to those found in this work and
were in the following ranges: 10*-10* for psychrophilic and mesophilic bacteria,
10'-10? for actinomycetes and 10'-10* for mold fungi (Filipkowska et al. 2000,
Breza-Boruta 2010, Kotlwzan et al. 2012, Li et al. 2016, Pasmionka 2019, Pasmi-
onka 2020). The authors of these studies also found that the concentrations of
microorganisms at measuring points differed by the distance from the wastewater
treatment plant as a whole and its individual elements, and depending on the day
of the inspection. This phenomenon is seasonal in nature (Szytak-Szydtowski
et al. 2016). However, the formation of bioaerosol in a wastewater treatment plant
and its distribution in the atmosphere as well as the survival of microorganisms
in the atmospheric air depend on many factors, including:

e wastewater treatment technology used in a given treatment plant and its pa-
rameters, including: the intensity of wastewater mixing and aeration,

e variable meteorological conditions: wind speed and direction, solar radiation
intensity, precipitation, air temperature and humidity

e topography around the wastewater treatment plant and the presence and dis-
tribution terrain barrier,

e the duration of the treatment plant's operation — its long-term operation may
cause microbiological contamination of the soil and cause the secondary
transport of microbial contamination from the soil (Korzeniewska 2011,
Kotwzan et al. 2012, Michatkiewicz 2018).
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In terms of the concentration of mold fungi, the air around the wastewater
treatment plant was on average clean air according to PN-89/Z-04111/02, accord-
ing to the classification proposed by the Team of Experts on Biological Factors,
the degree of atmospheric air pollution around the treatment plant was acceptable
(Gérny 2010).

In terms of the concentration of mesophilic bacteria, the air was uncon-
taminated according to PN-89/Z-04111/02 at 23 sites on the leeward side of the
treatment plant, moderately contaminated at 14 sites and heavily contaminated at
3 test sites during all four series of field tests (total 40 research positions). In
terms of the classification proposed by the Panel of Experts on Biological Factors,
the degree of air pollution with mesophilic bacteria was acceptable for 39 out of
40 test stands on the leeward side of the power plant (all series of field tests). The
exception was the stand no. 1 located at the wastewater treatment plant fence on
November 28, 2015.

In terms of concentration of actinomycetes, the air was uncontaminated
according to PN-89/Z-04111/02 at 8 test stands on the leeward side of the treat-
ment plant, moderately polluted at 16 stands and heavily contaminated at 16
stands. Concentrations of actinomycetes on 24/04/2015 and 9/10/2015 were
higher than on 28/11/2015 and 13/03/2015. In the presented work, actinomycetes
were incubated at 26°C, in accordance with PN-89/7-04111/02. At the same time,
the Expert Team on Biological Factors (Gérny 2010) concluded that air pollution
by actinomycetes is acceptable when the concentration of thermophilic actino-
mycetes exceeds 200 cfu/m’. This number of actinomycetes was found at 11 po-
sitions during the first two field tests, but it was not found during the last two
field tests. It is not known, however, how many of these actinomycetes would be
thermophilic actinomycetes.

The diversity of microorganism concentrations around the tested
wastewater treatment plant did not decrease as a function of the distance from the
emission source. It was similar in the case of the previously tested large
wastewater treatment plant (Strzelecka et al. 2004). In both cases, this could be
due to the presence of other sources of microorganism emissions to atmospheric
air in the vicinity of the treatment plant. In the case of the small wastewater treat-
ment plant currently under study, these were arable land without vegetation or
scantily covered with emerging winter crops and numerous drainage channels
filled with water and water collected in ground depressions. The plant was sur-
rounded by obstacles such as mid-field tree stands, a forest with a dense under-
coat, and a railway embankment about 1 m high. They could have changed the
direction of air masses displacement from the plant together with bioaerosol lifted
from its facilities.
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5. Conclusion

The obtained research results indicate that the emission of bioaerosol
from a small wastewater treatment plant, may cause changes in the concentration
of microorganisms in the atmospheric air at a level close to natural sources. The
threat to human health associated with this emission is, in such cases, the presence
of pathogens in bioaerosol emitted by wastewater treatment plants (Korzeniew-
ska 2011, Kotwzan et al. 2012, Michalak & Pawlas 2012) and microorganisms
that show resistance to antibiotics (Rizzo et al. 2013). An effective solution to the
problem is hermetization of the wastewater treatment plant (Michatkiewicz et al.
2009). However, this is an expensive investment. Periodic monitoring of the san-
itary state of the air around wastewater management facilities is therefore justi-
fied. However, in many countries of the world, including Poland, there is no
standardized methodology for this type of monitoring and the permissible con-
centrations of microorganisms in the air, as well as a clear statement that such
monitoring is mandatory. The authors of other works have already addressed this
problem (Goérny 2010, Michatkiewicz 2018). It is also necessary to conduct fur-
ther research to develop a set of microbiological indicators that will be used in
routine monitoring of sanitary air in the area and in the vicinity of wastewater
treatment plants.

This paper was co-financed within the “Excellent Science”
program of the Polish Ministry of Science and Higher Education.
Ministry of Science
and Higher Education

Republic of Poland
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Abstract

Wastewater treatment plants are the source of odour and microorganism emis-
sions to the atmospheric air. Bioaerosol emitted by treatment plants may contain patho-
genic microorganisms, antibiotic resistant microorganisms and cause allergies.

The aim of the study was to assess the impact of the newly created municipal
wastewater treatment plant using the activated sludge method (approx. 20,000 PE, aver-
age daily flow of 2,300 m®) on the sanitary state of atmospheric air. Numerous field ob-
stacles (e.g. trees) and natural sources of microorganism emissions to the atmospheric air
(e.g. drainage channels) were located in the vicinity of the wastewater treatment plant.

Bioaerosol samples (3 replicates) were taken in a wind trail at 10 test stands on
the leeward side of the treatment plant and two control stands on the windward side of
the treatment plant. Samples were taken by sedimentation on Petri dishes with microbio-
logical mediums. Media was incubated at a temperature appropriate for the type of mi-
croorganisms (psychrophilic bacteria, mesophilic bacteria, actinomycetes, mold fungi),
and then colonies growing on media were counted. The number of microorganisms per
unit volume of air was determined according to the Omelian formula in the Gogoberidze
modification. Four series of tests were carried out during the transition months (spring
and autumn).

The concentration of microorganisms on the leeward side of the treatment plant
in the following ranges amouted: psychrophilic bacteria: 156 + 85 - 6578 + 1286 cfu/m’,
mesophilic bacteria: 8724 - 6309 + 1349 cfu/m?, actinomycetes: 0+0 - 71912 cfu/m?,
mold fungi: 52442 - 46454425 cfu/m3. These values were similar to those found in the
area and in the vicinity of wastewater treatment plants examined by other authors. The
concentration of microorganisms in the vicinity of the tested wastewater treatment plant
did not show a downward trend as a function of distance from the wastewater treatment
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plant. This could be due to the presence of other sources of bioaerosol emissions to at-
mospheric air in the vicinity of the treatment plant (e.g. drainage canals, uncovered soil
in plowed fields) and field obstacles that could have affected the movement of air masses
(e.g. in-field woodland, forest, embankment Railway).

The obtained research results indicate that the emission of bioaerosol from
a small wastewater treatment plant, may cause changes in the concentration of microor-
ganisms in the atmospheric air at a level close to natural sources. However, the threats to
human health caused by bioaerosol emitted from municipal wastewater may be higher.
Therefore, it is justified to monitor the sanitary state of the air and the atmosphere at the
wastewater treatment plant and in its vicinity, and conduct research to develop an optimal
set of indicator microorganisms of this state.

Keywords:
bioaerosol, bacteria, fungi, air pollution, wastewater treatment

Wplyw malej oczyszczalni sciekow
na stan sanitarny powietrza atmosferycznego

Streszczenie

Oczyszczalnie $ciekow sg zrodlem emisji odorow i mikroorganizmow do powie-
trza atmosferycznego. Bioaerozol emitowany przez oczyszczalnie moze zawiera¢ mikro-
organizmy chorobotworcze, mikroorganizmy oporne na antybiotyki oraz powodowac po-
wstawanie alergii.

Celem pracy byla ocena wplywu nowo powstalej oczyszczalni $ciekoéw komu-
nalnych oczyszczajacej je metodg osadu czynnego, (ok. 20000 RLM, $redni przeptyw
dobowy 2300 m?®) na stan sanitarny powietrza atmosferycznego. W sgsiedztwie oczysz-
czalni znajdowaly sig¢ liczne przeszkody terenowe (np. zadrzewienia) oraz naturalne zro-
dta emisji mikroorganizméw do powietrza atmosferycznego (np. kanaty melioracyjne).

Probki bioaerozolu (po 3 powtdrzenia) pobierano w smudze wiatru na 10 stano-
wiskach badawczych po stronie zawietrzenj oczyszczalni i dwoch stanowiskach kontrol-
nych po stronie nawietrznej oczyszczalni. Probki pobierano metoda sedymentacyjna na
ptytki Petriego ze zagaryzowanymi podlozami mikrobiologicznymi. Podtoza inkubo-
wano w temperaturze odpowiedniej dla danego rodzaju mikroorganizmow (bakterie psy-
chrofilne, bakterie mezofilne, promieniowce, grzyby plesniowe), a potem liczono kolonie
rosnace na podtozach. Liczbe mikroorganizméw w jednostce objetosci powietrza okre-
slano wedhug wzoru Omelianskiego w modyfikacji Gogoberidze. Wykonano 4 serie ba-
dan w miesigcach przejsciowych (wiosna i jesien).

Stezenia mikroorganizméw po stronie zawietrznej oczyszczalni miescily si¢
w przedziatach: bakterie psychrofilne: 156+85 - 6578+1286 jtk/m’, bakterie mezofilne:
87+24 - 6309+1349 jtk/m?, promieniowce: 00 - 719+12 jtk/m?, grzyby plesniowe: 52+42 -
4645+425 jtk/m3. Byly to warto$ci zblizone do stwierdzonych na terenie oraz w sgsiedztwie
oczyszczalni $ciekdw badanych przez innych autorow. Stgzenia mikroorganizmow w sa-
siedztwie badanej oczyszczalni nie wykazywato tendencji spadkowej w funkcji odleglosci
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od oczyszczalni Sciekéw. Mogto to byé spowodowane obecnoscig w sgsiedztwie oczysz-
czalni innych zrodet emisji bioaerozolu do powietrza atmosferycznego (np. kanatlow me-
lioracyjnych, odkrytej gleby na zaoranych na polach) oraz przeszkod terenowych, ktore
mogty mie¢ wplyw na przemieszczanie si¢ mas powietrza (np. zadrzewienia $rodpolne,
las, nasyp kolejowy).

Uzyskane wyniki badan wskazuja, ze emisja bioaerozolu z malej oczyszczalni
sciekow, w niektorych przynajmniej przypadka, moze powodowaé zmiany st¢zenia mi-
kroorganizméw w powietrzu atmosferycznym na poziomie zblizonym do zrodet natural-
nych. Zagrozenia dla zdrowia ludzkiego spowodowane przez bioaerozol emitowany ze
$ciekow komunalnym moga by¢ jednak wigksze. Dlatego uzasadnione jest monitorowa-
nie stanu sanitarnego powietrza atmosferycznego na terenie oczyszczalni §ciekéw 1 w ich
sasiedztwie oraz prowadzenie badan nad opracowaniem optymalnego zestawu mikroor-
ganizmow wskaznikowych tego stanu.

Stowa kluczowe:
bioaerozol, bakterie, grzyby, zanieczyszczenie powietrza, oczyszczalnie Sciekow
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