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Abstract: Wastewater from abattoir sources in urban areas can adversely affect the environment and cause health problems.
This research investigated the ability of a bamboo constructed wetland system (BCWS) using Bambusa vulgaris, to treat
wastewater from abattoir by removing nutrients and organics. This study adopted pilot scale reactors with bed dimension of 1
m length x 1 m width x 1 m depth to simulate a horizontal sub-surface flow constructed wetland and planted with six strands
of bamboo plants. Parameters analyzed include the nutrients (in the form of phosphate and nitrate) and the organics (in the
form of Chemical oxygen demand, COD and Biochemical oxygen demand, BOD). The effluent analysis that were carried out
within a 28-day retention period showed that there was a very good decrease in the nutrient pollutant parameters, phosphate
(99.6 %), nitrate (98.5 %). The organics showed a lesser performance with a 39.3 % removal efficiency for COD and 49.9 %
removal efficiency for BOD. Bamboo can be used in a BCWS for low cost green technology in urban areas and can be improved
upon by increasing the number of bamboo shoot in order to have a larger root system.

Keywords: abattoir, phytoremediation, constructed wetland, bamboo.

Received: 13.4.2020. / Accepted: 10.7.2020.
Published online: 7.12.2020.

Original scientific paper
https://doi.org/10.37023/ee.7.2.4

1. INTRODUCTION

Water is one of the most abundant natural resources needed for anthropogenic activities, however, its
occurrence does not translate to ready availability for man’s use. This is because more than 90 % of the world’s
water can be found in oceans and seas and therefore saline in nature thus leaving only about 1 % to be available
for domestic, industrial, and other uses. The UN estimates that by 2050 AD, more than two billion would be
added to the world population (UN News Centre 2012). Developing countries are perpetually faced with the
problem of release of wastewater into receiving water bodies in urban areas thereby altering the biodiversity
and introducing algal populations which hampers water supply for domestic uses (Smith et al. 1999). The reuse
of wastewater constitutes a very vital aspect of the sustainability of water resources because it can be recycled
after treatment to ensure the removal of pathogens and pollutants and protect humans from health defects
(Grant 2011). The treatment process can be carried out naturally or in artificial treatment systems. Some of
the systems that can be used to remove pollutants from wastewater include microbial fuel cells, anaerobic
sludge blanket, electrocoagulation, and constructed wetland.

Constructed wetlands (CW) are artificial green technology that are designed and constructed to remove
pollutants by simulating a natural process that occur in wetlands under natural conditions. The treatment
processes that occur in CW are physical, chemical and biological in nature and include suspended particles
settlement, oxidation of organic matter, photolysis, and microbial communities, mineralization and uptake of
plants (phytoremediation), etc.(Badejo et al. 2018; Home & Muthigo 2013).

Phytoremediation involves the use of plants to extract or remove pollutants. It is environmentally friendly
and ensure Plants remove harmful chemicals when their roots take in water and nutrients from polluted
streams, and groundwater (Baah 2011). It can remove pollutants using five different mechanisms;
phytostabilization, rhizosphere bioremediation, phytoextraction, and rhizofiltration (Mudgal et al. 2010;
Aisien et al. 2010; Badejo et al. 2018).

Bambusa vulgaris, a common bamboo plant in Nigeria is an open-clump type bamboo species. It is also
native to China and Madagascar. Among bamboo species, it is one of the largest of its species. It has certain
attractive features such as a good growing rate, high biomass production ability to deal with different
environmental conditions and also adaptation to survive in some polluted areas such as mines (Chen et al.
2015). Just like other species of bamboo, it has a high accumulation rate in roots and is more than in shoots,
stems, and leaves (Liu et al. 2015). Rajkumar et al. (2012) reported that this specie has high biomass production
and fast-growing rates are the dominant characteristics that facilitate phytoremediation.
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Abattoir are structures that are used to slaughter animals for food for humans. The carcass and other wastes
generated from the animal slaughter are often disposed of in flowing streams located around neighbourhoods
where there are residential buildings in urban areas. Domestic utilization of these wastewater sources as well
as the flow of the effluent into water bodies can adversely affect the environment and cause public health
problems. In Abeokuta, there are many abattoirs within the city one of which is located at Alade-sanmi area
along the Abeokuta-Ibadan expressway which was where the wastewater samples were collected. Abattoirs
are generally known all over the world to pollute the environment either directly or indirectly from their
various processes (Adelegan 2002).

The study investigates the development of a constructed wetland system (CWS) to remove pollutants from
an abattoir with a bamboo specie, Bambusa vulgaris and also to evaluate the performance of the system.

2. MATERIALS AND METHODS

The wastewater sample was collected in a stream located in close proximity to the abattoir located in the Alade-
sanmi area of Abiola way off the Abeokuta-Ibadan express way in Abeokuta south local government area of Ogun
state, Nigeria with a latitude of N709°51.696 and longitude of E3022°33.12048”. The samples were collected
using a grab sample method of wastewater collection into ten 25 litres containers.

Young plants of Bambusa vulgaris were nurtured at the nursery in Funaab-Leventis farm, regularly irrigated
and monitored for maturity to facilitate proper growth for ten (10) weeks after which six of it were transplanted
into one of the pilot scale tanks located behind the Civil Engineering building, Federal University of Agriculture,
Abeokuta, Nigeria so as to enable it become acclimatized with the new environment for two weeks. The plants
were irrigated regularly with water from a nearby borehole source to enhance its growth.

Two pilot scale tanks with dimensions Im * Im * 1m were used for the study to simulate a horizontal
subsurface flow constructed wetland in which one was used as the bamboo reactor while the other was used as the
control. Each tank was filled with 125 litres of abattoir wastewater. Each tank has a valve connected to an outlet
at the bottom designed to collect the water samples for analysis. The path of flow was by gravity.

Water samples were collected in triplicates using sample bottles that were earlier washed in detergent, rinsed
in distilled water, and subsequently rinsed with the sample before being taken to the laboratory for analyses. The
collection of samples was done on a 7, 14, 21, and 28-day hydraulic retention periods (Badejo et al. 2012). The
effectiveness of treatment in this research were observed from the nutrient removal (in terms of phosphate and
nitrate) and organics removal (in terms of chemical oxygen demand, COD and biochemical oxygen demand, BOD)
which were determined in the laboratory using standard analytical procedures as described by APHA (1998).

3. RESULTS AND DISCUSSION

The characterization of the initial water samples collected were adopted as values on the Oth day. The charts
shown below in the figures indicate the performance of both pilot scale reactors for the 0, 7, 14, 21, and 28-day
retention periods. From the results obtained, the young bamboo plants showed ability for phytoremediation of the
abattoir wastewater.

3.1. Nutrient removal

Two nutrients were observed in this research which include Phosphorus in terms of phosphate and Nitrogen in
terms of nitrates. The phosphate content before treatment in the reactor was about 6.04 mg/1 as shown in Figure 1
but after a 28-day retention period, the concentration decreased to 0.02 mg/l thus indicating a 99.6 % removal
efficiency. The reactor also showed the ability to remove over 65 % of phosphate in the first two weeks of
operation. The successful ability of the reactor to achieve the removal efficiency may partly be due to the substrate
that was used as the sorption property of sand used to fill the reactor could have had a big influence on the removal
of phosphate which is further buttressed from the performance of the control. However, when compared to both
reactors of control and the reactor, it showed the very good bamboo constructed wetland system’s ability for
phosphate removal (Michal et al. 2018; Vymazal 2004; Saeed & Sun 2013)
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0 day 7 days 1lddays 21days 28days
H Control 6.038 5.902 5.41 4.71 3.63
B Bamboo reactor  6.038 4.074 2.054 0.146 0.023
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Figure 1. Retention period for phosphate removal

There was a reduction in the nitrate concentration at the end of the experiment from 21.12 mg/I to about 0.31
mg/1 as shown in Figure 2 thus accounting for about 98.5 % reduction with over 60 % of it removed by the end of
the second week. This is higher when compared to the nitrate removal efficiency of Canna sp. as previously
reported (Winanti et al. 2017). The high percentage removal could be attributed to the degradation of the abattoir
wastewater and an adequate nitrification process within the bamboo construction wetland system. The bamboo
constructed wetland system probably activated the conversion of ammonium in the wastewater to nitrates by
Nitrosomonas bacteria (Fan et al. 2013; Yuan et al. 2016) and was subsequently absorbed by the bamboo to further
undergo the process of conversion to nitrogenous oxides by chemo autotrophic bacteria (Vymazal 2007; Saeed &
Sun 2013).
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0 day 7 days 14 days 21days | 28 days
H Control 23.55 22.74 223 21.9 22.1
W Bamboo reactor | 21.12 14.35 7.58 0.81 0.31

Figure 2. Retention period for nitrate removal

3.2. Organics removal

The chemical oxygen demand (COD) content decreased from a concentration of 4971.1 mg/l to 3018 mg/l
within the 28-day retention time as can be seen from Figure 3 thus, accounting for almost 39.3 % of the removal
efficiency. The relatively low number of shoots and corresponding root system may have played a role thereby
leading to a non-optimal organic biodegradation. Bacteria plays an influential role in COD and may have shown
a less prominent influence more than the vegetation considering that the bamboo plants are relatively young
(Akratos & Tsihrintzis 2007; Camacho et al. 2007). The bacterial role was to ensure microbial decomposition
when the matrix layer was adsorbed to the plant roots. This mechanism may have resulted from the production of
oxygen by photosynthesis in the leaves and routed to the root system to enable bacteria to flourish and degrade the
organic content (Yang et al. 2007; Sawaittayothin & Polprasert, 2007).
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Figure 3. Retention period for COD removal

From Figure 4, BOD decreased from 2144.35 mg/l to 1075 mg/l signifying 49.9 % removal efficiency. The
high organic load may have been too much for the bamboo plants to bear and therefore may have resulted in non-
optimal biological processes of organics and subsequent unfinished adapting process of the plants in the new media
of constructed wetland system. However, the bamboo reactor performed well when compared to the control and it
is possible that for such young plants, further retention time may further increase the removal efficiency. When
compared to the results of some researchers it could be seen that 22 % removal efficiency was achieved when
Typha angustifolia was used (Katsenovich et al. 2009), a 52 % BOD was achieved during the treatment of
secondary wastewater, in Mexico, with Typha latifolia and Phragmites australis (Rivas et al. 2011).This is not to
overrule the fact that other systems have been able to achieve very high BOD removal efficiencies of more than
85 % (Chang et al. 2012; Saeed et al. 2012; Abou-Elela et al. 2014).
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Figure 4. Retention period for BOD removal
4. CONCLUSION

This paper investigates the ability of a pilot scale bamboo constructed wetland system to treat wastewater from
abattoir. Results show that under 28-day retention time, the bamboo constructed wetland system achieved up to
99.6 % phosphate removal, 98.5 % nitrate removal but performed poorly in the COD removal efficiency of about
39.3 % but fairly in the BOD removal efficiency 0f49.9 %. This CWS could be used for field applications in urban
areas if the number of bamboo shoots are increased in order to create a more effective root system.
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