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ABSTRACT

Wastewater flow through a sand filter causes variations in the physical and chemical properties of the
filter media. The objective of this study was to investigate and characterize the physical and chemical
properties of dune sand filters after a certain period of operation. Lab-scale studies were performed
using four dune sand filter columns for treating wastewater. The column was split into ten layers;
each of which was through physical and chemical analyses after a certain operational period. It was
observed that 34%-51% of the organic matter in the column was found in the top layer. The flow of
wastewater caused a deposition of limestone and fine particles onto the filter. There was a noticeably
low pH in the upper layers of the columns due to the high amounts of organic matter. Lastly, the virgin
sands were more saturated in salts than the used sand after operation.
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1. Introduction

Domestic wastewater treatment and reuse is becoming an
important field of research in the global context of increas-
ing water scarcity and inadequate sanitation [1]. Among
the available processes for wastewater treatment, the use of
septic pits followed by sand filtration appears to be the most
relevant in the southern region of Algeria due to the smaller
urban agglomerations.

The use of the sand dunes as a biological filter is a prom-
ising technique for wastewater treatment in Algeria, and the
characteristics of most sands in the region of Ouargla appear
to be favorable according to the standards of biological filtra-
tion [2,3].

Accumulation of biomass and deposition of suspended
solids on the surface of a sand filter can lead to clogging of
the filter media. Biological and physical clogging results from
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the excessive formation of biomass due to the degradation
of pollutants and retention of inert suspended fine particles
[4,5]. Furthermore, physical/mechanical clogging may result
from the migration of fine-grained materials into coarse-
grained materials [6].

The objective of this work was to characterize the physi-
cal and chemical properties of the filter media of dune sand
filters. To accomplish this, lab-scale filter columns containing
dune sand were used to treat wastewater. Sand was taken
from four different locations, and four corresponding pilot
filter columns were made.

The columns were operated for a period of twelve weeks,
after which a comparative study of the dune sand in each
column was conducted. The accumulation of biomass and
the deposition of suspended solid material at the surface of a
sand filter were investigated by chemical and physical anal-
yses of the sand filter. The variations in limestone yield, sand
column pH, and electrical conductivity (EC) in the different
column layers were also investigated.
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2. Materials and methods

Laboratory sand columns were operated for a period of
12 weeks to treat wastewater [2]. The experiment was per-
formed in polyvinyl chloride laboratory columns, 800 mm
in height, with 76 mm inner diameter. 600 mm of sand were
placed in each sand filter column (Fig. 3). Over the course
of operation, the filters were fed with synthetic wastewater
[3]. The composition of the synthetic wastewater was: glu-
cose, yeast, dried milk, urea, NH,Cl, NaHCO,, MgSO,.7H.O,
CaCl,.6H,0, and K, HPO, [4,7], supplied at a flow rate of 520
mL/d [3]. The characteristics of the synthetic wastewater are
given in Table 1.

The dune sands were taken from four locations (Fig. 1) in
southern Algeria: Tebesbest (T), Benaceur (B), Hassi Messaoud
(H), and N’Goussa (N). The physiochemical characteristics of
the spent (T, B, H, and N) and virgin (Tv, Bv, Hv, and Nv) sand
samples from each of these locations were compared.

2.1. The physical characteristics of virgin sands

The physical characteristics of virgin dune sand from the
four locations are shown in Fig. 2 and Table 2.

2.2. The chemical characteristics of virgin sands

Based on the physical characteristics of the virgin sands
(Table 2), the Bv and Nv sand was classified as having a very
tight particle size distribution (Cu <2), and the rest of the vir-
gin sands samples (Tv and Hv) as having tight particle size
distributions (2 < Cu < 5) [8]. The chemical characteristics of
virgin dune sand from the four locations are shown in Table 3.

These sands are, therefore, favorable for use as the filter
media. Several other studies have also indicated the favor-
able use of these sands as filter media [2].

Table 1
Characteristics of the wastewater

Characteristics Wastewater standards
BOD, as mg O,/L 480 + 20 100-500
DOC as mg O,/L 878.4+10 300-1,000
EC as uS/cm 970 900-1,300
pH 6.66 +0.5 7.5-8.5

" Spain funisi Tebesbest

ALGERIA i
Morocco 1‘" g

Fig. 1. Map of the dune sands locations: Tebesbest, Benaceur,
Hassi Messaoud, and N’Goussa.

2.3. Sampling

After the 12-week operational period, the filters were
allowed to be drained by gravity. In order to have good
curves of evolution of the characteristics of the filters, the col-
umns were then dismantled and divided into 10 layers, each
measuring 60 mm [9], and numbered from 1 to 10 from the
top to the bottom Fig. 3. The sand samples were dried in an
oven at 105°C for 24 h.

2.4. Laboratory analyses

Samples of each layer were subjected to the following
chemical and physical analyses.

Measuring the rate of organic matter by the Anne
method: oxidation method directly measures organic carbon
via excess potassium bichromate in sulphuric acid; the excess
of potassium bichromate ions is back-titrated against a fer-
rous solution using diphenylamine as redox indicator [10].

100

H 0.1 0.01

Particle size (mm)

Fig. 2. Particle size distribution of virgin sands.

Table 2

Physical characteristics of virgin dune sand
Parameters Tv Bv Hv Nv
D10 (mm) 0.09 0.10 0.10 0.12
D60 (mm) 0.20 0.17 022 021
D30 (mm) 0.14 0.13 015 017
Uniformity coefficient Cu 2.18 1.81 2.32 1.75
Real density g/cm? 2.88 2.79 3.07 296
Apparent density g/m? 1.54 1.58 1.62 1.53
Porosity 1 (%) 4656 4344 4723 4846

Table 3

Chemical characteristics of virgin dune sand
Parameters Tv Bv Hv Nv
Organic matter 0.37 0.16 0.42 0.40
CaCO, 4.32 2.79 0.32 0.27
pH 8.39 8.76 8.22 8.35
EC 2.68 0.46 0.35 3.52
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Measuring the rate of limestone by using the BERNARD
calcimeter: calcimeter is a device used to determine the cal-
cium carbonate (CaCQO,); the apparatus works on the prin-
ciple that a soil sample placed in contact with hydrochloric
acid (HCI) causes carbon dioxide (CO,) emission.

CaCO, +2HCl - CaCl, + H,0 + CO, [10,11] (1)

Particle size analysis by sieving: the operation was based
on the separation of particles by size, usually by sieving.
Samples of sand were filtered through a series of sieves of
decreasing diameters from the top to the bottom using the
AFNOR standards [12].

The pH and EC measurement was made by a pH meter
and EC meter, respectively, in soil extract (mixing soil with
added water, ratio soil/water was 1/5) [10].

Chemical oxygen demand (COD) was determined
according to the AFNOR standard (NFT 90-101). Under hot,
acidic conditions, potassium dichromate oxidizes practically
all organic substances. The analyses are carried out with
an excess of potassium dichromate, whereby a part of the
dichromate is reduced to the chromium(III) ion; the excess of
potassium dichromate ions is back-titrated against a ferrous
solution using ferroin as redox indicator [13,14].

Biological oxygen demand (BOD,) was determined by
the manometric method. The amount of a defined quantity
of dissolved oxygen consumed is measured in a closed, cal-
ibrated vessel by determining the difference between incu-
bation. The O, is determined volumetrically or electrometri-
cally [13,14].

3. Results and discussion

The removal yields of COD during the period of opera-
tion were between 72.09% and 94% (from 48 to 230 mg O,/L,
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Fig. 3. Schematic of the filtration columns used.

column T), 63.70% and 91% (from 76.8 to 249 mg O,/L, col-
umn B), 64.74% and 93% (from 52 to 240 mg O,/L, column
H), and 63.30% and 90% (from 60 to 244 mg O,/L, column N).

BOD, removal yields were between 80% and 92% (from
40 to 90 mg O,/L column T), 76.08% and 94% (from 30 to 110
mg O,/L column B), 83.69% and 96% (from 20 to 75 mg O,/L
column H), and 60% and 90% (from 40 to 180 mg O,/L col-
umn N); a decrease of the COD and DOB removal yields was
observed in the last week of operation, which can be explained
by water stagnation in the surface and filter clogging.

The BOD, represents the activity of aerobic microorgan-
isms on filters surface; the BOD, results showed a significant
degradation of the organic matter.

3.1. Organic matter content

The organic matter content was measured for each layer
and for each type of sand (used and virgin).

The organic matter content obtained for the virgin sands
was 0.37% (Tv), 0.16% (Bv), 0.42% (Hv), and 0.40% (Nv); all
sands were poor in organic matter, as has previously been
reported [2].

The distribution of organic matter in the four types of
sands can be divided into two intervals. The first interval cor-
responds to the surface layer (layer 1) as shown in Fig. 4 and
Table 4, which was characterized by a significant increase in
the amount of organic matter (from 1.87% to 2.12%). This is
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Fig. 4. Vertical distribution of organic matter after the
operation (%).

Table 4
Vertical distribution of organic matter after operation (%)

Organic matter (%)

Layer T B H N

1 1.87 212 2.02 1.90
2 0.74 0.48 0.51 0.57
3 0.43 0.44 0.33 0.41
4 0.60 0.28 0.20 0.37
5 0.44 0.32 0.30 0.15
6 0.26 0.29 0.26 0.11
7 0.36 0.19 0.37 0.29
8 0.26 0.23 0.39 0.29
9 0.30 0.17 0.23 0.37
10 0.21 0.30 0.17 0.17
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because the first layer was the site of deposition of organic
matter and because microbial activity including algal growth
occurred on the surface of the filters [4,15]. The second inter-
val corresponds to the deeper layers (layers 2-10). The organic
matter content varied from 0.21% to 0.74% (layers 2-10) in
column T, gradually decreasing with depth, but remaining
significantly higher as compared with the virgin sand (Tv)
in deeper layers (2-5). This is likely due to the deposition of
organic matter, which was transported by the flow of waste-
water. The organic matter content in column B varied from
0.17% to 0.47% in the underlying layers (layers 2-10). A small
increase in organic matter compared with the virgin sand (Bv)
was observed. This is most likely due to the fact that the sand
obtained from the dune of Bv was fine (particles diameter <0.8
mm, and uniformity coefficient = 1.81). Columns H and N
showed low organic matter content in layers 3-10 compared
with the corresponding virgin sands. The main accumula-
tion of organic matter was in the first and second layers. The
organic matter content in the surface layer represented about
34%-51% of the total amount of organic material accumulated
in the sand column. Accumulation and secretion of microor-
ganisms as biofilms on the surface layer caused surface pond-
ing on the filter.

3.2. Limestone content

CaCO,, a mineral constituent of sand, has been previ-
ously shown to have a high absorption capacity for phospho-
rus [7]. This results from the Ca," ion, which forms from the
dissolution of CaCO,, and reacts with the PO 2 ion to form an
insoluble compound. However, the presence of large quanti-
ties of the resulting calcium phosphate in the filter medium
is unfavorable. The precipitation of this insoluble mineral can
cause cementing in the sand grains and, consequently, lead to
rapid clogging of the filter [16].

The limestone content in the virgin sands Tv and Bv was
4.32% and 2.79%, respectively. After the operation, the lime-
stone content recorded in the surface layer of columns T and
B had decreased by 2.76% and 1.06%, respectively. The lime-
stone content in layers 2-10 was between 3.94% and 4.56%
for column T, and between 2.19% and 2.87% for column B as
shown in Fig. 5 and Table 5.

The virgin sand samples Hv and Nv showed low lime-
stone amounts, 0.32% and 0.27%, respectively. After opera-
tion, the limestone content recorded in layers 1-10 of column
H was between 0.03% and 0.47%. Limestone content was very
low in the layers of column N, where the sand was found to

CaC0,%
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Fig. 5. Limestone yields after the operation (CaCQO, [%]).

be nearly decarbonized (0% CaCQO, in the surface layers).

Two simultaneous processes can explain the develop-
ment of limestone. One of these processes is biochemical,
and the other is physical (Fig. 6). The first is the lixiviation of
limestone, corresponding to the decarbonation of the sand by
organic acids. The organic acids derive from the decomposi-
tion of organic matter due to the microbial biomass, which
develops in the upper layers of the filter. The carbonate disso-
lution process is triggered according to the reaction:

CaCO, + CO, + H,0 — Ca," + 2HCO," [17] 2)

Table 5
Limestone content after operation (CaCQO, [%])

Layer T B H N
1 2.76 1.06 0.03 0.00
2 3.94 2.19 0.14 0.00
3 4.00 2.46 0.20 0.00
4 4.11 2.53 0.16 0.02
5 4.33 2.58 0.15 0.03
6 4.37 2.68 0.18 0.05
7 4.38 2.71 0.39 0.09
8 4.40 2.84 0.47 0.11
9 4.46 2.86 0.46 0.12
10 4.56 2.87 0.44 0.15
—
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Fig. 6. Model of migration and deposition of limestone and fine
silt in the dune sand filter.
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The second is a physical process, in which limestone
silt particles are leached through the filter sand column due
to the wastewater flow (Fig. 6). As a result, all the columns
showed an increasing gradient of limestone from the top to
the bottom of the columns.

3.3.pH

The virgin sands were alkaline with a pH of 8.39 (Tv),
8.76 (Bv), 8.22 (Hv), and 8.35 (NVv). After the 12-week opera-
tional period, a small decrease in pH was observed.

For each column, the pH increased with depth. The pH
values ranged between 7.72 and 8.12 (column T), 7.65 and
8.64 (column B), 7.26 and 8.23 (column H), and 6.70 and 8.75
(column N) as shown in Fig. 7 and Table 6.

3.4. Relation between organic matter and limestone and pH

Figs. 8 and 9 confirm that the change in pH is correlated
with the amount of organic matter and limestone.

The pH was relatively low in the upper layers of the
columns where the organic matter content was elevated
mainly due to microbial processes; pollutant transfer and
biodegradation kinetics rely on material characteristics such
as: pH and organic matter [18]. pH displayed a positive cor-
relation with the limestone rate (Fig. 9), which is attributed
to the leaching and dissolution of limestone by the flow
of wastewater, as well as through the natural presence of
organic acids. At the bottom of each column, pH values were
more alkaline, as there was an accumulation of limestone
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Fig. 7. The pH variation in the sand layers.

resulting from the leaching process from the upper layers of
the columns (Fig. 6).

3.5. Electrical conductivity

The total salt content expressed by the EC of the diluted
extracts (soil/water ratio of 1/5) showed negligible amounts
of salts for all sands (EC < 2.5 ms/cm). However, Tv and Nv
were slightly saline [12] as shown in Table 7 and Fig. 10. The
virgin sands were more saline than the used sands.

The EC at 25°C varied from 0.85 to 2.35 ms/cm (column
T), from 0.48 to 0.14 ms/cm (column B), from 0.08 to 0.18 ms/
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Fig. 8. The evolution of the pH in correlation with the organic
matter.
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Fig. 9. The evolution of pH in correlation with limestone.

Table 6 Table 7

pH of the sands after operation EC of the sands after operation
Depth T B H N Depth T B H N
1 7.72 7.65 7.26 6.7 1 0.85 0.48 0.18 0.22
2 7.92 7.76 7.44 7.26 2 2.27 0.37 0.18 0.21
3 7.96 8.26 7.57 7.61 3 2.27 0.19 0.10 0.40
4 8.06 8.37 7.77 7.55 4 2.31 0.21 0.08 0.14
5 8.01 8.50 7.83 7.79 5 2.31 0.14 0.08 0.24
6 8.06 8.53 7.95 8.04 6 2.33 0.20 0.09 0.22
7 8.09 8.64 7.97 8.43 7 2.32 0.19 0.10 0.13
8 8.12 8.42 8.08 8.47 8 2.35 0.20 0.10 0.15
9 8.10 8.49 8.09 8.49 9 2.31 0.23 0.11 0.19
10 8.04 8.44 8.23 8.75 10 2.35 0.20 0.12 0.22
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cm (column H), and from 0.13 to 0.40 ms/cm (column N). The
EC decreased from top to bottom within a given filter, most
likely due to salt leaching by the flow of water [3]. Salt floccu-
lation plays a minor role, if any. Flocs are mainly formed by a
combination of two groups of processes: those bringing parti-
cles together and those keeping them together [19]. Chemical
clogging occurred in the filter column due to the deposition of
dissolved salts into the pores. Furthermore, there was an alter-
ation in the structure of the sand due to deflocculation [20].

3.6. Particle size analysis

The flow of wastewater through the filters for the 12-week
operational period caused a vertical redistribution of the fine
fraction (<0.050 mm), including the fine silt in the sand col-
umn. The fine fraction migrates by leaching from the upper
layers to the bottom layers of the filters (Table 8), due to the
intergranular macroporosity of the sand filter. The fine parti-
cles penetrated deep within the filter; thus, the leaching of fine
particles caused clogging of the column filters in the lower
portion. This can be observed in the operating model of the
dune sand filter (Fig. 6). After the operation period, a particle
size analysis was performed for each layer using the AFNOR
standards. The results are shown in Table 8 and Fig. 11.

The purpose of the particle size analysis was to character-
ize the size of the mineral elements of the sand and to quan-
tify the particle weight distribution.

EC(ms/cm)
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X
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Fig. 10. The variation of the EC in the sands already used as a
function of the depth of the layers.

Table 8

Fine silt (%) after operation
Layer T B H N
1 0.073 0.114 0.063 0.073
2 0.062 0.126 0.085 0.140
3 0.090 0.128 0.096 0.204
4 0.094 0.156 0.106 0.183
5 0.114 0.181 0.107 0.209
6 0.163 0.176 0.128 0.261
7 0.201 0.203 0.131 0.229
8 0.195 0.191 0.131 0.230
9 0.256 0.236 0.135 0.261
10 0.273 0.292 0.151 0.266

Fig. 11 shows the distribution of fine silt in correlation
to the depth of each layer. The percentage of fine particles
increased with depth; this is consistent with observations
from previous studies. The finer particles tend to penetrate
deeper into the sand bed as the wastewater carries fine mate-
rials grains into the depths of the filter [21].

4. Reusability

The quantity of organic matter was higher (between
1.87% and 2.12%) within the surface layer (layer 1). The
sand in layer 1 was sealed and cemented by the organic
matter; thus, it is unfavorable to reuse as filter media.
However, sewage sludge and biosolids can be used as a
supplement to fertilizers to reduce costs [22] and can be
even used for producing methane gas as an energy source
from the sludge [23]. The organic matter content for the
other layers (from 0.15% to 0.74%), where the sands were
poor in organic matter [2], appears to be acceptable for
reuse as filter media.

After operation, the limestone contents for columns H
and N were negligible (0%—-0.47%) and were between 1.06%
and 4.56% for columns T and B, showing that all the columns
were acceptable for reuse as filter media, to improve the fil-
tration process After the operation period, this work suggests
removing and changes the first layer.

5. Conclusions

Wastewater flow and biological activity were the major
factors involved in the modification of the characteristics of
dune sand filters. In the surface layer, the organic matter con-
tent was between 1.87% and 2.12%, which can be explained
by an accumulation of organic matter due to the flow of
wastewater. In the other layers (depths of 60-600 mm), the
organic matter content was between 0.15% and 0.74% and.
After operation, the limestone content for columns H and N
was negligible at 0.47%-0%, but was slightly higher for col-
umns T and B, at 1.06%—4.56 %, respectively.

Fine particles and limestone were transported and
deposited within the columns. For each column, the pH
increased with depth (from 7.72 to 8.10 for T, from 7.65 to
8.64 for B, from 7.26 to 8.23 for H, and from 6.70 to 8.75 for
N). The electric conductivity as a function of depth indi-
cates that the salts were washed downward by the flow of
the wastewater.

fine elements %
0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.35C

60 oT B H XN

120

180

depthe (mm)
B W ow N
5 8 8 &
[ ]
X

IS
%
S

oxX

«
B
S

X®
600

Fig. 11. The distribution of the fine particles in the sand columns.
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