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Introduction

Water is a vital component not only in sustaining life but also for the economic growth of any nation. India is one of the
countries having high potential and rich water resources. Population, explosion, economic progress, poor management and
contamination of water sources are the main reasons for the scarcity of assured quality of water. The supply of safe water in
adequate quantities to all communities is an immediate need for human society. A major threat to human health in India is the
poor drinking water quality. Iron, manganese, and arsenic are at the top of the list of emerging threats to the quality of water
for domestic consumption.

In India, North Eastern states along with Jharkhand, Bihar, West Bengal, Madhya Pradesh, Uttar Pradesh, etc. are badly
affected by groundwater contamination by arsenic and iron [1].

Arsenic is ubiquitous in the earth’s crust and is highest in marine shale materials, magmatic sulfides, and iron ores where
arsenic occurs as arsenopyrite (FeAsS), realgar (AsS), and orpiment (As,Ss) [2,3]. Throughout the world, arsenic is creating
potentially serious environmental problems for humans and other living organisms. Arsenic related problems are found in
ground water supply systems and are caused by natural processes such as mineral weathering and dissolution [4]. Human
activities such as mining wastes, petroleum refining, sewage sludge, agricultural chemicals, ceramic manufacturing
industries, and coal fly ash are also responsible for arsenic contamination [5-8]. Millions of people in West Bengal,
Bangladesh and the North-Eastern region of India are affected by drinking water withdrawn from wells that contain 100 pgL
Citation: Saikia A, Agnihotri G, Raul KP, et al. Integrated Approach to REMOVE IRON, ARSENIC and Manganese from Water using

Manganese Greensand and Other Adsorbent. Indian J Environ Sci. 2020;16(1):105.
© 2020 Trade Science Inc. 1



www.tsijournals.com | February-2020

1500 pgL™ arsenic contaminated ground water [9]. Owing to epidemiological evidence linking arsenic and cancer, the safe
limit of arsenic in drinking water was reduced from 50 pgL™ to 10 pugL™ in 1993 by WHO [10].

Arsenic has a wide range of oxidation states of arsenic -3,0,+3 and +5 of which +3 and +5 are very common. It can readily
change its valency and chemical form in the environment [11]. At present many approaches such as adsorption, ion-
exchange, reverse osmosis, Nanofiltration, coagulation (co-precipitation), membrane distillation, biological methods, and
photocatalytic oxidation are increasingly being used for the removal of arsenic from water body [12-14]. Adsorption on the
iron oxide coated sand method is one of the emerging technologies for arsenic removal [15,16]. While As(V) is more stable
in oxidizing conditions, but As(l11) is stable in reductive conditions [17]. The literature says that As(l1l) is best removed at
pH 7.5 [18].

Groundwater may contain ferrous iron at concentrations up to several milligrams per liter without discoloration or turbidity in
the water. High iron content in drinking water is a major problem in most parts of the North-Eastern region of India [19,20].
Once brought to the surface, with time the iron will come out of solution giving the water an undesirable reddish-brown
color. Furthermore, the presence of iron gives water a taste described as metallic, astringent or medicinal. Iron also causes
other aesthetic problems such as laundry, walls and plumbing fixtures at levels above 0.1 mgL™. Treatment requirements for
the removal of dissolved iron from water are well understood.

Very often the presence of manganese in water is ignored as its characters are much in similarity with iron. Manganese also
has dark brownish-black appearances and health hazards too. Manganese is commonly found in two forms e.g. Mn** which is
soluble in water (colorless water) and Mn** which is not soluble in water (MnO,) (cause turbidity in water). Manganese is
generally found in groundwater as Mn®* while in the surface it becomes MnO,. Chronic exposure to excessive manganese
levels can lead to a variety of psychiatric and motor disturbances and even influence copper and iron metabolism in the body
[21,22]. Various techniques have been adopted for the removal of manganese as well as iron from contaminated water [23-
26].

In view of the above, it is very essential to ensure the removal of Fe, As and Mn from the water before it is being supplied for
human consumption as well as for domestic uses. In the present scenario various systems are available for the removal of
individual ions from water, but the requirement of integrated removal system for ions like Fe, As and Mn has been arising at
higher filtration rate.

In the present study, individual as well as integrated removal of Fe, As and Mn from the contaminated water have been
carried out along with the study of effects of competing ions using various filtering media at filtration rate 300 Lhr™
Experimental

Materials and methods

A stock solution of 1000 pgmL™ arsenic was prepared from As,O; using double distilled water. A stock solution of 1000
pgmL*iron was prepared from FeSO,+7H,0 using double distilled water. The stock solution of 1000 pgmL™ manganese was
prepared from MnSQO,4°H,O using double distilled water. All other reagents were of analytical grade (Merck, India) and used
without further purification. Limestone was obtained from the Mawlong mining site, Meghalaya, India. Limestone showed
the presence of CaCO; and traces of silica. The weight percentages of the elements are shown in TABLE 1.

Iron and manganese were estimated by flame AAS (Lablindia AA 7000) according to standard methods [27]. Arsenic was
measured with the help of a hydride generation system on the same instrument.
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TABLE 1. Weight percent of elements present in limestone.

Element Weight% Atomic%
C 6.1 10.24
o 55.91 70.25
Si 0.32 0.23
Ca 37.67 18.98

Preparation of iron oxide coated sand: Iron oxide coated sand was prepared using a procedure similar to the described
elsewhere [15,16]. Washed and dried river sand of geometric mean size 0.8 mm was mixed with 10% of ferrous sulphate
solution of pH 10-11. The mixture was then dried in an oven at 110°C for 14 hours. The coated sand was washed with
distilled water until the runoff was clear. Then the mixture was dried at 105°C and stored in capped bottles.

Manganese greensand: Manganese greensand is a zeolite mineral called glauconite, processed with manganese sulphide or
manganese sulphate, and potassium permanganate in alternating steps to produce a black precipitate of manganese dioxide on
the granules. It is used as a filter media, operated the same as a rapid sand filter except that it can be also regenerated after its
capacity decreases. Manganese greensand is a unique medium used in conjunction with a filtration system to oxidize,
precipitate and remove Iron and manganese.

Manganese greensand offers advantages over other iron and manganese removal media: (a) it has an optimum grain size and
shape to retain oxidation precipitation products of iron and manganese, (b) all grains have the same finite homogeneous
coating, which is firmly attached, (c) it has unequaled oxidation-reduction buffer capacity, and can tolerate a slight over or
underfeed of continuously fed oxidants, (d) manganese oxide coating is not removed during backwashing or during the
water-saving, but more physically demanding, air/water washing and (e) manganese greensand is not a proprietary medium
of any equipment manufacturer.

Experiments

The raw water was spiked with varying concentrations of iron, arsenic, and manganese. This water has been passed through
the three chambers containing different filtering media as shown in FIG. 1. The simple representation of the process is shown

in the schematic diagram FIG. 2.
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Filtered
water

Integrated removal of Fe, As and Mn from water

FIG. 1. Schematic diagram of a batch adsorber (water filter unit) for Fe, As and Mn removal (where, the unit

diameter across=90 cm).

a=Iron fillings+Limestone+Gravel
b=Manganese Greensand+Coated Sand
c=Sand+Charcoal

d=Filtered Water

=  Oxidation

= | Contact Basin

I 1l
Aeration, Oxidation, particle — — —1
Increase in development, adsarption
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FIG. 2. Schematic diagram of removal of Fe, As and Mn from water.

The filtered water gets collected in the last chamber and then analyzed for the presence of Fe, As and Mn. Particle size and
bed volume of the filter medium used in the chambers are shown in TABLE 2. The experiments have been carried out using
various spiked water containing individual as well as a mixture of Fe, As and Mn ions.

TABLE 2. Particle size (20 kilograms of Iron filling) and bed volume of the filter medium used in the column.

Filter medium used Particle size Bed volume (m°)
(mm)

Coated gravel 40-60 0.020

Limestone 15-20 0.020

Iron coated sand 0.8-1.2 0.068
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Manganese green sand 0.5-1.0 0.007
Granular charcoal 4.0-6.0 0.008
Sand 0.8-1.2 0.077

Aeration is one of the main step involved in the experimental process, which is used (a) primarily to provide oxygen from the
atmosphere for the oxidation of Fe and Mn and to liberate H,S and CO, from water, (b) to release taste and odour producing
substances e.g., H,S or some of the volatile substances liberated by algae growths or incidental to the decomposition of
organic matter, (c) to enhance the taste of water. Water devoid of dissolved air/oxygen has a flat taste which is replaced by a
fresh taste on aeration of water.

Various types of aerators are in use viz. spray aerators, waterfall aerators, cascade aerators, diffused air aerators, etc.
The filtration rate of 300 Lhr™* has been found to be optimum for the removal of the selected metal ions. Filtration rate less
than 300 Lhr* does not affect significantly the removal capacity, whereas an increase up to 350 Lhr™ had also not much
effect on removal efficiency, but flow rate more than 400 Lhr™ largely affected the removal depending upon the
concentration of the contaminants. This may be due to less contact time of the contaminants and adsorbents during the
process.
Results
The integrated approach was applied in the batch adsorber system keeping in view the simultaneous steps involved in the
chemistry of iron, arsenic, and manganese.
Chemistry of iron removal

e The oxidation of iron ions raises the pH of the water

e Ferrous iron (Fe*" is oxidized to ferric iron (Fe*")

4Fe** (aq)+0? (g)+4H" (aq) — 4Fe** (aq)+2H,0 (1)

e If pH is greater than ~3.6, ferric iron will hydrolize to form ferric hydroxide

Fe** (aq)+3H,0 (1) —Fe(OH); (s)+3H" (aq)

Chemistry of iron and arsenic removal
e Oxidation of Ferrous iron (Fe®") to ferric iron (Fe**)
e  Further adsorption of As onto Fe(OH); precipitate

e  Further reactions

a-FeOOH+H,AsO +3H* — FeH,AsO,+2H,0
a-FeOOH+H;As0;+2H" — FeH,AsO3+2H,0
e pH needs to be around 7.3
e In oxygen-rich environments where aerobic conditions persist, arsenate [As(V)] is prevalent and exists as a
monovalent (H,AsO,) or divalent (HAsO,>) anion, whereas, arsenite [As(I11)] exists as an uncharged molecule

(H3AsO;) and anionic (H,AsO”") species in moderately reducing environment where anoxic conditions persist

Chemistry of iron and manganese removal
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e Similar to iron, manganese removal by the physical-chemical way can be carried out by the oxidation of Mn?* to
Mn** which precipitates as manganese dioxide (MnQ,). The precipitates are then separated from water by filtration
on green sand

e For manganese removal only, manganese dioxide (MnO,) is used as an adsorbent according to the following
reaction

e Mn +MnO; (s) — 2MnO (s)

Removal of arsenic

The removal of arsenic was studied using granular activated charcoal and Iron oxide-coated sand in the filtration system with
a flow rate of 300 Lhr™ FIG. 3. It was found that the percentage removal of as is achieved by up to 99.99% with feed water
up to 1400 pgL™. The experiment was conducted by using limestone in the first compartment of the filtration unit, without
the addition of iron salts like FeSO,4 and lime water (pH range 6.8 to 8.2). The increase in percentage removal is may be due

to the use of iron oxide coated sand with which strong interaction occurs with arsenic.
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FIG. 3. Removal of As versus initial As concentration.
Removal of manganese
The study for the removal of Mn was carried out using greensand at 300 Lhr™ filtration rate. The initial conc. of manganese
was varied from 1 to 6 mgL™ and it was observed that the batch adsorber system is efficient to reduce up to 99.99% leaving a

trace amount of manganese in filtered water (FIG. 4). The higher percentage removal of Mn was achieved due to the
application of greensand as a medium.
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FIG. 4. Removal of Mn versus initial Mn concentration.
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Removal of iron
The removal of iron was studied at a filtration rate of 300 Lhr™. From the experimental study, it was observed that the
removal of iron can be achieved up to 98.0% from initial conc. of 50 mgL™ to less than 1 mgL™ (FIG. 5). Also, it is showing

removal up to 0.3 ppm with initial conc. of 30 mgL™. The water filtered through the filtration system can be used for drinking
purposes as iron is within the desirable limit (WHO/USEPA).
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FIG. 5. Removal of Fe versus initial Fe concentration.

Integrated removal of iron, arsenic, and manganese

Different concentrations of Fe, As and Mn were taken in feed water and passed through the batch adsorber to see the removal
efficiency of the unit at 300 Lhr? filtration rate. Feedwater containing a mixture of Fe, As and Mn ions in various
concentrations were tested for removal efficiency and it has been observed that all contaminants in the filtered water are
within desirable limit (WHO/USEPA). Iron was removed from 50 mgL™to less than 1 mgL™in the presence of manganese
and arsenic (FIG. 6). Maximum 99% arsenic removal was observed from the initial arsenic concentration of 1600 pgL™ in

the presence of other ions like Mn and Fe (FIG. 7). The trend was also followed in case of manganese removal along with
iron and arsenic (FIG. 8)
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FIG. 6. Removal of Fe in presence of As and Mn.
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FIG. 7. Removal of As in presence of Fe and Mn.

100.0
99.8
99.6

99.4

Removal of As (%)

99.2

99.0 \+ As removal in presence of Fe & Mn \

T T T T T T
600 800 1000 1200 1400 1600

Conc. of As in feed water (ugL™)

FIG. 8. Removal of Mn in presence of As and Fe.

Effect of competing ions

The contaminated drinking water may contain several common other anions, viz., OH", SO,* and PO,> which can compete
with the arsenic during sorption process and hence the adsorption was studied in the presence of competing anions with
varying initial concentrations of these ions viz., 0.2, 0.5, 1.0 and 1.5 mM keeping the initial arsenic concentration of 600
pgL?, 1000 pgLand 1400 pgL™ at 25°C. FIG. 9 shows the efficiency of the removal capacity of arsenic by the water
purification system in the presence of other competing anions. With the increase in the concentration of these anions, the
removal of arsenic from the water was decreased. It may be due to competition among them for the sites on the sorbent
surfaces, which in turn is decided by the concentration, charge, and size of the anions. The presence of competing anions like
phosphate ion has a significant effect on arsenic adsorption by coated sand followed by hydroxide and sulphate ion
respectively [28]. The percentage of arsenic removal decreased sharply after 0.5 mM concentration of competing ions and the
trend was followed in all cases. The concentrations of competing anions in this study were far higher than those likely to be
encountered in groundwater. Thus, coated sand was able to remove arsenic from water over a broad range of pH in the
presence of all interfering ions except the high concentration of phosphate ion.
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FIG. 9. Effect of competing for ion on the removal of arsenic.
Foreign ions like Ca®*, Na" and OH" ions were used as competing cations to study the sorption of iron and manganese
separately by the coated sand because they are found in the ground water by a high concentration [29,30]. The obtained data
were represented in FIG. 10 and FIG. 11 for Fe** and Mn?" respectively. Generally, it is observed that the presence of Ca®*
and Na* cations as competing cations decrease the adsorption of Fe** and Mn®" by the coated sand. But in the presence of
hydroxide ion, adsorption of Fe** and Mn?* were increased. This is probably due to the formation of ferric hydroxide and
manganese hydroxide respectively. The adsorption of Fe** ion is decreased by increasing the concentration of both competing
ions, this indicates that Ca?* and Na* cations have a competing effect on the sorption of Fe** by the experimental material
[31]. FIG. 11 illustrates that the percent uptake of Mn?®" ion decreases sharply with increasing the concentrations of Ca?* and
Na® cation as a competing ion. It could be attributed to the fact that the two cations are more active than the Iron and

Manganese ion, probable they have nearly similar ionic radii (Ca**=0.990A, Mn?*=0.80A, Fe**=0.660A, Na*=0.90A) [32].
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FIG. 10. Effect of competing for ion on the removal of Iron.
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Discussion and Conclusion

The removal of As along with Fe and Mn can be achieved even without the addition of ferric salts and limewater. The
integrated removal approach can be achieved up to desirable limits by involving simultaneous steps keeping in view the
reciprocal chemistry of the metals removed. Apart from just experiments, a practical device can be operated using simple
material to get portable water. Competing ion like phosphate has a significant effect on arsenic removal followed by
hydroxide and sulphate ion respectively. The removal of iron decreased sharply in the presence of Na*and Ca®* ion. A trend
was highly followed by Mn?* also. But in the presence of hydroxide ion removal of both Fe?* and Mn?* have been increased
pronouncedly, because of the formation of the corresponding hydroxide which in turn gets deposited over adsorbent. The
batch absorber system is thus efficient to remove As, Mn and Fe separately as well as altogether in the presence of competing

ions.
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