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ABSTRACT 

The practice of discharging abattoir wastewater into a receptacle without treatment is most likely to 

alter its physicochemical and microbiological properties. Against this background, this study is 

aimed at determining the efficacy of Moringa oleifera and snail shells as bio-coagulants for 

treatment of abattoir wastewater using the jar. The mean values of monitored physicochemical 

parameters were electrical conductivity (1227.7), total organic carbon (224.4%), biochemical 

oxygen demand (362.3 mg/l), chemical oxygen demand (1001.5g), total dissolved solids (462.5 mg/l), 

total suspended solids (1562.5) mg/l and turbidity (190.6 NTU). The mean total heterotrophic 

bacteria count (THBC) for untreated wastewater was 1.4 x 108 CFU/ml, total coliform count (TCC) 

was 5.6 x 105 CFU/ml, and total fungal count (TFC) was 1.6 x 102 CFU/ml. After treatment, the bio-

coagulants caused 82.5-84.2% reduction in EC, TOC (59-88.3%), BOD (90.8-93.7%), COD (94.4-

95.3%), TDS (89.6-91.9%), TSS (93.3-94.5%) and turbidity (80.8-84.5%). The bio-coagulants were 

able to remove 92.2-95.4% of Zn, Pb (97-97.5%), Cr (97.2-98.8%) and Cd (86.7-89.3%). After 

treatment with the bio-coagulants, THBC dropped from 4.7 x 103-5.3 x 102 CFU/ml to 8-10 CFU/ml 

on day 6, TCC dropped from 4.2 x 102 – 6.7 x 10 CFU/ml to 5-7 CFU/ml on day 6 while TFC dropped 

from 1.1 x 102 - 1.5 x 10 CFU/ml to 2-4 CFU/ml on day 6, representing approximately 99.9% 

reduction in microbial load. Thus, the bio-coagulants were as good at removing pollutants in water 

as alum, but with the added advantages of being natural, cost-effective, and readily available. 
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INTRODUCTION 

An abattoir or slaughterhouse describes a 

location where animals are killed for meat 

(Tamenech & Tamirat, 2017). Abattoirs are 

usually sited in a location where there is a large 

population of human residents for the purpose 

of meeting their needs for animal protein. 

Intensive efforts geared towards boosting meat 

production to meet the increasing demand by 

the populace without observing strict 

regulations could lead to pollution of air, soil 

and water (Abubakar, 2014).   
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There are numerous waste-generating sources 

and waste-handling alternatives at the abattoir 

complex. Abattoirs in many countries operate 

under unsanitary conditions and often 

discharge their waste into the environment 

without treatment. To worsen the situation, the 

regulatory bodies saddled with the 

responsibility of enforcing sanitary conditions 

and proper waste disposal in the abattoirs are 

inefficient (Adzittey et al., 2010; Mohammed 

& Musa, 2012) 

Faeces, blood, bone, hone, fat, animal 

trimmings, paunch content, urine from 

operations, stunning or bleeding, corpse 

processing, and by-product processing are just 

a few of the contaminants found in abattoir 

wastes (Aniebo et al., 2009; Nwachukwu et al., 

2011). 

Lack of implementation of good 

manufacturing practices during meat 

processing to ensure that hygienic conditions 

are maintained at all times in the abattoirs in 

many underdeveloped countries pollutes the 

environment (Sumayya et al., 2013; Abubakar, 

2014). 

In undeveloped countries, abattoirs are 

typically located near bodies of water for easy 

access to water for washing. Workers in the 

abattoirs usually dump wastewater from the 

abattoirs into the nearby water bodies without 

any type of treatment (Neboh et al., 2013; 

Ogbomida et al., 2016) 

This practice compromises the safety and 

quality of the water bodies which endangers 

human health and aquatic life (Ogbomida et 

al., 2016). Pollution of water bodies pollution 

is a serious environmental problem, especially 

in developing countries with widespread 

ineffective waste management and garbage 

discharge into waterways, which can be 

worsened by abattoir waste (Tamench & 

Tamirat, 2017). Due to the size and 

significance of meat processing industry, large 

quantities of wastewater are generated every 

day, which should meet discharge standards 

before being released into the environment. To 

protect the environment and the people that 

live there, wastewater treatment is a crucial 

part of a sanitation system. Conventional 

treatment approaches might frequently involve 

a variety of coagulants to lessen or reduce the 

detrimental effects on the receiving 

environment. The practicability of treating 

abattoir wastewater in most underdeveloped 

countries is hindered by the cost of treatment. 

One component of the cost comes from the use 

of chemical coagulants, which are often 

expensive and have an effect on the 

environment (Deborah et al., 2018).  

Bio-coagulants on the other hand are easily 

accessible and affordable, in addition to being 

biodegradable, yet, have excellent 

coagulation-flocculation potential (Nwabanne 

& Obi, 2019; Okey-Onyesolu et al., 2020). 

The effectiveness and safety of natural 

coagulant system biomasses are currently 

being considered since they are 

environmentally friendly by nature. Moringa 

oleifera seed can safely be used as a coagulant 

and is good at removing pollutants from water 

(Adeniran et al., 2017). The drumstick tree, 

horseradish tree, benzolive tree, and kelor tree 

are some of the common names for Moringa 

oleifera. It is the member of the family 

Moringaceae's genus Moringa that has been 

the subject of the most research. There are 13 

other species of the genus Moringa that are 

recognized (Ibiene et al., 2021). The plant is 

indigenous to the tropics and has been found 

in South America, Asia, and Africa. Due to its 

many uses, M. oleifera has been called a 

"miracle plant" (Ibiene et al., 2021).  

It is a flexible crop with importance in 

nutrition, medicine, and the environment, 
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particularly in developing nations. In many 

poor nations, it is not only eaten as a vegetable 

but also as a significant source of vegetable oil 

(Ibiene et al., 2021). More so, because it also 

has good bioabsorption properties, a snail shell 

is a strong candidate for use as a bio-coagulant 

(Nwabanne & Obi, 2019). This study aimed to 

assess the suitability of using M. oleifera and 

snail shells in the treatment of abattoir 

wastewater. 

MATERIALS AND METHODS 

Study Area 

Port Harcourt is a metropolitan city and the 

administrative capital of Rivers State, located 

in the southern part of Nigeria. The city has a 

population of over 10 million. It is the nucleus 

of the oil and gas industry in Nigeria. The 

climate is humid tropical rainforest, with 8-10 

months of wet season and 2-4 months of dry 

season.   The indigenous population engage in 

trade, fishing and farming, before the entry of 

explorers and missionaries, but are now more 

engaged in white- and blue-collar jobs as 

available in the city. Several abattoirs located 

in the city, including those at Chokocho-Etche, 

Mbodo-Aluu, Rumuokoro, and Trans-Amadi 

provide meat processing services. 

Sample Collection 

Samples of Morinaga oleifera seeds, snail 

shells and alum were obtained from Mbodo-

Aluu and Etche Markets Wastewater samples 

were collected from abattoirs located at 

Chokocho-Etche, Mbodo-Aluu, Rumuokoro, 

and Trans-Amadi. The samples were collected 

using sterile sample vials and taken to the 

laboratory for analysis and treatment. 

Processing of Moringa oleifera and snail 

shell 

Seeds of M. oleifera were sun-dried for five 

days and ground into powder using an 

industrial blender (Maduabuchi, 2018). Snail 

shells were washed with water and sun-dried 

for five days, crushed using a pestle and 

mortar, further air-dried for three days and 

ground into powder (Stanley et al., 2020). 

Physicochemical Analysis 

The pH of wastewater samples was 

determined using a pH meter while the 

temperature, conductivity and turbidity of the 

samples were determined using handheld 

multiparametric meter (Hana), respectively. 

Biochemical oxygen demand (BOD), 

chemical oxygen demand (COD), total organic 

carbon (TOC), total suspended solids (TSS), 

total dissolved solids (TDS) and chloride 

concentrations were determined by the method 

described by APHA (2005). Heavy metal 

concentrations were determined using Atomic 

Absorption Spectrophotometer (ASS). 

Microbiological Analysis 

Enumeration of bacterial and fungal 

population in the wastewater samples were 

carried out using pour plate method as 

described by Aneja (2013). Nutrient agar 

plates inoculated with the sample was used to 

determine total heterotrophic bacterial count 

(THBC) while potato dextrose agar plates 

were used to determine the total fungal count 

(TFC). The method described by Prescott et al. 

(2005) was used for the determination of total 

coliform count (TCC). 

Coagulation Experiment 

The coagulation-flocculation experiments 

were carried out using a jar test approach (Ali 

et al., 2010). The abattoir wastewater samples 

were well agitated to obtain a homogeneous 

mixture and fractionated into 250 ml beakers. 

Five (5g), 15g and 25g of Moringa oleifera, 

snail shells and alum coagulants were added to 

each beaker containing the wastewater. 
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Afterwards, the beaker was first agitated at 250 

rpm for 2 minutes and then at 30 rpm for 20 

minutes, and was allowed to settle for 30 

minutes. Afterwards, a portion of the water 

was collected at a 2 cm depth beneath the 

surface of the water, using a sterile pipette, and 

used for microbiological and physicochemical 

analyses. 

Effect of wastewater on plants 

To ascertain the effect of treated and untreated 

abattoir wastewater on the plant, already 

germinating waterleaf (Talinum fruiticosum) 

plants were watered for three weeks, and 

thereafter, their growth parameters were 

measured. 

Statistical analysis 

Descriptive and inferential statistics were used 

for results representation and interpretation. 

ANOVA for the various physicochemical and 

microbiological parameters of wastewater 

samples was calculated at 95% confidence 

interval and p value < 0.05 was considered 

significant. 

 

 

RESULTS 

Table 1 shows the mean values of monitored 

physicochemical parameters in sampled 

abattoir wastewater. After treatment, electrical 

conductivity ranged from 194.5±60.2-

214.5±69.9 μs.cm-1, TOC 91.2±12.95-

72.3±24.3%, BOD 32.4±3.1-22.9±2.8 mg/l, 

COD 55.8±10.12-46.7±8.8, TDS 48.3±17.5-

37.4±14.8, TSS 104.7±10.7-85.8±76.4, 

36.6±4.7-29.6±24.9. Table 2 shows the heavy 

metals concentration of the wastewater. The 

mean concentrations of heavy metals in the 

untreated wastewater were Zn 7.84 mg/l, Pb 

0.0100 mg/l, Cr 0.6065 mg/l and Cd 0.0075 

mg/l. After treatment, mean values of Zn 

ranged from 0.358 - 0.628 mg/ml, Pb 0.00025 

-0.001mg/l, Cr 0.0075 - 0.0175mg/l and Cd 

0.00025-0.0018 mg/l. Table 3 shows microbial 

load before and after treatment with bio-

coagulants and alum. Initial THBC after 

treatment with bio-coagulants ranged from 4.7 

x 103 - 5.3 x 102 CFU/ml, TCC from 4.2 x 102 

– 6.7 x 10 CFU/ml and TFC from 1.1 x 102 - 

1.5 x 10 CFU/ml. On day 6, THBC ranged 

from 8-10 CFU/ml, TCC from 6 5-7 CFU/ml 

and TFC to 2-4 CFU/ml.  

Table 1: Mean physicochemical parameters of wastewater before and after treatment with bio-

coagulants and alum  

Paramete

rs 

Before 

treatment 

M. oleifera Snail shell M. oleifera and snail shell Alum 

5g 15g 25g 5g 15g 25g 5g 15g 25g 5g 15g 25g 

E.C. 

(μs.cm-1) 
1227.7±311.5 210.0±108 214.0±100 196.5±67 199.1±69.87 214.5±69.9 196.2±53.2 194.7±10.7 198.9±103.6 194.5±60.2 269.7±90.3 257.0±91.9 244.1±89.9 

TOC (%) 
224.4±118.3 81.0±23 81.5±21 26.3±2,3 91.2±12.95 87.2±21.7 83.0±22.4 75.6±23.8 78.2±23.7 72.3±24.3 82.2±26.6 86.6±29.2 82.3±24.1 

BOD 

(mg/l) 
362.3±49.5 32.4±3.1 30.9±4.5 26.3±2.4 33.5±3.71 31.3±4.2 23.7±2.5 30.6±4.0 31.2±1.8 22.9±2.8 33.9±13.7 31.9±11.1 29.0±12.4 

COD 

(mg/l) 
1001.5±204.7 52.7±10.3 51.8±14.7 49.9±7.4 55.8±10.12 53.2±13.5 49.6±7.4 50.7±11.5 50.8±14.7 46.7±8.8 53.5±5.6 56.0±7.4 50.6±4.3 

TDS 

(mg/l) 
462.5±35.1 41.6±13.9 45.7±19.3 42.0±14.8 46.9±16.32 48.3±17.5 43.2±14.0 37.4±14.8 39.7±16.6 37.5±13.2 45.6±10.2 43.9±10.7 44.7±8.1 

TSS 

(mg/l) 
1562.5±198 99.8±3.9 99.4±23.8 89.2±29.3 104.3±91.5 104.7±10.7 92.9±84.9 95.2±8.9 92.5±86.6 85.8±76.4 125.9±36.94 98.0±82.3 96.7±83.8 

Turbidity 

(NTU) 
190.6±67 33.0±27.8 33.3±27.4 32.1±26.6 35.2±28.4 34.8±8.1 32.6±26.1 36.6±4.7 32.4±26.3 29.6±24.9 27.9±23.0 28.3±22.2 27.7±22.7 

Keys: E.C.- Electrical conductivity, TOC- Total organic carbon, BOD- Biochemical oxygen demand, 

COD- Chemical oxygen demand, TDS- Total dissolved solids, TSS- Total suspended solids, NTU- 

Nephelometric Turbidity unit 
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Table 2: Heavy metals in abattoir wastewater before and after treatment 

 Treatment type 

  

 Parameters Zn (mg/l) Pb (mg/l) Cr (mg/l) Cd (mg/l) 

Before 

treatment 

7.84±2.5 0.0100±0.014 0.6065±0.99 0.0075±0.005 

M. oleifera 5g 0.47±0.07 0.001±0.001 0.0125±0.01 0.0008±0.001 

15g 0.56±0.09 0.001±0.001 0.0125±0.01 0.0008±0.001 

25g 0.44±0.04 0.0003±0.001 0.0125±0.01 0.0018±0.002 

Snail shell 5g 0.615±0.180 0.001±0.001 0.0175±0.021 0.0008±0.001 

15g 0.628±0.115 0.0003±0.001 0.0175±0.0122 0.0008±0.001 

25g 0.468±0.114 0.0003±0.001 0.0175±0.022 0.0008±0.001 

M. oleifera and 

snail shell 

5g 0.363±0.160 0.00025±0.001 0.0168±0.022 0.001±0.001 

15g 0.388±0.103 0.00025±0.001 0.017±0.022 0.001±0.001 

25g 0.358±0.148 0.0003±0.001 0.0075±0.01 0.00025±0.01 

Keys: Zn- Zinc, Pb- Lead, Cr- Chromium, Cd- Cadmium 

Table 3: Microbial load in abattoir wastewater before and after treatment with 25g bio-

coagulant and alum 

Treatment type  Parameters THBC (CFU/ml) TCC (CFU/ml) TFC (CFU/ml) 

Before treatment 1.4 x 108 5.6 x 105 1.6 x 102 

M. oleifera seed Initial 3.0 x 103 2.7 x 102 6.0 x 10 

Day-3 7.7 x 10 1.3 x 10 8.0 

Day-6 8.0 5.0 2.0 

Snail shell Initial 4.7 x 103 4.2 x 102 1.1 x 102 

Day-3 6.3 x 102 2.7 x 102 3.2 x 10 

Day-6 1.8 x 10 2.4 x 10 5.0 

M. oleifera and 

snail shell 

Initial 5.3 x 102 6.7 x 10 1.5 x 10 

Day-3 1.6 x 10 8.0 4.0 

Day-6 10.0 7.0 4.0 

Alum  Initial 7.1 x 102 9.4 x 10 2.3 x 10 

Day-3 1.1 x 10 4.0 3.0 

Day-6 4.0 4.0 3.0 

Keys: THBC- Total heterotrophic bacterial count, TCC- Total Coliform Count, TFC-Total Fungal 

Count, CFU- Colony Forming Unit, ml- Millilitres    

Table 4 shows the effect of treated and untreated abattoir wastewater on waterleaf plants. The growth 

parameters vary between treated and untreated abattoir wastewater. 

Table 4: Effect of treated and untreated abattoir wastewater on plant growth 

Parameter  Untreated water Distilled water Treated water 

Leaf height (cm) 4.0±0.03a 5.6±0.10b 5.2±0.07b 

Leaf breadth (cm) 1.2±0.01a 2.9±0.02b 2.5±0.03b 

Area of leaf ((cm2) 4.8±0.21a 16.24±0.05b 13±0.01b 

Shoot height (cm) 3.4±0.05a 4.7±0.11b 4.3±0.16b 

Root length (cm) 3.2±0.22a 4.5±0.03b 4.1±0.04b 

Weight (g) 23±0.01a 33±0.24b 28±0.01b 

Keys: a- Not significant (p > 0.05), b- Significant at p value < 0.05. 
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DISCUSSION 

The present study evaluated the suitability of 

using cheap bio-coagulants for treating 

abattoir wastewater, which is oftentimes 

discharged directly into soil and water bodies 

without treatment. A key process involved in 

wastewater treatment for the removal of 

dissolved and suspended waste that can impact 

water quality involves the use of synthetic 

coagulants, primarily alum. 

In this study, we looked at the effect of using 

three different masses of coagulants (5g, 15g 

and 25g) and assessed the physicochemical 

and microbiological parameters afterwards. 

The results obtained revealed that for almost 

all parameters monitored 25g of coagulants 

yielded the best results in terms of reduction in 

monitored parameters. Percentage reduction in 

physicochemical parameters with M. oleifera 

treatment are as follows: EC 82-89%, TOC 50-

74%, BOD 92-93%, COD 94-96%, TDS 81-

93%, TSS 78-99%, and turbidity 78-88%. 

Similar percentages were reported in a 

previous study by Shittu et al. (2006) and 

Okonko & Shittu (2007) in Ogun State, 

Nigeria. 

Treatment with snail shell brought about a 79-

88% reduction in EC, TOC 54-74%, BOD 92-

94%, COD 94-96%, TDS 81-93%, TSS 78-

99%, and turbidity 79-87%. Similarly, 

treatment with M. oleifera and snail shell 

brought about a reduction in EC (82-87 %), 

TOC (55-76%), BOD (90-95%), COD (95-

96%), TDS (80-94%), TSS (73-99%), and 

turbidity (80-89%). While the result for 

treatment with alum brought a reduction in EC 

(77-85%), TOC (46-76%), BOD (88-94%), 

COD (94-96%), TDS (86-93%), TSS (77-

99%) and turbidity (81-89%). 

Overall, the bio-coagulants caused 82.5-84.2% 

reduction in EC, TOC 59-88.3%, BOD 90.8-

93.7%, COD 94.4-95.3%, TDS 89.6-91.9%, 

TSS 93.3-94.5% and 80.8-84.5% reduction in 

turbidity. The bio-coagulants were able to 

remove 92.2-95.4% of Zn, 97-97.5% of Pb, 

97.2-98.8% of Cr, and 86.7-89.3% of Cd. No 

statistically significant difference was found 

with the different treatments, as compared 

with the chemical coagulant (alum). The 

coagulant properties of the M. oleifera seed 

and snail shell could be attributed to the 

presence of cationic proteins with strong 

coagulation properties, that enable the removal 

of particulate matter, colloidal substances that 

make water turbid and other pollutants from 

wastewater, as suggested by Okey-Onyesolu 

et al. (2020). 

There is a plethora of reports supporting the 

use of bio-coagulants for the treatment of 

wastewater in agreement with the present 

study. Nwabanne and Obi (2019) reported the 

coagulation-flocculation performance of snail 

shell biomass in abattoir wastewater treatment, 

including a reduction in turbidity, TDS and 

TSS. Okey-Onyesolu et al. (2020) reported a 

reduction in turbidity, COD and BOD with the 

use of chitin protein as a bio-coagulants. 

Nhung et al. (2023) reported that snail shells 

have high calcium content (>99%) and a large 

potential surface area which makes them 

suitable as an adsorbent. Egbuikwem and 

Sangodoyin (2013) investigated the efficiency 

of M. oleifera seeds as a coagulant for water 

treatment. These researchers found that 

extracts from the seeds effectively reduced 

turbidity and removed suspended particles 

from water samples. Just like in the present 

study, the extract was found to be as effective 

as synthetic coagulants such as aluminium 

sulfate (alum). Mohan et al. (2016) likewise 

reported that M. oleifera powder effectively 

reduced turbidity and electrical conductivity in 

abattoir wastewater, indicating its potential as 

a natural coagulant for wastewater treatment. 

Similarly, Shittu et al. (2006) reported that M. 
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oleifera powder effectively reduced turbidity 

in Ogun State, Nigeria. 

After treatment with the bio-coagulants, 

THBC of the wastewater dropped from 4.7 x 

103 - 5.3 x 102 CFU/ml to 8-10 CFU/ml on day 

6, TCC dropped from 4.2 x 102 – 6.7 x 10 

CFU/ml to 5-7 CFU/ml on day 6 while TFC 

dropped from 1.1 x 102 - 1.5 x 10 CFU/ml to 

2-4 CFU/ml on day 6, representing 

approximately 99.9% reduction in microbial 

load. The antimicrobial properties of M. 

oleifera, snail shell and alum have been 

reported (Shittu et al., 2006; Okonko & Shittu, 

2007; Shahiriari et al., 2017, Bancessi et al., 

2020; Okoh et al., 2020). 

In the present study, it was revealed that the 

coagulants caused a reduction in THBC, TFC 

and TCC. This is contrary to Nisar & Koul 

[2021] that posit that water treated with bio-

coagulants might result in a secondary 

increase of bacteria population after 

coagulation. A possible reason for the 

contradictory result from the two studies is that 

the coagulant was not filtered after use. This is 

because the bio-coagulants are known to be 

rich in nutrients capable of supporting 

microbial growth. 

The untreated abattoir wastewater used to 

water potted plants led to blight and wilting of 

plant leaves, indicative of its toxicity to plant 

growth. Upon irrigation of plants with treated 

abattoir wastewater, the plant grew luxuriantly 

as indicated by their leave areas, shoot and root 

height. The growth parameters of the plants 

vary between treated and untreated abattoir 

wastewater. These differences were significant 

(p<0.05). There was no significant difference 

(p>0.05) between plants irrigated with treated 

abattoir wastewater and distilled water. 

According to Jeong et al. (2016), treated 

effluents could be used for agricultural 

purposes which include irrigation of 

farmlands, so long as they comply with 

discharge standards. 

CONCLUSION 

Moringa seed and snail shells bio-coagulants 

were efficient in the treatment of abattoir 

wastewater as they were able to cause 

significant reduction in EC, TOC, BOD, COD, 

TDS, TSS, and turbidity, comparable to the 

chemical coagulant (alum). Therefore, the use 

of moringa seed and snail shell should be 

promoted for the treatment of wastewater from 

abattoirs before it is discharged into 

waterbodies. 
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