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ABSTRACT 

In the modern industrialized world Wastewater treatment is a burning issue. Conventional sewage treatment 

technology is often unsuitable for many applications in developing countries. The present study was undertaken 

to assess the efficiency and pollution reduction potential of Sand intermittent filtration technology in term of 

physico-chemical characteristics of effluent collected from an industrial area. The waste water was filtered 

through Sand intermittent filtration beds of mixture of sand and gravel at different ratio i.e. 1:1; 1:2; 2:1 and 

one set of 100% of sand were also taken. In general sand and gravel beds have shown better performance than 

only sand bed for waste water treatment. Mixture of Sand and gravel bed at ratio 2:1 has yielded better results 

in general than all other used ratio. Maximum percentage reduction (%) in different physico-chemical 

parameters such as pH, TS, TDS, TSS, DO, BOD, COD, Chloride, Total Hardness (TH), and Calcium Hardness 

(CaH) was observed 6.15%, 42.39%, 44.02%, 46.26%, 59.65%, 23.41%, 94.00%, 32.99%, 34.02%, 51.41%, 

52.28% respectively. In all the experimental setups maximum percentage reduction was observed at 30 cm 

width of filtration bed. 

Keywords: Sand intermittent filtration, biolayer, relentless pressure, economic technique, filter bed, 

percentage reduction. 

 

I. INTRODUCTION 

Water is becoming a rare resource in the world. In India alone the International Water Management Institute 

(IWMI) predicts that by 2025, one person in three will live in conditions of absolute water scarcity [1]. Water, 

food and energy securities are emerging as increasingly important and vital issues for India and the world.Water 

as resources is under relentless pressure due to population growth, rapid urbanization, large scale 

industrialization and Environmental concern.The conservation of a better living environment requires fighting 

against all forms of environmental pollution. 

In India it is estimated that more than 8642X10
6 

m3of wastewater is generated per annum from 212 class I cities 

and 241 class II towns. Only 23% of wastewater is being treated mostly at primary level prior to disposal and 

77% untreated water is discharged on land [2].Efforts have been made by the government of India force to setup 

the treatment plants in different parts of country for the proper and efficient treatment of domestic sewage. But 

these treatment plants consume lots of energy and require more money for its maintenance. Economy of 
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developing country like India is not so good to afford such types of expensive treatment plants. Besides these 

irregular power supply and labours problem has affected the working and efficiency of the treatment plants. 

During 2015, the estimated sewage generation in the country was 61754 MLD as against the developed sewage 

treatment capacity of 22963 MLD.Because of the hiatus in sewage treatment capacity, about 38791 MLD 

ofuntreated sewage (62% of the total sewage) is discharged directly into nearbywater bodies (Fig-1). The 

industrial effluents constitute one of the main sources of the environment degradation [3]. According to CPCB 

275 rivers out of 445 rivers monitored under National Water Monitoring Programme are identified as polluted 

[4]. This condition of Indian rivers is just because of the release of untreated industrial and domestic waste water 

directly in to rivers.  

According to Central Pollution Control Board, 193 Common Effluent Treatment Plants (CETPs) are installed in 

the country with combined capacity of 1474 Million Litres per Day (MLD). There are 920 Sewage Treatment 

Plants (STPs) in different States/UTs out of which, 615 STPs are operational, 80 STPs are non-operational, 154 

STPs are under construction and 71 STPs are under planning stage. The conventional wastewater treatment 

processes are expensive and require complex operations and maintenance. It is estimated that the total cost for 

establishing treatment system for the entire domestic wastewater is around Rs. 7,560 crores [5], which is about 

10 times the amount which the Indian government plans to spend [6]. Table 1 illustrates the economics of 

different levels of treatments through conventional measures [7]. Insufficient capacity of waste water treatment 

and increasing sewage generation pose big question of disposal of waste water [8]. The reuse of wastewater is a 

valuable economical source of water in developing countries like India. 

Sand filtration is one of the earliest forms of potable water treatment and remains an important process for water 

purification throughout the world [9]. Simplicity and low cost capital and operating cost are principal 

advantages of sand filtration compared with more sophisticated methods of water treatment. Keeping in view of 

the facts present investigation was undertaken to find out the treatment efficiency of sand intermittent filtration 

technology for waste water treatment. A lot of work has been done in other countries by different authors but in 

India very little work [10],[11],[12] has been done on sand intermittent filtration.  

Renewed interest in SSF has focused on redesign to fulfil the demand for uncomplicated, effective water 

treatment for small, rural, and remote communities. These modifications in the design increase treatment 

efficiency and magnify the range of applicable raw water quality. Filtration can be compared to a sieve or 

micro-strainer that traps suspended material between the grains of filter media. However, since most suspended 

particles can easily pass through the spaces between grains of the filter media, straining is the least important 

process in filtration. Filtration primarily depends on a combination of complex physical and chemical 

mechanisms, the most important being adsorption [13].  
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Fig 1.Status of sewage generation and Treatment [6]. 

Slow sand filters are commonly used in water treatment to remove contaminants by physical, chemical and 

biological mechanisms but they may not be effective in the removal of specific contaminants, „emerging 

contaminants‟ (EC), or precursors to disinfection by-products (DBP), such as dissolved organic carbon (DOC) 

[14],[15],[16].Intermittent soil filers are being used to treat secondary effluent from waste water treatment and 

storm water runoff. These filters work on the same principle of slow sand filtration but differ in some 

operational features such as filter media grain size, filtration rate and operation mode [17],[18].Bio filtration 

encompasses all forms of water filtration that include a biologically mediated treatment component, and this 

includes a wide variety of applications, designs, media, filtration rates, and water treatment capabilities. This 

review focuses particularly upon intermittent slow sand filtration (SSF) or bio-sand filtration (BSF), a ―low 

technology water treatment process that has a long history of successful international application. The 

performance of BSF is controlled by an ecosystem of living organisms (biolayer or schmudzdecke) whose 

activities are affected by the raw water quality, and in particular, by the temperature. The quality of the treated 

water and the maintenance requirements for the system depend on selected variables like sand size, flow rate, 

and sand bed depth. In present research efforts have been made to develop a low cost and low maintenance 

model of sand intermittent filtration for the treatment of wastewater. 

Table 1: Economics of different levels of treatments through conventional measures [8]. 

Particulars  Primary treatment 

system  

Primary + ultra-

filtration system  

Primary + ultra-filtration 

system + reverse osmosis  

Capital cost (Rs lakhs)  30.0 90.64 145 

Annualized capital cost (@15% 

p.a. interest & depreciation  

5.79 18.06 29.69 

Operation and maintenance cost 

(lakhs/annum)  

5.88 7.04 12.63 

Annual burden (Annualized cost 

+O&M cost) Rs. Lakhs  

11.85 27.1 42.5 

Treatment cost Rs./kl (Without 

interest and depreciation)  

34.08 52.40 73.22 
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II. MATERIAL AND METHOD 

In the present investigation we applied an experimental method design to compare the effectiveness of the filter 

media such as sand and gravel and different mixtures of sand and gravel. It analysed the output of water base on 

the following parameters viz. pH, TDS, TSS, TS, DO, BOD, COD, Chloride, Total Hardness (TH), and Calcium 

Hardness (CaH). The samples were analysed and surveyed before and after the filtration which was done using 

sand intermittent filtration technology. 

2.1 Design of experimental setup-The experimental setup was made in the 20 liters transparent Bisleri water 

bottle of 25cm diameter and 40cm height of each bottle. Four set up was made. The total height of the 1
st
, 2

nd
, 

3
rd

 and 4
th

 experimental set up was respectively 80cm, 120cm, 120cm and 80cm. In each experimental setup 

further three sub setups were made. In the 1
st
 sub setup the width of each bed is15cm, in the 2

nd
 sub setup the 

width of each bed is 20cm and in the 3
rd

 sub setup the width of each bed is 30cm. A one litre mug was placed at 

the base of the tank to collect the treated water for analysis of physico-chemical parameters.  

2.2 Filter-media –Sand of medium sized particles and gravel was collected from building 

material suppliers and then the filter media was washed with tap water and distill water 

and then oven dried at 1050C. After drying the sand was sieved to separate the large 

particle was used for making filtration beds. In the present study filtration bed used 

contained 100% sand while in other setups different mixtures of sand and gravel in 

different ratios i.e. 1:1, 1:2, 2:1 were used in the preparation of Sand Intermittent 

Filtration bed in the experimental setup.  

2.3 Sample collection and analysis- The sample was collected on monthly basis from an 

industrial area located in Uttarakhand. The collected sample was not completely industrial 

effluent and was not completely sewage but it was a composite of both of these. The sample 

was collected in the morning hours between 7AM to 10 AM.  The analysis was performed 

according to [19], [20], [21].  

 

III. RESULTS AND DISCUSSION 

The sand intermittent filtration system is a highly biologically active unit, therefore, the filter has to be operated 

for several days to develop a biological film (schmutzdecke) on the grain of the filter until the, purifying 

bacteria become well established and plays an important part in the treatment process [22] and [23]. The 

biological conditions governing the effectiveness of the slow sand filter are (i) the degree of scum formation and 

(ii) the microbiological maturity of the sand bed [24], [25]. The results of various physico-chemical parameters 

are given in table-2 while percentage removal was given in table-3. 

The pH of waste water was found 8.13±0.21. [26] Were also observed similar results of TS in waste water. 

Minimum removal in pH was found 1.23% after the treatment with Sand intermittent filtration in the mixture of 
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sand and gravel having ratio 1:1 and the depth of 15 cm while maximum removal was found 6.15% after the 

treatment with Sand intermittent filtration in the mixture of sand and gravel having ratio 2:1 and the depth of 30 

cm. Our findings are more or less similar to [27], [13] and [28]. Slight variation from [27] findings was due to 

filtration media and width of filtration bed.   

The TS of waste water was found 1296.67 mg/l ±15.28. Khanna et al 2014 were also observed similar results of 

TS in waste water. Minimum removal in TS was found 40.98% after the treatment with Sand intermittent 

filtration in the mixture of sand and gravel having ratio 1:1 and the depth of 15 cm while maximum removal was 

found 42.39% after the treatment with Sand intermittent filtration in the mixture of sand and gravel having ratio 

2:1 and the depth of 30 cm. The TDS of waste water was found 989.00 mg/l ±9.64. Minimum removal in TDS 

was found 40.18% after the treatment with Sand intermittent filtration in the mixture of sand and gravel having 

ratio 1:1 and the depth of 15 cm while maximum removal was found 44.02% after the treatment with Sand 

intermittent filtration in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. Our findings 

were more or less similar to [28] and [29]. 

The TSS of waste water was found 307.67 mg/l±8.74. Minimum removal in TSS was found 43.01% after the 

treatment with Sand intermittent filtration in the mixture of sand and gravel having ratio 1:1 and the depth of 15 

cm and 20 cm while maximum removal was found 46.26% after the treatment with Sand intermittent filtration 

in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. Our findings were more or less 

similar to [28]. Solids reduced after sand intermittent filtration because mixture of soil and sand works as a 

sieve. These results are in accordance with the findings of [27] and [11] Also due to retention time of sewage 

into Sand intermittent filter reduces total solids, total dissolved solids and total suspended solids.Approximately 

50% reduction in TS, TSS and TDS found in the filtered effluent may be due to the retention of the solid 

particles in the filtration bed which can be the real cause of significant depletion of these parameters [31]. 

Table 2.Showing physico-chemical properties of waste water samples. 

Parameters Values 

pH 8.13±0.21 

Total Solids (TS) , mg/l 1296.67±15.28 

Total Dissolved Solids (TDS), mg/l 989.00±9.64 

Total Suspended Solids (TSS), mg/l 307.67±8.74 

Turbidity (NTU) 112.33±2.52 

Chloride (mg/l) 240.67±4.04 

Dissolved Oxygen (DO), mg/l 0.50±0.10 

Biochemical Oxygen Demand (BOD), mg/l 194.00±6.56 

Chemical Oxygen Demand (COD), mg/l 323.33±8.62 

Total Hardness (mg/l) 318.33±2.08 

Calcium Hardness (mg/l) 116.67±5.13 

The Turbidity of waste water was found 112.33 NTU±2.52. Minimum removal in Turbidity was found 42.73% 

after the treatment with Sand intermittent filtration in the mixture of sand and gravel having ratio 1:1 and the 
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depth of 15 cm while maximum removal was found 59.65% after the treatment with Sand intermittent filtration 

in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. Turbidity reduction may be due to 

reduction in the amount of suspended solids and dissolved solids. [32] Was found that turbidity was removed by 

90% using slow sand filters. [33] Reported that 92% of turbidity was removed when slow sand filter was used 

for wastewater treatment. Variation in our findings, from [32], [11], [12] and [33] may be due to variation of 

sand granules and soil particles size as well as the depth of the bed. Turbidity removal was found more or less 

similar to [13]. 

The chloride of waste water was found 240.67 mg/l ±4.04. Minimum removal in chloride was found 12.47% 

after the treatment with Sand intermittent filtration in the mixture of sand and gravel having ratio 1:1 and the 

depth of 15 cm while maximum removal was found 23.41% after the treatment with Sand intermittent filtration 

in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. A more or less similar trend of 

chloride reduction was also observed by [34]. 

The dissolved oxygen (DO) of waste water was found 0.50 mg/l ±0.10. Low values of dissolved oxygen 

concentration are associated with heavy contamination by organic matter [20]. Minimum gain in dissolved 

oxygen (DO) was found 20.00% after the treatment with Sand intermittent filtration in the mixture of sand and 

gravel having ratio 1:1 and the depth of 15 cm while maximum gain was found 94.00% after the treatment with 

Sand intermittent filtration in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. The 

increase in the values of dissolved oxygen of waste after treatment may be due to the reduced amount of organic 

pollution load and the retention of bacterial population (organic pollutants and microbial population) in the 

filtration bed and simultaneously mixing of atmospheric oxygen during the process of treatment A more or less 

similar findings were observed by [11]. 

 

Table 3.Showing percentage reduction (%) in physico-chemical properties of waste water after the 

treatment. 

(-) = Showing Removal in the parameter 

(+) = Showing Gain in the parameter 



 

509 | P a g e  

The biochemical oxygen demand (BOD) of waste water was found 194.00 mg/l ±6.56. Bhutiani et al 2017 were 

also observed similar results of TS in waste water. Minimum removal in biochemical oxygen demand (BOD) 

was found 7.22% after the treatment with Sand intermittent filtration in the mixture of sand and gravel having 

ratio 1:1 and the depth of 15 cm while maximum removal was found 32.99% after the treatment with Sand 

intermittent filtration in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. From the 

findings it was concluded that depth of filtration bed played an important role in purification of wastewater. [11] 

and [23] reported more than 65% reduction in BOD, when effluent was allowed to filter from 3.5 feet depth of 

sand filtration containing sand only of 0.3mm and then later 0.6mm in size and [11] reported 72.5% removal in 

BOD when effluent was allowed to filter from 2 feet depth of sand filtration containing a mixture of sand and 

soil in the ratio of 3:1.  The variation from our findings may be due to variation in the media of filtration as in 

our case we use sand and gravel and also in the variation of bed width. Maximum percentage of BOD reduction 

may be due to lowering of temperature, which minimizes the multiplication of microbial (bacterial) population 

by generating unfavourable temperature resulted lowered uptake of oxygen and due to their retention in the bed 

[11]. More or less similar reduction potential was also observed by [30]. 

The chemical oxygen demand (COD) of waste water was found 323.33 mg/l ±8.62. Minimum removal in 

chemical oxygen demand (COD) was found 16.39% after the treatment with Sand intermittent filtration in the 

mixture of sand and gravel having ratio 1:1 and the depth of 15 cm while maximum removal was found 34.02% 

after the treatment with Sand intermittent filtration in the mixture of sand and gravel having ratio 2:1 and the 

depth of 30 cm. [11], [35] and [31] reported 78.96%, 76-82%, and 79% respectively but in our study maximum 

COD reduction was found 34.02% may be due difference in filter media and filter bed width Because [31] used 

sand and Soil in 3:1 with wood ash and charcoal ash. Our findings were more or less similar to [36] 

The total hardness (TH) of waste water was found 318.33 mg/l ±2.08. Minimum removal in total hardness (TH) 

was found 40.21% after the treatment with Sand intermittent filtration in the mixture of sand and gravel having 

ratio 1:1 and the depth of 15 cm while maximum removal was found 51.41% after the treatment with Sand 

intermittent filtration in the mixture of sand and gravel having ratio 2:1 and the depth of 30 cm. Our findings 

were in accordance with and more or less similar to [28]. The calcium hardness (CaH) of waste water was found 

116.67 mg/l ±5.13. Minimum removal in calcium hardness (CaH) was found 26.69% after the treatment with 

Sand intermittent filtration in the mixture of sand and gravel having ratio 1:1 and the depth of 15 cm while 

maximum removal was found 52.28% after the treatment with Sand intermittent filtration in the mixture of sand 

and gravel having ratio 2:1 and the depth of 30 cm. 

 

IV. CONCLUSION 

The sand intermittent filtration technology is cost effective and provides an alternative economic way for the 

speedy treatment of waste water. But it requires further investigation regarding optimization of sand size and 

gravel types, composition of and characteristics of schmutzdecke (biolayer) layer and mathematical modeling to 

accelerate effective filtration capacity.Hence, this is a cost effective, without chemical operation and 

environmental friendly technology for waste water treatment.Combinations of biological and physico-chemical 
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mechanisms are responsible for water treatment in sand intermittent filtration technology.In the present study 

generally sand and gravel beds have shown better performance than only sand bed for waste water treatment. 

Mixture of Sand and gravel bed at ratio 2:1 has yielded better results in general than all other used ratio.In all 

the experimental setups maximum percentage reduction was observed at 30 cm width of filtration bed. 
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