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Abstract— The various conditions of drinking water have 

great impacts on healthy life of people’s, especially in the 

developing countries where sources of safe drinking water 

are very limited. In this paper the operation of a dual media 

filter bed and single media filter was evaluated based on 

performance of filtering material for removing the fraction 

of solids, turbidity present in water. The dual media filter 

consists of sand, gravel and anthracite. Anthracite is one of 

the most efficient and economical filter media used in 

gravity filters. It is to be found that single media filter i.e. 

sand filtration is 54% and dual media filter i.e. anthracite 

with sand filtration is 78.12% respectively for removal of 

suspended solids. 
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I. INTRODUCTION 

Water is one of the prime elements responsible for life on 

earth. Purified water is essential for living a healthy life as 

such everyone should have access to it. Drinking water 

conditions have great impacts on people’s everyday life, 

especially in the rural and remote areas where access to safe 

drinking water is very crucial. Over 70% of our Earth's 

surface is covered by water. Although water is seemingly 

abundant, the real issue is the amount of fresh water 

available. 97.5% of all water on Earth is salt water, leaving 

only 2.5% as fresh water. Nearly 70% of that fresh water is 

frozen in the ice-caps of anthracite and greenland; most of 

the remainder is present as soil moisture, or lies in deep 

underground aquifers as groundwater not accessible to 

human use. Only 1% of the world's fresh water is accessible 

for direct human uses. This is the water found in lakes, 

rivers, reservoirs and those underground sources that are 

shallow enough to be tapped at an affordable cost. Only this 

amount is regularly renewed by rain and snowfall, and is 

therefore available on a sustainable basis.  

Water available naturally is not pure, it contains 

many impurities. The presence of suspended solids in water 

gives rise to turbidity. Suspended solids may consist of clay, 

silt, airborne particulates, colloidal organic particles, 

plankton and other microscopic organisms. Pathogenic 

organisms found in contaminated water may be discharged 

by human beings who are infected with disease or who are 

carriers of a particular disease. The principal categories of 

pathogenic organisms are bacteria, viruses, protozoa. 

Priority pollutants are organic or inorganic compounds 

selected on the basis of their known or suspected 

carcinogenicity, mutagenicity, teratogenicity or high acute 

toxicity. It includes arsenic, asbestos, barium, beryllium, 

selenium and silver. The presence of cadmium, chromium, 

lead, mercury, nickel and tin in excessive quantities will 

interfere with many beneficial uses of the water because of 

their toxicity.  

Dissolved inorganic compounds are generally 

associated with the aesthetic and organoleptic i.e. taste and 

odors characteristics of drinking water. It includes 

aluminum, chlorides, color, copper, hardness, hydrogen 

sulphide, iron, manganese, pH, sodium, sulphates, zinc, and 

petroleum hydrocarbons. 

Thus water is filtered to remove suspended 

particles and unsettled flock. The most common type of 

filter is a rapid sand filter. Water moves vertically through 

sand which often has layers of sand. If anthracite is used as 

topmost layer of a filter media then, it removes organic 

compounds including taste and odors. The space between 

sand particles is larger than the smallest suspended particles, 

so simple filtration is not enough. Most particles pass 

through surface layers but are trapped in pore spaces or 

adhere to sand particles. Effective filtration extends into the 

depth of the filter. This property of the filter is key to its 

operation: if the top layer of sand were to block all the 

particles, the filter would quickly clog.  

To clean the filter, water is passed quickly upward 

through the filter, opposite the normal direction called back 

flushing or backwashing to remove embedded particles. 

Prior to this, compressed air may be blown up through the 

bottom of the filter to break up the compacted filter media to 

aid the backwashing process; this is known as air blowing. 

This contaminated water can be disposed of, along with the 

sludge from the sedimentation clarifier basin, or it can be 

recycled by mixing with the raw water entering the plant. 

Some water treatment plants may employ pressure filters. 

These work on the same principle as rapid gravity filters 

differing in that the filter medium is enclosed in a steel 

vessel and the water is forced through it under pressure. 

By use of anthracite filter media of which the 

specific gravity is lighter than that of Filter Sand and even 

bigger particles can be placed on the Filter Sand, it is 

possible to enlarge the removal capacity of turbidity and 

suspended solids as ideal “Dual-media filtration” in 

combination with Filter Sand and it is widely used in many 

water works. Since anthracite filter media, being rich 

angular and complicated in form, have high void percentage 

and large specific area, “Deep bed filtration” which is 

effective not only at the surface but also to the depth can be 

realized and it is also used with single and deep layer. 

II. ANTHRACITE 

Coal formed millions of years ago when the earth was 

covered with huge swampy forests where plants - giant 

ferns, reeds and mosses - grew.  As the plants grew, some 

died and fell into the swamp waters.  New plants grew up to 

take their places and when these died still more grew.  In 

time, there was thick layer of dead plants rotting in the 

swamp.  The surface of the earth changed and water and dirt 

washed in, stopping to decaying process.  More plants grew 

up, but they too died and fell, forming separate layers.  After 

millions of years many layers had formed, one on top of the 

other.  The weight of the top layers and the water and dirt 

packed down the lower layers of plant matter.  Heat and 

pressure produced chemical and physical changes in the 
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plant layers which forced out oxygen and left rich carbon 

deposits. In time, material that had been plants became coal. 

Coals are classified into three main ranks, or types: 

lignite, bituminous coal, and anthracite. These 

classifications are based on the amount of carbon, oxygen, 

and hydrogen present in the coal.  Coal is defined as a 

readily combustible rock containing more than 50% by 

weight of carbon. Coals other constituents include hydrogen, 

oxygen, nitrogen, ash, and sulphur.  Some of the undesirable 

chemical constituents include chorine and sodium.  In the 

process of transformation (coalification), peat is altered to 

lignite, lignite is altered to sub-bituminous, sub-bituminous 

coal is altered to bituminous coal, and bituminous coal is 

altered to anthracite. It is the highest rank of coal which 

means that it has the highest heating value and highest 

carbon content.  It is very hard, deep black, and looks almost 

metallic because it is brilliantly glossy. Anthracite burns 

longer, with more heat and with less dust and soot than other 

types of coal.  

Anthracite filter coal is used extensively in water 

filtration and in water treatment because of its excellent 

filtration properties. Anthracite coal is a top quality coal that 

consists of hard, durable coal particles that come in various 

sizes. Anthracite is used along with silica sand (dual media 

system) or with silica sand and filter rock (mixed media 

system) or by itself (mono media system). 

 
Fig. 1: Anthracite 

Properties of Anthracite: 

 Color: Black 

 Density: 1600-1800kg/m3 

 Specific Gravity: 1.9 + .05 

 Effective Size: 0.60 – 2.30 mm 

 Uniformity Coefficient: 1.3 – 1.7 

 Hardness: 3.0 – 3.8 (Mohr′s scale) 

III. METHOD 

A. Preparation of Filter Media 

1) Sand, Silt, Gravel 

All the single media filter material i. e. sand and gravel was 

to be collected from water treatment plant at Nigdi, Pune. 

The main collection source of this material is from Gujrat. 

Then according to the required sizes of filter media the 

material was distributed like size of coarse sand is between 

2 - 4.75 mm and gravel is 30mm – 50mm respectively. All 

the filter material was washed with tab water and once with 

double distilled water. All the filter material was dried in the 

sunlight till all the moisture was evaporated. 

2) Anthracite 

The sample of anthracite was collected from the market i.e. 

Orison Enterprises, Pimpri, Pune.  Firstly the anthracite is 

sieved to get required size i. e. 0.60 – 2.30 mm. Then it was 

washed with tab water and once with double distilled water. 

Lastly it was dried in the sunlight till all the moisture was 

evaporated. 

B. Prototype of Filtration 

The Prototype of column filtration was made up of Acrylic 

sheet of thickness 5mm having partition for dual and single 

media filter  All Filter media was laid in the model in both 

columns i.e. with anthracite and without anthracite as per 

following: 

1) Column with anthracite 

a) Gravel was laid at bottom with layer height of 30 

mm. 

b) Grit was laid above the gravel with layer height of 

30 mm. 

c) Sand was laid above the grit with layer height of 40 

mm. 

d) Anthracite was laid above the sand with layer 

height of 50 mm. 

2) Column without anthracite 

a) Gravel was laid at bottom with layer height of 50 

mm. 

b) Grit was laid above the gravel with layer height of 

40 mm. 

c) Sand was laid above the grit with layer height of 50 

mm.  

d) Lastly the water coming from coagulation tank of 

WTP nigdi was passed through the prototype. The 

pH, Turbidity, suspended solids and dissolved 

solids was determined before and after filtration. 

IV. RESULTS AND DISCUSSION 

A. pH by Digital pH meter 

No. Of Day 
Sand filtration Anthracite filtration 

Initial Final Initial Final 

1. 7.72 7.50 7.72 8.1 

2. 7.93 7.42 7.93 8.25 

3. 7.65 7.61 7.65 7.95 

4. 7.58 7.35 7.58 8.07 

5. 7.75 7.55 7.75 7.87 

Table 1: 

 

Fig. 2: Graph 1: Comparison of pH between SF Final & AF 

Final 

From the graph it is clear that pH increases significantly 

when water sample passes through anthracite filter bed 

whereas pH decreases when it passes through sand filter 

bed. Thus the difference between SF final & AF final 

reading of pH is around 0.5-0.8. Initially presence of 
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turbidity is more but after passage through filter bed 

turbidity of water sample decreases. It shows that presence 

of turbidity in SF is more as compared to AF. Thus the 

difference between SF final & AF final reading of turbidity 

is around 0.8–1. 

B. Total Dissolved Solids (mg/l) 

No. Of 

Days 

Sand filtration 

(mg/l) 

Anthracite filtration 

(mg/l) 

Initial Final Initial Final 

1. 91.3 91.1 91.3 90.9 

2. 91.25 91.05 91.25 90.95 

3. 91.15 91 91.15 90.85 

4. 91.4 91.2 91.4 91.04 

5. 91.28 91.03 91.28 90.89 

Table 3:  

C. Total Suspended Solids (mg/l) 

No. Of 

Days 

Sand filtration 

(mg/l) 

Anthracite filtration 

(mg/l) 

Initial Final Initial Final 

1 10 4.6 10 2.5 

2 9.5 4.3 9.5 2.25 

3 9.9 4.45 9.9 2.3 

4 9.6 4.1 9.6 2.1 

5 9.8 4.35 9.9 2.4 

Table 4: 

 
Fig. 3:  

 
Fig. 4: Graph 2: Comparison of TDS and TDS between SF 

Final & AF Final 

From the graph it is clear that TDS decreases significantly 

when water sample passes through anthracite filter bed and 

sand filter bed. Thus the difference between SF Final & AF 

Final readings of TDS is around 0.2-0.5. Likewise the total 

suspended solids decreases significantly when water sample 

passes through anthracite filter bed and sand filter bed. Thus 

the difference between SF final & AF final reading of total 

suspended solids is around 0.9-1.1. 

V. CONCLUSION 

Effectiveness of anthracite in water filtration was studied 

with respect to pH, turbidity, total suspended solids and total 

dissolved solids. From the experimental results it was 

concluded that the water filtration using anthracite reduces 

the turbidity of filtered water as compared to single media 

filter. Anthracite is capable to reduce total dissolved solids 

and total suspended solids in filtered water compared to 

sand filter. By using the Anthracite in filtration the pH of 

filtered water is increased. Anthracite is a promising filter 

media to remove various contaminants in water as compared 

to sand. Anthracite promotes higher service flow rates and 

longer filter runs with less head loss than single media filter 

beds. The result of single media filter i.e sand filtration is 

54.00% and dual media filter i.e anthracite with sand 

filtration is 78.12% respectively for removal of suspended 

solids. 
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