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A study of feasibility for water purification using vertical porous
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ABSTRACT: There is a need to find cheaper and simpler techniques for rural water filtration system in developing
countries. Using a filter made of blocks for the water treatment enables one to make vertical filters. It is expected that
the amount of land utilized would decrease by more than 70 % if vertical filters were used. The operation and washing
would be simpler than using horizontal sand filters as filters made of blocks would be used instead. The feasibility
study focused on finding adequate materials, compositions and methods of making a block with enough resistance to
water pressure, sufficient porosity for water transformation, and using inexpensive, readily available materials. A pilot
study was used to determine an appropriate thickness. Testing the porous filter in another pilot study using the low
overflow rate of river water showed biological growth in that media and an adequate efficiency of about 90-100 % was
obtained for decreasing the coliform bacteria. Washing in this filter is possible. The amount of water necessary for
backwashing is 2.9 % of total amount of water, which is passed.
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INTRODUCTION

Filtration is a process for screening water and
sewage, which is widely used to eliminate sewage
particles from water. In this process, water flows
through filter materials, and particles accumulate on
the surface or pile up in the depth of the filter. Sand
with a diameter range of 0.1-10 mm is most frequently
used. Filtration is also the last phase in the treatment
to eliminate particles from the water. Most pollutants,
such as viruses and heavy metals may occur with
particles. Heavy metals accumulate in some fauna and
flora, sotheelimination of the particles improves the
quality of the water. (Karbassi, et al., 2006) Sand filters
were proved to be beneficial for the prevention of
water-borne diseases in 1892 (Baker, 1949). Using a
slow filter was the first modern technique for the
purification of surface water. It can eliminate up to
99.9 % of the water bacteria. It has also been used to
prevent gastrointestinal diseases for the last 150 years
Slow sand filtration has several limitations, the most
important being the need for a vast amount of land,
aswell asa great amount of filter materials. The overall

B *Corresponding Author Email: tgmehdi@yahoo.com
Tel.: +98 917 313 5359 Fax: +98 0711 830 1414

function of the horizontal flow roughing filter in
removing turbidity and TSS is acceptable. (Jafari, et
al., 2007), It is necessary to meet the above-mentioned
needs in order to conduct some research on a new
filter that has the same capability as the slow sand
filter. It is supposed that by using attached sand to
form a block; one can make a vertical form of the slow
filter bed, in order to use much less land. The matter
attaching the sands may be a type of porous concrete.
A porous concrete is a mixture of Portland cement,
water and fine aggregate that provides suitable
infiltration. Porous concrete, the so-called sponge
concrete, is widely used to cover pavements in order
to prevent the collection and adsorption of water
(Richard, et al., 1982). Some researchers have used
porous concrete as a contact media to culture
bacteria (Yasunary, etal., 2006; Branson, et al., 2003).
Wolfgang has reported that various living species,
such as microorganisms including protozoa stick to
the porous concrete and grow (Wolfgang, 1998). This
fact confirms the potentiality for growth in the
biological layer in these filters, as in the slow sand
filters. Hence, it seems that one may be able to utilize
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the greatest advantage of the dow filter, itsability to
eliminateinfectious bacteria. Thegoal of thisresearch
is to study the capability of porous concrete as a
vertical filter for water screening, in comparison with
thedowfilter.

MATERIALSAND METHODS
Manufacture of porous concrete

130 types of concrete blocks were manufactured
using various compounds of cement, water and sand
in different sizesasfollows:

e Variation inwater—cement ratio: theseratioswere
0.45, 0.5, 0.55, 0.6 and 0.65.

e Variation in aggregate cement ratio: the amount of
aggregatein different mixtureswas 150, 175, 200,
and 225kg/m?

e Using of various mixing conditions. A: ordinary
method, adegquate amounts of cement, water and
aggregate were mixed. B: suction method, agresat .
amount of water was added to the mixture, and
then the excesswater was collected by rapid suction.

e Increasing air entraining agents such asauminum
powder.

e Useof varioustypes of cement, such as: typel, high
alumina cement and polymeric cement.

e Variation in aggregate genes: ciliceand powdersof
porous mineral materials were used.

The porous concretes were in cylindrical shapes and

their diameter and height were 25cm and 2.5¢cm,

respectively.

Physical characteristics of the porous concretes

Thephysical characteristicsof the porous concretes
were investigated, in particular, their compressive
strength and permeability coefficient.

Investigation into adequate thickness

Theappropriate thicknesswas studied in aseparate
pilot study by constructing block samples with
dimensionsof 2.5x 31 x 31 cm®in which theblockswere
placed horizontally (Fig. 1). By examining the water
flow rate from the block, an acceptable thickness for
the selected block was established.

Pilot study on purification of water

A block with width and length of 98 cm and 130cm
shaped likeatrapezoid, with athickness of 5-12cmwas
devised and was used in the second pil ot study (Fig. 2).

Startup

At thestart up, theve ocity of the outflow from the
pilot wasfixed at about 0.25 m/h in order to establish
the growth of the biological mass on the filter. The
water elevation at the inlet was fixed at 110 cm. This
was done by setting a spillway at this height. The
outflow velocity was controlled by a valve. Thewater
rose as the velocity decreased. The difference in the
hei ght of the water between the two parts at each time
was the pressure head | oss caused by thefilter, which
was measured daily. Thetemperature at thesite of the
experiment varied in therange 43-49°C

Investigation into the treatment of the bacteria

Sincetherearenearly 300 coliform in 200 mL of raw
water, after the pretreatment phases, this amount
reached 85-140in 100 mL. Theseexperimentsweredone
daily using multi ple-tube techniques according to the
standard method. It was not be a suitable standard by
which to estimate the capability of thefilter toeiminate
the fecal coliforms because the number of fecal
coliforms declined drastically after passing the
pretreatment units, and sometimes reached zero. On
theother hand, the growth of the useful bacteriain the
filter would not permit a count of the total bacteriato
be the yardstick.

Investigation of the turbidity treatment

The pilot started to operate at the water treatment
plant at Karoon River. Thisriver flowsin south east of
Iran. Because of the high turbidity, the inflowing water
passed through a pressured, rapid sand filter and an
80cm layer with a grading like that of the slow sand
filter. Therefore, theinflowing turbidity at thefilter was
at most 15 NTU. Furthermore, theoutlet flow turbidity
wasexamined daily.

Washing period testing

Theinflow and outflow were controlled. When the
head | oss reached amaximum value, the effects of the
increased head loss made the outflow velocity
decrease, and along with this decline, the washing
phase began. Approaching the zero velocity was
prevented, since atotal jam in thefilter might makethe
washing process impossible.

Investigation into the washing method
The washing was carried out under pressure by a
pump and a pressure control faucet. Fig. 2 shows
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the schemati ¢ of the washing process. An appropriate
pressure for washing was obtained by trying
different pressures and studying the results.
Sufficient time for washing was calculated so that
theturbidity of the out flowing water would be equal
tothat of theinflowing water. The filter was washed
several times and restarted, but after two start-ups
thefunctioning of thefilter at higher velocities (0.35
m/h and 0.4 m/h) and turbidities (25 NTU) was
checked.

RESULTS
Physical characteristics

Table 1 shows the best physical characteristics that
wereobtai ned from theexamination of 130 typesof block
samples. Reaults show that the porous concrete made
from high aluminacement with characteritic of No. 5
has the best compressive strength and permeability
coefficient. Table 1 shows that the No. 5 is the best
mixture of aggregate. Its effective sze and uniformity
coefficient weredetermined as0.35 and 2.5, respectively.

Table 1: Physical characteristics of the best samples

. Permesbhility
; Typeof Wet. . Aggregate- ~ Compressive o
No  Diameters of aggregates (mm) Jcem Mixture manner raio  strength (MPa) (()r?ve:)laan
1 0.15-4.45 1 0.45 Ordinary 525 12 6.25
2 118445 Polyorton Ordinary 20 85 71
3 Minerd cartridge 1 0.45 Ordinary 525 13 71
11895
4 015-4.45 1 0.45 Suction method 525 10 6.5
5 0.15-4.45 Highdumni 045 Suction method 525 12 85
Fg. 1: First pilot, the blocks are placed horizontally
Filter
Barometer
Pumpl_.-,.
\ Y
i
Presure
controler

Fig 2: Second pilat, the blocks are placed verticaly

507



A study about feasibility of water purification using vertical porous...

Investigation into the adequate thickness

Fig. 3 shows the result of the investigation into an
adequatethicknessfor block No. 5. Astheresultsshow,
the velocity of the water passing through athickness
of 5-7.5 cmwill beoptimal. Increasing thethicknessto
more than 7.5 cm makes the velocity too low to
influence the water, and at smaller thicknesses, the
ability of thefilter totrap matter will bevery low. The
pilot investigation represents various thicknesses in
water headsfrom 0to 110 cm. Thefinal result of these
investigations shows that the trapezoidal filter with
top and bottom thicknessof 5and 12.5 cm, respectively,
isthe best alternative.

Pilot study for purification of water

In this experiment, the speed was set at about 0.25
m/h, equal to that of the water flow through the slow
sandfilter, in order toalow thebiological masstogrow.
The curve in Fig. 4 illustrates the changes in the
efficiency of the bacteria elimination relative to time.
The diagram shows that, the efficiency islow at the
outst. It gradually increaseslogarithmically. Fig. 4 also
comparesthe efficiency of theelimination in different
phases of operation. The pressure declines in the
second phase reaching its maximum for 67 days
between the two washes. After stabilizing the
biol ogical mass, the function of thefilter at the higher
vel ocities was examined. Fig. 4 shows the results at
0.35 m/h. Along with the velocity, the head loss
increases, and the number of days for productivity
decreased to four- days at thisvelocity. In subsequent
daysthisvelocity tended to 0.25-0.1 m/h. In the next
experiment, at the maximum head loss, velocity and the
outlet efficiency were studied. In this case, the maximum
flow rate was 0.43m/h which gradually decreased in
the subsequent days. Efficiency changes are seen in
Fig. 4. It al'so shows the function of thefilter when the
turbidity is 25 NTU. An apparent decline in the
efficiency is asign of the inadequacy of the filter at
high turbidities. At thisturbidity we have a rapid up
growth of head loss and a considerable declinein the
velocity at the outlet.

Washing method

The goal is to open the pores of the filter, which
have been jammed by the particles which have stuck.
The particles that cause turbidity would be trapped
deep inside the biological layer. To separate these
materials enough, force must be used to exert an
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influencein the depth of thefilter. Usually, thewashing
in rapid sand filters which should be cleaned by
backwashing, is practicable with a high pressure of
water for thefriction between the sands to achieve a
perfect cleaning. But 100 % cleaning of the porous
concretesisimpossble. Furthermore, itisnot desirable,
because the presence of bacteria is needed. The
washingin thisfilter ispossibleif thewater pressurein
the opposite direction is increased to be more than
that when operating normally. A pressure greater than
6.5m breaks the filter. Hence, a test to determine a
suitablewater pressure of 4 m on the oppositedirection
was done by a pump, a pressure regulating val ve, and
abarometer to measurethe flow and the outl et turbidity
at different timesuntil it reached 5NTU. Fig. 2 shows
the backwashing system. The washing was done by
the reserved water with a turbidity lessthan 1 NTU.
Theresults can beseenin Table 2. Asthefilter becomes
cleaner, thevelocity of thewater in backwashing system
increases. So, thefilter would be cleanin 130 min, under
4 m pressure of water. Tables4 and 5 show theresults
for 2m and 3m pressure. In the best design, theamount
of water necessary for backwashing in the rapid sand
filter is3% of thetotal of thefiltered water (Kawmura,
1999). The volume of water is 1.13 m® per 38.4 m® of
screened water, i.e. 2.9 %, of thetotal amount of water
which is passed.

Filtration mechanism

The porosity of thefilter wasfound to be 40 % and
the diameter of the pores was found to be about 0.1
mm, using a microscope with the source of light set
aboveit. Fig. 5showspart of thefilter in themicroscope
image. Evidently, this filter could not eliminate the
coliforms and particles that cause turbidity in
conformity with the straining mechanism. Thegtraining
mechanism is not an important issue when the ratio
(diameter of particles/dimensionsof media) isgreater
than 0.2 in the porous environment, whereas if the
average diameter is measured in microns, this ratio
would grow a hundredfold because of the diameter of
fine aggregate, which is 350 um. (Boller, 1980) and
(Herzig, 1970). Screening in the porous environment is
the predominant mechanism for the elimination of
particleswith an approximatediameter greater than 100
pm, whilesmaller particdesinthefilter arenot eiminated
(Thien, 1976), (Maroudasand Eisenklam, 1965). On the
other hand, particleswith diametersin therange 0.001-
10 um causetheturbidity (Roberts, 1975). Thebacteria
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Table 2: Results of backwashing under 4 m water pressure

Time (min.) 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Flow (m3/h) 03 033 037 043 046 0.5 053 058 0.59 062 064 068 072 0.75
Turbidity (NTU) 59 54 48 42 38 36 32 28 25 22 16 10 7 5

Table 3: Results of backwashing under 3 m water pressure

Table 4: Results of backwashing under 2 m water pressure

Time (min.) 0 10 20 30 40 50 60
Flow (m?/h) 015 015 017 018 02 022 022
Turbidity (NTU) 60 59 5 5 54 54 ™

Time (min.) 0 10 20 30 40 50 60
Flow(m?3/h) 02 02 02 02 02 022022
Turbidity(NTU) 58 57 54 53 50 45 43

Table 5: VSSin block after washing and after 17 days

Time of sampling V'SS (mg/L)
17 days after the first setup 8.23
Just after backwashing 6.28

also have dimensions in the range 0.2-8 um. Hence
another mechanism must be sought for their
elimination. In slow sand filters, the biological layer
plays the key role in the elimination of bacteria and
turbidity on the surface of the filter. At high speeds of
water flow through the filter, the biological mass has
no chance to grow in thefilter, and would be washed
out with the stream. To be assured of the biological
mass growth, a sample with dimensions of 10x 2020
mm was carved from the upper part of thefilter. It was
dried at 105°C and weighed. Thedifferencein itsweight
at 505 °C was then determined in order to measurethe
weight of organic materials. Thisdifferencein weight
was assumed to be related to V'SS, which pertains to
thebiological mass. Theexperiment was repeated after
thefilter washing. Theresultsaregivenin Table5. CTRN/
W isafiniteelement software that can beused to model
themovement of particlethrough porousmaterias. Figs.
6and 7 show theresult of passing particlefrom two same
horizontal and vertical positions. Asthese Figuresshow
invertical position the particledirection islonger than
horizontal one (bluelineshowsthe particle direction).
it can be areason for small thickness of thesefilters.

water flow rate (m/h)

N

DISCUSSION AND CONCLUSIONS

These studies show, that slow horizontal filtration
isfead blewith the blockswhich aremade of the porous
concrete, and thanks to the growth of the biological
mass are efficient at eliminating bacteria. Thereisa
restriction on the increasein the inlet turbidity asin
theslowfilter. Increasein the speed of filtration, cause
reduction of thetimeof exploitation. Cleaning thisfilter
is practicable, under 4 m water pressurefor 130 min.,
consuming only 2.9 % of the water that was used. The
land needed for thetwofilterswith vertical area 2.6 m?
and height of 130cmis0.8 m2 Infact 70% lesslandis
needed than was required for the slow filters.

Thankstothe averagethicknessof thisfilter (9 cm)
and the use of simplematerials, we have a 90 % saving
inthetotal material needed comparedtothed owfilters.
More economy is contributed by the price of cement
and sand in theregion. Back washing in thefilter reduces
the labor cods. Given the simplicity of the operation
and theinexpensive material, thisfilter isacceptablefor
water trestment in small communitiesor villages.
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