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Abstract:

tron and manganese represent a seripus problem in ground swater, therefore this research study two
alternatives for water {reatment contains these metals through two pilot plants constructed within a
groundwater plant in Walga village, Mnia El Kamh Markaz, Shargia governorate, Egypt. The main
objective of this research is to compare the two alternative systems for iron and manganese removal, the
first method mainly depends on biolegical treatment of slow sand filiration (S8F) with pre-aeration
(multiple trays), while, the other method is conventional system (pressure filters) with pre-zeration
(aeration tank) and using the additional chemicals. Filtration rates used for slow sand filters ranged
from 3 to 6 m/d and Fc influent concentration ranged from 0.6 to 1.3 mg/l and Mn influent
concentration ranged from 2 tod.4 mg/l. Total Fe and Mn removal cfficiencies obtained by slow sand
filtration system, which functions under natural conditions and without using any chemical agents, are
in the range between 97% te 99 % and the effluent concentrations of Mn and Fe for all the runs were
less than the Egyptian allowable limits. The conventional system used acration with influent iron and
manganese concentrations of 1.3 and 4.4 mg/l respectively, potassium permanguanate doses were in the
ranges of 2 to 6 mg/l and the rate of filtration was 150 m’/in’/day. The removal of manganese increased
by increasing KMnQ, dose but iron removal efficiency was the same for all runs. The effluent
concentration of Mn was higher that the allowable Jimnits for all the runs of the conventional system. The
aeration step has an important effect ¢n removal efficiency of iron and manganese by slow sand flter
and conventional system. Finally, it concluded that the use of slow sand filtration (SSF) plants in Egypt
is better than using conventional plan{s due to the simplicity of operation and maintenance and without
using chemicals, further more the high cfficiency of iron and manganese removal with acceptable limits
for potable water.
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1. Introduction

Surface water generally does not contain
large amounts of iron or manganese Iron
and manganese are found frequently in
water systems that obtain their water from
wells and springs. Iron bacteria will use
even smail amounts of iron present in the
ferrous state, oxidize it, and then use the
energy. The manganous ion is used in a
similar fashion by other bacteria to form
organics, which contribute to the iron
bacteria slime in the well and/or water
system [1].

In groundwater iron and manganese are
found particularly in wells that draw their
waters from underground formations
comprised of shale, sandstone, and alluvial
deposits. In the reducing environment
often found in a deep well supply, that is,
one which is devoid of oxygen and which
possesses a low pH, the iron and
manganese will exist in their divalent
soluble forms [2]. The ground water is one
of the most important media for the
environmental cycling of manganese since
it receives manganese emitied from
various natural and anthropogenic sources.
It has been estimated that total emissions
of manganese in the world to the water
environment, from all sources, are in the
range of 0-5 mg/L [3]. Although normally
found in their divalent form, iron and
manganese may also exist in other forms,
thereby complicating the selection of
methods for their removal. Complexes of
either an organic or mineral nature may
occur with both elements. Organic
complexes consist of the element
sequestered with an organic molecule such
as humie, fulvic or tannic acids [4].

Fe and Mn removal by biological
processes are based on different stages of
biofiltration where beds are colonized by
Fe, Mn oxidizing bacteria. [n nature, iron
oxidizing bacieria (JOB) and manganese
oxidizing bacteria (MnOB) are wide-
spread. They are prevalent in groundwater,
swamps, ponds, in the hypolimnion of

lakes, in sediments, soils, wells and water-
distribution systems. In the latter they can
cause significant clogging problems. These
bacteria which are present in raw water
can multiply in slow sand filters under
appropriate conditions and are able to
oxidize divalent ions Fe(Il), Mn(Il) and
precipitate them under their oxided forms
Fe(IlT) and Mn(IV) [S]. It was found that
biologically mediated manganese and iron
removal were found to follow a first-order
reaction rate, presenting haif-life of 3.98
and 0.9 min, respectively. The fast rates of
reaction rendered the treatment method
quite  economic and  environmental
friendly, because additional use of
chemical reagents is not required [6, 7).

Because of differences in optimum condit-
ions for the biological removal of Fe and
Mn, when rapid filters are used, it is not
possible to carry out removal of Fe and
Mn simultaneously in one step, except
when very low velocities are used. In
several regions of northern Europe, slow
sand filter processes including one or two
pre-treatment steps are also applied [8, 9,
10].In this study [11] removal of Mn from
ground waters, by means of potassium
permanganate  oxidation followed by
flocculation, settling and filtration was
investigated. Removal of Mn below the
current MCL (0.05 mg/L) was a burden-
some task due to the extremely high raw
water Mn concentration (up to 1.81 mg/L).

Specifically, longer (30 min) than
expected {5-10 min) contact times were
necessary to complete Mn oxidation,
stressing  the need of a reaction
(flocculation) tank rather than the widely
used in-line filtration for the removal of
Mn. Satisfactory removal (above 95%)
was obtained at pH 8.5 with a potassium
permanganate dose of 1.74 mg/L followed
membrane filtration. Based on the actual
Mn concentration in the raw water, this
permanganate dose was slightly above the
0.5 stoichiometric doses. Oxidized iron
precipitated from solution is removed by
the pressure filter. Either sufficient iron-
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free backwash water must be provided
from the system, or non aerated water
must be fed to the filter for backwash and
rewash. Effluent of the pressure filter is
delivered to service. Generally, some
storage facility elevated or hydrop-
neumatic 1s incorporated. The disad-
vantage of this method that air oxidation is
usually slower than chemical oxidation,
and aeration is typically is not efficient at
removing Mn as it for iron [12].

The main objective of this study is to make
a comparison between two different
systems for the removal of iron and
manganese; therefore two pilot plants were
constructed to obtain performance data of
each system according to the results
obtained from each plant and evaluate the
operating and maintenance requirements
for the two systems.

2. Materials and methods:
2.1 Location of Study Site:

Many sites were investigated in Dakhlia,

Mnofia and Sharqia governorates to
choose the site which could be suitable for
the study. However, Walga (plant in
Walga village, Mnia El Kamh Markaz,
Shargia governorate) groundwater plant
was finally chosen because the natural
groundwater containing high amounts of
iron (1.3 mg/l) and manganese (4.4 mg/l)
in addition to the existing of land area
enough for the censtruction of the two
pilot plants to be compared in the same
conditions, and also according to the
facilities given by Shargia drinking water
and sanitation company.

2.2 Raw water Characteristics

In the beginning the physical and chemical
characteristics of the influent water (the
raw water quality characteristics) were
measured as shown in Table ! to study the
effect of its effect on removal of iron and
manganese.

Table 1 Raw water quality

characteristics
Limit
Parameter Raw water [ acc. in
Egypt
pH 7.3 6.5-8.5
DO (mg/L) 2.4 s 4
Temperature
) > ]
Fe (mg/L) 1.3 0.3
Mn (mg/L) 4.4 0.4
TDS (mg/L) 925 1000
Ca (mg/L) (as
CaCE);)g/ ) 144 350
Mg (mg/L) (as
CagCEb)g ) 91 150
SO4 (mg/L) 168 250
Cl (mg/L) 90 250 |

2.3 Description the two Pilot plants:

Fig.1 shows a general layout of the two
pilot plants {ocated at Walga plant used in
the study. The first pilot plant [No.]]
mainly depended on biofiltration of slow
sand fillers that using the environmental
effects of the biological role of micro-
organisms for iron and manganese
removal. However, the natural aeration by
multiple tray aerators unit was constructed
before slow sand filters to increase
dissolved oxygen and pH concentration
which could assist iron and manganese
bacteria to be developed. The second pilot
plant No.2 relied on the oxidation of iron
and manganese by chemical additions such
as potassium permanganate (KMnOQOy)
which injected in an aeration tank.
Compressed air was injected into the
aeration tank by air compressor unit.



C. 90 Kamal Radwan

LEGENDS
r——

No.ff DISCRIBTION
- e .
(1) | Groundwater Well | Existed)
] Raw Water Purnp below
Q‘. II-_'lc'Uatcd Tank | Exstid)

L@ [PigtPlam o 2y

Transformer
=

ecunl
L rourn M

— 20.60

19.35

2.3.1 Description of Pilot Plant
No.l (Slow sand filtration)

As shown in Photo 1 and Fig. 2 the pilot
plant No.1 consist of the following main
parts:

t-Influent raw water: The two pilot plants
utilize raw water from elevated tank with
60 m3 capacity and {8 meter height that
served the village. The raw water is
pumped from well to the tank by two
pumps that are operated alternatively and
located at pump room below elevated tank.
2-Multiple tray aeration unit: A multiple-
tray aeration unit consisted of 4 {rays
galvanized steel sheets (3 mm thickness)
with respectively 40, 50, 60, and 70 cm
diameter from top to bottom and with
perforated bottoms which contained 600
holes/m? and 1 mm diameter of each hole.

3-Two slow sand filters: The two slow
sand filters were constructed together as a
nond with elliptical shape as shown in
ohoto 1. The total depth of pond was 3 m

while the length and the width were 7.25°

and 5 m respectively at mid depth. The

Fig. 1 General layout of the two pilot plants

pond has a side slope of 45° on the
horizontal; the surface area for each filter
at mid depth was approximately 14 m’.
The bed thickness of sand layer was
chosen 100 c¢cm in the two filters with size
varied from 0.15 to0 0.30 mm.

4-Two outlets chambers: The outlet
chambers installed within soil after slow
sand filter units for clear water effluent.

5- Piezometers chamber.

6-Return effluent tank: A 1 m’® fiberglass
tank was installed to dilute the concen-
tration of iron and manganese in influent
water in order to use another concen-
trations that can serve the study.

2.3.2 Description of Pilot Plant No.2
(Conventional System)

As shown in Photo 2 and Fig. 3 the pilot
plant No.2 consist of the following main
parts:

1-Influent raw water: The two pilot plants
utilize raw water from elevated tank with
60 m3 capacity and !8 meter height that
served the village. The raw water is
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pumped from well to the tank by two
pumps that are operated alternatively and
located at pump room below elevated tank.
2-Aeration tank: The aeration tank was
made of steel with circular cross section
(0.50 m diameter), the total depth of tank
was 1.60 m

3-Air Compressor: A 1.5 Hp air compr-
essor motor model (Fiac FX95) was used
for feeding aeration tank with air.
4-Chemical feeding tank: A 200 liters
fiberglass tank was used as chemical tank

for preparing potassium permanganate
solution with the required concentration.
5-Pressure filter: The pressure filter was
made of steel with circular cross section
with an internal diameter of 1.10 m, 0.95
m” area at surface of media layer. The total
depth of the tank was 1.40 m. The filter
medium was sand bed layer capped with
anthracite coal layer to avoid taste and
odor problems.

Photo 2 Conventional system pilot plant No. 2
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2.3 Analytical methods

In order to investigate the performance of
the slow sand filter and conventional
system during its operation, analyzing
different parameters was carried out in this
study.

2.3.1 Instruments

A microprocessor-based photometer madel
(Hanna Hi 83200) that measwe 36
parameters in water and wastewater was
used at the site of pilot plants. In this
study photometer measured 6 parameters
in groundwater placed in the foliowing
table (2).

Table (2) The measured parameters

Parameter measured
Range
Iron High Range 0-5 mg/|
[ron Low Range 0400 pg/t
Manganese High Range 0-20 mg/I
Manganese Low Range 0-300 pg/l
DO 0-10 mg/l
pH 6.5-8.5 mg/l |

2.3.2 Head Loss Measurements

For slow sand filters the total head loss on
a filter was the difference in height levels
at piezometers chamber between piezo-
meter of water above surface sand layer
and piezometer of water at the bottom of
filter (outlet). For pressure filter the total
head loss on a filter was the difference in
head pressure between the inlet and the
outlet that measured by manometers,

2.3.3 Flow Measurement

For the two pilot plants the influent flow
was controlled by the inlet valves, Influent
and Effluent flows were manually
measured. For slow sand filtration plant
the discharge was set according to the

required rate of filtration and the water
returned 1o the effluent tank, while
constant flow was carried out for pilot
plant No.2 that operated with maximum
discharge (rate of filtration 150 m*’m%day).

2.3.4 Samples

For slow sand filter pilot plant No.1, four
samples were taken once a day from the
following places: Raw water before
multiple tray aerator, aerated water after
aeration unit and the effluent of each filter.

For conventicnal pilot plant No.2 two
samples were taken once every four hours
from the following places: Raw water
before aeration unit, aerated water after

aeration unit and the effluent of filter.

For slow sand filtration pilot plant, there
was five runs (A-1 to A-5) were carried
out to evaluate its removal efficiency at
different operation conditions such as;
filtration rate, using aeration before SSF or
not, and the influent iron and manganese
concentrations.

Six runs were carried out for pilot plant
No. 2 that using potassium permanganate
with aeration followed by pressure filter.
The following parameters were analyzed;
Fe, Mn, pH, DO, and temperature in terms
of different dosages of KMnOs.

3. Results and Discussions

3.1 Slow Sand Filtration Plant No. }

3.1.1 Effect of filtration Rate on
Removal Efficiency

From runs that were implemented in the
slow sand filter pilot plant, three different
filtration rate were carried out to study the
effect of filtration rate on iron and
manganese removal efficiency and predict
the relationship between filtration rate and
run length. JFor these reasons, {wo
comparjsons in the same operation
conditions can be formed for each run.

The first comparison between run A-1 and
A-2, with filtration rates of 3 m/d and 4.4
m/d respectively, the operation conditions
for both runs were as follows:
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-Aeration followed by filtration.

-Influent iron and manganese concen-
trations were 1.3 and 4.4 mg/] respectively.

The second comparison between run A-4
and A-5, with filtration rates of 3 m/d and
6 m/d respectively, the operation condi-
tions for both runs were as follows:

-Aeration followed by filtration.

- Influent iron and manganese concen-
trations were 0.6 and 2 mg/! respectively.

The main difference between the above
two comparisons is iron and manganese
influent concentrations.

Results show that the filtration rate has a
little effect on the iron removal efficiency
as shown in fig (4). It was observed that
the removal efficiency of Fe at run A-1
with filtration rate 3 m/d (99%) is slightly
better than Fe removal efficiency at run A-
2 with filtration rate 4.4 m/d (98%).

Fig. (5) shows that the filtration rate has a
little effect on manganese removal

efficiency, Mn removal efficiency at run
A-1 wilh filtration rate 3 m/d (98%) is
slightly better than Mn removai efficiency
at run A-2 for filtration rate 4.4 m/d
(97.4%).

Fig. (6) shows that Fe removal efficiency
at run A-4 with filtration rate 3 m/d (98%)
is better than Fe removal efficiency at run
A-5 with filtration rate 6 m/d (36%), also
run tength of run A-4 (18] days) is longer
than run A-5 (19 days).

Fig. (7) shows that Mn removal efficiency
at run A-4 with filtration rate 3 m/d
(98.5%) is better than Mn removal
efficiency at run A-S with filtration rate 6
m/d {97%).

So, as expected the filtration rate affect
slow sand filter performance in general
even though the different of influent
concentrations. The relationship between
removal efficiency and filtration rate is
proportional while it is inversely with run
length.

Operation Conditions: ——Filltralion Rale 3 mid
Aeration + Fillration ' ——d— Filtmtion Rate 4.4 msd
m——
Influent Fe Conc. 1.3 mg/l
=
5
g
Time {days)
e — |

Fig. (4) Effect of filtration rate on Fe removal efficiency (Runs A-1 &A- 2)
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3.1.2 Effect of Aeration on Removal
Efficiency

To study the effect of aeration unit before
slow sand fiitration stage on Fe and Mn
removal efficiency, two runs were carried
out in the same time. These runs were A-2
and A-3, and as illustrated before multiple
tray aeration unit was bypassed at run A-3
while all remaining operation conditions
for both runs were alike as follows:

Filtration rate was 4.4 m?m’day and
influent iron and manganese concent-
rations were 1.3 and 4.4 mg/] respectively.
Fig. (8) shows that Fe curve for run A3
(without aeration) is unsteady compared
with run A-2 that used acration. Also
removal efficiency of iron for run A-2

(98%) is better than removal efficiency for
run A-3(97%).

Fig. (9) shows that the Mn removal
efficiency at run A-2 (97.4%) is much
better than that of run A-3(79%). This is
appear clearly at Mn curve, we notice that
the curve for run A-3 (without aeration) is
unstcady and its start up period is long
compared by run A2 that used aeration.

The above results indicated that the
aeration step has an important effect on
treatment performance and especially on
Mn removal efficiency. The relationship
beiween aeration efficiency and Fe and Mn
removal efficiencies is  proportional.

e

Qperation Conduions:
Filtration Rate 4 4 »/d
Influent Fe Cone 1.3 my/d

Efficiency {%)

| —&—— using Aeralion r

~—t—— without Acration

Time {days)

22 29

R

Fig. (8) Effect of aeration step on Fe removal efficiency (Runs A-2 &A-3)

r Operation Conditions:

Efficiency (%)
3 3

aQ
=]
—_—

—

Filiratian Rate 4.4 mid
Influent Min Cone, 4.4 myd

——— using Acration
—— withvul Avration

[+
Q

-
1]

Fig. (9) Effect of aeration step on Mn removal cfficiency (Runs A-2 & A-3)
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3.1.3 Effect of Influent Concentrations
on Removal Efficiency

To study the effect of influent
concentration of Fe and Mn on its removal
efficiencies, two runs were carried out
with the same filtration rate (3 m3/m2!day)
and by wusing aeration stage before
filtration. The operation conditions for
runs A-1 and A-4 were as followed:

For run A-l: Influent Fe and Mn
concentrations were 1.3 mg/l and 4.4 mg/l
respectively.

For run A-4: Influent Fe and Mn
concentrations were 0.6 mg/l and 2.0 mg/l
respectively.

—3—— Influent Fe cone. 1.3 g/l “

———— Influent Fe conc. 0.6 mg/l

Fig. (10) shows that influent concentration
of iron hasn't clear effect on removal
efficiency while it has clear effect on
length of run where run length of run A-]
was only 24 days while run length of run
A-4 was 181 days, may be affected by
oxidation particles of manganese.

Fig. (11) shows that influent concentration
of Mn has a little effect on Mn removal
efficiency. Mn removal efficiency of run 4
(98.5) % is better than that of run A-1
(98%). it has a significant effect on run
length since the run length of run A-1 was
only 24 days due to clogging of top sand
layer with big amount of solids resulting
from oxidation of iron and manganese
while run length of run A-4 was 181 days.

1 a 15 2 25 3 42 w0 57 B4 " 78 1.3 a2 =] 105 113 w3 124 14
Tie tuuyst

Fig. (10) Effect of influent concentrations on Fe removal efficiency {(Runs A-1 &A- 4)

Effictency (%}

Influent M col

‘ ——— o 44 mgd| ‘

et InMenl Mn cona 20 mgdl

80 { | 4o R

— S—

75 * * +

g4 71 7a 55 92 99 108 13 120 127 134 141
T (days)

Fig. (11) Effect of influent concentrations on Mn removal efficiency (Runs A-1 &A- 4)
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3.2 Conventional pilot plant No.2

3.2.1 Effect of Permanganate Dose on
Removal Efficiency

Many different dosages of permanganate
were applied for the conventional pilot
vlant No.2 to study the effect of
permanganate dosages on Fe and Mn
removal efficiencies.

The operation conditions for runs were as
follows:

-Influent iron and manganese concent-
rations were 1.3 and 4.4 mg/l respectively.
-Aeration followed by filtration.

-No chemicals were added in the first fun.
-The dosages of permanganate were 2, 3,
4, 5, and 6 mg/l for runs from B-2 to B-6
respectively.

Fig. (12} shows the variation of Fe
removal efficiency in all runs of the pilot
plant No.2. It was observed that potassium
permanganate dosages have less effect on
iron removal efficiency but the run length
decreased by increasing the dose due to the
decreasing of head loss in pressure filter
resulting from the particles of Fe and Mn
oxidation which precipitated on the sand
media and lead to its clogging. The Fe
removal is over 95 percent with average of

08.8%. The removal efficiency of iron in
run B-2 is less than the other remaining
runs because of the low concentration of
DO in water in this run compared by the
other runs since the inlet air to oxidation
tower was controlled.

Fig. (13) shows the variation of Mn
concentration in  all the runs, 1t was
observed that as the potassium perman-
ganate dosage increase, the concenfration
of manganese in the effluent water
decrease up to an average of 1.3 mg/l at 6
ppm dose but this value still more than the
recommended level in Egypt by 0.9 mg/!
The removal efficiency for total Mn at
pilot plant No.2 improved by increasing
the permanganate dose but don't exceed
70% especially in high dosages mere than
the normal (1-4 mg/l). In addition the
effluent water is pink colored at dosing
more than 4 ppm; this is not advisable
from consumptions. The above resulis
show that KMnO4 dose has an important
effect on treatment performance and
especially on Mn removal efficiency. Also
Fe oxidation is very easy compared by Mn
oxidation coincides with many researchers.

~——8—— aeration only
—&O—— after 3 mg\! dosage
—®— after 5 my/l dosage
——t——— Fe Imit acc. in Egypt

——— after 2 mg/l dosage
—L—— after 4 mg\l dosage )

——>—~— after 6 mg/| dosage

] i

.50 T

PP NDVRR I I A
0.40 - f e e et
0.85 4+

o .
e

0.30 it —-
|

g.25 - bl

0.15
0.10 TPk ..... AT o

Fe concentation(mgd

0 4 8 12 16 20

1
-
020_ ‘ TSNS WA DU
: - .
|

24 28 3z 38 40 44 48

Time (hours)

Fig. (12) Effect of Permanganate Dose on Fe Variation
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Fig. (13) Effect of Permanganate Dose on Mn Variation

4. Discussions

Fig. (14) shows the removal efficiencies of
iron and manganese for all runs of the slow

sand filtration piiot plant, these can be

concluded:

o Total Fe and total Mn removal
efficiencies obtained by this system at the
effluent of SSF, which operate under natural
conditions and without using any chemical
agents, were high and the effluent
concentrations of Mn and Fe for all the runs
were less than the Egyptian allowable Jimits.
e The best removal efficiency in all runs is
run A-4 which has the lowest filtration rate
and receives small concentrations of iron
and manganese.

e The worst removal efficiency was in run
A-3 which hasn't aeration step before SSF
where the average removal of Mn is 79%.

Figure (15) shows the removal efficiency of
iron and manganese for all runs of the
conventional pilot plant, these can be
concluded:

« The removal of manganese is increased
by increasing KMnQO, dose but iron
removal efficiency ig similar for all runs.

e The best Fe removal efficiency in all
runs is run B-1, although this run hasn't
receive any chemical dosing but it has high
efficiency due to the abundance air
compressed in the aeration tank.

e The best Mn removal efficiency in all
runs is run B-6 due to high amount of
KMnOQO, dose but water has a pink color, so
the maximum dosage for this system
without changing the water color is 4 mg/l.
» Every | mg potassium permanganate
remove approximately 0.5 mg manganese,
this 1s coincide with other researchers.
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Fig. (14) Iron and Manganese removal efficicncy of the slow sand filter plant
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Fig. (15) Iron and Manganese removal efficiency of The conventional Plant

5. Comparison between SSF
and Conventional Plants

Fig. (16) shows the removal efficiency of
iron and manganese for some runs of slow
sand filter and conventional pilot plants,
these run were chosen due to the same
influent Fe & Mn concentrations and runs
B-1 was ignored for no dose adding and B-
5 & B-6 for low atheistic quality. the
following was concluded:

s« Tron removal efficiency of the two
pilot plants was sumilar except run B-2
because of low compressed air supplied.

s Manganese removal efficiency of slow
sand filter plant is very high except for run
A-3 due to the removing of the acration
step; while the manganese removal
efficiency of conventional plant at run B4,
that was the maximum run removal

without change water color, didn't exceed
50 percent.
From observing of operation for each pilot,

the following was concluded:

Slow sand filter plant operation is
sumple and easy while conventional plant
require the controlling of air amount and
chemical dose.

e The slow sand filter don't require to be
backwashed as pressure filter, only
scraping off the top layer (2 cm) of sand at
the end of the run.

s The air compressor may require to
maintained, but multiple tray aerator work
with high efficiency naturally.

o The water quality of SSF plant is better
than that of conventional plant.

s The run length of SSF plant is much
longer than conventional plant, which
minimize the losses of water in the SSF
plant.
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Fig.(16) Comparison between removal efficiency of SSF & conventional plants for Fe & Mn
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6. Conclusions

According to the compariscn between
slow sand filtration system and convent-
ional system, the conclusion could be
drawn as the follow:

I

Slow sand filteation plants are
appropriate system to be applying in
Egypt especially at high concentration
of Mn in raw water.

Slow sand filters play a significant role
in water treatment since it achieve a
very high Fe and Mn removal
efficiency in one step without requiring
any chemical additions. This represents
an interesting option to upgrade the
existing plants in many places in
Egypt.

Total Fe and total Mn removal
efficiencies obtained by slow sand
filtration sysiem, which functions
under natural conditions and without
using any chemical agents, is very high
and may be up to 99 % removal
efficiency.

. The aeration step has an important

effect on the removal of ron and
manganese by slow sand filter as 1t
increase DO and pH that make a
suitable environment to develop
bacteria which have the ability to
remove iron and manganese.

High concentration of iron and
manganese assist slow sand filter to
work speedy and decreased the start up
period.

The start up period in the first run of
each filter 15 longer than the next runs,
because of the remained bacteria
through media layers.

Slow sand filter run length 1s much
longer than conventional methods, as it
is up to six months at low
concenfrations and low filtration rate
(3 m*m%day)

Slow sand filter plant is easier than
conventional plant in operation and
maintenance, there is no need for
backwashing that was a requirement

o

10.

11

12.

C. 101

for pressure filter at the end of each
run.

The aeration only in conventional
plants for treatment of manganese is
not efficient and the addition of
Potassium permanganate is a must to
remove Mua from water.

The high dosage of potassium
permanganate has an influence on
water quality especially on color.

The removal of manganese in
conventional plant is increased by
increasing the dose of potassium

permanganate but the effluent Mn
exceed the potable water limits in
Egypt and iron removal efficiency is
approximately similar for all dosages.
Every 1 mp potassium permanganate
remove  approximately 0.5 mg
manganese or | mg iron.
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