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Introduction  

 
The natural resource needed by all living things, 

including humans, is water. Water is a basic element for 
human life (Saniti, 2012; Zahra et al., 2017). In Indonesia, 
surface water is one of the most widely used sources of 
raw water, due to the abundant availability of water 
(Volentino, 2013; Suryani, 2016). This natural water 
resource must be put to good use by humans and kept 
clean and fit for use. The use of water for various 
purposes must be done wisely, taking into account the 
interests of future generations (Dewa, 2015; Khaira, 
2016). Humans in everyday life always use water.  

Water suitable for use has certain standard 
requirements. These standards include physical, 
chemical and bacteriological requirements, and these 
conditions are one unit, so that if there is only one 
parameter that does not meet the requirements then the 
water is unfit for use (Purwoto & Sutrisno, 2016; Adeko, 
2018; Adeko & Ermayendri, 2019 ). The characteristics of 
water that is suitable for use are clear, colorless, tasteless, 
odorless, does not contain pathogenic germs and all 

living things that endanger human health, does not 
contain chemicals that can change body functions, does 
not leave sediment in all distribution networks, does not 
corrosive and others (Musli & de Fretes, 2016; Sunarti, 
2016). This aims to prevent the occurrence and spread of 

water-borne diseases. 
One of the parameters that must be measured to 

determine water quality is a physical parameter. 
Kementrian Kesehatan Republik Indonesia (2017) no. 32, 
concerning environmental health quality standards and 
water health requirements, there are several parameters 
that must be examined, including turbidity levels with a 
maximum level of 25 NTU, TDS (Total Dissolved Solid) 
dissolved solids with a maximum standard of 1000 
mg/L, and maximum iron content 1mg/L. A decrease in 
water quality can be indicated by an increase in the 
levels of measured physical parameters. For example, 
when the levels of color parameters increase, the color of 
the water changes from brown to black, indicating the 
presence of chemicals such as metal iron, manganese 
and cyanide originating from factory waste disposal 
(Mukarromah, 2016; Masriatini et al., 2019). 
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Total dissolved solid (TDS) is the amount of 
material dissolved in water. TDS can be used to estimate 
the quality of drinking water, because it represents the 
number of ions in the water (Cahyani et al., 2016; 
Agustina, 2022). To find out the value of TDS can use a 
standard tool, namely the TDS meter. The World Health 
Organization (WHO), the drinking water purity 
standard is a TDS level below 100 ppm (Raghavan et al., 
2017). Good water has a TDS level of less than 300-600 
ppm (Part Per Million), which has relatively small 
mineral components (Arvind et al., 2020). If water has a 
TDS level of 900-1200 ppm (Parts Per Million) or more, 
it means that the water contains relatively large minerals 
and is hazardous to health (Pant et al., 2019). Indonesia 
also issued a TDS Standard by the Ministry of Health of 
the Republic of Indonesia and the Indonesian National 
Standard (SNI), namely a maximum TDS value of 500 
ppm (Lavanaya & Parameswari, 2018; Irawan et al., 
2019). 

The amount of metal content is also a requirement 
in determining water quality, one of which is ferrous 
metal (Fe). Fe metal is an essential metal whose presence 
in certain amounts is needed by living organisms, but in 
excess it can cause toxic effects (Dewa, 2015; Yudo, 2018). 
The high content of Fe metal will have an impact on 
human health which can cause poisoning (vomiting), 
intestinal damage, premature aging to sudden death, 
arthritis, birth defects, bleeding gums, cancer, kidney 
cirrhosis, constipation, diabetes, diarrhea, dizziness, 
fatigue , hepatitis, hypertension, insomnia (Adeko & 
Jubaidi, 2021). To measure the amount of Fe metal 
content in water, you can use an AAS (Atomic 
Absorption Spectrometer). 

Atomic Absorption Spectrometry (AAS) is a tool 
that is familiar in chemical assays because it has high 
capability with a low consumption of time, cost, and 
energy to obtain a fairly good test precision (Irzon & 
Kurnia, 2013). Atomic Absorbance Spectrometry (AAS) 
was chosen because it is commonly used for testing 
element levels in general (Lajunen & Permaki, 2004; 
Irzon & Kurnia, 2013). Heavy metal analysis was carried 
out using Atomic Absorption Spectrophotometry (AAS) 
which is based on the Lambert-Beer law, namely the 
amount of light absorbed is directly proportional to the 
level of substance (Warni et al., 2017). 

This research was conducted to complement 
previous research. One of them is the research 
conducted by Mukarromah et al. (2016) regarding the 
analysis of the physical properties of water quality in the 
tamarind springs, Kalijeruk hamlet, Siwuran village, 
Garung sub-district, district. Furthermore, research 
conducted by Wonosobo Nainggolan et al. (2017) 
regarding the effect of multilevel aeration with a 
combination of sand filters, activated carbon, and zeolite 

in setting aside Fe and Mn parameters from 
groundwater at the Ar-Raudhatul Hasanah Islamic 
Boarding School. Then research conducted by 
Hindratmo et al. (2021) regarding the content of heavy 
metals in rivers and soil in several areas of Hila Village, 
Romang Islands, Southwest Maluku District. 

Based on research that has been done by previous 
researchers, there has been no research on the effect of 
silica sand mass in water purification systems on 
decreasing Fe concentrations. Therefore, researchers 
conducted a study to complement previous research 
with the aim of knowing the effect of silica sand mass on 
decreasing Fe concentrations in water purification 
systems. 
 

Method  
 
This type of research is an-experimental research. 

All planning to answer research and anticipate 
difficulties that may arise during the research process is 
a research design. This research was conducted from 
September to December 2022 located at the Colloid 
Laboratory, Faculty of Mathematics and Natural 
Sciences, Yogyakarta State University. The sample for 
this research is water taken at Jl. Ambarukmo, 
Caturtunggal, Kec. Depok, Sleman Regency, Special 
Region of Yogyakarta. The water purification media 
used in the research were silica sand and gravel. The 
research was carried out through three stages, namely 
the stages of preparation, implementation, and data 
collection. In the preparation stage, the tools and 
materials needed are a 2-inch plastic pipe with a length 
of 50 cm, a water tap, 6 250 ml plastic bottles, 1 liter 
plastic bottle, digital balance, 3 kg of gravel, and 3 kg of 
silica sand. At the implementation stage, the research 
was carried out by first dividing the gravel into 6 parts 
with a mass of 500 grams, then silica sand was divided 
into 5 parts with a mass of 200 grams, 400 grams, 600 
grams, 800 grams and 1000 grams. Water purification 
was carried out with a fixed mass of gravel and a varied 
mass of silica sand. After the results of water purification 
were obtained, measurements were carried out using 
AAS in the laboratory to determine the concentration of 
Fe. The data obtained from the results of laboratory 
examinations were processed manually using a 
calculator and presented in the form of tables and graphs 
and then analyzed descriptively, namely for the effect of 
mass of silica sand on Fe concentrations in water 
purification systems. The research flow can be seen in 
Figure 1. 
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Figure 1. Research Flow 

 

Based on Figure 1, it states that research begins with 
finding research ideas that are explored through 
literature study and then designing research. Next, tools 
and materials are prepared for conducting research. Fe 
concentration was studied using the AAS tool. The 
results obtained were then analyzed to obtain 
conclusions from the research carried out. 
 

Result and Discussion 
 
This study aims to examine the effect of silica sand 

on Fe concentrations in water purification systems. Data 
obtained from laboratory results using AAS (Atomic 
Absorption Spectrometry) to measure the concentration 
of Fe in water before and after water purification. In the 
water purification system, the materials used are gravel 
and silica sand. The mass of gravel used in the water 
purification system is constant, namely 500 grams. The 
mass of silica sand used varies, namely 200 grams, 400 
grams, 600 grams, 800 grams and 1000 grams. The first 
water purification is carried out with 500 grams of 
gravel. The second water purification is carried out with 
500 grams of gravel and 200 grams of silica sand. The 
third water purification is carried out with 500 grams of 
gravel and 400 grams of silica sand. The fourth water 
purification is carried out with 500 grams of gravel and 
600 grams of silica sand. The fifth water purification is 
carried out with 500 grams of gravel and 800 grams of 
silica sand. The sixth water purification is carried out 
with 500 grams of gravel and 1000 grams of silica sand. 
The results of research using AAS in the laboratory can 
be seen in table 1. 
 

Tabel 1. Results of measurements of Fe concentrations 

Treatment Ingredient 
Fe concentrations 

(ppm) 
Before After 

I Pebbles 500 grams 0.1322 0.1212 

II 
Pebbles 500 grams 

Silica sand 200 
grams 

0.1322 0.1019 

III 
Pebbles 500 grams 

Silica sand 400 
grams 

0.1322 0.0964 

IV 
Pebbles 500 grams 

Silica sand 600 
grams 

0.1322 0.0909 

V 
Pebbles 500 grams 

Silica sand 800 
grams 

0.1322 0.0874 

VI 
Pebbles 500 grams 

Silica sand 1000 
grams 

0.1322 0.0854 

 
Based on the results of measuring the concentration 

of Fe using AAS in table 1 shows that before water 
purification the concentration of Fe contained in the 
water was 0.1322 ppm. After the first water purification 
was carried out, the concentration of Fe in water was 
0.1212 ppm. The third water clarification resulted in an 
Fe concentration of 0.1019 ppm. The third water 
purification obtained Fe concentration of 0.0964 ppm. 
The fourth water purification obtained a Fe 
concentration of 0.0909 ppm. The fifth water purification 
obtained a Fe concentration of 0.0874 ppm. The sixth 
water purification obtained a Fe concentration of 0.0854 
ppm. The concentration of Fe in the water before the 
purification system was carried out was quite high 
compared to after the water purification was carried out. 
In graphical form the decrease in Fe concentration after 
water purification is more clearly visible, the graph can 
be seen in Figure 2. 

The graph of the results of measuring the 
concentration of Fe in water has decreased after 
purifying the water with 6 treatments. The results of the 
water purification system using gravel and silica sand 
have met environmental health quality standards and 
water health requirements, namely the maximum Fe 
(iron) content of 1 mg/L or ppm. Fe or iron metal is an 
essential metal whose presence in certain amounts is 
needed by living organisms, but in excessive amounts it 
can cause toxic effects. Water containing iron will be 
yellow and cause a metallic taste of iron in water, and 
corrode metal materials. Iron is one of the elements 
which is the result of weathering of parent rock which is 
commonly found in public waters. A water purification 
system using gravel and silica sand can reduce excess 
iron concentrations in water so that the water is fit for 
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consumption without any negative impact on body 
health. 
 

 
Figure 2.  Graph of Fe concentration measurement results 

 
Silica sand is one of the most commonly used 

filtration media in water purification systems. The use of 
silica sand in a water purification system aims to remove 
contaminants such as particles dissolved in water, 
including Fe (iron). The reduction in Fe concentration in 
a water purification system will depend on several 
factors, including the mass of silica sand used. The more 
mass of silica sand used in the water purification system, 
the greater the ability of the system to remove Fe from 
the water. However, too much mass of silica sand can 
also have a negative impact on system performance. If 
the mass of silica sand is too much, it will hinder the flow 
of water and cause the contact time between water and 
silica sand to be longer. This can result in the growth of 
bacteria and mold in the system, as well as reduce the 
efficiency of the water purification system. 

High or low concentrations of Fe (iron) in the body 
can have both positive and negative impacts on human 
health. The positive impact of Fe concentration on health 

is oxygen transportation, namely Fe plays a role in the 
formation of hemoglobin, a protein that helps transport 
oxygen from the lungs throughout the body. With 
sufficient Fe concentration, a person can have sufficient 
oxygen supply to all organs and tissues of the body. 
Then energy metabolism, Fe plays a role in the process 
of energy metabolism, namely the conversion of food 
into energy that can be used by the body. Fe also plays 
an important role in the growth and development of 
body cells, especially in children and adolescents. 
Besides the positive impact, there are also negative 

impacts caused by Fe concentrations on health, namely 
concentrations of Fe that are too high in the body can 
cause hemochromatosis, a condition characterized by 
excessive accumulation of Fe in organs such as the liver, 
heart, and pancreas. Then hemochromatosis can cause 
organ damage and increase the risk of heart disease, 
diabetes, and cancer. Then the concentration of Fe that is 
too low can cause anemia, a condition characterized by 
a low number of red blood cells or low hemoglobin 
levels. Anemia can cause fatigue, shortness of breath, 
and other health problems. Too high concentrations of 
Fe in the brain can cause neurological disorders, such as 
Parkinson's and Alzheimer's. In the right amount, Fe is 
very important to maintain human health. However, too 
high or low concentrations of Fe can have a negative 
impact on health. Therefore, it is important to maintain 
the balance of Fe concentrations in the body.  

 

Conclusion  

 
The effect of mass of silica sand in the water 

purification system on decreasing the concentration of 
Fe showed positive results. The results of research with 
a fixed mass of gravel and varying masses of silica sand 
showed a decrease in Fe concentration after water 

purification. Fe metal is needed by living organisms in 
certain amounts, but in excess amounts can cause toxic 
effects. The results of the Fe concentration after water 
purification show a value that meets environmental 
health quality standards and water health requirements 
for Fe (iron) content below 1 mg/L or ppm so that the 
water is fit for use. 
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