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ARTICLE INFORMATION ABSTRACT
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synergistically at dosages of 100 mg/l, 120 mg/l and 150 mg/l to
treat domestic grey water. Turbidity (NTU), pH, total dissolved
solids (mg/l) electrical conductivity (us/cm), dissolved oxygen
(mg/l) BOD (mg/l) and total coliforms (CFU/100 ml) were
measured using standard methods. The relative performance
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g:znwztzrle ifera indices obtained showed that M. oleifera + P. biglobosa had the
Parkiagbig lobosa best performance (0.84) which was closely followed by M.

oleifera alone (0.83). The least performance was recorded by A.
sisalana extracts alone (0.39), The study concluded the A.
sisalana, M. oleifera and P. biglobosa can serve as readily
available, cost-effective, and environmentally friendly alternative
coagulants and antimicrobial agents in grey water treatment.

© 2022 RJEES. All rights reserved.

Biological wastewater treatment

1. INTRODUCTION

The quest for cleaner and sustainable environment and the dwindling freshwater resources occasioned by
climate change is rapidly increasing global interest in wastewater treatment and reuse (Igboro et al., 2019).
While the obvious reason and motivation for this increasing interest is arguably the increasingly pressure on
freshwater resources as a result of the rapidly increasing global population, unrelenting urbanization,
droughts, and climate change (Piao et al., 2010; Owamah et al., 2021), the race to achieve the sustainable
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development goals (SDGs) by 2030 is the major trust behind the recent drive towards the reuse of wastewater
as an alternative water supply source (Sachs et al., 2021). According to Griggs et al. (2013), the sustainability
of development is dependent on its ability to meet the needs of the present, while safeguarding Earth’s life-
support system, on which the welfare of current and future generations depends. Consequently, a cardinal
focus of the sixth Sustainable Development Goal is to improve water quality by reducing pollution,
eliminating dumping, and minimizing release of hazardous chemicals and materials, halving the proportion
of untreated wastewater, and substantially increasing recycling and safe re-use globally (UN, 2015; Lee et
al., 2016; Sachs et al., 2021). The attainment of this goal cannot be achieved without paying attention to the
twelfth goal which focuses on responsible consumption and production. It makes it necessary that the
planning of water supply must be accompanied by an appropriate system of treatment, reuse, and possible
resource recovery (Kazour et al., 2019). This therefore necessitates the need for wastewater reclamation
since new sources of freshwater supply have become increasingly scarce, expensive, or politically
controversial (Garrick et al., 2020). As a result, efforts are currently being made to identify new ways of
meeting water needs (Alfa et al., 2014; Igboro et al., 2016). The reclamation of greywater for potable and
non-potable use depending on the level of treatment is one of such techniques for the safe reuse of wastewater
(Menge, 2010; Teh et al., 2015).

Notwithstanding the increasing attraction for the application of treated wastewater for irrigation of various
crops and gardens, especially due to the limited freshwater availability and increasing food demand, there
are significant safety concerns. The primary concern is the potential of damaging effects of poor-quality
water on soil, plants, and humans (Alfa et al., 2014; Igboro et al., 2016; Igboro et al; 2019). For instance, the
microbial population of untreated water is very diverse, and dangerous organisms can be present. Many
microorganisms that can cause illness or disease, collectively known as pathogens, are usually associated
with human or animal faecal matter present in wastewater and surface water sources (Sarowska et al., 2019).
While irrigation water may not necessarily be of potable quality, the quality should be as less objectionable
as possible especially for crops that may be consumed without further processing (Igboro et al., 2019).

Irrigation water contaminated with pathogens have often been blamed for outbreaks of foodborne illnesses
(Shaheen et al., 2019). It is therefore important to carefully manage this risk when promoting the reuse of
non-potable water sources to fulfil the water demand of agricultural irrigation activities.

Synthetic chemical reagents have been used traditionally as both coagulants and disinfectants in the
treatment of wastewater. However, the synthetic chemicals are a cause of concern due to their non-native
nature, non-degradability, and health conditions associated with their left-over residues. (Gautam and Saini,
2020). The quest for sustainability therefore has led to the exploration of natural agro-based materials that
can be used as cost-effective, environment-friendly, and sustainable alternative to the application of synthetic
chemicals (Gautam and Saini, 2020).

Some of the natural materials that have been explored for the treatment of greywater are extracts of Moringa
oleifera seed (Alfa et al., 2014), Parkia biglobosa leaf, seed and bark (Igboro et al., 2016) and Agave sislana
leaf (Igboro et al., 2019). The focus of the aforementioned studies was the efficiency of the various extracts
in the reduction of specific physicochemical and microbial characteristics of the grey water. Thus, the results
presented some percentages indicating their respective efficiencies. The limitation however is that they failed
to assess these efficiencies in relation to the standards set by the World Health Organization (WHO).

While the studies established the ability of the respective plant materials to reduce the grey water
physicochemical and microbial characteristics by varying percentages, a further investigation of the
conformity of this treated grey water to recommended standards is reported herein. This is to establish
whether the respectively treated grey water is fit for intended reuse based on recommended standard or not.
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2. MATERIALS AND METHODS

2.1. Collection of Plant Leaves and Seeds

Agave sisalana leaves, Moringa oleifera seeds and Parkia biglobosa seeds were obtained from the Botanical
Garden of the Department of Biological Sciences, Ahmadu Bello University Zaria, Nigeria (Figure 1a-c).

o
.

Figure la: Agave sisalana leaves Figure 1b: Moringa oleifera seeds Figure lc: Pakia biglobosa
seeds

2.2. Preparation of Leaf and Seed Extracts

The methods of preparation of the extracts of the respective tropical plants have been described previously
(Alfaet al., 2014; Igboro et al., 2016; Igboro et al., 2019). The methods involved washing, drying, grinding,
sieving and the preparation of the suspensions according to the required concentrations were adopted without
modification. Dosages of 100 mg/l, 120 mg/l and 150 mg/l were obtained and utilized for this experiment.

2.3. Collection of Grey Water Sample

Greywater sample used for this study was obtained from the residential area of the Ahmadu Bello University
Main Campus, Samaru, Zaria, Nigeria. The sample was collected and immediately transported in a 10-litre
high density poly-ethylene container under dark conditions to the Environmental Health Engineering
Laboratory of the Department of Water Resources and Environmental Engineering, Ahmadu Bello
University, Zaria for analysis. This was to prevent further deterioration of the greywater quality on account
of continuous microbial activities (Noman et al., 2019). Characterization of the grey water sample was
carried out before treatment in order to establish a baseline for the assessment of the performance of the
treatment process.

2.4. Experimental Design

Twenty-one experimental setups were used out to assess the efficacy of treatment with the different extracts.
The first nine of the experimental setup involved treatment of greywater with 100 mg/L, 120 mg/L and 150
mg/L dosages of A. sisalana, M. oleifera and P. biglobosa. The next nine setups involved the treatment of
greywater with 100 mg/L, 120 mg/L and 150 mg/L dosages of A. sisalana + M. oleifera, A. sisalana + P.
biglobosa and M. oleifera + P. biglobosa combined in ratio 1:1 to assess their respective combined
efficiencies. The last three designs involved the application of 100 mg/L, 120 mg/L and 150 mg/L dosages
of a combination of the three extracts combined in ratio 1:1:1 to assess their combined effect.
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2.5. Method of Analysis
2.5.1. Physicochemical analysis

Respective extracts dosages of 100 mg/l, 120 mg/l and150 mg/l were used to treat 500 ml of greywater
samples. The experimental setups were stirred for 1 minute at rapid mixing (10 rpm) followed by slow
mixing for 20 minutes (5 rpm) after which the setups were turned off to allow settling of the flocs for an
hour. After settling, 20 ml of the sample was taken from the supernatant of each beaker using a pipette and
placed in a small bottle for turbidity measurement. The measurement of turbidity was carried out using a
turbidimeter (HACH model 2100P). Measurement of other parameters were carried out on the supernatant
to determine the effect of the extracts on filtered grey water. The physicochemical analysis of the raw and
treated greywater samples was carried out according to standard methods for analysis of water and
wastewater (APHA, 2012). This method has been previously applied and reported (Alfa et al., 2014; Igboro
etal., 2016; Igboro et al., 2019). The parameters analyzed are turbidity (T), electrical conductivity (EC), pH,
dissolved oxygen (DO), total suspended solids (TSS) and biochemical oxygen demand (BOD).

2.5.2. Microbial analysis

Total coliform evaluation was carried out on the raw greywater samples as well as those treated with varying
doses of the respective extracts’ combinations using the plate count method described previously (Gomis et
al., 2001; Nataro et al., 2011; Washington, 2012). The media used included Eosin Methylene Blue (EMB)
and MacConkey Agar. The plates were incubated at 37 °C for 24 hours. After incubation, number of bacterial
colonies was determined using colony counter and expressed as colony forming units (CFU) per 100 ml.

2.5.3. Estimation of relative performance index

The performances of the respective extract combinations were compared using the relative performance
index described previously in Igboro et al. (2019) with slight modifications. The modification was in the
inclusion of the conformity of the parameters to the World Health Organization (WHO)/Food and
Agriculture Organization (FAO) guidelines for reuse of wastewater for irrigation (Blumenthal et al., 2000;
Carr, 2005; Kotut et al., 2011; WHO, 2015). The performance of each extract combination in the reduction
of the respective parameters was ranked on a scale of 1 —7 with 1 being the least and 7 being the highest. In
the case of the conformity to the guidelines, a value of 1 was assigned for conformity and value of O for non-
conformity. They were both expressed as percentages after which the average was taken. The average
performance score for each was used to determine the relative performance index.

3. RESULTS AND DISCUSSION
3.1. Characteristics of Raw Grey Water

The physicochemical and microbial characteristics of the raw grey water are presented in Table 1. The
turbidity of the raw grey water was 76 NTU, the electrical conductivity was 935 ps/cm, the pH was 8.07, the
dissolved oxygen was 6 mg/l, the total suspended solids was 37 mg/l, the biochemical oxygen demand was
149 mg/l while the total coliforms was 173 x 10° cfu/100 ml. These values served as the baseline for the
assessment of the efficiency of treatments using the respective extracts combinations.
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Table 1: Characteristics of the raw grey water

Parameter Value
Turbidity (NTU) 76.00
Electrical conductivity (us/cm) 935.00
pH 8.07

Dissolved oxygen (mg/1) 6.00

Total suspended solids (mg/1) 37.00
Biochemical oxygen demand (mg/l) 149.00
Total coliform (X10° cfu/100 ml) 173.00

3.2. Physicochemical and Microbial Characteristics of Treated Grey Water

The physicochemical and microbial characteristics of the grey water treated with 100 mg/l, 120 mg/l and
300 mg/1 of the respective extracts combinations are presented in Tables 2, 3 and 4 respectively. The negative
percentage reduction obtained for dissolved oxygen indicates that there was rather increase in the dissolved
oxygen which was expected. This is because the dissolved oxygen is expected to increase as the waste is
being stabilized (Harja et al., 2016). The results presented in Tables 2, 3 and 4 revealed that the best
performances for all parameters tested were obtained at a dosage of 150 mg/l. The turbidity value obtained
from treatment of greywater with 100 mg/L, 120 mg/L and 150 mg/L of A. sisilana did not meet up with the
5 NTU guideline set by the World Health Organization (WHO), despite the significant reduction up to 90.79
% recorded. A similar pattern was recorded for all combinations with A. sisilana at 100 mg/l and 120 mg/1
but at 150 mg/l, A. sisilana + M. oleifera and the combination of the three extracts reduced the turbidity to
values below 5 NTU recommended by WHO/FAO guidelines. In the case of A. sisilana + P. biglobosa, the
final turbidity at a dosage of 150 mg/l was 5.44 NTU which was slightly above the recommended standard.
More so, at dosage of 150 mg/1 of all extracts combinations, the values of EC, pH, DO and BOD were all
within the WHO/FAO guidelines. The total coliforms, however, did not conform to the limits of 10% and 10°
respectively set by the WHO for restricted and unrestricted irrigation. This notwithstanding, reduction in the
total coliforms up to 90.74% was recorded with 150 mg/l of M. oleifera. With exception of A. sisilana, the
BOD of greywater treated with 150 mg/l of all extracts combinations were all within the WHO/FAO
guideline (Carr, 2005).

Table 2a: Physicochemical and microbial characteristics of grey water treated with 100 mg/L dosage of extracts

- Electrif:ql Dissolved oxygen
Extracts Turbidity (NTU) conductivity pH (mg/L)
combination (us/em )
Value % . Value % . Value % . Value & .
Reduction Reduction Reduction Reduction
Agave 22.00 71.05 912.00 2.46 7.60 5.82 7.50 -25.02
Moringa 2.54 96.66 679.59 27.32 7.20 10.81 8.32 -38.69
Parkia 5.02 93.40 908.00 2.89 7.82 3.04 8.47 -41.13
Agave + Moringa 12.10 84.07 795.80 14.89 7.40 8.32 7.91 -31.86
Agave + Parkia 13.45 82.30 910.00 2.67 7.71 4.43 7.98 -33.07
Moringa + Parkia  3.55 95.32 793.80 15.10 7.51 6.93 8.39 -39.91
Agave + Moringa g 75 g753 83300 10.89 7.54 6.56 8.39 -39.91
+ Parkia
WHO/FAO <5 <2700 6.5-8.4 >2

guidelines
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Table 2b: Physicochemical and microbial characteristics of grey water treated with 100 mg/l dosage of extracts

Total suspended solids Biochemical oxygen Total coliform (x10° cfu/100 ml)
L (mg/1) demand (mg/l)
Extracts combination Y o
(V] () 0 .
Value Reduction Value Reduction Value % Reduction
Agave 32.00 13.51 70.00 53.02 85.00 50.87
Moringa 15.08 59.25 49.63 66.69 48.53 71.95
Parkia 0.66 98.21 46.00 69.13 90.00 47.98
Agave + Moringa 23.54 36.38 59.81 59.86 50.00 71.10
Agave + Parkia 16.33 55.86 58.00 61.07 60.00 65.32
Moringa + Parkia 7.87 78.73 47.81 67.91 40.00 76.88
Agave + Moringa + 15.91 5699 4781 6791 7451 56.93
Parkia
R 0.01 - 1*
WHO/FAO guidelines <20 <30

Table 3a: Physicochemical and microbial characteristics of grey water treated with 120 mg/1 dosage of extracts

Electrical Dissolved oxygen
Turbidity (NTU) conductivity pH ye
Extract (us/cm ) (mg/L)
combination i Oy Oy Oy
0 . 0 0 ()
Value % Reduction Value Reduction Value Reduction Value Reduction
Agave 13.00 82.89 876.00 6.31 7.53 6.67 8.69 -44.87
Moringa 2.35 96.91 706.68 24.42 7.03 12.89 8.96 -49.36
Parkia 4.90 93.55 862.00 7.81 7.58 6.09 9.03 -50.45
Agave + Moringa 7.67 89.90 791.34 15.36 7.28 9.78 8.83 -47.11
Agave + Parkia 9.01 88.15 869.00 7.06 7.56 6.38 8.86 -47.66
Moringa + Parkia  3.68 95.16 784.34 16.11 7.30 9.49 8.99 -49.90
Agave + Moringa ¢ 74 91.07 814.89  12.85 7.38 8.55 8.99 -49.90
+ Parkia
WHO/FAOQ <5 <2700 6.5-8.4 >2
guidelines

Table 3b: Physicochemical and microbial characteristics of grey water treated with 120 mg/l dosage of extracts

Total suspended solids Biochemical oxygen Total coliform (x10°
Extract combination (mg/L) demand (mg/1) cfu/100 ml)
Value % Reduction  Value % Reduction Value % Reduction
Agave 29.00 21.62 40.43 72.87 70.00 59.54
Moringa 14.26 61.46 33.74 77.36 33.42 80.68
Parkia 1.13 96.96 32.11 78.45 80.00 53.76
Agave + Moringa 21.63 41.54 37.09 75.11 30.00 82.66
Agave + Parkia 15.06 59.29 36.27 75.66 40.00 76.88
Moringa + Parkia 7.69 79.21 32.93 77.90 35.00 79.77
Agave + Moringa + 1 ¢ 60.01 32.93 77.90 62.67 63.77
Parkia

WHO/FAO guidelines <20 <30 0.01 -1.00
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Table 4a: Physicochemical and microbial characteristics of grey water treated with 150 mg/1 dosage of extracts

Electrical Dissolved oxygen
Turbidity (NTU) conductivity pH
Extract (mg/L)
combination (us/em )0 o o
Value % Reduction Value Re du/?: tion Value Re du/?: tion Value Re du/?: tion
Agave 7.00 90.79 777.00 16.90 7.43 7.93 9.38 -56.26
Moringa 2.21 97.10 720.17 22.98 6.97 13.63 9.52 -58.74
Parkia 3.88 94.90 771.00 17.54 7.45 7.68 9.69 -61.56
Agave + Moringa 4.77 93.73 748.59 19.94 7.20 10.78 9.45 -57.50
Agave + Parkia 5.44 92.84 774.00 17.22 7.44 7.81 9.53 -58.91
Moringa + Parkia  3.21 95.78 745.59 20.26 7.21 10.66 9.61 -60.15
Agave + Moringa 4 47 94.12 756.06  19.14 7.28 9.75 9.61 -60.15
+ Parkia
WHO/FAQ <5 <2700 6.5-8.4 2
guidelines

Table 4b: Physicochemical and microbial characteristics of grey water treated with 150 mg/l dosage of extracts

Total suspended Biochemical oxygen Total coliform (x10°
Extract combination solids (mg/L) demand (mg/1) cfu/100ml)
Value % Reduction  Value % Reduction Value % Reduction
Agave 27.00 27.03 23.45 84.26 50.00 71.10
Moringa 8.56 76.86 19.76 86.74 16.02 90.74
Parkia 1.16 96.86 15.55 89.56 51.49 70.23
Agave + Moringa 17.78 51.94 21.61 85.50 19.31 88.84
Agave + Parkia 14.08 61.94 19.50 86.91 25.75 85.12
Moringa + Parkia 4.86 86.86 17.66 88.15 22.53 86.98
Agave + Moringa + 1, 5 66.92 17.66 88.15 40.34 76.68
Parkia
WHO/I.:AO <20 <30 0.01-1*
guidelines

The respective extracts combinations exhibited antimicrobial activities which are related to physio-chemical
characteristics of some secondary metabolites which include saponins, glycosides, terpenoids, alkaloids,
flavonoids, and tannins (Clark et al., 1981; Teponno et al., 2016). Tannins have been reported to prevent the
development of micro-organisms by precipitating microbial protein and making nutritional protein
unavailable for them (Clark et al., 1981; Teponno et al., 2016).

3.3. Performance Indices

The relative performance indices and performance ranking for all the extracts combination are presented in
Table 5. The results show that M. oleifera + P. biglobosa had the best performance with an index of 0.84
which was closely followed by M. oleifera only with an index of 0.83. The least performance was recorded
by A. sisilana alone with an index of 0.39 signifying a 39 % average performance based on percentage
reduction and conformity with specified guidelines for reuse. The indispensable role of media in the
reclamation of water has been strongly reported (Adin and Asano, 1998; Bhuptawat et al., 2007; Ferrera et
al., 2015; Gupta et al., 2016). The optimal performance of the three natural media as well as their respective
combinations is a step in the right direction towards the comprehensive reclamation and reuse of domestic
grey water (Prodanovic et al., 2017; Gassie and Englehardt, 2017; Nautiyal et al., 2017; Uliana et al., 2017).
However, the recommendations of the WHO with respect to reuse of grey water with these characteristics
for irrigation should be strictly adhered to especially in crop restrictions and the method of application
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(WHO, 2015). The guideline recommended the use of close — to — the — ground method of application of
treated grey water for irrigation. Although significant reduction in pollutant load was recorded in this study,
the subsurface irrigation recommended for heavily contaminated grey water is also recommended in this
study where it is feasible (WHO, 2015).

Table 5: Relative performance indices of the seven extracts combinations

Extract combination Performance index Rank
Agave 0.39 7
Moringa 0.83 2
Parkia 0.74 3
Agave + Moringa 0.69 5
Agave + Parkia 0.57 6
Moringa + Parkia 0.84 1
Agave + Moringa + 0.72 4

4. CONCLUSION

The study concludes that although extracts of A. sisalana leave, M. oleifera and P. biglobosa seed were able
to achieve an appreciable level of stabilization of grey water, the best performance will be obtained from the
combination of M. oleifera and P. biglobosa with a performance index of 0.84. M. oleifera alone with a
performance index of 0.83 will be a very close option that can achieve maximal results as well. The study
further demonstrated that the combinations of the respective extracts combine the advantages of the
constituent plants for optimum treatment efficiency which can go a long way to reduce the effect of
competing interest for the plants.
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