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Abstract: This study investigated a locally assembled ‘Bio-Sand Filter (BSF)’ water treatment device for low cost household 

level drinking water supply in hazard-prone hard-to-reach coastal areas of Bangladesh to promote health. The device was made 

using locally available materials (plastic bucket, sand and gravel). Overall study results revealed a greater portion of turbidity 

reduction (>99%) in the filtrate. The filter was found to reduce 1.5-log of total coliform and 1.6-log of fecal coliform, though it is 

not capable of consistently meeting the WHO guideline to be less than 1CFU per 100 ml for both fecal and total coliform. The 

chlorination results showed that 2.4 mg/L chlorine doses were effective in post treatment of the filtrate and meet the 

recommended WHO guidelines to have free chlorine at least 0.5 mg/L to 1.0 mg/L in the stored water after 24hr to protect water 

from recontamination. The results led to the conclusion that one device could provide enough drinking water (24 to 50 L) to 

satisfy the needs of a large representative household. The filters reduce the risks of contamination between the water source and 

at the point of consumption through improving water quality that can be translated into improved health outcomes. 
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1. Introduction 

Access to a regular, safe water supply is defined as a basic 

human right by the UN Committee on Economic, Social and 

Cultural Rights (CESCR) under General Comment No.15: 

The Right to Water (Arts. 11 and 12 of the Covenant) 

published in 2003 [1]. Safe water is critical to protect and 

maintain health [2] and attaining wider human development 

goals [3]. In Bangladesh, there is an abundance of water, but 

scarcity of safe drinking water is the reality at present. Nearly 

one fourth of the population has no access to safe drinking 

water [4]. Despite finding an increasing trend in accessing to 

improved water sources, the Joint Monitoring Programme 

(JMP) report 2015 shows there is still 13% of the total 

population in Bangladesh are under the unimproved sources of 

drinking water mainly due to salinity and arsenic 

contamination [5]. 

The southwestern coastal region of Bangladesh has been 

identified as the most hazard-prone hard-to-reach areas in 

Bangladesh. Despite being a tremendous development 

potential area, the people of coastal areas in Bangladesh, 

usually lead their life fighting against cyclone, tidal surge, 

flood, salinity, drinking water scarcity and so on. 

Salinization of drinking water sources is becoming a major 

problem and climate change has further worsened the 

situation. The presence of high level of salt in drinking 

water sources in coastal Bangladesh is a cause of public 

health concern and a challenge for the Government of 

Bangladesh, donor communities, and non-governmental 

organizations [6-8]. About 15 million people already are 

forced to drink saline water and in total 30 million people 

are unable to collect potable drinking water due to a lack of 

available safe water sources in the coastal areas of 

Bangladesh [9]. Inadequate access to safe water contributes 
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to a high incidence of waterborne diseases [10, 11]. Higher 

rates of (pre)eclampsia and gestational hypertension in 

pregnant women in coastal Bangladesh, compared with 

non-coastal pregnant women, were hypothesized to be 

caused by saline contamination of drinking water [12]. 

Recent research has suggested that in addition to 

interventions in water, sanitation and hygiene, improved 

water quality can reduce diarrheal disease morbidity by 

more than 30% [13, 14]. And in an effort to address the 

above problem, many aid agencies have turned to 

household water treatment methods and water filtration 

[15-17]. In regions where safe water supply is not available 

or reliable, point-of-use (POU) treatment systems such as 

household water treatment and safe storage technologies 

are an effective alternative [18]. 

The aim of the study is to design and test a low-cost 

household level water treatment device, Bio-Sand Filter (BSF), 

for safe drinking water supply in the hazard-prone 

hard-to-reach coastal areas of Bangladesh where peoples are 

taking untreated pond water or saline groundwater for 

drinking purpose. 

2. Materials and Methods 

2.1. Materials 

Plastic container, sand from crushed rock, gravel, filter 

fittings, pond water and Commercial "Bleaching powder" as 

free chlorine source to analyze free chlorine residual. 

2.2. Filter Construction, Installation and Operation 

The BSF was made by using locally available plastic 

container, sand and gravel (Figure 1). The container was first 

cleaned with tap water, and were filled with 3 cm deep under 

drain gravel (12 mm diameter), 3 cm of separating gravel 

(6mm diameter) layer and 30 cm sand (screened through <1 

mm mesh) layer in succession. Water was present in the 

containers before loading the filter media to avoid any 

occurrence of air spaces and short circuiting. The outlet pipe 

was provided in such a manner that a standing water layer 

depth of 3 cm is maintained over the filter media. A plastic 

diffuser plate was placed on the lip of the filter to avoid 

disturbance to the top layer of sand during daily charging of 

the filter with source water. The filters had a pore volume of 

12 L. The filter was charged twice (12L+12L) a day with pond 

water under an experimental flow rate of 50 mL/min for the 

operational cycle. In the case of 12 L charge, since the 

reservoir of the filters could hold only about 12 L, the second 

12 L was poured approximately 10 hour later after the first 12 

L water was poured. The test was conducted at room 

temperature, and water temperature varied in the range of 26–

34°C during the testing period. 

2.3. Water 

Pond water was used as feed water for the filter, and the 

freshly filtered water was collected from the BSF outlet pipe. 

Time between collection and analysis was minimized and 

analysis was done immediately after collection of the last 

sample and it was no longer than three to four hours. 

2.4. Chlorination of the Filtrate 

Chlorine dose was applied to inactivate the residual 

microbial concentration and secure the stored water from 

recontamination. Commercial grade bleaching powder was 

used as free chlorine source. It typically contains 25-30% 

available chlorine [19]. Chlorine dose was estimated as 

2.4mg/L and 4.8mg/L in real time experiment for the both 

source water and the filtrate along with control tests using 

deionized water. 

 

Figure 1. Schematic diagram of the BSF used in the study. All dimensions are 

in cm. 

2.5. Analysis 

The source water and the BSF filtrate were monitored for 

turbidity, fecal coliform, total coliform and additionally free 

chlorine residual concentration was measured. The BSF 

filtrate tests were started after three weeks of filtration unit 

installation as per recommendation of CAWST to grow up the 

biolayer [20]. The BSF filtrates were collected for testing after 

approximately 3-5 L of filtrate had been discharged, so that 

diurnal results were comparable. Turbidity was measured 

using a HACH Model DR 2100 spectrophotometer in 

Nephelometric Turbidity Units (NTU) [21]. Both fecal and 

total coliform were measured using the membrane filtration 

procedure following standard method [22]. Free Chlorine was 

measured by HACH DR 2700 using method 8021 [23]. 

Chlorine demand was calculated from the difference between 

initial and final concentration of free chlorine in the samples. 

All data analysis was performed on ‘Microsoft Excel 2013’. 

3. Results and Discussions 

3.1. Source Water Characteristics 

The source water characteristics (Table 1) that the water 

was highly contaminated with fecal and total coliforms. There 

the total coliform concentrations ranged from 540-660 CFU 

per 100ml and fecal coliform concentrations were in the range 

of 310-410 CFU per 100ml. The pond may be affected by the 

indiscriminate use and unhygienic sanitary practices in that 
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area. Surface waters in rivers and unprotected ponds often 

show fecal coliform counts between 500 and 3000 per 100ml 

in the coastal areas of Bangladesh [24]. Turbidity, on average, 

was very high ranging from 533-585 NTU. Average pH, EC 

and TDS data of raw water were suitable for its use as drinking 

water source. Ammonia and nitrate concentrations were found 

in lesser concentration in which the mean were 0.69 mg/L and 

0.92 mg/L, respectively. Besides, the application of organic 

and inorganic fertilizers for fish cultivation in ponds 

aggravates the deterioration of water quality [24]. This can be 

thought that the source was not intervened by intensive 

agriculture practices or fish cultivation in the source pond area. 

However, phosphate concentration ranged from 4.4 - 4.7 mg/L, 

was found higher and it could be thought that the pond was 

used and intervened by local people through use of detergents 

for washing purposes. 

Table 1. Source Water Characteristics. 

Parameter Source Water (Mean ± SD) 

Turbidity (NTU) 560±21.24 

pH 8.07±0.15 

EC (mS/cm) 432±8 

TDS (mg/L) 693±13 

NH4-N (mg/L) 0.69±0.02 

NO3-N (mg/L) 0.92±0.04 

PO4 (mg/L) 4.46±0.13 

Fecal Coliform (CFU/100mL) 348±26 

Total coliforms (CFU/100mL) 588±46 

3.2. Bio-Sand Filtration Performance 

3.2.1. Turbidity Reduction 

 

Figure 2. Turbidity reduction efficiency over the length of the BSF runs. 

As shown in the Figure 2, a significant reduction of 

turbidity in the filtrate than source water and performance 

consistency can be noted. The average turbidity removal 

efficiency for the BSF is around 99.4% which was 

significantly higher than those documented for BSF in the past 

[15, 25-27]. Turbidity removal trend showed a consistent 

expression over the length of the BSF runs. On the other hand, 

no significant changes were found in the out flow rate due to 

high turbidity in the feed water. This may be due to an 

experimentally set flow rate of 50 mL/min. 

3.2.2. Total Coliform and Fecal Coliform Reduction 

The maximum removal efficiency of total coliform for the 

filter was based on the assigning a value of 16 CFU/100mL 

and presented a counting between 16-72 CFU/100mL over the 

period of the BSF runs. And the average removal efficiency 

reached to 1.4-log by the BSF with at least 1.1-log reduction 

efficiency. Large fluctuations were seen between the feed total 

coliform and filtrate concentrations. The fecal coliform 

concentration was also observed to reduce by greater than 

1.0-log over the course of the tests where average removals 

were 1.3-log for BSF. And the maximum removal efficiencies 

for the filter was based on assigning a value of 8 CFU/100mL. 

There was a fair degree of consistency in the effluent quality 

suggesting that filter ripening had occurred prior to the 

commencement of testing to reach to its maximum 

performance. 

 

Figure 3. Total coliform and fecal coliform removal efficiency by the BSF over the period of the experiment. 
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Biological activity in slow sand filter (SSF) is time 

dependent, as higher flow rates have shorter contact times 

between the source water and the microorganisms that break 

down the contaminants [28]. While previous studies have 

indicated that higher flow rates decrease bacterial straining by 

porous material [29]. Under the experimentally set operational 

flow rate of 50 mL/min was thought as a lower flow rate to 

provide a higher contact time that could increase the filter’s 

efficiency to remove contaminants. Overall, the consistently 

improved performance indicated the filter ripening occurrence. 

At the initial level, the lower bacterial removal performance 

can be thought due to lack of filter ripening. Baumgartner et al. 

[30] reported that total coliform removal by BSF decreased 

with an increase in charge volume. Similar observations were 

also made by Elliott et al. [31]. However, the filter 

accomplished >97% microbial reduction on multiple days 

throughout the experiment. The reductions compare to the 

typical range of 93% to 99% that has been documented by 

previous researchers [15, 31-34]. These results are consistent 

with what has been found in the literature for SSFs [28, 35]. 

Overall, the BSF reduced a significant portion of microbial 

contamination in the filtrate that results in improved drinking 

water quality. 

3.2.3. Chlorination of Bio-Sand Filtrate 

Chlorine dosages of 2.4 and 4.8 mg/L were added to 

untreated pond water and Bio-Sand filtrate. Free chlorine 

residual was monitored over 24 hours. Bio-Sand filtration 

before chlorination were effective at maintaining free chlorine 

residual in stored water as shown in Figure 4. Initial doses 

were set 2.4 mg/L and 4.8 mg/L respectively. Analysis of the 

free chlorine residual results for 24 hours provided valuable 

insight into variation of chlorine demand in waters. At the 

initial dose of 2.4 mg/L, the free chlorine residual level at 8 

hours in treated water was found greater than 1.0 mg/L and at 

24 hours the concentration was found 1.0 mg/L in the BSF 

filtrate. This free chlorine residual range was selected because 

it meets WHO and CDC SWS guidelines for free chlorine in 

drinking water [36, 37] and because less than 0.2 mg/L free 

chlorine may not adequately protect water from 

recontamination. 

 

 

Figure 4. Efficacy of maintaining residual free chlorine concentration over 24 hours. The graphical representations are respectively- (a) At the dose of 2.4 mg/L; 

(b) At the dose 4.8 mg/L. 

On the other hand, the chlorine dose of 4.8 mg/L over 24 

hours demonstrated a higher concentration that was greater 

than 2.0 mg/L. The user taste acceptability concerns above 2.0 

mg/L free chlorine [38]. This residual concentration may not 

result into preferable level of the user taste over 24 hours. 

Maintaining free chlorine residual levels over time increases 

the effectiveness of the bleaching powder at inactivating any 

biological contaminants that may be introduced to the water 
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during storage. The residual free chlorine of the 2.4 mg/L dose 

indicates and fulfills the recommendations by WHO [36]. In 

this case 2.4 mg/L dose is recommended for users in this study 

after filtration to protect the stored water. The chlorinated 

water is recommended for use after 24 hours from the time of 

chlorine addition. The use of sand filtration not only decreases 

turbidity, but also removes some of the compounds exerting 

chlorine demand and leads to maintenance of more consistent 

free chlorine residual levels over time. 

3.2.4. Potential Public Health Risk Reduction 

Health authorities generally accept that microbiologically 

safe water plays an important role in preventing outbreaks of 

waterborne diseases [39]. The filtration technique in this 

study provided a low-cost surface water (pond) treatment 

system with chlorination of the filtrate that resulted in the 

safe drinking water quality. Even though such a solution in 

this study seems to be so effective from an ecological point 

of view, potential health risks from ingestion of untreated 

pond water can be taken into account in the hard-to-reach 

coastal areas in Bangladesh. Moreover, there is evidence that 

chlorination and filtration of water supplies contributed to 

substantial health gains in the late 19
th

 and early 20th century 

[40]. However, much of the epidemiological evidence for 

increased health benefits following improvements in the 

quality of drinking water has been equivocal, particularly in 

low-income settings [41-43]. Besides, this household 

drinking water treatment system reduced the risks of 

contamination and recontamination between the sources and 

at the point of consumption. 

4. Conclusion 

This study investigated the applicability of a locally 

assembled low-cost Bio-Sand Filter for safe drinking water 

supply and to promote health in hazard-prone hard-to-reach 

coastal area of Bangladesh. The conventional drinking water 

sources (rivers and groundwater) in the coastal area have 

become contaminated recently due to saltwater intrusion 

from the rising sea levels and frequent natural disaster, and 

pond water is the only available source of drinking water. 

The filter removed turbidity (>99%) and microbial 

contamination (1.5 to 1.6-log reduction) significantly from 

pond water. Though the BSF could reduce a significant 

amount of microbial contamination in the effluent, it does 

not meet the microbiological standards by WHO of Total 

Coliform and Fecal Coliform (less than 1CFU per 100ml). 

Post-chlorination of the filtrate analysis result meets up the 

WHO recommendations of having the residual free chlorine 

level over 24 hours to protect stored water from 

recontamination. The filter reduces the risks of 

contamination between the water source and the home, by 

providing drinking water through treatment at the household 

level. Overall the Bio-Sand filter is, and will continue to be a 

simple, effective, low-cost household level water treatment 

device for drinking water supply in the hazard-prone 

hard-to-reach coastal areas in Bangladesh. 
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