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a b s t r a c t
The main purpose of this study was to improve sand filtration process by using local media and 
optimizing to obtain the best operating parameters. Sand from the Algerian desert was utilized. 
The treatment effectiveness on domestic effluent was assessed by monitoring pollution param-
eters such as turbidity, chemical oxygen demand (COD) and biological oxygen demand (BOD). 
The results of showed that the sand had a homogenous structure with a large presence of angular 
and blunted grains and a low percentage in round grains. This characteristic improves the filtration 
efficiency. The results showed also that the abatement rates of pollution indicators such as turbid-
ity, COD and BOD were high for all experiments, between 60% and 90%. The sand filter designed 
in this study demonstrated a great performance for the treatment of domestic wastewater.
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1. Introduction

Access to fresh water represents a major issue for 
upcoming years. It is therefore necessary to find alterna-
tive solutions for overcoming this shortage in water. Today, 
the preservation of water resources and the environment 
is a big challenge, which depends on the ability to treat 
wastewater before being reused or released into the natu-
ral environment. In order to have good water quality that 
meets the standards of rejection or reuse, the wastewater 
must pass through a series of purification treatment using 
different techniques in water treatment plants.

Algeria, one of North African countries suffering from 
water shortages, for example, has adopted a strategy to 
integrate simple and economical techniques to achieve 
the government’s action plan 2030 regarding the reuse 

of treated water for irrigation. One billion m3 of treated 
wastewater will be reused to nearly double the area of irri-
gated land, from 1.2 million ha to 2.2 million ha. Research 
has been conducted in this field using various wastewa-
ter treatments methods [1,2]. Among these techniques, 
sand filtration was one of the oldest methods with a 
proven effectiveness since the 19th century in removal of 
suspended solids [3–5]. At a flow rate of 0.1–0.2 m3/h, it 
was an effective wastewater treatment technology. It was 
also efficient in removing total coliforms such as Giardia, 
Cryptosporidium, Salmonella, Escherichia coli, (TC) and 
fecal coliform such as fecal streptococci, as well as bacte-
riophage, MS2 virus from water/wastewater [6,7].

Today, this method is still well suited in most global 
purification stations, since it has a good quality of treat-
ment, a simple operation and has a relatively limited main-
tenance. Many researchers have carried out studies [8–12] 
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to perfect its functioning and improve its purification effi-
ciency. This process has been widely used in Algeria, espe-
cially due to the ready availability of the raw material sand 
from the vast southern desert.

The current investigation was part of a wastewater treat-
ment team project, from the Solar Equipment Development 
Unit (UDES), located in Bou-Ismail, Algeria. This project 
focused on design of a micro-wastewater treatment plant 
using sustainable processes with renewable energies or pro-
cesses utilizing minimum energy consumption like solar 
photocatalysis [13–15] and solar wastewater treatment 
SOWAT [16]. In this context, a new sand filter for wastewater 
treatment was developed. To improve the filtration process 
as a primary or final treatment in the micro-plant, several 
filter materials from the Algerian desert were assessed 
to obtain a better quality of treated wastewater.

2. Materials and methods

2.1. Experimental set-up

The experimental set-up was designed and carried out 
in a wastewater treatment laboratory of Development Unit 
of Solar Equipment (UDES), located in Tipaza, Algeria. 
The filter was Plexiglas parallelepiped 20 cm long, 20 cm 
wide, and 50 cm high. The device was transparent allowing 
for the observation of the incident phenomena. The set-up 
contained a perforated plate, which served as a sand filter 
support. The sand filter consisted of bottom to top, four 
essential layers, a draining layer of gravel, then a layer of 
coarse sand, a filter layer of fine sand and a top layer of 
gravel G, as described in Fig. 1. The sand filter was grav-
ity fed using a 12 L capacity tank placed above. The filtrate 
(filtered water) was collected in a tank using a valve at the 
end of the filter. The water from the feed passed through 
a perforated tube to ensure a good distribution of the 
wastewater at the inlet of the filter.

2.2. Filter materials

In southern Algeria, there is a large sand potential, the 
majority of this sand meets the characteristic standards 
of sand filtration. The different types of sand used in this 
study as a filter media are presented in Fig. 2.

The first sand (noted sand 1) came from Ouargla dunes 
and was formed by the sand wind at a height of 300 m, more 
precisely from the great desert. This type of sand was very 
fine. The second-sand (sand 2) came from the wilaya of Oued 
Souf, commune of Djamaa. This sample was underground 
sand extracted from sand mines located in the Tigdidine 
region at a depth of 100 m. This type of sand was gener-
ally destined for construction. Sands 3 and 4 were extracted 
from Ouargla from the region of “Neggar”. They were like 
sand 2, deep sands extracted from two different sandpits. 
They were also intended for construction.

Several designs of sand filters were carried out during 
this study, by varying the height of the sand, the type of 
sand or the addition of other filtering materials. Table 1 
groups all designed filters.

2.3. Sand characterization

Sand characterization was achieved by granulomet-
ric analysis by sieving and morphoscopic by observing 
the insoluble fraction. The particle size was measured by 
a laser micro-particle size analyzer of the “Mastersizer 
2000 from the firm Malvern”. The particles to be mea-
sured were diluted in a 0.6–1 L beaker and then circulated 
in a cell traversed by a parallel laser beam to measure the 
size of the particle. Microscopic analysis was carried out 
using a binocular magnifying glass, under intense illumi-
nation produced by a lamp, whose light was converged 
into a punctual light beam. This allowed for to observa-
tion of the shape and appearance of the surface the sand  
particles.

Fig. 1. Experimental set-up.
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2.4. Wastewater characterization

The effluent used for the filtration system was munici-
pal wastewater (noted E1) taken from the waste point of the 
city of Fouka, Bou Ismail, Tipaza. The effluent was charac-
terized before and after treatment by measuring different 
pollution parameters. The turbidity measurement was car-
ried out by a Turbidimeter HI88703 “HANNA Instrument” 
while the conductivity and the pH are measured by the 
Multiparameter “Consort C3010”. As well, chemical oxygen 
demand (COD) and biological oxygen demand (BOD) mea-
surements are given by using the photometer-System AL200 
and Velp Scientifica™ BOD Sensor respectively. Results of 
physical–chemical characteristics of the real effluent are 
summarized in Table 2.

3. Results and discussion

3.1. Sand characterization

The grain size distribution of filter media was one of 
the most important operating variables, which ensured 

effluent quality [17,18]. Particle size analysis consisted of 
isolating various particle sizes or size increments and then 
measuring the abundance of each size [19]. To have the par-
ticle size distribution of the sands, S1, S2 and S3 were anal-
ysed by a laser granulometer “Mastersizer 2000 (Malvern)”. 
However, due to the existence of large particles in the 
sand S4 the particle sizing was accomplished by sieving 
method. Likewise, particle suspensions of different sands 
were prepared with distilled water as a dispersant agent. 
The percentage of volume corresponding to each observed 
population was obtained using the software provided 
with the equipment (Mastersizer 2000 (Malvern)).

The results from the analysis of S1, S2 and S3 were rel-
ative volume distribution of particles in the size range 0.02 
to 2,000 microns While the result of particle size distribu-
tion of the sand S4 by sieving was expressed as a percent 
retained by weight on each sieve size. Since the particles 
studied most likely had the same density, it can be assumed 
that the density percentage was equivalent to the mass  
percentage.

The particle distribution curves obtained by plotting 
cumulative percent passing vs. particle size based on the 
data calculated are presented in Fig. 3. Sand S1 showed a 
heterogeneous mixture of grain sizes distribution with two 
particle size categories: the dominant size fraction (10%) 
represented by medium sand about 350 μm, and the least 
frequent fraction (6.5%) represented by very coarse sand 
1,300 μm. Sand S3 also showed a non-uniformity in size 

Fig. 2. Media used in sand filter design. Sands 1 to 4 (i.e., S1 to S4).

Table 1
Filter design parameters

Filter name 
and code

Filter materials Height (cm)

Top layer: gravel
Middle layer: fine sand
Bottom layer: gravel + coarse sand

1
Variable
5 + 2

Filter 1/F1 Sand 3 5
Filter 2/F2 Sand 3 10
Filter 3/F3 Sand 3 15
Filter 4/F4 Sand 3 20
Filter 5/F5 Sand 3 25
Filter 6/F6 Sand 1 10
Filter 7/F7 Sand 2 10
Filter 8/F8 Sand 4 10

Table 2
Physical–chemical characteristics of the real effluent

Wastewater E1

Turbidity (NTU) 177 ± 26
COD (mg/L) 209 ± 21
BOD (mg/L) 161 ± 26
pH 7 ± 0.01
Conductivity (μs/cm2) 1,179 ± 36
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distribution. Three size categories were observed, two dom-
inant grain sizes with a proportion of 6% and 5%: fine sand 
with 40 μm diameter, and very fine sand 3.5 μm diameter 
respectively, and the least frequent grain size 1.8% a medium 
sand, which was around 280 μm in diameter. The results 
showed that the dominant grain sizes were fine and very  
fine sands.

Similar results were obtained for S4 which showed a 
discontinuous particle size distribution. There were two 
categories of size: the medium sand approximately 267 μm 
diameter was the most frequent with a proportion of 38%, 
and coarse sand 675 μm diameter, the least frequent at 26%. 
However, the results of the distribution of S2 sand showed 
that it was a homogeneous uniform coarse sand with a 
dominant grain size of 650 μm for a fraction of 11%.

Several authors have proposed some recommendation 
on the design criteria for an effective slow sand filter. Two 
critical parameters were the grain size distribution and the 
hydraulic loading rate. According to this recommendation, 
the filter media should be fine, that is, d10 (0.15–0.35 mm)/
Cu < 3 and the rate should be low enough, that is, 0.04–
0.40 m/h to ensure its removal efficiency. The grain size of 
the sand was a very important parameter in this process. 
Other researchers [17,18] have confirmed that grain size 
distribution of media was one of the most important oper-
ating variables ensure the effluent quality. The capture of 
polluting particles intercepted between the grains of sand 
was proportional to the specific surface which itself was 
inversely proportional to the size of the grains of sand. 
Therefore, the greater the specific surface, the smaller is 
the grain diameter, the more effective is the retention of 
pollutants. This is what was also observed in the current  
investigation.

Filtration efficiency in slow sand is determined by the 
effective size (d10) of the grains in filter media. The d10 rep-
resents the grain size which is 10% finer by weight. A low 
d10 value represents finer grains and vice versa [20]. Filter 
efficiency increases as grain size of the medium lowers [21]. 
For example, total suspended solids (TSS) removal was 
highly correlated with turbidity and better achieved when 

finer media (i.e., with smaller d) was used [22,23]. However, 
more frequent cleaning of filter medium was required 
at lower grain size [24]. Table 3 summarizes various sand 
effective diameters and the specific surface, which was 
the ratio between the surface of the grain and its volume. 
According to the d10 values, the sand S3 was the finest. Even 
the appearance of S1 sand indicated that it was the finest 
compared to other types, its effective diameter was larger 
than S3 and S4 sand.

The results showed that the span value of S3 sand was 
high, indicating it was heterogeneous. This could be due to 
the variety of grain sizes with an average granular size d50 of 
20 μm corresponding to a strong presence of small grains. 
All types of sand (S1, S2 and S4) were homogeneous com-
pared to sand S3. According to the recommended values of 
grain size distribution on the design criteria of slow sand 
filtration, fine media was preferably chosen but it did not 
necessarily need to be uniform.

The heterogeneity and the small size of the particles in 
sand 3 can affect the efficiency of the filtration; this hypoth-
esis remains to be verified during the filtration tests. The 
recommended effective grain size was 150–350 μm for a 
slow sand filter, with a preferred uniformity coefficient of 
less than 2 or 3 [24,25]. Hence the different types of sand 
used in this study met the terms of standards. The esti-
mated empty bed contact time was 3–10 h [26].

Morphoscopic analysis based on the counting method, 
consisted of sorting by sieving the main particle size frac-
tions of the sand, then in classifying the grains by observa-
tion with a binocular microscope. This classification took 
into account two criteria, surface appearance and the shape 
of the grains. The surface appearance of the different types 
of sand by the binocular magnifier helped, not only to dis-
cover the morphology of the grains, but also to observe 
the overall appearance of the filter materials.

Fig. 4 shows that the sand S1 presented a heteroge-
neity in the size and the shape of particles, confirming the 
particle size results. There were two categories: the larg-
est proportion presented small grains, large grains were 
less important and most of the particles were blunted. The 

Fig. 3. Particle sizes distribution curves for sands S1 to S4.
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surface had a shiny appearance with a considerable presence 
of silica and an absence of any kind of impurity.

While sand S2 was characterized by the existence of 
coarse particles and homogeneous, the size compared to S1 
and the majority had a blunt shape, with the existence of 
small grains. There was also an abundance of silica. The sur-
face appearance was also shiny and looked pure. Likewise, 
sand S3 was heterogeneous and presented three categories 
of granular size: large particles were the least frequent with 
a blunt form, medium particles were most frequent with a 
mixture of blunt and angular form, and small particles were 
moderately frequent with an angular shape. The presence 
of silica was also important in the sand S3 and the surface 
of the grains was shiny and free of impurities. Furthermore, 
whereas, the sand S4 had two categories of grain size: the 
medium particles in were a significant proportion and the 
large particles were less in proportion. Most of the grains 
had a blunt shape and an abundance of silica was observed. 
The appearance of the surface was very shiny and pure. 
This type of sand was homogeneous compared to the 
previous three sands.

The percentages reported for all types of grain for each 
sand are summarized in Table 4. There was an abundance 

of angular grains and an average proportion of blunt grains 
with a negligible presence of the round shape in sand 1. 
While the analysis showed an equal average distribution of 
blunt and angular grains in sand 2, the presence of round 
grains was negligible. The morphological structure of the 
grains of sand 3 was characterized by a large proportion 
of blunt grains, and a less significant proportion of the 
angular grains, and the presence of the grains with round 
shape remained negligible.

However, sand 4 had a considerable proportion of round 
grains, and the most important proportion was blunt grains 
with a less significant presence of angular grains. A con-
siderable presence of angular and blunt grains in all types 
of sand was observed. This can explain the high retention 
capacity of great quantities of MES, hence the reduction of 
turbidity during the filtration tests. However, the consider-
able presence of round grains in sand 4 may influence its 
ability to retain.

3.2. Parameters affecting sand filtration

Taking into account the results of the sand characteri-
zation, the sand 3 was chosen to carry out the study of the 
optimization of the filter height. Having the finest diameter, 

Table 3
Particle size parameters values

Sand 1 Sand 2 Sand 3 Sand 4

d10 (μm) 273.05 375.533 2.588 100
d50 (μm) 538.37 722.336 20.208 300
d90 (μm) 1,330.04 1,359.521 79.783 600
Span 1.96 1.362 3.820 1
Specific surface (μm2/g) 0.0187 0.0142 1.2844 0.0191
Uniformity 0.58 0.42 1.92 –

Fig. 4. Morphoscopic images of different sands.

Table 4
Morphoscopic analysis results of sands S1 to S4

Shape sand type Percentage of sand grains %

Angular Blunt Round

Sand 1 73 25 2
Sand 2 48 48 4
Sand 3 35 59 6
Sand 4 12 58 30
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the largest specific surface and the largest conformity coef-
ficient, sand 3 can be best suited for filtration. A series of 
filtration tests were carried out by varying the height of 
the sand 3 from 5 to 25 cm with a step of 5 cm. Fig. 5 pres-
ents the different sand filters designed as well as water 
samples before and after filtration of Fouka wastewater.

According to Fig. 5, it appears that the height of the fil-
ter influences the quality of the filtered water. This could be 
verified by measuring the turbidity of the water. The differ-
ence in the height of the sand was generally identified by 
a difference in the flow rate. The recommended filtration 
speed for a slow sand filter was 0.1–0.4 m/h and the recom-
mended effective grain size was 0.15–0.35 mm [17,25]. A fil-
tration speed between 0.1 and 0.2 m/h was suitable. Faster 
filtration can cause early clogging. However, a filtration 
speed of 0.3 m/h could be accepted for short periods in the 
filtration units. Table 5 groups parameters of the different 
designed sand filters. The filtration speed was the same 
0.33 m/h for heights 5 and 10. By increasing the height of 
the bed, there was a small decrease in flow, 0.27, 0.21 and 
0.18 m/h for the heights 15, 20 and 25 cm, respectively. 
These results were in agreement with the literature.

Results of the various pollution indicator parameters 
before and after filtration test for all experiments relating to 
the optimization of the filter height are presented in Fig. 6. 
A great turbidity reduction rate was observed for the differ-
ent sand heights with a value greater than 70%. For a mini-
mum height of 5 cm, the turbidity removal rate reached 77%, 
thus indicating that the filter made it possible to remove a 
good quantity of MES contained in the wastewater. This 
abatment rate increased depending on the sand height 
up to 97% and 98% for 20 and 25 cm heights respectively.

The sand bed can also remove organic matter in some 
cases. For a height of 5cm, an average COD reduction rate 
of 46% was obtained. By increasing the height of the bed, 
an increase in the elimination rate was observed. It was 
around 65% for heights ranging from 10 to 25 cm. The best 

filtration efficiency was reached at a height of 20 cm based 
on the results of the turbidity. However, a height of 15 cm 
can be considered as an optimal height, due to economic 
reasons, to reduce the cost of the process since the two 
rates at 15 and 20 cm were close and exceeded 90%. On the 
other hand, a height 15 cm corresponded to the best reduc-
tion efficiency of COD and BOD. The water after filtration 
was colorless and odorless, which confirmed the elimina-
tion of the pollutants responsible for the green color and 
the bad smell of this wastewater before filtration.

3.3. Effect of nature of sand

Effectiveness of a sand filter depended on the nature 
of the filter material, as well as the size and shape of the 
grains. This study allowed to visualize this influence on 
the filtration efficiency of wastewater. Filters F2, F6, F7 and 
F8 design parameters are grouped in Table 6. Thus, for dif-
ferent types of sand, a volume of 3L of municipal waste-
water (E1) was filtered under the same operating conditions.

The filtration rate was almost the same for F7 (sand 2) 
and F8 (sand 4), 0.017 and 0.018 m3/h, respectively. For the 
filter F2 (sand 3) and F6 (sand 1) sand the flow rate was a 
little lower in the order of 0.012 m3/h. The filtration speed 
between 0.2 and 0.4 m/h, presented a slow filtration.

Fig. 7 illustrates an excellent removal of suspended sol-
ids visually by the change of color, which was confirmed 
by the measurement of the different pollution parameters. 

Fig. 5. Sand filter for different height followed by the image of real effluent before and after filtration test.

Table 5
Filter design parameters of different heights

Filter code F1 F2 F3 F4 F5
Filter height (cm) 5 10 15 20 25
Filtration rate (m3/h) 0.011 0.012 0.009 0.007 0.006
Filtration speed (m/h) 0.33 0.33 0.27 0.21 0.18
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For a height of 10 cm, the results obtained (Table 7) showed 
high turbidity removal efficiencies exceeding 90% for the 
three types of sand S1, sand S2 and S4. Also, the sand S3 
presented a good elimination of suspended matter with a 
decrease of the turbidity value from 55 to 8 NTU.

Chemical oxygen demand (COD) values also decreased 
after filtration with all four sand types. For sands S1 and 

S3 the COD removal efficiencies were close, 69% and 64%. 
Similarly for the S2 and S4 sands, the efficiencies were 
71% and 75% respectively.

It can be considered that sand bed F7 (S2) gave the best 
performances of turbidity and COD removal using a sand 
height of 10 cm. These high efficiencies may be due to the 
good granulometry of the sand S2 which was the most 
homogeneous and well classified. The F2 (S3) filter had 
turbidity and COD removal efficiencies of 85% and 64%, 
respectively. These values were high but still low compared 
to the other filters F6 (S1) and F7 (S2) and F8 (S4). This may 
have been due to the particle size structure of S3, which had 
a high degree of heterogeneity and a low sand grain size. 
These two criteria can really influence the filtration effi-
ciency and thus confirms the hypothesis posed previously 
in the granulometric analysis.
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Fig. 6. Abattement or removal rates of COD, BOD and turbidity 
for different sand heights.

Table 6
Design parameters of F2, F6, F7 and F8 filters

Filter code F6 F7 F2 F8
Sand type Sand 1 Sand 2 Sand 3 Sand 4
Filter height (cm) 10 10 10 10
Filtration rate (m3/h) 0.011 0.017 0.012 0.018
Filtration speed (m/h) 0.31 0.48 0.33 0.52

Fig. 7. F2, F6, F7 and F8 filters design followed by wastewater before and after filtration test.

Table 7
Evaluation of the abatement efficiencies for different types of sand at a height of 10 cm

F6 F7 F2 F8

Turbidity (NTU)
Initial 263.33 ± 4.71 150.00 ± 0.00 55.00 ± 4.08 263.33 ± 4.71
Final 9.07 ± 0.40 9.47 ± 0.41 8.23 ± 0.39 10.00 ± 0.00

COD (mg/L)
Initial 545.33 ± 1.25 251.33 ± 1.70 216.33 ± 0.94 566.00 ± 0.00
Final 170.00 ± 2.83 62.33 ± 2.05 77.33 ± 4.71 163.67 ± 1.70

pH
Initial 6.81 ± 0.03 7.22 ± 0.03 7.04 ± 0.00 6.57 ± 0.06
Final 7.85 ± 0.04 7.69 ± 0.06 7.48 ± 0.03 7.26 ± 0.01

K (μs/cm)
Initial 1,217.33 ± 4.03 1,279.67 ± 0.47 1,202.33 ± 2.05 1,230.67 ± 1.89
Final 6,613.33 ± 9.43 2,253.33 ± 4.71 4,500 ± 0.00 1,754 ± 1.63
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4. Conclusions

This study focused on pretreatment of municipal waste-
water from the “Fouka” region in Algeria, by the sand filtra-
tion process using several filter materials. The particle size 
analysis showed different physical aspects of each type of 
sand and determined their average particle size. The mor-
phoscopic analysis indicated a strong presence of angu-
lar and blunt grains and a low percentage in round grains 
which can improve the filtration efficiency. Hence, the sands 
of Algerian dunes can be considered as a good filtering 
material in order to alleviate the problem of wastewater, 
without resorting to expensive techniques. Sand filtration 
experiments showed that the abatement or reduction rates 
of pollution indicators such as turbidity, COD and BOD5 
were high for all experiments, around 90%, 60% and 80%,  
respectively.

In the light of the results, sand filtration proved effective 
for domestic effluents. The cleaning efficiency depended 
on the nature of the filter material and the load of the efflu-
ent. It can be concluded that the sand filter designed in 
this study had an excellent performance for the treatment 
of wastewater. It is recommended studies be conducted in 
the future to further improve the efficiency.
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