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Abstract 

Access to safe drinking water and the wide spread of water-borne diseases are major challenges in Sub-Saharan Africa and 

Madagascar. Based on this, a water purification models has been developed which can use on a local scale. It consists of an 

intermittent biosand filter amended with oyster shell powders designed from local materials. The performance of the filter was 

evaluated through physicochemical and bacteriological analyses using standardized methods on raw polluted well water with 

previously determined initial D0 characteristics. The effectiveness of the designed filter was assessed and a filtration operation 

was carried out over a monitoring period of 13 days (D13) prior to 7 days of acclimatization of the system. With a filtration rate 

of 0.75l/h-1, there is a very strong reduction in turbidity from 35.59NTU to 0 NTU and in BOD5 from 125mg/l to 2mg/l. More 

so, bacteriological analyses reveal a progressive and complete decrease from D0 to D13 of fecal coliforms from 9000 

CFU/100ml to 0 CFU/100ml; total coliforms from 6,000 CFU/100 ml to 0 CFU/100 ml and fecal streptococci from 10,800 

CFU/100 ml to 0 CFU/100 ml. Compared to the classic ceramic filter, no significant difference in the Duncan test is reported for 

the highlighted parameters. This filter presents potential among other water treatment methods at the local scale for reducing the 

risks of water-borne diseases and achieving Sustainable Development Goal 6 in developing countries. 
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1. Introduction 

Access to a regular supply of safe water is defined as a 

fundamental human right by the United Nations Committee 

on Economic, Social and Cultural Rights and constitutes the 

6
th

 Sustainable Development Goals SDG6 [55]. Over the past 

decades, the quality of freshwater resources has significantly 

reduced, with new threats to drinking water safety [44]. 
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Globally, about 5 billion people live in areas threatened by 

water security [55]. In developing countries, drinking water is 

a luxury, particularly the poor population in rural and pe-

ri-urban areas [28]. According to the United Nations World 

Water Assessment Program, 80% of people without access to 

an improved drinking water source live in rural areas. More so, 

only 27% of the population have acces to safety managed 

water systems in Sub-Saharan Africa and Madagascar [56]. 

As a result, the burden linked to water-borne diseases is 

heavier with more than half a million deaths per year [51, 47]. 

These diseases can be controlled through adequate access to 

drinking water, sanitation and improved hygiene, alleviating 

nearly 10 % of the global burden of disease [53, 54]. More-

over, water treatment methods on a local scale remain rudi-

mentary and not very effective. In the absence of financial 

means to obtain sophisticated filters to make their water 

potable, populations in rural and peri-urban areas of 

sub-Saharan Africa and Madagascar remain at the mercy of 

diarrheal epidemics, factors of increased morbidity [56]. 

Faced with the ongoing quest of these populations for effec-

tive water treatment technologies on a local scale adapted to 

their context, slow sand filtration (SSF) stands out as timely 

[13]. SSFs improve water quality by removing pathogenic 

microorganisms, turbidity, dissolved organic chemicals, and 

other associated contaminants [25, 27, 40, 46, 60]. During the 

slow sand filtration process, a layer of biofilm, made up of 

microorganisms, measuring several millimeters thick, de-

velops on the surface of a layer of fine sand, commonly called 

schmutzdecke [14, 27]. The biofilm layer formed after a 

period of acclimation creates narrower spaces between the 

interstices, allowing a longer contact time between bacteria 

and pollutants resulting in their elimination by physico-

chemical and biological processes [13, 19, 28, 57]. In order to 

improve the performance of SSF in the elimination of path-

ogens from drinking water, filters with filter media other than 

sand or associated components have been reported in a 

number of works. It Includes iron oxide coated sand [2] silver 

coated zeolite, sand, fiberglass, anion resin and cation resin 

[32, 33]. However, these materials are cost-effective and not 

readily available. According to research conducted by [59] in 

Cameroon, the combined use of river sand, gravel and char-

coal was able to eliminate T. gondii, but without better effects 

on other pollutants. [38] suggested that charred corncobs would 

be effective as alternatives to natural gravel in removing tur-

bidity and total coliforms. Based on these, the combination of 

sand with biocarbonate materials could constitute an excellent 

support for microbial growth for good biofilm maturity [39] 

and therefore ensure water treatment efficiency. Biomineral 

compound, blood clam shells (Anadara granosa) have proven 

to be good media to combine with sand [4] as a biosand filter 

effective in reducing microbial contamination [1]. Oyster shells 

also constitute biominerals which could be used in water 

treatment. Their high availability in Madagascar would be an 

asset to capitalize on in the application of water treatment 

processes on a local scale. Few studies have focused on sand 

filter media combined with oyster shells, and this process 

remains to be further explored. Therefore, this study aims to 

design and test a domestic water treatment device based on an 

intermittent biosand filter (BSF) amended with oyster shell 

powders for the supply of drinking water in rural and peri-urban 

areas. This will improve the accessibility of this precious re-

source, thereby contributing to the Sustainable Development 

Goals SDG6. 

2. Materials and Methods 

2.1. Experimental Setup/Manufacturing of the 

Bio Sand Filter 

The designed Bio-sand filter contains three cylindrical 

shaped polyethylene compartments. One located above is the 

raw water inlet tank (5 liter and 22 cm in diameter) matched in 

the center with an angle stopcock (15mm*21mm) for flow 

control, all covered with 'a lid. The other located below is the 

tank for collecting (10 liters and 23 cm in diameter) the raw 

water filtered after passing through the filter cartridge; it 

comes with a stopcock perpendicular to the tank to extract the 

filtered water. The third cylindrical compartment with 8cm in 

diameter and 14.5cm in height constitutes the filter cartridge. 

This compartment is covered with an open diffusion plate of 

0.9mm mesh facilitating good distribution of the raw water to 

be filtered on the filtering media, and limiting modification of 

its structure. This entire structure rests on a base to facilitate 

its mobility. The materials of the filter cartridge or filter media, 

arranged vertically from bottom to top over 13cm, consisted 

of gravel, coarse sand, fine sand and oyster shell powder 

(figure 1). These materials were collected locally in rivers at 

the edge of the beach (shells) in Toamasina in western Mad-

agascar (figure 2). The materials were washed, steamed at 

60°C for 48 hours, crushed (shellfish) then sieved using 

commercial sieves at the Laboratory of the National Envi-

ronmental Research Center. For filling, the characteristics of 

the materials were determined by particle size tests. Five 

layers of different sizes and mesh sizes (figure 1) were placed 

from bottom to top as follows: a layer of 4 cm of gravel (5–

8mm), a layer of 4 cm of coarse sand (1mm), a layer of 2 cm 

of shell powder (0.8 mm), a layer of 2 cm of fine sand and 

coarse shell powder (0.4 mm) and a layer of 1 cm of fine sand 

and shell powder (0.1 mm). The effective size of fine sand 

(D10) is 0.17, representing the sieve opening through which 

10% of the sample passes. The D60/D10 ratio giving the 

uniformity coefficient (CU) is 2.27, and the porosity is 37%. 
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Figure 1. Experimental water purification device designed (intermittent biosand filter amended with oyster shell powder). 

 
Figure 2. Geographic location of the filter cartridge material sampling area. 

2.2. Operation of the Bio-Filter 

The designed biofilter was acclimated for a week as pre-

scribed by CAWST [7] in order to induce the maturation of 

the biological layer (schmutzedecke). This involved filling the 

inlet tank daily with raw water and pouring in the filtrate 

obtained. The raw water retained comes from a sampling of 

domestic wells near the University Campus of An-

katso-Antananarivo Madagascar, with previously determined 
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bacteriological and physicochemical characteristics. They 

presented values above the WHO and Malagasy standard for 

drinking water. The hydraulic conductivity and flow rate were 

also determined during this phase. After this phase, 60l of raw 

water were collected in 2 polystyrene drums of 30l each, 

previously sterilized and stored at 4.8°C in the laboratory just 

1 day before the filtration operation. 4l of raw water were 

brought to room temperature (approximately 24°C) before 

being injected into the filtration device, intermittently once 

every day for 13 days. The filtrated sample was collected 

daily and analyses were performed for physicochemical and 

bacteriological Characteristic. Filtration time was determined 

by evaluating the reduction in inlet tank water depth per time 

using a Stopwatch. 

As water flows by gravity through the filter cartridge, 

physical, biological and chemical processes work to remove 

contaminants. Sandy environments give rise to an attachment 

to non-pathogenic aerobic micro-organisms, which metabo-

lize all organic matter and feed on bacteria and viruses from 

the raw water which enter the filter [13, 28]: 

1) Physical process (mechanical filtration, sedimentation and 

adsorption): suspended matter and impurities whose size is 

greater than the size of the interstices of the filtering me-

dium are removed from the raw water through the for-

mation of a layer of impurities on the filter media. Likewise, 

the interstices play the role of small sedimentation basins in 

which suspended matter is deposited there under the effect 

of their density and leads to the formation of flocs. Patho-

gens are adsorbed due to physical attraction and the pres-

ence of a gelatinous coating making the treated water free 

of all pathogens and suspended solids [1].  

2) Biological Process: Particle removal occurs primarily at 

the top of the filter media bed, in the gelatinous surface 

layer known as the Schmutzdecke or biofilm layer [18, 

40]. This biofilm is formed under the effect of the dis-

integration of dissolved organic matter in the presence of 

water and molecular oxygen from the first days or even 

weeks of filter operation, on and within 0.5 to 2 of the 

filter media [27, 41]. The efficiency of eliminating mi-

croorganisms depends on the degree of maturity of the 

biofilm which contains suspended matter, bacteria, algae, 

fungi, protozoa and small vital cells [40, 50]. Most 

pathogens from raw water are consumed by microor-

ganisms in this layer following various processes such as 

predation, natural death, inactivation, bio-antagonism 

and metabolic mineralization [15, 19]. 

3) Chemical process: During filtration, organic matter and 

particles are broken down into chemical compounds. 

When these impurities with opposite electrical charges 

react with each other, it results in charge neutralization 

which gives rise to a new chemical substance. Therefore, 

by principle of ionization, the impurities present in the 

raw water and the filter medium acquire an equal and 

opposite charge and therefore neutralize each other, 

which improves the chemical characteristics of the raw 

water, and hence those of the filtrate obtained [3]. 

2.3. Physico-Chemical and Bacteriological 

Analysis 

Some parameters indicating the good quality of drinking water 

were evaluated throughout the experiment at the microbiology 

Laboratory of the National Environmental Research Center 

(CNRE) of Madagascar. The physicochemical parameters, 

namely turbidity, pH, temperature and electrical conductivity 

(EC) were determined using a microprocessor multi-parameter 

(Consort C535), and the BOD5 was determined using of a BOD 

meter by the respirometry method. For the bacteriological pa-

rameters, the aim was to isolate and count fecal coliforms, total 

coliforms and fecal streptococci according to standard ISO 

9308-1 [36] and ISO7899-2 [37]. The isolation of the bacteria 

was carried out by the filtration technique on 0.45 µm mem-

branes incorporated in 90 mm diameter glass petri dishes con-

taining the TTC (TriphenylTerazolium Chloride) culture media 

for Fecal Coliforms and Fecal Streptococci, and SBM (Slanetz 

Bartley Medium) for total coliforms. Indeed, 51.5 g of TTC agar 

and 41.5 g of SBM agar were homogenized with 1 liter of dis-

tilled water then slowly heated until complete dissolution using a 

magnetic stirrer, and sterilized in an autoclave for 15 min at 

120°C for tax included. The solutions obtained once cooled were 

poured into the petri dishes then left to solidify under the host for 

20 min. The number of colony forming units (CFU) is expressed 

in CFU/100 ml of water according to the following formula. To 

facilitate enumeration, 2 serial dilutions were carried out for each 

sample. Then the filter membrane was placed using sterile for-

ceps on top of the funnel of a filtration device with electric 

pumps where 100ml of samples were filtered. When the funnel 

became empty, the membrane was carefully collected using 

sterilized forceps and placed on the reverse side in the previously 

poured Petri dish which was then incubated in the incubator. 

Incubation of inverted Petri dishes was carried out at a tempera-

ture of 37°C for 48 hours for fecal coliforms and fecal strepto-

cocci, and 44°C for 24 hours for total coliforms. After this time, 

the colonies obtained are dark pink (total coliforms) and olive 

green (fecal coliforms and fecal streptococci) in color. The 

number of colonies was calculated using the method given by the 

Hach manual given in equation (1). 

𝐶𝐹𝑈/𝑚𝑙 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒 ×𝑑𝑖𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑢𝑙𝑡𝑢𝑟𝑒 𝑝𝑙𝑎𝑡𝑒
      (1) 

The removal performance of the biological sand filter pa-

rameters was evaluated using the removal percentage calcu-

lated based on equation (2). 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = 100 −  
𝑓𝑖𝑛𝑎𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟
× 100     (2) 

2.4. Statistical Analysis 

Raw data was organized using Excel Professional software 
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for descriptive analysis and then transported into SPSS v. 16 

(IBM, United States) to identify relationships between phys-

icochemical and bacteriological parameters, as well as an 

ANOVA test with a significance level of p < 0.05. Duncan's 

post hoc analysis was used to determine the statistical signif-

icance of the data. 

3. Results and Discussion 

3.1. Characteristic of Raw Water 

The initial raw water used for the filtration operation has 

physicochemical and bacteriological characteristics well 

above the quality standard set by the WHO (2017) for drink-

ing water. Apart from pH, electrical conductivity (EC) and 

temperature, all other parameters highlighted were above the 

norm (Table 1). Enterococcal bacteria present very high 

values, 10800 CFU/100ml for fecal streptococci, 9000 

CFU/100ml for fecal coliforms and 6000 CFU/100ml for total 

coliforms. These characteristics reveal possible anthropo-

genic contamination of the raw water source, thus making it 

unsuitable for human consumption and requiring prior treat-

ment. Two other important indicators for assessing water 

quality are turbidity and BDO5. Turbidity mainly refers to the 

presence of suspended matter including mineral particles, 

organic debris and microorganisms. The high value of the 

turbidity of the raw water thus indicates the strong presence of 

suspended matter whose decomposition involves bacteria 

likely to be pathogenic for humans. The high BOD5 value is a 

good indicator of the content of biodegradable organic matter 

in water causing turbidity [45]. It reveals the presence in raw 

water of microorganisms (bacteria) which oxidize biode-

gradable organic matter by consuming oxygen [30]. 

Table 1. Raw Water Characteristics. 

Parameter Raw data Standard values (WHO, 2017) Use for Drinking 

pH 7.73 6.5-8.5 Yes 

Turbidity (NTU) 30.59 5 No 

EC (µs/cm) 319 500 Yes 

Temperature (°C) 24.5 < 25 Yes 

BDO 5 (mg/l) 120 3 No 

Fecal Coliforms (CFU/100ml) 9000 0 No 

Total Coliforms (CFU/100ml) 6000 0 No 

Fecal Streptococci (CFU/100ml) 10800 0 No 

 

3.2. Performance of the Designed Bio-Sand 

Filter 

3.2.1. Reduction of Physico-Chemical Parameters 

During filtration, the evolution of physicochemical pa-

rameters above the recommended standard for drinking water 

[52] were assessed. These parameters include Turbidity, 

BOD5 and pH, essential in the evaluation of water quality. The 

parameters (Turbidity, BOD5) show a decreasing trend fol-

lowing the measurement periods (Days). Depending on the 

values of the raw water (D0), the turbidity ranges from 

30.59NTU on day 0 (raw water) to 0 NTU on the 13
th

 day
 

(figure 3a). The total reduction (0 NTU) is also observed from 

the 9th day. BOD5 values range from 120mg/l (D0) to 2mg/l 

(D13). The BOD5 reaches the recommended threshold value 

from the 8
th

 day
 
(figure 3b). The pH values fluctuate very little, 

ranging from 7.7 to 8.4 (figure 3c). 

The reduction in turbidity and BOD5 observed in the final 

filtrate compared to the initial raw water resulted in a signif-

icant removal efficiency of the order of 100% and 98.3% 

respectively (Table 2). These results are significantly higher 

than those documented for biosand filters and slow sand 

filters (table 4). This demonstrates the ability of the designed 

filter to remove organic and inorganic particles from water 

thereby improving its quality [52] as mentioned in the pre-

vious works [35, 16, 23]. The reduction in turbidity as a 

function of time (days of measurement) could be s a result of a 

progressive formation of a gelatinous coating above the filter 

media. This facilitates the flocculation and sedimentation of 

dissolved and undissolved particles present in the water. raw 

making the water very turbid as reported by [1, 17, 34]. 

Likewise, the formation of the gelatinous layer is linked to the 

tightening of the pores of the very fine interstices of the filter 

media [10, 14, 28] with D 10 = 0.17. In agreement with Lamon 
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et al [24] the reduction in DB05 is due to depletion of dis-

solved oxygen in the water relating to the respiration of mi-

croorganisms in their metabolic activities and the chemical 

action of the particles present on the filter media. This trend 

reflects the gradual growth of biofilms in the upper layer, 

which may explain the gradual improvement in turbidity 

removal efficiency and BOD5 [24]. This is affirmed by the 

very strong positive correlation (R = 0.94; P < 0.01) between 

these two parameters. The alkalinity pH value (8.4) of the 

final filtrate could be attributed to the nature of the materials 

of the filter media, in this case the composition of the oyster 

shells. This result agrees with those of Fitriani et al [13] that 

obtained pH values ranging from 7.0 to 8.55 with blood clam 

shells and sand as filter media. This could be an asset to the 

designed filter because of the importance of alkaline water for 

human health [51]. The filter did not affect the temperature 

(table 2). However, temperature plays an important role in the 

performance of sand filters as reported by Unger and Collins 

[48]. Indeed, hot biological columns (24°C) generally con-

tribute to satisfactory biochemical oxidation of organic matter 

by microbes in the biological layer [40]. Thus, the efficiency 

of slow sand filtration could be reduced due to temperature 

disturbances. 

  
a                                                                         b  

 
c 

Figure 3. Evolution of Turbidity (a), DB05 (b) and pH (c) water quality indicators during the filtration test. 

3.2.2. Bacterial Parameters Removal 

The effectiveness of the designed filter was also assessed 

on its ability to eliminate certain pathogenic germs (groups of 

bacteria) indicators of water quality. The number of colonies 

of the groups of bacteria highlighted, namely fecal coliforms, 

total coliforms and fecal streptococci, has considerably de-

creased after each filtration step compared to the raw water 

(D0). The colony number values range from 6000 to 0 

CFU/100ml for total coliforms, from 9000 to 0 CFU/100ml 

for fecal coliforms and from 10800 to 0CFU/100ml for fecal 
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streptococci. This was recorded between the 1st 
(
D 0) and the 

last day (D13) of analysis (figure 4). A total reduction in the 

number of colonies is noted from the 10
th

 day
 
for all groups of 

bacteria. 

  
                                    a                                                                  b  

 
c 

Figure 4. Reduction of water quality indicator bacteria groups during filtration test. 

At the end of the experiment, the elimination rate was 100% 

for each of the groups of bacteria highlighted (table 2). This 

satisfactory result is superior to those of previous works [12, 

35, 22, 35, 44]. Bacterial elimination is due to a combination 

of bacterivorous processes [27, 40, 44, 57]. This suggests a 

ripening effect caused by the maturation of a biofilm present 

on the filter media [12]. Indeed, during the filtration process, 

following the successive trapping and disintegration of parti-

cles, soluble suspended materials (organic and inorganic), a 

biofilm (biological layer) is formed. This layer named 

Schmutzdecke [11, 18, 41] provided with microorganisms 

(bacteria, fungi, algae, helminths and protozoa) consume the 

bacteria (coliforms and streptococci) present in raw water 

following processes of metabolic predation, inactivation, 

bio-antagonism and mineralization [35, 19]. The chemical 

and biological composition of the biofilm depends on the 

characteristics of the raw water incorporated and the nature of 

the substrate/filtering media (sand, sand + oyster shell) which, 

coupled with the duration of water-substrate contact, interfere 

with its maturity [5, 29]. Although not the subject of this study, 

the microbiological composition of Schmutzdecke in biolog-

ical sand filters and slow sand filters has been reported in 
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previous work [17, 27, 29, 31, 58]. According to Lubarsky et 

al [27], the algae present in the Schmutzdecke synthesize 

carbohydrates which are mainly responsible for the elasticity 

and the most resistant and adherent viscosity. These micro-

scopic algae produce polyunsaturated aldehydes or antibac-

terial toxins with powerful bactericidal effects [9, 42]. Pro-

tozoa, for their part, eliminate bacteria present in raw water 

through interception and predation [48]. In addition, the 

almost stable water temperature during the process and < 

25°C (table 2) would have constituted an environment hostile 

to the survival of the bacteria identified. Indeed, as reported 

by Ranjan et al [40], intestinal bacteria accustomed to human 

body temperature (37°C) do not thrive with temperatures < 

30°C. 

The results obtained are similar to those of previous work 

carried out on the effectiveness of microbial elimination of a 

biosand filter [35, 13, 18, 27, 58] Moreover, the bacteria 

elimination rate demonstrated (100%) surpasses that docu-

mented in previous work (table 4) and affirms the perfor-

mance of the designed filter cartridge. This high performance 

could be due to the filter media made up of oyster shell 

powder and sand known as diatomaceous earth [1] which, 

based on its constituent cause rapid maturation of the biofilm. 

Table 2. Comparison of water quality parameters at the end of the filtration process. 

Parameter Raw water Filtered water %Yield Standard values [1] Use for Drinking 

Ph 7.73 8.4 13.8 6.5-8.5 Yes 

Turbidity (NTU) 30.59 0 100 5 Yes 

EC (µs/cm) 319 318 0.313 500 Yes 

Temperature (°C) 24.5 24.8 1.2 < 25 Yes 

BDO 5 (mg/l) 120 2 98.3 3 Yes 

Fecal Coliforms (CFU/100ml) 9000 0 100 0 Yes 

Total Coliforms (CFU/100ml) 6000 0 100 0 Yes 

Fecal Streptococci (CFU/100ml) 10800 0 100 0 Yes 

 

3.2.3. Analysis and Modeling of the Performance of 

the Designed Filter 

Pearson correlation (table 3) was carried out between the 

physicochemical and bacteriological parameters to analyse 

the performance of the developed filter during the study. 

Very strong positive correlations were obtained between 

the groups of bacteria, in particular between fecal coliforms 

and total coliforms (r = 0.995, p < 0.1), fecal coliforms and 

fecal streptococci (r = 0.997, p < 0.1). 0.1) and between 

total coliforms and fecal streptococci (r = 0.993, p < 0.1). 

Likewise, a strong correlation is obtained between turbidity 

and BOD5 (r = 0.940, p < 0.1), and between these two 

elements and each groups of bacteria respectively. These 

strong correlations between these parameters point to a 

common source of the process leading to their elimination 

and account for the performance of the filter cartridge. This 

also related to the subsequent reduction of the parameters 

over time of experimentation with a progressive maturity of 

the biofilm layer which would have formed above and in 

the first 2 to 5 cm as reported by Lubarsky et al [27]. In 

agreement with Ranjan and Manjeet [40] and Elliot et al 

[12], the biofilm matures during filtration by retaining 

dissolved materials and particles by flocculation and 

sedimentation thereby reducing turbidity. These sedi-

mented materials and particles disintegrate by oxidation, 

coupled with the metabolism of the microorganisms, 

leading to a high consumption of dissolved oxygen present, 

hence the progressive drop in the DB05. Oxygen is used in 

the metabolism of biodegradable components as well as in 

the inactivation and consumption of pathogens. Conse-

quently, it resulted to the progressive to total elimination of 

fecal coliforms, total coliforms and fecal streptococci in 

raw water [41]. 

According to Maiyo et al [28], pH influences the chemical 

and biological mechanisms of water. An acidic pH would be 

suitable for the proliferation of bacteria in water and vice 

versa. This is demonstrated by the moderate correlation be-

tween pH and bacterial groups in this study. 
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Table 3. Pearson correlation matrix of the physico -chemical parameters and isolated bacteria. 

Parameter 
fecal 

colifomrs 

Total 

Coliforms 

Fecal Strep-

tococcus 
pH Temperature Turbidity EC TDS BOD5 

fecal colifomrs 1         

Total Coliforms 0.995 ** 1        

Fecal Streptococcus 0.977 ** 0.993 ** 1       

pH -0.648 * -0.617 * -0.580 * 1      

Temperature 0.260 0.251 0.234 -0.071 1     

Turbidity 0.971 ** 0.989 ** 0.999 ** -0.565 * 0.238 1    

EC 0.199 0.134 0.041 -0.380 -0.039 0.020 1   

TDS -0.025 -0.080 -0.175 0.007 0.181 -0.190 0.55 ** 1  

BOD5 0.977 ** 0.967 ** 0.949 ** -0.740 ** 0.186 0.940 ** 0.243 -0.75 1 

**The correlation is significant at the 0.01 level (two-sided). 

*The correlation is significant at the 0.05 level (two-sided). 

3.3. Comparative Analysis with Previous Work 

Several authors have looked at the effectiveness of water 

treatment systems on a local scale based on different models 

of filters made from accessible and low-cost local materials. 

Generally including sand as the main material, sometimes 

with amendments. These filters operate under the principle of 

physical, biological and chemical mechanisms, the essential 

part of which lies in the development of a gelatinous layer or 

biofilm called Schulmedecke above and in the first two cm of 

the filter media [27, 41]. As reported by Maiyo et al [28], 

Lubarsky et al [27], Webster and Fierer [58], Elliot et al [12] 

and Jenkins et al [20], the effectiveness of the filters depends 

on the maturation of the biofilm which itself is a function, 

among other things, of its composition (quantity and quality 

of microorganisms) and environmental conditions (size and 

type of substrate, hydraulic load, type of raw water incorpo-

rated and residence time). 

The results of this study are satisfactory compared to other 

research on the performance of sand filters (Table 4). With 

sand filter media adjusted to oyster shell powders, a removal 

performance of 100% FC, 100% TC, 100% and 98.8% BOD5 

was obtained. In terms of turbidity elimination, filters using 

sand as filter media are more efficient (97% elimination) than 

those using biochar. Kaetzl et al [21] used biochar as an 

alternative filter media and achieved only 31.1% turbidity 

removal in wastewater. Webster and Fierer [58] report that the 

nature of water source influences the types of microbial 

communities that grow in the biosand filter resulting in its 

performance, and obtained 85 and 96% CT removal for water 

river and wastewater respectively. In the elimination of mi-

croorganisms, Nasser et al [35]; and Kabir et al [22] empha-

size that the importance of acclimation time in the maturation 

of the biofilm guarantees better efficiency with results be-

tween 95% and 99% for TC, FC and E. Coli. Although im-

portant, the thickness of the filter cartridge appears not to be 

the main characteristic of the effectiveness of biosand filters. 

The proof is that our cartridge only has a total thickness of 

13cm. Similarly, with 32cm thickness, [44] obtained a 96% 

TC removal not very different from 95% obtained by Nasser 

et al [35] with 90cm thickness. Furthermore, the system 

monitoring time does not have a major influence on the filter 

efficiency. Indeed, despite its 133 days of monitoring the 

system, [49] was only able to obtain an elimination of 71% of 

TC and 79% of FC compared to the designed system which 

was only monitored for 13 days with a significant reduction 

from the 10
th

 day
 
(figure 2). Based on this analysis, the nature 

of the filter media would be the main characteristic element of 

the effectiveness of slow sand filters. The size of the filter 

media also plays a major role as demonstrated by Maiyo et al 

[28]; Ranjan and Manjeet [40]. In terms of coliform elimina-

tion, Nasser et al [35] showed that a filter with the thickest 

fine sand layer achieves maximum treatment efficiency. This 

is due to its ability to remove solid particles and pathogenic 

organisms smaller than the pore space between sand grains. In 

the case of this research, the filter media was made of sand 

and fine shell powder with a thickness of D10 = 0.1mm. The 

addition of oyster shell powder played a major role thanks to 

the tighter gaps between the particles in the medium, which 

lead to better retention of turbidity particles in the filter. In 

addition, as a biomineral or bicarbonate material, the devel-

opment of microorganisms constituting the biofilm is easier 

and faster than on simple sandy materials. Likewise, the 

conchiolin it contains is provided with oxygen essential to the 

biochemical processes which take place within the filter 

media, leading to the reduction of microorganisms during 

filtration. 
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Table 4. Comparison with previous studies. 

Type of filter 

Filter layer 

thickness 

(cm) 

Nature of the 

filter media 

Type of 

treated water 

speed of 

filtration 

System moni-

toring time 

(days) 

Elements deleted Reference 

Intermittent 

Bio sand filter 
13 

Sand and oyster 

shells 

Contaminated 

well water 
0.75l/h 

13 +7 

acclimatization 

turbidity 100%, BOD5 

98.8%; FC 100%, TC 

100% and SF 100% 

This 

research 

Intermittent 

ceramic filter 
13 

activated carbon; 

silica sand; zeo-

lite; mineral sand 

Contaminated 

well water 
1l/h 

13 +7 acclimati-

zation 

turbidity 100%, BOD5 

97.8%; FC 100%, TC 

100% and SF 100% 

This 

research 

Intermittent 

slow sand 

filter 

90 
Sand and clam 

shells 

Domestic 

wastewater 
0.05m/s 

10 + 14 acclima-

tization 

Turbidity 45.9%, Ammonia 

16.7% and Phosphate 

19.4% 

[13] 

Intermittent 

slow sand 

filter 

90 sand 
Domestic 

wastewater 
2l/h 

30+ 15 acclima-

tization 
TC99% [35] 

Slow sand 

filter 
75 Biochar Sewing 

 
70 

Total Phosphorus 91.8%, 

Turbidity 31.1%, Ammonia 

7.1% 

[21] 

Slow sand 

filter  
sand Rainwater 

 
70 

Turbidity 99% and Am-

monia 95% 
[26] 

Slow sand 

filter 
60 Sand Sewing 0.09l/h 133 FC 79%; TC71% [50] 

Slow sand 

filter 
32 Sand Sewing 0.15l/h 28 FC 87%; CT 96% [44] 

Intermittent 

Bio sand filter 
33 Smaand pond water 2.5l/h 

25+ 21 acclima-

tization 

turbidity 99.4%, FC 98.3%, 

TC 98.5% 
[22] 

Intermittent 

slow sand 

filter 

63 Sand River water 2l/h 48 
turbidity 95%, E.Coli 

96.3%, TC 93% 
[27] 

Slow sand 

filter 
90 Sand River water 2l/h 

30+ 20 acclima-

tization 

turbidity 98%, E.Coli 97%, 

TC 95% 
[35] 

Intermittent 

Bio sand filter 
36 Sand 

Sewage and 

River water 
50ml/h 

60 + 30 acclima-

tization 
TC 96% [58] 

 

3.4. Contribution to Achieving SDG6: 

Perspective of Use of the Filter and 

Recommendation 

From a practical point of view, the designed filter must be 

able to meet the expectations of the targets, namely rural and 

peri-urban populations in developing countries. This is to 

respond to the major and urgent need for access to quality 

water for a large segment of the disadvantaged population. 

This contributes to the achievement of objective 30 of SDG6, 

the provision of an efficient, accessible process. and practice 

of water purification on a local. To this end, another assess-

ment of the effectiveness of the filter designed in relation to 

the ceramic filter model found locally on the market (figure 6) 

was made. The ceramic filter was subjected to the same 

experimental conditions as the designed filter with the dif-

ference being the composition of the filter cartridge (table 4). 

According to the Duncan test, significant difference (P<0.005) 

was obtained with all the physicochemical and bacteriological 

parameters highlighted (figure 5). Based on on the results 

obtained, the designed filter has the same capabilities as the 

filter sold on the market and would therefore be an alternative 

for the targets. This process promotes a practical home 

drinking water treatment system with locally available and 

inexpensive materials. This helps reduce the risks of con-
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tamination and recontamination of water between sources and 

the point of consumption. It has also been shown that im-

proving the quality of drinking water leads to a reduction in 

epidemiological risks linked to water in low-income countries 

[6, 8] with the corollary of improving public health [56]. 

  
                                 a                                                             b 

Figure 5. Comparison of bacteria group removal and physicochemical parameters between the designed filter and the ceramic filter. The 

similarity of the letters (AA) above the graphs indicates no significant differences for the same parameter. Please replace the letter HAS in the 

figure with AA for insignificant. 

 
Figure 6. View of the designed filter (Intermittent Bio sand filter) in 

(a) and the control filter (ceramic filter) locally found on the market 

in (b). 

The designed intermittent biosand filter could thus be sub-

stituted for the ceramic filter with the advantage of lower cost 

due to the availability of filter cartridge materials for disad-

vantaged populations in developing countries. For use, the 

filter cartridge must be acclimated for 10 days by feeding the 

system with raw water to promote its maturation. However, 

additional research must be done with a view to detecting the 

microorganisms present in this particular type of filter media 

(sand + oyster shell) and the duration of use of the system in 

order to further improve its performance for satisfaction. 

optimal user experience. 

4. Conclusion 

Due to limited access to safe drinking was water in devel-

oping countries, populations tend available are rushing to 

accessible water resources to meet their needs, the quality of 

which remains questionable and subjected to an increase in 

water-borne diseases. These predominantly poor populations 

remain dependent on traditional methods of drinking water 

treatment because the acquisition of a sophisticated water filter 

is a luxury. This study examined the applicability of a biosand 

filter amended with locally available oyster shell powders for 

the supply of drinking water and promoting the health of pop-

ulations in rural and peri-urban areas of sub-Saharan Africa and 

Madagascar. Designed according to the model of the ceramic 

filter locally available on the market, the filter gave satisfactory 

performance in terms of elimination of fecal coliforms (100%), 

total coliforms (100%), fecal streptococci, DB05 (98.8%) and 

turbidity (100%) from polluted well water. The treated water 

meets WHO drinking water standards and the filter had no 
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significant difference in performance compared to the ceramic 

filter. Compared to other experimental sand filters, the de-

signed filter was found to be more efficient with shorter opera-

tion time and filter cartridge size. Notwithstanding this appre-

ciable performance, for better use of this filter, it still remains to 

identify the microorganisms in the filter media (sand + oyster 

shell powder) responsible for improving the efficiency of the 

filter, and to elucidate their operating principle. and the dura-

tion of use of the system. 

Abbreviations 

BSF Bio Sand Filter 

CNRE Centre National de Recherche Sur 

l’Environnement 

FC Fecal Coliforms 

SSF Slow Sand Filter 

TC Total Coliforms 
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