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Abstract: The concern for a sustainable environment informed the construction of a waste stabilization pond
(biologically based wastewater treatment facility) by Ama Brewery, Nigeria, for the brewery effluent treatment
and fish pond for the natives. The water quality and the efficiency of the pond in terms of pollutant and
microbial removal were assessed and the treated effluent compared with environmental standards for discharge
into receiving surface water and fisheries. Physico-chemical parameters, coliform and Escherichia coli at the
WSP inlet and outflow were assessed monthly for twelve months, using standard methods. Suspended solids,
total dissolved solids and phyto-nutrients (ammonia and phosphate) increased at the outlet (5.9%, 17.4%, 60%
and 24.14% respectively). Decrease in biochemical oxygen demand and increase in chemical oxygen demand
were 8.11% and 25.17% respectively. Despite the prevailing favourable environmental conditions for optimal
performance, the pond was inefficient due to poor maintenance.
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I Introduction
The concern for a sustainable environment has necessitated the development of environmentally
friendly industries that operate on environmentally sound technologies that take care of their wastes. Ama
Brewery, Enugu State, Nigeria (a tropical brewery) was established with this in mind hence the construction of
the waste stabilization pond (WSP). Also, there is a wastewater treatment plant (WWTP) and piping of the
treated effluent from the WWTP, as well as storm water run offs from the brewery to the waste stabilization
pond/fish pond built for the community [1].

1. Waste Stabilization Ponds

Waste stabilization pond (WSP) technology is a highly sustainable technology for wastewater

treatment [2], designed to function efficiently and effectively in the tropics due to favourable environmental
factors [3, 4]. They are natural, have low operating and maintenance costs [4] and can be used for fisheries and
irrigation purposes [5]. They use direct solar energy and do not need any electromechanical equipment, saving
expenditure on electricity and more skilled operation; hence appropriate for developing countries. The
efficiency of WSPs will impact on their uses for beneficial purposes. However, they require much more land
than conventional electromechanical treatment processes such as activated sludge.
Within WSPs aerobic bacteria oxidize organic matter and about 30% of the influent biochemical oxygen
demand (BOD) escapes in the form of methane gas [6]. Also, duration of retention, high temperature, pH (> 9)
and light intensity together with high dissolved oxygen concentration is some of the principal mechanism that
remove faecal bacteria in WSPs [7]. In addition, nitrates, phosphates, sulphates and silicates that are the limiting
nutrients for plant growth are reduced by algal activity [7, 8].

For a waste stabilization pond to be utilized for fisheries it has to meet acceptable standards.

Svobodovaet al.[9]listed the toxic concentrations of some parameters for fish in culture:at dissolved oxygen
content of below 3.0 mg/l suffocation may occur; pH below 5.0 may be lethal; and non-dissociated ammonia is
highly toxic (as low as 0.0125 mg/l for salmonids and 0.05 mg/l for cyprinids); above 0.4 mg/l hydrogen
sulphide is lethal to salmonids; iron as low as 0.1 mg/l may be toxic to salmonids; lethal levels of lead are 1 to
10 mg/1 for salmonids and 10 to 100 mg/I for cyprinids; hatchability of larvae is adversely affected by as low as
0.002 mg/l cadmium whereas 2 to 20 mg/l is lethal to most species of fish; as low as 0.025 mg/l mercury may
be lethal; while zinc above 0.1 and 0.5 mg/I is toxic to salmonids and cyprinids respectively; copper above 0.01
mg/l is toxic; and COD below 10 mg O, per litre and BODsbelow 5 mg O, per litre are both lethal.
This work was undertaken to assess the water quality and the efficiency of Ama Brewery Waste Stabilization
Pond (WSP) in terms of pollutant and microbial removal and compare its treated effluent at the outflow with
environmental standards for fisheries and discharge into Ajali River surface water, which has been earmarked
by the government for municipal water supply.
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Il. Materials and Methods

3.1. Study area. Ama Brewery, owned by Nigerian Breweries Plc, is located on longitude 07°23' E and latitude
06°26' N. It is situated in AmaekeNgwovillage; along Eke Road in Enugu State, Nigeria (Fig. 1) [1]. Ama
Brewery is the biggest brewery in Nigeria and one of the most modern in the world. Ama Brewery waste
stabilization pond is located along Eke Road and one kilometre away from the nearest town settlement - Eke.
The effluent was piped down to the WSP site from the waste water treatment plant (WWTP).The WSP
measured 150 m X 50 m X 2 m in length, width and depth respectively. The pond embankment is stone pitched
and the in-let and out-let pipes are diagonally located at the upper part of the pond to ensure the desired
retention time of the effluent for biodegradation before its discharge. The construction pattern was in line with
the descriptions of [7, 10, and 11].

3.2. Water quality (physico-chemical and bacteriological parameters) assessment. Physico-chemical
parameters of Ama facultative waste stabilization pond (WSP) were assessed in a monthly interval for one year
between 10.00 and 12.00 hr. Wastewater samples were taken from two locations — influent area, Location 1 (L1)
and outflow, Location 2 (L2), using a two-litre capacity plastic can. Depth, temperature and pH were measured
in situ with a calibrated pole, mercury thermometer (0 - 100°C) and a Hanna field pH meter respectively. Other
parameters such as colour, dissolved oxygen, alkalinity, ammonia, silica, phosphate, hydrogen sulphide,
sulphate, nitrate, suspended solids, total dissolved solids (TDS), total hardness, chloride, chemical oxygen
demand (COD), biochemical oxygen demand (BOD), potassium, calcium, magnesium, iron, lead, cadmium,
mercury, zinc, copper, coliform and E. coli were analyzed following [12] methods.
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Fig 1 Map of Udi L.G.A. Showing Study Area

3.3. Data analysis. Percentage reduction/increase between observed values at inflow and outflow for various
parameters investigated were calculated as follows:

Per cent (%) Increase = {(Location 2 minus Location 1) / Location 1)} X 100;

Percent (%) Reduction = {(Location 1 minus Location 2) / Location 2)} X 100.

V. Results and Discussion
4.1. Assessment of pond performance. No variations were observed in depth, nitrate, potassium and iron at
the inflow and outflow, indicating that essential nutrients were not reduced. Water temperature, colour, pH,
alkalinity, ammonia, silica, phosphate, hydrogen sulphide, suspended solids, TDS, COD, magnesium, lead, zinc
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and copper increased in the outflow but more than 50% increase was observed for ammonia (60%), hydrogen
sulphide (59.52%), lead (200%) and copper (400% (Table 1). High levels of lead and copper are toxic to living
organisms. Irreversible neurological damage, renal disease, cardiovascular effects and reproductive toxicity
have been associated with lead poisoning especially in children [13]. Also, decreases were observed in dissolved
oxygen, sulphate, total hardness, chloride, BOD, calcium, cadmium, mercury coliform and E. coli and more than
50% decrease was observed for total hardness (240.58%), cadmium (76.19%), mercury (200%) and E. coli
(83.3%) but the levels were still high for fisheries.

Assessment of the performance of the pond was based on BOD, COD, suspended solids (SS), nutrient
removal (ammonia and phosphate) and microbial removal. The percentage BOD and coliform removal were
very low (8.11% and 36.30% respectively) when compared with the observations of [14] for Akuse, Ghana
(65% and 99.9%); [15] for Zaria (95% and 99.6%) and [16] for Egypt (50.6% for BOD). The observed increases
in COD, SS, ammonia and phosphate rather than decreases were contrary to expectations, indicating
inefficiency. This was due to short circuiting and high rate of flushing out caused by poor pond maintenance
culture. The outflow was dug down about three meters from the original diagonal position to the outlet pipe,
thereby reducing the retention time of the organic matter and water in the pond. Moreover, the pond
environment was badly maintained hence macrophytes took over the pond. Macrophytes affect insolation by
their shading effect; reduce wind overturn and increase evapo-transpiration in the pond thereby causing the
sludge to build up. These agree with the works of [17, 7 and 5] and [8].

The ratio of BOD: COD for the inflow was 40:151 (approximately 1:4) and the outlet was 37: 189
(approximately 1:5). These values (1:4 and 1:5) according to the wastewater classification by [18] indicate that
the BOD was medium while COD was strong.

The coliform in the inlet was high and it decreased by 36.30% as it left the outflow due to rise in pH as a result
of algal activities. Although the WSP is not designed for microbial removal, it could achieve that by algal
productivity raising the hydroxyl ion content of the pond [17, 14, 7, 10, 8, 15, 16]. To ensure the conformation
to coliform standards, there is need to construct a maturation pond that will ensure diverse algal population and
further increase in pH, to kill off the coliform so as to ensure the health of communities living downstream of
the receiving water body, Ajali River. The same holds for E.coli whose removal range was 83.3%.

Due to pre-treatment of the organic matters in the WWTP, the suspended solid (SS) was of very weak category
of [18]. The percentage increase in SS and dissolved solids from inflow to outflow was 5.9% and 17.4%
respectively. This informs the increase in the sludge formation in the pond that was aggravated by poor pond
maintenance. Therefore, there is urgent need for de-silting (sludge removal) to ensure efficient performance of
the pond.

It has been documented that wastewater effluents with concentrations of phyto-nutrients (ammonia,

nitrates, phosphate) can cause undesirable phytoplankton growth (eutrophication) in the receiving water body
[19]. The ammonia concentration in the outflow was 1.68 mg L™ (60% increase over inflow values). Although
this is of weak composition according to [18] it is above 0.2 mg L™ specified in Nigerian Federal Ministry of
Environment guidelines [20]. This was as a result of accumulated nutrients and degradation of organic matter in
the pond. Phosphate concentration at the outflow was 3.6 mg L™ (24.14% increase over inflow values). This
observation indicates inefficiency and contradicts lower levels observed by [15,16] for Ghana and Egypt
respectively. As suggested by [21,7] in order to avoid eutrophication of the receiving water body, Ajali River,
the evaluation of the pond performance becomes imperative. A recent visit shows that this has been done.
4.2. Suitability for fisheries. Observed concentrations (mg/L) of parameters investigated at the outflow such as
of ammonia (1.68), hydrogen sulphide (6.7), iron (1) cadmium (2.1), mercury (2.1), zinc (13.6) and copper (0.5)
are injurious to fish in culture following the standards by [9]; hence the WSP was not suitable for fish farming
(Table 2).
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Table 1 Observed values, percentage reduction of physico-chemical and bacteriological
parameters from WSP inflow to outflow (2008) and comparison with [20] standards for
discharge into surface water

Parameter Inflow Outflow Reduction/ FME
increase (%0) standards
Water temperature (°C) 27 27.67 2.48+ 40
Depth (m) 0.18 0.18 0 NA
Colour (Hazen units) 80 90.42* 13.03+ 7
pH 6.63 6.75 1.81+ 6-9
Dissolved Oxygen (mg/l) 7.79 5.42 43.73- NA
Alkalinity (mg/l) 10.6 14.92 40.75+ 15
Ammonia (mg/l) 1.05 1.68 60+ 0.2
Silca (mg/l) 1.9 2 5.26+ NA
Phosphate (mg/l) 2.9 3.6 24.14+ 5
Sulphide (mg/l) 4.2 6.7* 59.52+ 0.2
Sulphate (mg/1) 5 4 25- 4.25
Nitrate (mg/I) 13 13 0 20
Suspended solids (mg/1) 0.51 0.54 5.9+ 30
Total Dissolved Solids (TDS) (mg/l) 0.23 0.27 17.4+ 2000
Total Hardness (mg/l) 235 69 240.58 - NA
Chloride (mg/l) 24 16 50- 600
Chemical Oxygen Demand (COD) (mg/l) 151 189* 25.17+ 80
Biochemical Oxygen Demand (BOD) (mg/l) 40 37 8.11- 50
Potassium (mg/l) 6.6 6,6 0 NA
Calcium (mg/l) 16.9 11.6* 45.69- 3
Magnesium (mg/l) 23.4 23.9 2.14+ 200
Iron (mg/l) 1 1 0 20
Lead (mg/l) 0.01 0.03 200+ <1
Cadmium (mg/Il) 3.7 2.1* 76.19 <1
Mercury (mg/l) 6.3 2.1* 200- 0.05
Zinc (mg/l) 13.3 13.6* 2.26+ <1
Copper (mg/l) 0.1 0.5 400+ <1
Coliform (MPN/100 ml) 1254 920* 36.30- 400
E. coli (MPN/100 ml) 108 18 83.3- NA

- Represents reduction;+  represents increase; * represents above FME standards.

Table 2 Comparisons of some water quality parameters of Ama brewery WSP outflow (2008)
with “fish in culture’ standards [9]

Water quality parameter (mg/l) WSP outflow [9] standard
Non-dissociated ammonia 1.68 As low as 0.0125 mg/L is highly toxic for salmonids; 0.05
for cyprinids
Hydrogen sulphide 6.7 0.4 Lethal to salmonids
Iron 1 0.1 is toxic to salmonids
Cadmium 2.1 As low as 0.002 affects hatchability of larva adversely;
2 — 20 lethal to most species of fish
Mercury 2.1 0.025 may be lethal
Zinc 13.6 0.1 and 0.5 are toxic to salmonids and cyprinids respectively
Copper 0.5 Above 0.01 is toxic
V. Conclusions and Recommendations

5.1. Conclusions. Water quality attributes such as colour, sulphide, calcium, COD, heavy metals (cadmium,
mecury and zinc) and coliform at the pond outflow did not meet WHO and national standards for discharge of
wastewaters into surface waters, which in this case is Ajali River, which has been earmarked by the government
for municipal water supply. Observed ammonia, hydrogen sulphide, cadmium, mercury, zinc and copper levels
may be injurious to fish; consequently the pond should not serve as a fish pond.Suspended solids, total dissolved
solids and phyto-nutrients (ammonia and phosphate) increased at the outflow (5.9%, 17.4%, 60% and 24.14%
respectively), consequently the receiving river is at risk of eutrophication.

The study revealed that the waste stabilization pond (WSP) was constructed according to acceptable standards
but its inefficiency in removing organic matter was as a result of poor pond maintenance.

5.2. Recommendations. Urgent removal of the sludge is advocated to improve pond efficiency.lt is
recommended that the dug up area should be closed to avoid short circuiting and increase retention time. Also,
macrophytes should be removed to increase transparency and reduce evapo-transpiration (which reduce the
volume of water) and shading, which affect algal photosynthesis negatively. There is also the need to construct a
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maturation pond that will ensure more diverse algal population and increase in pH to reduce coliform and E. coli
levels thereby securing the health of communities that utilize water from Ajali River. Regulatory bodies should
monitor and ensure strict compliance on effluent discharge standards.
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