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Abstract 
The Rehabilitated Mudor sewage treatment plant at James Town was moni-
tored over a period of 4 months (October 2017 to January 2018). This study 
analyzed the physical, chemical and biological parameters of the raw sewage 
and the treated effluent from the plant. The result indicates that the total re-
moval efficiencies were 98.8%, 91.2%, 62.8%, 28.6%, 81.7%, 43.6%, 82.5% and 
99.6% for BOD, COD, TSS, Nitrate-Nitrogen, Phosphate-Phosphorus, Am-
monia-nitrogen, Sulphate and faecal coliform respectively. More than 13 pa-
rameters needed to be met according to the Ghana Environmental Protection 
Agency (EPA) guideline were satisfactorily met whiles ammonia, total sus-
pended solids and phosphate were slightly out of range. From the results ob-
tained, the overall performance of the rehabilitated plant was satisfactory and 
has seen some improvement with respect to the former recorded performance 
of the plant. With monitoring operation parameters for waste water plants 
discharge guidelines becoming stringent over the past years, it could be said 
that management of the Mudor rehabilitated treatment plant is on the right 
cause with full scale operation of the plant barely less than a year. Increase in 
the process steps through rehabilitation resulted in several significant im-
provements in effluent quality parameters. 
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1. Introduction 

Environmental sanitation is an essential factor contributing to the health, prod-
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uctivity and welfare of the people of Ghana. It is identified in Ghana’s pro-
gramme of economic and social development set out in “VISION 2020” as a key 
element underlying health and human development [1]. Over the years there has 
been a lack of political will in Ghana to implement basic sanitation and this is 
reflected in the amount of resource allocated for waste water management [2]. 
Part of this problem is attributed to the upsurge in urban population in Ghana 
which is expected to be increasing over the coming years, resulting in environ-
mental deterioration and frequent outbreak of water-borne diseases. However, 
progress in terms of sanitation is gaining some needed attention with the intro-
duction of the sanitation ministry. It has been projected that in the near future, 
the number of treatment plants such as the three treatment plants operated by 
Sewerage Systems Ghana Limited, may gradually increase and a large demand 
for information on appropriate procedures and technologies has to be devel-
oped. With the introduction of the new Lavender Hill Faecal treatment plant 
coupled with the back-online rehabilitated Mudor waste water treatment plant 
in 2017, it could be said that there has been a significant reduction in the out-
break of water-borne diseases such as cholera and other water-borne related 
diseases. Establishment of such facilities in all regions in Ghana could minimize 
environmental problems and health risks. 

Many small-scale municipal treatment plants are established in municipalities 
but a great number of them are not working at all or are not working with high 
performance [3]. The Mudor sewage treatment plant collects domestic sewage 
from Ministries, Osu-Labone, High Street, parts of Dansoman area, Accra Cen-
tral and Korle Bu all in the Greater Accra Region of Ghana. Most of these areas 
have pump stations which pumps waste water into the plant, generating a dis-
charge flow of 16,000 to 18,000 m3 per day. Research has indicated that liquid 
waste containing Faecal matter consist of high foreign material load [4]. The 
loads are removed from waste water by screening and the grit removal chamber, 
this treatment process is termed as the primary treatment stage. Other processes 
of the plant includes; sludge thickeners, aerobic fixed growth reactors (trickling 
filter), which was formally two but upgraded to three, Final Settling Tanks and 
sludge drying beds. The flow from the above mentioned sewered areas are dis-
charged into the plant inlet where foreign material load of the sewage is 
screened. The screened waste water is discharged into a receptacle where it is 
lifted to the fine screen chamber, where fine particles of sand are trapped. The 
grit and screenings end up in a waste chute which is cleared into a skip for dis-
posal. The effluent from the grit channel is diverted to primary distribution 
boxes. The primary distribution boxes ensure an evenly proportion flow to the 
biological reactors. Each channel from the primary distribution boxes feed sec-
ondary and tertiary distribution boxes. The tertiary distribution boxes connect 
directly to the down pipes that convey waste water to the bottom of the UASB 
reactors. Anaerobic by-products, including methane (CH4), carbon dioxide 
(CO2) and hydrogen sulphide (H2S) are generated. The gas produced from the 
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reactors is collected into gas collector hoods to prevent release of biogas into the 
environment. The effluent from the UASB reactor flows by gravity to the trick-
ling filters. Effluent from the trickling filters then flows to the Final settling tanks 
(FST) where fine solids are allowed to settle and further organic reduction is 
achieved before effluent flows to the final sampling chamber. Sludge collected at 
the FST basin is pumped back into the sludge thickeners. The drying beds re-
ceive sludge pumped from the sludge thickeners where liquid drainage is af-
fected through sand filters and a system of under-drain. 

The Mudor waste water treatment plant uses the Up-flow Anaerobic Sludge 
Blanket (UASB) reactor as a unit for sewage treatment (Figure 1) and research 
has indicated that about 65% to 80% of organic matter removal efficiency can be 
obtained in conventional UASB reactors even with short retention time of about 
4 to 6 hours in hot climate areas [2]. The process of the rehabilitation of the 
Mudor WWTP saw an extension in volume of treatment per day, extension of 
the trickling filters, and adoption of the activated sludge. The rehabilitation 
process consists of operational steps where microorganisms are grown with 
consequential degradation of particulate and dissolved liquid wastes. The 
 

 
Figure 1. Process flow diagram of the Mudor waste water treatment plant. 
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microbial solids produced in these reactors are separated by process of sedimen-
tation with most portion of the settled solids recycled back to the bioreactors so 
as to have high solids concentrations as well as rates of reaction (Figure 1). Re-
search works have also indicated that the distribution of the functions adopted 
in the rehabilitated operational process can vary within activated sludge due to 
seasonal flow rates variations, seasonal variability of biomass density and aera-
tion conditions [5] [6]. Such variations have the potential to result in an opera-
tional risk impact on the plant and improper operation of WWTP may lead to 
discharge of contaminated effluents leading to negative consequences in relation 
to environmental and public health [7]. Research has also indicated that in de-
veloping countries 1.8 million people, mostly children, die every year as a result 
of water-related diseases [8] [9] [10]. Research has also outlined the major con-
tribution to chemical contamination to have originated from domestic and in-
dustrial waste water discharges containing both organic and inorganic contami-
nants that negatively impact water quality [11] [12] [13]. Water quality is af-
fected by a wide range of natural and anthropogenic influences [14]. Natural 
processes (hydrological, physical, chemical and biological) may affect the cha-
racteristics and concentration of chemical elements and compounds in freshwa-
ter. The works of Dione [14] also outlines factors such as human-induced point 
and nonpoint pollution sources being key contributors to anthropogenic im-
pacts that affect water quality. These factors make it imperative for the perfor-
mance of WWTP be monitored on a regular basis [6]. 

In this context as also highlighted by the works of Belhaj [7], this study there-
fore seeks to determine the overall performance of the rehabilitated Mudor 
waste water treatment plant at James Town, Accra; with specific objective of as-
sessing the day to day operations and to determine the nutrient, organic and pa-
thogenic removal efficiency of the rehabilitated plant. Exhaustive data from a 
previous research work [2] conducted on the plant before its rehabilitation was 
comparatively treated to ascertain the plant performance based on past observa-
tions of certain key product quality parameters. These results would not only 
give the managers of the plant a fair view of the effectiveness of the rehabilitation 
and operational management will and capabilities but also simplify design deci-
sions to optimize pollutant removal from urban waste waters. 

The plant was monitored by measuring the characteristics of the process pa-
rameters of both influent and effluents to assess the overall performance of the 
plant for sixteen weeks (four months). This paper presents an overview of the 
rehabilitated Mudor waste water treatment plant in the Greater Accra region of 
Ghana. 

2. Methodology 
2.1. Study Area 

The study was conducted at the rehabilitated Mudor waste water treatment plant 
located in the greater Accra region of Ghana (Figure 2); a designated area  

https://doi.org/10.4236/jwarp.2018.108041


I. Ahmed et al. 
 

 

DOI: 10.4236/jwarp.2018.108041 729 Journal of Water Resource and Protection 
 

 
Figure 2. Located site of the Study Area, James Town-Accra Ghana. 

 
by the Accra Metropolitan Area (AMA) as a sanitary site. The Mudor waste wa-
ter was constructed by the Taysec construction and was commission in the year 
2000. The plant was shut down after some few years of operations due to main-
tenance issues and lack of financial commitments and rehabilitated into opera-
tion in the year 2017. The total land area for the plant is 6.3 acres, situated less 
than 20 meters east-ward from the Korle-Lagoon.  

2.2. Sampling and Analysis Methods 

Composite samples were made from each process unit daily. For each day, the 
composite sample was made from hourly sampling of the effluent from each of 
the process units. Each of the daily composited sample contains 24 different 
number of samples (1 sample for each hour in a day). For each hourly sampling, 
about 200 ml of the respective unit effluent was taken and transferred into the 
controlled composite sample container. This was repeated for a period of sixteen 
weeks and a total of about 120 composite samples were used for the laboratory 
analysis. The laboratory studies were conducted at the Lavender Hill Faecal 
Treatment Plant Lab located on the same enclave of the Mudor treatment plant. 
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Sampled (composite) waste water for the present research was selected from the 
various treatment units of the Mudor waste water treatment plant and process 
parameters analyzed, in terms of their COD which was measured after potas-
sium dichromate digestion with HACH instrument (DR1900), BOD5 test me-
thod APHA 5210, Total Suspended Solids [15], pH, EC and Dissolved Oxygen 
were measured using multi parameter pH meter (HQ40D LDO10101), faecal co-
liform, the nutrients (total nitrogen, ammonia nitrogen, phosphate, sulphate, ni-
trate) were determined using the HACH DR1900 in line with the APHA me-
thods [15]. Details of the instrumentation make and models are highlighted in 
the electronic supporting document. 

2.3. Qualitative Analysis of Process Influent and Effluent 

The influents and effluents of the plant processes were analyzed for PH, dis-
solved oxygen, turbidity, Chemical Oxygen Demand (COD), Total Solids (TS), 
Biochemical Oxygen Demand (BOD), Nitrate-Nitrogen (NO3-N), Ammo-
nia-Nitrogen (NH3-N), Phosphate-Phosphorus (PO4-P) and Faecal Coliform 
(FC) 

3. Results and Discussions 
3.1. Hydrogen-Ion Concentration (pH) 

Most microbial life occurs within narrow pH range, it is typically evidence to be 
6 - 9. Biological treatment of waste water is of great concern in relation to the 
hydrogen ion concentration. Influent waste water with extremely high or low pH 
values are difficult/impossible to treat with biological means. Treatment plant 
effluent water with High or low pH ranges may affect the natural waters in the 
recipient as well [16] [17]. pH values recorded ranged from 6.74 - 7.26 (Table 2), 
for the composite sample of the raw sewage. The analysis showed that the pH of 
the influent has a very narrow variety in both the acidic and alkaline range; the 
acidic nature of the influent could have been as a results of discharge from acid 
based compounds/chemicals, from SME/industries, homes that are linked to the 
treatment plant or discharged into open drains connecting into the treatment fa-
cility. The alkaline range of influent water, this is probably because of discharge 
from homes using detergents, soaps, creams etc. The close pH range values rec-
orded indicates a less retention time for treatment as long as pH is not so severe 
to completely stop the bacterial metabolism generating CO2 (acidic gas) as 
by-product. pH values of effluent from the UASB reactors ranged from 6.77 - 
7.82, maintaining almost a neutral range. PH values recorded ranges from 7.71 - 
8.09, 7.62 - 8.32 and 7.88 - 8.22 for the composite of effluent from the trickling 
filter, the final settling tanks and the final effluent discharged. Unlike the initial 
works that was done [2] which reported pH values of influent being higher than 
the final effluent even though it is within the range of 6 - 9. It was seen in this 
work that measured pH values were consistently increased by between 0.3 and 
0.9 units giving relatively stable daily, weekly and monthly average pH effluent 
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between 7.94 and 8.14 (Table 2). This observation is consistent with the works 
of Belhaj and coworkers [7]. 

3.2. Temperature (˚C) 

In order to maintain the optimal performance of full scale UASB plant or acti-
vated sludge plant, Solid Retention Time (SRT) should be changed with temper-
ature in a dynamic way. The average temperature ranged recorded was 25.38˚C, 
24.06˚C, 23.44˚C, 23.6˚C and 24.49˚C indicative of influent, effluent from the 
UASB reactors, effluent from the tricking filter, final settling tank effluent and 
the final effluent respectively, the plant can be classified as being operating at 
low temperature range of 20˚C - 23˚C and or moderately high temperature thus 
less than 28˚C. This temperature range phenomenon is consistent with the pre-
vious work [2]. BOD5 and nitrification are optimally achieved at given SRT with 
respective variation of days over maximum and low temperature ranges. Re-
search work has indicated that high water temperature decreases the solubility 
gas and increases the photosynthetic rate of algae and aquatic plants. This phe-
nomenon has the potential of leading to increased plant growth and algal 
blooms [18] [19]. It is also alerted that a general change in water temperature 
can affect the general health of aquatic organisms as organisms become stressed 
in too hot or too cold temperatures while their resistance to diseases and pollu-
tants becomes lowered [18] [20]. The values recorded for each treatment units 
falls within the Ghana Environmental Protection Agency (EPA) permissible 
guideline and it is also in consonance with the work of Alabaster and Lloyd [21] 
which reported that natural inland waters in the tropics have temperature rang-
ing between 25˚C and 35˚C.  

3.3. Electrical Conductivity (EC) 

The EC of water, like TDS, is an indicator of total salt content of the water [22]. 
Electrical conductivity values recorded ranged from 1333 - 1879 µS/Cm, 100 - 
2084 µS/Cm, 1409 - 1984 µS/Cm, 1213 - 2084 µS/Cm and 100 - 2012 µS/Cm in-
dicating raw sewage (influent), the effluent from the UASB reactors, effluent 
from the Trickling filter, the final effluent settling tank and the final effluent re-
spectively. The value recorded for the final effluent met EPA Ghana guideline for 
waste water discharge of 1500 µS/Cm. The previously reported work did not 
highlight the conductivity status of the influent-effluent characteristics. Even 
though the EC met the guideline, the effluent water is highly saline due to the 
level of the conductivity. 

3.4. Turbidity and Total Suspended Solids 

Turbidity values recorded ranged from 391 - 858 NTU and 12 - 39 NTU for the 
composite of influent and effluent respectively. High turbidity range is as a result 
of suspended solids in the form of organic constituents in the waste water. High 
turbidity values were significantly reduced throughout the various process stag-
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es, getting effluent values to be within the acceptable value of EPA guideline of 
75 NTU. The final effluent being discharged yielded an average of 20.71 NTU 
(Table 2), the obtained value shows significant improvement as compared to 
Awuah & Abrokwa research [2] conducted in 2008 with recorded final average 
effluent value of 122 NTU (Table 1). 

Reduction in turbidity values is as a result of degrading of organic by microbi-
al organisms in the waste water. Total solids values recorded ranged from 100 - 
1300 mg/l and 100 - 400 mg/l for the composite of influent and final effluent re-
spectively. The overall removal efficiency of the plant from the influent to the 
final effluent was 96.6% (Table 2) and this was also seen to be higher than that 
reported in the previous work [2] (Table 1). 

3.5. Colour 

Average colour recorded was 191.3 TCU for the final effluent discharge (Table 
2). The value obtained falls within the EPA acceptable limit of 200 TCU guide-
lines. Previous research conducted [2] did not report on such parameter. The in-
itial average influent colour value recorded was 5389 TCU, colour being organic 
material that has dissolved into water, it could be said that most dissolved or-
ganic materials were reduced significantly by the various treatment units of the 
plant. 

3.6. Dissolved Oxygen (DO) 

Dissolved oxygen values ranged from 0.00 - 0.28 mg/l and 1.02 - 3.07 mg/l for 
the composite of influent and effluent respectively. UASB reactors recorded 
 

Table 1. Characteristics of sewage at the different stages and comparison of effluent with EPA Ghana 2000, guidelines. 

Parameter 
Final influent 
mean values 

UASB reactor 
effluent 

Trickling filter  
effluent 

Final settling tank 
effluent 

Final  
effluent mean  

values 

Total  
efficiency of  
the plant (%) 

EPA Ghana 
guidelines,  

2000 

pH 8.96 ± 0.98 6.7 ± 0.19 7.51 ± 0.13 7.5 ± 0.14 7.45 ± 0.14 - 6-9 

Dissolved oxygen (mg/l) 0.46 ± 0.26 0.58 ± 0.21 5.26 ± 0.32 4.24 ± 1.08 4.24 ± 1.08 - - 

Turbidity (NTU) 1923 ± 646 265 ± 44 207 ± 62 125 ± 50 122 ± 5e0.27 - 75 

Total solids (mg/l) 3200 ± 2571 1011 ± 130 1038 ± 135 966 ± 94 958 ± 93.78 68.8 - 

COD (mg/l) 3173 ± 1528 340 ± 74 310 ± 69 145 ± 21 146 ± 20.62 94.4 250 

BOD (mg/l) 1206 ± 397 73 ± 16.2 42 ± 114 23 ± 5.7 23 ± 5.74 98.1 50 

Ammonia-nitrogen 
(mg/l) 

4.3 ± 1.73 19.6 ± 2.4 7.9 ± 1.4 2.6 ± 0.7 2.6 ± 0.68 39.5 1.5 

Nitrate-nitrogen (mg/l) 29 ± 2.82 6.0 ± 1.6 16.6 ± 2.5 22.1 ± 0.83 22.1 ± 0.83 23.8 0.1 

TKN (mg/l) 52.6 ± 4.11 93.1 ± 6.5 60.7 ± 2.25 43.1 ± 1.2 43.1 ± 1.15 17.4 - 

Phosphate-phosphorus 2.31 ± 0.14 1.03 ± 0.17 1.47 ± 0.53 0.5 ± 0.14 0.5 ± 0.14 78.3 2 

Faecal  
coliform (No./100ml) 

9.2 × 105 ±  
1.1 × 105 

2.0 × 105 ±  
4.9 × 104 

1.2 × 105 ± 
1.8 × 104 

2.15 × 102 ±  
16.31 

2.16 × 102 ± 
16.31 

99.9 10-100 

Source: Awuah and Abrokwa, 2008 [2]. 
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Table 2. Characteristics of sewage at the different stages and comparison of effluent with EPA Ghana guidelines—(Observation 
time: 6 am-5 am). 

Parameter 
Influent  

(Raw sewage)  
mean values 

UASB reactor  
effluent 

Trickling filter 
effluent 

Final settling  
tank effluent 

Final effluent  
mean values 

Total  
efficiency of  
the plant (%) 

EPA Ghana  
guidelines,  

2000 

pH 7.00 ± 0.26 7.17 ± 0.34 7.93 ± 0.92 7.96 ± 0.15 8.04 ± 0.10 - 6-9 

Temperature (˚C) 25.38 ± 1.89 24.06 ± 2.58 23.44 ± 2.28 23.6 ± 2.46 24.49 ± 1.99 - ˂30 

Conductivity (µS/Cm) 1591 ± 176.7 1977 ± 280 1729 ± 234 1655 ± 319 1383 ± 428 - 1500 

Dissolved oxygen 
(mg/l) 

0.05 ± 0.08 0.25 ± 0.26 1.49 ± 0.72 1.62 ± 0.46 1.76 ± 0.70 - - 

Turbidity (NTU) 607.3 ± 143 122.9 ± 21.73 60.11 ± 30 19.43 ± 5.9 20.71 ± 7.0 96.6 75 

Total solids (mg/l) 740.4 ± 313 340 ± 140 314.3 ± 128 300 ± 133 260.3 ± 101 64.8 50 

COD (mg/l) 1483 ± 750 252 ± 81 246 ± 116 129.3 ± 56 129.9 ± 53 91.2 250 

BOD (mg/l) 2095 ± 294 68.21 ± 9.26 36.12 ± 4.22 27.59 ± 6.9 23.88 ± 4.50 98.8 50 

Oil and grease (mg/l) 19.62 ± 0.7 9.84 ± 0.7 3.38 ± 0.4 2..09 ± 3.5 3.77 ± 0.3 0.54 ± 0.5 5 

Colour (TCU) 5389 ± 307 2496 ± 20 252.1 ± 47 193 ± 11.16 162.3 ± 13.4 97.0 200 

Ammonia-nitrogen 
(mg/l) 

66.88 ± 4.10 307.9 ± 17.19 121.7 ± 21.68 39.57 ± 3.94 37.73 ± 4.14 43.6 1 

Nitrate-nitrogen 
(mg/l) 

354.6 ± 49.53 70.65 ± 1.08 195 ± 10.11 253 ± 31.81 253.2 ± 35 28.6 50 

Sulphate (mg/l) 375.5 ± 53.4 112.7 ± 29.2 79.57 ± 6.8 69.13 ± 6.9 65.53 ± 5.45 82.5 200 

Phosphate-phosphorus 36.83 ± 4.0 7.17 ± 0.34 22.42 ± 0.12 8.18 ± 2.52 6.71 ± 0.63 81.7 2 

Faecal coliform 
MPN/100ml) 

8.9 × 105 ±  
0.7 × 105 

2.7 × 105 ±  
0.4 × 104 

2.6 × 105 ±  
0.4 × 104 

3.02 × 102 ±  
16.31 

3.78 × 102 ±  
16.31 

99.6 400 

 
values ranging from 0 - 0.83 mg/l and 0.62 - 2.86 mg/l was recorded for the 
trickling filters. The analysis showed low DO values for the influent and this can 
be attributed to high microbial load in the influent waste water that has utilized 
maximum amount of the oxygen. The flow of waste water through sewered net-
work could also result in the low DO values. Increased DO values in the UASB, 
trickling filters and the final effluent are as results of reduction in the microbial 
load in the waste water and the flow of effluents through open channels. High 
DO values recorded in the effluent is an indication of good effluent quality with 
respect to DO and can be discharged into the environment without causing any 
health implications. The observed trend with respect to this parameter is consis-
tent with the previous work reported [2]. 

3.7. Chemical Oxygen Demand (COD) 

Composite samples of influent (raw sewage) and effluent COD from the UASB 
recorded ranged from 760 - 3600 mg/l and 110 - 400 mg/l respectively. The in-
fluent samples showed high values of COD; influent and effluent values showed 
wide variance as a result of high efficiency of the UASB reactors in removing 
organic material from the waste water. The removal efficiency of the UASB 
reactors was 88.9% which is higher than the removal efficiency stated by Awuah 
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& Abrokwa [2] with stated COD removal efficiency of 86%. This is a primary 
outcome of the activated sludge duo recycle that ensures maximum anaerobic 
sludge is actively present in the bioreactors. The trickling filters further reduced 
the COD concentrations, recording ranged figures of 80 - 400 mg/l with removal 
efficiency of 27.3%. The final effluent value recorded ranged from 40 - 200 mg/l 
which indicates a removal efficiency of 50% for the final settling tanks. The final 
effluent values meet the EPA guideline and it is consistent with the work re-
ported earlier [2]. Even though it meets the guideline, the overall removal effi-
ciency of the plant was seen to be 91.2% (Table 2) which is lower than values 
recorded in the earlier work [2] as shown in Table 1 to be 94.4%. The decrease 
in the efficiency is attributed to the relatively low COD values of the influent that 
was received coupled with high variations between the minimum and the max-
imum recorded values during the study. 

3.8. Biological Oxygen Demand (BOD) 

Values recorded for BOD were 1950 mg/l, 79 mg/l, 45 mg/l and 27 mg/l for the 
influent (raw sewage), UASB, Trickling filter and the final settling tank effluent 
respectively. The various treatment units of the plant significantly reduced the 
BOD concentrations. The final effluent quality is very much desirable as it falls 
within the EPA required regulation of 50 mg/l and this is consistent with the 
earlier work [2]. Even though, the obtained BOD values for the two research 
works meets the EPA guideline, the overall BOD removal efficiency of the plant 
in this work is 98.8% (Table 2) and is noted to be higher than values recorded by 
the previous work [2] which was stated to be 98.1% (Table 1). 

3.9. Phosphate-Phosphorus 

Taking note of Table 2, the average values recorded for phosphate were 36.8 
mg/l, 7.171 mg/l, 22.42 mg/l, 8.18 and 0.20 for the raw sewage, UASB reactors 
effluent, trickling filters effluent, final settling tank effluent and final effluent re-
spectively. The final effluent value does not meet EPA recommended effluent 
limits. Due to the rich nutrient recorded as phosphate, it would be a surrogate 
measure of available nutrient uptake if the effluent is to be use in irrigation in 
order to promote an integrated nutrient management approach in agriculture. 
This point of using it in irrigation was highlighted in the previous work as well. 
However, the current management of the plant are using part of the effluent to 
water the lawns within the plant premises. On the other hand, research work 
conducted by Nthlumbi [23] indicates that high phosphate can stimulate a rapid 
growth of photosynthetic algae and cyanobacteria resulting in eutrophication. 
Eutrophication also has the potential to increase treatment cost. It is not sur-
prising that, work conducted by Akoto [24] shows that high level of phosphate 
in treated drinking water for a certain community in the suburb of Kumasi in 
Ghana has sewage as a potential source whiles Akpali [25] highlighted drains 
rich in detergents being the contributing factors of high phosphates. 
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3.10. Ammonia-Nitrogen 

Ammonia-nitrogen recorded mean values of 66.88 mg/l for the influent, 307.9 
mg/l for the UASB reactors effluent. It was observed that there was an increase 
in the monitored NH3-Nvalues for UASB reactors, this observation was noted in 
the previous work conducted [2]. It is being suspected that, the anaerobic condi-
tions of the UASB reactors could have seen some form of nitrification in the 
process. Average values recorded in the Trickling filters, final settling tank and 
final effluent were; 121.7 mg/l, 39.57 mg/l and 37.73 mg/l respectively. It was re-
vealed that the final average effluent value reduced by 43.6% but could not meet 
the EPA effluent discharge guidelines. This observation was consistent with the 
work reported earlier [2] (Table 1). Although concentrations recorded for am-
monia exceeded the EPA guideline, the obtained efficiency of 43.6% (Table 2) 
was higher than what was recorded in the previous research work [2] (Table 1, 
Table 3). 

3.11. Sulphate  

Presence of Sulphate even in low concentrations has the potential to pose serious 
cathartic effect on humans. The adverse consequence of the presence of sulphate 
can also be mention on its ability to increase salinity and inhibits some advanced 
waste water treatment processes. Sulphate recorded mean values of 375.5 mg/l 
for the influent, 112.75 mg/l in the UASB reactor effluent. The removal efficien-
cy for the UASB reactors was 70%. Values recorded for other process parameters 
was, 79.57%, 69.13% and 65.53% for trickling filter effluent, final settling tanks 
effluent and final effluent respectively. The overall sulphate removal efficiency of 
the plant was 82.5%. The final effluent discharge value falls within the recom-
mended acceptable EPA limit of 200 mg/l. The results obtained from the plant 
can be said to be very good. Previous literature on the plant [2] did not report on 
such findings (Table 1, Table 3). 

Considering all the nutrients monitored, the effluent had nitrate to be very 
high in concentration followed by sulphate in all the samples monitored over-
time and the nutrient concentrations were found to be in the order: 3

4PO −  < 
NH3 < 2

4SO −  < 3NO− . This observed trend of nutrient in water where the anio-
nic nutrients were found to be higher than ammonia is consistent with the work 
of Akoto [26] on treated drinking water except for phosphate that was lower. 

3.12. Faecal Coliform 

The use of Faecal indicator organisms (FIO) have been extensively used to eva-
luate water quality by many researchers, some have historically led to the public 
health protection concepts [2] [7] [10] [11] [12] [27]. The ranged values for 
faecal coliform recorded are 8.9 × 105 - 1.0 × 103, 1.5 × 103 - 2.0 × 103, 3.5 × 103 - 
4.5 × 103 and values less than 400 (MPN/100 ml) for the influent, UASB reactor 
effluent, trickling filter effluent and the final settling tank effluent respectively. 
The various treatment units achieve a significant reduction in the faecal coliform 
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Table 3. Summary of final effluent discharge of the previous work and this work and 
comparison with EPA Ghana guidelines. 

Parameters Awuah & Abrokwa (2008) This Work EPA guideline 

 FINAL EFFLUENT  

pH 7.45 ± 0.14 8.04 ± 0.10 6-9 

Temperature (˚C) - 24.49 ± 1.99 ˂30 

Conductivity (µS/Cm) - 1383 ± 428 1500 

Dissolved oxygen (mg/l) 4.24 ± 1.08 1.76 ± 0.70 - 

Turbidity (NTU) 122 ± 5e0.27 20.71 ± 7.0 75 

Total solids (mg/l) 958 ± 93.78 260.3 ± 101 50 

COD (mg/l) 146 ± 20.62 129.9 ± 53 250 

BOD (mg/l) 23 ± 5.74 23.88 ± 4.50 50 

Oil and grease (mg/l) - 0.54 ± 0.5 5 

Colour (TCU) - 191.3 ± 46 200 

Ammonia-nitrogen (mg/l) 2.6 ± 0.68 37.73 ± 4.14 1 

Nitrate-nitrogen (mg/l) 22.1 ± 0.83 253.2 ± 35 50 

TKN (mg/l) 43.1 ± 1.15  - 

Sulphate (mg/l) - 65.53 ± 5.45 200 

Phosphate-phosphorus 0.5 ± 0.14 6.71 ± 0.63 2 

Faecal coliform MPN/100 ml) 2.16 × 102 ± 16.31 3.78 × 102 ± 16.31 400 

 
removal contributing to the low value obtained in the final effluent. The most 
critical microbial load in waste water is faecal coliform counts and the resultant 
final load in the effluent was found to be less than 400 MPN/100 ml as provided 
by the Ghana EPA guideline. The overall removal efficiency of the plant was 
99.6%. 

4. Conclusions 

• The overall performance of the various treatment units after renovation of 
the treatment plant was satisfactory. 

• Almost all of the monitored physico-chemical and microbiological parame-
ters met the Ghana EPA guidelines except ammonia-nitrogen, phosphate and 
suspended solids which exceeded the regulations guidelines. 

• Final effluent discharge from the treatment plant into the Korle-Lagoon may 
not cause health risks or any environmental related problems. 

• The plant performance is currently higher (after renovation) than the one 
reported in literature before the renovation. 

• The effectiveness of the rehabilitated Mudor waste water treatment plant is a 
wakeup call for political will to be candled and invest in the area of sanitation 
especially in the rehabilitation of the existing WWTP that have not been op-
erational for several years now in the country. 
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• The efficiency of the plant is also a confidence build up in the handlers of the 
plant (Sewerage Systems Ghana Ltd.) capabilities to rehabilitate and operate 
sewage and waste water treatment plants in Ghana. 
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