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Abstract
Problem Statement: Surface Water Treatment for potable supplies typically
involves coagulation, flocculation, and processes. All water treatment plants
produce sludge, during the purification of raw water, according to the level of
the water turbidity. The aluminum sulfate is the most common coagulant used
in water treatment plants of Morocco, as well as in many countries all over
the world. It is difficult to manage sludge produced by the treatment plant.
However, several studies, based on a set of jar test experiments, have demonstrated that it can be used in the process to improve the quality of the treated
water and reduce the aluminum sulfate dose. Approach: In this study, the raw
water treated and sludge produced in water treatment plant of Meknes, Morocco are investigated for chemical and bacteriological proprieties. The texture
characterization of the dried sludge produced through the process of coagulation/ﬂocculation and that of aluminum sulfate, used as coagulant aid, are obtained by nitrogen adsorption isotherms. Results: The physical properties of
the raw water indicate its high turbidity during periods of heavy rainfall in
the Bittit and Ribaa springs catchment area. However, these chemical properties indicate the quality of fresh water rich in magnesium, related to the dolomitic nature of the liastic aquifer. The bacteriological analysis of sludge produced in the treatment plant, confirms the elimination of pathogenic germs by
the treatment process used. As regards the texture characterization the results
demonstrated that the sludge presents some similarities with the sulfate. However, a clear difference is observed between the two solids, according to the
pores distribution. Conclusions/Recommendations: Taking aluminum sulfate and sludge in comparison, it is possible to use the sludge for improving
the coagulation process in water treatment.
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1. Introduction
The demand for water supply is increasing over the last century, due to improved
lifestyle, industrial development and population growth. Karst systems can provide considerable resources. They have a significant proportion of the water
supply at the local and regional level (southeastern Europe, the Mediterranean
basin, etc.). On a global scale, it is estimated that about 25% of the world’s population is supplied with domestic water from karstic aquifers [1].
In Morocco, the Tabular Middle Atlas Causses reservoir is the main drinking
water supply of Fez-Meknes region. However, in rainfall periods their water quality is impaired, due to a strong turbidity [2]. This phenomenon is well known in
karstic springs and can make the water unfit for consumption [3]. Consequently,
settling and filtration systems are required to remove the recurrent problem of
turbidity [4].
Coagulation is an essential step of the treatment scheme for removing colloidal as well as suspended solids from raw water. This process could be considered
as one of the most typical physicochemical processes used in water treatments,
due to its easy operation, relatively simple design and low energy consumption
[5]. Aluminum Sulfate (AS) or alum (Al2(SO4)3-18H2O) is the most widely used
coagulant in the world for drinking water treatment [6]. The colloidal and suspended impurities present in the water are removed by charge neutralization. In
fact, the coagulation process results in the production of voluminous sludge
known as Water Treatment Sludge (WTS) that poses difﬁculty in handling and
disposal to environmental engineers. A typical water treatment plant produces
about 100,000 tons/year of sludge [7].
To overcome this problem, the produced sludge can in turn be used as coagulant or a coagulant aid with other synthetic and industrial coagulants, such as aluminum sulfate, in order to reduce the coagulant consumption in the water treatment plant [8]. For that, it is necessary to identify the textural characteristics of
the sludge which could be adapted to the coagulation process for possible reuse.
The aim of this study is to characterize the sludge produced from natural turbid water of karstic springs, in relation to the physical and chemical properties of
water treated. The texture of the dried sludge produced through the process of
coagulation/ﬂocculation and that of aluminum sulfate, used as coagulant, are also
obtained by nitrogen adsorption isotherms.

2. Study Area
This study was developed in a wide plain (Saïs plain) of major economic interest
because of intensive agriculture and the location of great cultural and touristic
DOI: 10.4236/jwarp.2020.127037

608

Journal of Water Resource and Protection

N. Basri et al.

sites. All these human activities require large water resources that come from the
karstic systems located in the Tabular Middle Atlas (TMA), in Morocco.
In the TMA, El Hajeb-Ifrane causse covers 852 km2 (Figure 1). Its high rainfall (>1000 mm) in a higher relief of the Ifrane catchment area (over 1600 m),
represents the water tower providing more than 50% of the recharge of the Saïs
aquifer system; and giving birth to several springs, mainly the two big springs
Bittit and Ribaa, located at the junction of El Hajeb-Ifrane causse and the Plain
of Saïs.

2.1. Characteristics of Bittit and Ribaa Springs
Part of the water from Bittit (600 l/s) and all the water from the downstream Ribaa spring (200 l/s) are used to supply drinking water for the city of Meknes
(about 70%). Since the nineties (1994-95), the water of these natural outflows
has suffered from occasional turbidity problems [3]. Table 1 summarizes the
hydrological characteristics of Bittit and Ribaa springs in relation to the rainfall
recorded in the El Hajeb-Ifrane catchment area.
According to a review of more than 25 years of observations (1975-2004), it
has been noted that above 1800 m altitude, at Ifrane, the average number of
rainy days is 100 days, including 70 to 85 days of rain and 15 to 30 days of snow
[9]. It can be shown also, that during the precipitation period (from December
to May), the flow rate of the Ribaa spring fluctuates sharply; however the Bittit
spring is characterized by its high flow rate and regularity of the regime.
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Figure 1. Simplified geological map of El Hajeb-Ifrane causse ([3], modified).
Table 1. Average monthly flows of Bittit and Ribaa springs in relation to rainfall at Bittit and Ifrane stations [9].

P (mm)
1935/01
Qmoy (l·s−1)
1975/00

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

Mai

Jun

Jul

Aug

Bittit: 760 m

21

52

75

84

76

68

80

78

50

19

4

5

Ifrane: 930 m

34

79

124

155

128

122

114

111

68

28

9

12

Bittit

1451

1469

1479

1481

1541

1539

1546

1595

1566

1504

1470

1479

Ribaa

546

564

559

584

612

628

681

674

643

606

583

578
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2.2. Turbidity Events
Based on our previous studies of this problem [10], the turbidity of Bittit and
Ribaa springs water depends on the rainfall in El Hajeb-Ifrane catchment area,
mainly at the Bittit station (Figure 2). Indeed, in times of heavy rain or showers,
the turbidity increases significantly. This is the case during the heavy winter rain
periods (from January to March 2013 and 2014) or autumn showers (November
2014).
In the rainfall period, the turbidity of raw water from Bittit and Ribaa springs,
drawn into mixing basins of the plant, increase to reach levels exceeding 900
NTU. Number of days per different turbidity levels of this water intended for
treatment, are presented in Table 2.
P (mm)
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Figure 2. Rainfall intensity and water turbidity levels of Bittit and Ribaa springs
from 01/01/2013 to 31/12/2014 [10].
Table 2. Turbidity level distribution (Low: TL, Medium: TM and High: TH) of raw water
into mixing basins of WTP (from 2010 to 2014) [11].
Number of days per turbidity levels (NTU):

DOI: 10.4236/jwarp.2020.127037

Year

TL < 10

10 < TM < 20

TH > 20

Total

2010

0

113

252

365

2011

0

276

89

365

2012

301

55

10

366

2013

260

97

8

365

2014

247

94

24

365

Total

808

635

383

1826

%

44%

35%

21%

100%
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3. Methodology
3.1. Turbidity Treatment
The Water Treatment Plant (WTP) of Meknes city is located in the middle of
Morocco. This unit, as part of other water resources for Meknes city, has a nominal capacity of 600 l/s of treated water, whose source is the two springs of Bittit
(60%) and Ribaa (40%).
At the mixing basins of WTP, located about 30 km from the city of Meknes,
temperature, pH, electrical conductivity and turbidity of raw water from Bittit
and Ribaa springs, drawn into mixing basins of the WTP, were measured continuously, using field instruments electrodes, installed at these basins and connected to a control room, where the data is recorded and evaluated.
As a common practice, Jar test involves taking a raw water samples from
mixing basins of WTP and applying different quantities of coagulant to each
sample. After a short period of time, each sample is assessed for water quality
and the dosage that produces the optimal result used a set point. This operation
should be repeated by the operators each time when the quality of raw water
changes.

3.2. Raw Water and Sludge Analysis
Water samples collected from these units were filtered with a 0.45 µm membrane. The obtained liquid filtrate and the solid sample of dried sludge were
analyzed to determine their physicochemical parameters and bacteriological properties. The chemical composition of raw water was determined by absorption
atomic spectroscopy. However, bacteriological analyses are carried out by multiple tubes according to Moroccan Standards (NM 03-7-003 modified), established by the National Drinking Water Office [12].

3.3. B.E.T. Method Analysis
In order to compare the sludge produced by coagulation/flocculation process
and aluminum sulfate used at the WTP, the texture of the two solid powders was
determined by the B.E.T. (Brunuaer, Emmett and Teller) and BJH (Barrett,
Joyner and Halenda) methods using a Micrometrics ASAP 2010. This method is
based on the physical adsorption of N2 on a solid surface at the temperature of
liquid nitrogen (T = −196˚C) [13]. It allows us the measurement of the specific
surface area, pore diameter and pore volume from the N2 adsorption and desorption hysteresis plots. Before any measurement, a mass of powder of sludge
were degassed under primary vacuum at 150˚C for one night in order to remove
the impurities physisorbed on their surfaces.

4. Results and Discussion
4.1. Turbidity Treatment
Variations in the parameters used in the control of the water treatment process
in this plant are shown in Table 3.
DOI: 10.4236/jwarp.2020.127037
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Table 3. Statistical summary of raw water conditions from 01/01/2013 to 31/12/2015.
Variables

Min

Max

Bittit file

1.7

850

Ribaa file

1.62

960

6.80

7.74

Temperature (˚C)

14

24

Conductivity µs·cm

509

625

Turbidity (NTU)
pH

−1

The study of turbidity water removal, using the coagulant aluminum sulfate
(AS) and sludge as a coagulant aid are presented in Table 4.
The sludge produced at the water treatment plant of Meknes is an additional
burden for the plant managers. Their reuse as a coagulant aid with the aluminum sulfate improve not only the water quality produced by the treatment plant
(turbidity removal more than 99% in high turbidity level), but also it can reduce
(about 50%) the aluminum sulfate dose used in the coagulation process [14].
Their reuse in combination with aluminum sulfate is therefore very important,
in improving the quality of the water produced by the treatment plant [15]. This
justifies the characterization of these two solids in the present work.

4.2. Raw Water and Sludge Analysis
After rainy events that generate a flow over the spring catchment area, the water
quality is altered and the turbidity of the two karstic springs varies considerably.
A causal link between the rainfall intensity and the occurrence of turbidity at
both Bittit and Ribaa springs was noted [10]. The photos of Figure 3, taken in
April 2018, illustrate this relationship.
In the mixing basins of WTP (Figure 4(a)), where aluminum sulfate coagulant was added, the coagulation-flocculation process causes a small particles to
stick to one another, forming larger particles. After sedimentation and filtration
the sludge produced were dehydrated and dried for storage (Figure 4(b)).
Table 5 and Table 6, shows the properties of the raw water (from Bittit and
Ribaa spring) drawn into mixing basins of WTP and that of the sludge produced
after treatment.
From these results, the following conclusions can be drawn:
• The average electrical conductivity of the water, generally low, can thus qualify the waters of the two springs as fresh;
• The abundance of magnesium ion is certainly related to the dolomitic nature
of the liastic aquifer [8];
• The absence of pathogenic germs in the case of sludge is evidence of its elimination by the treatment process carried out in the mixing basins of WTP.

4.3. B.E.T. Analysis
Figure 5 shows, the hysteresis obtained by the B.E.T. method in the relative
pressure (P/P0) range from 0 to 1, for sludge (a) and aluminum sulfate (b).
DOI: 10.4236/jwarp.2020.127037
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Table 4. Turbidity removal by reuse of sludge within aluminum sulfate (AS) at different
level of turbidity.
Low
Turbidity (TL)

Medium
Turbidity (TM)

High
Turbidity (TH)

Initial turbidity

9.34

21

39.4

Optimal dose of AS (mg/l) used alone

10

20

20

Turbidity removal (%)

96.71%

98.05%

98.98%

Optimal doses of sludge (mg/l)
used within AS

35

50

60

Turbidity removal (%)

96.71%

98.05%

98.98%

Dose of AS (mg/l) proposed to be
used with optimal doses of sludge

6

10

12

Turbidity removal (%)

97.56%

98.96%

99.47%

Table 5. Physical properties of raw water, during turbidity event of 22/10/2018.
Parameter

22/10/2018

from 2009 to 2016 [13]

Sampler time

8H

12H

18H

T˚C

17.10

17.20

17

14 - 24.7

pH

7.28

7.26

7.28

6.8 - 7.7

30.10

27.50

28.6

1.6 - 960

600

600

599

509 - 624

Turbidity (NTU)
Conductivity (µS·cm )
−1

Table 6. Chemical and bacteriological proprieties of raw water and sludge procured at
WTP of Meknes.
Parameters

Raw water

Sludge from
File (1)

Sludge from
File (2)

Ca (µg/l)

23

20

24

Cd (µg/l)

20

10

16

Zn (µg/l)

24

0.005

-

Pb (µg/l)

<5 µg/l

-

-

K (mg/l)

0.36

0.53

1.70

Mg (mg/l)

16.32

16.52

16.60

Mn (mg/l)

-

1.101

0.04

Na (mg/l)

0.58

0.65

0.67

75

0

0

23

0

0

23

0

0

B. coliforms

(UFC/100ml)

E. coli

(UFC/100ml)
Ent. Intestines
(UFC/100ml)
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Photo 1: Ribaa spring

Photo 2: Bittit spring

Figure 3. Occurrence of turbidity at Ribaa (Photo 1) and Bittit (Photo 2) springs
(April 2018).

Figure 4a

Figure 4b

Figure 4. (a): Turbid water in the mixing basins, (b): Dried sludge basins of WTP.
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Figure 5. Adsorption-desorption isotherms of sludge (a)
and aluminum sulfate (b).

The adsorption-desorption isotherm obtained in both solids sludge and aluminum sulfate demonstrates that it is a mesoporous material, as there is little
increase at a relatively low pressure and a steep gas uptake at a relatively high
pressure ((P/P˚: 0.80 - 1.0). These characteristics correspond to type IV isotherms according to the IUPAC (International Union of Pure and Applied
DOI: 10.4236/jwarp.2020.127037
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Chemistry) classification, which are generally obtained in the case of mesoporous solids.
Pore volume distributions are obtained with sludge and aluminum sulfate
(Figure 6), are another proof of their mesoporous nature. The two products exhibit the same dominant pore width centered at 37 and 40 Å for sludge and aluminum sulfate, respectively. For sludge, another flat peak at about 205 Å is detected by N2 sorption isotherms. No conclusion can be made for this result.
However, other studies are further recommended for this last observation, such:
mercury porosimetry experiments.
In Table 7 are gathered the different parameters, deduced from these isotherms. It can be seen that the sludge has a larger specific surface area than that
of the aluminum sulfate (81 > 1.7 m2·g−1). Furthermore, the volume diameters of
the pores and specific surface area for the former are higher than that of the latter.
37

205

40

Figure 6. Pore Volume distribution of sludge (a) and aluminum
sulfate (b) samples.
Table 7. Total porous volumes (V), specific surfaces (S), and pore diameter for sludge
and aluminum sulfate determined from N2 adsorption/desorption isotherms.

DOI: 10.4236/jwarp.2020.127037

Solid

Surface area
S (m2·g−1)

Volume adsorbed
V (cm3·g−1)

Pore diameter
d (Å)

Sludge

81

0.24

37 and 205

Sulfates

1.7

0.005

40
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Textural parameters measurements of sludge and aluminum sulfate are generally classified in the case of mesoporous solids. Nevertheless, that sludge exhibits
a more porous structure: it presents higher specific surface area (S) and volume
diameters of the pores (V), than aluminum sulfate. To our knowledge, this is the
first time that this method have been used to characterize the sludge produced in
water treatment plants in Morocco, few data are available in the literature with
which to compare our results.

5. Conclusions
The use of sludge as coagulant aid is very important not only for process economy through reducing the cost of treatment but also in the management of the
sludge volume. Therefore, it is reasonable to consider this approach to be applied
in the treatment plant for water with similar turbidity level. In this work, physicochemical and bacteriological characteristics of raw water from Bittit and Ribaa
karstic springs and dried sludge produced at water treatment plant, after treatment of water were determined. The comparison between isotherms obtained
with the two products reveals that their structure is mainly mesoporous with a
relative heterogeneous pore distribution, observed in the case of the sludge. Nevertheless, that sludge exhibits a more porous structure: it presents higher specific
surface area BET and volume diameters of the pores than aluminum sulfate.
Concluding remarks, an interesting perspective would be to classify the sludge
produced in other water treatment plants of Morocco on the basis of its texture,
in order to reuse it as a coagulant aid in turbid water treatment processes. This is
an important work, which will require the comparison of the data acquired by
different researchers involved in the reuse of sludge in karstic spring water treatment processes.
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