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Abstract: The discharge of nutrients and organic pollutants is increasing at an alarming rate, driven
by the rapid development of human activities. This growing pollution is contributing to significant
environmental issues, including eutrophication, making the treatment of wastewater essential before
its release into the environment. Prior to being released into water bodies, treated wastewater must
undergo rigorous laboratory analysis. For this reason, analysis using standard methods was carried
out at the Laboratory Waterworks in Debrecen on multiple samples taken from various wastewater
treatment plants in Hungary. The primary objective of this research was to assess the quality of
effluents from (14) wastewater treatment plants and investigate their efficiency by measuring vari-
ous physicochemical and microbiological parameters as indicators. The microbiological indicator
monitored was the heterotrophic count (HPC) by estimating its total number. The results revealed
that substantial removal efficiencies were demonstrated by parameters including total nitrogen
(TN), chemical oxygen demand (COD), and biochemical oxygen demand (BOD5), with reductions
averaging 91%, 92%, and 87%, respectively. However, the reduction in nitrogenous compounds
(nitrite NO2

− and nitrate NO3
−) was limited, indicating areas for process improvement. Recommen-

dations for enhancing treatment efficiency are proposed to optimize the overall performance of the
wastewater treatment plants.

Keywords: WWTPs; microbiological parameters; physicochemical parameters; efficiency

1. Introduction

The direct discharge of wastewater into the environment from communities and indus-
tries is not recommended. Without proper treatment, this can lead to severe environmental
and public health issues. Therefore, wastewater should be directed to treatment facilities,
which are responsible for releasing clean water that complies with regulations while effec-
tively removing pollutants present in wastewater. This is achieved through a combination
of physicochemical and biological processes [1,2].

Hungary aims to build sewage treatment systems and facilities. This involves ex-
panding and modernizing existing wastewater collection and treatment processes, as well
as enhancing the recycling process and treatment of sludge [3–5]. Conservation and pro-
tection of water bodies require the treatment of wastewater from various sources and
the improvement of the purification efficiency of treatment technologies and processes.
The development of wastewater treatment is a key issue, since organisms always react to
changed environmental conditions. Therefore, it is essential to assess how interventions can
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improve purification processes [5,6]. Furthermore, the Hungarian government is focused
on ensuring the effective transportation of sufficient liquid waste (via on-road routes), its
treatment, and the promotion of its use in settlements or areas devoid of a sewer system,
especially in vulnerable regions where professional, individual wastewater disposal is
not sustainable. In addition to improving and expanding sludge treatment and utiliza-
tion, Hungary aims to decrease the overall amount of municipal liquid waste generated.
Following the EU agreement, smaller-scale treatment facilities are required to produce
treated water with a higher quality of discharge. These changes can largely be attributed to
practical employment or fluctuating economic considerations [7].

The direct discharge of wastewater into the natural environment disturbs the aquatic
equilibrium by transforming the acceptor medium into sewers. This pollution can even
result in the disappearance of all life. Therefore, it is necessary to purify and eliminate as
much waste from wastewater as possible before discharging it into the environment, mini-
mizing its impact on water quality and the aquatic environment [8,9]. Purification involves
eliminating the largest organic or mineral debris, different densities of water such as sand
grains and mineral particles, as well as residual pollutants that could pose downstream
problems (i.e., pathogens, nitrogen, phosphorus, etc.). This is implemented in wastewater
treatment plants that are equipped with treatment facilities and devices for treating the
sludge produced [10–12]. There are many processes and approaches for evaluating the
efficiency of specific wastewater treatment plants. In Europe, many municipal wastewater
treatment plants do not function properly. For example, a study in Spain revealed that,
out of eight small wastewater treatment plants examined, 50% were defective, 25% were
functioning adequately and the remaining 25% were operating correctly [13]. Similarly, in
Greece, out of the 71 small municipal wastewater treatment plants examined, only 55%
were operational, 21% functioned well, 51% performed adequately and 28% were not func-
tioning correctly [14]. Changes in the ecological status can be recognized using individual
biological and physicochemical parameters or indicators. An indicator is defined as “a
feature of the environment that, when measured, quantifies the magnitude of the stress,
the habitat characteristics, the degree of exposure to the stressor, or the degree of ecological
response to the stress” [15,16].

The European Union directive on urban wastewater treatment (Directive 91/271/EEC),
established on 21 May 1991, reports clear obligatory standards for community wastewater
management. In order to protect against adverse effects of sewage discharge, it is essential
to monitor treatment plants, receiving waters, and sludge disposal. Additionally, discharge
from certain sectors that involve biodegradable industrial wastewater, which does not
undergo treatment in urban wastewater treatment plants prior to its discharge to receiving
waters, should be subject to suitable requirements.

The growing population and development needs in the world highlight the need
for more reuse of treated wastewater. For instance, the international discharge standards
outlined in Table 1 provide thresholds for critical parameters such as pH, BOD5, COD, and
other pollutants, essential for ensuring the safety and sustainability of water ecosystems.

However, it is important to note that treated wastewater contains a large number
of pathogens, making proper treatment essential before any potential reuse. Standard
plate counts (SPC) were used to estimate the total microbial concentration in different
wastewater treatment plant effluents, counting total coliforms (TC), fecal coliforms (FC)
and coliphages (CPg), considering their importance in wastewater treatment compared to
traditional pollution indicators [17–19].

Traditionally, colony-forming unit (CFU) measurements have been used to estimate mi-
crobial concentrations and activity in microbiological evaluations of wastewater treatment
plant (WWTP) efficiency. However, this approach does not capture the complete complexity
of microbial dynamics and treatment processes, despite its continuous widespread use.
More modern and reliable methods, such as respiration rate, dehydrogenase activity, and
nitrification activity measurements, can provide a better understanding of the role of mi-
croorganisms and the overall functionality of WWTPs system [20,21]. Recent reviews have
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highlighted an increasing trend toward more accurate and sensitive assays that provide
clear benefits in assessing microbial toxicity and efficiency in WWTPs [22].

Table 1. International discharge standards.

Parameters Units Thresholds

pH - 6.5–8.5
BOD5 mg L−1 <30
COD mg L−1 <90
TSS mg L−1 <20

NH4
+ (Ammonium) mg L−1 <0.5

NO2
− (Nitrite) mg L−1 1

NO3
− (Nitrate) mg L−1 <1

P2O5 (Phosphates) mg L−1 <2
Temperature ◦C <30

Color - Colorless
Odor - Odorless

Note: Source: World Health Organization (WHO, 2006).

The most recent evaluation of wastewater treatment facilities in Hungary, as detailed
in the UNECE (United Nations Economic Commission for Europe) and WHO (World
Health Organization Regional Office for Europe) document [23], emphasizes a number of
important points:

• Wastewater treatment improvement: The percentage of treated wastewater under-
going tertiary treatment rose from 88% in 2018 to 95% in 2020, indicating notable
improvements in wastewater treatment efficiency.

• High compliance in sensitive areas: All wastewater treatment facilities in designated
sensitive catchment areas employ tertiary treatment, which effectively eliminates
phosphorous and nitrogen. By 2019, the removal rates of nitrogen and phosphorus
were 81–69% and 86–14%, respectively.

• Focus on small agglomerations: Hungary is concentrating on extending wastewater
treatment to smaller agglomerations (those with populations under 2000), in order
to address small settlements. This initiative aligns with the sustainable development
goals (SDGs) aimed at protecting the aquatic habitat. A pilot project is planned for the
2021–2027 planning cycle to install wastewater systems in a few small municipalities.

• New goals and research: By 2030, Hungary aims to further reduce pollutant loads,
particularly phosphorous, and may consider implementing a fourth stage of treatment
for the removal of micro pollutants that impact drinking water sources in some regions.

The objective of this systematic study was to comprehensively evaluate the perfor-
mance of 14 wastewater treatment plants in Hungary by analyzing key parameters, in-
cluding total chemical and physical metrics and heterotrophic plate counts (HPC). The
analysis focused on determining compliance with the stringent standards outlined in the
EU wastewater treatment directive. The inclusion of HPC as an additional parameter
provided further vision into the operational efficiency of the treatment processes [10,24].
The findings were analyzed by computing the average removal efficiency (ARE) and testing
the hypothesis through statistical analysis performed using R software (R 4.2.2).

2. Material and Methods

In any wastewater treatment plant, it is essential to analyze the raw wastewater (the
inlet) and the treated water (the outlet). This analysis helps to determine the different
physicochemical and bacteriological parameters, making it possible to evaluate the pol-
lution levels at each treatment plant and the effectiveness of pollution removal. Such
evaluations provide valuable insights into the purification performance of the WWTP. In
December 2019, we collected samples from the effluents of 14 treatment plants in Hun-
gary. The parameters analyzed included ammonia (NH3), nitrate (NO3), nitrite (NO3),
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total phosphorus (TP), total nitrogen (TN), total Kjeldahl nitrogen (TKN), total suspended
solids (TSS), biochemical oxygen demand (BOD5), and chemical oxygen demand (COD).
This comprehensive analysis was carried out to ensure a thorough understanding of the
treatment plants’ efficacy in managing wastewater.

2.1. Study Area

The current study was carried out in December 2019 in northeastern Hungary, where
most of the targeted treatment plants are located. These facilities were selected due to their
great representation of municipal wastewater treatment operations in this area and because
they serve a wide range of local communities. These plants are responsible for treating raw
wastewater for approximately 26,000 residents living in this plain area. The total capacity
of treated wastewater is 598,000 m3, though this figure is not available for each individual
plant. Out of the total number of facilities, only three plants were located during the study,
while the others were not found.

2.2. Sampling Processes

The samples were collected over a predetermined time frame to give an overview of
the performance of the wastewater treatment plants under normal operating circumstances.
While this method does not capture seasonal variations, it allows for a baseline evaluation
of treatment effectiveness. Although wastewater treatment plants routinely collect daily
monitoring data, this study did not have access to those datasets. The analysis concentrated
on the independently collected samples in order to guarantee consistency and dependability
in measuring both physicochemical and microbiological parameters.

2.2.1. Procedures and Analysis

Samples were taken from both influent and effluent points at rural wastewater treat-
ment plants (WWTPs) located in the northern plains of Hungary. Samples were promptly
transported to the laboratory at a temperature of 4 ◦C and were analyzed within a day.

2.2.2. Equipment for Physicochemical Analysis

BOD5 (biochemical oxygen demand) was measured using a calibrated dissolved
oxygen (DO) probe in a BOD incubator set at 20 ◦C for a duration of 5 d.

The COD (chemical oxygen demand) was assessed following digestion with potassium
dichromate, by using a spectrophotometer. To measure TN (total nitrogen), a total organic
carbon/nitrogen analyzer was used, while total Kjeldahl nitrogen (TKN) was quantified
through Kjeldahl digestion and titration.

To measure ammonia, nitrate, and nitrite, the following specialized techniques were
used: ion-selective electrodes or spectrophotometry with Nessler’s reagent for ammonia,
cadmium reduction for nitrate, and sulfanilic acid for nitrite.

TP (total phosphorus) was determined through digestion with ammonium molybdate,
and measured spectrophotometrically. Total suspended solids (TSS) were measured by
filtering, drying, and weighing the samples. The reagents used included ammonium
molybdate (for phosphorus), sulfanilic acid (for nitrite), potassium dichromate (COD),
Nessler’s reagent (for ammonia), and common digestive aciprovids. This comprehensive
methodology provided a thorough evaluation of WWTP performance, ensuring reliable
and repeatable physicochemical measurements.

The samples needed to be analyzed within a maximum of 24 h in order to avoid any
change in the concentrations of the sample [25]. Thus, they were stored at a temperature of
4 ◦C after they were transported to the lab.

2.3. WWTPs Characteristics

The capacity and functionality of the 14 wastewater treatment plants (WWTPs) in
this study vary. Among them, Plant 4, with a 400 m3/day capacity, Plant 11, with a
388 m3/day capacity, and Plant 14, with a 2000 m3/day capacity, report specific daily
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treatment capacities. The capacity information for the remaining WWTPs was unavailable.
With the exception of Plant 11, which lacks specialized treatment procedures, all 14 WWTPs
use biological treatment processes and implement procedures for the removal of nitrogen
and phosphorus forms.

2.4. Laboratory Methods

After the sample collection, different physicochemical parameters were measured at
the Debrecen testing laboratory (Tiszamenti Regional waterworks, Debrecen, Hungary),
which is known as one of the most significant water utility facilities in Hungary. This
facility strives to achieve consumer satisfaction, while taking into account environmental
and economic factors. At this laboratory, the most important parameters required to
determine the efficiency and operation of wastewater treatment plants were prioritized in
the study [26–28]. Using standards methods, we identified the essential parameters that
need to be measured using advanced machines and new instruments.

2.5. Heterotrophic Plate Count

We used the pour plate method to calculate the heterotrophic plate count (HPC). Water
samples were collected from every wastewater treatment facility, including both influent
and effluent. In sterile Petri dishes, we introduced 1 mL of each water sample. Then,
we added melted and cooled R2A agar, which is a low-nutrient medium ideal for the
growth of heterotrophic bacteria. The plates were then incubated for 48 h at temperature of
28 ◦C. After the incubation, we counted the visible colonies and expressed the results as
colony-forming units per milliliter (CFU/mL) of the water sample.

2.6. Statistical Analysis

Paired t-tests were performed to evaluate the wastewater treatment process’s effec-
tiveness in lowering different water quality parameters. The analysis involved comparing
concentrations of key pollutants in treatment wastewater (TW) from 14 sewage treatment
plants with those in raw wastewater (RW). The study focused on several parameters, including
nitrate-N, Kjeldahl nitrogen, total inorganic nitrogen, ammonia-N, and total phosphorus.

In addition, another calculation, along with benchmarks, is generally used by gov-
ernments and health associations, among others, to assess the adequacy of effluents from
the WWTP in accordance with the guidelines and current environmental conditions [29].
Efficiency was calculated for four of the most important parameters: BOD, COD, total-P,
and total-N. To calculate the reduction efficiencies of different parameters, we used the
following equation:

Percentage change = (TW − RW)÷ RW × 100

3. Results and Discussion
3.1. Physicochemical Parameters

Ammonia-N demonstrated an average reduction efficiency of 81.08%, indicating a
noteworthy decrease in the concentration of ammonia-nitrogen (Figure 1). The significant
reduction showcases the treatment effectiveness in removing ammonia, which is a major
nitrogenous pollutant.

Total phosphorus levels also showed a substantial decrease, with an average reduction
efficiency of 11–25% (Figure 1). The treatment process effectively mitigated phosphorus
concentrations, enhancing the overall efficiency of nutrient removal.

Kjeldahl nitrogen, which expresses nitrogen from both organic and ammonia sources,
showed a significant decrease, with an average efficiency of 102.87% (Figure 1). This result
indicates the treatment plant’s capability to handle complex nitrogen compounds with
remarkable efficacy.
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Total inorganic nitrogen concentrations were significantly reduced, achieving a mean
reduction efficiency of 67.1%. This outcome underscores the plant’s ability to target various
inorganic nitrogen species.
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Total N concentration concentrations significantly decreased after wastewater treat-
ment, with the reduction further supported by a 95% confidence interval (74.76, 102.91),
and with a mean reduction efficiency of 88.84% (t = 13.632, p < 0.001).

Biochemical oxygen demand (BOD). The wastewater treatment process effectively
removed organic pollutants, as indicated by a significant decrease in biochemical oxygen
demand (BOD). The water quality significantly improved, as evidenced by the mean
reduction efficiency of 47.45% (t = 10.802, p < 0.001) and a 95% confidence interval of 37.96
to 56.94. This is consistent with the findings of a study conducted to assess the satisfaction
of wastewater treatment plants at different levels of treatment units using the activated
sludge process [30].

Chemical oxygen demand (COD): A significant reduction in chemical oxygen demand
(COD) was observed, reflecting the effective treatment of wastewater. The mean reduction
efficiency reached 79.14% (t = 10.244, p < 0.001). This outcome highlights the plant’s
successful removal of oxidizable substances, as indicated by the 95% confidence interval
(62.66, 96.62).

According to Howard et al., suspended solids, BOD5, and COD are useful parameters
for controlling wastewater treatment, while other parameters may not be as effective. Their
study found that, during treatment, parameters such as total suspended solids (TSS), total
nitrogen (Total N), total phosphorus (Total P), and organic matter (COD, BOD5) were
considerably diminished in the effluent during treatment [31]. These results emphasize the
importance of these indicators for monitoring treatment efficiency and are compatible with
the findings of other researchers [32,33]. Furthermore, Maguvu et al. reported evidence
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of the usefulness of these indicators in evaluating the effectiveness of water treatment
processes, highlighting the decrease in total dissolved solids, turbidity, phosphates and
nitrates in wastewater. They also discussed the use of surrogate organisms as indicators for
assessing treatment efficiency [33] (Figure 2).
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Figure 2. COD, BOD, TSS, and TN reduction in wastewater treatment process percentages of removal
prior and after purification.

Figure 3 displays the alterations in performance between 14 municipal wastewater
treatment plants (WWTPs) based on a thorough comparison of their removal efficiencies
for total phosphorus (TP), total suspended solids (TSS), total nitrogen (TN), biochemical
oxygen demand (BOD), and chemical oxygen demand (COD).
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Figure 3. Comparison of 14 municipal WWTPs’ total phosphorus (TP), total suspended solids
(TSS), total nitrogen (TN), biochemical oxygen demand (BOD), chemical oxygen demand (COD)
removal efficiencies.
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Table 2 summarizes the concentrations of physicochemical parameters (e.g., ammonia-
N, nitrate-N, and total phosphorus) before and after treatment in 14 sewage treatment
plants, illustrating the significant improvements achieved. Table 3 further presents the
mean removal efficiencies of key parameters such as NH3, TSS, and COD, which reinforce
the effectiveness of the treatment processes across the studied facilities.

3.2. Nitrite-N and Nitrate-N Results

It is possible that the treatment procedure had little effect on nitrate levels because
nitrate-N concentrations did not significantly change after treatment (p = 0.2619). Follow-
ing treatment, there was no discernible change in nitrite-N concentrations (p = 0.9613),
suggesting a strong level of treatment effectiveness for this dimension.

These findings indicate that most wastewater treatment plants were ineffective in
reducing nitrate-N concentrations, as evidenced by the notable differences between inflow
and outflow concentrations. In many instances, these concentration differences were either
minimally reduced or, more frequently, increased in the treated effluent.

Only three wastewater treatment plants (Plant 1, Plant 3 and Plant 4) demonstrated
the ability to reduce nitrate levels, although the removal efficiency was limited and did not
achieve significant reductions (Table 4). The nitrate-N concentrations at Plant 1, Plant 3 and
Plant 4 were 5.49 mg/L, 0.54 mg/L, 4.59 mg/L in the raw water, respectively, and were
reduced to 2 mg/L, 0.23 mg/L and 1.88 mg/L, respectively.

The contents of the treated water in the other WWTPs increased in comparison to the
raw wastewater; the highest treatment plant level being 50.3 mg/L, whereas the lowest
one was 2.02 mg/L in Plant 13. Nonetheless, the increase in nitrate-N concentrations was
not as significant in some of the WWTPs (Table 4).

The presence of nitrogenous compounds in the effluent, such as thickener and nitrocel-
lulose resin, may contribute to the elevated nitrate content when the effluent is discharged
into a receiving watershed [29]. This nutrient loading can subsequently lead to eutrophi-
cation, and could be adversely affecting aquatic ecosystems and potentially resulting in
oxygen depletion in water bodies [34].

At the level of all the treatment plants, the values of nitrates content are higher in
treated water than in raw water, mostly with a slight increase except in Plant 7, which
shows a constant value (<0.03 mg/L) in both inflow and outflow.

Table 5 presents the concentrations of nitrite-N (NO2
−) in the influent and efflu-

ent, showcasing the variations across the treatment plants. The highest concentration
(2.35 mg/L) was observed in Plant 4, despite the very low concentration (0.07 mg/L) found
in the effluent; however, it significantly increased during treatment (Figure 4).

In general, this noticeable increase of nitrate and nitrite in our results is mainly due to
the oxidation of nitrogen through the nitrification process [35], as mentioned above. The
high levels of nitrate and nitrite in the outflow could indicate deficiencies in the denitrifica-
tion process. This suggests that denitrification does not appear to have occurred properly,
leading to higher levels in the wastewater. This could be explained by several factors, in-
cluding environmental ones like temperature fluctuations and high influent nitrogen loads,
which could be particularly significant if the sampling was performed in the winter, when
denitrification efficiency decreases. According to the WHO and ENECE, numerous crucial
elements related to process design and operational constraints in WWTPs in Hungary are
responsible for the observed inefficiency in denitrification [23]. The possible limitation
of easily accessible carbon sources is a major concern. Additionally, insufficient anoxic
zones, which are necessary to create the low-oxygen conditions required for effective deni-
trification, pose significant challenges. Hydraulic overloading, which reduces the oxygen
retention time, exacerbates the issue by increasing the limited time available for biological
processes. This ultimately results in incomplete nitrogen removal, as the denitrification
process is severely hampered by insufficient carbon availability.
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Table 2. Physicochemical parameters concentration prior and after treatment of wastewater from 14 sewage treatment plants.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Parameters RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW RW TW

Ammonia-N (mg/L) 101 14 101 14 79 54 101 5.3 107 3.7 91 2.1 112 2.6 74 1.62 85 2 74 2.3 95 3.7 61 22 97 2.4 89 2.1
Nitrate-N (mg/L) 5.49 2 5.49 2 0.54 0.2 4.56 1.88 1.55 42.7 0.83 8.61 0.24 9.51 1.07 31.1 1.2 4.3 4.8 34.6 0.3 11.2 8.26 9.4 2.02 50 0.23 20

Total phosphorus (mg/L) 16.8 3.14 16.8 3.14 10.7 2.8 15.7 1.5 12.8 1.13 13 1.68 13.7 3.04 10.3 2.28 11 3.2 13 3.59 10 2.08 11.7 0.7 27.1 3.2 10 3.58
Kjeldahl-nitrogen (organic

N+ammonia-N) mg/L 128 17.1 128 17.1 104 56 124 8.59 128 7.7 124 4.29 137 6.77 103 3.38 99 4.8 104 4.63 106 7.53 77 25 147 4.6 102 3.27

Total inorganic N (mg/L) 107 16.2 107 16.2 79.5 54 106 9.5 109 47 91.8 11 112 12.1 75.1 33 86 6.4 79 38 96 15.3 69.5 32 99.1 54 89.2 22
Total suspended solids

(mg/L) 433 28 433 28 318 28 730 47 375 34 361 13 228 7 199 <7 179 12 423 8 215 29 248 28 557 21 317 13

Total N (mg/L) 134 19.3 134 19.3 105 56 129 12.8 130 51 125 13.2 137 16.3 104 35 100 9.3 109 40 106 19.1 85 35 149 56 102 23
Biochemical oxygen

demand (mg/L) 502 5 502 5 358 5 594 12 550 28 464 5 435 4 290 4 263 <3 492 <3 350 26 804 4 797 13 365 6

Chemical oxygen demand
(mg/L) 905 75 905 75 584 64 1112 119 1008 106 815 72 787 <30 616 44 564 66 883 48 535 31 1191 75 1609 75 541 39

Nitrite-N (mg/L) 0.09 0.17 0.09 0.17 <0.03 0 0.07 2.35 <0.03 1.03 <0.03 0.33 <0.03 <0.03 <0.03 0.3 0.1 0.2 0 0.87 0.1 0.36 0.21 0.4 0.05 1.6 <0.03 0.06

Note: RW: Raw Water, TW: Treated Water.

Table 3. Mean removal efficiency of physicochemical parameters in wastewater treatment plants.

Physicochemical
Parameters

Removal Efficiency %

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NH3 86.14 95.37 31.65 94.75 96.54 97.69 97.68 97.81 97.65 96.89 96.11 63.93 97.53 97.64
NO3

− 63.57 0.00 57.41 58.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TP 81.31 92.62 74.21 90.45 91.17 87.08 77.81 77.86 70.83 72.80 79.81 94.44 88.23 64.20

TKN 86.65 57.18 46.15 93.07 93.98 96.54 95.06 96.72 95.12 95.55 92.90 67.53 96.85 96.79
TI 84.80 86.59 32.08 91.01 56.72 88.02 89.22 56.06 92.58 51.78 83.98 53.96 45.51 75.34

TSS 93.53 97.84 91.19 93.56 90.93 96.40 96.93 96.98 93.30 98.11 86.51 88.71 96.23 95.90
TN 85.63 89.08 46.67 90.06 60.77 89.42 88.10 66.35 90.74 63.30 81.99 58.82 62.42 77.45

BOD5 99.00 98.10 98.60 97.98 94.91 98.92 99.08 98.62 99.24 99.59 92.57 99.50 98.37 98.36
COD 91.71 93.31 89.04 89.30 89.48 91.17 96.32 92.86 88.30 94.56 94.21 93.70 95.34 92.79
NO2

− 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 4. Concentrations of nitrate-N (NO3
−) in both influent and effluent of the studied plants.

WWTPs Raw Water Treated Water

1 5.49 2
2 1.48 9.06
3 0.54 0.23
4 4.59 1.88
5 1.55 42.68
6 0.83 8.61
7 0.24 9.51
8 1.07 31.08
9 1.17 4.27
10 4.78 34.59
11 0.33 11.2
12 8.26 9.43
13 2.02 50.3
14 0.23 19.95

Table 5. Concentrations of nitrite-N (NO2
−) in both influent and effluent of the studied plants.

WWTPs Raw Water Treated Water

1 0.09 0.17
2 0.08 0.59
3 <0.03 0.03
4 0.07 2.35
5 <0.03 1.03
6 <0.03 0.33
7 <0.03 <0.03
8 <0.03 0.3
9 0.06 0.16
10 0.03 0.87
11 0.14 0.36
12 0.21 0.39
13 0.05 1.55
14 <0.03 0.06

In the case of phosphate, the results can be attributed to the discharge of industrial
and domestic wastewater that contains phosphate detergents, providing about 3 g of
phosphorus per person per day [36].

In this section, the average reduction efficiency percentages of all studied wastewater
treatment plants are stated, taking into account BOD, COD, TSS, TP, and TN. The analysis
adopted the parameters outlined in the EU directive. Our findings indicate that only
four plants are highly effective in reducing all parameters, including BOD, COD, TSS,
TP and TN, and meet the wastewater discharge standards mandated by the EU Urban
Wastewater Treatment Directive [37]. Plant 1, Plant 2, and Plant 4 achieved their goals
and reduced concentrations by 90.23%, 94.19%, and 92.26%, respectively. As previously
mentioned, all wastewater treatment plants significantly and effectively remove BOD,
COD, and TSS. For TN and TP, the removal efficiency varies from plant to plant. Some
plants almost manage to eliminate TP while significantly removing the other pollutants.
Plant 7, Plant 9, and Plant 11 recorded TN removal efficiencies of 77.81%, 70.82%, and
79.80%, respectively, falling short of the directive’s required 80%. However, their overall
pollution reduction efficiencies were acceptable, standing at 91.64%, 88.47% and 87.01%,
respectively. In contrast, Plant 5, Plant 12, and Plant 13 did not meet the TN removal goal,
although they achieved substantial reductions for other parameters, with efficiencies of
85.44%, 87.03% and 88.01%, respectively. Lastly, Plant 3, Plant 8, Plant 10, and Plant 14
failed to remove both TP and TN. Their reduction percentages were 79.94%, 86.53%, 85.67%
and 85.73%, respectively.



Water 2024, 16, 3590 11 of 17

Water 2024, 16, x FOR PEER REVIEW  11  of  19 
 

 

4  0.07  2.35 

5  <0.03  1.03 

6  <0.03  0.33 

7  <0.03  <0.03 

8  <0.03  0.3 

9  0.06  0.16 

10  0.03  0.87 

11  0.14  0.36 

12  0.21  0.39 

13  0.05  1.55 

14  <0.03  0.06 

 

Figure 4. Amount of nitrate‐N and nitrate in (mg/L) (incoming and outgoing wastewater): failure in 

removing pollutants. 

In general, this noticeable increase of nitrate and nitrite in our results is mainly due 

to the oxidation of nitrogen through the nitrification process [35], as mentioned above. 

The high levels of nitrate and nitrite in the outflow could indicate deficiencies in the de‐

nitrification process. This suggests that denitrification does not appear to have occurred 

properly, leading to higher levels in the wastewater. This could be explained by several 

factors, including environmental ones like temperature fluctuations and high influent ni‐

trogen loads, which could be particularly significant if the sampling was performed in the 

winter, when denitrification efficiency decreases. According to the WHO and ENECE, nu‐

merous crucial elements related to process design and operational constraints in WWTPs 

in Hungary are responsible for the observed inefficiency in denitrification [23]. The possi‐

ble limitation of easily accessible carbon sources is a major concern. Additionally, insuffi‐

cient anoxic zones, which are necessary to create the low‐oxygen conditions required for 

effective denitrification, pose  significant  challenges. Hydraulic  overloading, which  re‐

duces the oxygen retention time, exacerbates the issue by increasing the limited time avail‐

able for biological processes. This ultimately results in incomplete nitrogen removal, as 

the denitrification process is severely hampered by insufficient carbon availability. 

‐10

0

10

20

30

40

50

60

1 2 3 4 5 6 7 8 9 10 11 12 13 14

C
o
n
ce
n
tr
at
io
n
 m

g 
L−

1

WWTPS (1–14)

Nitrite–N Raw W Nitrite–N Treated W

Nitrate–N  Raw W Nitrate–N  Treated W

Figure 4. Amount of nitrate-N and nitrate in (mg/L) (incoming and outgoing wastewater): failure in
removing pollutants.

This study explored the effectiveness of wastewater treatment using BOD, COD, total
nitrogen (Total-N), and total phosphorus (Total-P). The importance of these parameters is
outlined by the EU Urban Wastewater Treatment Directive (Directive 91/271/EEC) and
other directives, which highlight their significance as crucial indicators in evaluating the
performance of wastewater treatment plants. Their relevance lies in their direct impact on
water quality and their role in inhibiting eutrophication.

However, we acknowledge that other significant pollutants that are becoming more
widely accepted as major environmental contaminants, such as heavy metals, pharmaceu-
ticals, and microplastics [38], may not be captured by this limited focus. Including these
factors could provide a more comprehensive assessment of treatment efficiency.

Figure 5 highlights the failure of some WWTPs to sufficiently remove nitrate and
nitrite pollutants, emphasizing the deficiencies in denitrification processes across certain
facilities. While the findings of this study provide important information about the efficacy
of wastewater treatment facilities in northeastern Hungary, the observed issues with denitri-
fication, such as the insufficient availability of carbon sources and inadequate anoxic zones,
may be specific to the plants studied. Their performance could be impacted by the differ-
ences in these plants’ capacity, design, and operating procedures. Therefore, it is important
to exercise caution when extrapolating the findings to other wastewater treatment facilities
that might have distinct technologies, operational limitations, or geographical settings.

The significant variation in removal efficiencies among the 14 wastewater treatment
facilities can be attributed to multiple factors, including variations in plant design, treatment
methods, and operational procedures. This variability is consistent with findings from other
studies in Europe. For example, researchers found that insufficient maintenance and out-
of-date infrastructure led to inefficient performance in 50% of Spain’s small WWTPs [13].
Similarly, other researchers discovered that only 55% of Greece’s small municipal treatment
plants met the necessary standards, indicating performance variability across facilities [14].

Ultimately, all the plants have been classified based on their performances on all the
physicochemical parameters Table 6. Based on the Figure 4, we note that most systems in
most cases give good results that meet European standards.
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Table 6. Classification of sewage treatment plants.

Classes Sewage Treatment Plants in Order Removal Efficiency (RE)

A 1.2.4.6.7.9 Excellent
B 5.8.11.12.13 Very good
C 3.10.14 Sufficient

3.3. Microbiological Parameter HPC (Heterotrophic Place Count)

Figure 6 illustrates heterotrophic values in the effluents of the 14 plants; these evaluated
plants recorded first, second, fifth and tenth recorded logical values, where the number
of heterotrophic plates heated to 22 ◦C is higher than the heterotrophic number heated to
35 ◦C.

The heterotrophic plate count (HPC) parameter has been introduced as an additional
tool for monitoring wastewater treatment plants (WWTPs) [10]. Since many regulations
set limits on bacterial concentrations in water to protect public health, the inclusion of
this parameter helps to improve the understanding of treatment processes, assess their
effectiveness, and ensure compliance with regulatory standards.

The planned sewage treatment at Plant 1, Plant 2, Plant 5, and Plant 10 seems to have
worked. In contrast, the other sewage treatment plants recorded the opposite. The data
show that the number of heterotrophic germs at 35 ◦C is higher than at 22 ◦C. Notably,
Plant 5 recorded the highest value, with a 1,780,000 CFU at 35 ◦C, which decreased to
1,310,000 CFU at 22 ◦C, demonstrating a significant difference between the two temper-
atures. Conversely, Plant 7 recorded the lowest value, at 44,000 CFU, which increased
to 180,000 CFU, indicating less significant variations between the two temperatures. A
significant difference in colony numbers between the two temperatures was noted at most
wastewater treatment plants. However, to examine a broader range of bacterial types as
well as other organisms such as molds, yeasts and fungi, further heating treatment at 45 ◦C
may be warranted, although this focus is beyond the scope this article.

Furthermore, a coincident resemblance observed in heterotrophic plate count and
physicochemical results was recorded; for example, the WWTPs with excellent physico-
chemical removal efficiency also displayed relatively low HPC values under both tempera-
ture conditions, except for Plant 6. However, a notable reduction in the number of colonies
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was observed in Plant 1 and Plant 2, while no significant differences were observed in
Plant 4, Plant 7, and Plant 9. This is consistent with previously reported findings by Carter
et al. [39]; for instance, they examined the relationship between water quality parameters
and heterotrophic bacteria (HPC) levels in water distribution systems. Their investigation
found that HPC counts might be helpful in determining the water quality of systems that
distribute drinking water [40].
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Figure 6. Heterotrophic plate counts (HPC) in the effluent at 22 ◦C and 35 ◦C of 14 WWTPs.

According to HPC, the disinfection process in certain plants may still require enhance-
ment, especially to ensure microbial contaminant removal, even though physicochemical
treatment is generally effective.

An additional research endeavor examined the correlation between heterotrophic
bacteria and water quality parameters within a drinking water distribution system. The
objectives of this investigation were to ascertain the factors that account for the spatiotem-
poral distribution of heterotrophic bacteria and to develop a model of their establishment
within the system [41]. The results of this study are consistent with considerable variation
in the effectiveness of microbial removal across different wastewater treatment systems.
Despite their success in lowering BOD5, activated sludge systems frequently fall short
of microbial removal requirements, as demonstrated by Ghoreishi et al., as a result of
operational issues including poor management and the production of bulk sludge [39].
According to Decamp and Warren, wetland systems exhibit variable microbial removal
rates, despite being economical, achieving reported efficiencies of between 41 and 98% in
2000. Both biological and chemical factors influence this variability [42], which is similar to
the suboptimal HPC results we found in our study. Hashemi et al. have pointed out UV
disinfection systems, which are very good at eliminating microorganisms; however, they
need to be pre-treated to handle suspended solids, which is another disadvantage that is
visible in our WWTPs [43]. These comparisons show that design limitations and opera-
tional shortcomings are common issues among different treatment systems, highlighting
the necessity of focused improvements in Hungarian WWTPs.

Our results are consistent with earlier research that examined at the relationship
between heterotrophic bacteria and physicochemical parameters. For instance, a study sug-
gested that HPC measurements could be used as a marker of microbial contamination. This
study highlighted the applicability of HPC counts in assessing water quality in distribution
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systems [44]. Another study identified factors explaining the spatiotemporal distribution
of heterotrophic bacteria, and modelled their occurrence in the distribution system [45];
these researchers observed that microbial dynamics in these systems could be modelled
using HPC level.

In most of the treatment plants, abnormal results recorded can be attributed to the
rapid multiplication and propagation of bacterial colonies that have the ability to adapt to
high temperature [46]. The presence of these bacteria in effluent suggests that the disinfec-
tion process was not effective. Ideally, there should be a significant reduction in bacterial
numbers after a second heating at 35 ◦C, but the results indicate otherwise. Conversely,
the heating treatment at 22 ◦C appears to yield more acceptable results, suggesting that,
while the disinfection is not entirely ineffective, it still requires significant improvement.
Therefore, it is clear that adhering strictly to HPC standards is not currently feasible [47,48].

These parameters provide a thorough understanding of the reduction of organic load,
the efficiency of nutrient removal, and overall improvements in water quality, all of which
are crucial for assessing how well treatment systems work.

Despite providing crucial information, physicochemical parameters are occasionally
insufficient on their own to fully capture the safety and quality of treated water, particularly
when evaluating the possible microbial risk. As an additional measure, the heterotrophic
plate count (HPC), a microbiological parameter, was introduced. The purpose of incorpo-
rating HPC was to give a more comprehensive view of the quality of treated water and to
support the confirmation and cross-verification of the results from the physicochemical
data. Here, it was thought to be beneficial to check for any residual microbial presence after
treatment, even though HPC is typically used in surface and drinking water evaluations.
The purpose of tracking the HPC levels was to determine whether the microbiological
conditions matched the enhancements shown by the physicochemical parameters. A more
thorough and reliable evaluation of the overall treatment effectiveness of each plant is
made possible by this extra layer of analysis, which helps to guarantee that the treated
effluent satisfies standards for both chemical and microbiological safety.

In conclusion, even though the heterotrophic plate count method offers insightful in-
formation about the microbial quality of treated wastewater, it is evident that certain plants
require improved disinfection procedures to confirm adherence to stringent environmental
regulations. A more thorough understanding of the microbial dynamics in WWTP effluents
may be possible with the use of sophisticated microbiological techniques in future research,
such as measuring respiration rates and dehydrogenase activity.

4. Conclusions

The reliability of organic matter (COD, BOD5) and TSS as treatment indicators was
confirmed by our analysis, which was based on both physicochemical parameters and
heterotrophic plate count (HPC). This analysis demonstrated consistent removal efficiencies
across various wastewater treatment plants. However, the removal of TP and TN varied
among the plants, and some met EU standards while others did not. The observed ranges
for TP removal were 70–83% to 79–80%, while TN removal varied from 46–66% to 77–45%.
Efficiency measurement was made impossible by the rise in nitrate and nitrite levels in
the effluent.

The study highlights operational challenges in the denitrification process. Future
research should aim to confirm these results in diverse regions and treatment plant types,
evaluate whether the operational limitations are common, and ascertain whether the sug-
gested enhancements, such as retrofitting anoxic zones and adding carbon supplementation,
are effective in other contexts.

Overall, the microbiological and physicochemical results were aligned well, and the
majority of the parameters met discharge requirements. This suggests that these Hungarian
WWTPs were effectively treating wastewater.
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Additionally, the research greatly demonstrated compliance to various regulatory
standards. Nonetheless, several recommendations can help enhance wastewater treat-
ment processes:

• Apply advanced oxidation processes (AOPs): AOPs are used to treat wastewater by
eliminating organic compounds, micro pollutants, and other contaminants that may
not be effectively removed by conventional methods. These include ozone, hydrogen
peroxide, and ultraviolet (UV) combined with hydrogen peroxide. The goal is to purify
the wastewater and make it suitable for residential use [47,48].

• Implement membrane bioreactors: Wastewater can be treated more effectively and com-
pactly when biological treatment and membrane separation are combined (MBRs) [48].

• Utilize micro screening (to eliminate suspended solids from wastewater), ultrafiltration
(to effectively eliminate toxic materials, suspended solids, and dissolved solids from
wastewater), advanced carbon adsorption (to eliminate organic pollutants, hazardous
materials, and persistent organic pollutants), as well as phosphorus and nitrogen
elimination to optimize treatment outcomes [49].

• Focus on managing substantial quality emissions of nitrogen compounds, particularly
from industrial discharges and agriculture activities.

• Explore novel treatment approaches such as modified wetlands, while maintaining
operational effectiveness by comparing different technologies [50].

• Improve treatment procedures by using the enhanced biological nutrient removal
(EBNR) method, which has shown excellent removal efficiencies for phosphorus,
nitrogen, and carbon [51], such as the Modified Ludzack–Ettinger (MLE) process,
which could further improve nitrogen and phosphorus removal efficiency.

• Employ anaerobic ammonium oxidation (anammox) and partial nitritation procedures
for economical nitrogen removal. Even though the anammox process is successful
with a variety of wastewater streams, more research is necessary to determine its
suitability and how it handles various industrial effluents [51].

• Incorporate advanced methodologies to assess a broader range of pollutants, including
heavy metals, persistent organic pollutants, and microplastics.

These recommendations can help address weaknesses in current treatment systems
and improve overall wastewater management strategies.

Author Contributions: Conceptualization, H.A. and I.C.; Methodology, I.C.; Software, H.A. and
R.B.; Formal analysis, H.A.; Investigation, H.A.; Resources, H.A.; Data curation, H.A. and R.B.;
Writing—original draft, H.A.; Writing—review & editing, H.M.C.; Visualization, H.A.; Supervision,
H.M.C.; Project administration, I.C. and H.M.C.; Funding acquisition, I.C. and H.M.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: Ildiko Czegeny was employed by the company. The work was scientific in
nature and collaborative. The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as potential conflicts of interest.

References
1. Lam, S.; Nguyen-Viet, H.; Tuyet-Hanh, T.T.; Nguyen-Mai, H.; Harper, S. Evidence for Public Health Risks of Wastewater and

Excreta Management Practices in Southeast Asia: A Scoping Review. Int. J. Environ. Res. Public Health 2015, 12, 12863. [CrossRef]
[PubMed]

2. Slomp, C.P. Phosphorus Cycling in the Estuarine and Coastal Zones: Sources, Sinks, and Transformations. Treatise Estuar. Coast.
Sci. 2012, 5, 201–229. [CrossRef]

3. Budapest Sewage Works pte Ltd. Wastewaster Treatment. Available online: https://www.fcsm.hu/en/services/wastewater-
treatment/wastewater-treatment (accessed on 19 December 2023).

4. Balazs, M.; Mr, D.; Gayer, J.; Gabor, M.; Mr, G.; Kovacs, R. The Hungarian Water and Sanitation Industry in the 21st Century;
Hungarian Investment and Trade Agency: Budapest, Hungary, 2013.

https://doi.org/10.3390/ijerph121012863
https://www.ncbi.nlm.nih.gov/pubmed/26501297
https://doi.org/10.1016/B978-0-12-374711-2.00506-4
https://www.fcsm.hu/en/services/wastewater-treatment/wastewater-treatment
https://www.fcsm.hu/en/services/wastewater-treatment/wastewater-treatment


Water 2024, 16, 3590 16 of 17

5. Pistocchi, A.; Husemann, J.; Masi, F.; Nanu, C.; Europaische Kommission Gemeinsame Forschungsstelle. Wastewater Treatment in
the Danube Region: Opportunities and Challenges Lessons Learnt from a “Synthesis Centres” Exercise; European Commission: Brussels,
Belgium, 2020. [CrossRef]

6. Takman, M.; Svahn, O.; Paul, C.; Cimbirtz, M.; Blomqvist, S.; Struckmann Poulsen, J.; Nielsen, J.L.; Davidsson, A. Assessing the
potential of a membrane bioreactor and granular activated carbon process for wastewater reuse—A full-scale WWTP operated
over one year in Scania, Sweden. Sci. Total Environ. 2023, 895, 165185. [CrossRef]

7. OECD. Environmental Performance Reviews: Hungary 2018; OECD Library: Paris, France, 2018. [CrossRef]
8. Khan, S.A.; Atta, T.; Rehman, U.; Nasir, A.; Aftab, S.; Hafeez, A. Assessment of Waste Water Treatment Plant Efficiency Through

Physico-Chemical Analysis: A Case Study of I-9 Waste Water Treatment Plant, Islamabad, Pakistan. 2017. Available online:
www.econ-environ-geol.org (accessed on 19 December 2023).

9. Hamaidi, M.S.; Hamaidi-Chergui, F.; Errahmani, M.B.; Lamroussi, A.; Benmira, H. Efficiency of indicator bacteria removal in
a wastewater treatment plant (Algiers, Algeria). In Proceedings of the 2nd International Conference—Water Resources and
Wetlands, Tulcea, Romania, 11–13 September 2014; p. 11. Available online: http://limnology.ro/water2014/proceedings/66
_Hamaidi.pdf (accessed on 29 October 2024).

10. Muela, A.; Orruno, M.; Alonso, M.; Pazos, M.; Arana, I.; Alonso, R.M.; Ruiz, I.G.; Maguregi, I.; Barcina, I. Microbiological
parameters as an additional tool to improve wastewater treatment plant monitoring. Ecol. Indic. 2011, 11, 431–437. [CrossRef]

11. Benyelles, M.B.; Allam, A.B.; Mokrani, S.; Meddah, A.T.T.; Moussa-Boudjemâa, B. Microbiological aspects of the aeration tanks of
an activated sludge treatment plant in dysfunction: Consequences on its treatment performance. Leban. Sci. J. 2022, 23, 17–32.
[CrossRef]

12. Kalloum, S.; Bouabdessalem, H.; Touzi, A.; Iddou, A.; Ouali, M.S. Biogas production from the sludge of the municipal wastewater
treatment plant of Adrar city (southwest of Algeria). Biomass Bioenergy 2011, 35, 2554–2560. [CrossRef]

13. Colmenarejo, M.F.; Rubio, A.; Sánchez, E.; Vicente, J.; García, M.G.; Borja, R. Evaluation of municipal wastewater treatment plants
with different technologies at Las Rozas, Madrid (Spain). J. Environ. Manag. 2006, 81, 399–404. [CrossRef] [PubMed]

14. Tsagarakis, K.P.; Mara, D.D.; Horan, N.J.; Angelakis, A.N. Institutional status and structure of wastewater quality management in
Greece. Water Policy 2001, 3, 81–99. [CrossRef]

15. Arregui, L.; Liébana, R.; Calvo, P.; Pérez-Uz, B.; Salvadó, H.; Serrano, S. Bioindication in activated sludge wastewater treatment
plants. In Handbook of Wastewater Treatment: Biological Methods, Technology and Environmental Impact; Nova Science Pub Inc.:
Hauppage, NY, USA, 2013; pp. 277–291.

16. Baharvand, S.; Daneshvar, M.R.M. Impact assessment of treating wastewater on the physiochemical variables of environment: A
case of Kermanshah wastewater treatment plant in Iran. Environ. Syst. Res. 2019, 8, 18. [CrossRef]

17. Saleem, M.; Bukhari, A.A.; Al-Malack, M.H. Removal efficiencies of indicator micro-organisms in the Al-Khobar wastewater
treatment plant. Environ. Eng. Sci. 2000, 17, 227–232. [CrossRef]

18. Makuwa, S.; Tlou, M.; Fosso-Kankeu, E.; Green, E. Evaluation of fecal coliform prevalence and physicochemical indicators in the
effluent from a wastewater treatment plant in the North-West Province, South Africa. Int. J. Environ. Res. Public Health 2020, 17,
6381. [CrossRef] [PubMed]

19. Elmeddahi, Y.; Mahmoudi, H.; Issaadi, A.; Goosen, M.F.A. Analysis of treated wastewater and feasibility for reuse in irrigation: A
case study from Chlef, Algeria. Desalination Water Treat. 2016, 57, 5222–5231. [CrossRef]

20. Farré, M.; Barceló, D. Toxicity testing of wastewater and sewage sludge by biosensors, bioassays and chemical analysis. TrAC-
Trends Anal. Chem. 2003, 22, 299–310. [CrossRef]

21. Strotmann, B.W.; Zaremba, U.S. Rapid toxicity tests for the determination of substance toxicity to activated sludge. Acta Hydrochim.
Hydrobiol. 1992, 20, 275–280.

22. Strotmann, U.; Durand, M.-J.; Thouand, G.; Eberlein, C.; Heipieper, H.J.; Gartiser, S.; Pagga, U. Microbiological toxicity tests using
standardized ISO/OECD methods—Current state and outlook. Appl. Microbiol. Biotechnol. 2024, 108, 454. [CrossRef] [PubMed]

23. UNECE; WHO. Summary Report of Hungary in Accordance with Article 7 of the Protocol on Water and Health; WHO: Geneva,
Switzerland, 2022.

24. Ugoh, S.C.; Nneji, L.M.; Atoyebi, B.A. Bacteriological and Physico-Chemical Assessment of Wastewater from Wupa Wastewater
Treatment Plant. Abuja World Rural Observ. 2013, 5, 74–79.

25. Tavazzi, S.; Cacciatori, C.; Comero, S.; Fatta-Kassinos, D.; Karaolia, P.; Iakovides, I.C.; Loutsiou, P.; Guttierez-Aguirre, I.; Lengar,
Z.; Bajde, I.; et al. Short-term stability of wastewater samples for storage and shipment in the context of the EU Sewage Sentinel
System for SARS-CoV-2. J. Environ. Chem. Eng. 2023, 11, 109623. [CrossRef] [PubMed]

26. Hejabi, N.; Saghebian, S.M.; Aalami, M.T.; Nourani, V. Evaluation of the effluent quality parameters of wastewater treatment plant
based on uncertainty analysis and post-processing approaches (case study). Water Sci. Technol. 2021, 83, 1633–1648. [CrossRef]

27. Alumichem. 6 Wastewater Parameters and Dealing with Discharge Limits. Available online: https://alumichem.com/6-
wastewater-parameters-and-dealing-with-discharge-limits/ (accessed on 20 December 2023).

28. Understanding Wastewater Parameters and Standards. Available online: https://www.1h2o3.com/en/learn/wastewater-
parameters/ (accessed on 20 December 2023).

29. Aniyikaiye, T.E.; Oluseyi, T.; Odiyo, J.O.; Edokpayi, J.N. Physico-Chemical Analysis of Wastewater Discharge from Selected Paint
Industries in Lagos, Nigeria. Int. J. Environ. Res. Public Health 2019, 16, 1235. [CrossRef]

https://doi.org/10.2760/220413
https://doi.org/10.1016/j.scitotenv.2023.165185
https://doi.org/10.1787/9789264298613-EN
www.econ-environ-geol.org
http://limnology.ro/water2014/proceedings/66_Hamaidi.pdf
http://limnology.ro/water2014/proceedings/66_Hamaidi.pdf
https://doi.org/10.1016/j.ecolind.2010.06.014
https://doi.org/10.22453/LSJ-023.1.017-032
https://doi.org/10.1016/j.biombioe.2011.02.012
https://doi.org/10.1016/j.jenvman.2005.11.007
https://www.ncbi.nlm.nih.gov/pubmed/16580126
https://doi.org/10.1016/S1366-7017(00)00022-2
https://doi.org/10.1186/s40068-019-0146-0
https://doi.org/10.1089/10928750050137570
https://doi.org/10.3390/ijerph17176381
https://www.ncbi.nlm.nih.gov/pubmed/32887228
https://doi.org/10.1080/19443994.2015.1021999
https://doi.org/10.1016/S0165-9936(03)00504-1
https://doi.org/10.1007/s00253-024-13286-0
https://www.ncbi.nlm.nih.gov/pubmed/39215841
https://doi.org/10.1016/j.jece.2023.109623
https://www.ncbi.nlm.nih.gov/pubmed/36890876
https://doi.org/10.2166/wst.2021.067
https://alumichem.com/6-wastewater-parameters-and-dealing-with-discharge-limits/
https://alumichem.com/6-wastewater-parameters-and-dealing-with-discharge-limits/
https://www.1h2o3.com/en/learn/wastewater-parameters/
https://www.1h2o3.com/en/learn/wastewater-parameters/
https://doi.org/10.3390/ijerph16071235


Water 2024, 16, 3590 17 of 17

30. Kumar, K.S.; Kumar, P.S.; Babu, M.J.R. Performance Evaluation of Waste Water Treatment Plan. Int. J. Eng. Sci. Technol. 2010, 2,
7785–7796.

31. Howard, I.; Espigares, E.; Lardelli, P.; Martín, J.L.; Espigares, M. Evaluation of microbiological and physicochemical indicators for
wastewater treatment. Environ. Toxicol. 2004, 19, 241–249. [CrossRef]

32. van Gijn, K.; Chen, Y.L.; van Oudheusden, B.; Gong, S.; de Wilt, H.A.; Rijnaarts, H.H.M.; Langenhoff, A.A.M. Optimizing
biological effluent organic matter removal for subsequent micropollutant removal. J. Environ. Chem. Eng. 2021, 9, 106247.
[CrossRef]

33. Maguvu, T.E.; Bezuidenhout, C.C.; Kritzinger, R.; Tsholo, K.; Plaarjie, M.; Molale-Tom, L.G.; Mienie, C.M.; Coertze, R.D.
Combining physicochemical properties and microbiome data to evaluate the water quality of South African drinking water
production plants. PLoS ONE 2020, 15, e0237335. [CrossRef]

34. Singh, U.K.; Kumar, B. Pathways of heavy metals contamination and associated human health risk in Ajay River basin, India.
Chemosphere 2017, 174, 183–199. [CrossRef]

35. Galloway, J.N. The Global Nitrogen Cycle. Treatise Geochem. 2003, 8–9, 557–583. [CrossRef]
36. van Puijenbroek, P.J.T.M.; Beusen, A.H.W.; Bouwman, A.F. Datasets of the phosphorus content in laundry and dishwasher

detergents. Data Brief. 2018, 21, 2284–2289. [CrossRef]
37. Urban Waste Water Treatment Directive. Available online: https://www.era-comm.eu/EU_water_law/part_4/index.html

(accessed on 20 December 2023).
38. Zhai, M.; Fu, B.; Zhai, Y.; Wang, W.; Maroney, A.; Keller, A.A.; Wang, H.; Chovelon, J.-M. Simultaneous removal of pharmaceuticals

and heavy metals from aqueous phase via adsorptive strategy: A critical review. Water Res. 2023, 236, 119924. [CrossRef] [PubMed]
39. Ghoreishi, B.; Khatibi, M.S.; Aslani, H.; Dolatkhah, A.; Seilabi, A.A.; Mosaferi, M. Evaluation of microbial quality in biosolids

generated from municipal wastewater treatment plants. Iran. J. Health Environ. 2016, 9, 81–90.
40. Carter, J.T.; Rice, E.W.; Buchberger, S.G.; Lee, Y. Relationships between levels of heterotrophic bacteria and water quality

parameters in a drinking water distribution system. Water Res. 2000, 34, 1495–1502. [CrossRef]
41. Francisque, A.; Rodriguez, M.J.; Miranda-Moreno, L.F.; Sadiq, R.; Proulx, F. Modeling of heterotrophic bacteria counts in a water

distribution system. Water Res. 2009, 43, 1075–1087. [CrossRef]
42. Decamp, O.; Warren, A. Investigation of Escherichia coli removal in various designs of subsurface flow wetlands used for

wastewater treatment. Ecol. Eng. 2000, 14, 293–299. [CrossRef]
43. Hashemi, H.; Amin, M.M.; Bina, B.; Attar, H.M.; Farrokhzadeh, H. Survey on possibility of Disinfection of Isfahan North

Wastewater Treatment Plant Effluent by Low and Medium Pressure Ultraviolet Systems in Pilot ScaleSystems in Pilot Scale. Iran.
J. Health Environ. 2010, 3, 47–58. Available online: http://ijhe.tums.ac.ir/article-1-134-en.html (accessed on 17 November 2024).

44. Heterotrophic Plate Count (HPC) Testing—Phoslab 646 Environmental Laboratories Phoslab Environmental Laboratories. 2020.
Available online: https://www.phoslab.com/environmental-647services/hpc/ (accessed on 17 November 2024).

45. Pavlov, D.; De Wet CM, E.; Grabow WO, K.; Ehlers, M.M. Potentially pathogenic features of heterotrophic 680 plate count bacteria
isolated from treated and untreated drinking water. Int. J. Food Microbiol. 2004, 92, 275–287. [CrossRef] [PubMed]

46. Hallas, G.; Monis, P. Evaluation of heterotrophic plate and chromogenic agar colony counting in water quality laboratories.
MethodsX 2015, 2, 415. [CrossRef]

47. Kaur, J.; Punia, S.; Kumar, K. Need for the advanced technologies for wastewater treatment. In Advances in Environmental
Biotechnology; Springer: Cham, Switzerland, 2017; pp. 39–52. [CrossRef]

48. Zahmatkesh, S.; Klemes, J.J.; Bokhari, A.; Wang, C.; Sillanpaa, M.; Amesho, K.T.T.; Vithanage, M. Various advanced wastewater
treatment methods to remove microplastics and prevent transmission of SARS-CoV-2 to airborne microplastics. Int. J. Environ.
Sci. Technol. 2022, 20, 2229–2246. [CrossRef]

49. Amina Thajudeen, A. Advanced Wastewater Treatment Methods (Complete List)—EngineeringCivil.org. Available online:
https://engineeringcivil.org/articles/advanced-wastewater-treatment-methods-complete-list/ (accessed on 21 December 2023).

50. Qin, K.; Wei, L.; Li, J.; Lai, B.; Zhu, F.; Yu, H.; Zhao, Q.; Wang, K. A review of ARGs in WWTPs: Sources, stressors and elimination.
Chin. Chem. Lett. 2020, 31, 2603–2613. [CrossRef]

51. Wu, P.; Chen, J.; Garlapati, V.K.; Zhang, X.; Jenario, F.W.V.; Li, X.; Liu, W.; Chen, C.; Aminabhavi, T.M.; Zhang, X. Novel insights
into Anammox-based processes: A critical review. Chem. Eng. J. 2022, 444, 136534. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/tox.20016
https://doi.org/10.1016/j.jece.2021.106247
https://doi.org/10.1371/journal.pone.0237335
https://doi.org/10.1016/j.chemosphere.2017.01.103
https://doi.org/10.1016/B0-08-043751-6/08160-3
https://doi.org/10.1016/j.dib.2018.11.081
https://www.era-comm.eu/EU_water_law/part_4/index.html
https://doi.org/10.1016/j.watres.2023.119924
https://www.ncbi.nlm.nih.gov/pubmed/37030197
https://doi.org/10.1016/S0043-1354(99)00310-3
https://doi.org/10.1016/j.watres.2008.11.030
https://doi.org/10.1016/S0925-8574(99)00007-5
http://ijhe.tums.ac.ir/article-1-134-en.html
https://www.phoslab.com/environmental-647services/hpc/
https://doi.org/10.1016/j.ijfoodmicro.2003.08.018
https://www.ncbi.nlm.nih.gov/pubmed/15145586
https://doi.org/10.1016/j.mex.2015.10.003
https://doi.org/10.1007/978-981-10-4041-2_3
https://doi.org/10.1007/s13762-022-04654-2
https://engineeringcivil.org/articles/advanced-wastewater-treatment-methods-complete-list/
https://doi.org/10.1016/j.cclet.2020.04.057
https://doi.org/10.1016/j.cej.2022.136534

	Introduction 
	Material and Methods 
	Study Area 
	Sampling Processes 
	Procedures and Analysis 
	Equipment for Physicochemical Analysis 

	WWTPs Characteristics 
	Laboratory Methods 
	Heterotrophic Plate Count 
	Statistical Analysis 

	Results and Discussion 
	Physicochemical Parameters 
	Nitrite-N and Nitrate-N Results 
	Microbiological Parameter HPC (Heterotrophic Place Count) 

	Conclusions 
	References

