¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2020.26330

205 (2020) 111-123
November

Performance of sand and granular activated carbon filtration coupling in
tertiary urban wastewater treatment in Algeria

Racha Medjda Bouchenak Khelladi**, Abdelghani Chiboub Fellah?, Maxime Pontié®,

Mehri Shabani®<, Fatima Zohra Guellil¢

“Laboratoire de Varolrisation des Ressources en eau (V.R.E), Université de Tlemcen, BP 119, 13000 Tlemcen, Algérie,

emails: rashamajda@hotmail.fr (R.M. Bouchenak Khelladi), chibabghani@yahoo.fr (A. Chiboub Fellah)

"Faculté des Sciences, Département de chimie, Université d’Angers, Groupe Analyses & Procédés (GA&P), 2 bd Lavoisier,
Angers 49045 cedex 01, France, emails: maxime.pontie@univ-angers.fr (M. Pontié), shabani.mehri@gmail.com (M. Shabani)
‘Université Tarbiat Mondares, Tehran Jalal AleAhmad Nasr, P.O. Box: 14115-111, Iran

Faculté des sciences, Département de chimie, Université de Tlemcen, BP 119, 13000 Tlemcen, Algérie,

email: cfatema@yahoo.fr (F.Z. Guellil)
Received 17 October 2019; Accepted 10 July 2020

ABSTRACT

This work aims to test the efficiency of natural, local and abundant granular media for a tertiary
treatment for urban wastewater in Algeria by coupling sand filtration (SF) and granular activated
carbon filtration (GACF). The sand media was provided from South Algeria and granular activated
carbon (GAC) manufactured by Algerian Company. The pilot consists of two circular columns;
the first one filled with sand and the second one with GAC. The SF column was fed by the urban
wastewater from the secondary treatment (activated sludge), 5 h a day (5 d week™) with a constant
flow-rate of 30 L h™, then 5 L of filtered water fed the GACF column. The water was analyzed daily
at the inlet and outlet of each filter (SF, GACF). After sixteen weeks of operation, the coupling of
sand and activated charbon allowed a reduction of over 75% of the physical-chemical parameters;
suspended solids, turbidity, conductivity, biochemical oxygen demand, chemical oxygen demand,
hardness, magnesium, calcium, chlorine, nitrates, and phosphates, whereas only 56% has been
reached by SF alone and 38% for GACF alone. It can be concluded that coupling sand to activated
carbon is efficient to enhance its removal performance and, consequently, improve wastewater
quality. Using natural and local materials for treating wastewater is expected to be a promising
alternative based on sustainable development.
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1. Introduction

Different systems can be used for water treatment; some
of them are very simple, while others are more complex and
use the latest technologies (membrane filtration, chemical
oxidation processes, etc). The system should vary accord-
ing to the quality of water to be treated and the quality of

* Corresponding author.

water that we want to obtain, that is, water for irrigation,
but the population does not always have the means to have
access to treated water by such systems. That is why we
have to find alternatives that are at the same time simple,
economical and conform to the regulation according to the
sector that it be will be supplied for (urban, agricultural, or
industrial sector) [1]. The use of sand filters in the treatment
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of domestic wastewater has been known for a long time [2].
Sand filters are a natural media that can be used as a solid
filter for the treatment of wastewater [3,4], they allow the
retention of solids and the fixation of the biomass that can be
developed on the granular material, but also, biodegradation
of organic, phosphorus and nitrogen pollutants [5,6].

Particulate retention by granular filtration is considered
to involve the transport of particles and their attachment
to the medium [7]. Transport involves long-range forces
or mechanisms that bring a particle near the surface of the
collector (support grain) or particles previously retained.
The main mechanisms for transporting particles to a sin-
gle filter are the interception that occurs when the particles
that follow the current lines are stopped when they come
into contact with the surface of the filter medium, and then
the sedimentation which consists of the deposition of the
densest particles on the media by gravity, and the Brownian
motion (diffusion) which allows the agglomeration of the
particles together within the filter media. On the other hand,
the fundamental theories of attachment are based on taking
into account the Van der Waals forces and the electrochem-
ical double-layer interaction acting on a particle [8,9]. The
efficiency of this process depends on several parameters
namely, the porosity of the filter, the size and shape of the
grains of the filter, as well as the particles to be removed,
the characteristics of the fluid (the viscosity and the density)
and the characteristics of the flow (flow rate and Reynolds
number), these main factors affect hydrodynamics and
fixation rates [7,10].

Activated carbon has also been widely used as active
support for the treatment of wastewater. These character-
istics make it possible to easily introduce structural modi-
fications leading in particular to the improvement of the
porosity and the specific surface area [11,12]. Activated
carbon is effective because of its porosity so of its large
surface contact with the liquid medium and its enormous
surface area (300-1,500 m? g™'), which allows the adsorption
of many elements [13,14]. Adsorption is a surface phenom-
enon by which a substance (solute or adsorbate) present
in a solution is extracted from the liquid or gaseous phase
and concentrated on the surface of solid material (adsor-
bent) [15] by adhering to the surface of the filter material
[16]. This separation can be done according to two types
of mechanisms: physical adsorption (physisorption) and
chemical adsorption (chemisorption). Physical adsorption
occurs without modification of the material structure and is
perfectly reversible. The adsorbed molecules can be easily
desorbed by lowering the pressure (in the case of adsorption
in the gas phase) or by increasing the temperature. On the
contrary, the chemical adsorption is carried out with the for-
mation of valence bonds between the adsorbate molecules
and the chemical groups present on the surface of the adsor-
bent. The binding energy is much stronger than in the case of
physisorption, the phenomenon can be irreversible [15,17].
Several studies have shown that the effectiveness of adsorp-
tion depends not only on the characteristics of the activated
carbon used but also of the pollutant and the solution [18].

This work aims to study the efficiency of natural granu-
lar media on the performance of coupling sand and activated
carbon filtration as a tertiary treatment on urban waste-
water from Ain El Houtz (Tlemcen-Algeria) wastewater

treatment plant. To achieve this work we have used a filtra-
tion pilot (TE 400 manufactured by DELTALAB, Germany),
in which we have proceeded to a sand filtration (SF) then
followed by a filtration on granular activated carbon filtra-
tion (GACF) using two distinct columns. To monitor our
study, we have taken as reference the physical-chemical
parameters (suspended solids (SS), turbidity, electrical con-
ductivity (EC), pH, temperature, nitrate, phosphate, chlo-
rine, magnesium, hardness, biochemical oxygen demand
(BCOD), chemical oxygen demand (COD)) that we have
analyzed at the inlet and outlet of each filter (SF, GACF)
5 d a week during sixteen weeks. After proceeding to the
assessment of the results/analysis, we can say if the pro-
posed tertiary treatment coupling sand and activated carbon
can be or not effective to improve the quality of wastewater
and if it presents synergies between both steps associated.

2. Material and method
2.1. Pilot description

The pilot that we have used for filtration on sand is the
pilot TE 400 manufactured by DELTALAB (Fig. 1) and pro-
vided by the Laboratory of Valorization of Water Resources in
Algeria, it is composed of a feed tank (1) (150 L); a filtration
column (2) in Altuglas (From AKERMA Group located in
France) with an internal diameter of 100 mm and a height of
1,000 mm and two brass support and stop grids with a mesh
of 0.5 mm; a support frame (3), two manual inlet and outlet
flow control taps or filtrate, twelve piezometric multitubes
(4) measuring the pressure in the filter column at different
heights, a float flow-meter (5) of the column filtrate outlet
circuit, a suspension supply pump (6) and a manual valve
for dispensing the top of the filter. A second polyethylene
filtration column was used for the filtration on activated
carbon, with an internal diameter of 40 mm and a height of
1,000 mm, equipped with a filtrate outlet valve.

2.2. Filter media

For our study, two types of filter media were used,
namely sand from Southern Algeria and commercial granu-
lar activated carbon (GAC) (SARL PROCHIMA MAGHREB,
Tlemcen-Algeria), their characteristics were determined at
the laboratory and are presented in Table 1.

The particle size analysis gives important information
on the filter medium used for this study, it was carried out
according to Standard NF EN 933-1 [19,20] which consists
of passing a quantity of the sample through a succession
of sieves with decreasing opening diameters by applying
vibrations.

The grain size distribution curve is used to estimate the
effective diameter D, (where 10% of the weight of sand is
less than D, ) and D, (where 60% of the weight of sand is
less than D,)), the uniformity of the grain size distribution
(the uniformity coefficient) is calculated by the ratio D, and
D, [21].

The ideal sand size for a filter is medium to fine with
an effective diameter between 0.3 to 1.5 mm (0.5 mm in our
study) and a uniformity coefficient less than 4 to have an
adequate hydraulic conductivity and to minimize the risk of
clogging [22,23].
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Fig. 1. Pilot TE 400 (manufactured by DELTALAB).

Table 1
Characteristics of the media used

Sand GAC

D, (mm) 0.5 1.2
D,, (mm) 1.4 1.9
C, 25 1.6
Real density 2.5 1.1
Apparent density 1.7 0.5
EC (uS ecm™) 3,000 700
pH 8.4 8

The U.S. Environmental Protection Agency recom-
mends that this coefficient should be between 1.3 and 2.5
(2.5 in our study) [20]. Both conditions have been respected
in our work.

To avoid the wall effect, the particle size used is chosen
so that the ratio between the diameter of the column
and the sand grain is greater than 20.7 [24], in our case
this ratio is between 70 and 178.

Two other parameters were determined at the labo-
ratory according to Liénard et al. [25] such as the volumic
mass (p), and the density (d).

2.3. Filtration procedure

The SF pilot is fed with purified wastewater from the
Ain El Houtz (34°55’ North, 1°19'32" West) wastewater

treatment plant (after secondary treatment by activated
sludge and settling) with a filtration rate of 30 L h™ corre-
sponding to a filtration speed of 3.82 m h™. The purified
wastewater parameters analysis was done at the laboratory
presented in Table 2.

For our study, the water first passes through the SF
column and then through the activated carbon filtration
column by gravity.

Our study took place over sixteen weeks, where the
sand filter is fed for 5 h with a flow rate of 30 L h™ five
times a week (we worked 5 d/7, and therefore a daily
volume of 150 L which is the useful capacity of the feed
tank), to ensure optimal conditions of operation of the
column more precisely the regulation of biomass and
oxygenation [26]. At the end of each 5 h SF cycle, 5 L of
water is collected and then filtered by GAC.

2.4. Sampling and analysis

Samples are taken daily at the inlet and outlet of each
filter (SF, GACF) after 5 h cycle and then analyzed at the
laboratory.

The main parameters that have been used to evaluate the
performance of sand and activated carbon filters are:

* Measurement of the conductivity by a HANNA HI 8633
(Italy) conductivity meter.

* Measurement of turbidity using a HANNA HI 93703
(Italy) turbidimeter.

* Measurement of the temperature using a thermometer.
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Table 2
Characteristics of the treated wastewater used (analyzed at the
laboratory)

Parameters Values
Temperature (°C) 20-28
Conductivity (uS cm™) 899
Turbidity (NTU) 49
COD (mg L) 89

SS (mg L) 100
pH 6.4
BCOD, (mg L) 63
Calcium (mg L) 15
Magnesium (mg L™) 300
Hardness (mg L™) 325
Chlorine (mg L™) 215
Nitrate (mg L™) 13
Phosphate (mg L™) 21

® Measurement of COD by oxidation with potassium
dichromate.

* Measurement of SS with the gravimetry method.

e PH measurement using a WIW pH 3110 pH meter.

¢ Measurement of BCOD, using a BDOCmeter by the
manometric method.

e Determination of calcium, magnesium hardness by eth-
ylenediaminetetraacetic acid titrimetry.

e Determination of chlorides by the Mohr method

titrimetry.
e Determination of nitrates and phosphates by
spectrophotometry.

e Measurement of the head loss in the sand (after a 5 h
filtration cycle): by direct reading on piezometric tubes
placed at different heights of the filter bed; they are
expressed in cm of water with a minimum value of head
loss of 30 cm and a maximum value of head loss of -30 cm.

The values that will be presented afterward represent-
ing the quality of the filtered water each week, are obtained
by averaging the analyzes made every day after a 5 h cycle
at the rate of 5 d/7. All the steps followed for our study
are illustrated in Fig. 2.

2.5. Filter washing procedure

The head losses and the change in turbidity at the filter
outlet are an important indicator of filter performance and
which determines the operating time of a filter [27], gener-
ally, we are interested in the variation of the turbidity at the
filter outlet to proceed for backwash washing with water,
and washing is stopped when the input and output water
turbidities are identical [28].

In our study we did not wash the filters because we
wanted to benefit from the filter clogging and the schmutz-
decke layer; the biological removal of nitrate or other organic
contaminants occurs in this layer during purification of
water. This is well established by the fact that the removal
of schmutzdecke affects bacterial reductions [29].

3. Results and discussion
3.1. Evolution of head losses

It has been found that the development of head loss
varies linearly with time (Fig. 3). Kellil and Bensafia [28]
found that this linearity results in a good deep filtration in
the filter bed.

Rolland et al. [30] have observed that the head losses are
affected by the accumulation of solids in the filter bed during
filtration, we observed that the filter clogging was mainly
physical because of the deposition of solids which can be
very fast; in just a few weeks.

According to Verma et al. [29] when fouling occurs, the
head loss across the filter increases and beyond a certain
point, maintaining the flow becomes so difficult that the
operation of the filter is interrupted and the washing of the
filter must be carried out.

Roussel et al. [31] presented a case study on particle
filtration; indicating that the general closure process can
be considered as a function of the ratio of the pore size of
the particle to the mesh, the solid fraction and the number
of grains arriving at each mesh hole during an assay.

The clogging of the media filter can also be caused by
the formation of particles smaller than pore size results from
the formation of hydrodynamic bridges. During this bridg-
ing, the particles clog the pores by forming bridges across the
pores inlet (Fig. 4), and in this case, the head loss increased
when the hydrodynamic force was strong enough to over-
come the colloidal repulsion force of the interparticle surface
and particle-pore [32].

The increase in the heat loss during the filtration cycle can
be explained by two possibilities, the first is that the upper
part of the bed has reached a non-retentive stage, that is to
say, that no other collection of particles would have occurred
in the upper part of the bed and that other deposits would
have occurred mainly in the lower part of the bed. This
would increase the head loss across the bed, while the head
loss in the upper part of the bed would remain constant, the
second possibility is that, even if the particle deposits con-
tinue at the top of the bed, the increase of shear stresses in the
bed can clean the deposits and transport the fragments to the
bottom of the bed. It was also concluded that even if the head
loss at the top of the filter bed dominates, there is a fairly
significant head loss at the bottom of the filter and there are
still particles retained in the upper section of the filter [33].

3.2. Evolution of physical-chemical parameters

EC is the parameter that defines the total salinity of a
solution, which is directly proportional to the total concen-
tration of soluble salts [34].

During the first six weeks, there is an increase in EC
after filtration on the sand bed from 899 to 1,106 uS cm,
at the end of the 6th week when the EC values of the fil-
trates from SF results are always higher than the purified
wastewater values (Fig. 5).

These values were very high at the beginning of the
operating period, due to the high concentration of salts [26],
coming from the transformation of organic matter into dis-
solved salts, from the leaching of sand and GAC minerals or
other sources of soluble salts by the effect of common ions
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Fig. 4. The particle retention by hydrodynamic bridging [32].

for example (impact related to the composition of the treated
effluent) or by microbial activity during the maturation of
the filters [35]. This phase represents the leaching stage of
the soluble filters, which is the starting point for the leaching
of salts existing in the sand and activated carbon [36].

The last ten weeks are characterized by a remarkable
decrease in the conductivity values for the sand filter of
54% and this decrease continued after filtration on GAC
with 20%. This illustrates the appearance of the clogging
phenomenon of the filter by the organic matter as well as
the precipitated salts [35,37], these particles retained by the
filter will reduce the permeability of the filter medium and
consequently the pore space which will facilitate the reten-
tion of fine particles (salts) [38].

The pH values of the filtered water are always higher
than those of the raw water (purified wastewater), it goes
from 6.4 to 8.6 for the sand filter and from 6.4 to 8 for the
GAC filter, this increase could be the result of the disap-
pearance of protons, the trapping of organic acids from
raw water, and the buffering capacity of sand (8.4) and of
GAC (8) and its ability to oppose the variation of pH [37,39],
but also, it could be due to the presence of alkaline salts or
the dissolution of certain existing salts during the flow of
the effluent, which causes certain chemical reactions inside
the filters [26,34], as illustrated in Fig. 6. We can also asso-
ciate the increase of pH by the mineralization of organic

matters by micro-organisms (of the biofilm) formed on
the media filter surface (sand and GAC).

Turbidity represents the amount of fine material
responsible for the cloudiness of the sample [40,41]. The
turbidity of water is a global measure that takes into
account all the matters, either colloidal or insoluble, of
mineral or organic origin [42].

During filtration on the sand, there is a decrease of
the turbidity and SS of 94% and 54% respectively (Figs. 7
and 8), this abatement is due mainly to physical processes
(filtration and sedimentation) and sieving in the filter-
ing massive [37]. The consistency of sand performance
has improved due to the gradual clogging of smaller pore
sizes and increased tension in the top layer of the filter,
thus improving the elimination of turbidity by effectively
reducing the size of the sand pores of the filter and therefore
the retention of more particles [27].

This trend may be consistent with the maturation of the
filter, which helps to improve the removal efficiency over
time, as the particles previously begin to provide additional
removal for suspended particles [43] through the inter-
action of the contaminants with schmutzdecke (a viscous
layer developed on the filter media surface called also bio-
film) composed mainly of protozoa, bacteria, algae and
other life forms in the filter bed which is considered the
main reduction in turbidity [44]. As water passes through
the schmutzdecke, suspended particles can be trapped in
the filter and the dissolved organic matter is adsorbed and
metabolized by the microorganisms [45,46].

It is noted that after 6 weeks of SF, there is a less sig-
nificant decrease in SS and turbidity, and decreases until
the 16th week, this could be explained on the basis that
the suspended particles lead to fouling of the pores of the
filter which will be closed [47,48], the flow path becomes
narrower which significantly increases the shear rate and
therefore the part of the materials already deposited on
the support will be detached due to increased shear forces
resulting from clogging of the filter [49,50], as a result, the
retained particles are broken and swept thus the higher the
shear rate increases the more difficult it is to accumulate
the particles which are more easily detached [29].
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It was also found that the filtration rate which initially
was 30 L h, decreased linearly and reached 12 L h™' after
16 weeks of filtration on the sand where only 60 L d™* was
filtered. It can be concluded that after these 6 weeks of
filtration, washing is necessary to avoid breaking through
the point of the filter and the release of retained particles
in the formed cake.

Regarding the results obtained during GACF, it was
noted that there is no significant variation in turbidity
and SS, because the granulometry of GAC is bigger than
sand, so all the particles that have not been retained by sand,
cannot be retained by GAC.

The sand filter gives a significant reduction in BCOD and
COD of 84% and 73% respectively. After passing through
GAC, it was noted that the reduction continued by 51% for
BCOD and 38% for COD (Fig. 9).
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This phenomenon can be justified by the probable
formation of biofilm, in particular at the level of the
superficial layer of the two filters, which favors the reten-
tion and adsorption of the organic matter and thus its
degradation by the bacteria [35,51].

This phase is called the “filter ripening period” where
the sand filter begins to crack after 7 d of operation, result-
ing in a biological activity leading to the degradation of
organic matter in the filter. Therefore, the presence of a small
amount of organic matter helps to accelerate the maturation
of the filters, and thus promote the rapid formation of bio-
mass [34]. This strong reduction in BCOD and COD indi-
cates that good bacterial assimilation takes place in the sand
filter and GAC [37], but also that the microbial flora of the
biofilm formed has acclimated with the composition of the
effluent as weeks go by which facilitates its degradation [52].
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Fig. 9. Evolution of BCOD and COD during sand and GAC filtration according to weeks.
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Mechanical entrapment and adsorption of inorganic
and organic particles may be the mechanism to reduce
BCOD and COD [53], and since the filters have not been
washed, it can be considered that a mature filter allows the
retention or adsorption to be dominated by the role of the
flocs captured in the filters rather than by the clean GAC
support [54].

There is a decrease in the improvement of the two filters
during the last six weeks, this decrease is accompanied by
a ‘fatigue’ of the filters indicating the beginning of their
puncture [55], but the results remain acceptable despite the
wear of the filters.

We notice a decrease in hardness of 20%, magne-
sium 28%, calcium 52%, and chlorine 28% for the sand
filter. We also note that the hardness is magnesian because
magnesium is significantly higher than calcium.

GAC filtration improved the quality of sand-filtered
water by 62% for magnesium, 60% for hardness, 83% for
chlorine, and 80% for calcium (Figs. 10 and 11).

The reduction of hardness, magnesium, calcium, and
chlorine by the sand filter is mainly due to clogging of
the filter which reduces the pore diameter but also by
the adsorption phenomenon of these elements on the SS
that will be retained by the filter.

On the other hand, the reduction of hardness, magne-
sium, calcium, and chlorine by the GAC filter is due to its
large adsorption surface which gives it the possibility of
retention of these elements. The reduction of magnesium
and calcium can be done by ion exchange which depends
on the overall charge of GAC. The reaction takes place
between the functional groups of the surface of the bio-ad-
sorbent (GAC) and the elements of the solution compris-
ing a positive charge (magnesium and calcium) in aque-
ous solution, through the complexation or the cationic
exchange with the negative charges of the surface of
the adsorbent and thus it can be expected that GAC pro-
motes the removal of cations such as magnesium and
calcium [48,56].
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During the last six weeks, a slight reduction with the
sand filter, which may be due to the release of the parti-
cles previously retained, and the decrease in the observed
efficiency of the GAC filter over time can be explained
by the saturation of the activated carbon [49].

We note an increase in nitrates and a small reduction
of phosphates by 7% in the first five weeks of SF (Fig. 12).
This trend is more in water nitrate enrichment than bio-
logical denitrification, which means that in this filter, the
nitration reaction that occurs during the six weeks of oper-
ation seems to outweigh biological denitrification [57].
Nitrifying microorganisms are known to be the dominant
microbial community population on the sand filter [58] and
their activity is inhibited by low temperatures as observed
by Andersson et al. [59] and Kihn et al. [60] who have
shown that the major impact of low water temperature is a
decrease in a biological activity which is characterized by a
decrease in ammonia removal and not by a complete loss
of biomass and that the biomass was still present in the fil-
ter even after use in cold water for 5 months, the tempera-
ture in our study varies from 20°C to 28°C which explains
the good nitrification of water and the nitrate increase in
filtered water.

The small reduction of phosphates is due to the aerobic
environment in the filter which does not allow the micro-
organisms to consume the oxygen of the phosphates
(POY) and thus to eliminate them because the elimination
of phosphorus requires an anaerobic condition [61].

From the 6th to the 14th week, a strong reduction of
nitrates of 83% and phosphates of 67% is noted, beyond
the sixth week settles more favorable conditions of denitri-
fication and de-phosphatation, the medium saturated with
organic matter becomes more and more anoxic to favor
the displacement of the oxygen of the phosphates and the
nitrates (breathing of the nitrates) employing denitrifying
bacteria [57].

During the last two weeks, there is a slight increase of
nitrates and phosphates, these results could be due to the

—@— Mg2+ (After filtration on sand)

8 9 100 11 12 13 14 15 16

Weeks

= Mg2 +(After filtration on GAC)

== Hardness (After filtration on sand) == Hardness{After filtration on GAC)

== Cl-(After filtration on sand)

=@ Cl-(After filtration on GAC)

Fig. 10. Evolution of Mg, CI- and hardness during sand and GAC filtration according to weeks.
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Fig. 12. Evolution of phosphates and nitrates during sand and GAC filtration according to weeks.

saturation of the filtering surface in nitrogen and phos-
phorus organic matter present in the raw water and in the
insufficiency of oxygen, which causes the inhibition of the
bacterial activity which can no longer achieve the trans-
formation of these compounds, hence the release of nitrate
caused by the massive presence of ammonium and the
stabilization of the organic nitrogen contained in the layer
of sand [62]. The filter should be given a long operating
time to more effectively remove nitrates. Paradoxically, the
longer the operating time increases, the more ammonium
ions are released [57].

Concerning the GAC filtration of nitrates and phos-
phates, there is a slight reduction of nitrates of 10% and
7% for phosphates during the first 7 weeks, this reduction
could be explained by the fact that when the pH of the water
is acidic, the negative charge on the surface of the GAC is

reduced due to the mineralization and the excess in H* pro-
tons in solution and makes the number of positive charges
increases which will favor the adsorption of the anions
(nitrates NO* and phosphates PO?}) due to electrostatic
attraction [63]. The pH of the water in our study varies
during this interval from 6.4 to 7.4, hence the small reduc-
tion of nitrates and phosphates because when the pH tends
towards the neutrality the charges on the surface of the GAC
are null and therefore the electrostatic effect is canceled.
From the 8th week, a good reduction of nitrates of 43%
and phosphates of 22% is noticed. This reduction is not due
to the electrostatic effect observed in the previous phase
because when the pH increases the charges on the surface
of the GAC are negative which do not favor the retention of
nitrates and phosphates anions [64], but rather the ammo-
nium cations (NH;) which will be nitrified during the anoxic
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phase in the filter and then retained by the GAC [65], in our
study during this interval the pH went from 7.4 to 8.6.

Adsorption is the main mechanism for the removal of
phosphorus and nitrates, which is attributed to the large
surface area of GAC supporting high biomass density [29],
but also by precipitation/fixation reactions [21].

4. Interest of the coupling SAND/GAC

The combination of sand and GAC for wastewater
filtration allows interesting reduction yields of physical-
chemical parameters. It can be seen (Table 3) that the sand
filter alone allows a reduction of more than 50% of the tur-
bidity, COD, SS, BCOD, calcium, nitrates and phosphates,
and for the GAC filter allows a reduction of more than 50%
of the BCOD, calcium, magnesium, hardness, and chlorine.

It can be said that the sand filter does not react in the
same way as the GAC filter towards the reduction of the
same parameter. The sand filter gives us an average removal
rate of all parameters of 56% and 38% for the GAC, and the
coupling of these two allows us to reach 76%. From here
we can see the interest of the coupling of filtration on sand
and GAC in the tertiary treatment of urban wastewater.

This process is also very interesting for our country
Algeria because in addition to its efficiency, it is simple in
terms of feasibility, but also it comes as part of the respect
for the environment and sustainable development using
natural and local materials available in large quantities.

5. Conclusion and perspectives

The tests conducted during this study aimed to check
the interest and performance in couplings and GACF on
the improvement of the physical-chemical quality of Ain
El Houtz wastewater (Tlemcen-Algeria). The first results
obtained in the present study are promising because there
has been a high improvement in the quality of the water.

Table 3

The EC was reduced by 47% for the sand filter and this
decrease was prolonged after GAC filtration by 21%. For
pH, it was increased during SF from 6.4 to 8.6 and 6.4 to 8
for GAC filtration due to the buffering capacity of the two
filter media.

Concerning the turbidity and the SS, there was a 94%
and 54% decrease respectively after filtration on the sand, on
the other hand, no improvement was observed for these two
latter after filtration on GAC.

For BCOD and COD, they were reduced by 84% and
73% respectively for the sand filter and this reduction con-
tinued after GAC filtration with 51% for BCOD and 38%
for COD. Nitrates and phosphates are reduced by 72% and
64% respectively for the sand filter and by 6% and 4% for
the GAC filter. Concerning hardness, magnesium, calcium,
and chlorine there is a small reduction after SF of 20%,
28%, 52%, and 28% respectively, and a greater reduction
of 60%, 63%, 81%, and 83% respectively for the GAC filter.

It can be concluded that the two filters do not react in
the same way towards the elimination of the same ele-
ment, the sand filter is more efficient for the reduction of
organic elements whereas the GAC filter is more efficient
to reduce mineral elements and from there we can see the
importance and interest of their coupling to achieve this
association. As a result of this coupling, we reached a reduc-
tion of 54% in SS, 94% in turbidity, 74% in nitrates, 65% in
phosphates, 58% in conductivity, 92% in BCOD, 83% of the
COD, 68% of the hardness, 73% of the magnesium, 91% of
the calcium and 88% of the chlorine. We can estimate that
the mean yield of this coupling sand/GAC on all the studied
parameters about 76%, which is quite consistent.

This study can be used as a reference to define the
“Urban Wastewater Treatment Plant of the Future” in
Algeria fitting the sustainable development pillars; coupling
sand and GACF improve at the same time water quality
to reuse it for irrigation to economize conventional water
resources; since agriculture is the major water consumer

Comparative table of the results of sand and GAC filter and their efficiency rates

Parameters Raw After After Elimination Elimination Elimination yield of the
water SF GACF yield after SF yield after GACF coupling (SF + GACF)
EC (us cm™) 899 480 380 47% 21% 58%
Turbidity (NTU) 54.6 3.6 3.5 93% 3% 94%
COD (mg L) 89 24 14.9 73% 38% 83%
SS (mg L) 100 46.4 44.2 54% 5% 56%
pH 6.4 8.6 8 - - -
BCOD, (mg L™) 63 10 4.9 84% 51% 92%
Calcium (mg L) 15 7.2 1.4 52% 81% 91%
Magnesium (mg L™) 300 216 80 28% 63% 73%
Hardness (mg L™) 325 260 104 20% 60% 68%
Chlorine (mg L) 215 156 26 27% 83% 88%
Nitrates (mg L™) 13 3.6 3.4 72% 6% 74%
Phosphates (mg L) 21 7.6 7.3 64% 4% 65%
Mean 56% 38% 76%

SF: sand filter
GACEF: activated granular filter
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(agriculture 60%, industry 5%) in Algeria and also respect
the environment by using no chemicals but only local
and natural materials not harmful neither for humans nor
for ecosystems. However, further analysis has to be made
to confirm the efficiency of sand and GAC coupling on
microbiological parameters (pathogenic micro-organisms),
even if in literature it is mentioned that filtration on sand
removes 50% bacteria and viruses.

In the same perspective of a filtration treatment, another
study could be also considered for the treatment of urban
wastewater by a membrane process, specifically, nanofil-
tration/reverse osmosis which will be considered also as
tertiary treatment, for a more important minimization of
the pollution parameters of treated wastewater and thus
to improve its quality, to reuse for the municipality sec-
tor for example and if conforms to the norms in the water
supply. Other parameters such as organic micropollutants
(drug residues) can also be examined to see how they can be
reduced by membrane filtration.
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