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Abstract: The aim of this study was to assess the microbiological and chemical air quality in a munic-
ipal solid waste landfill and its inhabited surroundings, in a particular context in which Romania
struggles with the incapacity to comply with its environmental commitments. The research was
conducted on a landfill near the capital Bucharest between November 2018 and September 2019.
To evaluate the chemical (oxygen, carbon dioxide, methane, hydrogen sulfide, ammonia and car-
bon monoxide–MX6 iBrid™ Détector multigas) and microbiological (airborne bacteria and fungi–
aspiration method) parameters, eight sampling points were established, located both on the perimeter
of the landfill and within its surroundings. CO and CH4 were not detected in any of the sampling
points, during the study period; O2 was in normal values 20.09–21.05%; CO2 had a maximum average
concentration of 620 ± 215; H2S had values between 0.1 and 5.0 ppm only in the sampling points
inside the landfill; NH3 was present only once in a single sampling point with values between
1.0 and 3.0 ppm. The microbiological results provide an overview of the total plate count and total
fungal count, with no significant differences between the level of contamination inside the landfill
and within its surroundings (p > 0.05). Ten bacterial species and fungi from six genera have been
identified. It was also found that the number of microorganisms in the air was significantly lower
during the winter, spring and early summer months compared with the late summer and autumn
months (p < 0.05).

Keywords: landfill; air quality; chemical and microbiological contaminants

1. Introduction

Rapid population growth and urbanization, having direct consequences on the way
of life, have accentuated food industrialization and led to an exponential increase in the
quantity and diversity of household waste [1].

A few centuries ago, waste was stored directly uncontrolled on the ground or in
running water, but was assimilated and neutralized by nature. Currently, municipal
solid waste (MSW) is a major problem for human settlements, forcing managers to adopt
controlled waste storage solutions [2,3]. Among the various waste treatment and disposal
methods, landfilling is the leading method in most countries, especially in low-income
and upper-middle-income countries. On a global level, about 70% of all generated MSW
is disposed in some sort of landfill (sanitary and unsanitary landfills, open dumps) [4].
Municipal solid waste landfills are permanent storage spaces placed in locations unusable
for other economic and social purposes, outside the localities and built and equipped to
prevent environmental pollution [5]. Landfill sites, even if well protected, beside their basic
positive role of contribution to the environment, are likely to negatively impact the public
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health, since they form a source of diverse air contaminants, such as chemical substances
(e.g., gas contaminations), odours or microorganisms as bioaerosols [6]. Thus, landfills,
especially those that do not implement adequate self-control programs are responsible for
releasing chemical and microbiological contaminants not only to the atmosphere but also
to surface water and groundwater [7]. In addition to being a source of dust and unpleasant
odors, household waste dumps influence the management of neighboring lands, affect the
topographic profile of the area and may cause physical and emotional discomfort for the
population of neighboring localities [8,9].

One of the biggest concerns when it comes to landfills is represented by the short-
and long-term gaseous emissions [10]. Raw landfill gas (LFG) is generated from the
biodegradation of disposed organic matter inside the landfill and normally consists of
50–60% methane, 40–50% carbon dioxide and hundreds of different compounds in trace
amounts referred to as” trace gases” (~1% in the total volume, originating either from
disposed waste products and hazardous waste and/or from waste degradation processes
occurring in the landfill body) [11].

Although trace gas emissions represent only a very small portion of the overall emis-
sion from landfills, they continue to be a concern, due to the adverse effects on the envi-
ronment and human health [10]. Compounds, such as benzene and vinyl chloride, are
carcinogenic to humans and it is also widely recognized that sulfur compounds, together
with some oxygenated compounds and hydrocarbons, are responsible for the offensive
odors emanating from landfills. Moreover, emissions of chlorofluorocarbons and halocar-
bons contribute to ozone depletion and global warming and some alkanes and aromatics
combine with nitrogen oxides in the atmosphere to form secondary air pollutants [10,12].

Along with the wastewater treatment plants, composting plants and animal farms, the
municipal solid waste landfills are a considerable source of bioaerosols that may negatively
impact air quality and can create health issues for employees and the nearby residents [6].
Bioaerosols are airborne biological particles consisting of cells, pollen, fungi, parasite eggs,
bacteria or viruses [13].

Most landfill sites provide favorable conditions such as nutrients and moisture for
degradation of waste and proliferation of microbes, some of which are pathogenic [14].
The primary source of bioaerosols in the landfill site is the deposited organic waste. Some
elements of municipal solid waste disposed of in landfills may comprise enteric pathogenic
microorganisms. Waste discarded from residential units contains decomposed raw and
cooked food waste, packaging materials, fecal matter of pets, soiled diapers and facial
tissues which house a large quantity of microbes [15,16]. Similarly, commercial units like
restaurants, hotels, hypermarket chains, but also slaughterhouses and food processing
units discard a large amount of putrescible food waste that may harbor also pathogenic
bacteria [14,17–19]. These microbes along with dust particles are aerosolized during various
waste management activities comprising transporting the waste to landfill sites, unloading
the waste from the vehicles, spreading and levelling, sorting, compacting and covering the
waste with soil [20]. Therefore, people who reside adjacent to landfill sites may be exposed
to bioaerosols and even develop bioaerosol-related diseases [21,22].

According to the 2019 European Commission (EC) Country Report regarding the
implementation of European Union (EU) environmental law and policy in the member
states, waste management remains a key challenge for Romania, despite formal progress
thanks to the adoption of the national waste management plan in December 2017. The
country’s performance continues to be characterized by very low recycling of municipal
waste (14%) and very high landfilling rates. This is contrary to the waste hierarchy and
comes in spite of the recycling targets set at EU level. The landfill rate reported by Romania
to the EC in 2017 was 70% [23]. Moreover, Romania had 101 non-compliant landfills which
should have been closed as of 2019, but by 2021, it only managed to rehabilitate 86 of them
and the calendar for closing the 15 illegal landfills which are still operating is uncertain,
as works to do so have not even began for most of them. So, in 2021, the EC has issued
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new infringement procedures against Romania for not complying with its environmental
commitments in waste, natural habitats and water and air quality issues [24].

In this particular context of not complying with the environmental commitments in
waste, landfills and air quality, it is of great importance for our country to permanently
provide up to date information regarding the air quality in vicinities or inhabited areas
close to the municipal solid waste landfills, to constantly ascertain biological and physical
health risks, to inform stakeholders, policymakers and the general population. The aim
of the study was to assess the microbiological and chemical air quality in a municipal
solid waste landfill and its inhabited surroundings in South-Eastern Romania, in order
to improve knowledge on this particular country issue and to identify potential public
health implications.

2. Materials and Methods
2.1. Description of the Study Location

The research was conducted in a municipal solid waste landfill located near Bucharest
(Ilfov County, Romania), which lies in the S-SE part of Romania (Figure 1). Ilfov is the
county that surrounds Bucharest, the capital of Romania. Many of the county’s villages
and communes developed into high-income commuter towns, which act like suburbs or
satellites of Bucharest. It has a population of 472,343 and an annual growth of about 4% [25].

The Vidra Landfill is located in a rural area, about 12 km south-west of Bucharest. The
vicinities of the landfill are represented either by agricultural lands or by lands without
agricultural destination (unproductive, degraded lands) and the nearest inhabited area is
located at approximately 600 m from the landfill.

The landfill is included in class B-landfill of non-hazardous household waste. The
total storage capacity is 11,500,000 m3, with a daily average waste stream of approximately
2400 t and, consequently, an average annual quantity of 480,000 t. The landfilling activity
started in July 2021. The landfill covers an area of 42 ha, which includes a storage area of
approximately 38.6 ha divided into 8 compartments and a service area of approximately
3 ha. The storage cells have an average horizontal usable area of 4.2 ha, each one delimited
by perimeter dams.

The prevailing winds in the region blow NE to SW.

2.2. Sampling Points and Period

To evaluate the chemical and microbiological parameters within the landfill and its
surroundings, eight sampling points were established, located both on the perimeter of
the landfill and in the nearby inhabited areas (A and B) as shown in Figure 1 and detailed
below:

• Sampling point 1–located inside the landfill on the concrete platform near the sorting
station, N 44 31.893–E 26 12.623;

• Sampling point 2–located at the entrance of the active cell, direction S-W to inhabited
area A, N 44 31.341–E 26 12.659;

• Sampling point 3–established on the property limit of the landfill, direction S-SW to
inhabited area A, N 44 31.182–E 26 12.722;

• Sampling point 4–situated at the edge of the property, at the entrance gate for the
garbage trucks, N 44 31.756–E 26 12.251;

• Sampling points 5 (N 44 31.174–E 26 11.492) and 6 (N 44 30.493–E 26 12.181)–set in the
nearest inhabited rural area (A) (600 m), west, respectively south-west to the landfill.

• Sampling point 7–located as an intermediate point between the nearby inhabited area
and the landfill, south to the landfill, N 44 30.948–E 26 12.710;

• Sampling point 8–established at the eastern property boundary of the landfill, in the
direction of the second nearby inhabited area (B) (1000 m), N 44 31.613–E 26 13.36.



Sustainability 2022, 14, 156 4 of 14

Sustainability 2022, 13, x FOR PEER REVIEW 4 of 14 
 

• Sampling point 8–established at the eastern property boundary of the landfill, in the 
direction of the second nearby inhabited area (B) (1000 m), N 44 31.613–E 26 13.36. 

 
Figure 1. Vidra landfill and sampling points-spatial view (left) and Ilfov county (right). 

The chemical parameters were determined between November 2018 and September 
2019, while sampling for bacterial and fungal load was carried out within October 2018 
and September 2019. This period covered the following seasons: autumn (September, Oc-
tober and November), winter (December, January and February), spring (March, April 
and May) and summer (June, July and August). 

2.3. Sampling Procedure 
Gas (ammonia NH3, hydrogen sulfide H2S, carbon monoxide CO, carbon dioxide CO2 

and methane CH4) and atmospheric oxygen (O2) concentrations were measured using a 
MX6 iBrid™ Détector multigas (Table 1). In November, December and April the determi-
nations were made twice a month and in the other months, once a month at peak hours 
(8:30 am–3:30 pm) and at a height of 1.3–1.5 m above ground level. 

Table 1. Sensor properties and accuracy. 

Sensor Name Range/Detection Limits 
Accuracy Over Full Measurement and Temperature Ranges 

Temperature Range Accuracy 
O2 

(electrochemical) 
0–30% vol −20 °C to 55 °C ±0.8% vol 

CO2 
(infrared) 

0–5% −20 °C to 55 °C ±15.0% 

CH4 
(infrared) 

0–100% LEL −20 °C to 55 °C ±15.0% 

NH3 
(electrochemical) 

0 to 500 ppm −20 °C to 40 °C ±15.0% 

H2S 
(electrochemical) 

0 to 500 ppm −20 °C to 55 °C ±15.0% 

CO  
(electrochemical) 

0 to 1500 ppm −20 °C to 55 °C ±15.0% 

Microbiological air samples were taken twice a month in November and April and 
once a month in the rest of the study period from seven out of the eight sampling locations. 
Sampling height was maintained at 1.3–1.5 m above ground level to signify the breathing 
zone. In each sampling point, 200 L of air were aspired using a Sampl’Air AESAP 1075 
sampling device. 
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The chemical parameters were determined between November 2018 and September
2019, while sampling for bacterial and fungal load was carried out within October 2018 and
September 2019. This period covered the following seasons: autumn (September, October
and November), winter (December, January and February), spring (March, April and May)
and summer (June, July and August).

2.3. Sampling Procedure

Gas (ammonia NH3, hydrogen sulfide H2S, carbon monoxide CO, carbon dioxide
CO2 and methane CH4) and atmospheric oxygen (O2) concentrations were measured
using a MX6 iBrid™ Détector multigas (Table 1). In November, December and April the
determinations were made twice a month and in the other months, once a month at peak
hours (8:30 am–3:30 pm) and at a height of 1.3–1.5 m above ground level.

Table 1. Sensor properties and accuracy.

Sensor Name Range/Detection Limits
Accuracy Over Full Measurement and Temperature Ranges

Temperature Range Accuracy

O2
(electrochemical) 0–30% vol −20 ◦C to 55 ◦C ±0.8% vol

CO2
(infrared) 0–5% −20 ◦C to 55 ◦C ±15.0%

CH4
(infrared) 0–100% LEL −20 ◦C to 55 ◦C ±15.0%

NH3
(electrochemical) 0 to 500 ppm −20 ◦C to 40 ◦C ±15.0%

H2S
(electrochemical) 0 to 500 ppm −20 ◦C to 55 ◦C ±15.0%

CO
(electrochemical) 0 to 1500 ppm −20 ◦C to 55 ◦C ±15.0%

Microbiological air samples were taken twice a month in November and April and
once a month in the rest of the study period from seven out of the eight sampling locations.
Sampling height was maintained at 1.3–1.5 m above ground level to signify the breath-
ing zone. In each sampling point, 200 L of air were aspired using a Sampl’Air AESAP
1075 sampling device.

The measurements of the gas concentrations and air sampling were made in conditions
of atmospheric stability, in the absence of precipitation, strong wind or fog.
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2.4. Bacterial and Fungal Counts, Isolation and Identification

Nutrient agar was used to determine the aerobic plate count (APC) and Sabouraud
medium was used to determine the total fungal count (TFC). After 24–48 h incubation
at 37 ◦C for APC and 25 ◦C for TFC, the plates were examined by counting the colonies
developed on the surface of the culture medium; the number of colonies identified on
each plate was then equated, in real values, using the standardized tables provided by the
manufacturer of the sampling device.

To identify the main bacterial and fungal species, isolation and examination of cultural
and morphological characteristics were made. Thus, the bacterial colonies obtained on
plate count agar were first of all classified based on the cultural features, followed by
staining and microscopic examinations. The identification of the isolates was carried out
using selective and chromogenic media (Levine, MacConkey, Palcam, Oxford and Rambach
medium) or biochemical tests (MIU and TSI tests to identify the species included in the
Enterobacteriaceae family). Likewise, airborne fungal spores grown on Sabouraud medium
were grouped based on its cultural aspects. The genus identification of the dominant fungal
colonies was made using slides wetted with lactophenol blue which where microscopically
observed and identified (400×).

2.5. Statistical Analysis

Data are spatially and temporal presented as mean ± SD of each chemical and microbi-
ological indicator. Where applicable, one way ANOVA followed by Tukey HSD or ANOVA
Kruskal–Wallis followed by Dunn’s test (Statistical Package for the Social Sciences-SPSS)
were used to compute and analyze the differences obtain between different sampling points
and time intervals. The level of significance was considered at p < 0.05.

3. Results
3.1. Atmospheric Oxygen and Chemical Pollutants Concentrations (CO2, H2S, NH3, CO
and CH4)

In terms of atmospheric oxygen concentrations, both the sampling points and the
sampling period proved to be significant factors F (7, 80) = 4.2, p < 0.001, respectively,
F (10, 77) = 4.37, p < 0.001. Significant differences were found between sampling point
1 (20.9% ± 0.09%) and points 4 (21.0% ± 0.12%), 6 (21.05% ± 0.09%), 7 (21.05% ± 0.11%) and
8 (21.05% ± 0.09%) (p < 0.01) (Figure 2). The highest concentration of atmospheric oxygen
was recorded in May (21.15 ± 0.16%), with significant differences (p < 0.05) compared
with November (21.00 ± 0.00%), December (20.99 ± 0.04%), January (21.00 ± 0.00%) and
September (21.00 ± 0.11%) and very significant (p < 0.001) differences compared with
February (20.94 ± 0.05%), March (20.93 ± 0.09%) and June (20.95 ± 0.05%) (Figure 3).
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At the sampling points, the average concentrations of carbon dioxide (CO2) ranged
from 499 ± 101 (sampling point 2) to 620 ± 215 ppm (sampling point 5), with no significant
differences F (7, 77) = 1.7, p = 0.12 (Figure 4). During the sampling period (November
2018–September 2019), the average values ranged between 430 ± 26.32 (August) and
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617 ± 149.68 ppm (January) and no significant differences were found F (10, 74) = 1.81,
p = 0.07 (Figure 5).
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Of the total samples (N = 85), 7% showed CO2 concentrations for clean air, below
400 ppm (0.04%): at sampling point 3 in November and March, at sampling points 2, 6 and
7 in February and at sampling point 7 in March, while 93% showed CO2 values between
402 and 978 ppm. The highest concentrations, 947 ppm in November, 887 ppm in March
and 978 ppm in April, were recorded at sampling point 5.

Of all samples (N = 87), six were positive for hydrogen sulfide (H2S), with values
between 0.1 and 5.0 ppm. Thus, in December, hydrogen sulfide was present at sampling
points 1 and 2 at 0.2–1.9, respectively 0.2 ppm. In April, only at sampling point 1 was
recorded a concentration of 0.1 ppm; in June, also at point 1, the values ranged between
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0.1 and 5.0 ppm. Instead, in August, the presence of H2S was registered at sampling points
2 and 4 with a value of 0.4 ppm.

Ammonia (NH3) was detected only at sampling point 1 in June, with values between
1.0 and 3.0 ppm.

Methane (CH4) and carbon monoxide (CO) were not detected in any of the sampling
points during the study period.

3.2. Microbiological Air Quality–Aerobic Plate Count (APC), Total Fungal Count (TFC), Bacterial
and Fungal Identification

At the sampling points, the aerobic plate count (APC) ranged from 1184 ± 1565 CFU/m3

(sampling point 2) to 444 ± 419 CFU/m3 (sampling point 3), with no significant differ-
ences H (6) = 8.29, p > 0.05. The second highest value was recorded at sampling point 4
(646 ± 662 CFU/m3), followed very closely by 1 (639 ± 662 CFU/m3) and 6
(540 ± 985 CFU/m3) (Figure 6).

Instead, the sampling period proved to be a significant factor in the APCs dynamics
H (13) = 58.24, p < 0.001. In October and early November, the values were very high
compared with the rest of the study period. The lowest values were recorded in February
and June. From October (2757 ± 1418 CFU/m3) to February (73 ± 134 CFU/m3), APC
values decreased significantly (p < 0.01); in the following months, from March to May the
values fluctuated without significant differences (p > 0.05), from 289 ± 297 CFU/m3 to
393 ± 215 CFU/m3. In June (84 ± 61 CFU/m3), there was an important decrease (p < 0.01)
followed immediately by a significant enhance in July (620 ± 623 CFU/m3) (p < 0.05). In
the following months, the values remained relatively constant (p > 0.05) (Figure 7).

The following bacterial species were identified: Clostridium spp., Enterobacter spp.,
Escherichia coli, Listeria monocytogenes, Micrococcus luteus, Proteus spp., Pseudomonas
aeruginosa, Salmonella spp., Staphylococcus spp. and Streptococcus spp.
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Figure 6. Average values of the aerobic plate count (APC) at the sampling points (mean + 1 SD).

The total fungal count (TFC) followed closely the same spatial and temporal pattern
as the APC, but exhibiting lower average values. Therefore, at the sampling points, the
TFC ranged from 324 ± 398 CFU/m3 (sampling point 4) to 118 ± 132 CFU/m3 (sam-
pling point 7), with no significant differences H (6) = 8.55, p > 0.05. The second highest
value was recorded at sampling point 2 (308 ± 322 CFU/m3), followed very closely by
1 (298 ± 531 CFU/m3) and 6 (208 ± 434 CFU/m3) (Figure 8).

The same as for APC, the sampling period proved to be a significant factor in the
fungal dynamics H (13) = 57.94, p < 0.001. In October, the values were very high compared
with the rest of the study period. The lowest values were recorded in June and March.
From October (1021 ± 607 CFU/m3) to December (73 ± 134 CFU/m3), TFC values de-
creased significantly (p < 0.01); in the following months, till March (59 ± 50 CFU/m3), the
values had minor fluctuations (p > 0.05). In April (115 ± 101 CFU/m3) there was a slightly
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increase and the values remained constant till May (151 ± 105 CFU/m3) (p > 0.05). In
June (13 ± 22 CFU/m3), there was an important decrease (p < 0.01) followed immediately
by a significant enhance in July (241 ± 368 CFU/m3) (p < 0.05). In the following months,
the values remained relatively constant (p > 0.05) (Figure 9).
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The following fungal genera were identified: Aspergillus, Penicillium, Alternaria, Rhizo-
pus, Candida, Fusarium and Mucor. Of these, species included in the genera Aspergillus and
Penicillium were identified in most samples, followed by species belonging to the genera
Candida, Rhizopus and Alternaria.

4. Discussion

United States Occupational Safety and Health Administration (OSHA) states for the
normal, fresh air an oxygen level of 20.9% and defines an oxygen deficient atmosphere
as anything less than 19.5% oxygen by volume [26]. In the present study, the spatial
oxygen variations were between 20.09 ± 0.09% (sampling point 1) and 21.05% (sampling
points 6, 7, 8). The temporal variations were situated between 21.15 ± 0.16% (May) and
20.93 ± 0.09% (March) These variations in the oxygen level, even if significant between
some of the sampling points and during the sampling period, are in the normal range of
atmospheric oxygen. Regarding the sampling points, the differences are likely to be due
to the variations in the proportion of the other atmospheric gases. When it comes to the
sampling interval, in the late spring period (April and May) the vegetation is the most
abundant and has an important contribution to the increase of atmospheric oxygen level.

Once organic waste is landfilled, it starts decomposing under anaerobic conditions
and generates landfill gas, a mixture of methane (CH4), carbon dioxide (CO2) and a small
amount of other gaseous substances [11,27]. When the gas goes through landfill covers,
a portion of non-collected CH4 oxidizes into CO2. While the generated CO2 is emitted
without being converted into other molecules, regardless of the gas collection conditions, a
portion of the CH4 generated from landfilled waste is combusted or oxidized into CO2 [27].

Carbon dioxide is the most important of Earth’s long-lived greenhouse gases. It
absorbs less heat per molecule than CH4 or nitrous oxide, but it is more abundant and it
stays in the atmosphere much longer. Based on preliminary analysis, the global average
atmospheric carbon dioxide in 2020 was 412.5 ppm, setting a new record high amount
despite the economic slowdown due to the COVID-19 pandemic [28].

In the present study, there have not been registered statistically significant spatial
and temporal variations in atmospheric CO2 concentrations. The concentration of carbon
dioxide in the atmospheric air at the four sampling points inside the landfill was in the
range of 459.9 ± 65.08 (sampling point 3)–543.72 ± 136.56 ppm (sampling point 1). Instead,
the highest concentrations were recorded in sampling points 5 (620 ± 215 ppm) and 6
(554.54 ± 127.23 ppm) located in the inhabited rural area closest to the landfill. As revealed
by the results, in three particular situations the concentrations recorded at the sampling
point 5 were almost twice as high as those recorded at the collection points located inside
the landfill. The large standard deviations obtained for sampling points 5, 6, 7, but also for 1
and 2, located near the sorting station, respectively, at the entrance of the active cell,
suggests the existence of uncontrolled sporadic CO2 emissions. The carbon dioxide in the
atmosphere of sampling points 5 and 6 comes from local sources because the inhabitants
from this area used to burn industrial and other types of waste from which metals are
recovered and subsequently sold. Consequently, these open and uncontrolled waste
incinerations do pose serious environmental and air quality concerns in the area.

Hydrogen sulfide (H2S) was detected only at sampling points 1, 2 and 4 inside the
landfill at concentrations between 0.1 and 5.0 ppm (139 µg/m3 and 6.9 × 103 µg/m3).
Sulphur compounds are one of the dominant chemical groups in raw landfill gas and
H2S usually prevails over other sulfur compounds [10]. Concentrations of sulfur com-
pounds in ambient air measured above different landfill surfaces/areas are generally below
1000 µg/m3 and the highest concentrations are mostly observed at the active working
area or above uncovered waste surfaces. Of those gases measured above landfill surfaces,
H2S also appears frequently in high concentrations up to 800 µg/m3, although abundant
levels of carbon disulfide, DMS and DMDS are also found, sometimes even exceeding H2S
concentrations and becoming the dominant compounds [29,30]. Kim et al. [31] measured
concentrations of reduced sulfur compounds from vent pipes at six Korean landfills and
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found that H2S accounted for >90% of the sulfur-containing gases in landfill gas, whilst
average concentrations ranged across several orders of magnitude, from 6.3 µg/m3 up to
3.8 × 106 µg/m3. The low concentrations were measured at closed or old landfills, whereas
young and active landfills were responsible for the higher concentrations ranging from
hundreds of thousands to several millions [31].

Sampling point 1 and 2 were located near the sorting station, respectively in the area
of the active cell, where the waste is handled (unloaded, leveled and compacted), until
being covered with sterile material, during which gases can diffuse into the air. Sampling
point 4 was located at the entrance gate, where the garbage trucks are weighed and checked,
time during which the diesel exhaust gases can diffuse into the atmosphere in the area
of the collection point. At sampling points 5 and 6, all samples registered a value of zero
for hydrogen sulfide, which is relevant for the evaluation of the impact of the landfill on
inhabited areas.

Ammonia (NH3) was detected only at sampling point 1, located near the sorting station
in June, with values between 1.0 and 3.0 ppm (697 µg/m3 and 2090 µg/m3). Ammonia and
amines are produced as a result of the degradation of organic contents in municipal solid
waste, such as lipid- and protein-containing food and fruit waste, livestock and poultry
waste or sewage sludge [32,33]. In Romania, the process of selective waste collection is
deficient, so that recyclable waste is mixed with biodegradable waste and other types of
waste, in the same transport vehicle. The high temperatures in June might have favored
their rapid fermentation, which led to the accumulation and subsequent release of a larger
amount of gas during the sorting process.

Relatively low concentrations of NH3 from passive vents were also reported at two
Chinese landfills, 1500 µg/m3 and 10.7 µg/m3, respectively [32,34]. NH3 concentrations in
ambient air above landfill surfaces have been reported at several sites, ranging between
103 and 4.0 × 103 µg/m3 [35,36].

The presence of ammonia, similar to hydrogen sulfide, is explained by the fermentation
process occurring due to high temperatures and the waste arriving at the landfill a few
days after collection. Thus, from the analysis of the data obtained it can be concluded that
the presence of ammonia in the detected concentrations does not affect the air quality in
the inhabited area.

It is well known that measuring landfill trace gases with a single sampling technique
is insufficient to describe the entire gas emissions from a landfill, because the concentra-
tions vary with different sampling techniques and sampling points. In addition, direct
measurements of trace gases from ambient air are easily influenced by meteorological pa-
rameters such as temperature, precipitation and atmospheric pressure [10,37]. In addition,
the concentrations of bioaerosols in various landfills sections depends on meteorological
conditions, on the distance from operational areas and waste management activities [38].
Therefore, a limitation of the present study was that the meteorological conditions (precipi-
tation level, humidity and temperature) were monitored, but not included in the study and
not correlated with the chemical and microbiological results.

The maximum quantity of bacterial load (1184 ± 1565 CFU/m3), but also a high
concentration of fungal aerosols (308 ± 322 CFU/m3) were identified in sampling point 2,
located at the entrance of the active cell. Similar findings were stated by other authors,
mentioning that the maximum quantity of potential pathogenic bioaerosols was reported
in the main operational area of the landfill site [39,40]. In addition, sampling point 4,
located at the entrance gate for the garbage trucks, represented the peak for the fungal
load (324 ± 398 CFU/m3). Likewise, it was mentioned that high traffic of vehicles carrying
waste, waste unloading and levelling operation aerosolize the microbes present in the solid
waste resulting in high concentrations of bioaerosols [41,42].

Bacterial and fungal counts where higher in the sampling points located inside the
landfill and started to decrease in the sampling points located in the nearby areas, accord-
ing to the distance, even if without statistical significance. This is further espoused by
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Vilavert et al. [43], who referred to the decrease in the bioaerosol concentration with the
distance from the landfill sites.

Regarding the temporal variations of the bioaerosol concentrations, in the present
study, the sampling period proved to be a significant factor in both the bacterial and fun-
gal dynamics. Beginning with the second summer month (July) the bioaerosols levels
started to increase till the mid-autumn (October) when they reached the highest values.
Subsequently, during winter and spring, there was an important decrease. In the last
years, Romania’s temperate-continental climate has been characterized by very dry sum-
mers, with temperatures often exceeding 35 degrees and also by very warm and long
autumn seasons.

Most researchers from countries with temperate or continental climates reported
higher fungal aerosols during the warm season compared to the cold season [22,44–46].
Cyprowski et al. [44] reported the highest concentration of total viable bacteria in summer
(temperature range 10–29.1 ◦C), while the levels of gram-negative bacteria were high-
est in autumn (temperature range 0.8–10 ◦C) in Poland. Similarly, Fernanda et al. [45]
analyzed the bioaerosol levels in landfill sites located in Brazil for all three seasons and
observed highest concentrations of airborne bacteria in summer and fungi in spring. Mad-
hwal et al. [22] also reported peak in fungal and bioaerosol concentrations during mon-
soon (temperature 29.14 ± 2.38 ◦C and RH 67.31 ± 8.64%), while winter (temperature
17.46 ± 3.0 ◦C and RH 34.83 ± 8.57%) witnessed a dip in the levels of bioaerosols released
from Indian MSW landfill. Conversely, Huang et al. [47] reported higher concentrations of
fungal and bacterial bioaerosol during winter in Taiwan as the temperature and relative
humidity range in winter was 23–27 ◦C and 69–72%, respectively.

In the present study, the higher APC and TFC were encountered at the sampling
points inside the landfill, mainly at sampling points 2 (located at the entrance of the active
cell) and 4 (located at the entrance gate for the garbage trucks). It has been stated that
high temperature with low wind velocity and relative humidity restricts the transport of
bioaerosols to the short distance which can peak the concentration of bioaerosols in the
landfill and adjoining areas [46]. In addition, higher temperature values, coupled with
lower relative humidity, affect the protein, nucleic acid and phospholipid membrane of
microbes, preventing their growth and proliferation [42], which may explain the decreasing
trend of APC and TFC during the late spring and beginning of the summer (June).

According to recent studies, the bioaerosols released from the landfill sites commonly
comprise bacterial species including Bacillus, Clavibacter, Corynebacterium, Curtobacterium,
Micrococcus, Pseudomonas and Staphylococcus, while fungal types include Cladosporium
Alternaria, Penicillium and Aspergillus [20,39,40,42,48].

Most experts suggest that microscopic fungi and their spores are an important group
of microbial air pollutants in landfills. Thus, in the air above and around the landfill, a large
number of spores and hyphae fragments of fungi were isolated from the genera Penicillium,
Cladosporium, Aspergillus, Alternaria, Fusarium, etc., but also yeasts such as Candida, which
play a major pathological role [49,50].

The diversity of the identified fungal species depended on climatic conditions. Thus,
species of the Aspergillus genus, which grow best in warm, humid conditions, were iden-
tified most frequently and consistently in the sorting area, an area that provides these
conditions.

5. Conclusions

As long as the municipal waste landfills operate in optimal parameters and compliance
with the legal framework, there is no strong evidence for environmental and public health
risk. Knowing that Romania is facing the impossibility of properly managing environmental
issues and those associated with waste management, it is important to constantly assess
whether landfills can be an additional source of chemical and microbiological air pollution.
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