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Introduction 

here is an apparent need of treatment of 

wastewater before any usage. Thus, many 

new or adapted treatment processes are 

being investigated in attempt to solve the serious 

water supply and wastewater disposal problems of 

the rising population (Kiemde et al., 2018). The 

demand on this limited and precious resource has 

stimulated creative strategies for water 

management, including innovative techniques for 

wastewater reuse. Wastewater recycle is one such 

strategy, and its usefulness to fulfil non-potable 

water needs should be thoroughly investigated 

(Finley et al., 2009). Entirely, over 70% of freshwater 

consumption is devoted to agricultural activities 

(Banu and Christianus, 2016). Recently, declining 

productivity of commercial farms has led 

international policy networks to recommend the 

promotion of urban agriculture as an escape from 

food crisis situations (Badami and Ramankutty, 2015).  
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ABSTRACT  
The use of 

domestic 

wastewater for 

irrigation is an 

attractive 

option when 

available water 

supplies are 

inadequate. Due 

to increasing 

population, 

climate change 

and its 

consequences 

rain fed 

agricultural 

production do 

not meet the 

food needs of 

the population. 

A model sand 

filter for 
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 However, many households in 

poorer regions lack access to 

fertilizers and have an 

inadequate supply of fresh 

water. Wastewater treatment 

and reuse at the individual 

level can provide a combined 

solution to these problems by 

supplying the water and 

nutrients needed for 

household food production 

(Finley et al., 2009). Indeed, 

this strategy is already in use 

by millions of farmers globally 

and it is estimated that 10% of 

the world's population 

consumes foods irrigated with 

wastewater (Drechsel and 

Evans, 2010). 

Sand filters have proven to be 

the most cost-effective and 

environmentally-friendly 

approaches if long-term use 

and renovation needs are 

considered. It has been 

revealed, however, that the 

treatment efficiency of sand 

filters can be highly variable. 

Studies of many different sand 

filters demonstrated that 

those filters with P-adsorbing 

media were better at reducing 

phosphorus and nitrogen than 

domestic wastewater was constructed 

using a plastic drum 0.9 m deep and 0.7 

m diameter. The sample sand used in 

this study was from River Taraba in Bali 

Taraba state Nigeria. This sand has 

particles sizes between 0 – 4.25 mm. 

Four different sizes of local sand 

materials in the size of 1.00 mm, 1.18 

mm, 2.36 mm and 4.25 mm were 

selected and used as filter media for the 

study. Filtration trials were conducted 

and sample of the filtered water 

collected for quality analyses. The 

quality parameters tested include 

suspended solids, SS; Sodium 

Adsorption Ratio, SAR; Electrical 

Conductivity, EC; PH and Boron contents 

of the water. Results indicated that a 

combination of finer filter materials and 

thicker filter beds was more effective in 

the removal of SS. But, filtration did not 

significantly affects SAR, EC, PH and 

Boron content of the water. It is 

expected that this study will provide a 

safe, easy, environmental friendly and 

cheap method of filtration for domestic 

wastewater and sustainable 

wastewater irrigation. 
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filters without any adsorbing media (Martikainen et al., 2018) However, it 

has been reported that sand filters without adsorbing media were able to 

reduce the levels of phosphorus and nitrogen better than systems with P-

adsorbing gypsum or different ferro sulfate media (Kujala-Räty and Santala 

2001). Domestic wastewater in the developing countries, is either allowed 

to flow either in open streets channels (gutter) or through sewers 

connected to a natural river. For Domestic wastewater, the removal of 

suspended solids and reduction of E – coli bacteria are the most important 

requirements if it is to be used for irrigation. Other parameters like Sodium 

Adsorption Ratio (SAR); Electrical Conductivity (EC), PH and Boron content 

may not show any significant response to filtration but will be included as 

parameters to be tested. Sand filters have proven to be the most cost 

effective and environmentally friendly approach if long term use and 

renovation needs are considered (Abdel – Shafy et al., 2014, Martikainen et 

al., 2018). Wastewater management clearly plays a central role in achieving 

future water security in a world where water stress is expected to increase. 

The objective of this study is to determine the potential of slow sand filter 

to treat domestic wastewater to meet up to the standard of the 

characteristics of irrigation water. 

 

Materials and Methods 

Sand Materials 

The sample sand used in this study was from natural river sand from River 

Taraba in Bali Taraba state Nigeria. This sand has particles sizes between 0 

– 4.25 mm. Four different sizes of local sand materials in the size of 1.00 mm, 

1.18 mm, 2.36 mm and 4.25 mm were selected and used as filter media for 

the study. The material is very common and abundant in quantity. 

 

Model Filter  

Figure 1 shows the model filtration unit used during the study. It consist 

essentially of a plastic drum 0.9m deep and 0.7m diameter. The filter is 

intended for easy operation and maintenance. 
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Figure1: Model sand filter (adapted from Abubakar, 2021) 

 
 Figure 2: Sand filter and storage drum (adapted from Abubakar, 2021) 

 

Domestic Wastewater 

The domestic wastewater to be filtered in this study was collected from the 

main drain that traverse Bali metropolis.  

 

Methods 

Characterization of Filter Materials 

The filter materials were characterized into various sizes by sieving and 

measuring their saturated hydraulic conductivities using a falling head 
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permeameter. Sieving was carried out manually using standard steel square 

hole, BS 410 sieves having sizes 4.25, 2.36, 1.18, and 1.00 mm. and the 

materials were selected for the study. 

The saturated hydraulic conductivity of each of the selected size was 

measured using a falling head permeameter. The saturated hydraulic 

conductivity values were calculated using the equation: 

 

Ks = 
𝑎𝐿

𝐴𝑑𝑡 
ln 

ℎ1

ℎ2
 ………………………………………………………………. (1) 

 

Where: 

Ks = Saturated hydraulic conductivity (m/s) 

   a = Cross – sectional area of the manometer tube (m2) 

  L = Length of sample (m) 

  A = Cross – sectional area of samples (m2) 

  h1 and h2 = Initial and final head (m) 

  dt = Change in time (s) 

 

Assembly of the Model Filter 

Gravel materials which served as the drainage facility was first introduced 

into the drum to the depth of 0.3m. For a model filter, this compares 

favourably with a range of 0.15 – 0.30 m recommended by Perry (1976) and 

Abubakar (2021). After the gravels a fine filter fabric was laid flat within the 

filtration unit to cover the entire surface of the gravel. The filter fabric serve 

in retaining fine particles that might escape through the filter media. A 

control valve was fixed to the base of the drum. 

 

Filtration trials   

Filtration trials were conducted at the laboratory. Each of the selected 

samples of the filter materials was tested at four levels of filter bed 

thickness (0.20, 0.40, 0.60 and 0.70m). To make a trial, a measured quantity 

of a selected filter material was introduced into the filtration unit, gradually 

levelled and packed until the required thickness is reached. Then, the raw 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
NOV., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJASDR 

AFRICAN SUSTAINABLE DEV. RESEARCH VOL.7 

196 
ISSN: 2067-4112 

wastewater drawn from the sampling locations using Jeri cans and then 

poured into the storage drum which flow into the filtration unit under 

gravity on to the filter bed. A constant water level was maintain on the filter 

media throughout the test. The set up was allowed to stabilize before 

samples are collected. Three samples were collected at 20 minutes interval. 

At the end of the series of the tests of a given material size, a sample of the 

unfiltered sewage was also taken to serve as control. The control and 

filtered sample were put in an autoclave and a few drops of thymol solution 

added in order to preserve it for laboratory analyses.  

 

Suspended Solids, SS 

The results of the suspended solids concentration for both the filtered and 

unfiltered domestic wastewater indicated that both the filter material sizes 

and bed thickness have influence on the suspended solids concentration. 

On average 69% of SS were removed by the finer filter material sizes in 

combination with the filter bed thickness.  

In order to know the best performance of filter materials and bed thickness 

to recommend for practical use the values obtained were analysed 

statistically the results are shown on the Table 2.1 below.  

 

Table 2.1 Physical Quality of the Filtered Wastewater in terms of Suspended 

Solids 

Sample Filter Bed Thickness 
(m) 

Suspended Solids 
(mg/l) 

Reduction 
(%) 

Control - 0.69 - 

A 0.2 
0.4 
0.6 
0.7 

0.22 ⃰ 
0.15 
0.22 
0.32 

67 
78 
67 
51 

B 0.2 
0.4 
0.6 
0.7 

0.30 
0.30 
0.25 
0.27 

54 
54 
62 
59 
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C 0.2 
0.4 
0.6 
0.7 

0.50 
0.42 
0.47 
0.32 

23 
36 
28 
51 

D 0.2 
0.4 
0.6 
0.7 

0.54 
0.52 
0.60 
0.47 

17 
20 
17 
30 

⃰ Values are means of three replicates 

 

The effect of size of the filter material and thickness and their interaction 

are significant on concentration of SS (P ≤ 0.05). Sample A of the filter 

material size and 0.7m of the filter bed thickness seems to be the most 

efficient in this study. The better performance exhibited by sample A may 

be as a result of its tiny pore spaces which were exploited during the 

filtration process. Similarly, the 0.7m filter bed thickness which also perform 

best as a result of its higher thickness, the values of SS concentration seem 

to be generally low. 

 

Water Quality Analysis 

Domestic wastewater samples collected was analysed for PH, Boron (B), 

Sodium Adsorption Ratio (SAR), and Electrical Conductivity (EC). SAR was 

calculated with equation 2. 

SAR = 
𝑁𝑎+

√(Ca2+ +Mg2+) /2
  …………………………………………………… 2 

The data obtained were subjected to Analysis of Variance (ANOVA) at 5% 

probability level using SPSS software. 

 

Domestic wastewater PH 

Table 3.1 Measured PH Values in the filtered and raw samples 

                                                   Filter bed thickness (m) 

Sample Control 0.20 0.40 0.60 0.70 

A 6.50 7.60 6.90 6.10 6.25* 

B 6.50 6.15 6.85 6.35 6.10 
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C 6.70 5.00 6.10 6.35 5.85 

D 6.40 5.45 5.85 6.10 6.70 

*values are means of three replicates 

 

Table 3.1 shows the result of the PH. The mean PH value the filtered 

wastewater was above 6.2, which agrees with the Pescod and Arar (2013) 

which stated tolerable range to be 5.0 – 8.2. The inconsistencies in the 

values may be due to the chemical composition of the sand materials and 

the mineralogy of the media. The wastewater might have acquired many 

kinds of dissolved and suspended impurities when passing through the filter 

media. There is also likelihood of experimental error during the laboratory 

analyses. However, based on the accepted range the filtered water can be 

considered fit for irrigation. 

 

Boron Content 

Table 3.2 Measured Boron Content (mg/l) in the filtered and unfiltered 

domestic wastewater 

Sample                                     Filter bed thickness (m) 

                        Control                0.2                    0.4                       0.6                   0.7 

A 0.27 0.37 0.37 0.38 0.40⃰ 

B 0.36 0.34 0.34 0.32 0.31 

C 0.27 0.26 0.34 0.27 0.34 

D 0.28 0.25 0.25 0.31 0.31 

⃰ Values are means of three replications 

 

The results of the boron contents for each of the treatments studied are 

shown in table 3.2 above. All the values obtained were below the highest 

concentration of Boron where the irrigation can be classified as “No 

problem” i.e. 0.75mg/l as recommended by Ayers and Westcot (1976). In 

this study, the control has an average Boron content of 0.30±0.07 mg/l and 

filtered water under various filter media depths a range of 0.31 – 0.40 ± 0.04 

mg/l were obtained as shown in the table 3.2.Statistically, the various filter 
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media and depths were not significantly different (P ≤ 0.05). On a whole, 

both filtered and unfiltered sewage water can still be considered suitable 

for irrigation based on the recommended value of Boron in irrigation water. 

 

Sodium Adsorption Ratio, SAR: 

Table 3.3 Measured Sodium Adsorption ratio, SAR in the filtered and 

unfiltered sewage water 

Sample                                     Filter bed thickness (m) 

                        Control                0.2                    0.4                       0.6                   0.7 

A 0.60 0.47 0.47 0.45 0.59 

B 0.54 0.46 0.46 0.44 0.43 

C 0.49 0.46 0.51 0.45 0.55 

D 0.49 0.44 0.48 0.50 0.45 

⃰ Values are means of three replications 

 

The results of the Sodium Adsorption ratio, SAR, are indicated in Table 3.3. 

It can be noticed that all the values obtained fall within the low level class 

(Chun-Ming et al., 2011). The values are also very low according to Mehrdadi 

et al., (2006) that irrigation water having SAR values of 8 or less are safe, 

those with values 12 to 15 are marginal and continued used of water with 

SAR greater that 20 could lead serious sodium hazard. Based on these 

quality standards and low level of SAR the filtered water is considered 

suitable for irrigation purpose. 

The highest SAR value of 0.59 was recorded for sample A of the filtered 

material size using 0.7m filter bed thickness while the least 0.43 was 

recorded for sample B using 0.7m filter bed thickness. 

From statistical point of view, the filter material size and its interaction with 

filter bed thickness affect the SAR (P ≤ 0.05).  

 

Electrical Conductivity, EC 

Table 3.4 Measured Electrical Conductivity, EC (mS/m) of the filtered and 

unfiltered sewage water 
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Sample                                     Filter bed thickness (m) 

                        Control                0.2                    0.4                       0.6                   0.7 

A 100 88.50 91.00 84.50 77.00⃰ 

B 85 84.50 91.00 79.50 87.50 

C 90 95.00 92.50 97.00 74.50 

D 95 90.00 85.00 92.00 98.50 

⃰ Values are means of three replications 

 

Table 3.4 shows the results of the electrical conductivities of the filtered and 

unfiltered wastewater. Unlike SAR, the values are within the medium to 

high class (Chun-Ming et al., 2011). The EC values in this study are 92.5 mS/m 

for the control and mean range 84.5 to 98.50 mS/m as indicated in Table 3.4. 

While these results appear all-encompassing as regards the effect of 

filtration on electrical conductivity, they indicate that both filtered and 

unfiltered sewage are in medium and high salinity class. Analysis of variance 

indicated that the filter material sizes and its interaction with filtered bed 

thickness shows significant effect (P ≤ 0.05) on the EC values.  

 

Conclusions and Recommendations 

The study found slight variation in chemical status of household sewage 

water use for irrigation. Slightly values of B, EC and SAR of the sewage water 

call for proper monitoring before usage. This will prevent possible 

reductions in soil hydraulic conductivity and infiltration rate in soil with tiny 

pore sizes. Even though, these levels may not be high enough to result to 

soil deterioration, leaching may become less effective. More so, these 

changes may in part contribute to stress signs and die off in some crops. 
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