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Abstract—This study aims to determine and analyze the combination of aeration systems with Multiple Tray Aerator and Filtration
with Rapid Sand Filter in reducing iron (Fe) content in water. The source of water used is shallow well water that is still used by the
community. The research design used in this study was One-Group Pretest-Posttest Design. The study located in Pangkep Regency,
South Sulawesi Province, and then for the second location in Manado City, North Sulawesi Province. The number of samples with the
type of experimental research was 10 with the Purposive Random Sampling technique. The instruments used in this research are
Multiple Tray Aerator and Rapid Sand Filter. The results showed that the percentage of reduction using a combination of aeration
and filtration systems when averaged for the two study sites, a rate of 58.50 percent obtained. The increase in iFe#) ¢ontent, one of
which is influenced by the climate at the research location, will directly increase the water temperature sources in this study, namely
surface wells, which will dissolve more iron (Fe) levels. Another factor that affects iron (Fe) levels is the difference in research
locations, namely on islands and coasts. This can be seen in the differences in the results of iron (Fe) levels obtained at the two
research locations. Those who wish to conduct further study should pay attention to the tool's type and ability and design a more
accurate model to minimize energy and cost and a more concrete form.

Keywords—contamination; groundwater; Iron (Fe); multiple tray aerators; rapid sand filters.

humans and other living things [2]. A decrease in water
I. INTRODUCTION quality will reduce the usability, usability, productivity,
carrying capacity, and carrying capacity of water resources,
ultimately reducing natural resources [3]. To get good water
taccording to specific standards, now it becomes an
expensive item because water has been polluted by various
fkinds of waste from various human activities so that in
uality, water resources have decreased, likewise in terms of
uantity, which has been unable to meet the increasing needs.
The results of an analysis released by the World
esources Institute (WRI) mention that as many as 12
countries that are facing an imbalance between water supply
and those needs are in the Middle East and North Africa.
Others are in India, Pakistan, San Marino in Europe,

From now on, all groups have begun to realize the
problem of water. The threat of water crisis is in front of us
due to climate change, infrastructure development that is no
environmentally friendly, and many wrong human actions
that cause environmental damage [1]. The use o
groundwater needs to be done carefully, and the concepts of
development must also be considered so as not to furthefl
damage the natural ecosystem. Water, as a component of ths
environment, will affect and be influenced by other
components. Poor quality water will cause the environment
to be wrong so that it will affect the health and safety of
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Botswana in Africa, and Turkmenistan in Central Asia [4]. the floor of the well is at least 1 meter in diameter distance
The shortage of water stocks has the potential to lead tofrom the well wall and water-resistant, sewerage at least 10
severe water crisis conditions in the coming years. Hot airmeters and permanent, the height of the well's lip 0.8 meters,
conditions and the start of reduced water supply have pushedhave a ring (wall) of a well of at least 3 meters and have a
countries in the Middle East and North Africa region to strong and tightly closed well.
crisis conditions. Qatar is the country most at risk from  The increasing activity of the community tends to
water scarcity and relies heavily on seawater desalinationincrease consumption of the needs needed so that it causes
systems to supply drinking water to the public and industry. increased waste disposal, especially household waste that
The results of projections made by the National Planning generated [8]. Indiscriminate disposal of household waste is
Agency of the Republic of Indonesia predict that raw water one of the causes of the decline in groundwater quality.
scarcity will occur in several regions in Indonesia. It happens Water sources have widely used for domestic, agricultural,
due to the impact of global climate change and forestindustrial, fisheries, power generation, and others.
destruction. The area of water-critical areas in 2045 Utilization of water sources, in addition to meeting the
predicted to reach 9.6 percent or an increase of 3.6 percemjuantity and quality, must also meet water quality criteria
compared to 2000. As the fourth most populous country in according to their usage. The most important water use is the
the world, the availability of clean water that has not evenly agricultural sector, which requires a supply of about 70
distributed is an important issue because it affects all aspectpercent, then the industry 20 percent for energy and
of life, starting from health to public welfare. Easy access to Manufacturing needs, 10 percent for households, and 1
clean water also believed to be a way to break the povertypercent for daily drinking. The water crisis, especially for
chain. Unfortunately, the improvement of Indonesia's consumption, will continue to threaten if the central and
economy over the past 20 years has not been accompaniegkgional governments do not take strategic steps to prevent it.
by equitable access to clean water. As many as 33.4 millionMapping of water-prone areas needs to be done, slowing the
people lack clean water, and 99.7 million lack access todestruction of ecosystems increasingly intensified.
proper sanitation facilities. Data from the Central Statistics Furthermore, restrictions on land-use change due to the
Agency said that the achievement of access to safe water ifnvasion of housing business need to be also limited [9], [10].
2019 in Indonesia reached 72.55 percent. This figure is stillThe problem of clean water is dangerous, so it needs a very
below the Sustainable Development Goals (SDGs) target ofserious one too. The government is serious in overcoming all
100 percent. the triggering factors of the water crisis, is serious about
In Indonesia, shallow wells are a method of extracting making regulations about the restriction of land-use change,
groundwater widely applied in rural areas because it is easyand is also severe about guaranteeing and ensuring that
to manufacture and can be carried out by the communitypeople have adequate access to the fulfillment of clean water
itself with simple equipment and low cost. One source of so that there is no longer any unrest due to limited water
water that can utilize is groundwater or well water. Well resources.
water is shallow groundwater usually found at a depth of 15 In general, a system of clean water service providers in
meters. As one of the sources used for drinking water, wateindonesia uses a communal system with piped networks as a
considered quite good, while for the quantity, it does not characteristic of a modern, clean water supply system.
depend too much on the seasons in the surroundingHowever, this system has not reached all regions, so this
environment. If the rainy season occurs, the water debit will system has not reached some remote residential areas.
increase, and vice versa, the water debit will decrease ifAlternative water sources are used that come from
there is summer. Even in some types of soil, there is often agroundwater to meet the needs of clean water in the
drought in surface wells [5]. environment. However, most groundwater sources that users
Dug wells (shallow wells) are one of the most common are still unfit for use as clean water. High concentrations of
and widespread constructions of wells used to takeiron and chloride in water is one of the least suitable for use.
groundwater for small communities and individual houses asTherefore, we need instruments that are practical and easy to
drinking water with a depth of 7-10 meters from ground use to reduce the level of concentration of pollution in the
level [6], [7]. Dug wells provide water that comes from water. Aeration is one of the ways to treat clean physical
layers of soil that are relatively close to the surface of thewater, by adding air or oxygen to the water by spraying
soil and are therefore easily exposed to contaminationwater into the air or by giving bubbles of fine air to the
through seepage. Generally, seepage comes from human arabttom of the surface. Aeration chose because it does not
animal waste disposal sites, namely latrines, as well as fronrequire a large place; its shape and design are simple and
the well waste itself because the floor or sewage is noteasy to operate. The filtration process aims to filter out the
waterproof. The state of construction and ways of extractingsuspensions in the water. The filtration process can be done
well water can be a source of contamination, for example,with membrane technology, but it can also use other media
wells with open construction and taking water with buckets. such as sand, gravel. In this membrane filtration process
In terms of health, the use of dug wells is not good if the technology uses several types namely Multi-Media Filter,
way of making not considered, but to minimize the UF (Ultrafiltration) System [11]-[13], NF (Nanofiltration)
possibility of pollution can seek prevention, these System [14]-[17], MF (Microfiltration) System [18]-[20],
precautions can meet by taking into account the physicalRO (Reverse Osmosis) System [14], [16], [21], [22]. All
conditions of the well based on the conclusions of the types of filtration have advantages and disadvantages, both
opinion of several experts in this field, including the location in use and price.
of the well not less than 10 meters from the pollutant source,
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The recommended Iron (Fe) concentration requirementreducing the concentration of Iron (Fe) in surface water, so
based on the standard clean water standard of the Regulatiofhat it can use as a source of water for use
of the Minister of Health of the Republic of Indonesia is 1.0
mg/l. If the concentration of dissolved iron in water exceeds, II. MATERIALS AND METHOD
this limit will cause physical interference caused by the
presence of dissolved iron in water is the emergence of colofA. Materials
odor, taste and can cause health problems. This stability Wwater treatment is a technical effort undertaken to change
allows them to withstand changes and remain constant inthe nature of water. The purpose of water treatment is to
any water, except water polluted by industry and human reduce turbidity, improve the degree of acidity, reduce odors,
waste [23]. Based on various water sources, many peopléand reduce and kill microorganisms in water so that the
use freshwater that comes from groundwater as meeting theivater is clear and odor-free [30]. The level of intensity of
daily needs. Water is an essential resource to support lifejvater treatment depends on the quality of the water to treat.
the presence of water is sufficient to meet the quantity The instrument used in this research is a combination of
requirements in quantity but also has good quality [24]. Multiple Tray Aerator and Rapid Sand Filter, aiming to
Often the community views water needs as being sufficiently reduce the concentration of iron (Fe) and chloride (CI) in
fulfilled if there is a sufficient amount, while the quality is of water from shallow wells. The shape and composition of the

little concern. From this description, this study conducted research instrument instruments can be seen in the picture as
aiming to determine the effectiveness of the use of thefgllows:

Multiple Tray Aerator and Rapid Sand Filter System in

Multiple Tray Aerator

Pipe PVC 3/4"
H. I Rapid Sand Filter
- ]
& :
o> - .o
Raw Water Water Pump Water Shells Water Pump

Water Reservoir

Fig. 1 Multiple Tray Aerator and Rapid Sand Filter Instruments

1) Multiple Tray Aerator: The aerator tray consists of PIPES, and_ the_n the water 1S sprayed through the main pipe
. with a split pipe. At that time, waterfalls through hollow
several empty trays that will pass water to the next tray up to . dd h d I h
the collection basin. The equitable distribution of water trays aim to add oxygen to the raw water and precipitate the
: water's iron. After that, the water passes through the tray,

thr)z;/tirt?rz tsragséscng:gt'rﬁgé% ':ELO\;Z igl:rlgg;?" Sﬁ)c;}rge (5hen the water goes down through the aerator outlet pipe and
y ’ ’ n(to the filter bath and can then be distributed

ceramic balls with a 2-6 inches diameter. The grinding

media is placed on top of the tray to increase gas exchange 2) Rapid Sand Filter: The media used for the Rapid Sand
efficiency and distribution. Oxygen buildup can accelerate Filter process is composed of natural silica sand, anthracite,
the oxidation process in water. The distance between eaclor garnet sand, which have variations in size, shape, and
shelf is usually between 30 to 75 cm, and the flow of water chemical composition. The filter base consists of a pipeline
flows between 50-75 #fday [31]. The distance between the system composed of lateral and manifolds to drain treated
shelves varies between 30 and 45 cm, and the size of thavater whose received water is received through the orifice
media is 2.5 — 15 cm. In this research, the distance betweemole placed on the lateral pipe—the use of manifold and
the tray aerator tray is 60 cm, with a total height of 4 meters.lateral aims so that the distribution evenly distributed. When
Then, the tray aerator tray's surface area ranges from 400 the filtration process occurs, there is a decrease in production
900 square meters [32]. This aeration process needs to bwater discharge due to clogging or compression by filtered
done when raw water is processed from well water by usingimpurities and retained on the media, causing the pore
submersible pumps that flow into the aerator inlet through diameter to shrink.
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B. Method Experimental research methods are considered most
One-Group Pretest-Posttest Design is a model used irsuitable to determine the effect of using research tools or
research conducted. In the One-Group Pretest-PosttesiiStruments on the research object. As a scientific study,
Design, the dependent variable measured as one groupesSearchers manipulate and control one or more independent
before (pre-test) and after (post-test) treatment given. Aftervariables and observe the dependent variables to find
treatment given to the group, the values before and after the/ariations that appear together to use these independent
treatment are compared. The advantage of this experiment i¥ariables. Further explained, the variable manipulated is
that we can compare values before and after treating the@lled the independent variable, and the variable whose

C. Sudy Location
Pre-test | Treatment/Intervention | o | Post-test This research was conducted in two locations that have
Oy (X1) (G2 different conditions. The first location is in one of the islands
O, = Pre-test, Measurement of water quality before included in the administrative area of the Pangkep Regency,
! Treatment/Intervention, namely the parameters of iron namely Mattiro Baji Isl_and. The second location is in the
(Fe). coastal waters of the City of Manado. The use of clean water
O, = Posttest, Measurement of water quality after in both locations is relatively high, considering that the

Treatment/Intervention (X1) with the Multiple Try  government prepares not all areas within reach of clean
Aerator & Rapid Sand Filter process, namely the water.
parameters of iron (Fe).
X, = Treatment/Intervention, Multiple Try Aerator & Rapid
Sand Filter process.

MattirdBaji

Pangkajens/vanikep

Makassar Clly-?

Maros'Regency 4k

Fig. 2 Location Study, (a) Sapuli Island; (b) Sindulang Satu Urban Village.

The first location was in South Sulawesi Province, study used ten samples for each experimental parameter by
precisely on Sapuli Island, Mattiro Baji Village, Pangkep taking purposive random sampling techniques and dug well
Regency with coordinates of 4° 45' 59.9" S and 119° 27'water sources used by the community.

47.2" E. Then the second location was in North Sulawesi ,
Province, precisely Sindulang Satu Urban Village, E- DataCollection
Tuminting District, Manado City with coordinates 1° 30' Primary data were obtained from direct measurements of

02.7" N and 124° 50' 34.6" E (Figure 2). iron (Fe) and chloride concentration of shallow well water at
_ the study site in Pangkep Regency and Manado City. Data
D. Population and Sample obtained in the study at each location and research point,

The population is the whole of the object or subject of then the data concentration of iron (Fe), was obtained from
research. Populations whose elements have the samée certified Health Laboratory results. Data on the
characteristics so that the amount is not quantitatively concentration of iron (Fe) in water is a TDS meter that
disputed [27]. This population dug well water, which is describes the number of dissolved substances in Parts Per
located and used by the community for daily activities in the Million (PPM) or equal to milligrams per Liter (mg/l).

Sapuli Islands, Pangkep Regency, and Sindulang Satu,

Manado City. The sample is part of the quantity and I1l. RESULT AND DISCUSSIONS

characteristics possessed by the population. If the population i

is significant, and researchers may not study everything inA Measurement Concentration

the population. According to Roscoe and Diehl, in his book In surface water, rarely found Fe intensities more
Fundamental Research Statistics for the Behavioralsignificant than 1 mg/L, but in groundwater, Fe
Sciences, recommending that the number of samples forconcentrations can be much higher. This high concentration
experimental research is 10-20 samples [28], [29]. Thisof Fe can be felt and can stain cloth, kitchen utensils, and
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sanitation tools. Whereas in groundwater with high oxygen in the water. An increase in water temperature can
alkalinity, it usually has a low iron concentration because it describe the degree of mineral solubility so that the
is oxidized and settles at a high degree of acidity. solubility of Fe in high water. Therefore, there will be
Groundwater containing iron and high organic matter will differences in the measurement results obtained.
form complex bonds difficult to settle with aeration [33]. The high iron content in wells can be due to the higher
This study focused on iron contained in shallow wells that mineral rock content around this well compared to other well
are still used by the community. From 10 samples that havelocations because it is in a relatively higher plain. Besides
tested at Makassar Health Laboratory, it turns out thatthat, the degree of acidity of well water is the lowest or
shallow well water in Pangkep has the highest concentrationacidic compared to other wells. The more acidic the degree
of iron (Fe) before treatment of 22.21 mg/l contained in the of acidity, the more metals will dissolve, including iron. This
first water sample then the lowest irdfe] is obtained for can be caused by the low dissolved oxygen content in the
12.32 mg/l contained in the third water sample number. well. As explained in theory above, dissolved oxygen in the
The Manado sample showed quite different results seen imeutral degree of acidity conditions will oxidize ferrous to
Figure 3. The Pangkep sample was seen from the ironferric and form sediment. The lower the concentration of
content (Fe) concentration from the measurement resultsdissolved oxygen, the higher the concentration of dissolved
before treatment obtained by 23.69 mg/l for the seventhiron. In other wells, the low dissolved iron content can be
water sample with the highest iron (Fe) content. Then for thedue to the high concentration of dissolved oxygen in well
lowest iron (Fe) content obtained 22.22 mg/l contained in thewater [34]. High temperatures will cause a decrease in the
first sample. level of oxygen in the water. An increase in water
From these results, it can see in the differences in thetemperature can also describe the degree of solubility of
initial measurements of the study conducted at different minerals so that the solubility of iron (Fe) concentration in
places and conditions. High-temperature conditions at thewater becomes high [35], [36].
study site can also cause decreased levels of dissolved
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Fig. 4 The relationship of Fe (mg/l) with water temperatt@ (

The measurement results after the aeration and filtrationsample was 9.78 mg/l. In natural water systems and water
process in the Pangkep sample obtained 7.89 mg/l for thereatment systems, iron compounds vary depending on the
highest found in the fifth sample, then the lowest obtained acidity of water. Changes in iron compounds in natural water
by 4.09 mg/l found in the third sample. Furthermore, for the systems under conditions of reduction, manganese, and iron,
Manado sample, the highest content of 11.46 mg/l was foundin general, have a valence of two that are soluble in water.
in the fourth sample, and the lowest found in the seventhTherefore, in the water treatment system, the two-valence
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manganese and iron compounds are oxidized in various The results of the reduction seen in Figure 5 shows that
ways to become compounds with a higher valence, which isthe tool used is quite stable in reducing Fe content in water
not soluble in water so that they can be easily separatedsamples at two different study sites. The average percentage
physically. There are three methods commonly used toreduction in the concentration of iron (Fe) for the Pangkep
control the presence of Fe in drinking water supply, namely sample was 64.06%, then for the Manado sample, it was
precipitation followed by filtration, ion exchange, and 53.16%. From these results, the difference between the two
stabilization of iron in solution and dispersing agents to sample locations was 10.90%.
prevent the deposition of these metals [37], [38].
The calculation results show that the average| usyx
measurement of the concentration of iron (Fe) in the water af
the Pangkep location before the treatment process, namel
Tray Aerator and Rapid Sand Filter is obtained 18.30 mg/l| s,
then after going through the process obtained results of 6.5]
mg/l. Research conducted showed a difference of 11.73 mg/| 4%
between before and after the treatment process. Then for th
concentration of iron (Fe) in water samples at the Manado
location before the treatment process, Tray Aerator, and 25%
Rapid Sand Filter obtained an average value of 22.86 mg/
then; after going through the process, the results obtaineg

65%

35%

Sample

were 10.70 mg/l. Research conducted showed a difference o
12.15 mg/l between before and after the treatment process. Fig. 5 Decreasing Fe with Aeration and Filtration

Iron content in groundwater, especially in well water, is
common. Groundwater, which generally has a high This shows that the contact time of a lot of oxygen
concentration of carbon dioxide, can cause anaerobiCpenetration at the time of this study determined by the
conditions. This condition causes the concentration of contact time flowed through the shower, water through
insoluble iron form (Fe3+) reduced to iron, which dissolves aeration. The presence of water spray then into the settling
in the form of two-dimensional ions (Fe2+). The pasin, to make water contact with air longer with a small
concentration of iron in groundwater varies from 0.01- 25 spray and to widen that makes the iron ion bmdmg process
mg/l [39]. occurs with dissolved oxygen (ferrous) into an insoluble
The temperature of a water body is influenced by seasonsform (ferric). The process then is continued to precipitate
latitude, the altitude from sea level, time of day, air and partly enter the filtration treatment section. In the
circulation, and depth of water bodies. Temperature changegeration process, oxygen in the air will react with Ferus
affect the physical, chemical, and biological processes ofcompounds and dissolved manganous to change into ferric
water. Temperature also plays an essential role in controlling(Fe) and insoluble manganic oxide hydrates. After that,
aquatic ecosystems. An increase in temperature can cause groceed with sedimentation or filtration. It should be noted
decrease in the solubility of gases in water. Besides, thethat oxidation of iron compounds in water does not always
increase in temperature can increase the metabolism andccur quickly.
respiration of aquatic organisms, which causes an increase in  Aeration is a water treatment by adding oxygen to water.
oxygen consumption. This can be seen in Figure 4, whichThe addition of oxygen is done to eliminate an excess
shows the strong relationship between temperature and F@arameter in water so that the parameter concentration will
concentration at the study site. be reduced or can eliminate. In practice, there are two ways
The dissolved oxygen content can decrease if theto add oxygen to water: putting air into water and or forcing
temperature in the water becomes high. The high solubility water up to contact oxygen. The problem that often occurs
of Fe content in water can be seen from the increase inwhen utilizing groundwater is the mineral content. Types of
temperature, which causes the level of SOlUblllty of mineral groundwater mineral content are quite diverse’ inc|uding
elements in the water. A low dissolved oxygen concentration mercury, iron’ manganese, Sodium’ copper, and zinc [40] In
causes low metal solubility, settling comfortably to the podies of water and geological layers on the ground, iron is
bottom of the sediment. an element that is almost certain to be found in these places.
B. Decreased Concentration In general, the iron component in water can dissolve [41],
T T ] ] [42]. The content of Fe ions in deep well water can range
Filtration or filtering in this study is a form of treatment petween 5-7 mg/l [43], [44]. While the clean water iron
to separate solids dissolved in water. In this process,content standard based on the Republic of Indonesia
filtration with gravel media, coconut shell charcoal, and sand.\jinister of Health Regulation 2017 is a maximum of 1.0
Gravel serves to filter out coarse particles in the water. yq/ soil structure conditions greatly influence the high or
Charcoal functions to filter or remove odors, colors, and o content of Fe in water. The content of chemical
pollutants in water and purify water. The sand serves to filter glements in water is very dependent on the geological
mud, soil, and large/small particles in water. The principle formation where the water is located and the geological
works because the water to be filtered flows from the bottom gy mation where it passes through water. For example, if
up throu.gh the_sand Iayer bgcause of the gravitational_ forceduring the water through a rock containing iron, the water
then solid particles which will be separated are held in theyjj| automatically provide iron and other elements. The size
sand. of the dissolved material depends on the length of water in
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contact with rocks. The more extended water interactions

with rocks, the higher the elements dissolved in it [45]. [
The shallow groundwater system was replenished by
rainwater permeation. In dense residential areas, the

sanitation system is not right, or water from septic tanks canl?
seep into aquifers and contaminate shallow groundwater [46]i3;
Seepage water or septic tanks can be capable of decreasing
the level of deep shallow groundwater, especially in the dry

- [4]
season. As a result, many pollutants that enter the aqun‘el[
system. When the rainy season arrives, the pollutants will
dissolve. Thus, the process goes on, so that shallows]
groundwater saved by domestic waste, proven that a lot of
residents' well water can physically be seen. At the sameg,
time, most people have no other choice but to use
groundwater or well water to meet their daily needs. They
are namely cooking, washing, bathing, and drinking becauséd?]
groundwater or well water is one of the main alternatives for
the community to get clean water cheaply to meet their daily g
needs.

The quality of groundwater is also affected by the soil
itself because water that passes through the soil can dissolvg]
the minerals found in the soil. The quality of groundwater in
various regions varies according to local soil characteristics.
Groundwater usually has a relatively high iron content.
Suppose groundwater encounters air and undergoeélo]
oxygenation. In that case, the ferric ions in ferric hydroxide
[Fe (OH) 3], which are abundant in groundwater, will be
oxidized to Ferro and immediately experience precipitation [11]
(precipitation) and form a reddish color in the water. Water
carries chemical elements in the course of water into the soil{;
and because of its easily oxidized nature, it causes chemical
changes in the soil or geological material [47]. The presence
of iron in the earth's crust occupies the fourth largest [13
position. Iron found in the form of ferrous cations (Fe2 +)
and ferric (Fe3 +). In natural waters with a pH of around
seven and sufficient dissolved oxygen levels, soluble ferrous[14]
ions oxidized to ferric ions. Iron content is present in water
as secondary ions (secondary constituents) with levels
between 0.01 - 10.0 (mg/l) [48]. [15]

V. CONCLUSIONS [16]

The reduction obtained was quite good even though the
Fe value produced was not included in the proper clean
water standard. For people who have water with High
levels and want to redudee levels, it is better to use more
extended aeration and Filtration, more specifically, to [18]
determine the ratio of aeration and filtering sizes.
Considering the temperature of the water source, that is
enough to affect the mineral content in water, includteg
content. Those who wish to continue this research should
pay attention to the tool's type and ability and design a more
accurate model to minimize energy and cost and a more
solid form. [20]

(17]

(19]
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