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ABSTRACT

The upflow anaerobic sludge blanket (UASB) process is a low-cost and low-skill requirement
technology for reducing organic pollution loads especially for industries producing effluents in
developing economies. A laboratory-scale UASB reactor was used for the treatment of slaughterhouse
wastewater with the aim of studying its performance efficiency. The UASB reactor was seeded with
digested sludge from a local water treatment plant treating domestic wastewater. Parameters such as
pH, chemical oxygen demand (COD), biochemical oxygen demand (BOD), total suspended solids
(TSS), volatile suspended solids (VSS) and volume of biogas generated during the digestion process
were evaluated. The hydraulic retention time (HRT) was maintained at 12 hr while the organic loading
rates were varied from 0.2-1.4 kg COD/(m3.d"1). The reactor was operated under mesophilic conditions.
At the early stage of the start-up of the reactor, (COD) and (BOD) removal were in the range of
30-62%. The UASB reactor performed better at an organic loading rate (OLR) of 0.8 kg COD/(m3.d-%)
with a COD removal of 86% as compared to the OLRs used in this experiment.

Keywords: anaerobic digestion, slaughterhouse wastewater, start-up, chemical oxygen demand,
organic loading rate, biogas, up-flow anaerobic reactor, hydraulic retention time.

1 INTRODUCTION

There is a continuous increase in the demand for meat production as the demand for protein
increases. This increase is attributed to the increase in the world population. Meat production
processes entails the consumption of huge amounts of water and in return increased pollution.
The large consumption of water is for process operations such as slaughtering and cleaning
and other housekeeping practises. This therefore entails that effluents from the slaughter
houses are contaminated with blood, fats, manure, urine, meat tissue and other substances,
leading to high organic strength, sufficient organic biological nutrients and adequate
alkalinity. Pollution from meat production can be as a result of failure to adhere to good
manufacturing practices and good hygiene practices [1]. According to a study by Gerber et
al. [1] and Kundu et al. [2], the blood from the slaughter house wastewater has the highest
chemical oxygen demand (COD). They further stated that if the blood from a single cow
carcass is allowed to be discharged directly into a sewer line without treatment, the effluent
load would be an equivalent to the total sewage produced by 50 people on an average day.

The effluent therefore, if discharged untreated into receiving water bodies, will cause a
serious environmental problem such as odour generation, algal bloom and eutrophication
especially from the nitrogenous compounds in the wastewater [2]. Treatment of wastewater
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from a slaughterhouse could involve mainly physical, biological and chemical methods
depending on the characteristics of the wastewater. Physical and chemical methods are used
as preliminary treatment before the biological process. The reason is to provide a degree of
purification of the wastewater with a better final effluent quality to be able to meet the stricter
environmental requirements and also to reduce the negative impact of the high loading rate
and fat content on biological processes [1].

Biological treatment processes are capable of converting the organic matter in the
wastewater to compounds such as ammonia and phosphorous which can be used as fertilizers.
For anaerobic biological processes, the production of methane gas as an additional source of
energy has shown to be even more advantageous when compared to other process. They are
recommended for the treatment of high strength polluted wastewater like that from the
slaughter houses. However, for its successful application, good process control must be
ensured [3], [4].

Over the years, several anaerobic digestion (AD) processes have emerged for the
treatment of high strength wastewater. Amongst all however, the upflow anaerobic sludge
blanket reactor (UASB) have received the most attention due to its ability to treat high
strength wastewater at a higher organic loading rate (OLR) and a lower retention time (HRT).
Other features which make the UASB an attractive technology includes; simple design, easy
construction and maintenance, low operating cost, high removal efficiency, stability and low
energy demand and most important, the production of biogas during the digestion processes
[3]. There has been various research on anaerobic processes, for example Babaee and
Shayegan [5] studied the production of biogas from vegetable wastes using an anaerobic
digestion process and came to a conclusion that anaerobic digestion represents a feasible and
effective method to convert the solid organic waste to biogas fuel.

Biogas generation from various processes has found a wide range of applications. It has
been used domestically and industrially for cooking, lighting, heating, crop drying, running
refrigerators, water pumps and generators to mention but a few [6].

Other countries have tapped into the benefit of this technology and some are already using
the energy produced during the process to augment for energy consumption within the plants.
South Africa and the rest of Africa are yet to fully utilise this technology. The treatment of
pollutants at the source has been recommended for most manufacturing industries rather than
sending to the public treatment water works where this wastewater mixes up with other waste.
This becomes difficult to treat due to the complexity of the mixed wastewater [3], [7].

The study presented here aims to use anaerobic digestion for the treatment of
slaughterhouse wastewater by varying the organic loading rate and monitoring the
performance efficiency of the reactor with respect to contaminant removal and biogas
production.

2 MATERIALS AND METHOD
2.1 Physiochemical properties of seed sludge and wastewater

Digested sludge was obtained from a wastewater treatment plant with a capacity to treat
domestic wastewaters. The wastewater was obtained from a local abattoir that slaughters
swine only. The following physico-chemical properties were determined: chemical oxygen
demand (COD), biological oxygen demand (BOD), total suspended solids (TSS), volatile
suspended solids (VSS), total solids (TS), total dissolved solids (TDS), pH, nitrites (NO>),
nitrates (NO;3) and nitrogen/ammonia (N/NH3). Parameters were determined following the
standard methods for the examination of water and wastewater [8].
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The feed and treated effluent were analysed for the parameters mentioned above. Samples
were collected from the influent, effluent and sampling ports along the reactor. Analyses of
samples were replicated to ensure the quality of experiments. Biogas was collected by the
water displacement method. The water in the gas collector was acidified with sulphuric acid
for the dissolution of carbon dioxide.

The organic loads removal efficiency of the UASB reactor was calculated using eqn (1).

- C; -C
Removal Ef ficiency = —influent —effluent , 1oy (1)
Cinfluent

where, C infiyent = initial parameter concentration and C emyene = final parameter concentration.
2.2 Analytical techniques

The TS and TSS were determined gravimetrically by drying well homogenized sampl
respectively at 103°C for 24 h. The VSS fractions were determined gravimetrically b
incineration in a muffle furnace at 550°C for 1 h [8]. The pH and temperature were measured
using a pH meter and thermometer respectively. The BODs measurement was done using the
respirometric method for five days (OxiTop TS 606/2-i system). NH3, NO, and NO3 were
measured using a Thermo Gallery photometric analyser (Thermo Scientific, UK). COD was
determined using close refluxing according to the standard method 5220D [8].

2.3 Design of the reactor

The reactor used for this study was a laboratory bench scale UASB reactor (Fig. 1). The
reactor volume was 33 litres, but only a working volume of 10 litres was considered.
The setup consisted of a two peristaltic pump for feeding and effluent collection, influent and
effluent tank, topped with a gas-solid-liquid separator for gas collection. The reactor was
operated at a mesophilic temperature (24-35°C). The influent pump was timed to supply
5.2 litres of feed to the reactor daily.
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Figure 1: Schematic diagram for the experimental setup.
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2.4 Operational and performance parameters

The reactor was inoculated with seed sludge from a UASB reactor of a wastewater treatment
plant. The amount of sludge added to the reactor was 3.5 L, about one third of the total
working volume. It was operated batch wise for the first four days of start-up and continued
with semi batch operation until its stabilisation. A hydraulic retention time (HRT) of 12 hours
was used and three organic loads were considered; 0.2, 0.8 and 1.4 kg COD/(m3.d™!). Each
loading was considered for more than two weeks before changing to the next. OLR is defined
as the mass of the pollutant introduced in a unit volume of a UASB per unit time, therefore
it takes into account the liquid flowrate and contamination load and this is an important factor
for the reactor and operational characteristic [4], [6], [9]. OLR calculation is expressed in eqn

Q).
OLR = Q.g, 2)

where, OLR is the volumetric organic loading rate (kg COD m™>-d™!), Q the influent flow rate
(m*d"), C influent COD (kg COD m™) and V the reactor volume (m?).

3 RESULTS AND DISCUSSION
3.1 Reactor start-up

The start-up period of the reactor is considered to be very important and it is dependent
on the population of the microorganisms. Factors such as type of inoculum, strength and type
of wastewater, the level of volatile acids, temperature and pH play vital roles during
start-up [10]. Fig. 2 shows the daily recordings of pH and temperature of the UASB reactor.
Temperature was measured daily in the UASB reactors inlet and outlet which was maintained
between 24-35°C through the constant recirculation of water using a water bath. Temperature
has a significant effect on either methanogens metabolisms or biochemical reaction rates. A
high temperature can produce irreversible damage on biological structure of methanogens
thus affecting general performance of the system [4], [11]. According to Chernicharo [4],
biological systems are affected by temperature by influencing the enzymatic reaction rates
and influencing substrate diffusion rates. Therefore the goal of the daily temperature
measurement was to ensure that the UASB was within the mesophilic range.

Similarly, pH was monitored through the inlet and outlet ports of the reactor for alkalinity
of the system. The alkalinity of the reactor was maintained by the addition of NaHCO3; when
a drop in pH was observed. The outlet pH was in the range 7-7.7, except for the 28" day as
shown in Fig. 2. This was an indication that an active metabolism was occurring by the
methanogens bacteria. Literature has shown that pH, alkalinity and volatile acids are
important factors that need to be monitored during AD processes [4]. Chernicharo [4] in his
study stated that pH can affect AD directly and indirectly. A sudden change in the pH could
lead to changes in the enzymes structure and also the toxicity of other compounds.

Christensen [10] states that a pH far below or higher than the range required by the
anaerobes could cause an accumulation of acetate, thereby inhibiting the methanogens and
leading to conversion of COD to volatile acids instead of methane (CHs) production.
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Figure 2: Daily observation of pH and temperature of the UASB reactor.

Table 1: Composition of the seed sludge and wastewater used in this study and also
composition of wastewater from other studies.

Parameter Wastewater Wastewater Percentage Wastewater
characteristics characteristics removal of for another
before after contaminants studies range
treatment treatment (%) [2]

COD (mg/1) 5089 653 87.2 6185-6840

pH 7-7.8 7.6 — 8.0-8.5

BODs (mg/l) 1152 380 67 3000-3500

Turbidity (NTU) 1572 192 87.8 -

TSS (mg/l) 1829 533 70.9 10120 —

14225

TDS (mg/l) 1342 960 28.5 6345-7840

NHs* N (mg/l as 40 20.2 39.5 650-735

N)

NO;.N+NO:z2N 2.8 1.5 46.4 —

(mg/l)

TKN (mg/l) 40 23.5 413 1050-1200

VSS (mg/D) 436 69.2 84.1 —

Table 1 show the results obtained from analysing the raw wastewater and treated
effluent, as well as characteristics of slaughterhouse wastewater from other studies.
Wastewater from slaughter houses are characterised by high pollution in varying
compositions as shown in the table. The wastewater characteristics showed variation from
other studies. The reason could be due to variations in operational conditions and as well
housekeeping practises.
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Therefore, the result indicates that the water in the present form cannot be discharged
without treatment. Observable, the COD and BOD were quite high with a ration of less than
2.5 which indicates that the wastewater can easily be treated using a biological process [3].
The performance of the reactor was measured by analysing other parameters aside from COD
which is shown in Table 1. TSS and VS had a removal of 70-84%. BODs was at 67% while
turbidity was 87%. Total Kjeldahl Nitrogen (TKN) removal was 41.3% while NH4 and other
nitrates were all below 50%. The results therefore showed improvement on the effluent of
the reactor.

3.2 COD removal rate

COD in the reactor was measured in its total form on a daily basis for the first three weeks
for the start-up and thereafter on a weekly basis. Fig. 3 shows the daily COD removal with
different organic loading. The performance of the reactor was based on the removal of COD
with different organic loading rates as well as the production of biogas. At the start of the
experiment, the organic loading rate (OLR) was 0.2 kg COD/m’.d"!' and was gradually
increased to 1.0 kg COD/m*d!. Fig. 3 shows the removal rate of COD. A slow removal rate
of 39% was observed at the start of the experiment, but as the experiment progressed, there
was a gradual increase which reached a maximum on the 17" day to 86% for an
OLR of 0.2 kg COD/m?.d"!. The low removal rate at the start of the reactor was probably due
to the fact that the microorganisms were yet to adapt fully to the seed sludge. With the
introduction of the second loading of 0.8 kg COD/m’.d', a decrease in the
COD from 86% to 58% was observed and a similar trend also occurred when the final OLR
was introduced. Therefore, at the beginning of introducing a new OLR, there was a
corresponding decrease in the removal efficiency but as the system recovers and becomes
steady it adapted to the new conditions, and an improvement was recorded.

Results obtained from this study showed some variation when compared with other
studies. Venkatesh et al. [12] used a UASB reactor to treat low strength wastewater
inoculated with non-granular sludge at a OLR of 1.293 kg COD/m?>.d"! under a period of 84
days. They achieved a 90.8% COD removal. Similarly, a 92% SCOD removal at 5.2 kg
SCOD m®.day and HRT of 1.2 days was obtained by Ruiz et al. [13] and 93.4% COD removal
at 20.8 kg SCOD m’.d and HRT of 0.5 days for this type of wastewater under similar
operating conditions [14]. All these studies show some variations. The reasons for the
variations in results could be due to a combination of factors such as pre-treatment of
wastewater and blood separation in the slaughterhouse which usually accounts for the high
pollution load in the wastewater. Others might be due to a high solids content.

3.3 Biogas production with respect to OLR

Fig. 3 shows the biogas collected for the period of the experiment. Biogas production refers
to both biogas and methane recovered. This is in relation to the theoretical amount expected
(from 0.5 L/g COD removed). An increase in the gas production was observed from the 5"
day, however, with the introduction of a new OLR, the production decreased and thereafter
stabilises and then begin to increase. Poor generation of biogas at the initial stage of start-up
shows that sludge activity was initially low. The stabilization of the gas production was
attributed to the fact that the pH of the system was at an optimal range of 6.8 to 7.7 and hence
no substantial variations in the VFAs. This means then the mutagenesis bacteria were
performing optimally [4]. The biogas produced was between 35-67% which is below the
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Figure 3: Performance of the UASB reactor treating slaughter house wastewater in terms
of COD removal efficiency and daily biogas production.

theoretical value. With regards to the three OLRs, 0.8 produced the highest biogas of 3.45
L/d/ g COD. Therefore this was chosen as the best operating OLR for this particular study.
A negative correlation between biogas production and increasing OLR has been reported by
other researchers. Conclusions that were drawn by those studies stated that further increases
in OLR could cause VFA accumulation, which in turn could result in a decrease in the pH of
the reactor, thus inhibiting biogas/methane production [3], [4].

4 CONCLUSION
The use of anaerobic digestion was able to reduce the pollution load in a slaughterhouse
wastewater and produced biogas which could be used for other purposes. The UASB showed
a stable performance with the reduction of CODs of 86% and a production of 3.45 L/d kg
COD of biogas. The optimum OLR was found to be 0.8 kg COD/m?.d. It can be concluded
from the study that UASB reactors are viable technologies that should be implemented for
the treatment of high strength wastewater even those from the slaughterhouses.
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