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Abstract: Polluting discharges are produced at a rate that is inexorably rising in tandem with human activity
development. Eutrophication and other matters, such as offensive aquatic life, require wastewater to be treated
before being discharged into the environment. Prior releasing into water bodies, the treated waters must to
undertake laboratory analysis. For this purpose, an analysis using standard methods was carried out at the
Laboratory Waterworks in Debrecen on various samples taken from various wastewater treatment plants
(sewage treatment plants) in Hungary. The overall objective of this study was to assess the quality of the
effluents from the fourteen (14) wastewater treatment plants and investigate their efficiency by measuring
various physicochemical parameters and microbiological parameters as excellent indicators to evaluate the
performance of the studied wastewater treatment plants. The microbiological indicator monitored was the
heterotrophic count (HPC) by estimating its total number, which provides useful information for the
assessment and monitoring of water samples. The determination of physicochemical parameters included
biological oxygen demand (BOD5), chemical oxygen demand (COD) and nitrite -N (NO2), ammonia-N (NH3-
N), nitrate-N (NO3) total phosphorus (TP), Kjeldahl- Nitrogen (organic N+ammonia-N) (TKN), total inorganic
N (TI), total suspended solids (TSS) and total nitrogen (TN). The performance of the wastewater treatment
plants examined was checked and the results were conclusive. In the future, solutions should be applied to
these wastewater treatment plants and some recommendations are suggested.

Keywords: WWTPs; microbiological parameters; physicochemical parameters; efficacy

1. Introduction

Direct discharge of wastewater into the environment from communities and industries is not
recommended. Severe environmental and public health issues may result from it if treatment is not
received. As a result, it ought to go toward wastewater treatment facilities, whose job it is to discharge
clean water that satisfies regulations while also collecting pollutants present in wastewater in
remaining form. This is achieved through a combination of physicochemical and biological processes
(Lam et al., 2015; Slomp, 2012).

Hungary aims to build sewage treatment systems and facilities, comprising works for removing
the liquid waste expand and modernize current wastewater collection and treatment; boost the
recycling process and treatment of sludge (Balazs et al., 2013; Pistocchi et al., 2020.; Wastewater
Treatment, n.d.). Conservation and protection of water bodies require the treatment of wastewater
treatment of various sources and the improvement of the purification efficiency of treatment
technologies and processes, the development of wastewater treatment has a key-question since the
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organisms always react to changed or modified environmental conditions, it is essential to consider
how the intervention helps the improvement of purification processes (Pistocchi et al., n.d.; Takman
et al., 2023). Furthermore, the Hungarian government activities to promise the transportation of
sufficient liquid waste (via on-road routes), treatment, and advancement of utilization in settlements
or portions of settlements in extremely vulnerable areas devoid of a sewer system, where
professional, individual wastewater disposal is unsustainable. Beside with improving and growing
sludge treatment and utilization, Hungary also wants to decrease the amount of municipal liquid
waste produced. Following EU agreement, smaller-scale treatment facilities are required to produce
treated water with a higher quality of discharge. Changes in practical employments or fluctuating
economic considerations can primarily be related to these causes (OECD Environmental Performance
Reviews: Hungary 2018, 2018).

The direct discharge of wastewater into the natural environment disturbs the aquatic
equilibrium in transforming the acceptor medium into sewers. This pollution can go as far as the
disappearance of all life. To do this, it is necessary to purify and eliminate wastewater a maximum of
waste, before discharging into the environment, so that their impact on the water quality, aquatic
environment as low as possible (Khan et al.,, 2017; Said Hamaidi et al., n.d.). Purification consists in
eliminating the largest organic or mineral debris, eliminating different densities of water such as sand
grains and mineral particles, as well as eliminating residual pollution that could pose a downstream
problem (pathogens, nitrogen, phosphorus, etc.), this is carried out in wastewater treatment plants
that include treatment facilities and devices for treating the sludge produced (Benfréha Benyelles et
al., 2022; Kalloum et al., 2011; Muela et al., 2011) There are many processes and approaches for
evaluating the efficiency of specific wastewater treatment plants. There are many municipal
wastewater treatment plants in European society, but many do not function properly. For example,
in a study in Spain, after examining eight small wastewater treatment plants, it was concluded that
50% of them were defective, while 25% were good enough and 25% were functioning properly
(Colmenarejo et al., 2006). According to another study, of the 71 small municipal wastewater
treatment plants examined in Greece, only 55% worked, 21% worked well, 51% worked adequately
and 28% worked incorrectly (Tsagarakis et al., 2001). Changes in the ecological status can be
recognized using individual biological and physico-chemical parameters or using 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” (Arregui et al., 2013; Baharvand , Mansouri Daneshvar, 2019)

Directive 91/271/EEC of May 21, 1991, on community wastewater treatment, reports obligatory
standards in a clear manner. In order to protect the situation from the adverse effects of sewage
discharge, it is essential to monitor treatment plants, receiving waters, and the disposal of sludge.
Discharges from certain sectors of biodegradable industrial waste water that do not enter urban waste
water treatment plants before discharge to receiving waters should be subject to suitable
requirements.

Table 1. International Discharge Standards.

Parameters Units Standards used
pH - 6,5-8,5
BOD5 Mg/l <30
COD Mg/l <90
TSS Mg/l <20
NH4+ Mg/l <0.5
NO2 Mg/l 1
NO3 Mg/l <1
P205 Mg/l <2
Temperature °C <30
Color - Colorless
Odor - Odorless

Source: World Health Organization (WHO).
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Growing population and development needs in the world highlight the need for increased reuse
of treated wastewater. However, treated wastewater contains a large number of pathogens that
require proper treatment before reuse. Standard Plate Counts (SPC) were used to get an idea of the
total microbial concentration in different wastewater treatment plant effluents, counting total
coliforms (TC), fecal coliforms (FC) and coliphages (CPg) due to their importance in wastewater
treatment than traditional significant pollution indicators(Elmeddahi et al., 2016; Makuwa et al., 2020;
Saleem et al., 2000)

The purpose of our experiments was to measure all the relevant parameters (Total Chemical
Physical Analysis, Heterotrophic Plate Counts) and confirm whether the 14 plants in Hungary were
operating effectively. We also wanted to make sure that the plants were meeting the standards set by
the EU wastewater treatment directive. The heterotrophic plate count is simply an extra parameter
used to further elucidate the plants' efficiency (Muela et al., 2011; Ugoh et al., 2013); in the end, we
compare our findings following the computation of the average removal efficiency (ARE) and
Depend on the hypothesis by performing statistical analysis using R software.

2. Material and Method

In any wastewater treatment plant it is necessary to carry out analysis of the raw wastewater
(the inlet) and the treated water (the outlet) in order to determine the different physicochemical and
bacteriological parameters making it possible to evaluate the level of pollution in each treatment plant
and the efficiency of eliminating pollution to give a good appreciation of the purification performance
of the WWTP. Our samples were taken from the effluents of 14 treatment plants in Hungary in
December 2019. We analyzed the following parameters: Ammonia-N (NH3-N) , Nitrate-N ( NO3-
N) , Nitrite-N ( NO2-N) , TOTAL P-CONTENT, Total N (mg/l), Kjeldahl-nitrogen (organic N +
ammonia-N) , Total inorganic N , Total suspended solids, Biochemical oxygen demand (BODs) ,
Chemical oxygen demand (COD), Heterotrophic total plate count ( HPC).

2.1. Areas Studied

The current work was carried out in December 2019 in northeastern Hungary where most of the
targeted treatment plants are located; they are subjected to treat raw wastewater for 26,000 residents
that live around this plain area. The yield loading of treated wastewater is 598000 m?as total capacity,
but it is not found per plants, only three plants were found, while other were not, they marked as nd
(not detected) on the Table 2.

Table 2. Important Characteristics of the Studied Waste Water Treatment Plants.

WWTPs Biological treatment Elimination of N forms Elimination of P forms Capacity m3/day

1 X X X nd
2 X X X nd
3 X X X nd
4 v v v 400
5 X X X nd
6 X X X nd
7 X X X nd
8 X X X nd
9 X X X nd
10 X X X nd
11 v X X 388
12 X X X nd
13 X X X nd
14 v v v 2000

ND: Not detected, V: Existed, X: Not existed. Source: (Tiszamenti Regional waterworks laboratory, Debrecen,
Hungary).
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2.2. Sampling Processes

Collecting the samples were performed in the field at the level of those treatment plants (concern
the effluents and influents wastewater), a certain volume is taken. It is usually done 8 times a day to
ultimately get the final sample to be analyzed and using plastic and glass bottles (1.5 litres) before
and after treatment, in case of the discharging channel , they sampled only once with the same tools.
The samples must be analyzed within a maximum of 24 hours in order to avoid any change in the
concentrations of the sample (Tavazzi et al., 2023). Thus, they should be stored at a temperature of
4°C after they are transported to the lab.

2.3. Laboratory Methods

After getting the samples from target waste water treatment plant, measurements of different
physic-chemical parameters were performed in Debrecen testing laboratory ( Tiszamenti Regional
waterworks) which is known as one of the most significant water utility facilities in Hungary, it
strives to achieve consumer satisfaction, taking into account environmental and economic
considerations. At the level of this laboratory, in the beginning, we started to look at the most
important parameters that are obliged to be measured and that could determine the efficiency and
operation of wastewater treatment plants (6 Wastewater Parameters and Dealing with Discharge
Limits - Alumichem.Com, n.d.; Understanding Wastewater Parameters and Standards, n.d.; Hejabi
etal., 2021) . It is based on standards methods, we have identified the required parameters that have
to be measured with advanced machines and new instruments in the laboratory.

2.4. Statistical Analysis

Paired t-tests were performed for our statistical analysis to evaluate the wastewater treatment
process’s effectiveness in lowering different water quality parameters. A comparison of the main
pollutants' concentrations in 14 sewage treatment plants' treated wastewater (TW) and raw
wastewater (RW). Nitrate-N, Nitrite-N, Kjeldahl-nitrogen, Total Inorganic Nitrogen, Ammonia-N,
and Total Phosphorus were among the parameters examined.

Another calculation, along with yardsticks, is used generally by governments and health
associations, among others, to assess the adequacy of effluents from the WWTP in light of the
guidelines' parameters and the current environmental conditions (Aniyikaiye et al., 2019). Efficiency
was calculated for only 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 — (%) x 100

3. Results and Discussion

In this section, as we have studied on fourteen (14) sewage treatment plants, analyses were
performed on the inflow and outflow. We have obtained the physic-chemical results (Table 3) and
the microbiological parameter (HPC). The mean values and percentage reductions taking into
account all the parameters were calculated (Table 4). They are put on tables and are represented in
graphs.

Table 3. Physicochemical Parameters Concentration prior and after treatment of wastewater from 14
sewage treatment plants.

WWTPs 1 2 3 4 5 6 7 8 9 10 11 12 13 14
R TR T T T T T R T R R T T
Parameters WWWW RW WRW w RW W RW w RW TW RWTWW W WTWWTWRWWRWW RW TW
Ammonia-

101 14 101 14 79 54 101 5.3 107 3.7 91 2.1 112 2.6 74 16 85 2 74239537 61 22 97 24 89 2.1
N (mg/l) 2
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Nitrate-N 54, 54 5 (5402456 8 155 %2 083 80 024 951 1.07 3 124348 % 053 11 8269.42.02 50 0.23 20
mg/) 9 9 8 7 1 1 6 2

Total
phosphorus 16.3.116. 3.1 10.7 2.815.7 1.5 12.8 11 13 16 13.7 3.04 10.3 22 11 3.2 13 35 10 20 11.70.727.13.2 10 35
8 4 8 4 3 8 8 9 8
(mg/1)
Kjeldahl-
nitrogen
(organic 128 17. 128 17. 104 56 124 8.5 128 7.7 124 4.2 137 6.77 103 33 99 4.8104 46 106 75 77 25 147 4.6 102 32
. 1 1 9 9 8 3 3 7
N+ammonia
-N) mg/1
Total 6. 16 15
inorganic N107 *_" 107 2' 79.5 54 106 9.5 109 47 91.8 11 112 12.1 75.1 33 86 6.4 79 38 96 3'69.5 3299.1 54 89.2 22
(mg/1)
Total
suspended
solids
(mg/1)
Total N 134 19. 134 19. 105 56 129 12. 130 51 125 13. 137 16.3 104 35 1009.3109 40 106 19. 85 35 149 56 102 23
(mg/1) 3 3 8 2 1
Biochemical
oxygen
demand
(mg/1)
Chemical
OXYBEM 905 75 905 75 584 64 1 1191008106 815 72 787 <30 616 44 564 66 883 48 535 31 119 75 160 75 541 39
demand 2 1 9
(mg/l)
Nitrite-N 0.0 0.1 0.0 0.1 <0.0 2.3 <0.0 1.0 <0.0 0.3 <0.0 <0.0 <0.0 0.8 0.3 <0.0 0.0

(mg/l) 9 7 9 7 3 00.075 3 3 3 3 3 3 3 030102 0 7 0.1 60.210.40.051.6 3 6

433 28 433 28 318 28 730 47 375 34 361 13 228 7 199 <7 17912423 8 21529 248 28 557 21 317 13

502 5 502 5 358 5 594 12 550 28 464 5 435 4 290 4 263 <3492 <3350 26 804 4 797 13 365 6

Table 4. Mean Removal Efficiency of Physicochemical Parameters in Wastewater Treatment Plants.

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

Physico-chemical parameters

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 5741 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 4551 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
N 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
BOD 99.00 98.10 98.60 97.98 9491 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

3.1. Physicochemical Parameters

Ammonia-N: With an average reduction efficiency of 81.08%, the wastewater treatment process
showed a noteworthy decrease in the concentration of ammonia-nitrogen view (Figure 1). The
removal of ammonia, a significant nitrogenous pollutant, by the treatment plant is demonstrated by
this great decrease.

Total Phosphorus: There was a noteworthy decrease in total phosphorus levels (Figure 1), with
an average reduction efficiency of 11-25%. The overall efficiency of nutrient removal was enhanced
by the treatment process's effective mitigation of phosphorus concentrations.

Kjeldahl-nitrogen: which expresses nitrogen from both organic and ammonia sources, showed
a significant decrease (Figure 1) with an average efficiency of 102.87%. The treatment plant was able
to handle complex nitrogen compounds with remarkable efficacy.

Total Inorganic Nitrogen: The treatment process significantly reduced Total Inorganic Nitrogen
concentrations, with a mean reduction efficiency of 67.1% this outcome underscores the plant's ability
to target various inorganic nitrogen species.

Total N Concentration: the total N concentration significantly decreased after wastewater
treatment. The significant post-treatment decrease in Total N levels is further supported by the 95
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percent confidence interval (74.76, 102.91), with a mean reduction efficiency of 88.84% (t = 13.632,
p<0.001).

Biochemical Oxygen Demand (BOD): The removal of organic pollutants was evident in the
wastewater treatment process as there was a noteworthy decrease in Biochemical Oxygen Demand
(BOD). The water quality has significantly improved, as evidenced by the mean reduction efficiency
of 474.5% (t = 10.802, p<0.001) and a 95% confidence interval of 379.60, 569.40, 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(Sundara Kumar et al., 2010)

Chemical Oxygen Demand (COD): A noteworthy decrease was observed in Chemical Oxygen
Demand (COD), with a mean reduction efficiency of 794.14 % (t = 10.244, p<0.001). The plant's
successful removal of oxidizable substances is highlighted by the 95 percent confidence interval
(626.66, 961.62), which highlights the significant decrease in COD levels following treatment.

Total suspended solids (TSS), total nitrogen (Total N), total phosphorus (Total P), and organic
matter (COD, BOD5) were found to have considerably diminished in the effluent during treatment.
These results confirm the usefulness of these indicators for treatment monitoring and are also
compatible with the results of other researchers, for instance one study highlights the importance of
eliminating organic matter (van Gijn et al., 2021), and another study was conducted to evaluate the
microbiological and physiochemical parameters as markers of satisfaction with the wastewater
treatment plant (Howard et al., 2004). Further evidence of the usefulness of these indicators in
evaluating the effectiveness of water treatment processes is the decrease in total dissolved solids,
turbidity, phosphates and nitrates in wastewater and the use of surrogate organisms as indicators
(Maguvu et al., 2020).
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Figure 1. NH3, TP, TIN, and TKN Reduction in Wastewater Treatment Process: percentages of
removal prior and after purification.
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Figure 2. COD, BOD, TSS, and TN Reduction in Wastewater Treatment Process Percentages of
Removal Prior and After Purification.

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). Following treatment, there
was no discernible change in nitrite-N concentrations (p=0.9613), suggesting a strong level of
treatment effectiveness for this dimension.

In this section, the results of nitrate-N concentration were explained. As we found, it was
ineffective in reducing this pollutant in almost all treatment plants due to the obvious differences
between inflows and outflows. This concentration difference was either reduced or mostly increased
in the subsequent waters.

We only have three wastewater treatment plants that manage to remove the nitrate, but not as
much as shown in Table 5 and Figure 3 which concerned the first, third and fourth treatment plants
respectively, when the concentrations were 5.49 mg/l, 0.54 mg/l, 4.59 mg/l. 1 in the raw water 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 that we are monitoring increased
significantly in comparison to the raw wastewater in most of them; the highest one was 50.3 mg/I,
whereas the lowest one was 2.02 mg/l in the thirteenth plant. Some WWTPs were not significantly
increased, we notice only slightly increased in treated water.

The presence of nitrogenous compounds in the effluent, such as thickener and nitrocellulose
resin, may be the cause of the high nitrate content when the effluent is discharged into a receiving
watershed (Aniyikaiye et al., 2019), which can subsequently lead to eutrophication due to nutrient
loading. Aquatic ecosystems may be adversely affected by this, which can ultimately result in oxygen
depletion in water bodies (Singh and Kumar, 2017).
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Table 5. Concentrations of Nitrate-N in Both Influent and Effluent of the Studied Plants.

WWTPs Incoming W Effluents W

1 5.49 2

2 1.48 9.06
3 0.54 0.23
4 4.59 1.88
5 155 42.68
6 0.83 8.61
7 0.24 9.51
8 1.07 31.08
9 117 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 6. Concentrations of Nitrite-N in both Influent and Effluent of the Studied Plants.

WWTPs Raw W Treated W
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

Nitrites-N concentration results have been clarified. At the level of all the treatment plants the
values of Nitrates content are higher in treated water the values of the raw water, most often slight
increase only in seventh plant when we have got a constant value <0.03 mg/l in both inflow and
outflow.

The highest amount was 2.35mg/l in fourth plant despite in the effluent was very low
concentration 0.07mg/l, however it was significantly increased during treatment.

The representation graphically shows that as following:
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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 (Galloway, 2003), as this is obvious as
mentioned above. Denitrification does not appear to have occurred properly and may have resulted
in higher levels in the wastewater. In the case of phosphate, the results can be explained by the
discharge of industrial and domestic wastewater, which is rich in phosphate detergents and provides
about 3 g of phosphorus per person per day (van Puijenbroek et al., 2018). In this section, the average
reduction efficiency percentages of all studied wastewater treatment plants are given, taking into
account BOD, COD, TSS, TP and TN. We only adopted the parameters according to the EU directive,
which depend on the same parameters.

According to our results, we find that only four plants are highly effective in reducing all
parameters, including BOD, COD, TSS, TP and TN, and meet the wastewater discharge standards
required by the EU Urban Wastewater Treatment Directive (EU Water Law, n.d.). These plants are
the first, second, and fourth sewage treatment plants achieved their goals and reduced connections
by 90.23%, 94.19%, and 92.26% respectively. As previously mentioned, all wastewater treatment
plants significantly and effectively remove BOD, COD and TSS. As for TN and TP, the removal
efficiency varies from plant to plant. Some of them almost manage to eliminate TP while significantly
removing the other pollutants. The wastewater treatment plant affected the seventh, ninth and
eleventh plants at 77.81%, 70.82% and 79.80% while the directive says it should be removed at 80%.
However, their efficiency is 91.64%, 88.47% and 87.01% respectively, where we can assume that their
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performances are acceptable. The fifth, twelfth and thirteenth sewage treatment plants do not
achieve the goal of TN removal while they have significantly removed the other pollutants. Their
efficiency is 85.44%, 87.03% and 88.01% respectively. The third, eighth, tenth and fourteenth
sewage treatment plants fail to remove both TP and TN as shown in the previous results. Their
reduction percentages were 79.94%, 86.53%, 85.67% and 85.73% respectively.

Ultimately all the plants have been classified per their performances based on all the
physicochemical parameters Table 7.

Table 7. Classification of Sewage Treatment Plants.

Classes Sewage Treatment Plants per order Removal efficiency (RE)
A 1.2.4.6.7.9 Excellent
B 5.8.11.12.13 Very good
C 3.10.14 Good enough

Based on the Figure 4, we note that most systems in most cases give good results that meet

European standards.

1234567891011121314

0 “|“ |‘||

WWTPs

Figure 4. The percentage of physicochemical parameters that are removed efficiently in the studied

~
o

Removal Efficiency (%)
o 3

sewage treatment plants.

3.3. Microbiological Parameter HPC (Heterotrophic Place Count)

The Figure 5 obtained shows that only four (4) wastewater treatment plants recorded logical
values where the number of heterotrophic plates heated to 22°C is higher than the heterotrophic
number heated to 35°C.
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Figure 5. Heterotrophic values in the effluent of various sewage plants in Hungary.

The planned sewage treatment plants are first, second, fifth and tenth works. While the other
sewage treatment plants recorded exactly the opposite, the graphic shows that the number of
heterotrophic germs at 35 °C is higher than the number heated at 22 °C. The highest value was
reached in the fifth plant with 1780,000 CFU and this was reduced to 1310,000 CFU, where we can
observe that the difference between heating to 22 °C and 35 °C is very significant. The lowest value
was 44,000 CFU in the seventh plant and was increased to 180,000 CFU, where the difference is not
so significant at 22 °C and 35 °C. We found a significant difference in colony numbers between the
two temperatures at most wastewater treatment plants. However, further heating treatment is
required, which could be 45°C, to examine more bacteria and also identify organisms such as molds,
yeasts and fungi. This is not our aim in this article. Additionally, we found that the incubation
temperature used to assess contamination was between 22°C and 35°C.

Furthermore, the coincident resemblance observed in heterotrophic plate count and
physicochemical results, for example the sewage plants classified as excellent removal efficiency in
physic-chemical parameters showed satisfied values in both heating treatment except number sixth
plant, however we noticed the colonies number has been decreased in first and second plant, as well
as we noticed no significant difference in the fourth, seventh and ninth plant. Similar findings have
been reported by a number of studies there as well. One study, for instance, examined the relationship
between water quality parameters and heterotrophic bacteria (HPC) levels in water distribution
systems. The investigation found that HPC counts might be helpful in determining the water quality
of systems that distribute drinking water (Carter et al., 2000)

An additional research endeavor examined the correlation between heterotrophic bacteria and
water quality parameters within a drinking water distribution system. The objective of this
investigation was to ascertain the factors that account for the spatiotemporal distribution of
heterotrophic bacteria and to develop a model of their establishment within the system (Francisque
et al., 2009).

Generally speaking, almost all the treatment plants which recorded illogical values by increased
the number, it can be explained that these colonies are multiplied and propagated as they have the
ability to adapt in high temperature (Heterotrophic Plate Count (HPC) Testing - Phoslab
Environmental Laboratories Phoslab Environmental Laboratories, n.d.). From the other hand, these
bacteria present in the rejected water confirm that the disinfection process did not work properly. In
fact, it is assumed that there is no significant difference after second-time heating at 35 ° C or the
number supposed to be reduced. The results obtained after performing the heating treatment on 22
° C is expected decent or in another word the disinfection is not too bad and hence, we can say it
requires detoxification and good disinfection because it is inadequate to adopt the strict rules of HPC
requirements(Hallas, Monis, 2015; Pavlov et al., 2004).

4. Conclusions

Our analysis is subjected to different sewage treatment depended on the familiar
physicochemical parameters and heterotrophic plate count which are accurate indicators of effluent
quality. In fact, The experimental data obtained reveals that all the wastewater treatment systems
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showed almost similar values in organic matter removal efficiencies (COD, BOD5), and even total

suspended solid (TSS) which were significantly eliminated and showed an important reduction over

treatment in the effluent, thus confirming the value of these indicators for the control of treatment.

TP and TN removal efficiencies were inadequate and showed different values in all the WWTPs,
some of them managed to remove them and the concentration in the effluents highly decreased to
the extent that discharging it into natural water bodies with confidence and undoubted, included
1,2,4,6. Most of them did not; in case of TP, the reduction percentages varied between (70.83% -
79.80%), despite these rates did not meet the required values of the official journal of the European
communities but they are relatively close to the requirements. Expect of the last treatment plant
where the removal efficiency was only 64.2%. In the case on TN, only the last plant had reduction
percentage was a bit closed to the required values of the EU directive which was 77.45%, as for the
other plants were ineffective vary between (46.66%-66.34%).

In the case of Nitrates-N and Nitrites-N, the efficiency could not be quantified due to the results
showed an increased level in outflows. The microbiological removal efficiency rates of our study
considered well enough because did not show an important reduction over the treatment. The idea
concluded that there are close similarities and correspondence between physic-chemical and total
plate count results in the studied treatment plants. The majority of the physicochemical parameters
investigated in the research did not exceed the recommended levels for discharge into the
environment, indicating that nearly all of the WWTPs studied in Hungary are efficient and provide
good purification performance due to their ability to afford good effluent treatment procedures and
in control.

Additionally, the research greatly demonstrated compliance to various regulatory standards.
Despite that, some recommendations should be suggested and shall apply:

e  Advanced oxidation processes (AOPs): AOPs are used to treat wastewater by eliminating
organic compounds, micropollutants, 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 (Kaur et al., 2017; Zahmatkesh et al., 2022).

e Membrane bioreactors (MBRs): Wastewater can be treated more effectively and compactly when
biological treatment and membrane separation are combined (Zahmatkesh et al., 2022).

e  Microscreening: This method offers an affordable water treatment option by eliminating
suspended solids from wastewater (Advanced Wastewater Treatment Methods (Complete List)
- EngineeringCivil.Org, n.d.).

e  Ultrafiltration: When combined with the activated sludge process, ultrafiltration effectively
eliminates toxic materials, suspended solids, and dissolved solids from wastewater (Advanced
Wastewater Treatment Methods (Complete List) - EngineeringCivil.Org, n.d.; Zahmatkesh et al.,
2022).

e  Advanced carbon adsorption: Wastewater is treated with activated carbon adsorption to
eliminate organic pollutants, hazardous materials, and persistent organic pollutants (Advanced
Wastewater Treatment Methods (Complete List) - EngineeringCivil.Org, n.d.).

e  Phosphorus and nitrogen elimination: Phosphorus and nitrogen, which are necessary nutrients
for the growth of algae and can cause eutrophication, are taken out of wastewater by chemical
precipitation and clarification, as well as chemical coagulation and clarification (Advanced
Wastewater Treatment Methods (Complete List) - EngineeringCivil.Org, n.d.).

By investigating these recommendations, sewage treatment plants could be operated more
effectively and controlling the discharge of effluents into ecosystems and hence the water bodies will
not be contaminated and protected from eutrophication phenomena and in the aquatic life, the living
organisms will not be disturbed, the public health and environment will be protected.
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