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ABSTRACT

The oxidation process of dissolved iron particles in water changes the iron into red-brown solid
particles (particulate), which settle down in the water. Those large particles that settle down in the
water can be handled. Nevertheless, iron that does not procedure large enough particles to settle
down remains suspended (colloidal iron) and thus leaves the water with red tint. Unfortunately,
these particles threat the industry and the municipal of water supplies. This is due to formation of
scales as well as blockage of water pipes that lead to economic problems.

Numerous studies have been conducted to study the effect of using oxidation processes followed
by the filtration process only for the removal of iron from water. This study introduces a comparison
of filtration of aerated raw water though a filter of sand bed with and without Alum as a coagulant
prior to filter. A synthetic iron dozes are added to tap water to represent a pre-determined different
concentrations of iron as 2 and 3 mg/L which result in 14 and 32 NTU, respectively, after aeration of
raw water. The effluent of water was taken at regular time intervals to monitor the progressive rate
of removal of these elements for different values of filtration rates 120, 180 and 240 m*/m?day. A
single layer gravity rapid sand filter was used with sand bed of 70 cm thickness, effective diameter
of 0.7 mm and uniformity coefficient of 1.57. During the experiments, the iron concentration and
turbidity in the effluent were recorded at all the used filtration rates.

The results show that the low limit of the removal efficiency of iron is 89% and the high limit is
97% without coagulation and 78% to 97% with coagulation. Also, the higher the concentration of
iron and turbidity, in the influent, the higher the efficiency removal of filter for all filtration rates
takes place. For all tested parameters of influent iron concentrations and filtration rates, the effluent
iron concentrations and effluent turbidities within the allowable limits of Egyptian drinking water
specifications (0.3mg/l for iron and 1.0 NTU for turbidity), except for filtration rates exceeds the
180m3/m2/day the turbidity was above these allowable limits for both cases using coagulant or not.
It obvious, also, from experiments that at low concentration of influent iron (below 3 mg/l) and
filtration rates up to 180m3/m2/day there is no need to coagulation process.
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1. Introduction

Numerous studies focused on the removal of iron content in groundwater Cheng et al
[1]. Generally, groundwater is seen as a reliable source of clean water for consumption.
That makes it an ideal source for meeting the demand for potable water in urban areas. The
problems associated with the existence of iron in potable water ( more than 0.3mg/l) can be
summarized as follows:

1. Iron produces insoluble rusty oxide-red, yellow or brown that stains and streaks on
laundry and plumbing fixtures O'Connor [2]; Kothari [3].

2. Iron gives color and typical unpleasant, astringent taste to the water. The taste threshold of iron
in water is in the range of 0.04-0.1 mg/l Montgomery [4]; WHO [5]. Moreover,
turbidity and color may appear in piped systems at iron levels above 0.05-0.1 mg/1
WHO [5].

3. The presence of iron is undesirable in water supplies, since it provides nuisance for
domestic and industrial uses.

Iron presence in groundwater is one of the following three forms: 1) dissolved, 2)
particulates, and 3) colloidal. Numerous regulatory agencies have put standards and/
or guidelines to control iron concentrations in water supplies in order to avoid the
difficulties mentioned above. That control of iron concentrations in water supplies is
a significant issue. For an ideal quality water for public use, the American Water
Works Association (AWWA) suggested limits of 0.05 mg/1 for iron Bean [6].

2. Iron removal methods

The process of aeration and filtration are adapted for removing iron and manganese
from the groundwater Aral [7]. The filtration process is varied according to the filtration
media used. Sand, or silica, or quarts can be used as a filtration media Robinson and Lloyd
[8]; Kaleta et al [9]; Fadel, and Fadel [10]. Moreover, manganese oxide-coated or natural
manganese sand can be used as filtration media Piispanen and Sallanko [11]; Heng et
al.[12]. In order to enhance the removal of pollutants presence in the groundwater for the
purpose of drinking water, the micro-filtration process has been carried out Wen-Hsiang et
al. [13]. Recently, biological methods are used by many researchers for the treatment of
groundwater Tang et al. [14], or combining physicochemical and biological methods
Olanczuk-Neyman, and Bray [15]. Therefore, removing iron from groundwater can be
accomplished in several ways as follows:

1. Oxidation-precipitation-filtration process,

2. lon exchange or zeolite softening process,

3. Stabilization process or sequestering using silicates or polyphosphates,
4. Lime softening or limestone bed filtration process,

5. Manganese greensand process, and/ or

6. Membrane processes.

3. Using coagulation and flocculation in iron removal process

In general, the type of treatment used, basically, depends on the quality of the raw water.
Iron existed in raw water can be oxidized by aeration then changed into non-soluble state
(suspend solids) causing the water turbidity. The removal process of these turbidities depends
on the concentration of iron in the raw water. Egyptian code of practice indicates that if the iron
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concentration is above 1.5mg/l, coagulation and flocculation step must be used prior to the
filtration process. Therefore, the removal process of iron consists of the following steps:

1. Oxidation of Fe*" to Fe** by aeration or by a chemical oxidant,
2. Hydrolysis of Fe** to iron hydroxides,

3. Flocculation/ agglomeration of the hydroxide particles, and

4. Removal of flocs in rapid sand filters.

This removal process of iron is pH-dependent and dominant at pH values above 8.5. Under
this situation, the oxidation is happened quickly and flocs are formed prior to entering the filter
bed. The rapid development of head loss (due to clogging of filters) coupled with rapid
deterioration of filtrate quality are often responsible for short filter runs and frequent
backwashing cycles of iron removal plant. In this study, alum is used as a coagulant. The
experiments are carried out with and without alum at different rates of filtration and different
iron influent concentrations. A comparison is made between the two cases to show the effect of
adding alum on the removal efficiency of iron at different influent concentrations.

4. Processes using rapid gravity filtration

In case that the anoxic groundwater is aerated, (or treated with chemical oxidants) the
produced iron floc has a positive surface charge. This positive surface charge makes the
flocs repel each other and therefore makes them difficult to coagulate, settle and filter. In
order to obtain an optimum treatment, physical-chemical treatment rates can be as low as 1
to 2 m/h for settlement and 4 to 5 m/h for filtration. Moreover, these rates can be enhanced
by the existence of naturally occurring negatively charged particles which neutralize the
repulsive forces. With a limited filter capacity and at iron concentrations above 2 mg/I
filter, backwash frequencies can become unacceptably short besides manganese removal
may be compromised. In these cases, a settlement stage or a microbiological filter should
be used to reduce the load on the filters before the rapid gravity filters. The choice of a
treatment method (Table (1)) depends, significantly, on the water quality that for many
groundwater sources can be categorized as:

* Iron only,
« Iron and manganese, and
« Iron, manganese and ammonia (and hydrogen sulphide).

4.1. Iron only

The aeration and rapid gravity filtration can be used to remove iron at concentrations
below 2 mg/l. For the ideal performance, a filter bed depth of 1 m should be used
(consisting of 90% of 0.65 mm sand, and 10% of a suitable grain size of granular
manganese dioxide). The granular manganese dioxide is sized to stay mixed with the sand
after backwashing that may vary with the source of the manganese dioxide. Filtration rates
are, typically, in the range of 4 to 6 m/h. Other filter media such as greensand and treated
sands can be used to obtain good performance. In the case of the iron concentration is
above 2 mg/l, settlement of 2 m/h or microbiological filter stage of 50 m/h should be used
prior to the filters. Moreover, if organic complication of the iron is an issue, then, chemical
oxidants should be used after aeration Postawa et al. [16].



693

Heba Mohamed Safwat Abdelazim, Effect of alum coagulation on iron removal in aerated

Table 1.
The choice of treatment methods

1
Fe only, < 2mg/l

Fe only, > 2mg/l

Fe only, all conc.

® [.®

Fe and Mn, Fe < 2mg/|

®

Fe and Mn, Fe > 2mg/l

©

Fe and Mn, all conc.

Fe, Mn, ammonia,
Fe < 2mgil

@ | @

Fe, Mn, ammonia;
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©

Fe, Mn, ammonia;
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|

Fe, Mn, ammonia,
hydrogen sulphide

Aeration . Filtration ’
to > 60% DO 5m/h
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to > 60% DO 2 m/h 5m/h
. Microbiological "
Aeration Aeration
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—p| fitration |—P» —p| fitration (=P
to>8% DO up to 50 m/h fo>607%:00 up to 40 mih
. Chlorine S
o e, (| odsion |l Py
15 min contact
. Chlorine G
Aeration by Settlement Filtration
o ~P»| oxidation |=P» | —»
to > 60% DO 15 min contact 2m/h 5m/h
Aeration Microbiological Aaration Microbiological
| filtration ~ |e=fpp —p filration  [==p
to> 8% DO up to 50 m/h to>60% DO up to 12 m/h
. Chlorine i
Aeration v Settlement Filtration
| oxidation |—P> — —
to > 60% DO 15 rin coriact 2 mih 5m/h

4.2. Methodology
4.2.1. Experiment design

In this study, the types of raw water samples that have been used are synthetic water

samples prepared at the laboratory for testing the suitability and the success of proposed
pilot plant for iron and turbidity removal. These synthetic stock water samples were
prepared by addition of a Ferrous Ammonium Sulfate (Fe (NH,), SO,.2H,0) to the
distilled water. The synthetic water samples were mixed with tap water to get different
influent iron concentrations of (2mg/l, and 3mg/l). The aeration of turbid water was done
by using an electrical motor for 30 minutes before beginning of the experimental runs. The
treatment process is demonstrated in Fig. (1). In Figure (1), the aerated water is pumped to
a constant head tank to get constant filtration rates on the filter. The water flows downward
in a sand of an effective size of 0.7 mm and depth of 70 cm. The filtration rates were
calculated and changed as (120, 180, and 240 m*/m?/day).
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Fig. 1. Representatlon diagram of the filtration system
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11-Steel box35*35*25cm
12-Outlet of filterd water

The same experiments were carried out by adding alum as a coagulant in raw mixing tank
where the doze of alum was determined by jar test apparatus and changed two times (15mg/l and
20mg/1) for iron concentration (2mg/l and 3mg/1) receptivity as shown in the following two Tables:

Table 2.

The results of Jar test apparatus at doze of alum (15 mg/l)
Fe=2mg/l PH=870 C;=14NTU T=30.70°C
No DOSE Residual PH T°C
1 10 mg/1 1.50 7.70 30.20
2 15 mg/1 0.87 6.58 30.30
3 20 mg/1 1.04 6.35 30.20
4 25 mg/1 1.52 6.09 30.10
5 30 mg/1 1.92 5.68 30.10
6 35 mg/1 1.90 5.15 30.10

Table 3.

The results of Jar test apparatus at doze of alum (20 mg/l)

Fe=3mg/1 PH =10.50 Ci=32NTU T =30.70°C
No DOSE Residual PH T°C

1 10 mg/1 1.9 7.55 33.00

2 15 mg/1 1.85 7.15 32.90

3 20 mg/1 1.63 6.90 32.80

4 25 mg/1 1.81 6.60 32.60

5 30 mg/1 2.3 6.50 32.70

6 35 mg/1 2.2 5.30 32.80

The iron was measured by HI83200 multipara meter bench photometer by
phenantroline method, for natural and treated waters. Also turbidity was measured by TB
300 IR turbid meter and the jar test is used to determine the optimum doze of coagulant.

4.3. Results and discussions

This study explains and discusses the process of turbidity removal resulted from the
aerated raw water contains high concentration of iron using the down flow filter with direct
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filtration. The study deals with iron removal using the alum as a coagulant. The depth of
sand and the effective size are kept constant through all the experimental runs.

The main parameters affecting the effluent turbidity (C.) and the effluent iron
concentration (Fe.) from the down flow filter are:

1. The filtration rate (R) m*/m?/day,

2. The influent concentration (Fe;;) mg /L,

3. The influent turbidity (C;) measured in NTU, and
4. Type of coagulant, dose and pH.

In this study, the Alum was used as coagulant and Jar test was used to determine the dose of
coagulant. Also, the time and type of aeration used were kept constant throughout all the runs.

The values of different parameters are selected to cover the range of most values
dominated in the filed of such works. The analysis and discussions of iron removal concern
the both cases of using coagulation and with it for the following variables:

1. The effect of filtration rate (R) on the effluent turbidity (C.), the effluent concentration
of iron (Fe,), turbidity removal efficiency (E.) and iron removal efficiency (E;).

2. The effect of influent turbidity (C;) on the effluent turbidity (Cy), the effluent concentration
of iron (Feg), turbidity removal efficiency (E.) and iron removal efficiency (E;).

3. The effect of influent concentration of iron (Fe;,) on the effluent turbidity (C), the effluent
concentration of iron (Fe), turbidity removal efficiency (E.) and iron removal efficiency (E;).

5. Case (1): Study of iron removal without coagulation

5.1. Turbidity removal

Figures (2) and (3) show the relation between effluent turbidity and time for different
filtration rates at influent turbidity of 14 and 32 NTU. It is shown that for different values
of filtration rates, the effluent turbidity decreases with increase of time until a certain limit
(depends on the filtration rate). It starts to increase again. It is shown; also, that at high
values of filtration rates (240 m*m?day) and influent turbidity (32 NTU) the effluent
turbidity is higher than 1 NTU.

The results can be explained by that at high values of influent turbidity, the suspended
matter closes the pores of sand bed rapidly and under the pressure of the water the
suspended material leaves the filter.

—m—R = 120 m*m*iday
- R = 180 mém Siday
—a— R = 240 m*m *iday

Effluent Turbidity (Ce) NTU

.

- "
0.6
0.4 -
]
T T T T T T T T T
z 4 15 1z

Time (t) hrs

Fig. 2. The effluent turbidity versus time at different filtration rates.
Ci=14 NTU, Fe=2mg/l
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Fig. 3. The effluent turbidity versus time at different filtration rates.
Ci=32 NTU, Fe=3mgll

5.2. Iron removal

The relationship between effluent iron (Fe;) mg/L and time at different filtration rates for
iron influent of 2 mg/L and 3 mg/L are plotted in Figures (4) and (5). From the shown figures,
it is clear to notice that the values of effluent iron are below 0.3 mg/L (meet the allowable
values according to Egyptian standards of specifications), for all values of filtration rates.
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Fig. 4. The effluent iron versus time at different filtration rates.
Ci= 14NTU, Fe =2 m/l.
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Fig. 5. The effluent iron versus time at different filtration rates.
Ci=32NTU, Fe =3 ml/l.
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6. Case 2: Iron removal using coagulation

6.1. Turbidity removal

The Jar Test was used to find the optimum dose of alum that can be added to raw water.
The alum does were 15 and 20 mg/L for the corresponding turbidities in the raw water of
14 and 32 mg/L respectively.

Figures (6) and (7) show the relationship between effluent turbidities and time for different
filtration rates after adding alum as coagulant to improve the turbidity removal. It was noticed
that effluent turbidity C. decreases in the same run up to 4 hours then the values of C, starts to
increase again but still its values less than 1 NTU for all values of filtration rates. Figure (7)
shows that the values of effluent turbidity increases after 2 hours with time which result in
decrease of the filtration run due to the high turbid water in the influent (32 NTU)

a4
L

a
in
N

—=— R =120 m*mSday
R = 180 m*m d ay
—d— R = 240 mim Sday

a
in
I

o
:.4

Effluent Turbidity(Oe) NTU
a
n
1

a
in
N

L

Time (t) hrs

Fig. 6. The effluent turbidity versus time at different filtration rates
Ci = 14NTU, Fe =2 mg/l. Alum dose 15 mg/L.
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Fig. 7. The effluent turbidity versus time at different filtration rates.
C;=32NTU , Fe = 3mg/I. Alum dose 20 mg/L.

6.2. Removal of iron using alum coagulation

In this study, the raw water iron concentrations are changed two times. The aeration of
raw water changes the state of iron from ferrous to ferric state. The ferric hydroxide gives a
brownish color and turbid water. The measure of iron concentration, in the samples,
represents the total iron (soluble and insoluble).

Figures (8) and (9) illustrate the relationships between the effluent concentration of iron and
time for different influent concentrations of iron and filtration rates. From these figures, it is
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clearly noticed that the effluent concentration of iron decreases for all values of filtration rates
and influent concentrations of iron. The results show that for all values of filtration rates and
the tested iron concentrations of raw water, the effluent iron concentration does not exceed the
allowable limit of 0.3 mg/L according the specification of drinking water in Egypt.
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Fig. 8. The effluent iron versus time at different values of filtration rates
Fe=2mg/L, Ci=14 NTU.
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Fig. 9. The effluent iron versus time at different filtration rates
Fe=3mg/L, C;=32NTU.

Table 4.
Removal efficiency of iron for different filtration rates with and without coagulant at Fe;;=2mg/I
Iron Removal
Efficiency For Fe;,= | R=120 (m°/m“/day) | R = 180 (m*/m“/day) | R = 240 (m*/m*/day)
2 mg/l
Without coagulation 96.7% 95.7% 89.8%
With coagulation 97.1% 96.3% 78.0%
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Fig. 10. Iron Removal Efficiency at time (t) and different filtration rates (m*/m?day)
6.3. Removal efficiency of iron and turbidity

A comparison was mad to investigate the removal efficiency of iron and turbidity for all
different filtration rates with and without coagulation.

Table 5.
Removal efficiency of iron for different filtration rates with and without coagulant at Fe;,=3mg/I

Iron Removal
Efficiency For Fe;, = R =120 R =180 R =240
3 mgl/l (m*/m/day) (m*/m?/day) (m*/m%/day)
Without 97.7% 96.4% 93.9%
coagulation
With coagulation 96.7% 96.2% 95.1%
o 8% | .
eg;»snr% - &
2 S
2 96%
=
= 95%
g x Without alum
E 94% % with alum
f 93% 5
£ oo :
120
Filtration Rates

Fig. 11. Removal efficiency with different filtration rates at Fe;, =3 mg/L

Table 6.
Removal efficiency of turbidity for different filtration rates with and without coagulant at Fe;=2mg/|

Turbidity Removal Efficiency

Fei,=2mg/l R = 120 (m°/m?/day) | R = 180 (m°/m“/day) | R = 240 (m°/m*/day)
Without coagulation 97.1% 95.8% 94.2%
With coagulation 97.2% 96.7% 94.6%
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Fig. 12. Turbidity Removal Efficiency at time (t) and different filtration rates (m*/m?/day)

Table 7.
Removal efficiency of turbidity for different filtration rates with and without coagulant at Fe;;=3mg/I

Turbidity Removal
Efficiency R =120 (m*/m?/day) | R = 180 (m*/m%day) | R = 240 (m*/m?/day)
Without coagulation 98.1% 97.8% 94.6%
With coagulation 96.4% 95.9% 95.6%
- 99%
%— 98% §
E 97% §
= 96% \
é 959 ¥ Without alum
é' 94% # with alum
5.93%
= .
E 92%, B & :

120 180
Filtration Rates

Fig. 13. Turbidity Removal Efficiency at time (t) and different rates (m*/m?day)

From Figures (10) through (13) ,it is clear that the coagulation process at low and high
values of influent iron concentration (up to 3 mg/L) has no remarkable effect on the
removal efficiency for filtration rates upto210 m*m®/day.

It is obvious to see that removal efficiency decreases as the filtration rates increase. The
results are similar to that mentioned in the Egyptian code of practice that no need to
coagulation if iron concentration don't exceed 1.5 mg/L. The study also proved that no
need to the coagulation process if the iron concentration exceed up to 3 mg/L and filtration
rates are within the allowable limit of 180 m*/m?%day.

7. Conclusions

Most of Egyptian rural area depends on their water supply on groundwater resources. The
main problem in this source of water is the appearance of iron which affects the water portability.

Several solutions had been applied but all of them were highly in cost for both
construction and operation specially the electricity and required chemicals. This study
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shows the success of using aeration tank sedimentation and filtration units with and
without using chemical addition (using alum as a coagulant).

1. Values of iron concentration in raw water up to 3mg/l do not affect the values of
iron in effluent water for filtration rates up to 240m*m?day.

2. Values of effluent turbidity in filtrate for iron concentration in raw water up to 3mg/I
not exceed than INTU for filtration rates up to180 m*/m?day.

3. Coagulation and flocculation can be used for influent iron concentration up to 3mg/I
and filtration rates up to 240m*/m?day.

This study show the success of using aerated water followed by sedimentation tank and
sand filter to the remove iron from raw water with low and high iron concentration.
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