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ABSTRACT 

The study was conducted to determine the organic matter and nutrient removal capability of waste 

stabilization ponds in Akosombo. A total of 15 samples were taken for five consecutive months 

from the inlet, outlet of facultative pond and outlet of maturation pond. The samples were pre-

served and transported to the CSIR Water Research Institute in Accra for laboratory analysis. The 

wastewater quality parameters analysed were total suspended solids (TSS), dissolved oxygen (DO), 

biochemical oxygen demand (BOD), chemical oxygen demand (COD), ammonia and phosphate. 

The results of the laboratory analysis showed that the ponds achieved TSS, BOD and COD remov-

als of about 30, 82 and 75 per cent, respectively. Statistically, the DO values (t=45.85, p = 5.65 x10-

11), BOD (t = 10.27, p = 6.68 x 10-6) and COD (t = 4.23, p = 0.0029) of the raw sewage were signifi-

cantly different from the effluent at 95% confidence interval. The ammonia and phosphate remov-

al were as high as 92% and 84%, respectively. The quality parameters analysed for the final efflu-

ent from the Waste Stabilisation Ponds were within the EPA guideline values except ammonia 

which was above the recommended limit. The general treatment performance seems very good 

with respect to the parameters studied and does not pose a threat to the receiving water body. A 

further study to examine the bacteriological and chemical treatment performance is recommend-

ed.  

INTRODUCTION 
Generation of different kinds of waste is a com-

mon phenomenon in the development process 

of every nation. It is however clear that appro-

priate measures to contain, treat and dispose of 

the waste is essential for public health reasons. 

Wastewater production and treatment is im-

portant for promoting good public health and 

ensuring environmental safety for plants, ani-

mals and ensure sustainable management of 

water bodies. Tsuzuki (2012) indicated that pre-

vention of disease infection and improving hy-

giene and health are critical for meeting the 

global objectives of the Millennium Develop-

ment Goals (MDGs). Therefore, treatment of 

waste water using appropriate technology is 

important for developing countries where infec-

tious diseases inflict pain and perpetuate poverty 

among people. The discharge of untreated 

wastewater into water bodies presents huge 
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threat to the aquatic organisms and users of such 

waters in meeting their daily water demand as 

well as the future of the receiving water bodies.  

Technology adapted for treating wastewater 

should be easy to operate and maintain, treat the 

wastewater to meet acceptable standards and 

should correspond to the economic and technical 

capacity of the country. It has been reported that 

less than 15% of the collected wastewater is 

treated in developing countries before discharge 

into the environment (Mara, 2003). Mara (2003) 

indicated that lack of funds, ignorance of low-

cost wastewater treatment processes and eco-

nomic benefits of treated wastewater re-use, 

together with the tendency among decision-

makers to accept the status quo, were factors 

responsible for the continued discharge of un-

treated wastewater into the environment. 

Waste stabilisation ponds (WSP) system is one 

of the wastewater treatment technologies which 

has been used for a long time to treat domestic 

and industrial wastewater of different character-

istics across different geographical scope. The 

system is widely accepted because it uses natu-

ral, environmental and biological factors for the 

treatment of the wastewater. It does not depend 

on any form of generated energy for operations 

except in the sewer lines located downhill which 

required lifting through pumping. This system is 

thought to be suitable for developing countries 

because of ease of construction, low cost of op-

eration and maintenance, low technical capacity 

requirement and treatment efficiency (Ghazy et 

al., 2008). The system normally consists of three 

batch ponds which operate on continuously-flow 

principles. The ponds are named based on their 

functions, the operational processes and pollu-

tants removal occurring at each unit as anaero-

bic, facultative and maturation ponds.  

In Ghana, wastewater disposal presents huge 

challenge to city authorities and estate develop-

ers. A feasibility study by International Water 

Management Institute (IWMI) (2008) on the 

evaluation of faecal sludge and wastewater treat-

ment plants showed a total of 44 wastewater 

treatment plants across the country. It indicated 

that only 20% of such plants were operational 

and were below design standards. The study 

identified waste stabilization ponds, trickling 

filters and activated sludge processes as the most 

widely used wastewater treatment technologies. 

In 2008, a study was conducted on an upflow 

anaerobic sludge blanket (UASB) sewage treat-

ment plant at James Town (Accra) which 

showed high BOD removal, but the effluent 

quality did not meet the EPA effluent limits for 

ammonia and nitrate (Awuah and Abrokwa, 

2008). A similar study on the Kwame Nkrumah 

University of Science and Technology (KNUST) 

trickling filter wastewater treatment plant by 

Fosu (2009), which assessed the efficiency of 

the plant reported high effluent values for TSS, 

BOD, nitrate, Escherichia coli (E. coli) and Total 

Coliform (TC) than the EPA permitted values. 

Hodgson (2007) undertook a study to assess the 

performance of the Akosombo waste stabiliza-

tion ponds in Ghana which reported high SS, 

BOD, COD and feacal coliform removals of 

about 84, 77, 71, and 99.99 per cent, respective-

ly. However, it was concluded that the final ef-

fluent met the required EPA guideline values 

with the exception of the total and faecal coli-

forms. It is important to assess the performance 

of the WSPs since it might have changed over 

the years. The current study examined the physi-

co-chemical quality of wastewater from waste 

stabilization ponds treatment plant with main 

emphasis on organic matter and nutrient remov-

al.  

 

METHOD 

Description of Study Area 
Akosombo is a community established by the 

Volta River Authority Development Act of 1961 

(Act 46) and is located in the Eastern Region of 

Ghana. The population of Akosombo is estimat-

ed to be about 16,000 (GSS, 2012). The mean 

ambient temperature, rainfall and humidity for 

Akosombo are 29.4oC, 90.2 mm and 72.4 per 

cent, respectively. The monthly average evapo-

ration is between 4.9 and 6.6 mm with a mean of 

5.1 mm (Hodgson, 2007).  
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Akosombo Waste Stabilization Ponds 

Akosombo waste stabilization ponds consist of 

two ponds, namely primary facultative and mat-

uration ponds which unlike the traditional WSPs 

consisting of three ponds. These two ponds are 

serially connected basins with concrete embank-

ments (WRI, 1994). The pond design parameters 

are presented in Table 1. There are three inlet 

points to the first pond, representing influents 

from three different parts of the township. The 

sewage enters a retention chamber and then 

flows by gravity into the pond at two of the inlet 

points. The third inlet also flows by gravity. 

Physical and visible objects in wastewater such 

as rags, plastics, tissues, etc. are removed from 

the raw sewage by a screen in the retention 

chamber before entering the first pond. The first 

pond which is the facultative pond serves as 

anaerobic and aerobic ponds. 

Figure 1:  A map showing the Study area 
Source:  Cartographic Department of Water Research Institute, Accra  

Pond  

Type 

Pond Area 

(ha) 

Depth 

(m) 

Retention 

Period  

(days) 

Facultative 9.6 1.7 24 

Maturation 2.5 0.8 3 

Table 1:  Pond Design Parameters 

Source: (Hodgson, 2007) 
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Sampling and Analysis 

For the evaluation of the treatment performance 

of the waste stabilization ponds, a total of 15 

grab samples of raw sewage, facultative pond 

effluent and maturation pond effluent (final ef-

fluent) were taken on in five consecutive months 

(September, 2013 – January, 2014). The pH of 

the samples was taken in situ using multi-

parameter analyser. Samples for dissolved oxy-

gen (DO) were collected in narrow-mouth glass-

stopper BOD bottles of 300 ml capacity with 

tapered and pointed ground glass stoppers. Sam-

pling was carefully done to avoid introducing 

dissolve oxygen into the sample. DO was fixed 

in the field using Winkler 1 and 2 solutions, 

(manganous sulphate monohydrate MnSO4.H2O) 

and (alkali-iodide-azide solution), respectively. 

Fixed samples were transported to the laboratory 

under dark conditions. Samples for BOD were 

collected as was done for DO but without fixing 

oxygen. Samples were stored in an ice chest and 

transported to the laboratory at 4oC. Samples for 

nutrients analyses were done using clean plastic 

bottles of one litre volume. Physico-chemical 

parameters analysed included: pH, total suspend-

ed solids (TSS), dissolved oxygen (DO), bio-

chemical oxygen demand (BOD), chemical oxy-

gen demand (COD), ammonia-nitrogen and 

phosphate-phosphorous. All the analyses fol-

lowed the procedures outlined in the Standard 

Method for the Examination of Water and 

Wastewater (APHA, 1998). 

 

RESULTS AND DISCUSSION 

The results of the study are presented in tables 

and discussion have been made for each parame-

ter by comparing them with EPA standard and 

findings of other researchers. 

The TSS concentration of the raw sewagewas in 

the range of 13.0 as the minimum and 74.0 mg/l 

as the maximum with a mean value of 50.2 mg/l 

as presented in Table 2. The TSS of the treated 

effluent ranged from 12.0 to 80.0 mg/l with a 

mean value of 35.2 mg/l. The overall mean TSS 

removal efficiency of the pond system was 

30.0% which is very low compared with the 

findings of Hodgson (2007) for the same treat-

ment plant which was 83.5%.  The average TSS 

concentration of the final effluent for September 

to December, 2013 is satisfactory compared to 

the Ghana Environmental Protection Agency 

(EPA) guideline value of 50 mg/l except Janu-

ary, 2014 with TSS value of 80 mg/l as shown in 

Table 4. The presence of significant levels of 

total suspended solids in the treated effluent 

might have been due to the presence of algal 

cells. This is said to be a constraint in waste sta-

bilisation ponds (Naddafi, 2009) but it also indi-

cates that the effluent is oxygen-rich to support 

aquatic life and can contribute to reduced pollu-

tion in aquatic environment.  

The pH of the raw sewage obtained was 6.99 

with a minimum value of 6.76 and maximum of 

7.26. The maximum pH value for the raw sew-

age was recorded in December as shown in Ta-

ble 4. The mean pH values for the raw sewage 

and the final effluent were 6.99 and 8.01, respec-

tively as shown in Table 2. The mean values of 

the effluent were within the acceptable limit 

given by EPA of Ghana as 6-9 for sewage efflu-

ent. This gives a trend of increased pH, implying 

that the wastewater becomes more basic in the 

process of treatment. This increase in pH during 

wastewater treatment was observed by Goyal 

and Mohan (2013) in India. The increase in pH 

may be due to activities of aerobic bacteria help-

ing to degrade the organic matter content and 

consumption of organic acids with subsequent 

reduction in organic acids in the wastewater. It 

has been said that high pH values (above 9) oc-

cur in waste stabilisation ponds, due to rapid 

photosynthesis by pond algae, which consumes 

CO2 faster than can be replaced by bacterial res-

piration (Abdel-Raouf, Al-Homaidan, and Ibra-

heem, 2012). 
 

Organic matter removal 
The mean dissolved oxygen (DO) level of the 

influent (2.06 mg/l) was low compared to the 

effluent (7.96 mg/l) quality.  The dissolved oxy-

gen in the raw sewage ranged between 0.0 – 0.5 

mg/l whilst the final effluent was within 7.6 – 

8.3 mg/l. Low DO means high organic load, 

hence micro-organisms will require high amount 

Journal of Ghana Science Association,  Vol. 17 No. 1, June, 2016 12 



Organic matter and nutrient removal by waste stabilization ponds... Adu-Ofori et al. 

Parameter 
Raw Sewage 

(Influent) 

Outlet Treated Sewage 

(Effluent) 

Removal efficiency 

(%) 
EPA Guidelines 

pH 6.99 8.01 - 6 - 9 

BOD (mg/l) 55.4 10.0 82.0 50.0 

COD (mg/l) 263.0 64.9 75.0 250.0 

DO (mg/l) 0.26 7.96 - - 

TSS (mg/l) 50.2 35.2 30.0 50.0 

NH3-N (mg/l) 28.2 2.32 92.0 1.00 

PO4
-3P (mg/l) 8.33 1.35 84.0 2.00 

Table 2: Mean Concentration of Wastewater Quality Parameters Analysed 

Source: Fieldwork, 2014 

of oxygen to degrade the organic matter. The 

results of the level of DO in the final effluent 

imply that there is addition of oxygen to the 

wastewater after treatment; therefore it is safe to 

discharge it into the receiving water body. The 

addition of oxygen to the wastewater reflects the 

oxidation pond name sometimes given to waste 

stabilisation ponds. Statistically, there was a 

significant difference between the DO levels in 

the raw sewage (influent) and the final effluent (t 

= 45.85, p  ˂0.05) at 95% confident interval.  

The BOD levels of the raw sewage ranged from 

46.0 to 63.4 mg/l with a mean value of 55.4 mg/l 

whilst that of the treated effluent ranged from 

5.88 to 22.6 mg/l with a mean value of 10.0 mg/

l. The strength of the raw sewage with BOD/

COD of 55.4/263 is weak because according to 

Mara (2003), sewage with BOD/COD values 

less than 200/400 mg/l, 350/700 mg/l and 

500/1000 mg/l are classified as weak, medium 

and strong sewage, respectively. The low BOD 

is as results of the sewerage system using high 

amount of water as indicated by Mara (2003), 

that low BOD sewage occurs in cases where per 

capital water consumption is high. The overall 

mean BOD removal efficiency was 82%, higher 

than the removal efficiency of 77% reported by 

Hodgson (2007) for the same treatment plant. 

This increase in removal efficiency by the cur-

rent study may be due to high aeration which 

added more oxygen for biodegradation of the 

organic matter in the ponds. Other researchers 

have reported BOD removal efficiencies greater 

than 70% for waste stabilization ponds. For in-

stance Goyal and Mohan (2013) reported an 

average BOD removal of 84.1% for waste stabi-

lisation pond in Jodhpur in India. Kagya (2011) 

also reported a mean overall BOD removal effi-

ciency of 80.6% for waste stabilisation pond in 

Juapong, Ghana. Moreover, 92.3% removal effi-

ciency has been reported by Amoo and Aremu 

(2012) for stabilisation ponds at the University 

of Ilorin in Nigeria. About 64% of the BOD was 

removed in the primary facultative pond. The 

average measured BOD level in the final efflu-

ent was low and acceptable compared to the 

EPA guideline value of 50 mg/l. Statistically 

there was significant difference between the 

BOD concentration in the raw sewage and the 

final effluent (t = 10.38, p < 0.05) at 95 % confi-

dence interval. This means the reduction in BOD 

in the wastewater is significant, emphasising the 

treatment capabilities of the WSPs especially 

when sufficient water is added and adequate 

retention time is allowed. 
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 The COD levels for the raw sewage were be-

tween 137 and 317 mg/l with a mean of 263 mg/

l, whilst the final effluent COD levels ranged 

from 47.4 to 77.4 mg/l with a mean of 64.9 mg/l. 

The overall mean COD removal was calculated 

to be 75.0% which is appreciably high compared 

with the findings of Hodgson (2007) of 70.6% of 

COD removal for the same treatment plant. The 

reason for the difference may be due to high 

amount of oxygen mixing with the wastewater in 

the treatment ponds. Goyal and Mohan (2013) 

reported of mean COD removal efficiency of 

53.4% for waste stabilisation pond in Jodhpur in 

India; Kagya (2011) reported a mean COD re-

moval efficiency of 62.3% for waste stabilisa-

tion pond in Juapong, Ghana. The average meas-

ured COD level for the final effluent satisfied 

the EPA guideline value of 250 mg/l. Statistical-

ly there was significant difference between the 

COD concentration in the raw sewage and that 

of the final effluent (t = 4.38, p < 0.05) at 95% 

confidence interval. This means the reduction in 

COD in the wastewater is significant, emphasis-

ing the treatment capabilities of the WSPs. 

 

Nutrient removal 

Nitrogen and phosphorous from ammonia and 

phosphates, respectively are critical nutrient in 

wastewater that treatment options address in 

most cases after secondary treatment stage, usu-

ally at the tertiary or advanced treatment stage. 

In WSPs, the maturation ponds are to help 

achieve high removal of nutrient and micro-

organisms as a way of polishing the final efflu-

ent. The ammonia concentration of the raw sew-

age ranged from 16.9 to 57.8 mg/ with a mean 

value of 28.2 mg/l (Table 3). The ammonia con-

centrations of the final effluent were between 

0.842 and 7.41 mg/l with a mean value of 2.32 

mg/l (Table 3). The mean ammonia removal 

efficiency was 92.0% which is high but slightly 

lower than 93.2% reported by Hodgson (2007) 

for the same plant in 2007. Ammonia is removed 

by volatilisation which has been linked to tem-

perature changes of the wastewater (Powell et 

al., 2008). Amoo and Aremu (2012) reported 

92% removal in WSP in Nigeria. The mean am-

monia concentration of the final effluent was 

found to be unsatisfactory compared to the EPA 

guideline value of 1 mg/l. Wastewaters with 

high nutrient levels can cause undesirable phyto-

plankton growth in the receiving water body 

(Hodgson, 2000). The mean concentration of 

phosphate in the raw sewage was 8.33 mg/l and 

the final effluent was 1.35 mg/l. This gives about 

84.0% of phosphate removal efficiency. The raw 

sewage phosphate concentration ranged from 

1.32 to 18.1 mg/l with January recording the 

highest and December the least. The final efflu-

ent had concentrations between 0.29 and 1.91 

mg/l with the highest value recorded in January 

and the lowest in November. This may be due to 

the precipitation of phosphorus which has been 

linked to temperature changes of the wastewater 

(Delgadillo-Mirqueza et al., 2016; Powell et al., 

2008). The final effluent concentration is within 

the established standard for effluent disposal by 

EPA Ghana of 2.0 mg/l.  

 

CONCLUSIONS 

The following conclusions were drawn from the 

study on the sewage treatment ponds at 

Akosombo. The treated effluent from the waste 

Sampling Points 
pH (pH 

Units) 

COD 

(mg/l) 

BOD 

(mg/l) 

TSS  

(mg/l) 

TDS  

(mg/l) 

NH3-H 

(mg/l) 

PO4-P 

(mg/l) 

DO  

(mg/l) 

Raw 6.99 263 55.4 50.2 283.4 28.2 8.33 0.26 

Facultative to  

Maturation 
7.80 97.6 27.3 41.6 119 4.48 2.38 - 

Effluent 8.01 64.9 10.0 35.2 118.4 2.3 1.4 7.96 

Table 3: Mean concentrations of wastewater quality parameters analysed 

Source: Fieldwork, 2014 
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Months 
Sampling 

Point 

pH (pH 

Units) 

COD 

(mg/l) 

BOD 

(mg/l) 

TSS 

(mg/l) 

TDS 

(mg/l) 

NH3-H 

(mg/l) 

PO4-P 

(mg/l) 

DO  

(mg/l) 

September 

Raw 6.85 321 60.0 74.0 161 18.3 6.40 0.40 

Pond 1 7.16 109 14.9 42.0 125 1.04 2.37 - 

Pond 2 6.94 63.5 5.88 48.0 121 0.957 1.31 7.60 

October 

Raw 7.14 323 54.8 56.2 287 27.6 14.5 0 

Pond 1 9.17 113 29.2 50.0 120 1.72 2.55 - 

Pond 2 9.01 72.2 7.44 12.0 116 1.39 2.22 7.90 

November 

Raw 6.76 368 63.4 54.0 372 16.9 1.35 0 

Pond 1 7.68 73.6 32.9 16.0 104 7.29 0.573 - 

Pond 2 7.86 64.0 5.80 16.0 106 7.41 0.288 8.20 

December 

Raw 7.26 137 46.0 13.3 356 20.4 1.32 0.50 

Pond 1 6.93 86.3 28.3 53.3 126 1.13 1.17 - 

Pond 2 7.14 47.4 8.46 20.0 130 0.982 1.03 8.30 

January 

Raw 6.93 166 52.8 53.3 241 57.8 18.1 0.40 

Pond 1 8.05 106 31.4 46.7 122 11.2 5.22 - 

Pond 2 9.09 77.4 22.6 80.0 119 0.842 1.91 7.80 

Table 4:  Wastewater Quality Results from the Sampling Points 

Pond 1 = outlet from facultative pond to maturation pond, Pond 2 = outlet from maturation pond  

(Source, Fieldwork, 2014) 

stabilisation ponds at Akosombo met both the 

environmental and health criteria set by the Envi-

ronmental Protection Agency (EPA) of Ghana 

except the ammonia concentration which was 

above the set limit. The raw sewage had BOD 

concentrations less than 200 mg/l and therefore 

can be classified as weak. This makes it relative-

ly easy for treatment. This strength may be that a 

lot of water is used by the community members 

to aid the decomposition of the organic matter in 

the waste and makes it suitable for micro-

organisms to degrade the organic materials fast-

er. Most of the BOD reduction occurred in the 

facultative pond which may be due to the long 

retention period of 24 days. The final effluent 

quality in terms of BOD concentrations will not 

have any adverse effect on the Lower Volta Riv-

er into which it is discharged.  

The 82.0% BOD, 75.0% COD, 92.0% ammonia 

and 84.0% phosphate treatment efficiencies im-

ply the plant is working well in ensuring high 

level of pollutant removal. Considering the treat-

ment capabilities of the plant, it is important to 

construct such plants in a decentralised fashion 

for the various Municipal and District Assem-

blies to deal with wastewater challenges in the 

country. The quality of the final effluent which is 

rich in ammonia can be used in agricultural 

fields or farmlands to retain the nutrient capacity 

of the waste into the environment for productive 

use. This can be possible if the microbial quality 

and heavy metals levels of the wastewater are 

known. It is therefore recommended that micro-

bial quality as well as heavy metal concentra-

tions of the effluent be studied. 
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