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Abstract: Wastewater reuse is to consider in Morocco, as rainfalls are
irregular in time and space and because of the large amount of
wastewater produced nowadays. Therefore, prior treatment is required
to minimize health and environmental risks.

Wastewater from the city of Oujda is treated by a lagoon system,
discharged at the Oued Bounaim and partially reused by the
neighboring farmers and for watering a 25ha ecological park.

The purpose of this work is to contribute to the assessment of the health
risks of the treated wastewater reuse. This purpose has been done by
the determination of the wastewater treatment plant (WWTP)
performances, the evaluation the self-purification tendency of the
outfall and the determination of the bacteriological quality of the water
table around the outlet of the plant.

The physico-chemical purification performances of the Oujda’s WWTP
are satisfactory, but bacteriological elimination needs to be improved.
The fecal coliforms density is 1.7 10* FCU/100mL. Wells’ water showed
also faecal contamination.

Purified water has a bacteriological quality that allows reuse for B and
C category crops. A reuse for A Category crops and in green spaces
could represent an important health risk.

l. Introduction

annual production of wastewater in Morocco, which
was about 370 Mm? in 1990 [1], and which increased

The reuse of wastewater in agriculture is a process
that has been used worldwide for several decades.
Raw or treated wastewater are reused in the United
States, Mexico, Chile, Peru, Tunisia, Saudi Arabia
[1], Australia, South Africa [2], China [3], Italy [4]
and Spain [5]. The growth in the volumes of
wastewater reused per year exceeds 30% in Europe
and 40% in the United States and China [6].

In Morocco, this practice could be a possible
response to the water deficit and to demographic and
economic growth [7-9]. In this sense, the average

to 600 Mm? [10], could have reached a volume of
900 Mm? in 2020 according to El Haité’s forecasts
[11]. However, the presence and content of chemical
pollutants and pathogens in raw sewage represents
both an environmental and health risk [12-16].
Monitoring of the quality of the soil irrigated by
treated wastewater and of the groundwater is
necessary, as continuous and uncontrolled reuse may
itself be accompanied by serious risks [17].

In 2017, 60% of the wastewater was treated and only
20% reused in Morocco. The volume of treated
wastewater that will be reusable by 2030 is estimated
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at 325 Mm?® per year [18]. In Oujda, before the
wastewater treatment plants (WWTP) was
commissioned in March 2010, farmers in the
Angad’s plain (around the city of Oujda - North-East
Morocco) used raw wastewater to irrigate and
fertilize their land [1]. This illegal activity has left
after-effects on the quality of the Angad’s water
table, which shows nitrate concentrations,
particularly in the southern zone of the water table,
exceeding 50 mg/L allowed by the Moroccan
standards [19].

According to Rassam et al. [10], the Oujda’s WWTP
had, in its first years of operation, a satisfactory
purification efficiency of about 80 to 90% for
Suspended Solids (SS), biochemical oxygen demand
in 5 days (BODs) and chemical oxygen demand
(COD). In the case of Oujda’s WWTP, the treated
water is discharged at the Oued Bounaim, east of the
city [15], and is unofficially used in the irrigation of
the surrounding land.

Since 2017, part of the treated water has been used
for drip irrigation of 25 hectares of green space in the
ecological park of the city of Oujda [20]. The
authorities plan to irrigate 1500 ha of agricultural
land in Oujda with treated water by 2030 [21].

According to Moroccan standards, the wastewater
treated and discharged at the Oued Bounaim or
conveyed to the ecological park should not contain
bacteria such as Salmonella or Vibrio cholerae or
parasites such as hookworm larvae and
furcocerciasis of Schistosoma hoematobium [22].

In this work, we sought to assess the quality of the
wastewater treated by the Oujda’s WWTP and its

suitability for use, without chlorine
decontamination, for agricultural purposes. The
study was also interested by the self-purification
ability of a river of Oued Bounaim downstream the
WWTP. Furthermore, bacteriological monitoring
has been conduced to determine the vulnerability of
the aquifer in the area surrounding the WWTP.

I1. Materials and methods
11.1. Study area

The Plain of Angads (460 km?) located in the north
of the city of Oujda (Figure 1), is bounded to the
south by the Horst chain, to the north by the Bni
Znassen chain, to the west by Jbel Megrez and to the
east by the Algerian-Moroccan border [23].

The Angads aquifer system is a "transboundary
aquifer"”. It extends over the plains of the Angads and
Maghnia. The aquifer system is characterized by a
bending (Oued Isly) separating the northern part of
the Angads (200 km?) from its southern part (260
km?) [23]. The city of Oujda, characterized by a
semi-arid climate, is equipped since 2010 with a
wastewater treatment plant (WWTP) capable of
treating a volume of water of 40 000 m®day. The
volume of treated water will increase to 65 000
m3/day in 2030. The WWTP has 43 basins: 10
anaerobic, 12 aerated and 21 maturation ponds.
Theses basins are arranged in a series of 5
purification stages [16].
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Figure 1.Localization and geological characteristics of the study area [23]
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Figure 2. The localisation of the wastewater treatment plant (WWTP) and the sampling points (P1 to P6 for
wells’ water and N1 to N3 for the downstream water)

11.2. The study of the wastewater treatment
plant‘s performances

Two sampling campaigns were carried out in April
2018, including 5 sampling points of the WWTP :
the plant‘s inlet (In), outlet of the anaerobic basins
(A), of the aerated basins of the first stage (E1) and
of the second stage (E2) as well as the outlet of the
maturation basins which corresponds to the plant’s
outlet (Out).

The physico-chemical parameters measured in-situ
were temperature (T°), pH, dissolved oxygen (O>)
and electrical conductivity (EC). Suspended Solids
(SS), biochemical oxygen demand for 5 days
(BODs) and chemical oxygen demand (COD) were
carried in the laboratory according to the standards
NF EN 872 for the SS, and EN ISO 15705 for COD.
The BODs mesurment has been done according to
the manometric method using the equipment velp-
scientifica BOD sensor.

Samples for bacteriological analysis were collected
at the inlet and the outlet of the WWTP. The Bacteria
sough are total (TC) and Faecal Coliforms (FC),
Faecal Streptococci (FS) and Salmonella, following

Moroccan Standards (1SO 9308-1 for TC and FC,
ISO 7899-2 for FS and 03.7.050 of the year 1995 for
Salmonella).

11.3. Self purification ability

In order to get an idea of the self-purification of the
treated wastewater that is discharged into Oued
Bounaim, three samplings points were carried out at
the discharge point of the WWTP (N1), 0.5 km (N2)
and 3 km (N3) downstream (Figure 2) in May 20109.
The samples were analysed bacteriologically (TC,
FC, FS and Salmonella) and physico-chemically
(pH, EC, SS, NO3z, NH4* and PO4*). The dosage of
orthophosphates was carried out according to the
standard 1SO 6878 and that of nitrates according to
ISO 7150/1 using the method of sodium salicylate
[25].

11.4. Bacteriological quality of wells‘ water

In order to check the groundwater contamination by
infiltration, water samples were taken from 6 wells
(P1 to P6) located around the WWTP (Figure 2) and
have undergone bacteriological analysis (TC, FC,
FS, Sulfite-Reducing Anaerobic bacteria [SRA]).
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The samples were taken during the month of May
2018.

I11. Results and Discussion

111.1. The
performances

wastewater treatment plant‘s

The characteristics of the raw wastewater received at
the WWTP at an average temperature of 16 °C are
pH =7.5, EC = 2500 ps/cm and [O2] = 0.2 mg/L. SS,
BODs and COD are 266, 455 and 792 mg/L,
respectively.

The passage of water through the different treatment
stages is accompanied by a slight increase in the
temperature due to the influence of sunlight and
external temperatures, an increase in pH values and
electrical conductivity, a significant increase in the
oxygenation rate, especially in the last two stages (E:
and Out), and a clear decrease in SS, BODs and COD
values, with reductions of about 75 to 87% (Table 1).

It should be noted that the removal of the polluting
material is essentially done at the first treatment
stage (In and A). Indeed, at the outlet of the
anaerobic basins, a reduction of about 52% for the
SS and 35% for the BODs and COD is already noted.
This is explained by the settling phenomenon, as
found in our results on the Hammam Fokani lagoon
station in Figuig [15] and in other works [26, 29].
The reductions of these 3 parameters remain low,
even negative in the levels of the plant (E1, E2, Out).

This could be explained by the restitution of organic
matter through the decomposition of living matter,
notably through the production of phytoplankton
[15, 29].

An important elimination of COD is noted at the
level of the maturation ponds, the explanation for
which remains unclear.

The bacteriological analysis at the inlet of the
WWTP revealed TC, FC and FS contents of 1.4 108
FCU/100 mL, 1.1 107 FCU/100 mL and 10’
FCU/100 mL, respectively. Bacterial elimination is
between 3 and 4 log units (Table 2). Salmonella,
present at the entrance of the station is not detected
at the outlet. However, the FC rate at this sampling
point is higher than the reuse standards
recommendation of 1000 FCU/100 mL [22, 30].
111.2. Downstream and
bacteriological quality

physico-chemical

The physico-chemical study of the effluent (Table 3)
revealed a trend towards eutrophication (SS ranging
from 12 mg/L at the WWTP outfall to 65 mg/L at a
distance of 3 km downstream). This can be seen by
a naked eye observation, as water becomes gradually
greener in colour from sampling point N1 to N3
(Figure 2). This would indicate a proliferation of
microalgae in the water, which would explain both
the increase in pH values from 8.03 to 8.25 and the
slight decrease in electrical conductivity due to the
photosynthetic activity of phytoplankton.

Table 1. Physico-chemical parameters evolution in the WWTP

Parameters In A El
T° (°C) 16.2 17.8 17.3
pH 7.5 7.4 7.8
EC (us/cm) 2 500 2 300 2 300
02 (mg/L) 0.2 0.24 1.75
SS (mg/L) 266 128 129
BODs (mg/L) 455 294 200
COD (mg/L) 792 517 360

E2

17.2
7,8
2350
4.82
115

148
360

Out Morrocan irrigation standards
[Arrété, 2002]

17.3 35

8.4 6.5-8.4

2700 12 000

7.6

66 2000 (gravity irrigation)
100 (Sprinkler or localized)

73

100

E : Inlet of the WWTP ; A : Outlet of the anaerobic basins ; E1 : Outlet of the first stage of the aerated basins ; E2 : Outlet of
the first stage of the aerated basins ; Out : Outlet of the WWTP ; EC : Electrical conductivity ; SS : Suspendend Solids ; BODs:
Biochemical Oxygen Demand in 5 days ; COD : Chemical Oxygen Demand.
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Table 2. Bacterial elimination in the WWTP

Sampling points TC
(FCU/100mL)

Inlet of WWTP 1.4108

Outlet of WWTP 3104

Morrocan irrigation | -

standards [Arrété, 2002]

FC FS Salmonella

(UFC/100mL)  (UFC/100mL)  (/60mL)

1.1 107 107 Presence

1.7 104 103 Absence

1000 - Absence in
5L

TC : Total Coliforms ; CF : Faecal Coliforms fécaux ; FS : Faecal Streptococci

Nitrate contents are below the detection limit of the
measurement. This is commonly observed in
wastewater treatment plant effluents [31-32] where
nitrogen is mainly present in ammoniacal or even
amonifiable form [33].

Bacteriological parameters of the effluent showed
high values ranging from 1.5 10* to 85 10*
FCU/100mL for TC, 10* to 2.5 10* FCU/100 mL for
FC and 9 107 to 4.2 10° FCU/100 mL for FS (Table
4). These values, which are sometimes higher than
those observed at the outlet of the WWTP, could be
due to a source other than treated wastewater, like an
uncontroled discharge of raw wastewater or
contamination from an animal origin.

At sampling point N3, the FC/FS ratio is less than 4,
suggesting that this increase may be related to animal
contamination [34]. Indeed, the field visit revealed
frequent livestock grazing in the study area. The
study of Bou Saad et al. [35] indicated the same
finding of increased FS density when cattle have free
access to the watercourse or when their droppings
are used as fertilizer on surrounding land.

As for the SRA, their density is higher than 2 103
FCU/100mL in each of the three sampling points.
This indicates an old contamination.

Ministerial Order 1276-01 limits the number of
faecal coliforms to less than 1000/100 mL in samples
taken at the exit of wastewater treatment plants for
the irrigation of public green spaces [22]. We found
levels ranging from 10* to 2.5 10* FCU/100mL
which are very high levels compared to the legal
limit indicated above. This quality of water allows a
reuse for B and C category of crops [22]. A better
microbial quality is required for the irrigation of a
category of crops that are intended for raw
consumption.

The value of detecting faecal coliforms, also known
as thermotolerant coliforms, as indicator organisms
lies in the fact that their survival in the environment

is generally equivalent to that of pathogenic bacteria
and that their density is generally proportional to the
degree of pollution produced by the faeces [36].
Escherichia coli accounts for 80-90% of the
thermotolerant coliforms generally detected in water
[37]. The rhizosphere, a layer of soil about 1 mm
thick around the roots, represents a nutrient-rich
habitat and is a permanent environmental reservoir
of Escherichia coli [38].
111.3.  Wells> water and
bacteriological quality

physico-chemical

Bacteriological analysis of the wells* water revealed
TC contamination in all 6 wells, ranging from 550 to
2700 FCU/100mL. FC were found in 4 wells with
densities ranging from 350 to 1500 FCU/100 mL,
while FS ranged from 1 to 68 FCU/100 mL in 5 of
the 6 wells, with a most notable presence in two
wells (P1 and P4). SRA were found at the P2 with a
density of 4 FCU/100 mL (Table 5).

The 4 wells with FC contamination show a FC/FS
ratio greater than 4, which indicates that the
contamination has dominant human origin [34].

Well P5, however, which does not show recent
faecal contamination, shows evidence of SRA,
indicating that it is also affected by older or
intermittent contamination [25]. This presence of
SRA would indicate ancient contamination probably
related to the discharging of raw wastewater in the
area before the commissioning of the WWTP.

It should be noted that a parallel study of physico-
chemical parameters [19] revealed nitrate levels
higher than 50 mg/L in several wells in the vicinity
of the WWTP, with maximum values downstream of
the WWTP of up to 240 mg/L.

According to the physico-chemical and bacterial
parameters reveled by the present study and Es-
sousy et al. results [19], the quality of wells’ water is
unfit for human consumption.
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Table 3. Spatial evolution of the physico-chemical parameters in the Oued Bounaim

Sampling pH EC (us/cm) SS (mg/L) NO3z" NH4* POs*
points (mg/L) (mg/L) (mg/L)
N1 (Okm) 8.03 2740 12 <05 91.75 10.21
N2(0.5km) 8.09 2680 14 <05 103.64 10.05
N3 (3 km) 8.25 2610 65 <05 1114 9.78
Morracan 6.5-8.4 1200 2000 (gravity) 30 - -
irrigation 100 (sprinkler or
standars localized)
[Arrété, 2002]
EC: Electrical Conductivity, SS: Suspended Solids
Table 4. Spatial evolution of the bacterial contamination in the Oued Bounaim
Echantillon TC FC SRA Salmonella
(FCU/100mL)  (FCU/100mL) @ (FCU/100mL) @ (FCU/100mL)
N1 (Okm) 8.5 10* 2.5104 9102 >2 108 +
N2 (0.5km) 5.3 10% 1.4 10* 2103 >2 108 +
N3 (3km) 1.5 104 10* 4.2 103 >2 108 +
Morracan
irrigation - 108 - Absent in Absent in 5L
standars 450mL

[Arrété, 2002]

TC: Total Coliforms, FC: Faecal Coliforms, FS : Faecal Streptococci, SRA : Sulfit Reducing Anaerobic bacteria

Table 5. Bacteriological wells’ water quality

Puits TC FC FS SRA
(UFC/100 mL) (UFC/100 mL) (UFC/100 mL) (UFC/100 mL)

P1 573 346 59 0

P2 791 564 6 0

P3 2274 1518 1 0

P4 2690 573 68 0

P5 719 0 0 4

P6 555 0 1 0

Morrocan - 1000 - 0/5L

irrigation

standards

[Arrété, 2002]

Morrocan - 0/100mL 0/100mL 0/100mL

potability

standards

[Arrété, 2006]

P1to P6: Wells® water samples, TC : Total Coliforms, FC : Faecal Coliforms, FS : Faecal Streptococci, SRA :

Sulfit Reducing Anaerobic bacteria

1V. Conclusion

The wastewater treatment plant (WWTP) in the city
of Oujda, although it provides good purification
yields with respect to parameters such as suspended
solids (SS) BODs and COD, requires additional
treatment to achieve better bacteriological quality.
However, the water treated by this WWTP could be

reusable for category B or C crops according to the
Moroccan standards.

The water quality of the Oued Bounaim, at the
plant’s downstream, showed signs of significant
phytoplankton proliferation as well as high bacterial
density, often exceeding that observed at the outlet
of the WWTP, which could indicate other sources of
contamination, particularly animal contamination.
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The well’s water around the WWTP has significant
bacterial contamination making it unfit for human
consumption. This contamination would be the
result of an infiltration of treated wastewater (recent
contamination), but also of raw wastewater that was
discharging into the area before the commissioning
of the WWTP in 2010, indicated by the presence of
bacteria indicative of former contamination.

The use of treated wastewater with its current

bacteriological

quality in the irrigation of

agricultural land and green spaces could constitute
health risks for the population.
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