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ABSTRACT : 
 

The availability of land and the climatic conditions encouraged by the geographical situation of Morocco, have pushed this country to 

adopt since the 90s natural leaning as being the technical solution most suited to the economic and climatic context, thus, many treatment 

stations wastewater has already been carried out. In order to assess the performance of the natural lagoon-type treatment plant in the town 

of Outat El Haj, we studied the physicochemical parameters of the raw and purified water from the plant. For this, we carried out a set 

of measurements such as: Temperature, pH and Electrical Conductivity (EC) (parameters on site), Biochemical Oxygen Demand (BOD5), 

Chemical Oxygen Demand (COD), Suspended Solids (TSS), Dissolved Oxygen, Hydrotimetric Titer (TH), Cl- Chloride, Organic Matter 

(OM), Orthophosphates, and Nitrates, in order to examine the reliability of this purification process in the study area. The purification 

yields observed in the treatment plant vary from 23 to 94.6% as an abatement for BOD5. This average yield varies between 22.3 and 

89.8% for COD, between 22.6 and 90.6% for OM, and between 9.2 and 65.5% for suspended matter (suspended matter). The purification 

performance is negative to very low in nitrogen and Orthophosphates. The results of the analyzes showed that the purification yields of 

the natural lagoon-type station, low, variable and remain dependent on the season. 
 

1. INTRODUCTION 

Protecting the environment has long since become a major 

economic and political issue. Among the priorities is the 

safeguarding of water resources. Water is necessary for life and 

human activity, but the demand for water is not uniform from one 

region of the globe to another and the availability of resources 

even less (JACQUET V). Demographic, economic and urban 

increases are at the origin of various sources of environmental 

pollution, especially in developing countries less concerned and 

less aware of health risks. Among these sources of pollution, the 

production of wastewater which is often discharged into the 

natural environment without prior treatment. 

Currently, the actual total volume of wastewater discharged in 

Morocco is estimated at around 750 million m³; 48% of this water 

is discharged into rivers and the natural environment; the rest is 

thrown back into the sea without any prior treatment. The 

polluting load of wastewater is estimated at around 131,715 

tonnes of organic load, 42,131 tonnes of nitrogen and 6,230 

tonnes of phosphorus (Mandi, 2013). 

Indeed, Morocco has more than 100 wastewater treatment plants, 

of which 77% are natural lagoons including that of the city of 

Outat El Haj, 15% use other techniques (aerated lagoons, 

bacterial filters ... ), and 8% of activated sludge (Makhokh, 2011). 

The WWTP receives almost all of the wastewater from the city of 

Outat El Haj. 

2. MATERIALS AND METHOD 

2.1. Study site 

The city of OUTAT EL HAJ is located in the region of Fès - 

Meknes, province of Boulmane, is approximately 250 km north-
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east of Fez and 130 km south-west of the city of Guércif on the 

RN 15.1 

Its population was 18,000 inhabitants in 2012. Its main industries 

are slaughterhouses and olive mills. It has a separate sewerage 
network, which flows into a water treatment plant (STEP) by 

lagoon located about 360 ml from the outskirts of the city (ONEP, 

2012). 

 

Figure 1. Location of the study area and sampling sites 

2.2. Description of the WWTP 

The wastewater treatment plant in the town of Outat El Haj is 

intended for collective sanitation of the town’s wastewater. It is 

located 360 m from the outskirts of the city three kilometers 
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North-East of the city, these GPS coordinates are N 32 ° 1 

’57.099’ ’W 4 ° 2’ 14.912 ’’, 

The station is sized to receive a nominal flow of 880 m3 / d by 

the year 2020, with a nominal Capacity in Inhabitant Equivalent 

(PE) of 25,000, and to treat a pollutant load of around 476 kg of 

BOD5 / d. E .H (ONEP, 2012) 

It has a total of 5 pools: 

• Gauging structure (venturi) 

• Screen 

• Distribution chamber n ° 1 

• Two anaerobic basins with a volume each of 2342 m3 
• Distribution chamber n ° 2 

• Three optional basins with a volume each of 12,742 m3 

• 300 ml drainage structure for purified water towards Oued 

Moulouya 

• A guardian lodge 

• An operating building comprising a laboratory, a store and an 

office. 

2.3. Physico-chemical analysis 

Analyzes are performed monthly on 24 hour composite samples 

taken automatically every hour. Samples are taken at the entrance 

to the WWTP (raw water) and at the outlet of the station (treated 

water). 

The measurements carried out are: 

• On-site parameters, namely temperature, conductivity and pH. 

• The physico-chemical parameters (COD, DB05, MES, O2, 

PO43-, NO3-). 

The pH, conductivity and BOD5 measurements are performed 

respectively by a HANNA HI 8314 type pH meter, a WTW 

conductivity meter (cond 315i), an EUTCH oximeter (cyberscan 

DO300) and a HACH 2100N turbidimeter. 

For the COD and MES measurements, they are carried out 

respectively by the colorimetric method (ISO, 2002) and the 

gravimetric method (N.M, 1996) with a BAXTRANE type 

balance with a precision of 5 μg. 

3. RESULTS AND DISCUSSIONS 

The performances of the STEP were monitored during the period 

from November 2014 to October 2015. 

3.1. Temperature and pH 

Figure 3 shows the variations in the pH and temperature of raw 

and purified water during the period from November 2014 to 

October 2015. It is important to remember that the pH gives an 

idea of the alkalinity of the medium which must be lying in the 

range of 6.5 - 8.5 which represents the limit of direct release 

(Order, 2013). The pH of the raw wastewater entering the station 

varies between 6.98 and 8.17, these values are within the range of 

direct discharge limits which is between 6.5 and 8.5 (Order, 

2013). The purification has led us to stable pH values between 

7.19 and 8.32, with an average value of around 7.65 indicating a 

low alkalinity of the water, this average is in the range of 

Moroccan standards (NM, 2002). Since nitrogen denitrification in 

wastewater slows down with decreasing temperature (Adouani, 

2015). 

The temperature of raw wastewater in the city of Outat El Haj is 

between 13.1 ° C and 28.5 ° C with an average of 21.6 ° C, those 

of the treated wastewater at the outlet are between 10 , 7 and 28.1 

with an average of 20 ° C. These recorded temperatures are 

included in the range of limit values for direct discharge into the 

receiving environment (Order, 2013) and in the range of 

Moroccan water quality standards for irrigation (NM, 2002). 

 

 

Figure 2. Variation in T and pH values at the entrance and exit 

of the WWTP 

3.2. Turbidity and Electrical Conductivity 

Turbidity measures the content of water in suspended particles, 

minerals or microorganisms (WHO, 2007) [10]. The latter 

increases from upstream to downstream from 67 to 176.8 NTU 

(Figure 3), thus exceeding the Moroccan standards which are set 

at 5 NTU (N.M, 2013). 

Conductivity reflects the degree of global mineralization, it tells 

us about the salinity rate. The conductivity values recorded at the 

level of raw wastewater in the city of Outat El Haj vary between 

1916 μs / cm and 4110 μs / cm with an average of 2626 μs / cm 

(Figure 3), the purified wastewater presents values conductivity 

between 1882 μs / cm and 3100 with an average of 2241.6 μs / 

cm. This average conductivity remains close to the limit values 

for direct discharges, and below the maximum value 3000 μs / cm 

of water intended for irrigation (N.M, 2013). 

  

Figure 3. Change in the values of the CE and NTU at the 

entrance and exit of the WWTP 
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3.3. Dissolved Oxygen and Salinity 

The concentration of dissolved oxygen at the entry and exit of the 

station is almost zero, with an average value of 0.23 mg / l due to 

the high organic load in the raw wastewater, despite the 

degradation of this pollution during purification led us to almost 

zero concentrations, with an average value of around 0.25 mg / l 

at the outlet of the station. This average value is lower than that 

found in Marrakech (Bouarab et al, 1994), and also lower than 

that found by Naji (Naji, 1989) and that found in Errachidia by 

Chaouki (Chaouki et El Watik, 2014). Comparison of the 

dissolved oxygen values in the wastewater, analyzed with the 

surface water quality grid, (CNS, 1994) allows us to deduce that 

this wastewater is of very poor quality. 

In wastewater treatment networks, its complete disappearance is 

generally accompanied by the appearance of H2S in the air, 

resulting from the reduction of sulfur compounds present in the 

effluents, and created by the phenomena of acid attack of the 

concrete for pipelines (Thomas, 1995). This makes the 

wastewater of the town of Outat El Haj under saturated with 

oxygen, which accentuates anaerobic fermentation and the 

release of bad odors. This makes the wastewater of the town of 

Outat El Haj under saturated with oxygen which accentuates 

anaerobic fermentation and the release of bad odors. 

In general, salinity follows the same trends as electrical 

conductivity, the results obtained show that the values at the 

entrance to the station oscillate between 1 mg / l and 1.8 mg / l 

with an average of 1.17 mg / l, those at the outlet oscillate between 

0.8 mg / l and 1.2 with an average of 1.04 mg / l. 

Comparing these values with the standard discharge grid shows 

that the raw wastewater in the city of Outat El Haj is of poor 

quality. 

  

Figure 4. Variation in dissolved oxygen and salinity values 

3.4. Chemical oxygen demand (COD) 

The COD makes it possible to assess the concentration of organic 

or mineral matter, dissolved or suspended in water, through the 

quantity of oxygen necessary for their total chemical oxidation. 

The COD values at the inlet vary between 1274 mg / l and 1960 

mg / l, those at the outlet vary between 130 mg / l and 1094 mg / 

l with an average of 665.9 mg / l. These output values show us the 

average reduction of the WWTP is-à-this carbon pollution, this 

reduction reaches 59%. On the other hand, these recorded values 

exceed the Moroccan limit value for indirect discharge by 100 mg 

/ L (Ministry of the Environment of Morocco, 2013). 

  

Figure 5. Change in COD values at the entry and exit of the 

WWTP 

3.5. Biological oxygen demand (BOD5) 

The BOD5 concentrations at the inlet vary between 650 mg / l and 

1120 mg / l, those at the outlet vary between 60 mg / l and 550 

mg / l with an average of around 319 mg / L it exceeds of 20 mg 

/ l the Moroccan limit value for indirect discharge (Ministry of 

the Environment of Morocco, 2013). This indicator makes it 

possible to assess the Biochemical Oxygen Demand for the 

natural destruction of organic matter present in water (Rodier, 

2009). The BOD5 removal efficiency ranges from 23% in April 

to 95% in January, with an annual efficiency of 61.5%. 

  

Figure 6. Change in BOD5 values at the entrance and exit of the 

WWTP 

3.6. Organic materials 

Figure 7 shows the evolution of OM values at the entrance and 

exit of the Outat El Haj WWTP. The results obtained at the 

entrance to the station show that the values vary between a 

maximum of 1306 mg / l and a minimum of 865 mg / l with an 

average of 1107 mg / l, that of the exit varies between 731 mg / l 

and 83 mg / l with an average of 434 mg / l. Recorded values it 

exceeds the Moroccan limit value for indirect discharge by 10 mg 

/ L (Ministry of the Environment of Morocco, 2013). The OM 

removal efficiency ranges from 23% in April to 90.6% in March, 

with an annual efficiency of 60.5%. 

0
0,2
0,4
0,6
0,8
1
1,2
1,4
1,6
1,8
2

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

Salinité and l'Oxygène dissous

m
g/

l

O2 Entré

Sorté

Sal Entré

Sorté

0
10
20
30
40
50
60
70
80
90
100

N
o

vm
b

D
éc

m
b

Ja
n

v

Fe
v

M
ar

s

A
vr

il

M
ai

Ju
in

Ju
ill

et

A
o

u
t

Se
p

t

O
ct

0
200
400
600
800

1000
1200
1400
1600
1800
2000

COD

m
g 

d
'O

2
/l

%

Entré

Sorté

0

20

40

60

80

100

N
o

vm
b

D
éc

m
b

Ja
n

v

Fe
v

M
ar

s

A
vr

il

M
ai

Ju
in

Ju
ill

et

A
o

u
t

Se
p

t

O
ct

0

200

400

600

800

1000

1200

BOD5

m
g 

d
'O

2
/l

%

Entré

Sorté

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIV-4/W3-2020, 2020 
5th International Conference on Smart City Applications, 7–8 October 2020, Virtual Safranbolu, Turkey (online)

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIV-4-W3-2020-189-2020 | © Authors 2020. CC BY 4.0 License.

 
191



  

Figure 7. Variation of OM values at the entrance and exit of the 

WWTP 

3.7. Suspended Materials 

TSS represents the solids (small particles of solid pollutants) 

contained in wastewater (Hamid, 2014). They can be retained by 

filtration or centrifugation (Rodier, 2009). Its annual average 

concentration in the raw effluent is of the order of 949 mg / L 

which is greater than 600 mg / L considered as the Moroccan 

threshold value for indirect discharge (Ministry of the 

Environment of Morocco, 2013). 

The mean value of the TSS at the outlet of the WWTP is of the 

order of 657.7 mg / L. Its minimum value is 82 mg / L recorded 

during the month of April and its maximum value is 1016 mg / L 

recorded during the month of January. 

The removal efficiency fluctuates between 9.1% in May and 

65.6% in October. The highest values of the three parameters 

were recorded during the winter period, this is explained by the 

heavy precipitation during this period which leads to the transport 

of suspended matter associated with organic molecules to the 

station (N'diaye, 2013; Marechal , 2000). 

  

Figure 8. Variation of TSS values at the entrance and exit of the 

WWTP 

3.8. Nitrates and Orthophosphates 

The reduction of phosphorus and nitrogen is a necessity to reduce 

the phenomena of eutrophication (Water, Environments, GMOs, 

2014). 

Figure 12 shows the evolution of the content of Nitrates and 

Orthophosphates in raw and purified wastewater. The minimum 

monthly average (3.5 mg N / L) is obtained in June and the 

maximum (19.7 mg N / L) is obtained in April. 

Nitrates are the final stage in the oxidation of nitrogen, and 

represent the highest oxidized form of nitrogen found in water. 

Their concentrations in natural waters are between 1 and 10 mg / 

L. However, their contents in untreated wastewater are low 

(UNEP). 

The results of nitrate analyzes show a significant increase after 

treatment. The concentration of wastewater from the WWTP has 

gone from 26 mg / l as an average value at the inlet of 39.6 mg / l 

average value at the outlet, remaining below the value admissible 

by Moroccan standards (50 mg / l) (NM, 2013). As a result, the 

waters studied are not subject to a risk of pollution by nitrates. 

  

Figure 9. Variation of the values of Nitrates and 

Orthophosphates 

4. CONCLUSION 

The performance of the Outat El Haj WWTP was monitored in 

order to determine the degree of physical-chemical pollution of 

the raw water on the one hand and to assess the effectiveness of 

the treatment by natural leaning. 'somewhere else. The station 

receives significant organic and inorganic pollution, 

which remains below the nominal capacity of the WWTP. The 

pH values of temperature and conductivity remain within the 

indirect release ranges and do not interfere with biological 

treatment. The monitoring of the WWTP's performance made it 

possible to conclude: 

He purification yields of the natural lagoon-type WWTP 

reached the average values of 61.4%, 59.1%, 60.5% and 37.6% 

respectively for BOD5, COD, OM and TSS. 

These values show an average purification performance of the 

station, due to the size of the basins and adaptation systems for 

microorganisms that biodegrade organic matter, the quality of the 

effluents produced makes them unsuitable for reuse for irrigation 

of the land of agriculture [23]. 

Obligation to renew and rehabilitate the WWTP, which consist in 

converting the station from a natural lagoon to an aerated lagoon 

to increase the purification efficiency of the WWTP, and 

therefore the possibility of reusing the treated water. 
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