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In recent years water treatment methods under pressurized systems have been considered as
the optimum high-rate filtration techniques. Unpressurized-slow sand filtration can be the
cheapest and most efficient method, among others. This research aims to test the
performance of a reliable seawater filtration system, using three different iterations. The
filters have been designed considering many types of filtration layers such as sand, gravel,
palm chlorophyll and other layers. The results of routine tests showed that the seawater pH,
and TSS, and conductivity in the Gulf of Oman are relatively high. The pH values were
decreased from 9.4 to 8.4 (filter 1), 9.0 (filter 2), and 8.7 (filter 3). Filter three has a reduced
value of conductivity from 13.06 to 12.81 Ms/cm while a slight increase in filters 1 and 2.
The TSS values were significantly reduced from 12.42 mg/L to 1.682 mg/L (filter 1), 2.478
mg/L (filter 2), and 1.200 mg/L (filter 3). This reflects the efficiency for each filter for this
parameter is 86.5% for filter 1, 80% for filter 2, while 90.3% for filter three. Water velocity
through each layer was monitored using Darcy law where the water of filter three has the
longest residence time and slowest flow per time. The fastest flow was in filter one with an
average of 0.5 L/minutes, filter two has an average flow of 0.088 L/minutes, while filter 3
has a flow rate of 0.026 L/minutes. The third filter has provided the best performance
according to the results. Statistical analysis was conducted to understand the correlation
between different parameters. As per Pearson correlation, there is a significant correlation
between pH and conductivity values for 19 samples (0.989), while the correlation with TSS
is relatively weak (0.364).

1. Introduction

mainly physical process such as sedimentation and adsorption
starting by removing fine particles to some organic matters.

Oman lies in an arid climatic strip where the fresh water is
limited [1]. Most of desalination processes in the country based
on pressurized systems which require huge amount of energy and
cost. Many kinds of particles can be found in seawater such as
organic materials, suspended and dissolved solid coupled with
high turbulence. Slow sand filtration is a method used for
hundreds of years to produce better quality water [2]. In general
term, water purification is a process of removing pollutants from
water mainly to produce water for human use while the process
can also be extended for various other purposes including
agricultural and industrial needs especially in regions where water
resources are limited. Depending on the sources of raw water,
particle removal can be accomplished through physical, chemical,
and biological processes [2]. However, slow sand filtration used
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Because of the slow flow rates within the filtration media, the raw
water sits above the sand for several hours before passing through
[3]. Slow sand techniques are considered to be an proper for small
scale systems such as farms and houses since the operating
procedure and maintenance are simple [4]. As slow sand filters
are simple, efficient, and economic, they are appropriate methods
of water treatment in developing countries [5]. The purification
efficiency of water in slow filters is high where the rate of removal
turbidity may reach 100%, bacteria removal ranges between 8§9%
and 99% [6] while the removal of color of 20-30% and 60% iron
compounds [7].

Biological process is essential in the slow sand filtration
operation, which is based on fine sand particles ranging from 0.15
to 0.35 mm [8], a bed thickness of 0.8 to 0.9 meters [9]. In [10],
the authors summarized the advantages of using slow-sand filters
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in two major points: first, acceptable levels of treated water
quality, and second, low cost and easy of construction. While the
disadvantages of slow-sand filters were cited by [11]:

e Not efficient in filtering viruses

e No protection against chemicals, especially chlorine which
may lead to recontamination

e Routine cleaning can damage the bio-layer and reduce
efficiency

e Not easy to move the unit into another place due to the
weight and initial cost of installation.

In addition, slow sand filtration treatment unit will occupy a
large area of land and require more control tests on a regular basis,
which means more labor is required during cleaning process. In
some tropical climates, there is a risk algae grows which will
proliferate in slow sand filters causing filter blocking, change
water taste and odor [12]. Sand filters may consist different layers
and depths of sand, gravel, and activated carbon. In fact, there are
different hypotheses on the depth of each filter layer based on the
efficiency and amount of water required. In some cases, the depth
of the sand layer can reach 2.5 m, while in compressed units or
compressed filters; the depth of sand layer is not more than 1.2 m
and not less than 80cm for required efficiency [13].

In [14], the authors tested new granular materials for dual-
media bed filtration of seawater and to assess the quality of the
filtrate regarding criteria for feeding reverse osmosis desalination
installations. Two different filter columns, one with the new
materials namely clay and Mono Multi filter, and another filter
with anthracite coal 1.2—2.5 mm on upper part of a sand layer 0.8—
1.25 mm. However, both filters had similar performance in
removing particulates and producing filtrates of acceptable
quality. In fact, the authors studied the impact of relatively high
or low temperature gradients simulating summer and winter
conditions. A formation of larger aggregates occurred in the
column where the temperature is higher, thus reducing the flow
rate and hydrostatic head. While the impact of the materials
physical properties played a key role, the authors concluded that
the higher temperature (summer) campaigns performed better.

In [15], the authors investigated the nature of the biological
accumulation in filters during the filtration process of North
seawater. The biological accumulation of two different types of
filters (coarse, 80 um and fine 5 pm) was investigated over a 24-
months duration. They assessed the seasonality effect, particularly;
temperature during cold and hot seasons on the accumulation of
both organic and inorganic materials showed that the filter life in
hot seasons is shorter due to higher biological activities. The
research of [16] was conducted to assess the viability of slow sand
filter using dolochar to filter waste water from an industrial source.
Efficiency of slow sand filters was assessed using two laboratory
conditions. A dual media filter showed higher removal ability,
particularly, average chemical oxygen demand removal of up to
80.96% compared to 64.68% of a single sand media filter, and
turbidity removal of 91.13% compared to 82.27% of a single sand
filter. In addition, the total suspended solids (TSS) removal
efficiencies of sand and dolochar media filter 89.08%, while in
the single sand media filter removal efficiency was 82.48%. The
authors concluded that the dual media filter which includes a
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biofilm layer has better performance in comparison with a single
sand media. The performance of slow sand filters in removing
bacteria was carried by [17]. They study the physical properties
of the layers mainly the grain size distribution and grain shape
intermittently. Bacteria removal was conducted using two
different filter media namely Rhine sand-spherical shape and
Lava sand-angular shape with three different particle size
distributions. A better achievement was observed by the filter unit
which included lava sand layer. This result reflects the effect of
smaller grain size and an angular shape of sand grain lead which
lead to an increase in bacteria removal.

The research carried by [18] demonstrated the ability of slow
sand filtration as tertiary treatment operating with municipal
wastewaters. At a laboratory scale the filtration process was
capable to remove at least 90% of suspended solids, over 65 % of
BOD, and more than 95 % of the bacteria. As per the study
physical properties of the layers plays a major role in removing
contaminates. In addition, a laboratory study was carried out by
[19] to assess the efficiency of slow sand filtration. The results
showed that slow sand filtration with 0.43 mm particle sand size
is highly effective at a filtration rate of 0.14 meter/hour. It
removes around 91 % of turbidity, 89 % of suspended solids (SS),
77% of chemical oxygen demand (COD) and 85% of bio-
chemical oxygen demand (BOD). Although that the authors have
mad many layer iterations, they determined the optimum flow for
each iteration. In [20], the authors were not fully satisfied of his
results as the filtered water did meet the standard of drinking
water. However, it is recommended to fill the filters with finer
sand particles (0.2 to 0.45 mm), and the sand layer should not be
less than 40 cm in order to see better results.

In terms of modeling approach, [21] proposed the first
mathematical model in 1935 based on laboratory experiments.
The filtration columns contained algae and white clay. The
filtration coefficient was basically based on deposited material
accumulates. In [22], the authors studied several pretreatment
techniques applied for seawater reverse osmosis desalination
process. They measure the silt density index (SDI) of the
produced water in addition to other important parameters such as
filtrate flux, trans membrane pressure, total suspended solids,
colloidal silica, total organic carbon, etc. According to the quality
produced sample by the conventional media-filtration technique
the SDI varied from 2.8 to 3.6 which reflect a slight consistency
as SDI should be less than 3.0.

In [23], the authors reviewed the early consideration history
of slow sand filtration and presented a column designing method
with a theoretical aspect. They discussed the advantages and
disadvantages of slow filtration especially the simplicity of
operation and the ability of the process to remove microorganisms
from water. They tried to find out the techniques suit the pre-
treatment water and the applicability in developing countries.

The size and uniformity coefficient of sand particles stay the
major concerns for many researchers as explained before. Based
on previous research findings, the most effective size for sand
filtration is between 0.35 mm and 0.15 mm, while the best
performance can be if the uniformity coefficient is less than 2 [24].
In [25], the authors have designed a Bio-Sand slow filter to treat
water coming from wells, spring, river, and rainwater. Their filter
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does not have any replaceable parts and can remove up to 90% of
bacteria, 100% parasites, 50 to 90% of organic and inorganic
toxins, 95 to 99% of zinc copper and lead and 47% of arsenic.

The climate class plays an important role in designing
filtration unit. The unit can be built as an open system or as a
closed box depending on surrounding conditions. For instance,
cold humid climate requires a closed box because low temperature
reduces process performance [10], while the arid climate requires
an open system. In general application, a slow sand filtration
consists a box often made of concrete placed a bed of sand on
layer of gravel and ended by a pipes system to collect treated
water. Recently, plastic boxes have been used as filter containers
[26].

The major objectives of this research are to produce water for
the specific purpose of agriculture consumption and encourage
the use of -low cost-slow sand filtration technique in order to
improve clean water availability for Al-Batinah region. The
purpose of this research is to evaluate the filtration process under
several media and layer properties.

2. Methods and setting experiment

Seawater in the world's oceans has a salinity average of about
3.5% (35 g/L, 599 mM) [27]. In general, seawater pH ranges
between 7.5 and 8.4 [27, 28]. Seawater salinity is not uniformly
distributed throughout the world, whereas, the majority of
seawater has a salinity of between 31 g/kg and 38 g/kg [29]. The
most dominant dissolved ions in seawater are sodium, chloride,
magnesium, sulphate, and calcium [30]. The compositions of the
total salt component are: Cl~ 55%, Na* 30.6%, S0;27.7%, Mg?*
3.7%, Ca?>" 1.2%, K* 1.1%, other 0.7% [31]. However, small
amounts of other substances are found.

2.1. Seawater sampling

In November 2017, 19 grab samples of seawater from Sohar
area, Gulf of Oman were collected at Sm to 20 m interval. Usually,
the temperature in November is less than other months of the year;
therefore, the evaporation rate is relatively less. Consequently, the
sea water is slightly diluted.

The latitude and longitude were recorded in order to
interpolate the parameter values in further steps. Figure 1 shows
samples collection area in Sohar at Gulf Oman. However, an
investigation presented by the Middle East Desalination Research
Center (MEDRC) in Muscat, Sultanate of Oman indicated that
seawater quality in the Gulf of Oman has significantly greater
parameters values than other sites in the world [32] adding another
challenge to the current research.

Figure 1: Sewater sampling ara, Soar, Gulf of Oman
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2.2. Routine tests

Total suspended solids (TSS) test was conducted to
determine the level of inorganic and organic substance contained
in seawater before and after the filtration process. The lower level
of TSS indicates purer water. The method of measuring TSS is
based on evaporating sample of water and then weighting the
residues (Figure 2). Nevertheless, TSS remains an important
parameter to evaluate filtered water quality (examples [33-35]).

Figure 2: TSS test weighing procedure

In addition, pH and electric conductivity tests were conducted
to measure how filtration process has affected the water quality.
The conductive ions indicated the dissolved salts and inorganic
materials such as alkalis, chlorides, and carbonate compounds are
in higher concentration.

2.3. Design of Filters

There are different design dimensions of filter units ranging
from 20 cm to 4 m based on the purpose of the research [36-38].
Three acrylic column filters with different layers components
have been used. The height of each filter is 60 cm, while the width
is 30 by 30 cm (Figure 3).

Figure 3: Designed filters

Adding a limestone layer to the filter unit will improve its
efficiency in removing heavy metals, ammonium ions, and
phosphates [39,40]. Therefore, limestone was collected from a
near area called Wadi Hibi, west part of Sohar, and used as a layer
among many others (Figure 4). The stone samples were crushed
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using the Loss Angeles machine for 10 minutes to produce fine
particles. Each sample contains 2000 g of limestone. Sieve
analysis was used to assess particles size distribution. The size
distribution is often of critical importance to the way the material
performs in use. The limestone particles size was between 6.3 mm
and 425pm.

Many researchers have placed coarsest gravel at the bottom
while the a finest gravel and sand layers placed above [41,42] sand
and gravel layers were collected, washed using distilled water,
and particles size has been recorded which was between 9.5 mm
and 425um (Figure 5).

B
BSS

Figure 5: Samples of gravel and sand layers

Furthermore, chlorophyll was extracted from the palm leaves
(Phoenix dactylifera) a common tree in Oman. Palm leaves are
having significant concentration of chlorophyll a and b [43].
Chlorophyll is known as the green substance responsible for the
photosynthesis process. The photosynthesis process is strongly
interconnected with pH values. The target from this step is to
reduce the high values of seawater pH values by adding a layer of
chlorophyll to produce glucose and oxygen from water and carbon
dioxide. Rubber particles and activated carbon were used as
separate two layers in the filtration process. In fact, those two
layers have been used for several purification purposes: chemical,
physical, and biological treatment [44,45]. Figure 6 shows the
recycled rubber provided from Rubber-NEKTEL Company in
Sohar Industrial Zone. This implementation might give an
environmental concern.
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Figure 6: Rubber particles

The pH is a major parameter of water quality evaluation.
Most of cited research papers have conducted pH test before and
after filtration processes. Additional pH test was made to evaluate
how seawater is influenced by each material separately (Figure 7)
under continuous mixing process for 24 hours.

Figure 7: individual pH test of each material

However, several iterations including present or absent of the
materials, order of the layers, and thickness were evaluated. First
filter contains 7 different layers, second filter contains 9 different
layers, and third filter contains 12 different layers with different
thickness. Tables 1 to 3 show details filter profiles according to
their order, thickness, and types of material. The arrangement of
layers are from up to down. The Freeboard is around 25 cm.
Figure 8 shows a filter sample and materials setup.

Table 1: First filter layers order, types of material, and thickness

Layers order Type of Thickness
material
1 Gravel 5cm
2 Cotton 4 cm
3 Fine sand 5cm
4 Cotton 2 cm
5 Carbon 5cm
6 Chlorophyll 2cm
7 Gravel 10 cm
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Table 2: Second filter layers order, types of material, and thickness

Layers order | Type of Material | Thickness
1 Gravel 6 cm
2 Fine Limestone 2 cm
3 Powder calcium 2 cm
4 Chlorophyll 3cm
5 Fine sand 6 cm
6 Shell 1 cm
7 Carbon 6 cm
8 Fine Limestone 2 cm
9 Gravel 8 cm

Table 3: Third filter layers order, types of material, and thickness

Layer Type of Material | Thickness
order
1 Gravel 9 cm
2 Textile 0.5
3 Fine calcium 3.5cm
4 Textile 0.5
5 Rubber 5cm
6 Textile 0.5
7 Fine sand 3.5cm
8 Textile 0.5
9 Powder calcium 1.5cm
10 Algae 1
11 Carbon 8 cm
12 Gravel 7.5 cm

The flow within each layer was tested using Darcy equation
[46] which relates the head loss or pressure loss due to friction
along a given profile length. The equation is suitable for an
incompressible flow where water moves by gravity. The equation
according to Darcy as following [47]:

Q= —KA—

where:

dh is the change of head loss due to layer friction over the given
length of the profile
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dl is the change of layers length
A is the cross-sectional wetted area (m?).

K is Darcy friction factor for each material used, the
representative values were taken from [48].

To assess the relationships between different variables results
Pearson correlation was used based on the following formula:

L Ie-DE-)
J& =270 -y
The values of Pearson correlation are always between -1 and
1, and if x and y are not related the correlation is equal to zero.
The relationships between routine tests before and after were

evaluated. Filter unit results with significant correlation reflect a
weak purification process.

Figure 8: Filter sample and materials setup

3. Results and discussion

Due to a lower turbulation process, low rainfall rates, and
higher evaporation rates in comparison to other parts of the world;
the seawater in the Gulf of Oman has higher values of pH,
conductivity and, TSS. Water Samples collected from seas near
France, Korea, and Malaysia showed a significant lower value of
those parameters [49].

The average pH value for the collected seawater samples was
9.17, conductivity was 12.97 mS/cm, and the total suspended
solid (TSS) was 12.42 mg/L. Figures 9, 10, and 11 shows the
spatial location and distribution values of conductivity, pH, and
TSS respectively. All samples indicate that, seawater is a base
solution because the pH is higher than 7. Even the sample were
collected in a short distance interval (5 m), still one can recognize
the differences between the samples. Overall, it is conspicuous
that the pH values are higher in samples 12, 13, 14 and 15 which
were equal to 9.3 while the lowest value of the pH was in sample
number 1 (8.9). As mentioned by [50] a high pH value of seawater
is connected to a high concentration of minerals such as Boron,
Copper and Nickel.
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efficient method to remove complex matrix of seawater minerals
[49]. However, slow sand filtration has failed in reducing the

23111 | conductivity into an acceptable level.
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Figure 9: the location of the 19 seawater samples and conductivity values in
Ms/cm of the before filtration in the study area
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Figure 10: the pH values of the 19 seawater samples before filtration in the study
area

In general seawater is a good conductor because of the
presence of salts and impurities. Samples number 8 and 9 showed
the highest conductivity values namely 13.12 Ms/cm which
reflects a higher the concentration of solid minerals in those
samples. With no significant drop; sample number 14 has the
lowest conductivity value which was 12.85 Ms/cm. In this regards,
[51] recommended the use ceramic microfiltration membrane to
enhance sea water quality, while reverse osmosis unit remains the
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Figure 11: the TSS values in mg/L of the 19 seawater samples before filtration in
the study area

In addition, the TSS tests of untreated samples showed that
the values were between 0.2 mg/L and 50 mg/L for samples
number 12 and 3 respectively. The three filters have showed very
optimistic results in removing TSS, decreasing the value from
12.42 mg/L in average into less than 2.5 mg/L. Similarly, a
technique proposed by [14] to use granular materials for dual-
media filtration of seawater showed very matching results.

As per Pearson correlation, there is a significant correlation
between pH and conductivity values for 19 samples. However,
this was not the case for the correlation pH or conductivity values
with TSS values which indicates a weak relationship (Table 4).

Table 4: Pearson correlations for measured parameters

PH |Conductivity| TSS

pH Pearson Correlation 1 0.989|.077
N 19 19| 16
Conductivity|Pearson Correlation|0.989 1.364
N 19 19| 16

TSS Pearson Correlation|0.077 0364 1
N 16 16| 16

Typically, there are many alternatives to develop or add layer
materials in order to improve filtered water quality. At a
Nanoscale the pH test was conducted after individually mixing
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seawater samples with each layer materials for 24 hours with
seawater samples. This procedure helped to understand the level
that each layer materials impact pH values. The results show that
all materials reduced the pH from 9.17 to 8.9 (fine limestone), 8.4
(Mix of fine limestone and palms chlorophyll), and 7.8 (palms
chlorophyll). Due to the photosynthesis reactions the levels of pH
value has been reduced [52].

In a different approach, sieve analysis was conducted in this
research to determine the particles size distribution of the selected
filtration materials. It is an evident that sieve can be used to
separate both fine and coarse aggregate into different particles
size in order to select a proper K value for the flow using Darcy
law. Based on Darcy law and flow records, filter three has the
longest residence time and lower flow per time. However, the
water residence time and flow rate is different from one filter to
another because of material types and thickness. The fastest flow
was in filter one with an average of 0.5 L/minutes, filter two has
an average flow of 0.088L/minutes, while filter 3 has a flow rate
of 0.026 L/minutes. Therefore, the water residence time in filter
three is longest among all filters.

By introducing an average seawater sample into the three
filters, the results showed that for the value of pH in all filters has
been reduced. In more details, filter one has the lowest value of
pH which reflects the reaction made by palm leaves chlorophyll
and limestone in with oxygen worked to reduce the value of pH.
On the other hand, the results of TSS showed alternative value
and filter 3 has the lowest value in TSS.

The results of conductivity test for the first and second filters
have indicated a slight increase while filter three has a reduced
value of conductivity from 13.06 to 12.81 Ms/cm. In fact, filter
three has more layers than the other two, a thicker activated
carbon layer, and additional fine rubber layer. Unfortunately, the
iterations of layers in filters one and two were not able to reduce
the conductivity. Table 5 shows the comparison between routine
tests before and after the filtration process for the three filters.
There are two major reasons of having better results in filter three:

e Increasing the thickness and the number of limestone and
activated carbon layers, this will increase water residence
time which gives the chance to flow slower. However,
increased flow rates in filter one and two have an adverse
effect.

e Adding a rubber media has also brought decreased range of
conductivity in filter three thus proving to be an upcoming
new filter material.

However, the values of the three filters fall within the water
quality standard required for agricultural activities as per water
quality legalization report [53].

The methodology used for outlining seawater quality
combines the advantages of implementing new materials in the
filtration process with statistical reality. In fact, to support best
decision, multiple performance criteria indicated that filter three
can provide a better water quality as the reduction of pH, TSS,
and conductivity was significant. However, highly appreciated
designs require more iteration, deeper media layers, and more
time to apply. Its challenging to have a proper water quality due
to constrains of the experimental filter unit dimensions.
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Table 5: pH, TSS, Conductivity comparison (before and after filtration)

Before After filtration Water
o Quality
Filtration Legislatio
ns*
Filter | Filter | Filter
1 2 3
pH 94 8.4 9 8.7 | 6.5-84
TSS (mg/L) 12.42 1.68 2.478 1.2 | 1.2-10
2 00
Conductivity 13.06 13.3 13.21 12. | <1302
3 81
Ms/cm

*Oman Standard for unbottled Drinking Water [53].

Considering the current water scarcity in Oman, this paper is
an additional effort to meet the expectation of Oman strategic plan
and the vision of 2040. Cheap and easy techniques to produce and
use the current state-of-the-art filtration materials are highly
required.

4. Conclusion

This research has proposed a new method to improve water
filtration, particularly, seawater. Generally, slow sand filter have
a successful implantation in reducing pH, TSS, and conductivity
of seawater samples. The use of natural material such as palms
chlorophyll, and local limestone showed a great influence on
filtration process. In addition, the use of the rubber which
considered a major waste dilemma in developing countries is also
improving the results of filter three. Although it’s not the standard
of drinking water, all routine test values including pH, and TSS in
all filters have been decreased which can meet the agricultural
needs. While conductivity test for filtered seawater showed only
filter three has improved the quality in comparison to the other
two filters.

Through this research, it has been recommended to increase
the dimensions of filters to accommodate larger quantities of
water during filtration process. In addition, Increase the number
of layers used in each filter will give more accurate results.
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