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1. IntroductIon
North Eastern states of India comprise of eight states 

namely Arunachal Pradesh, Assam, Manipur, Meghalaya, 
Mizoram, Nagaland, Sikkim and Tripura. The weather of the 
region varies from hot and humid in the plains and cold and 
dry in the hilly areas. The region receives very heavy rainfall 
during the monsoon season. The region is very rich in mineral 
resources, petroleum and petroleum products, biodiversity 
hot spot of India and rivers like the Brahmaputra, the Surma, 
Kameng, Byrni, Subansiri, Lohit and many other small rivers 
are either originating or flowing through the region. It is very 
rich in water resources with surplus electricity generated from 
hydropower stations spread across the region. But its difficult 
terrains and varied landscapes make the region not susceptible 
to tap the rich surface water resources for consumption. 

The main drinking water sources are shallow dug well, 
deep tube well, open well, ring well, spring, stream, river etc. 
Drinking water scarcity exists in the region especially the hilly 
terrains which mainly depend on surface water and rainwater 
for drinking purpose whereas in the plains the drinking water 
sources are mainly from ground water. 

In plains of Assam there is heavy contamination of iron 
with a maximum recorded 21 mg/L (ground water source from 
deep tube well)1-3. Recent study on iron contamination in the 
hilly areas found to be very less as compare to the plain areas as 
the source of drinking water in the hilly areas is mainly surface 
water from spring, streams and rain water4. 

Iron is one of the essential element being used by almost 
all living organisms and it actively participates in various 

metabolic processes, like oxygen transport, deoxyribonucleic 
acid (DNA) synthesis, and electron transport. However, as iron 
can form free radicals, its concentration in body tissues must 
be tightly regulated because in excessive amounts, it can lead 
to tissue damage5. Presence of iron beyond the prescribed limit 
may also lead to many health complications6. 

Iron in water is of different types- soluble ferrous 
hydroxide, ferrous bicarbonate, organic, colloidal iron and 
insoluble ferric hydroxide which appear red in water. The 
soluble iron when exposed to atmosphere appear rusty red or 
yellowish in colour due to oxidation by the atmospheric oxygen 
forming ferric hydroxide

Study on the removal of iron using charcoal prepared 
from bamboo7, removal of iron along with arsenic by adding 
cooking soda (sodium bicarbonate), potassium permanganate 
and ferric chloride solution was also reported to remove iron 
and arsenic from water8. Researchers tried sand as filter and 
with time the sand layer get coated with iron oxide for removal 
of iron9,  slow sand filter by researchers as a biological process 
to remove iron and manganese from water was reported10. 
Variation in temperatures also vary the removal capacity 
of iron which favours warm temperature when sand filter 
was used11, removal of high iron concentration using some 
biofilters for low temperature condition12-15. A household scale 
filter to remove iron, bacteria, manganese and arsenic was also 
developed but flow rate is very low16.

 In this study we present the recent water quality study 
in the selected location and conducted a study on the iron 
removal capacity of the existing indigenous filtration system 
used by the villagers as compare with our modified non-
electrical filter to improve the removal capacity by improving Received : 19 July 2021, Revised :  09 December 2021 
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the contact time of water with the filtering media by allowing 
the gravity flow of water followed by up flow against gravity in 
the modified non electrical filter unit for better removal of iron. 
Other features of the modified filter are the provision for back 
washing and collection of the concentrated iron precipitation 
for safe discharge.

2. MEthoDology 
2.1  Materials

Physical parameters were analysed using multi-parameters 
(Eutech Instruments-CD650), pH (Eutech pH-620) Turbidity 
(Eutech instrument, TN-100), iron was analysed by double 
beam UV-Vis (Analytik Jena, Spectro-205) at maximum 
wavelength of 510nm. Stocks of different solutions were 
prepared using type-I water having a conductivity of 18 µS 
cm- (Elga, Purilab Option Q). Lime stone were collected from 
Mawlong limestone mining site (Meghalaya) and crushed into 
small pieces of size about 4mm (approx.). Lime water was 
prepared by mixing 5 gram of locally available lime powder 
(calcium oxide) in 5 litres of water. All other chemicals used 
in the study were of analytical grade and were used without 
further purification.

2.2  Experimental Setup
The experimental setup for the actual indigenous filter 

was conducted for comparison purpose. The water from the 
well (using electrical pump) was poured onto the filter. The 
filtered water was collected from the outlet at the bottom of 
the filter (Fig. 2). The analysis of different parameters of the 
water quality before and after treatment were analysed in the 
laboratory. 

The modified non-electrical filter was fabricated to 
enhance the iron removal capacity. The modified filter is shown 
in Fig. 3 (Patented as ‘water purifier’)17. The raw water was first 
aerated and then passed through the catalytic reacting cell in the 
first chamber containing the activated sand. The water is then 
passed through gravity flow in the first chamber containing the 
activated sand and then against gravity flow passing through 
gravel of limestones, filter sand to the filtered water chamber 
(fig. 4) and the iron free water is collected from the tap. 

2.3  Preparation of Iron oxide Coated Sand
The river sand of particle sizes between 0.1 mm to 1.4 

mm was repeatedly washed with tap water till the runoff was 
clear. It was then sun dried. About 200 g of ferrous sulphate 
heptahydrate was dissolved in 10 Ltr of water. The previously 
washed river sand was taken in a flat container and to it small 

volume of ferrous solution was sprinkled onto the sand. It was 
allowed to dry in the sun. After drying, again small volume of 
ferrous solution was sprinkled and again allowed to dry. The 
process was repeated till the sand turned to light reddish colour 
indicating that iron is coated onto the sand surface (fig.1 (b)).

2.4  Indigenous Filtration System
The indigenous filter which existed in the rural areas of 

the plain region of Assam (Fig. 2) has come up with different 
designs and shapes. With changing time, some structural 
changes also occur from cotton cloth to earthen pot and then 
to concrete structure. Despite changes in structural materials 
and shape, the filtration media almost remain the same. The 
main components of the indigenous filtration system are given 
in fig. 2.

Lower part of the filter is filled with the broken brick 
pieces of different sizes between 25 mm to 55 mm. On top of 
which is the sand layer with sizes varying between 0.1 mm to 
1.4 mm. This layer covers most part of the filtration system. On 
top of this layer some burnt charcoal is placed. One interesting 
observation is that the top layer of filter sand found to be 
reddish brown in colour indicating that iron oxide is coated 
on the sand. 

Figure 1. Showing (a) uncoated, (b) coated and (c) used coated sand.
(a) Uncoated sand (b) Coated sand (c) Used coated sand

Figure 2. Indigenous water filtration system (Concrete based).
 

2.5  Modified Non-Electrical Filter 
The modified filter17 is intended to improve the removal 

of more than 98 per cent of iron from water, to reduce the 
turbidity and TDS of water to desirable limit and is designed 
in such a manner so as to include the aeration system, the pH 
adjustment system and the catalytic conversion of iron from 

+2 state (water soluble state) to +3 state (water 
insoluble state). 

The system was fabricated using steel sheet 
keeping in mind that the unit can be modified in 
future if need arises. The system consists of a 
rectangular shaped as shown in fig. 3 with the 
upper part consists of the aeration system, the 
cover of the aeration system and lower part is 
the main tank. In the main tank there is a reactor 
chamber, the filtration chambers and the filtered 
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3. RESult AND DISCuSSIoN
3.1  online Experiment

Iron rich water from the well of concentration 4.2 mg/L is 
passed through the filtration system of both indigenous as well 
as modified non-electrical system. 

In both the process the soluble iron (II) get oxidised to 
insoluble iron (III). In the indigenous filtration system, the iron 
(III) gets accumulated along with the filtration sand in the form 
of iron (III) hydroxide. The iron (III) hydroxide when expose 
to sunlight and in contact with air get converted to iron oxide 
and settle on top of the filtration sand. When the iron rich water 
from the tube well is passed through the filtration system, the 
iron concentration of the filtered water found that the iron 
content is very much reduced with almost 78 per cent iron 
removed. Turbidity and the TDS were also found to decrease. 
The iron concentration in the filtered water was found to be 
0.92 mg/L, a total reduction of almost 3.28 mg/L from 4.2 
mg/L raw water (Table 1).

Figure 3. Non-electrical filtration system for iron removal 
(stainless steel).

Figure 4. Schematic diagram of steps for iron removal 
mechanism.

table 1.  Comparison of raw and treated water using indigenous 
water filter and non-electrical filter at low iron 
concentration

Parameters Raw 
water-1 

treated water

Indigenous 
filter 

Modified non-
electrical filter 

Iron onc (mg/L) 4.2 0.92 Trace

pH 6.6 6.7 7.2

Turbidity (NTU) 44.3 1.0 0.0

TDS (mg/L) 254.0 98.63 137.1

Electrical 
conductivity (µS/cm) 243.1 96.18 132.4

Salinity (mg/L) 213.5 97.84 135.3

Total Hardness 
(mg/L) 45.0 40.5 75.0

Dissolved Oxygen 
(mg/L) 5.35 6.10 6.11

water chamber. The order of water flow is schematically given 
in fig. 4. 

2.6  Desorption Studies
Desorption study was conducted by dissolving 10 g 

of the iron coated sand in 4.1 mL of concentrated HCl then 
immediately diluted with 45.9 mL of distilled water to adjust 
the acid concentration to 1M. (Direct dissolving the iron oxide 
from the coated sand using 1M HCl was not successful). 
fresh iron coated sand as well as coated sand after repeatedly 
used in the experiment were taken for desorption study. The 
concentration of desorbed iron from coated sand before and 
after use was measured using UV visible spectrophotometer at 
wavelength of 510 nm.

further, to optimise the removal capacity of the non-
electrical filter system, the raw water was further spiked 
with external iron solution to vary the concentrations of iron. 
Removal of iron using both the units are given in the Table 2. It 
can be seen that the iron removal capacity of the non-electrical 
filter system is far better than the indigenous unit. This is 
expected as there is a limitation on the indigenous unit such as 
(i) The iron contaminated water is less exposed to air (oxygen) 
while passing through the indigenous filter (ii) Provision for pH 
adjuster is not available. Our findings on the effect of oxygen 
on the removal of iron as well as the increase of pH from acidic 
pH to slightly alkaline pH indicate that both the parameters 
enhanced the removal of iron. Considering these points, the 
non-electrical system was provisioned for pH adjuster (using 
limestones chips and lime water) and aeration system.

The result on iron removal using the modified non-
electrical system found to be more than 99 per cent iron 
removal when the raw water is 4.2 mg/L, 8.1 and 12.2mg/L 
(Table 1 and 2) and the comparison is depicted in fig. 5. 
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table 2. Showing the removal of higher concentration of iron

Parameters Raw water 2
treated water

Raw water 3
treated water

Indigenous filter Modified non-
electrical filter Indigenous filter Modified non-

electrical filter 

Iron conc. (mg/L) 8.1 1.4 Tr 12.2 1.9 0.27

pH 6.5 6.6 7.1 6.6 6.5 7.2

Turbidity (NTU) 36.4 0.33 1.87 46.6 0.67 2.3

TDS (mg/L) 351.3 135.14 155.3 488.3 255.1 335.3

Electrical conductivity (µS/cm) 339.2 173.7 201.4 405.5 301.6 359.4

Salinity (mg/L) 321.5 159.2 154.2 394.3 250.4 332.8

Total Hardness (mg/L) 55 25.5 75.5 105 55.0 75.5

DO (mg/L) 4.71 6.34 7.12 4.57 6.27 7.26

Figure 5.  Comparison of the variation of different parameters of raw water with indigenous filter and modified filter (a) Raw water 
1 (iron con: 4.2mg/l); (b) Raw water 2 (iron con: 8.1mg/l); (c) Raw water 3 (iron con: 12.2mg/l) (Do: dissolved oxygen 
(mg/l); turb: turbidity, EC: Electrical conductivity; th: total hardness).

3.2 Mechanism of Iron Removal 
3.2.1 pH Adjuster 

The dependence of oxidation on the rate of [OH]- to 
convert iron (II) to insoluble iron (III) depends on the pH of 
water. At lower pH value of less than 4.5, there is marked 
decreased in the oxidation of ferrous ion to ferric ion. As the 
pH increases, the oxidation also increases sharply. Lime water 
is mainly used to adjust the water from acidic pH to slightly 

alkaline pH value of up to 7.5. by adding drop wise during the 
aeration period. Care was taken not to exceed pH beyond 7.5 to 
minimise the TDS and turbidity in the treated water.

Reaction
CaO + H2O = Ca (OH)2
fe2+ + 3OH- = fe (OH)3
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3.2.2 Aeration System
The rate of oxidation of iron II by oxygen is the first 

order in the concentration of ferrous ions and oxygen and 
second order in the concentration of hydroxide ion at pH value 
between 6.0 and 7.5. The reaction took place very rapidly at a 
pH greater than 6.518. Deferrisation treatment of water employs 
the rapidity of the oxidation reaction in order to remove the 
influent soluble iron (II) to insoluble iron (III) as hydroxides 
precipitate.

Reaction
 (4 fe2+ + O2 → 4 Fe3+ + 2 O2−) (Slow)
fe3+ + OH- = fe (OH)3 (fast)

3.3  Filtered Sand as Source of Iron oxide
The soluble ferrous ions present in water when in contact 

with iron oxide gets oxidised to ferric ions and in presence 
of hydroxyl ions get precipitated to iron (III) hydroxide. The 
filtered sand after two to three days gets coated with iron oxide. 
The ferrous ions when oxidised to ferric ions gets settled on the 
surface of sand and slowly coated the sand making the sand 
surface reddish in appearance. 

Reaction
4fe2+ + 6H2O + 3O2 = 4fe (OH)3(solid)
 fe (OH)3 dehydrated to form fe2O3.nH2O(s) which coated 

on the surface of sand. 

3.4 FtIR Analysis
The fourier transformed infrared spectra of sand, rust 

iron, iron oxide coated sand and iron precipitated were given in 
fig. 6. The absorption band of sand exhibits prominent bands 
at 467 cm-1 and 474 cm-1 which is due to Si-O-Si and fe-O 
respectively. The Si-O symmetric bonding of sand appeared at 
695 cm-1, the band at 796 is due to O-Si-O19. The bands at 1022, 
1084 cm-1 is due to the Si-O bond of quartz20 and the band at 
2343, 2362 is due to C=O stretching from iron carbonate. The 
fTIR spectra of iron rust shows band at 467 cm-1, 1022, 1629, 
2930 and 3437 cm-1. When the sand is coated with iron oxide, 
the bands exhibit the same wavelength but with decreased in 
intensity of the percentage transmittance. The fTIR of iron 
precipitation is also taken and found to be similar with the 
bands of iron coated sand. 

3.5  Desorption Studies
The desorption studies were carried out to ascertain 

whether the concentration of iron oxide coated on sand will 
decrease or increase with the repeated usage. The differences 
of iron concentration desorbed from coated sand before and 
after use will indicate the life of the iron coated sand. In this 
experiment it was observed that the iron concentration of 
the coated sand after use found to be more than 6 times the 
concentration of coated sand before use, thus increase the life 
of the iron coated sand and further increase the iron removal 
capacity. The data of the desorption studies is given in the 
Table 3.

Figure 6. FtIR spectra of sand, iron oxide coated sand, iron adsorbed coated sand and iron rust.
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table 3.  the desorption study of iron coated sand before and 
after used

Particular
Quantity 
taken
(g)

Acid used 
to dissolve 
the coated 
iron

Concentration (mg/l) 
of released iron from 
coated sand 

fresh iron 
Coated 
sand

10 1M HCl 0.86

Used iron 
coated 
sand

10 1M HCl 6

4. Conclusion
The traditional water filter to remove contaminants from 

water existed in rural areas of NE region of India. It is effective 
to reduce low concentration of contaminants particularly iron 
and excess TDS. Iron concentration below 4 mg/L can be 
removed from drinking water. The modified filter is fabricated 
with steel sheet and removal capacity up to 12 mg/L of spiked 
iron concentration can be reduced to desirable limit. pH of 
filtered water found to be adjusted between 7.1 to 7.6. Physical 
parameters like turbidity, TDS, total hardness was found to be 
within the limit. It can run without electrical power and the 
best flow rate was found to be at 25 L/hr. The modified filter 
is small in size and can be carried to any location or it can be 
placed near the hand pump to obtain iron free water.
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