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Abstract
Improperly disposed wastewater has been a major source of environmental pollution which is a challenge and of public health
concern in developing countries such as Nigeria.The quality of human health and its environment is directly linked to wateruse and wastewater management. This study aimed atassessing the performance of the Wupa Basin Sewage Treatment Plant in
Abuja to ascertain its efficiency in compliance to National Water Quality Standards for discharge into the
environment.Samples were collected from the treatment plant and analyzed for parameters such as pH, BOD5, COD, DO, TSS,
NO3-N, PO4 -P, NH4-N and Total coliformfor 2 years. The plant was generally efficient in treating influent received with
average performance efficiency of 91.70, 91.62, 87.65 and 87.27% for TSS, Total coliform, BOD and COD respectively amongst
other measured parameters. Aside the significant difference observed in influent and effluent, the final effluent concentrations
were all within the WHO and NESREA permissible discharge limits.The treatment plant is of high efficiency as it provides
adequate treatment for received wastewater .
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1. Introduction
Water pollutionresulting from indiscriminate disposal of solid and liquid waste on land and surface water is amongst
the most serious environmental issues faced in the developing countries today (Kambole, 2003). Wastewater simply
defines the combination of fouled water (liquid) or water carrying wastes removed from various sources of human
activities and containing a wide range of potential contaminants and concentrations (Janna, 2016). Accordingly,
Metcalf and Eddy (1991) stated that wastewater collected from various sources of human endeavoursmust ultimately be
returned to receiving water bodies or the land. In order to achieve this without polluting the environment, adequate
treatment to remove contaminants from the wastewater is necessary.
Wastewater treatment is purposed to enable the safe disposal of human and industrial effluents without threat to human
health or causingdamage to the natural environment. Researchers showed that basic wastewater treatment which
started in the 19th century focused on the removal of some physical, biological, chemical contaminants. Standards were
later raised with attention paid to the protection of lakes, inland streams and most importantly,public health using
various treatment systems (Grigg, 2012; Jenna, 2016).
Wastewater treatment methods are broadly classifiable into physical, chemical and biological unit processes. These unit
processes use a combination of physical forces (e.g. gravity settling), biological reactions (e.g. aerobic, anaerobic
degradation), orchemical reactions (e.g. precipitation) in a treatment train to reduce wastewater contaminants to
acceptable level (Michael and David, 2011). Various levels of wastewater treatment namely: Preliminary, Primary,
Secondary and Tertiary Treatment are standard processes which ensures decontamination of wastewater to an
environmentally friendly level for discharge.
Untreated wastewater usually contains numerous pathogenic or disease-causing micro-organisms, which if not properly
eliminated can lead to transmission of diseases sometimes at an epidemic level. It is therefore clear that a relationship
exists between uncontrolled wastewater disposal and the occurrence of water-borne diseases. To avoid environmental
pollution and transmission of diseases, adequate provision was made in the Abuja Master Plan by adopting the Central

Volume 8, Issue 8, August 2019

Page 23

International Journal of Application or Innovation in Engineering & Management (IJAIEM)
Web Site: www.ijaiem.org Email: editor@ijaiem.org
Volume 8, Issue 8, August 2019

ISSN 2319 - 4847

Sewerage System with Wupa Basin Sewage Treatment Plant constructed to handle wastewater generated within the
Federal Capital City, (FCC) Abuja (Oluwadamisi, 2013).
Performance evaluation of treatment plants has been reported by several researcher in different locations around the
world. Far and Babersad (2015) evaluated the performance of Shoushtar city’s wastewater treatment plant in
Khuzestan, Iran.It is an extended aeration activated sludge wastewater treatment systemwherein the concentrationsfor
BOD and DOof inlet flow reduced from 52% to 79% in winter season and 56% to 82% in autumn for BOD; while
concentration of DO in outlet increased from 6.78 to 8.82 and 0.22 to 1.74 respectively. Likewise,Ravi et al. (2010)
carried out a comparative assessment of the efficiency of Nagasandra and Mailasandra Sewage Treatment Plants which
revealed the following order of reduction in efficiency TDS < COD < TSS < BOD and TDS < COD < BOD < TSS in
Mailasandra and NagasandraTreatment Plant’s respectively.Furthermore, Mahendra and Prema (2013) evaluated the
performance of wastewater treatment plant at KMF dairy, Gulbarga and found it inefficient as effluent concentration
exceeded the limit prescribed by the regulatory authorities.
The main purpose of this study therefore is to evaluate the performance efficiency of Wupa Sewage Treatment Plant in
relation to the influent and final effluent forcompliance with World Health Organization (WHO) and National
Environmental Standards Regulations Enforcement Agency (NESREA) Standards.

2 Methodology
2.1 Study Area
Abuja, the Federal Capital Territory of Nigeria houses the Wupa Sewage Treatment Plant.The Territory is an 8000
km2area of land which became the new Federal Capital Territory (FCT) of Nigeria in 1976. It was not an existing city,
hence a Master plan for its development was prepared to define the general structure and required infrastructurewhich
includes buildings, road networks, water and sewage system amongst others.Abuja is centrally located in Nigeria,
bounded to the North by Kaduna State, to the South by Kogi State, to the West by Niger State and to the East by
Nasarawa State as shown in Figure 1. In line with the Master Plan, the Federal Capital City (FCC), is planned to be
developed in Phases I, II, III, IV according to availability of resources or as requirements arise with centralized
sewerage system made up sewage treatment plants connected with sewer lines (Oluwadamisi, 2013).
Abuja is a tropical climatic area characterized by two annual weather conditions: the rainy season (April – October)
and the dry season (November – March).The average temperature during rainy season ranges between 30.4oC to
35.1oC while during dry season, the range is between 34.5oC – 39.2o C. During the dry season, relative humidity falls
in the afternoons, but the high altitudes and the undulating terrain of the FCT act as moderating influence on the
weather of the Territory. The resultant effect is the frequent rainfall and a noticeable increase in the mean annual
total rainfall from the South to the North within the range of 1100mm to 1600mm (Aondoakaa, 2012; Oluwadamisi,
2013). Also, the FCT is well drained by series of small and big rivers.Two main rivers flowing within the vicinity of Abuja: the
Gurara River which flows in the northwest direction while the Usuma River flows in the northeast direction. There is also River
Jere, Gerinya, Pegna, Izom, Wupa etc.

Phase IV North

Phase III
Phase II

Phase I

Phase IV South

Figure 1. Map of Federal Capital Territory showing Abuja
Source: (Abuja Master Plan, 1979)
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2.2 Plant’s Description
Wupa is a small community in IduDistrict of the FCC and an Industrial Zone. This is where the Wupa Sewage
treatment plant is located and close to the Wupa River as showed in Figure 1a. The Wupa Sewage Treatment Plant
(WSTP)covers an area of 297,900 square meters.The Plant has an average dry weather inflow of 131,250 cubic meters
per day and designed to meet the requirement of 700,000 PE (Population Equivalence). There are five drainage basins
in the FCC, one of which isthe Wupa Basin with the WSTP.Light industries, institutions, commercial and public
buildings located within Idu Industrial zone and Districts of the FCC have their wastewater channeled through network
of sewer lines to the Wupa Basin Sewage Treatment Plant.The basic wastewater treatment process in WupaBasin
Sewage treatment plant is activated sludge processeswith its flow diagram shown as Figure 1b.
WSTP was designed with a peak inflow of 9,000m3/d, COD load of 84,000kg/d, BOD and TSS load of 42,000kg/d and
the plant’s final effluent expected to fall within the nationally acceptable discharge limits into waterways. Sewage
treatment by the WSTP is divided into mechanical and biological processes.From the sewer lines to the treatment
plant’s inlet, sewage is received and passed through the coarse screen which removes debris and wastes larger than
5cm. Three sets of alternating screw-pumps homogenize and lifts the sewage to about 8m to the fine screen for removal
and dewatering of debris and wastes larger than 4mm. The grit chamber, made up of two compartments removes
grease, grit, scum and colloidal particles while the sewage is passed into six distribution wells which channels sewage
into each bioreactors for the biological processes. The bioreactor is the heart of the aerobic treatment where biological
processes take place with a volume of 22,700m3.It consist of twelve (12) mammoth rotors and eight (8) submersible
mixers. Aeration occurs with the aid of the rotors introducing atmospheric oxygen into the sewage while the
submersible mixers keep the biomass in suspension. In 30.4 hours Hydraulic Retention Time (HRT), nitrification, denitrification and BOD removal takes place in the bioreactor. Sedimentation Tanks separates the clear water from sludge
while the sludge is removed by the return sludge pump.The disinfection Tanks consist of three (3) channels of 144 UV
lamps each where the treated wastewater passes through for disinfection before the effluent is discharged into Wupa
River. The returned sludge is passed through the gravity thickener, dewatering system and the final thickened sludge is
sent to the drying bed. The entire arrangement and plant’s layout is as shown in Figure 2.

Figure 1a: Aerial view of Wupa Sewage Treatment

Figure 1b: Flow chart of Wupa Sewage

Plant in Abuja City (Google-Earth)

Treatment Plant, Abuja
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2.3 Collection of Samples and Analysis
Collection of samples spanned from January to December 2015 using varying sampling methods and duration.
Composite sampling method was used for parameters such as COD, BOD and TSS by an automatic sampler while
other monitored parameters were manually carried out using grab sampling method.Samples for physical analysis were
collected at 9a.m daily while chemical and bacteriological samplings were carried out twice a week and twice a month
respectively. Collected samples were tested directly at the Laboratory of the Sewage treatment plant. Influent samples
were taken from the inlet of the wastewater treatment plant, after the grit chamber unitwhile effluent samples were
collected at the final stage,after disinfection.
In order to determine the concentration of the samples, standard laboratory and wastewater analysis were carried out in
accordance to nationalstandards (Badejo, et al., 2011; Patel and Dharaiya, 2014).Data were tabulated and analyzed
using simple descriptive statistics.
3.0 Results and Discussion
The results presents the average concentrations of the main parameters in the influent, effluent, and the performance of
the wastewater treatment plant as shown in Table 1-3 and Figure 3 and 4.
3.1 Influent and Effluent Wastewater Characteristics
The concentration of wastewater influent into the WSTP varied daily, monthly and yearly as shown in Table 1. The
average concentration of the BOD, COD and TSS as the major parameter are123.82±32.77, 272.65±64.24, and
189.58±22.44mg/L respectively. These major parameters havetheir average and minimum concentration values higher
than WHO and NESREA acceptable discharge limit hence, the need for the sewage treatment plant at Wupa.
On the other hand, the wastewater after undergoing different stages of primary, secondary and tertiary treatment
processes, the concentrations of the final effluent went down significantly as shown in Table 2. Average BOD, COD
and TSS concentration had reduced to 15.29±7.57, 34.71±13.46, and 15.74±3.46mg/L respectively which were within
WHO and NESREA discharge limits.
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Table 1: Average Influent Wastewater Characteristics (Year 2015)

Figure 1: Chart of showing variability in average influent characteristics of BOD, COD and TSS

Parameter

pH

Month

Table 2: Average Effluent Wastewater Characteristic (Year 2015)
BOD
NO3-N PO4-P NH4 -N
COD
DO
TSS
Total

Total coliform

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(mg/L)

(MPN/100/mL
)

January

7.12

20.55

37.35

6.70

14.00

3.05

2.45

6.35

95.00

February

7.25

23.75

41.00

6.75

13.45

9.20

2.30

3.00

89.65

March

7.28

24.00

35.15

6.70

25.30

6.70

1.40

1.55

315.00

April

7.24

23.70

46.75

6.53

14.25

7.29

2.17

2.82

210.25
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May

7.28

13.50

45.50

6.65

11.50

8.57

1.42

0.18

53.00

June

7.10

6.80

16.50

6.79

13.20

9.89

1.63

0.18

23.00

July

7.15

6.70

21.25

6.90

16.90

7.30

1.70

1.85

48.00

August

7.29

7.85

26.50

6.90

16.65

3.00

0.95

1.55

43.50

September

7.10

5.25

12.30

6.90

17.30

2.80

1.00

2.80

38.00

October

7.25

11.05

32.40

7.25

15.60

3.50

1.30

2.20

225.00

November

7.16

17.50

44.85

6.75

14.80

7.85

1.90

5.40

270.00

December

7.20

22.80

56.95

6.85

15.88

2.50

1.95

5.10

198.50

Min.

7.10

5.25

12.30

6.53

11.50

2.50

0.95

0.18

23.00

Max.

7.29

24.00

56.95

7.25

25.30

9.89

2.45

6.35

315.00

Average

7.20

15.29

34.71

6.81

15.74

5.97

1.68

2.75

134.08

Std.

0.07

7.57

13.46

0.18

3.46

2.79

0.49

1.97

102.99

Figure 2:Chart of showing variability in average Effluent characteristics of BOD, COD and TSS
3.2 Efficiency of Sewage Treatment Plant
The performance efficiency of WSTP as shown in Table 3 depicts significant difference from the influent to effluent
concentration. Total Suspended Solids (TSS) recorded highest removal efficiency of 91.70% being closely followed by
Total coliform, Total BOD and COD of 91.62, 87.65 and 87.27% respectively. The removal of these nutrients occurred
at various stages of treatment hence, depicting the effectiveness of the overall treatment plant.
Although the efficiency of the aeration or the ingestion of dissolved oxygen (DO) is 50.83%, this served sufficiently
enough for initial oxygenation of influent, enabling the microorganisms to biodegrade the organic matters. Also, due to
the influence of pH on the activities of microorganisms, low efficiency of 2.11% pH was recorded to attain the
necessary pH balance. Similarly, phosphorus is essential for the growth of algae and biological organisms, hence the
need to maintain certain percentage in wastewater but not up to harmful concentration. Phosphorus can be found in
aqueous solution as ortho-phosphate anion which upon oxidative treatment yields phosphorus (Göksel, et al., 2013).
These justifies the low 33.58% efficiency recorded for PO4-Pproviding allowance for certain remnant of phosphorus for
further microorganism and algae breeding for wastewater treatment.

Table 3: Summary of Results including Percentage Removal Efficiency and Discharge Limits
Parameters

Influent

Effluent

Efficiency

Permissible Limits

(%)

WHO

FEPA

pH

7.35±0.09

7.20±0.07

2.11

6.0 - 9.0

6.0 - 9.0

BOD Total (mg/L)

123.82±32.77

15.29±7.57

87.65

30

50

COD (mg/L)

272.65±64.24

34.71±13.46

87.27

100

80
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DO (mg/L)

3.35±0.95

6.81±0.18

50.83

NS

>2.0

TSS (mg/L)

189.58±22.44

15.74±3.46

91.70

30

25

NO3-N (mg/L)

1.80±1.18

5.97±2.79

69.93

20

10

PO4-P (mg/L)

2.01±0.40

1.68±0.49

33.83

5

5

NH4-N (mg/L)

1.78±0.85

2.75±1.97

136.62

10

1

Total coliform (mg/L)

>1600±>102.99

134.08±102.99

91.62

400

400

4. Conclusions and Recommendations
Performance evaluation of Wupa Sewage Treatment Plant revealed a functional and highly efficient plant. The quality
of the influent suggested that treatment can be achieved by biological processesdue to 0.45±0.51average BOD/COD
ratio for the untreated wastewater. Significantly, the treatment efficiencies revealed high percentages and the final
effluent’s concentration was in compliance with the stipulated WHO and NESREA effluent discharge limits.
Additionally, the Total BOD is the widely used parameter of organic pollution and it is common wastewater pollution
in Abuja. It can therefore be used to measure the treatment efficiency of WSTP as BOD is a determinant of an
approximate quantity of oxygen required to biologically stabilize organic matter in wastewater. Hence, efficiency of
treatment reveals 87.65% with the concentrations of effluent for measured parameter within stipulated National
discharge limits.
The wastewater treatment plant is efficient in the treatment of wastewater generated and collected into it from the FCC,
hence the average removal percentages for Total BOD, COD, TSS and PO4 were 46.7%, 49.9%, 45.8% and 27.3%
respectively. The continuous and effective operation and maintenance of the plant will be necessary to sustain its
performance.
Specific performance of the Plant at various stages of treatment process can be further studied. This will evaluate the
performance of each unit within the sewage treatment plant.
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