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Abstract 

Water hardness will have a destructive impact if consumed in a long time. Hard water contains high calcium 
contents, including inorganic calcium. The accumulation of calcium in the body at a specific time causing kidney 
stones, and some will settle in the blood that causing calcification which can be fatal to health. An alternative is 
needed to reduce the level of water hardness. This study aimed to determine the effect of using citric acid on citrus 
hystrix peels on water hardness. Citric acid was obtained through the maceration extraction method from citrus 
hystrix. The citric acid extract was made into several concentrations of 50, 100, and 150 ppm then added to hard 
water. Determination of decreased total water hardness after adding citric acid used method complexometry 
titration. The results of the analysis show that citric acid is able to reduce water hardness of the sample water from 
Palu city area. 
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Introduction 
In terms of quality, water must be available in 
conditions that meet health requirements. Water 
quality can be analyzed from three parameters, 
namely physical, chemical, and biological 
parameters. Chemical parameters include DO 
(dissolved oxygen), BOD (biological oxygen 
demand), COD (chemical oxygen demand), pH, 
salinity, conductivity, hardness, nitrate, and nitrite 
(Kusnaedi, 2010). 
 Palu City is an area that has high 
groundwater hardness (Labanu et al., 2015). If the 
water is heated, you will see white deposits sticking 
to the bottom of the pot or pan. When the tap water 
is used for cooking, for example, washing vegetables 
or rice, the water will have a small amount of 
sediment which will be consumed when consumed. 
The longer the residue increases and causes diseases 
that can endanger the health. 
 The maximum level of hardness allowed is 
150 mg/L; if the hardness is above 500 mg/L and 
consumed continuously, it will damage the human 
kidneys (Joko, 2010). Hard water contains high 
levels of calcium. If inorganic calcium is consumed, 
it will be immediately excreted through the 
secretory system, and some will settle in the kidneys. 
At a particular time, the accumulation of calcium in 
the body will cause kidney stones, and part of it will 
drop in the blood, causing calcification which can 
be fatal to health (Gomes, 1996). In general, 
hardness is caused by the presence of 2-valent metals 
�
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or cations, such as Fe, Sr, Mn, Ca, and Mg, but the 
main causes of hardness are calcium (Ca) and 
magnesium (Mg) (Marsidi, 2001). 
 One alternative to reduce the hardness level 
of water is to use a metal ion chelating material. 
Kaffir lime is thought to reduce water hardness due 
to the content of citric acid, which can chelate metal 
ions (Munawaroh & Handayani, 2010). Kaffir lime 
fruit, in its intact state, can last for a period of about 
two weeks (Srisukh et al., 2012). 
 In addition to citric acid, the active 
compounds contained in kaffir lime are flavonoids, 
glycosides, saponins, coumarin, amino acids, 
bergamottin, oxypeucedanin, and essential oils 
(Butryee et al., 2009). 
 According to Butryee et al. (2009), the 
acidity of citric acid is obtained from three carboxyl 
groups -COOH, which releases protons in a buffer 
solution to control the pH of the solution. Citrate 
ion can react with many metal ions with chelating, 
so it is used as a preservative and water hardness 
remover (Harsanti, 2010). Citric acid is corrosive to 
many metals such as iron, magnesium, zinc, and 
cadmium, which form hydrogen gas and citrate salts 
(called metal citrates) (Ahmad et al., 2014). 
 In the food industry, citric acid is used as a 
flavor enhancer, inverting sucrose, producing dark 
color and chelating metal ions, while in the 
pharmaceutical industry, citric acid is used as a 
solvent and aroma generator, and in the cosmetic 
industry, it is used as an antioxidant (Bizri & 
Wahem, 1994). 
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 Citric acid has four pairs of free electrons in 
its molecule, namely the carboxylic group, which 
can be assigned to metal ions, causing the formation 
of complex ions that are readily soluble in water 
(Setiawan et al., 2012). 
 The aim of the present paper is to examine 
the components contained in kaffir lime peel (Citrus 
hystrix), it can be assumed that orange peel can be 
used to reduce water hardness. 

Methods 
 The tools used are oven, balance, funnel, 
beaker, scissors/cutter, blender, sample container 
(ceramic bowl), rotary evaporator, porcelain cup, 
measuring cup, measuring flask, burette, beaker, 
stirring rod, spatula, clamp. and statif, erlenmeyer 
flask and sample vials. 
 The materials used in this study were lime 
peel (Citrus hystrix), water samples from the Tondo 
and Tipo villages, filter paper, 96% ethanol, 0.001 
M CaCO3 solution, 1 N NaOH solution, distilled 
water, tissue, rubber bands, ammonia buffered 
solution pH 10, Erichrome Black T (EBT), 
murexide indicator, EDTA standard solution 0.01 
M. 

Lime Peel Preparation 
 The lime, which is still green, is cleaned 
first, then the kaffir lime peel is separated from the 
pulp. Furthermore, the orange peel is washed using 
distilled water. The washed orange peel is cut into 
smaller pieces and oven-dried for 12 hours at 40 oC. 
After the orange peel is dry, then mashed using a 
blender (Pratiwi et al., 2015) 

Extraction Process 
 The orange peel sample was weighed as 
much as 50 grams and put into a 300 mL beaker. 
Then the sample was added with 250 mL of 96% 
ethanol and covered with aluminum foil, and then 
let stand for four days. After that, the mixture was 
filtered, and the filtrate was evaporated using a 
rotary evaporator for 35 minutes at 60 oC. The 
resulting extract is stored in a porcelain dish (Pratiwi 
et al., 2015). 

Citric Acid Extract Solution Process 
 Preparation of 50, 100, and 150 ppm citric 
acid extract, was performed by taking 2.5, 5, and 7.5 
mL of citric acid, then put into a 100 mL volumetric 
flask and add distilled water until the limit mark. 

Determination of Citric Acid Levels in Extracts 
 The extract of citric acid was taken as much 
as 10 mL and then put into 250 mL Erlenmeyer. 

Furthermore, the citric acid extract was added with 
distilled water until the volume became 20 mL and 
added with three drops of phenolphthalein 
indicator. After that, the solution was titrated with 
0.1 N NaOH until the color changed (Haq et al., 
2010). 

Standardization of EDTA Solution with CaCO3 
 The standard solution of CaCO3 was taken 
as much as 25.0 mL and then put into a 250 mL 
Erlenmeyer. The standard solution is then added to 
1.0 mL of a standard solution of pH 10 buffer and 
2-3 drops of EBT indicator. The solution will turn 
pink. The solution in the Erlenmeyer is then titrated 
with the prepared EDTA solution until the color 
changes from pink to blue. The experiment was 
repeated three times, and then calculated the 
molarity of the EDTA solution (SNI, 2004). 

Determination of Total Hardness 
 A total of 100 mL of water sample was 
added to 2 mL of citric acid extract for each 
concentration. 50 mL of water sample was taken 
and put into Erlenmeyer. The water sample is then 
added to 1-2 mL of ammonia buffer solution. Then 
the solution is added with a bit of Eriochrome Black 
T indicator until pink color is formed. The solution 
was then titrated with 0.01 M EDTA solution until 
a blue color was formed. The treatment was 
repeated two times. 

Determination of Calcium Levels 
 100 mL of the water sample were added to 
2 mL of citric acid extract for each concentration. 
50 mL of water sample was taken and put into 
Erlenmeyer. The water sample was then added with 
10 mL of 1 N NaOH solution. Then the solution 
was sprinkled with a bit of murexide indicator until 
a pink color was formed. The solution was then 
titrated with 0.01 M EDTA solution until a purple 
color was formed. The treatment was repeated two 
times. 

Results and Discussion 

Determination of Total Hardness 
 The total hardness of Tondo water, which 
is 140 mg/L, indicates that Tondo water has a 
moderate hardness level. This is consistent with the 
statement of Marsidi (2001), which states that the 
water hardness level is 75-150 mg/L CaCO3. 
 A decrease in the total hardness of Tondo 
water and Tipo water can be seen in Figure 1.
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Figure 1. Water hardness level in the tondo and tipo areas ( is commercial citric acid-Tondo;  is a 
citric acid extract-Tondo;  is commercial citric acid-Tipo;  is commercial citric acid extract-Tipo). 
 
The addition of citric acid, both commercial 

citric acid and extracted citric acid, caused a 
decrease in the total hardness level. The increasing 
the concentration of citric acid added to the water, 
the more metal ions are bound to the citric acid. 
This is in accordance with the results of research by 
Chen et al. (2003), namely that by increasing the 
concentration of citric acid as a gel, more metal 
complexes are formed. The reaction mechanism 
that occurs is (Septiana et al., 2013): 

 
L S LS    

where L = Metal;  S = Chelating Compound; 
LS = Metal-chelating compound complex. 

 
The results obtained showed a significant 

difference between the reduction in total hardness 
using commercial citric acid and the decrease in 
citric acid using extracted citric acid. Most likely, 
this can happen because there are other compounds 
that are dissolved in the concentrated extract 
obtained. The citric acid content obtained was 
134.4 g/L. In addition, it is difficult to observe color 
changes, so that it affects the determination of the 
endpoint of the titration. The citric acid extract has 
a dark yellow color so that when it is added to the 
water sample, it causes the water sample to be bright 
yellow. When water is added with the Eriochrome 
Black T indicator, it produces an orange color. 

Mining materials in the form of stones, 
gravel, and sand are widely available in the Tondo 
Village area. Apart from the minerals, there are also 
granite rocks in the Tondo Village, which are 
igneous rocks in situ. Granite is an igneous rock in 
a holocrystalline, feneritic, coarse-grained texture 
and contains minerals such as 4-10% quartz (SiO2), 
30-60% Feldspar calcium (CaAl2Si3O8), sodium 
plagioclase (NaAlSi3O8) as much as 0-30%, biotite 
(K(Mg, Fe)3(AlSi3O10)(F,OH)2 and hornblenda as 
much as 30-10% (Ngadenin et al., 2014). The soil 
of the Tondo village area also contains gypsum, 
which has components in the form of Fe2O3, MnO, 

Na2O, K2O, SO3, SiO2, CaO, MgO, and Al2O3 
(Siregar, 2010). The mineral content in these rocks 
is one of the factors that influence the high water 
hardness in the Tondo village area. 

Water hardness mostly comes from its 
contact with the soil and the rocks that make up the 
soil. The high water hardness in the Tondo area is 
thought to be due to the rock content in the soil, 
which contains a lot of 2 valent metals. So that 
when the water passes through the rock, some 
metals will also dissolve into the water and cause the 
water hardness to increase. 

Citric acid has a –COOH group that will 
bind metal ions when conditioned at pH 10. So, in 
addition to making the Eriochrome Black T 
indicator work well, the addition of pH 10 buffer 
solution also aims to maximize the work of citric 
acid to bind metal ions is in the water. This is in 
accordance with the opinion of Herjuna (2011), 
which states that increasing pH will cause the 
hydrogen bonds in the -COOH group to weaken 
so that the aggregates will separate from each other. 
Thus it can be stated that a relatively high pH will 
increase the concentration of –COO- which can 
function as a ligand. 

The total hardness obtained in the Tondo 
area and the Tipo area water has a significant 
difference. This difference occurs presumably due 
to differences in land topography and the types of 
rocks that make up the land in the area. The 
geological condition of the city of Palu in general 
for all sub-districts is that it has Alluvial soil types. 
The geological soil formation in the city of Palu 
consists of volcanic rock and breakthrough rock 
that does not freeze. Besides that, there are also 
metamorphosed and sedimentary rocks. This is in 
accordance with the statement of Sutrisno & 
Suciastuti (2010), which states that hardness in 
water mostly comes from contact with soil and rock 
formation. Generally, hard water comes from areas 
where the topsoil is thick and limestone is formed. 

The area of Tipo Village has Granite, Sekis, 
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several metamorphic rocks, and conglomerate rocks 
such as sandstone, mudstone, limestone, and marl 
(CaCO3). Sandstone has a mineral composition, 
namely quartz (SiO2), feldspar (M(AlSi)3O8, M = K, 
Na, Ca, Ba, Rb, Sr, Fe), calcite, mica (K, Na, Ca) 
(Mg, Fe, Li, Al) 2-3 (Al, Si)4 O2 (OH, F)2, 
glauconite, iron oxide, zircon, monazite and rutile 
Limestone-coral has the main content, namely the 
mineral calcium carbonate (CaCO3) which occurs 
due to chemical and organic processes (Apriliani et 
al., 2012). 

The total hardness level obtained in previous 

studies, namely research conducted by Labanu et al. 
(2015), was 98.58 mg/L. The results obtained were 
different from the hardness level obtained in this 
study, which was 86 mg/L. This happened 
presumably due to differences in the location of the 
water sampling used in the study. 

Determination of Calcium Levels 
The decrease in the total hardness levels of 

Tondo water and Tipo water can be seen in Figure 
2. 

 

Figure 2. Water calcium levels in the tondo and tipo regions ( is commercial citric acid-Tondo;  is a 
citric acid extract-Tondo;  is commercial citric acid-Tipo;  is commercial citric acid extract-Tipo). 

 
From the results obtained, it can be seen that 

the decrease in calcium levels increases with 
increasing the concentration of citric acid used. 
This is confirmed by the research of Ekholm et al. 
(2000), which states that citric acid is the most 
efficient chelating agent for Ca, Zn, Mg, and Mn 
metals. The higher the concentration of citric acid, 
the more the intensity of proton nesting against the 
mineral bonds so that the number of protons that 
may be released also increases. This causes more and 
more metals to be bound by citrate ions. 

In determining the level of calcium for water 
in the Tondo area, there was a significant difference 
between the addition of commercial citric acid and 
the addition of extracted citric acid. This occurs 
presumably because the extracted citric acid is not 
yet in a pure state, and it is also difficult to observe 

the color change that occurs; as a result, the 
determination of the endpoint of the titration is less 
accurate. 

The results of the study for Tipo regional 
water also showed that the use of commercial citric 
acid and extracted citric acid did not show a 
significant difference. This happened presumably 
because the metal ions contained in the Tipo 
Village area were less than the metal ions found in 
the water in the Tondo Village area, so that the 
results obtained were almost the same. 

Determination of Magnesium Levels 
The decrease in the total hardness levels of 

Tondo water and Tipo water can be seen in Figure 
3. 

 

Figure 3. Water magnesium levels in the tondo and tipo regions ( is commercial citric acid-Tondo;  is 
a citric acid extract-Tondo;  is commercial citric acid-Tipo;  is commercial citric acid extract-Tipo) 
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The magnesium content in the water of the 

Tondo Village area is caused by the presence of 
granite rocks containing biotite minerals and 
gypsum, which contains magnesium. The decrease 
in magnesium content with the addition of 
commercial citric acid occurs regularly so that it 
forms a straight line on the graph. In contrast to the 
addition of commercial citric acid, the decrease in 
magnesium content with the addition of citric acid 
extracted was irregular but greater than the addition 
of commercial citric acid. This occurs presumably 
because the extracted citric acid is still in an impure 
state so that the magnesium is bound to other 
compounds contained in the extract as well as the 
influence of other metal ions on the determination 
of magnesium content. 

The Tipo area has sandstone containing mica 
minerals ((K, Na, Ca) (Mg, Fe, Li, Al) 2-3 (Al, Si)4 
O2 (OH, F)2) so that the water in the Tondo area 
contains magnesium. Magnesium is one of the 
elements that play a role in water hardness. The 
results obtained indicate that there is a difference 
between the use of extracted citric acid and the use 
of commercial citric acid. The citric acid extracted 
gave a greater reduction at the concentration of 50 
ppm and 100 ppm, while the addition of citric acid 
at a concentration of 150 ppm, the decrease in 
magnesium levels was greater with the addition of 
citric acid. This occurs presumably because the 
extracted citric acid is not yet in a pure state, and it 
is also difficult to observe the color change that 
occurs; as a result, the determination of the 
endpoint of the titration is less accurate, and the 
content of other metal ions in the water which can 
interfere with the determination of magnesium 
levels. 
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