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Article Info ABSTRACT:

Background: Groundwater usually contains quite large amounts of iron
(Fe). The Fe content in water causes health problems and can also cause a

Volume 6, Issue 6, May 2024 metallic taste or smell in drinking water and a yellow color on the walls of
the tub and clothes. Iron content: high levels of water consumed will affect
Received: 04 March 2024 the health of the human body, namely damage to the liver, kidneys, and
nerves. The presence of iron in water must comply with the quality standard
Accepted: 08 April 2024 values set by the government, namely 0.3 mg/I for drinking water and 1 mg/l
for clean water. By combining various filtering media, such as zeolite and
Published: 16 May 2024 ferrolite, with oxidation reactions using aeration techniques, it is possible to

reduce the amount of iron in water. This research aims to determine the

doi: 10.33472/AFJBS.6.6.2024.1150-1159 effect o_f bubble aeration and various filtration media on the levels of Fe in

excavations.

Materials and Methods: The first treatment is for control, then the second

treatment is carried out, namely using variations of bubble aeration and then

combined with filtration media such as zeolite, ferrolite, and a combination

of both. Data analysis was carried out using the one-way ANOVA statistical

test.

Results: The study's findings showed that Fe levels dropped by 16.61% when
there was no aeration or when there was aeration at 5, 10, 15, 20, and 30
L/min. They dropped by 31.63% and 45.05% when there was aeration at
those rates. %, 51.99%. 55.40% and 67.69%. Variations in bubble aeration
discharge can significantly influence Fe levels in dug well water, with a
significant value of 0.000.

Conclusion: The use of aeration techniques to reduce Fe levels in dug well
water can be done, but it should be combined with other water treatment
techniques such as sedimentation and filtration.
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1. Introduction

Water is a very important need for human life. Therefore, if the need for water is not met, it
can have a big impact on health and social insecurity. The Regional Drinking Water
Company (PDAM) of the relevant city is responsible for managing the supply of hygienic
water in Indonesia, particularly on a large scale. For areas that do not yet receive clean water
services from PDAM, they generally use groundwater using dug wells or drilled wells, river
water, rainwater, spring water, and others[1]. Because water is a vital need, disease
transmission or water poisoning may also occur. It contains substances that can cause
poisoning[2]. In the human body, around 50-80% consists of fluid. The main and vital use of
water for life is as drinking water.

Groundwater can come into contact with various kinds of materials found in the earth,
including iron and manganese[3]. It has been proven that in many countries there is a
prevalence of water and sanitation-related diseases that cause many people to fall ill and even
die[4]. The depth of the water in the soil is one of many factors that affects the iron content in
water. The deeper the water penetrates, the higher the solubility of iron, the lower the pH of
the water, and the greater the presence of dissolved gases in the water (CO2 and H2S). Fe
metal is a type of essential heavy metal that living things require in specific amounts.
However, Fe levels that exceed quality standards can harm the environment and public
health[5]. Water that contains iron will cause a fishy, metallic taste in the water, a brown
color on white clothes, brown stains appearing on the walls of the tub, and blockages in the
pipes. High levels of iron in the water consumed will affect the health of the human body,
namely damage to the liver, kidneys, and nerves, and cause hemochromatosis [3]. The
maximum allowable iron content in drinking water is 0.3 mg/I[6].

Filtration can reduce excess iron. Filtration is the process of separating solid substances
from fluids (liquid or gas) by carrying them using a porous medium or other porous material
to remove as much fine suspended solids and colloids as possible. Apart from being able to
reduce the solid substance content, filtration can also reduce the bacterial content and remove
color, taste, odor, iron, and manganese[7]. It depends on the medium that the fluid being
filtered passes through. Filtration media generally have variations in size, shape, and
chemical composition. The quality of filtration media is based on its size, surface charge,
solid geometry, and capture capacity on the surface.

Therefore, using granular filtration media can remove particles from water[8]. The
most commonly known granular media in water treatment are sand and anthracite. Examples
of filtration media that are effective and often used in clean water treatment in the community
are silica sand, activated charcoal, zeolite, ferolite, manganese greensand, and cation resin.
Each filtration media has different characteristics and benefits: silica sand is generally used as
a pre-filter to be processed with the next filter; activated carbon can remove odors and tastes;
absorb particles; and remove organic compounds in water; zeolite sand can increase oxygen
levels, provide freshness in water, and absorb light limestone in water; ferolite, which
functions to remove high levels of iron content; manganese, odor, and yellow color in water;
and manganese greensand can remove manganese content and oily top layers in water; and
resin media, which is known as a softener for water with a high level of hardness[9].
Researchers have already found that using zeolite, ferrolite, manganese filter media, or a mix
of these media did not lower Fe levels; instead, they raised Fe levels by 11.05%, 5.99%,
21.78%, and 40.98%, respectively[10]. Therefore, an effective Fe processing method must be
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sought.

A clean water treatment method that is popular and effective and can be applied to
households is water treatment using aeration techniques. The aeration technique can be
carried out using several types of methods with different levels of effectiveness, one of which
is by using a bubble aerator, because the use of the bubble aerator aeration method is
technically quite simple, not too expensive, and easy to implement, namely by inserting air
through an aerator machine. in water in an aeration tank, which can be freely purchased at
ornamental fish equipment shops and is practical to use[11]. Dug wells are a means of clean
water for every community in rural and urban areas. A dug well is a source of clean water
that comes from shallow soil layers. Apart from the soil layer, metal content and
contaminants that pollute dug well water can come from seepage of waste and human waste.
A dug well that is a source of clean water must have good construction and location
requirements. This is very necessary so that the water quality of dug wells meets the
requirements or is safe under the regulations that have been set[12]. If the dug-well water is
settled or left for a while, a yellow precipitate will form. The large amount of iron content in
the water means that people cannot use the water to meet their daily needs, such as drinking
water, bathing, or washing.

2. Materials and Methods

In order to deliberately create an event or circumstance that will be the subject of further
study, researchers conduct experimental research. The research design used was a completely
randomized design (CRD) with a pretest-posttest control group design[13]. The subject of
this research is artificial water samples with a Fe concentration of 8.79 mg/L. Concerns about
fluctuations in Fe concentrations in dug well water during the research period due to changes
in weather factors led to the use of artificial water samples in this study. The number of
research samples is part of the number of artificial water samples. After carrying out the
experimental process, 24 samples were taken. Sample replication was carried out four times
because the aim was to obtain relevant data so that the data obtained was representative. The
research was carried out in steps, with the first step being to assemble the research reactor as
shown in Figure 1, then making an artificial sample solution. The sample water used was
collected in a 200-liter container, after which the Fe content was measured before the
treatment continued. Determine the aeration time based on the research that has been carried
out, namely for a long time of 40 minutes[14]. After all parts of the installation are filled with
samples, the first control is carried out, and the experimental process is carried out without
aeration. After that, the second, third, fourth, fifth, and sixth treatments use a bubble aerator
with an airflow of 5, 10, 15, 20, and 30 L/min. Each treatment was repeated four times[15].
After that, 1.00 ml of each water sample was collected for Fe examination after treatment.
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Figure 1. Research Reactor
3. Results

The influence of bubble aeration and various filtration media on the iron (Fe) content
of dug well water can be seen in the following table:

Table 2. Research Results on the Effect of Bubble Aeration and Various Filtration Media on
Iron (Fe) Content of Dug Well Water in 2023

Discharge Bubble Aeration
Repetition Control |5 L/min 10 L/min | 15 L/min | 20 L/min E(/)min
I 7.21 5.72 5.42 4.72 4.87 3.42
I 7.55 6.31 5,10 4.49 411 3.75
11} 7.07 5.45 412 3.57 2.96 2.04
Y 7.49 6.58 4.68 4.12 3.76 2.16
Average 7.33 6.01 4.83 4.22 3.92 2.84

Source: primary data (processed 2023)

Based on table 2 above shows that the average Fe for the control group without
bubble aeration is 7.33 mg/ L, for aeration flow of 5 L/min is 6.01 mg/L, aeration flow of 10
L/min is 4.83 mg/L, the aeration flow of 15 L/min is 4.22 mg/L, the aeration flow of 20
L/min is 3.92 mg/L and for the aeration flow of 30 L/min it is 2.84 mg/L. Changes in iron
(Fe) parameters with various bubble aeration discharges can be seen in the following graph:
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Picture. 1 Graph of Average Fe Content (mg/L) with various bubble aeration discharges

Based on the graph above, it can be seen that the lowest Fe content occurs at a bubble
aeration discharge of 30 L/min, which is as large as 2.84 mg/L. The percentage difference in
Fe content after the aeration process with various bubble aeration discharges can be seen in
Table 3 below:

Table 3 . Percentage Difference in Fe Content (mg/l) After Carrying Out the Aeration Process
with Various Bubble Aeration Discharges

Discharge Bubble Initial Fe Content Average Final Fe Percentage
Aeration (mg/L) Content (mg/L) Difference

Control 8.79 7.33 16.61

5 L/min 8.79 6.01 31.63

10 L/min 8.79 4.83 45.05

15 L/min 8.79 4.22 51.99

20 L/min 8.79 3.92 55.40

30 L/min 8.79 2.84 67.69

Source: primary data (processed 2023)

Based on Table 3, it is known that at control or without aeration there was a decrease
of 16.61%, while at aeration discharge of 5, 10, 15, 20, and 30 L/min there was a decrease in
Fe levels of 31.63%, 45, respectively. 05%, 51.99%. 55.40% and 67.69%.

To find out whether the population variations are the same or not, a homogeneity test
is carried out using Levene's test, as shown in the following table:

Table 4. Homogeneity of Variance Test

ariable g, ef.

on (Fe) Content 103 omogeneous Data

From Table 4 above, it can be seen that the Fe content data is the same or
homogeneous because the significance value is greater than 0.05. To see the effect of bubble
aeration and various filtration media on the iron (Fe) content of dug well water, see the
following one-way ANOVA analysis table:

Table 5. Anova test results on the effect of bubble aeration and various filtration media on the
iron (Fe) content of dug well water in 2023

No Variable Average Std Deviation [95%ClI p-value




Zulfikar Zulfikar/ Afr.J.Bio.Sc. 6(6) (2024)

Page 1156 to 10

0,000

1 Control 7.33 0.23 6.97 - 7.69
2 5 L/min 6.02 0.52 5.19 - 6.84
3 10 L/min 4.83 0.56 3.94 - 5.72
4 15 L/min 4.23 0.50 3.43 - 5.02
5 20 L/min 3.93 0.79 2.66 - 5.19
6 30 L/min 2.84 0.87 1.46 - 4.23

From Table 5 Above, it can be seen that there is a significant difference (p = 0.000)
between each treatment bubble aeration discharge on the iron (Fe) content of dug well water.
The test continues with the test Least Significant Difference ( L SD) as in Table 6 below:

Table 6. Advanced Test Results LSD Test The Effect of Bubble Aeration and Various
Filtration Media on the Iron (Fe) Content of Dug Well Water in 2023

Aeration Aeration Average
Discharge Discharge Differegce SE P Value 95%CI
5 L/min 1.31° 0.44 0.01 040 - 2.23
10 L/min 250" 0.44 0.00 159 - 341
Control 15 L/min 310" 0.44 0.00 219 - 4.02
20 L/min 340" 0.44 0.00 249 - 4.32
30 L/min 449" 0.44 0.00 357 - 5.40
Control -1.31° 0.44 0.01 223 - -040
10 L/min 1.18 " 0.44 0.01 0.27 - 2.10
5 L/min 15 L/min 1.79° 0.44 0.00 088 - 270
20 L/min 2.09" 0.44 0.00 1.18 - 3.00
30 L/min 317" 0.44 0.00 226 - 4.09
Control -250 " 0.44 0.00 -341 - -1.59
5 L/min -1.18" 0.44 0.01 -2.10 - -0.27
10 L/min 15 L/min 0.60 0.44 0.18 -0.31 - 1.52
20 L/min 0.90 0.44 0.05 -0.01 - 1.82
30 L/min 1.99 " 0.44 0.00 1.07 - 2.90
Control -3.10° 0.44 0.00 402 - -219
5 L/min -1.79° 0.44 0.00 -270 - -0.88
15 L/min 10 L/min -0.60 0.44 0.18 -1.52 - 0.31
20 L/min 0.30 0.44 0.50 -0.61 - 1.21
30 L/min 1.38" 0.44 0.01 047 - 2.30
Control -3.40° 0.44 0.00 432 - 249
5 L/min -2.09° 0.44 0.00 -3.00 - -1.18
20 L/min 10 L/min -0.90 0.44 0.05 -1.82 - 0.01
15 L/min -0.30 0.44 0.50 -1.21 - 0.61
30 L/min 1.08 " 0.44 0.02 017 - 2.00
30 L/min Control -4.49 " 0.44 0.00 540 - -357
5 L/min -3.17° 0.44 0.00 -409 - -2.26
10 L/min -1.99° 0.44 0.00 -290 - -1.07
15 L/min -1.38" 0.44 0.01 -230 - -047
20 L/min -1.08 " 0.44 0.02 -2.00 - -0.17

* there is a significant difference (<0.05)
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Based on Table 6 above it can be seen that there is a significant difference between
each aeration discharge treatment group and the other treatment groups (p<0.05), except for
the 10 L/min aeration discharge group with the 15 L/min aeration group and the 15 L/min
groups with 20 L /min (p>0.05).

4. Discussion

The element iron is found in almost all groundwater. Groundwater generally has a
relatively low concentration of dissolved oxygen, causing anaerobic conditions. This
condition causes the concentration of iron and manganese in the insoluble mineral form Fe3+
to be reduced to soluble iron in the form of Fe2+ ions. The iron concentration in groundwater
varies greatly from 0.01 mg/l to £25 mg/I [16]. Iron removal processes include ion exchange,
oxidation, coagulation, filter media, and biological processes. However, the chemical
oxidation process is most often used in water supply systems. This involves adding an
oxidizer to raise the level of oxidation to turn dissolved iron and manganese into precipitate,
which can then be processed further through sedimentation and/or filtration[1].

] In the research results, the use of various variations in bubble aeration discharge can
significantly reduce Fe levels in sample water. However, it is felt that it is still necessary to
continue using filtration media for more optimal results. The use of filter media is one
method of eliminating dissolved iron in water, which is often carried out after the aeration
process. Abdur Rahman's research in Jakarta concluded that the optimum conditions for
removing Fe were 30 minutes for contact time and 2 mL/minute for filtration rate. Under
these conditions, zeolite reduces Fe by 55% in groundwater containing 3.6 mg/L Fe [17].
Effective Fe reduction can be done with integrated processing between aeration and slow
sand filter media, so that it can reduce Fe levels in water by up to 85% [18]. Aeration, which
is the process of bringing water and air into contact with each other naturally or artificially to
raise the amount of dissolved oxygen in water, is a very good way to lower Fe levels right
now, since it can lower Fe levels to 100% and raise the redox potential by up to 2 mV [19].

Another effort to increase the removal of dissolved iron from groundwater is by using
a diffuser aerator, increasing the air discharge and length of aeration time to meet the
established quality standards[20]. In general, iron in water can be dissolved as Fe 2+ (ferrous)
or Fe 3+ (ferric), suspended as colloidal grains (< 1 pm in diameter) or larger, such as Fe 2 O
3, FeO, FeOOH, Fe(OH) 3, and so on, and combined with organic substances or inorganic
solid substances such as clay. Ferrous ions can be oxidized to become ferric ions, which do
not dissolve homogeneously in water, by contacting the water with air to increase the
dissolved oxygen content. The aeration process allows the oxidation process of Fe element
compounds in ferrous form (Fe2+) to become ferric form (Fe3+). Divalent ferrous
compounds tend to be easily soluble in water, so these compounds must be converted into the
3-valent ferrous form so that they can be filtered in the filtration media. Iron hydroxide with a
valence of 2 Fe(HCO3)2, which still has high solubility in water, undergoes an oxidation
process through an aeration unit so that a reaction (ions) will occur to become Fe(OH)3.
Stoichiometrically, it takes 0.143 mg/l oxygen to oxidize 1 mg/l iron. According to the
oxidation reaction, every 1 mg/l of Fe2+ will produce 1.913 mg/l of iron deposits [21].

The presence of iron in water can be caused by the low solubility of oxygen gas in the
water phase and the low efficiency of oxygen transfer from the aeration technology currently
used[22]. Aeration is a mass transfer process in which gas is dispersed into a liquid by
utilizing air inflation or agitation[23]. The initial water depth was also crucial, where greater
depth could drive the potential for bubble shrinkage so that they were more liable to
contract[24]. The use of filtration media is a further treatment that can be carried out to
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significantly reduce Fe in water after aeration treatment. Using aeration techniques and partial
filtration media will produce ineffective processing results because Fe is a compound that
cannot easily be separated chemically or physically. without going through a combined
process.

5. Conclusion

Based on statistical tests, there is an influence of various variations in bubble aeration
discharge on Fe levels in dug well water. Bubble aeration can reduce Fe levels by up to
67.69% at a discharge variation of 30 L/min. The use of aeration techniques to reduce Fe
levels in dug well water can be done, but it should be combined with other water treatment
techniques such as sedimentation and filtration.

6. References

1. N. L Said, “Methods for removing iron and manganese from domestic drinking
water supplies,” J. Air Indones., vol. 1, no. 3, 2011.

2. B. Rahayu, M. Napitupulu, and T. Tahril, “Analysis of zinc (Zn) and iron (Fe)
metals in well water in Pantoloan sub-district, Palu Utara sub-district,” J. Akad.
Kim.,, wvol. 2, no. 1, pp. 1-4, 2017, [Online].  Awvailable:
http://jurnal.untad.ac.id/jurnal/index.php/JAK/article/view/7718/6077

3. E. Sasadara, S. C., Mahawati, E., Hartini, “The Effectiveness of Water Purifiers in
Reducing Iron (Fe) Levels Based on Variations in Residence Time in Dug Well
Water, Thesis Dian Nuswantoro Univ.,” Universitas Dian Nuswantoro, 2013.

4.  S.T. Njau, “Hygiene awareness; improving school attendance and participation in
Kenya,” Univers. J. Public Heal., vol. 4, no. 2, pp. 60-69, 2016.

5. T. Joko and S. Rachmawati, “Variation Addition of Adsorption Media on Tray
Aerator of the Level of Iron ( Fe ) of Shallow Groundw,” J. Kesehat. Lingkung.
Indones., vol. 15, no. 1, pp. 1-5, 2016.

6. Kementerian Kesehatan Rupublik Indonesia, Permenkes No. 492 Tahun 2010.
Jakarta, 2010.

7.  D. Xu et al., “A comparison study of sand filtration and ultrafiltration in drinking
water treatment: Removal of organic foulants and disinfection by-product
formation,” Sci. Total Environ., vol. 691, pp. 322-331, 2019.

8.  A. Cescon and J.-Q. Jiang, “Filtration process and alternative filter media material
in water treatment,” Water, vol. 12, no. 12, p. 3377, 2020.

9. M. Al Kholif, T. Y. Maa, and S. Widyastuti, “River Water Pollution Removal Level
Using Coagulant Aid, Polypropylene Sediment, And Manganese Greensand,”
WAKTU J. Tek. UNIPA, vol. 16, no. 1, pp. 1-8, 2018.

10. Z. Zulfikar, W. Aditama, K. Khairunnisa, and B. Arianto, “Effect of filter media
(zeolite, ferrolite, and manganese greensand) and combination of media on the
levels of iron and manganese in borehole water,” Int. J. Environ. Health Eng., vol.
12, no. 1, p. 9, 2023.

11. A. Asfiana, “Reducing Manganese (Mn) Contaminant Levels in Water Using
Bubble Acrators and Cascade Aerators,” Universitas Hasanuddin Makassar, 2015.

12. S. L. M. Tangkilisan, W. B. S. Joseph, and O. J. Sumampouw, “The Relationship
Between Construction Factors and Distance of Dug Wells to Pollutant Sources and
Total Coliforms in Dug Well Water in Motto Village, North Lembeh District,”
KESMAS, vol. 7, no. 4, 2018.

13. B. A. Bell, “Encyclopedia of research design,” 2014.



Zulfikar Zulfikar/ Afr.J.Bio.Sc. 6(6) (2024) Page 1159 to 10

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

A. Mubarak, H. S. Kasjono, and S. K. M. Dwi Astuti, “Effectiveness of Aeration
Time Using a Bubble Aerator in Reducing Iron (Fe) Content of Well Water in
Kebarongan Village Kemranjen Banyumas 2016.” Universitas Muhammadiyah
Surakarta, 2016.

W. T. Federer, “Randomization and sample size in experimentation,” 1966.

F. G. Pakasi, “Effectiveness of Up Flow Sand Filters in Reducing Iron (Fe) and
Manganese (Mn) Levels in Raw Water,” J. Kesehat. Lingkung., vol. 4, no. 1, 2014.

A. Rahman and B. Hartono, “Groundwater Filtering with Natural Zeolite to Reduce
Iron and Manganese Levels,” Makara, Kesehat., vol. 8, no. 1, pp. 1-6, 2004.

V. A. Pacini, A. Maria Ingallinella, and G. Sanguinetti, “Removal of iron and
manganese using biological roughing up flow filtration technology,” Water Res.,
vol. 39, no. 18, pp. 44634475, 2005, doi:
https://doi.org/10.1016/j.watres.2005.08.027.

L.-H. Cheng, Z.-Z. Xiong, S. Cai, D.-W. Li, and X.-H. Xu, “Aecration-manganese
sand filter-ultrafiltration to remove iron and manganese from water: Oxidation
effect and fouling behavior of manganese sand coated film,” J. Water Process Eng.,
vol. 38, p. 101621, 2020.

K. Batara, B. Zaman, and W. Oktiawan, “Effect of Air Discharge and Aeration
Time on the Efficiency of Reducing Iron and Manganese Using a Diffuser Aerator
in Ground Water.” Diponegoro University, 2017.

D. Ayu and M. Mirwan, “Reduction Of Fe And Mn In Well Water Using Multiple
Tray Pyramid Aerator,” ENVIROUS, vol. 1, no. 1, pp. 28-35, 2020.

S. Zhou, M. Liu, B. Chen, L. Sun, and H. Lu, “Microbubble- and nanobubble-
aeration for upgrading conventional activated sludge process: A review,”
Bioresour. Technol., vol. 362, p. 127826, 2022, doi:
https://doi.org/10.1016/j.biortech.2022.127826.

J. Tang, Y. Zhang, Y. Yao, N. Dai, Z. Ge, and D. Wu, “High-performance ultrafine
bubble aeration on janus aluminum foil prepared by laser microfabrication,”
Langmuir,  vol. 37, no. 23, pp. 6947-6952, 2021, doi:
https://doi.org/10.1021/acs.langmuir.1c00437.

W. Fan et al., “A modelling approach to explore the optimum bubble size for
micro-nanobubble aeration,” Water Res., vol. 228, p. 119360, 2023, doi:
https://doi.org/10.1016/j.watres.2022.119360.



