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Abstract: Water pollution reduces the availability of fresh water, especially in arid areas suffering from
water stress, and also adversely affects soil, vegetation and environmental processes. Wastewater
treatment processes aim to reduce environmental degradation and increase water availability by
improving the quality of wastewater to a standard suitable for irrigation. This paper compares the
performance of three wastewater treatment processes: (i) aerated lagoon (AL), (ii) activated sludge
(AS), and (iii) constructed wetland (plant beds, PB) under the arid climate of Algeria. The statistical
analysis focused on the comparison between the removal rates of the physical (SS) and biological
pollution (BOD5 and COD) parameters in the three stations during 8 years of operation. Obtained
results show that the maximum removal rates were observed in the AS process and the minimum
were in the AL process. The comparison between the removal rates for a given parameter has shown
that there is a significant difference between the AL process on the one hand and the AS and PB
processes on the other hand. For the last two processes, AS and PB, there is a difference, but it is not
statistically significant. For the values of the parameters of wastewater leaving the three systems,
results showed that there is a seasonal variation in the average values of the parameters (temperature
effect) and that with the exception of orthophosphate, the values recorded are, for the most part,
below the values of Algerian discharge standards, WHO standards and FAO standards.

Keywords: wastewater; removal rate; treatment processes; ANOVA; arid climate

1. Introduction

The end of the 1960s marked the rise of drainage and sanitation networks in the
province of Ouargla, Algeria. During that decade, these networks were extended to evacu-
ate the excesses generated by the rise in the water table due to the irrational exploitation of
the fossil aquifers [1–3]. These networks aim to keep wastewater away from homes and the
urban environment, but very quickly the problem of the fate of this wastewater arises [4,5].

Previously, accumulated wastewater was discharged into the wild in its raw state:
in the natural lagoon of Oum Erraneb in Ouargla [6] and in the Oued Righ canal in
Touggourt [7,8]. They were also used sometimes, in their raw state, in irrigation. This
situation was not only responsible for the degradation of soil, environment and buildings,
but also for the genesis of waterborne diseases (cholera, typhoid, etc.) [9,10].
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Wastewater treatment, which is a set of techniques that reduce and/or eliminate
pollutants in water in order to reuse it in agriculture or to discharge into the environment
without having negative consequences [11,12], is the solution that protects the environment
and therefore human beings. For this, five treatment plants were built in the two cities of
Ouargla and Touggourt (three in Ouargla and two in Touggourt). The methods adopted in
these five stations include three biological wastewater treatment processes: aerated lagoon
(AL), activated sludge (AS) and constructed wetland system (by reed bed and by plants
bed “PB”).

Several researchers around the world have studied the performance of wastewa-
ter treatment processes to assess their effectiveness and determine the fate of treated
wastewater [13–17]. For our regions of Ouargla and Touggourt, research studies on the
performance of the various wastewater treatment processes mentioned began with the
construction of wastewater treatment plants (WWTP) as part of a mega-project to fight
water upwelling [18,19].

The particularity and the novelty of the present study is in: (i) the evaluation of the
three processes during eight years of service under an arid climate based on the statistical
study which allows clearly visualizing the difference, if it exists, between the three processes;
(ii) detection of a seasonal variety effect on wastewater treatment processes; and (iii) definition
of the most appropriate process for the arid climate conditions of our region.

2. Methodology
2.1. Study Area

The three wastewater treatment plants (WWTP) of our study are located in the Ouargla
Department. This Department is located in the Algerian Sahara, and it is characterized by
an arid climate (AI < 5 De Martonne E. [20]) and long periods of drought (See Figure 1).
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Figure 1. Ombrothermal diagram of Ouargla Department (2011–2018).

According to Figure 1, rainfall is scant in the Ouargla region. Collected data of 8 years
shows that the annual average sum is 33.7 mm (269.5 mm for 8 years).
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2.2. Presentation of Studied Wastewater Treatment Plants

The three wastewater treatment plants (WWTP) are distributed in the Ouargla Depart-
ment as follows: (i) The aerated lagoon process treatment plant is located in the city of
Ouargla (31.997◦ N, 5.368◦ E). It is of a conceptual capacity of 400,000 inhabitant equiva-
lent (IE), and it treats an average daily volume of more than 39,000 m3 which represents
260,000 IE. (ii) The activated sludge process treatment plant is located in the town of Toug-
gourt (33.103◦ N, 6.088◦ E). It has of a conceptual capacity of 62,500 IE, and it treats an average
volume of 9300 m3/day which represents 62,000 IE. (iii) The constructed wetland (plant bed,
PB) is located in Temacine (33.018◦ N, 6.019◦ E). It has a conceptual capacity of 100 IE, and it
purifies an average volume of 14 m3. Therefore, its inhabitant equivalent is 93.

2.3. Data Collection and Analysis

Water samples were taken once a week at the inlet and outlet of the WWTPs over
8 years, using 5 L grab samples. Each sample was analyzed within 1 day of collection for
suspended solids (SS), the 5-day biochemical oxygen demand (BOD5), the chemical oxygen
demand (COD), nitrate and nitrite nitrogen (NO3

− and NO2
−) and orthophosphate (PO4

3−).
All analyses were performed according to standard methods for the examination of water
and wastewater of the American Public Health Association (APHA) and the United States
Environmental Protection Agency (USEPA), all methods are mentioned in Table 1.

Table 1. Parameters and analysis methods.

Pollution Parameters Test Methods

BOD5 (mg/L) Standard Methods for the Examination of
Water and Wastewater. File 5210B

COD (mg/L) Standard Methods for the Examination of
Water and Wastewater. File 5220B

SS (mg/L) Standard Methods for the Examination of
Water and Wastewater. File 2540D

Nitrogen (Nitrite) (mg/L)

United States Environmental Protection
Agency (USEPA) Diazotization Method Federal

Register, 44(85), 25,505, 0.002 to 0.300 mg/L
NO2

−-N by Spectrophotometer

Nitrogen (Nitrate) (mg/L)

UV Screening Method Adapted from Standard
Methods for the Examination of Water and

Wastewater’ Published by the American Public
Health Association APHA Standard, Part

4500-NO3–B, 0.1 to 10.0 mg/L NO3
−-N by

Spectrophotometer

Phosphorus (Orthophosphate) (mg/L)

USEPA PhosVer 3 Standard Procedure is
Equivalent to USEPA and Standard Method
4500-P-E for Wastewater, 0.02 to 2.50 mg/L

PO4
3– by Spectrophotometer

2.4. Data Analyses Tools

The three WWTP used in this study are of different sizes. Therefore, the comparison
can only be made between the purification removal rates of BOD5, COD and SS and the
quality of the water leaving the stations compared to the various existing standards.

To make analyses easy, the annual removal rate of each parameter was calculated
using the values recorded at the input and output of each station.

To properly visualize the difference between the different adopted processes, a graphi-
cal method of descriptive statistics by boxplot and statistical analysis of variance (ANOVA)
with the latest of the post hoc tests (the Fisher test called LSD (for Least Square difference))
were performed using SPSS Ver.22 software.
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3. Results
3.1. Characterization of Influent

The rate of the organic load, which is the ratio of the pollution received over the nominal
capacity of the plant, is expressed as a% of the nominal flow in BOD5. The rates determined
for the three plants of the three processes show that the organic loads of the raw wastewater
entering the plants are lower than the nominal capacities of these plants. In addition, the
COD/BOD5 ratio values of the raw wastewater from the three stations are mostly less than
three, which leads us to conclude that it is easily biodegradable raw wastewater.

3.2. Biological Oxygen Demand (BOD5)

According to Tradat [21], Rejsek [22] and Clair et al. [23], BOD5 is the amount of
oxygen required to oxidize organic matter biologically calculated after 5 days at 20 ◦C and
in the dark (oxidation of biodegradable organic matter by bacteria).

Figure 2 shows the variation of the percentage of BOD5 elimination during 8 years for
the three studied processes using the boxplot.
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According to Figure 2, the removal rate of BOD5 is the highest for Touggourt station
where an activated sludge process is used, and the lowest one is in the Ouargla station that
uses an aerated lagoon process.

For the case of the aerated lagoon process (Ouargla “OGX” station), the median of the
BOD5 removal rate is slightly at the bottom of the box. So, this is an asymmetric distribution
towards the low removal rate values of BOD5. The large length of the box (61.2–82.7%)
indicates a wide variability in the removal rate values of BOD5 from the aerated lagoon
process during the 8 years of the study.

With regard to the activated sludge process (Touggourt “TGR” station), the length of the
box is relatively short (89.0–94.2%) compared to that of the aerated lagoon process, which
means that there is little variability in the values of the BOD5 removal rate for this process.
The median for this activated sludge process is completely at the bottom of the box. Therefore,
there is an asymmetric distribution towards the low removal rate values of BOD5.

In the case of the plants bed process, the median is centered, which implies a sym-
metrical distribution of the BOD5 removal rate values. For the length of the box, it is the
lowest (87.9–91.2%) compared to the other two processes which means a low variability in
the removal rate values of BOD5 of the plants bed process.
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The difference in removal rates is perhaps clear between Ouargla station and the two
other stations of Touggourt and Témacine, but not really clear between Touggourt station
and Témacine station. For that, a comparison between means of BOD5 removal rates using
one-way ANOVA is necessary to know whether the differences are significant.

The results of the comparison between methods s of BOD5 removal rates using one-
way ANOVA are presented in Tables 2 and 3.

Table 2. ANOVA of BOD5 removal rates.

Sum of Squares Df Mean Square F Sig.

Between Groups 1394.048 2 697.024 39.999 0.000

Within Groups 365.950 21 17.426

Total 1759.998 23

Table 3. Multiple comparison of BOD5 removal rates.

(I) Station (J) Station
Mean

Difference (I-J) Std. Error Sig.
95% Confidence Interval

Lower Bound Upper Bound

AL (OGX)
AS (TGR) −16.94125 * 2.08723 0.000 −21.2819 −12.6006

PB (TMC) −15.26250 * 2.08723 0.000 −19.6031 −10.9219

AS (TGR)
AL (OGX) 16.94125 * 2.08723 0.000 12.6006 21.2819

PB (TMC) 1.67875 2.08723 0.430 −2.6619 6.0194

PB (TMC)
AL (OGX) 15.26250 * 2.08723 0.000 10.9219 19.6031

AS (TGR) −1.67875 2.08723 0.430 −6.0194 2.6619

* The mean difference is significant at the 0.05 level.

According to the results in Table 2, the significance (0.000) is less than 0.05. This means
that the BOD5 removal rate averages for the different processes are different. However, the
statistical significance between each pair of processes is not indicated in the table.

To see the significance between the BOD5 removal rates of each pair of processes, we
use Table 3 of multiple comparison of BOD5 removal rates.

According to Table 3, the difference in the means of the OGX-TGR and OGX-TMC
pairs is statistically significant; but it is not for the case of the TGR-TMC pair.

Figure 3 shows the seasonal variation of the BOD5 of treated wastewater at the outlet
of the three stations. The histograms represent the averages of eight years of study.

According to Figure 3, the maximum BOD5 values for the four seasons are recorded in
the Ouargla aerated lagoon station. For the minimum values, they are mostly recorded in
the Témacine plants bed station during winter, spring and autumn.

Going from one season to another, the difference between the BOD5 values is distinc-
tive for the aerated lagoon and the plants bed. In the case of the activated sludge process,
the values recorded in the four seasons are very close, and the difference between them is
very small.

The minimum value of BOD5 for the aerated lagoon process is recorded in the winter
period, while that of the plants bed process is recorded in the spring period. The maximum
values are observed in the summer period for the two processes mentioned.

Figure 3 also shows, through the error bars, that there is a wide variability between
the BOD5 values for the three processes.

Compared to the various standards relating to treated wastewater, the BOD5 values of
the water from the three processes are below the Algerian discharge standards (35 mg/L),
but compared to the values of the discharge standards of WHO (30 mg/L) and the agri-
cultural reuse standards of FAO [24] (30 mg/L), only the wastewater purified from the
activated sludge and the plants bed processes meet these two standards.
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Figure 3. Values of BOD5 recorded at the output of the stations of the three processes.

3.3. Chemical Oxygen Demand (COD)

Unlike BOD, COD does not simulate the biodegradation of organic matter easily de-
composed by bacteria and other microorganisms present in a natural environment capable
of inducing rapid de-oxygenation of an aquatic environment. It represents the consump-
tion of oxygen by strong chemical oxidants to oxidize organic and mineral substances in
water [22]. Figure 4 presents the variation of COD removal rates of the studied processes.
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According to Figure 4, removal rate of COD is the highest in the activated sludge
process and the lowest one in the aerated lagoon.

In addition, according to Figure 4, the three boxes of the three processes are short in
length (65.5–69.1% in OGX, 84.0–89.9% in TGR and 85.0–90.2% in TMC), which shows that
there is a low variability in the COD removal rate values for the three processes. It is also
observed that there is extreme values in the cases of the aerated lagoon (59.8% and 80.3%)
and activated sludge (95.9%) processes. This may be due to data entry errors; otherwise,
they are likely associated with measurement errors.
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Figure 4 also shows that the COD removal rates in the Ouargla station are the lowest
compared to those of the other two stations. The maximum removal rates are recorded in
the Touggourt station, and they are close to those of Témacine.

For the type of distribution in a given process, Figure 4 indicates that the median is
at the bottom of the box for the aerated lagoon, which means an asymmetric distribution
towards the low values of COD removal rate. For the activated sludge and plants bed pro-
cesses, the medians are at the top of the boxes, which indicates an asymmetric distribution
towards the high removal rate values.

The difference in removal rates is perhaps clear between different processes, but we
do not know if this difference in significant. For that, a comparison between the means of
COD removal rates using one-way ANOVA is necessary.

Results of a comparison between the means of COD removal rates using one-way
ANOVA are presented in Tables 4 and 5.

Table 4. ANOVA Of COD removal rates.

Sum of Squares Df Mean Square F Sig.

Between Groups 2321.320 2 1160.660 71.867 0.000

Within Groups 339.154 21 16.150

Total 2660.475 23

Table 5. Multiple Comparison of COD removal rates.

(I) Station (J) Station
Mean

Difference (I-J) Std. Error Sig.
95% Confidence Interval

Lower Bound Upper Bound

AL (OGX)
AS (TGR) −21.33125 * 2.00937 0.000 −25.5100 −17.1525

PB (TMC) −20.36000 * 2.00937 0.000 −24.5387 −16.1813

AS (TGR)
AL (OGX) 21.33125 * 2.00937 0.000 17.1525 25.5100

PB (TMC) 0.97125 2.00937 0.634 −3.2075 5.1500

PB (TMC)
AL (OGX) 20.36000 * 2.00937 0.000 16.1813 24.5387

AS (TGR) −0.97125 2.00937 0.634 −5.1500 3.2075

* The mean difference is significant at the 0.05 level.

Table 4 indicates that the COD removal rate averages for the different processes are
significantly different. However, the statistical significance between each pair of processes
is not indicated in the table.

To know the significance between the COD removal rates of each pair of processes, we
use Table 5 of multiple comparison of COD removal rates.

According to Table 5, the difference in the means of COD for the OGX-TGR and
OGX-TMC pairs is statistically significant; but it is not for the case of the TGR-TMC pair.

Figure 5 shows the averages of the COD values recorded between 2011 and 2018 in
the three stations of our study.

Figure 5 shows that the maximum DOC values during the four seasons are observed
in the aerated lagoon station. The minimum values are noted in the plants bed station.

The DOC values from one season to another are very variable for the aerated lagoon
and the plants bed but relatively stable for the activated sludge process. The maximum
values for the aerated lagoon and the plants bed are observed in summer, and the minimum
values are observed in winter.

It is also noted in Figure 5, according to the error bars, that there is little variability in
the values recorded during the eight years of the study.

From a quality point of view, Figure 5 shows that the COD values of purified wastew-
ater from the Touggourt and Témacine stations are lower than the values of the Algerian
standard [25] of rejection (120 mg/L), that of WHO [26] (90 mg/L) and that of FAO [24]
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(40 mg/L). For the aerated lagoon in Ouargla, the values of the treated wastewater are
mostly lower than the Algerian standard [25] but do not meet the standards of WHO [26]
and FAO [24].
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Figure 5. Values of COD recorded at the output of the stations of the three processes.

3.4. Suspended Solids

Figure 6 shows the variation of SS removal rates in the three processes.
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Figure 6. Boxplots of SS removal rates of the three processes.

Figure 6 shows that removal rates of SS are the highest for Touggourt station, and the
lowest one is in the Ouargla station.

The boxplot presented in Figure 6 of the removal rates of SS show that there is wide
variability in the values of the removal rate of SS for the aerated lagoon process (39.2–67%),
low variability in the values of the removal rate for the process of plants bed (87.7–95.2%)
and ultra-low variability in the removal rate values for activated sludge (93.4–96.9%).
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Figure 6 also shows that the minimum removal rates are recorded in the Ouargla
station and the maximums in the Touggourt station. For the Témacine station, the removal
rate values are close to those of the Touggourt station.

It is also well observed in Figure 6 that the distributions of the removal rate values of
SS are asymmetrical and towards the high removal rate values for the aerated lagoon and
plants bed processes. For the case of the activated sludge process, the distribution of the
removal rate values of SS is symmetrical.

There are differences between different groups of removal rates of processes. For that,
a comparison between the means of SS removal rates using one-way ANOVA is necessary
to know if differences are significant.

Results of comparison between the means of SS removal rates using one-way ANOVA
are presented in Tables 6 and 7.

Table 6. ANOVA Of SS removal rates.

Sum of Squares Df Mean Square F Sig.

Between Groups 9310.668 2 4655.334 122.649 0.000

Within Groups 797.089 21 37.957

Total 10,107.757 23

Table 7. Multiple comparison of COD removal rates.

(I) Station (J) Station
Mean

Difference (I-J) Std. Error Sig.
95% Confidence Interval

Lower Bound Upper Bound

AL (OGX)
AS (TGR) −43.23250 * 3.08045 0.000 −49.6386 −36.8264

PB (TMC) −40.16250 * 3.08045 0.000 −46.5686 −33.7564

AS (TGR)
AL (OGX) 43.23250 * 3.08045 0.000 36.8264 49.6386

PB (TMC) 3.07000 3.08045 0.330 −3.3361 9.4761

PB (TMC)
AL (OGX) 40.16250 * 3.08045 0.000 33.7564 46.5686

AS (TGR) −3.07000 3.08045 0.330 −9.4761 3.3361

* The mean difference is significant at the 0.05 level.

Table 6 points out that SS removal rate averages for the different processes are signifi-
cantly different. However, the statistical significance between each pair of processes is not
indicated in the table.

To check the significance between the SS removal rates of each pair of processes, we
use Table 7 of multiple comparison of SS removal rates. Figure 7 summarizes the SS results
from the different stations.
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Figure 7. Values of SS recorded at the output of the stations of the three processes.
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According to Figure 7, the average values of SS at the exit from the stations of our
study are maximum in the four seasons at the Ouargla station, while the minimum values
are only visualized for a single station during the four seasons.

From one season to another, we notice a great variability between the values of SS for
the aerated lagoon processes and the plants bed. This variability is absent for an activated
sludge station.

Winter is the season marked by the minimum average value for the aerated lagoon
process, and summer is marked by its maximum value. For plants bed, the maximum
average value is observed in spring, while the minimum is noted in autumn.

For the variability of the SS values recorded during the period 2011–2018, the error
bars in Figure 7 show that it is very wide the aerated lagoon station and very short for the
activated sludge processes and the plants bed except for spring for the latter.

Regarding the standards, the SS values of the treated wastewater from the aerated
lagoon process do not meet any of the standards taken into account in our study (Algerian
discharge standard “35 mg/L”, WHO standard [26] “30 mg/L” and FAO standard [24]
“70 mg/L”). On the other hand, the values recorded at the end of the two other processes,
activated sludge and plants bed, fully comply with these three standards.

3.5. Nitrogen and Phosphorus Pollution

a. Nitrite

Figure 8 presents the seasonal variations of nitrite at the exit of the three stations
between 2011 and 2020.
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Figure 8. Values of nitrite recorded at the output of the stations of the three processes.

According to Figure 8, the maximum values are noted during the four seasons for the
aerated lagoon and the minimum in the plants bed.

The difference between the average nitrite values of the seasons is significant in the
aerated lagoon process. For the other two methods, this difference is almost absent. The
maximum value of nitrite in Ouargla station is observed in autumn and the minimum in
winter and spring.

With regard to water quality, the three processes examined produce treated wastewater
with nitrite values lower than the value of the WHO standard [26] (1 mg/L).

b. Nitrate

Figure 9 shows the averages of the nitrite values at the exit of the three stations for
each season.
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Figure 9. Values of nitrate recorded at the output of the stations of the three processes.

It is clearly observed in Figure 9 that the maximum values are recorded for the plants
bed station and the minimum values in the aerated lagoon station.

This time and differently for nitrite, there is a stability of the values recorded during
the four seasons for the activated sludge process and that of the aerated lagoon. For the
plants bed process, the maximum value is noted during the summer and the minimum
values during the fall and spring.

Compared to the WHO standard [26] (50 mg/L), the nitrate values of the treated
wastewater from the three stations are below the value of the said standard.

c. Orthophosphate

Figure 10 summarizes the average values of orthophosphate during the four seasons
for the three study methods.
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Figure 10. Values of orthophosphate recorded at the output of the stations of the three processes.

Figure 10 shows that the maximum average values of orthophosphate during the
study period are observed for activated sludge and the minimum in the aerated lagoon
station. Fall is the season that marked the maximum average orthophosphate values for
the three processes.

Speaking of standards, the orthophosphate values of treated wastewater from the
three processes are higher than those of the WHO standard [26] (0.94 mg/L).
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4. General Discussion
4.1. Characteristics of the Raw Influent

The COD and BOD5 values recorded at the entrance of the three WWTPs fall within the
range of reference values for raw domestic wastewater (BOD5 = 500 mg/L, COD = 1000 mg/L
and SS = 600 mg/L [27]), with average COD/BOD5 ratios of 2.6 for the AL process, 1.84 for
the process AS and 1.50 for the PB process.

These ratios being less than two for the last two processes allow the conclusion that it
is easily biodegradable raw wastewater [28–30] For the AL process, the ratio value is greater
than 2.5 which indicates a slow decomposition and a high content of organic substances
that are hardly decomposable or biologically indecomposable, which may be caused by a
large proportion of industrial wastewater in municipal wastewater [30,31].

According to the results of analyses relating to raw wastewater, the average organic
loading rates are: (i) 38% for the AL process, (ii) 65% for the AS process, and (iii) 48% for the
PB process. These results show that the pollution loads received by the three WWTPs are
lower than the nominal capacities of these WWTPs. These results show that the pollution
loads received by the three WWTPs are lower than the nominal capacities of these WWTPs.

4.2. Physical (SS) and Biological (BOD5, COD) Pollution Parameters

In general, these removal rates compared to those presented in other works [32–35]
are very acceptable and reflect relative efficiency of the procedures adopted in study area.

Compared to work carried out before in the study areas, the purification removal rate
values of BOD5, COD and SS from the Ouargla station are lower than those determined by
Bachi et al. [13] and recorded between 2011 and 2013. This is due to the several problems
noted in the Ouargla stations, such as the failure of some aerators, hence the lack of oxygen
diffused in the water and the formation of algae in the finishing basin which directly affects
the concentration of SS at the exit.

According to the same authors, Bachi et al. [13], with the exception of BOD5 which is
stable, the treatment removal rate values recorded between 2011 and 2013 for COD and
SS in the Témacine station were lower than those recorded between 2011 and 2018. The
relative increase in purification efficiency is the result of the cleaning, development and
rehabilitation works of the plants bed station after 2014.

For the activated sludge process, the comparison made between the removal rate
values of our study and those of Bachi et al. [14] shows that there was an increase in the
removal rate values of the three parameters compared to the values of 2012 and 2013.
This increase in the performance of the activated sludge station was the consequence of
maintenance and rehabilitation works on the station after 2014.

Regarding results of the exit values of BOD5, COD, SS from the AL and PB systems of
wastewater treatment, it is very well noted that there is a remarkable link between cited
parameter values and air temperature. They increase as the air temperature increases and
vice versa. This concurs with the opinion of Obaid et al. [36] about temperature effect on
biological treatment of wastewater. They reported that temperature is considered the most
challenging one in wastewater treatment methods. For the AS, our results agree with those
of Von Sperling and de Lemos Chernicharo [37] who reported that there is less dependence
on temperature as a result of higher technological input and mechanization levels.

According to Musy and Higy [38], Livingstone and Lotter [39], Preud’homme and
Stefan [40], there is a positive correlation between air temperature and water temperature.
When air temperature increases, water temperature increases, and when the water temper-
ature increases, the concentration of dissolved oxygen (DO) decreases [41–44]. When DO
decreases, aerobic bacteria activity decreases, and there is no degradation of organic matter
which induces high concentrations of BOD5, COD and SS at the exit of the systems [45].

In addition to air temperature, there is another important factor that affects DO which
is wind [46,47]. This impact can be seen for the aerated lagoon system where values of
BOD5, COD and SS at the exit were very high compared to the two other processes because
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of aerator failures over the past few years which have caused a remarkable decrease in the
oxygen diffused into the water.

For the Ouargla station, it should also be noted that in the absence of dissolved
oxygen in recent years (successive breakdowns of aerators), the phosphorus trapped in
the sediments can be released via complex chemical processes. Phosphorus then becomes
available to aquatic plants which use the surpluses to proliferate, which leads to an increase
in organic matter to decompose.

Compared to the different standards: Algerian [24], WHO [25] and FAO [26], and with
the exception of the aerated lagoon process, the values of the parameters of physical and
biological pollution of treated wastewater represent no risk to the environment and can be
reused in agriculture.

4.3. Nitrogen Pollution

Nitrogen removal is one of the essential steps in wastewater treatment. Reactive
nitrogen exists as NH4

+ at typical wastewater pH values [48]. It is also a significant
contaminant in domestic gray water and urine [49]. In wastewater, the nitrogen cycle goes
through the different stages of biogeochemical evolution of the compound. It leads to
the formation of nitrogen gas (dinitrogen N2), starting with organic nitrogen and passing
through ammonia, nitrite and nitrate [50]. In our study, we focused on nitrites (NO2

−) or
nitrous nitrogen (unstable chemical form, dangerous for fish) and nitrates (NO3

−) or nitric
nitrogen (stable, soluble form, assimilable by plants or move freely in the ground.) [50–54].

In our study, we observed that there is no relationship between nitrite and air tem-
perature, and maximal value was registered in autumn and not in summer. In fact, the
micro-organisms responsible for nitrification: ammonia oxidizing bacteria (AOB) and ni-
trite oxidising bacteria (NOB) are fragile and require a constant water temperature (greater
than or equal to 12 ◦C).

Compared to research of Bachi et al. [18,19] on station data between 2011 and 2013,
the average values of nitrites and nitrates during the 8 years have the same tendencies:
maximum values observed in the aerated lagoon process and minimum for the plants bed
process for nitrite. For nitrate, it was the opposite, with maximum average values observed
in the plants bed process and the minimum in the aerated lagoon.

Still comparing with the results of Bachi et al. [18,19], the average nitrite values for
8 years were low compared to the period between 2011 and 2013 for the three processes
but with a big difference for the aerated lagoon process. For nitrate, the average values of
8 years at the end of the aerated lagoon system were higher than those of 2011–2013. On
the other hand, for the plants bed process, the average values of the three years (2011–2013)
were higher than those of 8 years (2011–2018).

Despite these variations in the values of nitrite and nitrate at the exit of the three
stations and despite the values which sometimes exceed the values recorded at the entry for
the aerated lagoon, it is very interesting to know that these values are lower than those of
the WHO standard [25]; therefore, this treated wastewater poses no risk to the environment.

4.4. Phosphorus Pollution

Phosphorus in wastewater is derived from natural phosphorus sources and their
use. It is multiple [55] (Villebrun, 1989). Wastewater phosphorus, particulate or soluble,
essentially consists of: (i) inorganic phosphorus and orthophosphates which are phosphates
that can be dosed without hydrolysis or digestion oxidizing; and (ii) organic phosphorus:
phospholipids, esters, polynucleotides, etc. Total phosphorus is the sum of inorganic and
organic phosphorus [56,57].

The results obtained in our studies showed that the maximum average values for the
period from 2011 to 2018 were observed in the activated sludge station, while the minimum
average values were in the aerated lagoon station.

Compared to the results of Bachi et al. [18,19], the average values for the period 2011–2013
were a bit low compared to those for the period 2011–2018 for the aerated lagoon. On the other
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hand, the opposite occurred in the activated sludge station where the values were important
in 2011–2013.

Beforehand, it should be known that the quantity of sludge produced in the aerated
lagoon station is low compared to that produced in the activated sludge station. This
difference in quantity generates a difference in the concentration of total phosphorus
(organic and inorganic) and consequently orthophosphate, especially since we know that
in conventional activated sludge, the organic phosphorus content is of the order of 2% per
gram of biomass; in dephosphating activated sludge, the organic phosphorus content
can reach 8 to 10% per gram of biomass [57]. This explains the high concentrations of
orthophosphate in the activated sludge system.

Compared to the value required by WHO [25], the average values of orthophosphate
from the three stations are very high; consequently, the treated wastewater poses a risk to
the environment.

5. Conclusions

Wastewater treatment not only protects the environment but also, depending on
conditions, reuses it for irrigation. The choice of wastewater treatment process is based
on several criteria, such as the quantity and quality of raw sewage, operating costs and
climatic conditions.

Several studies have analyzed the wastewater treatment performance of biological
processes without comparing these processes.

In our study, we compared the performance of three biological processes: aerated
lagoon, activated sludge and constructed wetland in an arid climate.

The results showed that the treatment performance of the three biological processes
during the 8 years of the study, exceeded 60% with an advantage for the activated sludge
process, where the biological pollution elimination rates were around 90%. It also showed
that the aerated lagoon process of the city of Ouargla lost this performance from one year
to another because of the continuous breakdowns of the aerators.

Statistically speaking, there is a significant difference between the treatment perfor-
mance of activated sludge and aerated lagoon processes. In the same context, the variability
of pollution removal rates is significant for aerated lagoons.

For the quality of treated wastewater, the study showed that, with the exception of the
aerated lagoon process, the physical and biological parameters analyzed at the outlet of the
stations comply with the various standards (Algerian, WHO and FAO). It also showed that
in the aerated lagoon plant, the concentrations of these pollution parameters are greatly
influenced by the climate; they increase as the air temperature increases and vice versa.

In the case of the constructed wetland process, the results showed the effectiveness
of this process but not for the activated sludge processes. However, the small amounts of
pure water produced (14 m3/day) and the need for constant maintenance of the facilities
made this process unreliable.

Regarding the activated sludge process, the concentration values of the various pollu-
tion parameters are relatively stable and not influenced by the change of seasons.

As a final conclusion and based on what has been mentioned, the activated sludge
process is the most suitable for the climatic conditions of the department of Ouargla.
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