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An evaluation of the treatment performance of small wastewater treatment plants with
the capacity of ≤50 PE (population equivalent) was carried out using data collected in
external monitoring reports, taking Upper Austria as an example. External monitoring
data for 2009–2018 were available for this analysis. About 2′500 small WWTPs are in
operation in Upper Austria. The main technologies implemented include about
870 Sequencing Batch Reactor (SBR) plants, 630 conventional activated sludge
(CAS) plants and 535 vertical flow (VF) wetlands. The data set for the present
evaluation comprises a total of approx. 14′000 external monitoring reports from
approx. 2′000 small WWTPs. This paper presents the results of this evaluation. The
evaluation showed that all technologies meet the legal requirements regarding BOD5,
COD and NH4-N effluent concentrations. However, for small WWTPs with a polishing
stage consisting of a VF wetland, the median values of the effluent concentrations and
the limit value exceedances are significantly lower. There is no evidence of a significant
deterioration in treatment performance with the age of the plant for any technology.
However, for all technical WWTPs such as SBR and CAS plants, a greater fluctuation of
the measured values (i.e. the median values of the effluent concentrations) can be
observed when the plant is longer in operation. Compared to technical WWTPs, this
fluctuation is significantly smaller in VF wetlands.

Keywords: external monitoring, technologies, treatment performance, vertical flow wetlands, long-term, on-site,
household

INTRODUCTION

In Austria, about 96% of the population is served by about 1′870 wastewater treatment plants
(WWTPs) with a design size of >50 population equivalent (PE) (BMLRT, 2020). Aside from this,
there are about 27′500 small WWTPs with design sizes less than or equal to 50 PE. Among these
small WWTPs, the technologies most frequently implemented are conventional activated sludge
(CAS) plants (about 6′880 plants), treatment wetlands (TWs) (about 5′460 plants) and Sequencing
Batch Reactor (SBR) plants (about 4′680 plants) (Langergraber et al., 2018).

To be operated, all WWTPs require a permit given by the local authorities (Langergraber et al.,
2018). According to Austrian standards (1. AEVkA, 1996), for WWTPs less than or equal to 500 PE,
a maximum ammonia nitrogen effluent concentration of 10 mg/L has to be met at effluent water
temperatures higher than 12°C. For organic matter, effluent concentrations (90 mg COD/L and
25 mg BOD5/L) and treatment efficiencies (85% and 95% for COD and BOD5, respectively) have to
be met throughout the whole year. In contrast, there is no discharge limit for total nitrogen and
phosphorus. For small WWTPs ≤50 PE, no specific Austrian standard exists. However, for
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plants ≤50 PE, the same effluent concentrations are usually
applied as for plants ≤500 PE, i.e., 90 mg COD/L and 25 mg
BOD5/L, and 10 mg NH4-N/L, respectively.

The Austrian regulation is quite strict compared to other
countries in the European Union (EU). The EU Urban
Wastewater Treatment Directive (UWWTD - Urban
Wastewater Treatment, 1991, i.e., the Directive 91/271/EEC)
regulates the treatment of wastewater from agglomerations
larger than 2′000 PE and does not prescribe a general standard
for agglomerations smaller than 2′000 PE. For small
agglomeration, EU member states are obliged to ensure
“appropriate treatment” such that the water quality objectives
of the receiving waters are met. As an example, the Polish
legislation requires that for WWTPs <2′000 PE the following
effluent concentrations are not exceeded: 150 mg COD/L and
40 mg BOD5/L. Additionally, in sensitive areas a Total Kjeldahl
Nitrogen of 30 mg N/L has to be met (PL-WWR – Polish
Wastewater Regulation, 2019).

As in Austria nitrification is required for all WWTPs, vertical
flow (VF) wetlands are the sole TW type implemented. The
development of single-stage VF wetlands started in the early
1990s when the requirement for nitrification was introduced. The
publication of the first Austrian design guide (ÖNORM B 2505,
1997) led to a significant increase of implemented VF wetlands
(Langergraber and Weissenbacher, 2017).

There are only a few studies on the long-term treatment
performance of small WWTPs ≤50 PE (or on-site and household
wastewater treatment systems, respectively). In a study conducted in
Salzburg (one of the nine federal states of Austria), random samples
were taken from the effluent of 10 of the most commonly used
technologies in Salzburg (i.e., VF wetlands, SBR, CAS and trickling
filter). These samples were analysed for compliance with effluent
requirements (i.e., TSS, BOD5, COD and NH4-N). VF wetlands
examined were the only technology in which all plants complied
with all the required effluent limits (Schaber and Reif, 2009). In
Austria, authorities regularly collect data regarding the treatment
performance of small WWTPs as part of third-party external
monitoring activities. The prescribed intervals for external
monitoring are different for all provinces (e.g., once a year in
Upper Austria and every 3 years in Lower Austria; these intervals
apply if the training course for operators of small WWTPs – offered
by the Austrian Water and Waste Association (ÖWAV) – has been
successfully completed). The owners of theWWTPs have to send the
external monitoring reports to the responsible authorities. Usually,
only the receipt of the report is noted. A detailed analysis of the
reports has not been done so far.

The aim of this work was thus to carry out a first systematic
evaluation of the long-term functioning and treatment
performance of small WWTPs ≤50 PE on the basis of the data
collected in the external monitoring reports. Up to now, no study
using this large amount of data collected from small WWTPs in
operation has been carried out. The main research questions are
whether differences can be determined in the treatment
performance of different technologies used in small WWTPs,
and how the treatment performance of different technologies
develops over time. The small WWTPs implemented in the
province of Upper Austria are used as an example.

METHODOLOGY

Up-to-date data on the inventory of small WWTPs and the
collected external monitoring reports from the years
2009–2018 were made available as MSExcel® files by the local
authorities. In total, the database contained 14′200 external
monitoring reports from 1′980 small WWTPs.

As a first step, each single small WWTP in the inventory had
to be assigned to a technology type according to the methodology
described by Langergraber et al. (2018). The following
technologies were used for the inventory: SBR plants, CAS
plants, VF wetlands, trickling filters, Rotating Biological
Contractor (RBC) plants, Membrane Bio-Reactor (MBR)
plants and filtration systems (“Bodenkörperfilter" in German).
To clearly distinguish from a single-stage VF wetland used as a
main treatment stage, we use the term VF bed for the cases in
which it is used as a polishing stage after another treatment
technology.

The plant inventory had to be merged with the dataset from
external monitoring, which entailed assigning the external
monitoring data to the right small WWTP type. The dataset
from external monitoring is based on effluent grab samples and
comprise:

- concentrations of NH4-N, COD and BOD5, as well as
- settleable substances, pH value and temperature.

For the analysis, we focused on the evaluation of the effluent
concentrations of NH4-N, COD and BOD5 that are also measured
during external monitoring.

The data were analysed in three steps:

1) Development of small WWTPs in Upper Austria: for the
results presented previously (Langergraber et al., 2018), data
from 2016 were used, representing the implementation status
at the end of 2015. The current data represent the state of
implementation at the end of 2018. This also made it possible
to analyse the development of small WWTPs in Upper
Austria during a 3-year period.

2) Analysis of the effluent concentrations of different
technologies: all values available in the database were used
to compare the effluent concentrations. Additionally, the
influence of effluent water temperature on the effluent
concentrations of different technologies was investigated.

3) Influence of the age of the plant on the treatment efficiency:
here, the data from the external monitoring reports were
sorted according to the age of the plant, i.e., the number of
years that have passed from the original commissioning of the
WWTP to the time the relevant external monitoring was
undertaken. Only those years were used for the analysis in
which more than five external monitoring reports were
available for the respective technology. Therefore, the
measured NH4-N, BOD5 and COD effluent concentrations
are assigned to the years after commissioning of the treatment
plants. The median value of all values for every year is then
calculated to figure out if an improvement or a deterioration
of the treatment performance can be seen. In order to assess
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the treatment performance of every single treatment plant
during the relevant period of operation (with five or more
years of measured values), each is inspected to determine
whether there is a trend in NH4-N effluent concentration. The
non-parametric Mann-Kendall trend test with a 95%
significance level is performed in R-studio (more details
can be found in Engstler, 2020).

RESULTS AND DISCUSSION

Number of Small WWTPs
Table 1 and Figure 1 show the number of small WWTPs in
Upper Austria. Overall, the total number of plants increased by
about 130 between 2016 and 2019. Currently, there are more than
2′500 small WWTPs in operation. Among them, there are about
870 SBR plants, 630 CAS plants and 535 TWs. There are still
about 300 small WWTPs that are only primary treatment
plants. These plants are three-chamber septic tanks and no

longer state-of-the-art. However, they were implemented
before the nitrification requirement was introduced in the
1990s and have a long-term permits. Authorities aim to
reduce the number of non-state-of-the-art plants with time.
Between 2016 and 2019, the number of plants with only
primary treatment was reduced by 80 plants. Other
technologies implemented with smaller numbers are trickling
filter (about 100 plants), RBC plants (37), MBR plants (26) and
filtration systems (27). Nowadays, the most popular technologies
for small WWTPs are SBR plants and VF wetlands, with 170 and
60 implementations between 2016 and 2019, respectively. CAS
plants and trickling filters were among the first technologies
implemented in the 1990s (Langergraber et al., 2018) and are
decreasing in number. This might be attributable to replacement
by other technologies or to the fact that some small WWTPs are
closed down once public sewer networks are expanded.

Based on the capacity of the receiving waters, authorities can
require more stringent effluent concentrations for small WWTPs.
If this is the case, a polishing stage, most of the time a VF bed
following the technical system, is applied. Thus, for the evaluation
of the treatment performance, not only the main treatment stage
is considered. 33% of all SBR plants (290 out of 873) and 9% of
CAS plants (54 of 628) are implemented with a VF bed for
polishing (Figure 2).

Effluent Concentrations of Different
Technologies
Tables 2, 3 show the BOD5 and COD effluent concentrations for
different technologies, respectively. All technologies can achieve low
median values of BOD5 effluent concentrations (below 10mg
BOD5/L): the number of exceedances of the BOD5 threshold
value are very low (below 10 for each technology). The lowest
median values of COD effluent concentrations are found for VF

TABLE 1 | Number of small WWTPs in Upper Austria 2016 (Langergraber et al.,
2018) and 2019 (Engstler, 2020).

Technology 2016 2019 Difference

SBR plants 702 873 171
CAS plants 646 628 -18
VF wetland 475 535 60
Primary treatment only 381 302 -79
Trickling filter 100 97 -3
Rotating biological contactor (RBC) 37 37 0
MBR 26 26 0
Filtration 27 27 0
Unknown 4 1 -3

Total 2′398 2′526 128

FIGURE 1 | Development of the number of small WWTPs in Upper Austria (adapted from Engstler, 2020).
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wetlands, SBR and CAS plants with VF beds as polishing stage and
MBR plants. For these technologies, median values were between
20 and 25 COD mg/L, for all other plant types between 35 and
45 COD mg/L. Most values exceeding the threshold are found for
SBR and CAS plants, trickling filters and RBC plants.

A similar result can be found for NH4-N as shown in Table 4.
The highest number of exceedances of limit values was measured in
soil filter systems (11.1%) and in trickling filter and submersible

systems (each approx. 6%), while the lowest number of exceedances
of limit values was noted in SBR systems with a downstream planted
soil filter (0.8%) and in constructed wetlands (1.5%). Systems with a
downstream planted soil filter or with a planted soil filter as themain
treatment stage (constructed wetlands) also had the lowest median
value of NH4-N effluent concentration. The median value was
0.24mg/L for activated sludge plants with a downstream planted
soil filter, 0.37 mg/L for constructedwetlands, and 0.68 mg/L for SBR

FIGURE 2 | SBR and CAS plants with/without a VF bed for polishing (adapted from Engstler, 2020).

TABLE 2 | BOD5 effluent concentrations of small WWTPs with different technologies (threshold: 25 mg BOD5/L).

BOD5 SBR SBR &
VF bed

CAS CAS &
VF bed

VF wetland Trickling
filter

RBC MBR Filtration All data

Number of WWTPs [ ] 493 252 540 52 491 85 36 25 7 1’981
Number of values [ ] 3’358 1’563 4’402 422 3’235 700 279 185 54 14’198
Values above threshold [ ] 5 3 5 3 3 8 7 4 6 5
[%] 0.1 0.2 0.1 0.7 0.1 1.1 2.5 2.2 11.1 0.0
Median [mg/L] 7 5 7 5 5 9 9 5 8 6
Mean [mg/L] 7 3 8 4 3 6 7 5 5 7
Standard deviation [mg/L] 55 10 72 19 10 35 44 20 27 44

Bold values indicate the median values.

TABLE 3 | COD effluent concentrations of small WWTPs with different technologies (threshold: 90 mg COD/L).

COD SBR SBR &
VF bed

CAS CAS &
VF bed

VF wetland Trickling
filter

RBC MBR Filtration All data

Number of small WWTPs [ ] 493 252 540 52 491 85 36 25 7 1’981
Number of values [ ] 3’365 1’568 4’406 422 3’245 703 283 185 54 14’231
Values above threshold [ ] 48 7 53 1 4 11 4 0 0 128
[%] 1.4 0.4 1.2 0.2 0.1 1.6 1.4 0.0 0.0 0.9
Median [mg/L] 37 24 35 24 21 44 43 27 33 31
Mean [mg/L] 42 28 41 40 25 47 47 31 34 36
Standard deviation [mg/L] 25 16 38 249 14 22 21 15 14 51

Bold values indicate the median values.
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plants with a downstream planted soil filter. MBR plants had a
significantly higher median NH4-N effluent concentration of
1.78mg/L than, for example, SBR plants and activated sludge
plants using the continuous flow principle with 1.00 and
1.09mg/L, respectively.

Figure 3 shows a violin plot of NH4-N effluent concentrations
for various technologies. A lot of the near-zero values were
measured particularly in VF wetlands and both CAS and SBR
plants with VF beds. These are also the three technologies with
the lowest median values and the lowest lower quartiles. Most
values measured for these technologies are clustered below
2.5 NH4-N mg/L. The higher median value of SBR plants with
VF bed can be seen in the violin plot as the second bump in the
density shape around the upper quartile. In contrast, the data for
trickling filters and filtration plants are quite evenly distributed
between very low effluent concentrations and the threshold.

Figure 4 shows the correlation of NH4-N effluent
concentrations with wastewater temperature. In the case of VF
wetlands, the dependence of the treatment performance on
temperature is less pronounced, which in turn indicates a

more stable and robust operation of VF wetlands compared to
technical wastewater treatment plants (SBR, CAS, trickling filters
and RBC). In SBR and in CAS plants, the NH4-N effluent
concentrations are only slightly higher than in VF wetlands; in
trickling filter and RBC plants, somewhat higher NH4-N effluent
concentrations are generally to be expected. When a polishing VF
wetland is used, the influence of temperature on the treatment
performance is almost eliminated.

Treatment Performance Over the Operation
Time
Table 5 shows the size of the dataset available and the median
values of the COD effluent concentrations for four technologies
depending on the age of the system. The oldest plant in this list is
a trickling filter plant that was built 29 years ago. However, only a
few trickling filters have been built in the last 10 years. In contrast,
there are many SBR plants (with and without VF beds) and VF
wetlands that were built during this period. Thus, there are many
values from external monitoring reports of young plants. In the
following diagrams, median values were calculated only in cases
where values from more than five plants were available, in order
to avoid outliers due to individual plant performance.

Figures 5, 6 show the COD effluent concentrations of different
technologies depending on the age of the plant, whereby Figure 6
compares the technologies with VF beds. VF wetlands and MBR
plants showed the lowest COD effluent concentrations. Higher
COD effluent concentrations were generally measured for RBCs
and trickling filter plants. However, no significant deterioration in
treatment performance over time was observed for any
technologies. There is a tendency for the median values to
fluctuate more from 1 year to the next as the plant ages. The
fluctuations of the median values tend to be higher for technical
plants when compared to VF wetlands. Larger fluctuations could
be an indication of less stable performance, but can probably also
be attributed to the smaller number of older plants.

Figure 6 compares SBR and CAS plants with and without VF
beds and VF wetlands. Technical wastewater treatment plants
with VF beds produce COD effluent concentrations similar to VF
wetlands. Thus, the additional treatment step after the technical
system significantly increases the treatment performance in terms
of lower COD effluent concentrations and more stable treatment
performance over time. Again, a greater fluctuation of the median
values can be observed as the age of the plant increases. The

TABLE 4 | NH4-N effluent concentrations of small WWTPs with different technologies (threshold: 10 mg NH4-N/L for effluent water temperatures >12°C).

NH4-N SBR SBR &
VF bed

CAS CAS &
VF bed

VF wetland Trickling
filter

RBC MBR Filtration All data

Number of small WWTPs [ ] 493 252 540 52 491 85 36 25 7 1’981
Number of values [ ] 3’347 1’565 4’382 418 3’199 689 282 184 54 14’120
Values above threshold [ ] 72 13 137 9 48 42 17 6 6 350
[%] 2.2 0.8 3.1 2.2 1.5 6.1 6.0 3.3 11.1 2.5
Median [mg/L] 1.00 0.68 1.09 0.24 0.37 2.20 1.2 1.78 2.66 0.98
Mean [mg/L] 2.43 1.14 2.95 1.54 1.43 4.21 3.48 2.52 4.23 2.31
Standard deviation [mg/L] 5.08 2.35 5.85 4.19 2.91 6.18 6.17 3.99 4.69 4.84

Bold values indicate the median values.

FIGURE 3 | Violin plot of NH4-N effluent concentrations for various
technologies (red dashed line: threshold value of 10 mg NH4-N/L). Violin plots
visualize the distribution of numerical data by depicting summary statistics and
the density of each variable.

Frontiers in Environmental Science | www.frontiersin.org July 2022 | Volume 10 | Article 9483665

Engstler et al. Performance of Small WWTPs

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


FIGURE 4 | NH4-N effluent concentrations in relation to the effluent water temperature for selected technologies.

TABLE 5 | Number of data (#) and median value of COD effluent concentration (in mg COD/L) for four technologies depending on the age of the plant (values in bold
considered for the following diagrams, * values not considered for the following diagrams as the number of data available was ≤5).

Years of Operation SBR SBR & VF bed VF wetland Trickling filter

# Median # Median # Median # Median

0 350 40 228 26 394 20 5 19*
1 347 37 190 24 337 21 3 15*
2 347 39 178 23 349 21 4 29*
3 335 36 177 24 326 19 4 33*
4 335 37 152 24 285 20 5 49*
5 310 36 154 20 258 20 4 32*
6 297 34 129 24 213 21 8 38
7 242 36 107 21 179 18 5 67*
8 198 35 86 23 160 19 8 32
9 142 34 60 28 127 20 9 64
10 98 39 26 26 98 22 10 38

11 62 39 12 24 75 24 19 47
12 51 39 9 30 67 22 17 44
13 44 36 8 41 67 22 29 51
14 32 38 7 33 52 23 32 49
15 29 33 4 25 46 22 35 48
16 27 35 6 18 35 20 50 45
17 23 37 6 24 31 19 57 44
18 22 30 6 27 30 27 65 40
19 20 33 4 25* 22 24 69 42
20 16 26 6 22 20 25 58 45

21 13 28 3 20* 15 20 52 42
22 10 34 3 35* 12 26 46 42
23 5 28* 2 26* 6 20 43 45
24 5 32* 2 18* 7 19 25 46
25 3 37* 2 40* 6 26 22 62
26 3 49* - - 4 25* 9 63
27 - - - - - - 5 59*
28 - - - - - - 3 68*
29 - - - - - - 1 29*
30 - - - - - - - -
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behaviour of the BOD5 effluent concentrations is similar to that of
the COD effluent concentrations (not shown).

Figures 7, 8 show the same data for the comparison of the
median values of the NH4-N effluent concentrations. The
comparison of the different plants yields results similar to the
COD values (Figures 5, 6). Technical wastewater treatment plants
show greater fluctuations in themedian values of the NH4-N effluent
concentrations in subsequent years when compared to VF wetlands.
On the one hand, this indicates that nitrification is the most sensitive
process in wastewater treatment plants. On the other hand, the
robustness of VF wetlands is clearly evident, especially with regard
to reliable and robust nitrification performance. CAS and SBR plants

have lower NH4-N effluent concentrations and less fluctuations
comparted to other technical systems. Higher NH4-N effluent
concentrations of MBR plants compared to CAS and SBR plants
are in contrast to the results for COD where MBR plants show better
performance. The higher COD removal of MBR plants can be
explained due to the removal of particulate COD during
membrane filtration. For trickling filters, the high fluctuations of
NH4-N effluent concentrations indicate less stable nitrification
performance when compared to their COD treatment efficiency.
With an additional VF beds after SBR and CAS plants, NH4-N
effluent concentrations of SBR and CAS plants can be improved and
similar performance of VF wetlands can be reached.

FIGURE 5 | Median values of the COD effluent concentrations of six technologies in relation to the age of the small WWTP.

FIGURE 6 |Median values of the COD effluent concentrations of technologies with or without VF beds and VF wetlands in relation to the age of the small WWTP.
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Table 6 shows the results of the treatment performance analysis
(using NH4-N effluent concentrations) over the operation time of
every single treatment plant. In total, data from 493 SBR plants were
available; and of these, 369 plants had five or more measured values
included in the analysis. For only 5% of the SBR plants, a trend in the
treatment performance could be observed, whereby about half of
these 5% had a positive trend (i.e., increasing effluent concentrations
and thus deteriorating treatment performance over time) and the
other half a negative trend (i.e., decreasing effluent concentrations
and thus improving treatment performance over time). For all
technologies with a higher number of implementations (SBR,
SBR + VF bed, CAS and VF wetland), about 10% of the single

plants evidenced a trend within a 95% significance level. These
trends were both negative and positive, with a tendency toward
higher percentages of negative trends (improving treatment
performance) for VF wetlands. However, due to the low
percentage of single plants showing a clear trend, this behavior is
more likely attributable to specific aspects of these single plants than
to a general trend for different technologies.

Comparison With Other Studies
Karczmarczyk et al. (2021) evaluated the performance of compact
plants in Poland. For 2019, they presented a number of more than
230′000 implemented systems in Poland. For their study, they

FIGURE 7 | Median values of the NH4-N effluent concentrations of six technologies in relation to the age of the small WWTP.

FIGURE 8 |Median values of the NH4-N effluent concentrations of technologies with or without VF beds and VF wetlands in relation to the age of the small WWTP.
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selected 23 plants from a list of municipalities that received
funding for construction from a Regional Fund. Effluent
samples from these 23 plants (including CAS and SBR plants
as well as fixed-bed reactors) have been taken and analysed for
BOD5 whereby more than 50% of the plants did not fulfil the
Polish effluent standard of 40 mg BOD5/L. Based on their
measurements, Karczmarczyk et al. (2021) estimated the
environmental impact an annual costs of on-site wastewater
treatment systems for Polish conditions.

In the study of Hellström and Jonsson (2004), 14 single-house
treatment plants using different technologies have been investigated
in Sweden. Systems tested include package plants, urine separating
systems, blackwater separating systems and chemical precipitation as
a supplement to sand filter beds. In addition to removal of organic
matter, also nitrogen and phosphorus removal was targeted. Weiss
et al. (2008) performed an environmental systems analysis of four
on-site wastewater treatment options with focus on phosphorus
removal under Swedish conditions. However, they did only use
literature data for the performance of the systems.

Kegebein et al. (2007) evaluated the performance of four
technologies (i.e., trickling filter, RBC, CAS and a moving bed
biofilm system) using measured data from lab-scale experiments
with defined loading of the systems. Main objective of their study
was to test the behaviour of the plants during and after non-loading
periods.

Performance of on-site wastewater treatment systems inWestern
Australia has been evaluated by Gunady et al. (2015). However, this
evaluation was not based on measured quality data but on the
evaluation of the reasons for non-performance of the systems.
Identified reasons were inadequate installation, inadequate
maintenance, poor public awareness, insufficient local authority
resources, ongoing wastewater management issues, or inadequate
adoption of standards, procedures, and guidelines.

Studies on the performance of small WWTPs ≤50 PE, on-site and
household wastewater treatment systems are very scarce. Compared to
our study, the number ofmeasured field data used for the performance
evaluation in other studies was very small (e.g., Hellström and Jonsson,
2004; Karczmarczyk et al., 2021). Other studies such as Kegebein et al.
(2007) aimed to monitor the treatment performance during specific
loading scenario, i.e. non-loading periods.

Reasons for non-functioning plants in Western Australia
(Gunady et al., 2015) have been addressed in the Austrian
case by developing design standard, proper management of
small WWTPs on the authority side (e.g. permits required for
every plant), proper monitoring schemes (self and external
monitoring) as well as the training courses for operators od
small WWTPs (Langergraber et al., 2018).

CONCLUSION

The evaluation of the long-term functioning and treatment
performance of small WWTPs ≤50 PE carried out in this
study can be considered unique in terms of number of
WWTPs evaluated (almost 2′000 plants), number of data
available (about 14′000), operational age of the plants (from
new installed plants up to 30 years old plants), and the longT
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period (10 years) for which data were available for single plants.
To our knowledge, this study is the first that uses such a large
amount of data collected from implemented plants.

Based on the performance evaluation of the small
WWTPs ≤50 PE in Upper Austria we conclude that.

• SBR plants and VF wetlands are the technologies most
commonly implemented in recent years for small
WWTPs (with ≤50 PE) in Austria;

• all technologies implemented for small WWTPs fulfil the
Austrian legal requirements regarding the effluent
concentrations of BOD5, COD and NH4-N;

• small technical WWTPs with a VF bed as polishing stage
have lower effluent concentrations compared to plants
without a VF bed as polishing stage;

• small WWTPs with a VF bed as polishing stage have similar
effluent concentrations to a single-stage VF wetland;

• none of the applied technologies shows a significant
reduction of treatment performance over time; and

• aging VF wetlands show fewer fluctuations of effluent
concentrations compared to technical systems, indicating
a more robust performance of treatment wetlands.

Long-term functioning and good treatment performance of
small WWTPs in Austria can be attributed to the well-
established management scheme for these systems including

designs guides, monitoring programs and training courses for
operators.
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