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Abstract

Many countries in the developing world face the enormous challenge of effectively handling wastewater generated
in urban centres mainly because population growth and urbanization have outpaced provision of sanitation
infrastructure. The discharge of untreated wastewater poses risks to human health since it contains excreta-related
pathogens as well as other chemical contaminants. The focus of this research was to characterize wastewater
generated from educational institutions in Ghana in order to recommend a suitable treatment method. Wastewater
samples were collected over a three-month period and tested for physicochemical parameters of relevance to
environmental pollution. The bucket and stopwatch method was used to determine the flow rates of the wastewater
generated at the various institutions while all other parameters were determined using standard methods. The levels
of most of the parameters were generally within the recommended guideline values set by the WHO and the EPA
of Ghana. However, chloride, phosphorus and hardness recorded values of 793 mg/l, 79 mg/1 and 18,500 mg/1, far
exceeding their guideline values of 250 mg/l, 2 mg/l and 500 mg/l respectively set by the EPA of Ghana. It is
recommended that some pretreatment should be carried out before discharge of the wastewater. Additionally,
constructed wetlands are suggested as a suitable method of decentralized treatment considering the strength and
flow rate of the wastewater.
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1. Introduction

The term wastewater is primarily is used to refer to any water that has been used for its intended purpose and thus
contains materials added to it during its use. Main activities that result in wastewater generation can be broadly
classified as domestic, municipal or industrial. Other sources of wastewater include streets and parking lots during
a rainstorm and agricultural run-off. Irrespective of the wastewater source, it usually contains contaminants such
as suspended solids, biodegradable matter, dissolved organic compounds, inorganic solids, nutrients, metals, and
pathogenic microorganisms (Mara et al, 2004). The suspended solids in wastewater are primarily organic and
inorganic particles (Michael et al., 2011).

In most developing countries, wastewater is discharged directly into the environment without adequate
treatment, with consequent detrimental impacts on human health, economic productivity, quality of ambient
freshwater resources, and ecosystems in general (WWAP, 2017). Globally, diarrhea remains one of the leading
causes of death in both adults and children (Walker et al., 2013). According to WHO/UNICEF (2012), 70% of the
population of sub-Saharan Africa remains without access to basic sanitation. Although the risk factors for diarrhea
diseases are multi-faceted, an estimated 94% of cases are attributed to environmental factors such as unsafe
drinking water and poor sanitation and hygiene. For example, about 502,000 deaths were associated with
inadequate water in the year 2012 while 280,000 deaths associated with inadequate sanitation in the same year
from a total of 1.5 million diarrhoea related deaths (Pruss-Ustun et al., 2006). In addition, food hygiene
interventions, especially for food that can be eaten uncooked (e.g. salads) remain a challenge especially in low and
middle-income countries (LMICs) where access to sanitation and general hygiene are poor. These interventions
are further complicated in countries where water is scarce, and wastewater is used for agricultural production
(Rousseau & Sharma 2011). An estimated 20 million hectares worldwide are irrigated with wastewater, more of
it with untreated than treated wastewater (Jiménez and Asano, 2008). The use of wastewater in agriculture has
been associated with diarrheal disease and helminth infections in both farmers and consumers.

The overall management objectives of wastewater treatment are associated with the removal of pollutants and
the protection and preservation of our natural water resources. Most modern wastewater treatment facilities have
been developed but very few of such facilities are available and functioning in developing countries. As such,
many countries in the developing world face the enormous challenge of effectively handling large quantities of
wastewater generated in urban centres due to rapid population growth (Nikiema et al., 2013; Awuah et al., 2014).
Attempts to address this problem have mostly proven futile due to a plethora of reasons including lack of adequate
knowledge on the nature of the wastewater generated, financial constrains as well as the requisite skilled labour to
manage the treatment plants (Graham and Polizzotto, 2013; Awuah et al., 2014). To properly handle wastewater,
its characteristics and volume need to be determined in order that a suitable and appropriate treatment method can
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be chosen.

In Ghana, high population growth coupled with rapid urbanization have outpaced sanitation infrastructure
provision, leaving especially the urban poor who constitute 44 per cent of the total population virtually without
sanitation facilities (Keraita, 2002). The lack of sanitary facilities and waste management systems results in the
continuous disposal of untreated wastewater leading to the general pollution of the environment and water
resources in particular (Amuzu, 1997; Boadi and Kuitunen, 2002). As such, the use of wastewater for vegetables
irrigation is becoming very common in most of the cities in Ghana (Amoah et al., 2016). The use of untreated
wastewater, or polluted water in general, poses risks to human health since it may contain excreta-related
pathogens such as viruses, bacteria, protozoan and multicellular parasites, skin irritants and toxic chemicals like
heavy metals, pesticides and pesticide residues (Bos et al., 2012). Wastewater treatment is important in order to
protect public health and also ensure that receiving waters to do suffer oxygen depletion as a result of
eutrophication. According to the 2010 Population and Housing Census (GSS, 2014), wastewater generated in the
Kassena-Nankana East Municipality is not given any kind of treatment due to the absence of a treatment facility.
This has the potential to contaminate surface waters, upper soils and ground water (Norah et al., 2015), with
subsequent environmental and health implications. The aim of the research was to characterize wastewater
generated within the municipality as a first step towards identifying a suitable treatment method. The specific
objectives of our study were: (1) to determine the flow rate and quantity of wastewater generated, (2) to
characterize the wastewater based on its composition and quality, and (3) to propose a suitable wastewater
treatment method. The outcome of this study should provide useful information with regards wastewater
management and also in the broader context of environmental protection.

2. Methodology

2.1 Study Area

The study was conducted in the Kassena-Nankana East Municipality located in the Upper East Region of Ghana.
The municipality lies approximately between latitude 11°10' and 10°3' North and longitude 10°1' West (GSS,
2014).
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2.2 Survey
A survey was done to identify the institutions to be involved in the research and also the points from which the
wastewater samples will be collected. Based on the survey, three institutions: University for Development Studies
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(UDS), Navrongo Senior High School (Navasco) and St John Bosco’s College of Education (Bosco) were selected
for the study. For Navasco, samples were taken from the kitchen wastewater while for UDS and Bosco the samples
were taken from Navoro and Abedi Pele halls of residence respectively. Two samples, one from the point of
discharge and the other at the point where the wastewater is collected, were taken from each institution. The
sampling points were coded as follows: Bosco Sample 1 (BS1), Bosco Sample 2 (BS2), UDS Sample 1 (US1),
UDS Sample 2 (US2), Navasco Sample 1 (NS1) and Navasco Sample 2 (NS2).

2.3 Sampling Procedure

Wastewater samples were collected in the month of May 2018 from the six sampling points. Using a Geographic
Positioning System, locations of the sampling points were recorded and incorporated into the map of the study
area. Discrete samples were collected into 1.5 L plastic bottles. The labelled sampling bottles were rinsed three
times with the wastewater before filling them with the actual samples. All information pertinent to field survey
and sampling was recorded in a bound log book. Samples were conveyed to the laboratory immediately after
collection in an ice chest containing crushed ice in order to maintain a temperature of 4°C so as to prevent any
changes to the chemical composition of the samples.

2.4 Flowrate Determination

Flow rate was determined on-site using the bucket and stopwatch method. A container of a known volume (4L)
was placed under the pipe and all discharge flowed into the container. A stopwatch was used to record the time
taken, in seconds, for the container to get full. The process was repeated four times to obtain an average flow rate.

2.5 Laboratory Analysis
BOD was measured by determining the dissolved oxygen (DO) concentration before and after incubation at 20°C
for 5 days. The BOD is then calculated from the difference between the initial and final DO concentration.
Chemical Oxygen Demand was determined based on the closed tube reflux method. Briefly, Sml of the
sample was transferred into a labeled culture tube and 3ml potassium dichromate solution (digestion solution)
added. 7ml of H,SO, reagent (silver sulphate in sulphuric acid) was added carefully to form an acid layer under
the sample-digestion layer. The tube was tightly corked, shaken and inverted several times to mix completely. The
tubes were then parked in a digester at 150°C and reflux for two hours, and then cooled to room temperature. 1-2
drops of ferroin indicator was added and titrated with standard (FAS) solution until the color changes from blue-
green to reddish brown or wine at endpoint.
All other physicochemical parameters were determined based on standard methods (APHA, 1998) and the
protocols of the laboratory of the Centre for Scientific and Industrial Research (CSIR), Tamale, Ghana.

3. Results and Discussion

3.1 Flowrate

Table 1 below contains the results of the flow rate measurements from the different sampling points.
Table 1. Table showing results of flow rate determination

Institutions Hourly discharge (L/h) Total Discharge (L/d)
Navasco 68.08/hr 408.48/6hrs

UDS 255.96/hr 2047.68/8hrs

Bosco 374.01/hr 1496.04/4hrs

The main source of wastewater from Navasco is the kitchen, which serves the entire student population for
all the meals of the day. Activities such as washing of food stuff, utensils, tables and handwashing contributed to
wastewater generated at the kitchen. At Bosco, the wastewater had its source mainly from the washrooms and so
did not contain much food waste compared to Navasco. Activities such as bathing, washing, scrubbing contribute
to the wastewater generated at the washroom. At UDS, the wastewater had its source from the washroom and the
kitchen. This is because the students undertake cooking activities in their halls of residence, unlike in Navasco and
Bosco where the students are fed from a dining hall. The wastewater flow from all these areas was not consistent
since activities such as bathing and cooking were done mostly in the morning and evening. In particular, the
afternoons recorded the lowest flowrates in all the sampling points as the students were generally out of their halls
of residence.

3.2 Physicochemical Parameters
The levels of the measured physical and chemical parameters are contained in the Table 2 below.
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Table 2. Table showing levels of physicochemical parameters in wastewater samples

PARAMETERS BS1 BS2 US1 US2 NS1 NS2 GHANA EPA

GUIDELINE

Conductivity 993 1,679 | 1,960 | 1,742 | 791 2,949 | 1500

(uS/cm)

Nitrate (mg/1) 0.053 | 0.071 | 0.763 | 0.166 | 0.048 | 0.166 | 75

Phosphorus (mg/1) 30.77 | 1031 2338 |9318 |0.482 |79.78 |2

Alkalinity (mg/1) 1,000 | 1,600 | 1,800 | 1,400 | 1,000 | 1,400 | 1500

Chloride (mg/1) 693 792 594 792 693 693 250

Hardness (mg/1) 18,000 | 15,400 | 17,600 | 16,400 | 18,400 | 18,800 | 500

DO (mg/l) 33.5 35.6 31.0 32.5 30.5 32.5

BOD (mg/l) 14.2 10.7 16.3 14.7 13.2 14.2 50

pH 7.34 6.47 5.86 7.31 6.47 5.11 6-9

3.2.1 Conductivity

The conductivity measurements from the various sampling points were as follows: BS1 and BS2 had 993mg/1 and
1679mg/1 respectively; US1 and US2 had 1640mg/1 and 1742mg/1 respectively; NS1 and NS2 had 791mg/l and
2949mg/1 respectively. Figure 1 gives a graphical representation of these measurements, and the Ghana EPA
guideline (indicated by the red line).
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Fig 1: Figure Showing Conductivity Levels of Wastewater

Generally, conductivity of wastewater is measured to obtain the ability of the water to conduct electrical
current. The values of conductivity generally exceed the Ghana EPA guideline value of 1500mg/l. The high
conductivity levels may be attributed to high concentrations of dissolved ions present in the wastewater. A study
revealed that effluent of conductivity 656.42+192.85 was reduced by 48.3% after treatment using constructed
wetlands (Muzola, 2007). In another study done by Kagya (2011) to determine effluent of two wastewater
treatment system, waste stabilization pond reduced the conductivity of the influent by 49.34% whereas activated
sludge recorded 25.18% removal. A natural method of treatment may be useful for reducing the levels of
conductivity to standards acceptable by the EPA.
3.2.2 Alkalinity
The alkalinity of the wastewater samples ranged from 1000 mg/1 at sampling point BS1 to 1800 mg/I at sampling
point US1. Figure 2 below shows the values of alkalinity measured and the red horizontal line indicates the Ghana
EPA guideline.
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Figure 2. Figure Showing Alkalinity Levels

Alkalinity values were generally within the guideline value of 1500 mg/1 set by the Ghana EPA, except for
sampling points BS2 and US1 were the guideline value was exceeded. According to Jain (2000), higher values of
alkalinity indicate the presence of bicarbonates, carbonates and hydroxide in wastewater. This may be due to the
amount of suspended organic matter, salts of weak acids such as silicates and phosphates. Higher values of
alkalinity are a threat to surface waters.
3.2.3 Phosphorus
The concentrations of phosphorus in the wastewater were consistently above the EPA effluent guideline value of
2mg/l. Samples BS1 and BS2 had 30.71mg/l and 10.31mg/I respectively. These values, when compared to the
Ghana EPA effluent discharge guideline value, are unacceptable. US1 and US2 also had 23.38mg/I and 9.32mg/1
respectively, and NS1 and NS2 had 0.48mg/I and 79.78mg/1 respectively.
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Fig 3. Figure Showing Phosphorus Concentrations of Wastewater.

Although phosphorus is an essential nutrient for plant growth and for biological metabolism, Tjandraatmadja
et al (2010), argue that excessive discharge into aquatic environment can result in excessive algae growth,
eutrophication and the depletion of oxygen in water bodies. According to Salvato et al (2003), phosphorus is
usually associated with plant remains, animal wastes or fertilizer, but other potential sources of phosphates in
wastewater as stated by Tjandraatmadja et al (2010), include cleaning products, cosmetic, medicated shampoos,
food products, feaces and urine. All these sources, as observed at the various institutions have contributed greatly
to the high levels of phosphate in the wastewater. A study on use of close-to-nature treatment methods revealed
that an effluent phosphorus concentration of 12.43+4.46 was reduced by 72% using constructed wetlands (Muzola,
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2007). Kagya (2011), in a similar research on the determination of effluent quality of two wastewater treatment
system, indicated that waste stabilization ponds accomplished 92% removal of phosphorus.

3.2.4 Hardness

Levels of hardness for all the samples collected were above the Ghana EPA guideline value of 500 mg/l, with the
highest value of 18,800 mg/1 recorded at sampling point NS2. Figure 4 below shows the hardness values and a red
horizontal line indicating EPA guideline.
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Figure 4. Figure Showing Hardness Levels of Wastewater.

Generally, hardness of wastewater is measured to obtain the concentration of Calcium (Ca*") and Magnesium
(Mg?") ions. These institutions under study has their water source from groundwater. Also, since the source of the
wastewater is domestic, soaps and salts cleaning might also contribute to the increased in values of the hardness
WHO (2011). A study revealed that after a month of wastewater treatment using a natural treatment method, the
concentration of hardness was reduced by 46.42% (Maharjan, 2017).

3.2.5 Chloride

Levels of chloride in all the samples were above the guideline value of 250 mg/1 set by the EPA of Ghana. In
particular, the sample points where the wastewater collects for Bosco and UDS recorded the highest concentrations
of 792 and 793 mg/l respectively. Fig below gives a representation of these values; the red line indicates the
guideline value.
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Fig 5. Figure Showing Chloride Concentration of Wastewater
Generally, the concentration of chloride in the wastewater should constitute a matter of concern considering
the high levels. Chloride (CI-) as an anion comes from the dissolution of natural salt deposits or contamination by
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activities of humans. It has been reported that high levels of chloride in water used for irrigation (30-100mg/1) can
increase salinity in soil and cause decline in plant yield depending on the characteristics of the soil and the
frequency the irrigation (ANZECC and ARMCANZ 2001). In the study area, the potential sources of chloride
include medicated product, vegetables, processed food, personal care products and cosmetics. A study by Maharjan
(2017) involving the use of phytoremediation to treat wastewater achieved a chloride reduction from 123.5 to 89
mg/1 within a month. This result holds promise for a situation as revealed by the current research.

3.3 Proposal of a Suitable Treatment Method

Wastewater treatment is essential for the maintenance of a healthy society and environment, and this is very evident
especially in developing countries. However, the huge financial commitments associated with the provision of
conventional treatment, coupled with the level of affordability by the people make the provision of such treatment
methods very difficult. Therefore, there is the need for low-cost treatment methods to be adopted. The results from
the characterization of the wastewater samples revealed the presence of the following contaminants; conductivity,
BOD, N, P, Cl, pH, hardness, alkalinity. Most of the samples had conductivity, alkalinity, hardness, phosphorus
and chloride above the permissible limit for wastewater discharge according to EPA Ghana into the environment.
From a general view, the quantity of the wastewater produced by these institutions require pre-treatment before
discharge into the environment to limit pollution. The pollution level in the various contaminants in the wastewater
was greater in Navoro Hall (UDS) followed by Abede Pele Hall (Boscos) and Navasco.

Selecting treatment options for these institutions requires considering factors such as efficiency, cost,
maintenance and sustainability. For developing countries like Ghana and considering the volume and pollutants
levels of wastewater it is recommended that constructed wetland be used for treatment because they are less
expensive to construct, require less energy and low operation and maintenance cost. The municipality has vast
land and temperature favourable for the operation of constructed wetlands. A research conducted on grey water
treatment using wetlands system revealed that BOD, phosphorus, conductivity and nitrates levels were reduced by
88.4%, 72%, 48.3% and 41.9% respectively (Muzola 2007). In a similar study by Asirvadam et al., (2017) on
treatment of grey water using constructed wetland system, constituents such as hardness, BOD and conductivity
in the grey water taken for treatment were successfully reduced by 32%, 67.27% and 66.59% respectively.
Considering the levels of the investigated parameters in this study and the reduction levels reported by these
authors, it is clear that the application of constructed wetlands will be a very cost effective method of providing
some level of treatment before discharge into the environment.

4. Conclusion

In this study, physical and chemical parameters of wastewater from three institutions were analysed for the purpose
of characterizing the wastewater so as to determine a suitable treatment method. In addition, flowrate
measurements were made in order to calculate the quantity of wastewater generated daily from the various
institutions. It was revealed that levels of hardness, alkalinity, phosphorus and chlorides were above their
respective guideline values recommended by the EPA of Ghana. The levels were highest when kitchen wastewater
is combined with wastewater from washrooms. Undoubtedly, the continuous discharge of this untreated
wastewater into the environment poses serious environmental problems especially with regards surface water
quality. These findings are useful for the municipal authorities in determining which method of treatment will be
suitable and appropriate. Also, the regulatory agency should ensure that these institutions perform some level of
treatment before discharge. It is recommended that constructed wetlands should be explored as a way forward
considering the strength and quality of the wastewater. In this respect, research needs to be conducted to identify
a suitable plant for use as the weed bed taking in account the wastewater composition as well as the environmental
conditions pertaining to this ecological zone.
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