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ABSTRACT 

 
Scarcity of water in this world can be solved by removal of salinity from sea-water but this 

salinity removal is usually a costly and tedious task. In this work an efficient process has been 

developed for desalination of water using food waste materials which is completely eco-friendly 

and economic. A large number of starch rich food materials have been employed for the purpose of 

desalination of water and it was observed that all of them are effective to remove the salt contained 

from water, however it was observed that all of those food materials were not equally effective to 

remove salt contained. Cornflour was seen to be most effective which can remove salinity from sea 

water up 75-80%. This technology has a great prospect to evolve as a novel and green method for 

the purpose of desalination of water in near future. 
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INTRODUCTION 

 
Water is indisputably the most basic 

and vital component of life. It is also essential 

for cooking, health, sanitation and various other 

things. 97.5% of the total volume of water available 

on earth is salt water and only 2.5% is freshwater; 

even then, only 0.3% of this freshwater is fit for our 

daily consumption.
1
 According to the World Health 

Organization, more than 2.1 billion people have no 

access to clean and safe drinking water.
2
 Due to 

this, water scarcity is one of the most critical and 

pressing environmental issues today. Therefore, 

many innovators and researchers are developing 

technologies to cope with this crisis resourcefully. 

 
It is well known that salt water is injurious 

to health and unfit for agriculture, industrial and 
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domestic use. Desalination is usually carried out 

using energy intensive processes like reverse 

osmosis. These conventional techniques
3-12

 of 

desalination are hazardous to the environment in 

some way or the other. Although, there have been 

efforts to make these processes environmentally 

friendly; however, the findings of a study involving 

only eco-friendly materials without the use of energy 

or any chemical reagents for removal of salinity of 

water are not known and not documented standardly. 

Therefore, a greener and more sustainable approach 

to water desalination needs to be developed. 

 
Salinity is the measure of all the salts 

dissolved in water and it is measured in parts per 

thousand (g per 1000 grams).
13-17

 

 
Thermal distillation and membrane 

technologies are the two technologies that are 

extensively used for desalination today. Both 

technologies require energy to operate and produce 

freshwater. 

 
The conventional method of desalination is 

having several disadvantages like- it requires high 

temperature, wastage of water, lack of efficiency 

and it has adverse impact on environment. Thus 

there was a need of development of a eco-friendly 

technology for desalination of water. 

 
Methodology 

Salinity of water is measured in parts per 

thousand, more commonly known as practical salinity 

unit and can be measured using a digital salinity 

water. It is a solid state instrument which is designed 

to carry out precise salinity measurements. 

 
Principle of operation of digital salinity 

meter– the digital salinity meter consists of a salinity 

cell which is dipped in a measuring solution. When 

an AC voltage of constant amplitude and suitable 

frequency is applied to the system, the output is 

linearly proportional to the conductance of the 

solution. The conductance value is normally required 

to be multiplied by the cell constant of the solution to 

convert into salinity unless provision already exist in 

the instrument to compensate for the same. Thus the 

output indicates directly, the salinity of the solution 

under test. 

Calibration of the salinity meter
21

 

 
1. Connect the instrument to the AC mains supply 

and allow it to warm for a few minutes. 

2. Connect the salinity cell on the back panel. 

3. Put the function switch to CAL position. See 

that the display reads 1.000. If not, then adjust 

it to 1.000 with the help of the control provided 

at the back panel. 

4. Now put the function switch to Cell Const 

position. See that the display reads 1.000. If 

not, then adjust it to 1.000 with the help of the 

control provided at the front panel. 

5. Standard saline water (15ppt and 20ppt) is 

used for calibration of the instrument. 

6. Repeat this calibration procedure two times. 

 
Column packing for continuous desalination 

 
1. A continuous desalination method is adopted 

using a column of length 10 cm and radius 

1.25 cm. 

2. Various starch rich materials (the material 

under consideration) were cut/grinded into 

small pieces (preferably turned in powdered 

form) and those are used for packing the 

column. 

3. At the bottom of the column, a small piece of 

cotton is fitted. Above that, a very fine layer of 

sand is used to restrict the contact between 

the cotton and leaves or peels. 

4. The small pieces of leaves and peels are then 

used to fill the column so that the length of 

the column is 10 cm. 

5. Finally, the column is packed with another 

small piece of cotton at the top. 

 

Continuous desalination using eco-friendly 

materials 

 
1. Saline water with initial salinity of 20 ppt is 

poured in the column. 

2. The rate of flow of water is fixed to 1 drop per 

minute/0.05 mL per minute. 

3. The water is collected in a beaker. 

 
Determination of salinity 

 
1. The salinity of the water collected after 

continuous softening is then determined 

using a digital salinity meter. 
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2. Calibrate the instrument. 

3. Wash the dipping cell with distilled water. 

4. Dip the cell in the collected water and record 

the salinity of the collected water. 

 
RESULT AND DISCUSSION 

 
Various starch rich materials were used 

for the purpose of desalination and it was observed 

that the different materials were having different 

efficiency in terms of their desalination capacity. 

All the obtained results are summarized below in 

tabular form. 

 
The results in Table 1 show that various 

household materials can be used for desalination. 

Graph 1 establishes that there is a direct correlation 

between starch content and desalination efficiency. 

Starch is a carbohydrate that is made up of several 

glucose units. 

Table 1: Continuous desalination with various eco-friendly materials 
 

 

S. No. 
 

Material used 
 

Starch content 
 

Initial salinity 
 

Final salinity 
 

Difference 
 

Percentage 

  (g/100 g) (ppt) (ppt) (ppt) efficiency (%) 

1 Cornflour (Zea mays) 92.0 20.0 4.92 -15.08 75.4% 

2 Raw white potato (Solanum tuberosum) 19.6 20.0 6.15 -13.85 69.2% 

3 Parboiled white rice (Oryza sativa) 78.7 20.0 10.5 -9.5 47.5% 

4 Raw semolina pasta 73.6 20.0 15.62 -4.38 21.9% 

5 Soybean (Glycine max) 12.3 20.0 19.82 -0.18 0.9% 

6 Peanut (Arachis hypogaea) 3.66 20.0 19.91 -0.09 0.45% 

7 Raw Sago (Metroxylon sagu) 94.0 20.0 9.12 -10.88 54.4% 

8 Raw white rice (Oryza sativa) 85.8 20.0 10.23 -9.77 48.85% 

9 Sand (control) - 20.0 20.0 0 - 
 

 

 
Fig.1.Comparison of desalination efficiency and starch 

content of various eco-friendly materials 
 

 
Structure of Starch 

 

 
Structure of amylopectin 

Explanation for desalination using starch 

containing food items 

Researches
37

 have shown that hydroxyl 

groups that are present in carbohydrates can 

coordinate with metal cations. There has also been 

an effort to prove the existence of such a complex 

formation between the hydroxyl of carbohydrates 

and cation through electrophoresis. In solution 

containing cations, carbohydrates were shown to 

migrate towards the cathode thus highlighting the 

presence of a complex formation with the cation. This 

method was also used for electrophoretic separation 

of carbohydrates. The ionic radii of the cations 

were found to play a crucial role in affecting the 

tendency of forming complex with a carbohydrate. 

Researchers found that the most suitable ionic radius 

for complex formation is 100-110 pm. Sodium has an 

approximate ionic radius of 102 pm while magnesium 

has an ionic radius of 72 pm. This explains why the 

starch containing materials are efficient at removing 

salt from water (Table 2). The poor efficiency of 

low starch content materials like peanuts and soya 

bean at removing salt from water also supports 

this hypothesis. When only sand was used (as a 

control), no reduction in salinity was observed, thus 

eliminating the possibility of sand removing salt 

from water. Amylopectin having lager hydroxyl units 

bonds with sodium more effectively than starch as 

confirmed from our experimental data. 



IJEMHS (www.ijemhs.com) Volume 31, Issue 03, Quarter 03 (2019) Publishing Month and Date: 31st July, 2019 

328 
 

 

Table 2: Effect of size of the column on the efficiency of desalination 
 

 

Material used 
 

Length of the 

column (cm) 

 

Radius of the 

column (cm) 

 

Initial salinity 

(ppt) 

 

Final salinity 

(ppt) 

 

Difference 

(ppt) 

 

Percentage 

Efficiency (%) 

Raw white potato 10.0 1.25 20.0 6.15 -13.85 69.2% 

Raw white potato 20.0 0.8 20.0 9.24 -10.76 53.8% 
 

Although, corn flour had the highest 

efficiency, raw white potato was used to study 

the effect of size of the column on the efficiency 

of desalination. Corn flour with its very fine grain 

size made it harder to control the rate of flow of 

water through it in different columns, thus raw 

white potato was utilized to study the effect of 

size of column on efficiency of desalination. It 

was observed that a shorter column with a bigger 

radius has better efficiency at desalination than 

a longer column with smaller radius. With raw 

white potato, the shorter column with larger radius 

showed almost 15 better efficiencies than a longer 

column with smaller radius. 

Table 3: Effect of grain size of the material used on the efficiency of desalination 
 

Material used Size (microns) Initial salinity (ppt) Final salinity (ppt) Difference (ppt) Percentage Efficiency (%) 

Raw sago 355.0 20.0 9.68 -10.32 51.6% 

Raw sago 180.0 20.0 9.12 -10.88 54.4% 

Raw white rice 710.0 20.0 17.10 -2.9 14.5% 

Raw white rice 180.0 20.0 10.23 -9.77 48.85% 
 

It can be observed that a smaller grain size 

ensures better efficiency at desalination. This can 

be explained on the basis of surface area concept. 

A smaller size of grain has a greater surface area, 

thus increasing the complexation between the 

hydroxyl group of starch and sodium. Thus, an 

increase in efficiency is observed with decrease in 

size of the grain. 

Shelf-life of sago for desalination 

Although, corn flour showed the highest 

efficiency, this efficiency was not long-lasting. When 

corn flour was used to study the shelf-life, it could 

only last one day and purify only 20 mL of water. Raw 

white potato had the next best efficiency but because 

raw potato cannot be stored for very long, sago was 

used for studying the shelf-life of the bio-filter. 

Table 4: Percentage efficiency of sago used for desalination in terms of 
volume per day 

 

Volume (mL) Initial salinity (ppt) Final salinity (ppt) Difference (ppt) % Efficiency 

20.0 20.0 9.1 -10.9 54.5% 
40.0 20.0 13.8 -6.2 31.0% 
60.0 20.0 15.5 -4.5 22.5% 
80.0 20.0 19.6 -0.4 2% 

100.0 20.0 19.9 -0.1 0.5% 

The same column packed with sago was 

used to purify 100 mL of sample saline water on one 

particular day. It can be concluded from graph 2 that 

sago column can purify at least 60 mL of water in a 

day with significant efficiency. After 60 mL of water 

has been passed through the column, the efficiency 

of the column reduces significantly. 

 

 
 
 
 

 
Fig. 2. Graphical representation of percentage efficiency of 

sago used for desalination in terms of volume per day 

The same column packed with sago was 

used over a course of four days. A decrease in 

efficiency for desalination was observed with each 

day. In addition to this, it was observed that the 

sago column possesses significant efficiency at 
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desalination up to two days. After the second day, 

there is a drastic reduction in efficiency. This implies 

that a column packed with sago can be used for 

desalination for at least two days. 

Table 5: Percentage efficiency of sago used for desalination in terms of days 
 

Day Initial salinity (ppt) Final salinity (ppt) Difference (ppt) Percentage Efficiency (%) 

1 20.0 9.1 -10.9 54.5% 

2 20.0 14.3 -5.7 28.5% 

3 20.0 19.5 -0.5 2.5% 

4 20.0 20.0 0 0% 

desalination using column, a batch desalination 

was also performed. In this batch desalination 

process the starch balls were made and put into 

saline water to remove salinity. Various balls 

of various size were used and the results are 

summarized in Table 6. 

 
 
 
 

 
Fig. 3. Graphical representation of percentage efficiency 

of sago for desalination in terms of number of days 

Batch Desalination 

After getting the result of continuous 

Thus after observing this result from Table 

6, rest all of the batch desalinations were carried 

out by using pure starch material without adding 

any silica gel. Addition of silica gel did not favor the 

removal of salt from water. The balls with pure lab 

starch gave the best results. 

Table 6: Batch desalination result with the balls made from starch 

(with and without silica gel) 

Material 20 g balls/20 ppt/100 mL Initial salinity Final salinity after 5 h % Decrease of salinity 
 

Starch 20 ppt 15 ppt 15% 
Starch extract+Silica Gel 20 ppt 18 ppt 10% 

Sago 20 ppt 17.2 14 % 

Starch extracted from Sago+Silica Gel 20 ppt 19.0 5% 

Table 7: Desalination using various amount of desalinating material (corn flour ball) against various 

concentration of saline water 
 

 

Time 
 

20 ppt saline water+20 g balls 
 

30 ppt saline water+20 g ball 
 

20 ppt saline water+30 g ball 
 

20 ppt saline water+40 g ball 

0 hour 20 ppt 30 ppt 20 ppt 20 ppt 

1 hour 19.1 ppt 28.8 19 ppt 19.3 ppt 
2 hour 18.7 ppt 28.2 18.2 ppt 16.8 
3 hour 18.5 ppt 27.7 17.3 ppt 14.1 
4 hour 18.3 ppt 27.4 16.7 ppt 13 ppt 

5 hour 17.1 ppt 26.3 ppt 15 ppt 11.0 ppt 
 

Finally various different starch containing 

materials were used for making balls and 

desalination was carried out using the same. It 

was interesting to note that all those balls were 

made by using pure materials without adding any 

silica gel and all the balls were air dried (not oven 

dried). Moreover all the experiments were carried 

out with 20 ppt saline water and 40 gm balls. It was 

observed that corn flour was most effective among 

all of them in doing desalination of saline water. The 

results are depicted in Table 5 and 6. 

 
It was observed that corn flour ball can 

reduce the salinity by 45% after 5 h whereas Sago 

can remove the salinity by only 25% after 5 hours. 

The mixture of sago + commercially available 

starch and corn + commercially available starch 

were also used as desalinating material but it was 

observed that pure corn flour is more effective than 

the mixtures. 
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Table 8: 20 ppt saline water solution (100 mL) + 40 g of air dried balls 

made with different material 
 

Material Time Intail ppt Final ppt Reduction of Salinity% 

Pure starch 5 h 20 ppt 12.4 ppt 38% 

Sago 5 h 20 ppt 15 ppt 25% 

Corn flour 5 h 20 ppt 11 ppt 45% 

Mix(sago+starch) 5 h 20 ppt 13.6 ppt 32% 

Mix(corn+starch) 5 h 20 ppt 12 ppt 40% 
 

Finally, after comparing the batch 

desalination and continuous desalination it was 

observed that the continuous desalination using 

column was more effective than batch desalination 

using starch ball provided that the desalinating 

material was pure corn in all these cases while doing 

comparison. 

 
CONCLUSION 

 
Based on the observations, it can be 

concluded that salinity of water can be removed 

using only naturally occurring materials without the 

application of any energy or chemical reagents. It 

was worthy to note that corn was most effective in 

desalination and the continuous desalination using 

starch column was more fruitful than the batch 

desalination using starch balls. It was interesting 

to note that food items with high starch content are 

more efficient at desalination and food items that 

have very low starch content are inefficient. The 

advantages of this technique are (1) no chemical 

reagents are needed, (2) no energy is required, 

(3) it is eco-friendly, (3) it is cost-effective, (5) it is 

simple and efficient. The development of such a 

green technique will simplify the water softening 

process and desalination without any damage to 

the environment; removing permanent hardness 

and desalination with eco-friendly materials is thus 

likely to become a widespread method in the near 

future. A biofilter can be made very efficiently to 

desalinate water and use it for household purposes 

like bathing, watering plants, washing and many 

more activities. 
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