
 
 

 
 

 

 

 

 

 

 
 
 
 

 

 
 

 
 



ABSTRACT 

Pharmaceutical pollution in irrigation water – A Minor Field Study in Chirapatre Estates in 
Kumasi, Ghana 
Jenny Andersson & Therese Wesström 

In Ghana, wastewater is frequently used as a source of irrigation water for crops in urban 
areas, due to water scarcity and an increasing population growth. The water contains high 
amounts of nutrients, but also other unwanted constituents such as heavy metals, pathogens 
and pharmaceutical residues and is a potential health risk for the consumers. This study aimed 
to determine the status of pharmaceutical pollution in irrigation water used in Chirapatre 
Estates, a suburb to Kumasi, Ghana. Chirapatre Estates is located on a hill sloping towards a 
stream, with a network of sewer lines connected to a Waste Stabilization Pond (WSP).   

Problems regarding disposal of pharmaceutical waste, frequently used medications in the area 
and water quality of irrigation water was analyzed through interviews and water analysis. The 
interviews were made with households, farmers and pharmacies and the water samples were 
collected at farms and the maturation pond, the final treatment in the WSP. The analysis 
focused on the water quality parameters; pH, Chemical Oxygen Demand (COD), Total 
Suspended Solids (TSS), total phosphorus, phosphate, total nitrogen and nitrate.  

The empirical study showed high use of malaria treatment medication and paracetamol for 
adults as well as children. No instructions of disposal of unused medications were expressed 
through the pharmacy or by the government, causing the majority of the inhabitants to dispose 
their leftovers in the trash. One can speculate that there might be a possible risk of finding 
some pharmaceutical residues in the aquatic environment, especially for the types of 
pharmaceuticals that can be persistent. The results indicated that the water quality from the 
WSP and at the farming sites was acceptable when compared to the Ghana Environmental 
Protection Agency (EPA) guidelines, except for TSS and total phosphorus. Further treatment 
of the water is still suggested, since adjacent farms use the water frequently and the EPA 
guidelines are not fulfilled. Future studies are recommended to establish the pharmaceutical 
residues present in the stream water. 
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1. INTRODUCTION 

In sub-Saharan countries in Africa, crop irrigation with wastewater is increasing at a high rate 
to ensure food security and provide livelihood opportunities for farmers, as well as sustain 
valuable water and nutrient resources (Abdulai et al., 2011; Owusu et al., 2012; WHO, 2006). 
According to the World Health Organization (WHO) (2006), the driving force of using 
wastewater for agricultural use in urban areas in Africa is due to an increasing population 
growth, increasing water scarcity and degradation of fresh water resources. The Millennium 
Development Goals (MDGs), agreed by the United Nations General Assembly, have two 
goals related to wastewater irrigation; “Goal 1: Eliminate extreme poverty and hunger” and 
“Goal 7: Ensure environmental sustainability”, which also contribute as a driving force for the 
intense wastewater use in Africa (WHO, 2006).  
 
Ghana is one of the countries in Africa where wastewater irrigation has been intensified to 
meet the demand of the increasing population (Abdulai et al., 2011; Amoah et al., 2006). 
According to Ghana Statistical Service (GSS) (2013) the population is approximately 24.7 
million and has an annual growth rate of 2.5 %.  50.9 % of the population lives in urban areas, 
in cities continuously growing in both size and population. The major challenge for Ghana in 
the MDGs is the sanitation aspect in MDG 7, where problems are found with poor toilet 
facilities and lack of regulations regarding disposal of liquid and solid waste (GSS, 2013a). 
Improvements of toilet facilities are in slow progress and it is estimated that 18.7 million 
people in Ghana would be without improved toilet facilities by 2015 (GSS, 2013a).  
 
Due to an increasing population growth in combination with insufficient sanitation facilities, 
streams are polluted by untreated wastewater (Abdulai et al., 2011; Owusu et al., 2012). The 
streams in Ghana serve as a major source of irrigation water for crops in urban areas, which 
results in potential risk to human health. The water contains a high amount of nutrients, but 
also other unwanted constituents such as heavy metals, pathogens and pharmaceutical 
residues. There is a widespread use of pharmaceuticals in Ghana, yet the knowledge about the 
status and fate of the residues is limited. The usage and disposal of pharmaceuticals affects 
both the environment and human health, since pharmaceutical residues can accumulate and 
remain in the aquatic environment for a long time (Sasu et al., 2011). This raises a concern 
regarding the status of pharmaceutical residues in plants and soils irrigated with wastewater 
and therefore further studies are needed. Due to the water scarcity, farmers practice 
wastewater irrigation, which makes this an environmental and public health issue with 
harmful effects for the farmers, the consumers and the environment.  
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2. OBJECTIVES 

The main objective of this study was to investigate the status of pharmaceutical pollution in 
wastewater used for irrigation in Kumasi, Ghana, through interviews and water analysis. 
 
The study aimed to answer the following questions: 

• What is the status in handling pharmaceutical waste at pharmacies and in households? 
• What are the most commonly prescribed and used medications? 
• What is the quality of the irrigation water, in terms of nitrogen, phosphorus, pH, TSS 

and COD? 

3. LIMITATIONS  

The study was limited to analyze one study area with adjacent farms, due to limitations in 
time and resources. Laboratory equipment was transported from Sweden to Ghana to avoid 
additional fees at local lab facilities, and therefore the resources were limited. Also, some of 
the water samples had to be transported to Sweden for further analysis, which limited the 
number of samples collected in field. It would have been preferable to do a replica of the 
study to enable a comparison between different areas in Kumasi, but the amount of water 
samples needed could not be collected and analyzed with the available resources. The selected 
parameters for water quality analysis in Kumasi were easy to conduct in field and at a 
laboratory with limited resources. Extensive water analysis in Ghana would require further 
assistance and additional costs, which could not be achieved within the budget.  

The focus was to analyze domestic wastewater in the chosen study area, and no further 
analysis of effluents from hospitals or pharmaceutical industries have been considered in this 
study. By performing interviews with approximately every other house in the area, the 
empirical study aimed to include 50 % of the population. This method enabled a full 
geographical coverage of the estate in the available timeframe and with assistance from a 
translator.  
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4. BACKGROUND 

This following chapter is a review of the relevant literature and research in wastewater 
irrigation, waste management and pharmaceutical residues in the environment.  

4.1 WASTEWATER IRRIGATION 
800 million people practice urban agriculture around the world, where 200 million are market 
oriented farmers using irrigation water of poor quality (Qadir et al., 2010). Urban agriculture 
and peri-urban agriculture are examples of specialized small scale farming systems, formed 
due to a rapid increase of people living in urban areas (Amoah, 2008). Peri-urban agriculture 
provide consumers with fresh vegetables with a higher nutrient content, compared to 
vegetables transported and stored for a long period of time (Amoah, 2008). Furthermore, it 
generates job opportunities for people with low income, both men and women, and improving 
their living conditions.  
 
In Kumasi, a majority of the farmers are men, while the women are in charge of the sales and 
marketing (Keraita et al., 2002; Amoah, 2008). In 2002, the estimated amount of farmers in 
the Kumasi area was 15,000 during the dry season (Keraita et al., 2002). The farms are dense 
along streams to enable irrigation of the crops grown, mostly vegetables (Amoah, 2008). 
According to Obuobie et al. (2006), irrigation enables year-round intensive production, 
meeting the demands for an increasing urban food market. The production corresponds to  
90 % of the vegetables sold in the urban area, including tomatoes, spring onions, lettuce, 
cabbage and carrots.  
 
Several factors affect the selected irrigation method used by a farmer, such as water quality, 
finances and labor availability (Qadir et al., 2010). Manual irrigation with cans and buckets is 
the dominating method used, since it is the cheapest alternative and suitable for fragile 
vegetable beds (Keraita et al., 2002; Qadir et al., 2010). It is a convenient and simple 
irrigation method used in urban areas, where water is collected directly from surface water 
such as streams and diverted streams or ground water from springs and dug-out wells near the 
field (Obuobie et al., 2006). Since water is applied directly on the crop surface this method 
increases the risk for contamination by pathogens. Methods with water applied near the roots 
of the crop, such as drip irrigation, result in less pathogen contamination (Keraita et al., 
2002). Farmers in urban and peri-urban areas in almost all developing countries frequently 
use wastewater as the source of irrigation water, as there are no other alternative sources 
(Qadir et al., 2010; WHO, 2006). This is an efficient and economical way to avoid water 
scarcity and reuse nutrients, which otherwise could pollute the natural water bodies (Amoah, 
2008).  
 
Manures, fertilizers and pesticides are commonly used among the farmers and contribute with 
heavy metals to the crops and soils. Irrigation with wastewater can increase the accumulation 
of heavy metals in the soils and additionally in vegetables, causing a health risk for 
consumers. This is confirmed in a study by Lente et al. (2012), where soils irrigated with 
wastewater resulted in slightly higher heavy metals concentrations than soils irrigated with 
groundwater. The health risk for the consumer is less alarming for heavy metals, than the 
ingestions of pathogens.  

In Ghana, a majority of the surface streams used for irrigation are polluted by untreated 
wastewater and inappropriate for agricultural irrigation (Cornish et al., 1999). Untreated 
wastewater contains organisms, such as bacteria, helminthes, protozoa, viruses and pathogens, 
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among others, causing a health risk for both farmers and consumers (Qadir et al., 2010; 
WHO, 2006). Other unwanted constituents are pharmaceutical residues, originating from 
human excretion and incorrectly disposed pharmaceutical waste. Research regarding crop 
quality and consumer health issues caused by pharmaceuticals in irrigation water is limited 
since types, concentrations and levels of pollution have not been studied in Ghana.  

4.2 WASTEWATER TREATMENT  
The water supply in Ghana is highly affected by the absence of sufficient treatment of 
wastewater, with only 3.4 % of the total population connected to a treatment plant (GSS, 
2013b). It is difficult and expensive to maintain large and centralized wastewater treatment 
systems in developing countries, a more sustainable alternative is the flexible decentralized 
treatment systems (Qadir et al., 2010). Due to an increasing population growth in combination 
with insufficient sanitation facilities, in Ghana and other developing countries, nearby streams 
are often polluted by untreated wastewater (Owusu et al., 2011; Qadir et al., 2010). Efforts 
have been made to increase the number of wastewater treatment plants in Ghana, but 
problems with existing infrastructure and socio-economic challenges have prevented the 
development (Amoah, 2008). Out of the 44 existing smaller treatment plants, only seven are 
in use and are struggling to meet effluent standards (Obubie et al., 2006).  

In the city of Kumasi, a total amount of about 20 000 m3 of wastewater is generated daily, 
where households are the main source (Keraita et al., 2003). The two largest treatment plants 
for black water from the households are in Asafo and at Kwame Nkrumah University of 
Science and Technology (KNUST), but they have been out of order for a long time. The 
treatment at KNUST consisted of percolating filters and humus tanks (Figure 1) (Fosu, 2009). 
A study performed by Fosu (2009) showed that the effluent from the treatment plant had high 
levels of Total Suspended Solids (TSS), BOD5, total coliform, E. coli, phosphate and nitrate, 
exceeding the recommended standards from the Environmental Protection Agency (EPA) 
Ghana. The reason for this was mainly due to an excessive hydraulic loading and poor 
operational design. No information about pharmaceutical treatment at the plant was presented 
in the study.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 A part of the non-functional sewage 
treatment plant at KNUST (Photo: Wesström, 2014).  
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Wetlands and ponds can be used as a compliment to the non-functional wastewater treatment 
plants, discharging into surface streams (Keraita et al., 2002). One example is a waste 
stabilization pond (WSP) used in Chirapatre Estate, a suburb to Kumasi. The usage of WSPs 
is a cost-efficient and robust system for water treatment with an efficient reduction of 
pathogenic microorganisms in warm climates (Keraita et al., 2003). A WSP contains several 
treatment processes, such as grit and screening processes, anaerobic ponds, facultative ponds 
and maturation ponds, to treat the water and reduce pathogens (Bernard, 2010). A typical 
anaerobic pond has a depth of 2-5 meters and is fed with wastewater of high organic load. The 
main function of the pond is BOD removal, through sedimentation and anaerobic digestion 
(Yeboah-Agyepong, 2014). A warm climate enables an enhanced anaerobic degradation 
compared to a cold climate (<15°C). Ideally, the hydraulic retention time is between one to 
three days for treatment of municipal wastewater. Further BOD removal is made through 
algal photosynthesis in the facultative ponds. The oxygen production from the algae is later 
used for degradation of organic matter in the bottom layer, an anaerobic process performed by 
heterotrophic bacteria (Yeboah-Agyepong, 2014). The retention time in the 1-2 meter deep 
facultative pond is approximated to be somewhere between 5-30 days. The last treatment step 
in the WSP is the maturation ponds. They consist of an aerobic process, where the primary 
function is to remove excreted pathogens. The required retention time for a maturation pond 
is at least three days for countries with a mean temperature over 20° C (Yeboah-Agyepong, 
2014). The size and number of maturation ponds needed, depend on the demanded effluent 
quality. Peak algae activity and pathogen removal occurs during mid-afternoon, when the 
sunlight is strong and the photosynthesis is most active. During this period, the pH increases 
due to a carbon dioxide consumption and excess of hydroxyl ions, killing pathogens. 

Grey water is transported through drains and gutters into surface streams flowing throughout 
Kumasi (Keraita et al., 2002). The open drainage systems and gutters in Kumasi are often 
filled up with garbage and wastewater, later transported to the nearby streams. Hence the 
urban streams serve as dumping areas for garbage and wastewater (Keraita et al., 2003). 

4.3 PHARMACEUTICAL RESIDUES  

Pharmaceuticals are bioactive chemicals used for several purposes, such as treatment of 
diseases, reducing symptoms and maintaining a good health (Leung et al., 2013; Jones et al., 
2005; Ferreira da Silva et al., 2011). Pharmaceutical residues can be found in effluents from 
sewage treatment plants, surface water, seawater, groundwater, soil, sediment and fish 
(Nikolaou et al., 2007). The presence in the environment can be traced to a high population 
density and a widespread use of self-administrated medications and drugs. Pharmaceutical 
pollution is also caused by insufficient wastewater treatment, incorrect disposal of 
pharmaceuticals in toilets and household waste bins, as well as excretion from urine and 
faeces (Rivera-Utrilla et al., 2013; Hernando et al., 2006). This known environmental 
problem has recently been acknowledged as hazardous to ecosystems due to the potential 
toxicity of pharmaceuticals (Rivera-Utrilla et al., 2013; Leung et al., 2013). Furthermore, the 
potential health risk and concern of the population consuming wastewater irrigated crops is 
growing. 	  

4.3.1 Properties of pharmaceuticals 

To obtain the desired pharmaceutical effects in the body, pharmaceuticals are designed to be 
metabolically stable and to resist biodegradation (Fatta-Kassinos et al., 2011).	   Typical 
properties of pharmaceuticals are low volatility and low persistence, but since high release 
rates overcome the rates of transformation, they are still present in the environment (Nikolaou 
et al., 2007). The most common pharmaceutical residues found in water bodies originate from 
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anti-inflammatory medications, such as salicylic acid, paracetamol, ibuprofen and diclofenac, 
as well as antidepressants, antibiotics, antihistamines, β-blockers and antiepileptic medication 
(Rivera-Utrilla et al., 2013).  

There are several ways of classifying pharmaceuticals. The most common classification is 
according to pharmaceutical purpose and biological activity (Kümmerer, 2009). In other 
cases, it is classified according to the active ingredient of the pharmaceutical, and the 
chemical structure of the small molecules. The chemical structure determines the solubility of 
the compounds and their effect in the environment. Another classification refers to the 
behavior of the compounds and is not appropriate for environmental effects, since different 
chemical structures are gathered within the same group.  

Pharmaceutical compounds are mostly small, polar and complex molecules with different 
functionalities (Kümmerer, 2009). They are mainly excreted from the body as water-soluble 
metabolites in urine and gall, but can also pass through the body unchanged (Jones et al., 
2005; Rivera-Utrilla et al., 2013). When a molecule enters the environment it goes through 
structural changes by biotic and non-biotic processes, such as biotransformation, 
biodegradation, photo transformation and hydrolysis, changing the parent compound into new 
molecules. Recent studies emphasize the importance of these transformations and how they 
affect the environment (Kümmerer, 2009).  Usually the transformations result in a decreased 
toxicity of the degradated by-products. However, it has been shown that the toxicity of the by-
products can be similar and even higher than the original parent compound (Nikolaou et al., 
2007; Kümmerer, 2009), which for instance has been shown for the degradation of naproxen 
(Isidori et al., 2005). There is limited knowledge about the environmental effects and toxicity 
of the multi-component mixtures; the parent compound, transformation products and 
metabolites. The mixtures may have different effects than the single compounds and by-
products (Kümmerer, 2009).  

4.3.2 Pharmaceutical degradation 

Wastewater treatment plants today are not designed to remove pharmaceutical residues from 
the wastewater due to high costs and energy consuming methods (Ferreira da Silva et al., 
2011). According to Jones et al. (2005) several pharmaceutical compounds pass untreated 
through the wastewater treatment plants polluting the aquatic environment. The most 
important process for removal of dissolved pharmaceuticals is the aerobic and anaerobic 
biodegradation	  (Jones et al., 2005; Nikolaou et al., 2007).	  Studies performed by Al-Ahmad et 
al. (1999) showed that a reduction due to biodegradation was found for penicillin G, with  
27 % removed after 28 days. However, the antibiotics cefotiam, ciprofloxacin, ofloxacin, 
metronidazole, meropenem and sulfamethoxazole had no biodegradation. Similar studies 
performed by Henschel et al. (1997) determined an existing biodegradation of salicylic acid 
and to some extent of paracetamol, while clofibrinic acid and methotrexate showed no 
biodegradability.  

Exposure to direct sunlight can also result in degradation for some pharmaceuticals in aquatic 
environments (Jones et al., 2005). According to studies performed by Bartels and Tümpling 
Jr. (2007) diclofenac was almost fully diminished in the top layer of the water column after 
two weeks of UV-radiation. This has also been proven by Andreozzi et al. (2003), where 
diclofenac and sulfamethoxazole showed a fast photoreduction with a half-life of 5 
respectively 2.4 days. A decreased amount of pharmaceuticals in the environment can also be 
an indication of sorption to soil particles. Sorption of antibiotics depends on the amount of 
free and suspended particles, pH, soil organic matter and soil minerals (Thiele-Bruhn, 2003).  
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4.3.3 Pharmaceuticals in the environment 
Biosolids from wastewater treatment plants and animal wastes are reported as the main input 
of pharmaceutical residues in terrestrial environment (Ying et al., 2002). Drugs with acidic 
properties, high log Kow, hydrophobic compounds and low volatility are likely to adsorb to 
soil and sludge.	   A study performed by Sabourin et al. (2012) analyzed the uptake of 
pharmaceuticals and hormones in vegetables fertilized with municipal biosolids. The study 
was conducted in a greenhouse and aimed to analyze 118 pharmaceuticals, 17 hormones and 
6 parabens in crop samples. The results indicated a low potential uptake of pharmaceutical 
residues into vegetables under normal farming conditions, despite a variety of chemical 
properties of the residues and the type of vegetable grown. Another study made by Jjemba 
(2002) concluded from in vitro experiments that several commonly used therapeutic agents 
affect plants. Experiments were also made in soils resulting in a varied phytotoxicity, a toxic 
effect on plant growth, for different species. Similar studies have been made by Migliore et al 
(1998) where crop plants accumulated pharmaceutical residues at different rates depending on 
the type of crop. The study showed a higher rate of uptake in the root of the plant than in the 
foliage. Pharmaceuticals can also have a negative effect on plant development, either from 
direct damage to the plant or by affecting soil organisms and accordingly change the 
conditions for the plant-microorganism symbiosis (Chander et al., 2005). The antimicrobial 
effects caused by the residues reduce the amount of soil organisms, resulting in changed soil 
conditions and slower reuse of nutrients (Migliore et al., 1998) 

Pharmaceuticals, as well as pesticides and surfactants are synthetic organic chemicals, often 
classified as endocrine disruptive, affecting living organisms’ function and reproduction 
(Nikolaou et al., 2007; Vajda et al., 2011). The polarity and non-volatile properties of some 
pharmaceuticals prolong the presence in the aquatic environment, making it an important 
environmental issue. Despite the degradation of pharmaceuticals and relatively short half-
lives, the continual addition of residues from wastewater into aquatic ecosystems make the 
organisms “pseudopersistent” (Hernando et al., 2006). Studies performed by Vajda et al 
(2011) showed that male fish exposed to effluents from a wastewater treatment plant in 
Boulder, Colorado, were demasculinized due to endocrine disrupting chemicals. Initially, the 
reproduction was functioning but rapid reduction in sperm abundance, nuptial tubercles and 
dorsal fat pads were established, which are important factors for the territorial and spawning 
behavior of fish. Another study has shown an accumulation of diclofenac in the liver and 
kidney of fish (Schwaiger et al., 2004).  

4.4 WASTE MANAGEMENT  

The domestic waste management is controlled by the Kumasi Metropolitan Authority (KMA), 
which is responsible for public health and environmental sanitation (Keraita et al., 2003). The 
industries, however, are responsible for their own waste management. The KMA is not 
supportive of wastewater irrigation since it is endangering the health of the consumers. They 
agree that vegetable farming in urban areas is important for the economy, though it should be 
under better health circumstances (Keraita et al., 2003; Amoah, 2008). 
 
According to the United Nation listing, healthcare waste is considered the second most 
hazardous waste, and therefore the handling and disposal of pharmaceutical waste should be a 
prioritized issue (Sasu et al, 2011). No specific regulations have been decided upon regarding 
the handling of pharmaceutical waste and wastewater irrigation in Kumasi (Sasu et al., 2011). 
Although, in Accra, Ghana, where regulations prohibiting wastewater irrigation exist, no 
significant changes have been made (Keraita et al., 2003; Amoah, 2008). 
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In order to minimize the amount of pharmaceutical residues the environment, a drug-return-
program enables a control of pharmaceutical waste management (Sasu et al., 2011). The aim 
of the program is to motivate customers to return unused, leftovers and expired medications to 
pharmacies or hospitals (Sasu et al., 2011). These policies have been adapted by several 
European countries, Canada and some states in the USA (Lubick, 2010). In Accra, the 
Disposal of Unused/Unwanted Medicines Program (DUMP) enables patients to return their 
unused medications to the Trust hospital.  

A literature review by Kümmerer (2009) indicated that there is a need for education in proper 
disposal of expired and unused medications. The study also reviewed the different ways of 
disposal in general, where burning of the pharmaceuticals is better for the environment 
compared to landfills. The effluent from landfills, if not treated, can pollute surface and 
groundwater.  

4.5 WATER QUALITY 
To measure water quality several parameters can be considered. The following section will 
review the relevant parameters for the study.  

4.5.1 Water quality parameters  
Chemical Oxygen Demand (COD) indicates the level of water pollution. The analysis is 
performed through oxidization of a known volume water sample and a known volume of 
highly acidic oxidant under high temperature. The reduction of the oxidant volume 
corresponds to the organic matter in the water sample (Lidström, 2012).  

Total suspended solids (TSS) are a measure of the amount of suspended solids present in 
wastewater. TSS is a relevant measure of the pollutant load, since organic matter and harmful 
substances to the human health, such as trace metals, adsorb on to sediments and transport 
them in the aquatic environment (Lidström, 2012). A high value of TSS could indicate an 
insufficient wastewater treatment, with an incomplete sludge settlement during the 
sedimentation stage (Agyemang et al., 2013).	  

Phosphorus and nitrogen are essential nutrients for plant production in aquatic ecosystems, 
where increased levels can result in eutrophication and decreased oxygen levels (Gücker et 
al., 2006). The source of phosphorus can be either organic or inorganic, depending on the 
origin of the wastewater, such as poly- and ortho phosphorus, where polyphosphate is easily 
dissolved to the stable orthophosphate (Lidström, 2012). The most important source of 
phosphorus is human excreta, while urine is the dominant source of nitrogen in wastewater. 
75 % of the total nitrogen concentration in wastewater consists of ammonia, but also nitrate, 
nitrite and organic nitrogen can be found (Lidström, 2012). Nitrite and nitrate form during 
nitrification in aerobic conditions, both in wastewater stabilization ponds and in the recipient. 
Nitrate converts to nitrogen gas during denitrification, which is an anoxic process that can 
occur in both sediments and water.  A study performed by van Kessel (1977) showed a 
natural reduction of nitrate, 56 % after 800 m of transport in surface waters, mainly due to 
denitrification in sediments, but also due to immobilization of nitrate by phytoplankton. The 
Ghana Environmental Protection Agency (EPA) has decided on recommended guidelines for 
these parameters in effluents reaching water bodies (Table 1).   
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Table 1. The recommended guidelines for effluent water by Ghana Environmental Protection 
Agency (EPA, 2000) 

Parameter EPA guidelines  
TSS 25mg/l 
pH 6 - 9 
COD 250 mg/l 
NH3-N 1 mg/l 
Total - N 75 mg/l 
Total - P 2 mg/l 
 

4.5 THE STUDY AREA 
The chosen study area, Chirapatre Estates, is a part of the larger Chirapatre, situated in the 
suburbs of Kumasi. Kumasi is the capital of the Ashanti region and the second largest city in 
Ghana with two million inhabitants (GSS, 2013a). An estimated population size of Chirapatre 
is 14,993 inhabitants (Vodounhessi & von Münch, 2006), while in Chirapatre Estates the 
population size has not been officially recorded but is estimated to be 1800 inhabitants 
(Yeboah-Agyepong, 2014). The climate in the Ashanti region is tropical, with an average 
temperature of 28° C, and is categorized as wet subequatorial climate with two rainy seasons, 
March-July and September-November (Keraita et al., 2003; Yeboah-Agyepong, 2014). 
Kumasi has an annual rainfall of 1484 mm, with an average rainfall of 20 mm in January and 
234 mm in June (Kumasi Climatemps, 2014). 

Chirapatre Estates is located on a hill sloping towards a stream, with a network of sewer lines 
connected to a WSP. There are four farms within a distance of 2 km from the WSP, utilizing 
the stream water for irrigation of vegetables (Figure 2). Storm water and grey water from 
Chirapatre Estates is directed to the WSP through an open drainage system (Figure 3). During 
the rainy seasons, there are often heavy rains resulting in runoff transporting garbage and 
eroded material to the ponds. An improper control of livestock in the Estate might add to the 
pollution of the runoff. All households in the Estates have a water toilet connected to the 
sewer lines, transporting the black water directly to the WSP. Therefore all pharmaceutical 
residues will end up in the WSP, enabling a full analysis of the contribution of the population. 
Few areas in Kumasi have this type of sewer line system and water treatment.  
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Figure 2 View of Chirapatre Estates (red), waste stabilization pond (blue) and adjacent farms (yellow) (Google Earth, 
2014; BBC Radio World Service, 2014). 

	  

Figure 3 The open drainage system in Chirapatre Estates (Photo: Wesström, 2014).  

A pick-up truck collects garbage continuously from the households at a fee of ca 1 USD and 
transports it to the main landfill site in Kumasi. Many of the collecting bins are of poor 
quality with broken exteriors, which can cause leakage of liquids and possible pharmaceutical 
residues, during heavy rains (Figure 4). Scattered garbage can be found throughout the area 
since it is of common behavior to dispose trash just outside ones property. Another alternative 
is to burn the garbage, due to low waste collection coverage and to avoid the pick-up fee, 
which also adds to the garbage pollution of the area. 
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Figure 4 Unmaintained collecting bins outside a household in Chirapatre Estates (Photo: Wesström, 2014).  

There are three pharmacies in Chirapatre Estates; one vendor of herbal medicines and 
medicinal ointments while the others offered both prescription drugs and non-prescription 
drugs. However, one of the regular pharmacies was at the time of the study not in business.  

The treatment in the WSP begins with grit and screening processes, where large and heavy 
solids are separated from the wastewater. This is followed by one anaerobic pond, two 
facultative ponds and two maturation ponds, before discharging into the nearby stream 
(Figure 5 & 6). The last maturation pond in Chirapatre Estates has a total surface area of  
225 m2 and an average depth of one meter close to the inlet and half a meter close to the 
outlet.  

	  

Figure 5 View over the waste stabiization pond in Chirapatre Estates.  
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5. METHOD 

An empirical study was made where two questionnaires were constructed to gather 
information from households and pharmacies regarding for example the types and dosages of 
pharmaceuticals and the disposal methods used in the area. Additionally a questionnaire 
directed to the local farmers was made to establish for example type of irrigation water, 
volumes of water used and usage of pesticides and fungicides. Semi-structured interviews 
containing a majority of open-ended questions were used to collect information from each 
respondent group (Appendix 1-3). A pre-test of the questionnaires was performed with four 
households in Ayigya, Kumasi, in order to improve the structure of the interviews. A total of 
90 households were interviewed in the study area, representing 50 % of the households in 
Chirapatre Estates. Also, three farmers working in the most adjacent farms to the Estate and 
two pharmacies were interviewed. All interviews were performed with a translator who was 
familiar with the area and the spoken languages.  

To analyze water quality, conventional pollutants and pharmaceutical residues present in the 
nearby stream used for irrigation, water samples were collected at six different locations 
(Figure 7). The first sample location was situated upstream the WSP, near a small chalk 
production site. The second location was a farm situated downstream the WSP where water 
was collected both from the main stream as well as a diverted stream. Due to this, two 
different locations were analyzed for this farm. The third location was at a farm using 
irrigation water from a diverted stream, downstream the WSP, mixed with surface water. 
Lastly, two samples were collected at the inlet and outlet of the final maturation pond of the 
WSP to analyze the effluent water, since it was the most accessible pond contributing with 
water to the stream.  

 

Figure 6 The main stream flowing adjacent to Chirapatre 
Estates (Photo: Wesström, 2014). 	  
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Figure 7 Map over sampling locations for water analysis (marked with an x), with approximately 2 km distance 
between the pond outlet and Farm 3.  

Water samples were collected four times during a period of one month; 7th of July, 21st of 
July, 28th of July, 31st of July and 4th of August. Ammonium and pH were measured with an 
interval of two weeks (7th of July, 21st of July and 4th of August). Furthermore, additional 
analysis of total suspended solids (TSS) was performed for these water samples. At the last 
three field visits, water samples were collected in 50 ml test tubes containing sulfuric acid 
(95-97 %) for preservation, which was put in a fridge and later was analyzed at SLU in 
Uppsala, Sweden for COD, phosphate, total phosphorus, nitrate and total nitrogen. 
Furthermore, water samples were collected in 100 ml tubes, which were frozen, to enable 
pharmaceutical analysis at SLU. Since the COD analysis had to be made within 28 days, the 
collection of these water samples was restricted to the three last field visits.  

The ammonium test (Aquamerck, 1.11117.0001), a colorimetric determination with color card 
and sliding comparator, was performed in field within one hour from collection.  Three drops 
of three given NH4- reagents were added and mixed with 5 ml of water. A blank water sample 
and the sample with the reagents were inserted into a sliding comparator and placed on a color 
card. The comparator was slid along the color scale until the closest possible color match was 
achieved between the two open tubes, viewed from above. Lastly, pH was determined with 
pH-indicator strips (MColorpHast, 1.0953.0001) by placing a strip into the water sample 
before drying and comparing with a color card.  

TSS was analyzed in laboratory facilities at KNUST the same day as the collection of the 
water samples. For each water sample, three filtrations were performed in order to obtain an 
average value of TSS. Each filter was weighted on a scale (aeADAM) with a four decimal 
accuracy before being placed between a beaker and a flask, connected to a pump (Figure 8). 
A clip held the filter in place when 50 ml of wastewater was filtered through the device. The 
electrical pump removed the air from the flask and forced the water to pass through the filter 
and into the flask. 
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When all water had passed through the setup, the filter was dried at 105 ˚C for one hour and 
weighed again. The amount of TSS was then calculated with equation 1.	   

𝑇𝑆𝑆 = !"#$!!  !"#$  !"#$%&!!"#$!!  !"#$%  !"#$%&
!"#$%&

    (1) 

The COD-analysis was made at SLU in Uppsala with a COD cell test (Spectroquant) and a 
photometric method with the interval 10-150 mg/l. Two ml of each water sample was added 
to a test tube and mixed in an analogue vortex mixer before heating during two hours in  
148 °C. Lastly, the samples were scanned in a spectrophotometer (340 nm) (NOVA 60, 
MERCK) to determine the COD.  

Due to high costs and limited time frame the planned PPCP-analysis had to be cancelled. 
Additional analysis regarding total nitrogen (N-tot), nitrate (NO3-N), phosphate (PO4-P) and 
total phosphorus (P-tot) were made. The water samples used were the test tubes with water 
and acidic content, previously used for COD-analysis. Initially a digestion of total nitrogen 
was performed with Crack Set 20 (Spectroquant). 10 ml of wastewater was added to a test 
tube, a microspoon of reagent 1 was added before mixing. Six drops of reagent 2 was added 
then mixed again, before heating during two hours at 120 °C. The digested solution of N-tot 
was used to perform the nitrate test (Spectroquant). This test was also used to determine NO3-
N of the water. Four ml of reagent 1 was added to a test tube, with 0.5 ml of wastewater and 
0.5 ml reagent 2. The now hot content of the test tubes were left to cool for ten minutes before 
scanning in the spectrophotometer. The test kit was set to analyze concentrations higher than 
1.0 mg/l. For the phosphorus analysis a digestion kit Crack Set 10 (Spectroquant) was used. 
10 ml of wastewater was added to a test tube, one drop of reagent 1 was added before mixing. 
One dose of reagent 2 was added and the solution was mixed again, before heating during one 
hour at 120 °C. The digested solution of P-tot was used to perform the phosphate test 
(Spectroquant). This test was also used to determine PO4-P of the water. Five ml of the 
sample was added to a test tube with five drops of reagent 1 and then mixed. One microspoon 
of reagent 2 was added and left to stand for five minutes, before scanning in the 
spectrophotometer. The test kit was set to analyze concentrations higher than 0.05 mg/l. 	    

Figure 7 Laboratory setup for TSS analysis 
at KNUST (Photo: Wesström, 2014).  
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6. RESULTS 

In the following chapter, the results from the empirical study and the water analysis of the 
irrigation water are presented.  

6.1 PRE-TEST OF QUESTIONNAIRES  

After conducting a pre-test of the household questionnaire, it was revised and updated to 
obtain relevant answers about the pharmaceutical intake and disposal in the study area. For 
instance, some of the questions regarding wastewater management were unnecessary, since 
the wastewater treatment was the same for every household in the study area. Some of the 
questions were changed in order to receive truthful and elaborated answers from the person 
being interviewed. For example a question regarding chronic diseases was changed to address 
general health problems. Initially the questionnaire could be perceived as insensitive to 
private matters regarding family health, which resulted in modest answers. Also, families 
were sometimes gathering around the interviewer and some of the respondents were unwilling 
to participate in the study, which complicated the interview procedure. The interview process 
was performed in a way to enable trust, by introducing the project and its scientific value. See 
appendix 1 for the updated version of the questionnaire used in the study.  

6.2 HOUSEHOLD INTERVIEWS 

The households were selected randomly, with a visit to approximately every other house in 
the area. Interviews were conducted with 90 households and included 478 persons. Since all 
households are connected with sewer lines to the WSP, the black water contribution is from 
approximately 1000 people. 76 % of the respondents were female and 24% were male, with 
an average age of 43 years. The majority of the respondents’ level of education was junior 
high school followed by senior high school (Figure 9). Junior high school corresponds to the 
legally required education for students up to 15 years old. Some respondents were unwilling 
to answer about their level of education and a small fraction has been studying at the 
university. A typical household had four to six family members with two to four children.  

 

 

Figure 9 The distribution of the level of education for the respondent of each household. 	  
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A majority of the households disposed of their leftover medicine directly in the trash, 
followed by 30 % who saved them for further use. A small fraction of the households burnt 
their leftovers to avoid costs for collection of trash (Figure 10). No restrictions or guidelines 
of disposal were provided according to the respondents and no evident environmental concern 
was expressed.  

	  

Figure 10 Distribution of disposal of medication according to interviews with households in Chirapatre Estates.  

The most common illnesses in the area were malaria (56 %), body pains (26 %) and high 
blood pressure (11 %). One third of the interviewed households stated that their children had 
been sick recently, where malaria (40 %) or flue/cold symptoms (27 %) were the most 
common illnesses. 71 households out of 90 received medication for their illnesses, resulting in 
a contribution of medical residues to the WSP and nearby stream. The households stated 
malaria treatment and painkillers as the most used medications (Table 2). The most common 
type of medication used for children was malaria treatment (23 %), Paracetamol (23 %) and 
Cough mixture (10 %) (Table 3).  
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Table 2. Complete list of medications used by households in Chirapatre Estates, the treatment 
area for each medication and available dosage specifications 

Type of medication 
 
Treatment area 

Concentration 
per tablet (mg) 

Percentage of 
households (%) 

Arthemeter + Lumefantrine Malaria 80 +480 33 
Paracetamol Head ache/Body pains 500 33 
Multivitamine Vitamine deficiency   14 
Nifedipine High blood pressure 30 8 
Diclophenac Anti-inflammatory 25 7 
Ibuprofen Head ache/Body pains 400 6 
Folic acid Pre-natal treatment 5 5 
Metformin hydrochloride Diabetes  500 5 
Amoxycillin Infections  4 
Metronidazole Antibacterial  4 
Lisinopril Heart disease 20  4 
Eye drops Anti-inflammatory  4 
Aluminiumhydroxid tablets Ulcers, heartburn, dyspepsia  500 3 
Amlodipine High blood pressure  10 3 
Aspirin Head ache/Body pain 75 3 
Sulfamethoxazole + trimetoprin Urinary tract infections 400 + 80 3 
Furosemide Heart disease 40 2 
Albenazole Parasitic worms 400 2 
Herbal Medicine Body pain  2 
Bodypain ointment Body pains  2 
Omer Quinine Syrup Malaria  2 
Metyldopa anhydrous High blood pressure 250  2 
Ciprofloxacin Anti-bacterial 500 2 
Tramadol Hydrochloride Body pains 50 2 
Cefuroxime axetil Anti-bacterial 125 1 
Bisacodyl Laxative 5 1 
Ciprofloxacin +Dexamethasone Ear infections  1 
Saline Nasal drops+ 
Metronidazole 

Anti-bacterial 5 ml +125 
1 

Colodium Diarrhea 2 1 
Piroxicam  Anti-inflammatory 20  1 
Phenoxy metyl penicillin Anti-bacterial 125 1 
Spironolactone Heart disease  50 1 
Neomycin sulfate 
+Dexamethasone 

Anti-bacterial  
1 

Mist Magnesium Trisilicate Heartburn  1 
Blood tonic Vitamines and iron defiency  1 

Madam Cathrine Tonic 
Iron and trace element 
defiency 

 
2.17 1 

Anaesthetic Antacid Suspension Heartburn  1 
Gliclazide Diabetes 80  1 
Dexel Diabetes 2 1 
Hydrochlorothiazide Heart disease 150 1 
Indapamide Heart disease 2.5 1 
Candesartan Heart disease 4 1 
Warfarin Blood clots  3 1 
Presinol High blood pressure  1 
Atehexal High blood pressure  1 
Ambroxol hydrochloride  
+Guaiphenesin  

Asthma 30+50 
1 

Glibenclamide Diabetes 5 1 
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Table 3. Complete list of medications used by households with recently sick children in 
Chirapatre Estates, the treatment area for each medication and available dosage 
specifications  
Type of medication Treatment area Concentration 

per tablet (mg) 
Percentage for the 
households with 

recently sick 
children (%) 

Arthemeter + Lumefantrine Malaria 20+120 23 
Paracetamol  Head ache/ Body pains 250 23 
Cough mixture Coughing 5 mg/ml 10 
Quinine Bisulphate 0.5 %  Malaria 5 ml/6 h 7 
Ampicillin  Infections 125 3 
Blood tonic Vitamines and iron defiency  3 
Candesartan cilexil  Heart disease  3 
Cloxacillin Infections  3 
Doxykin + Doxycycline Anti-bacterial 100 + 3 
Flemex - cough syrup Coughing  3 
Ibuprofen Head ache/body pains  3 
Letamol Asthma  3 
Malin  -  3 
Mentholine Cold/Flue  3 
Metronidazole Anti-bacterial  3 
Multivitamin syrup Vitamine deficiency  3 
Multivitavecol Vitamine deficiency  3 
Pocupain Flue/Cold  3 
Prednisolone Anti-inflammatory  3 
Teething mixture Pains  3 
Trisilicates Nutrient deficiency  3 
Vitamine B complex Vitamine deficiency  3 

 

6.3 PHARMACY INTERVIEWS 
The most sold herbal medicines were used to treat malaria and flue symptoms, followed by 
headache, stomach ache and high blood pressure. The interviewed medical pharmacy stated 
medication for malaria and body pains as the most common sold drugs. No bookkeeping was 
made for the amount of sold medicine, which made it impossible to evaluate the sold amounts 
in the area. Furthermore, the interview presented the relevant and most popular medications 
used for treatment of common illnesses (Table 4). These medications are used by both adults 
and children, but at a varied dosage. A typical malaria treatment used for adults is Malar-2 
Forte DS, which are tablets containing 80 mg Arthemeter and 480 mg Lumefantrine taken 
twice a day during three days. For children a typical dosage is 20 mg Arthemeter and 120 mg 
Lumefantrine twice a day during three days.  
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Table 4. The most sold medication at the local pharmacy for common illnesses, with dosage 
for adults 
Illness Medication Concentration per tablet (mg) 
Head ache Paracetamol 500 
Stomach ache Aluminiym Hydroxide  500 
High Blood Pressure Nifedipine 30 
Diarrhea Loperamide Hydrochloride 2 
Flue Paracetamol 500 
Malaria Arthemeter + Lumefantrine 80 + 480 
Diabetes Metformin Hydrochloride 500 
Asthma Theophylline Anhydrous + Ephedrine 

Hydrochloride+Phenobarbitone 
120+11+8 

Body pains Paracetamol+Diclofenac sodium 500+50 

 

No instructions or regulations have been distributed by the government to the pharmacies in 
the area regarding disposal of medical waste. Therefore none of the pharmacies accept returns 
of unused or expired medications from customers and the medical waste from the pharmacy is 
burned.  

6.4 FARMER INTERVIEWS  
The amount of irrigation water varied between the farmers, where one farmer stated that 10-
20 water cans per bed and day was used during the dry season, while another farmer used 40-
50 cans for approximately the same bed size, where one can is approximately 5.6 liter. During 
the rain season the amount used decreases around 50 %. The irrigation occurs both in the 
morning and the evening, prolonging until harvesting day. The water used was in most cases 
from diverted streams from the mainstream with low flow rate, except for one farmer who 
stated that he used a well with spring water for irrigation. According to the farmers, the 
irrigation water had low nutrient load and therefore further addition of fertilizer were needed.  

All interviewed farms had three employees to perform watering and maintenance during the 
crop growth and harvest. The farm size varied between 23-65 beds, with the approximate 
dimensions 2.5 m x 10 m. The types of crops grown in the area were lettuce, cucumber, 
onions, eggplant and cabbage (Figure 11). All three farms use poultry manure, which is added 
prior to planting the crops to enhance the growth and crop yield. Problems with weeds, 
insects, snails and fungus were addressed by adding pesticides, insecticides and fungicides 
during different periods. Due to the intensive watering and humidity, the most acute problem 
at the farms was fungus, managed by adding fungicides 4-5 times a week throughout the 
whole growth period (eight weeks) until harvest. A common fungicide used is Suncozeb, 
containing 80 % Mancozeb with a recommendation of wearing protective clothing. Pesticides 
and insecticides were added during the early stages of growth (first four weeks) with an 
interval depending on the weather. In general, pesticides were added on a five-day interval 
during rain season and one-week interval during dry season. None of the farmers interviewed 
wear protective clothing during the irrigation process, except for rubber boots.  
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Figure 11 A farmer watering a bed of lettuce during rain season, located at farm 2 (Photo: Wesström, 2014).   

6.5 WATER ANALYSIS  
The results of the pH analysis showed a stable and neutral environment for all sampling sites 
during the time period (Table 5). The measured NH4

+ and NH4-N varied slightly over time, 
however the concentration at the sampling sites are in the same range except for farm 2-
diverted stream with a lower value.  

Table 2. Results from water analysis  of pH and NH4-N performed in field  

 

Maturation 
pond inlet 

Maturation 
pond outlet 

Farm 1-
upstream 

Farm 2-
main 

stream 

Farm 2- 
diverted 
stream 

Farm 3- 
diverted 
stream 

pH 
      2014-07-07 7 7 6.5 7 7 7 

2014-07-21 7 6.5 6.5 6.5 6.5 7.5 
2014-08-04 
Mean value 

Standard Deviation 

7 
7.00 

0 

7 
6.83 
0.29 

6.5 
6.50 

0 

6.5 
6.67 
0.29 

6.5 
6.67 
0.29 

7 
7.17 
0.29 

NH4-N 
      2014-07-07 7.8 7.8 7.8 7.8 1.6 5.4 

2014-07-21 7.8 7.8 5.4 5.4 0.8 5.4 
2014-08-04 
Mean value 

Standard Deviation 

5.4 
7.00 
1.39 

7.8 
7.80 

0 

5.4 
6.20 
1.39 

7.8 
7.00 
1.39 

3.9 
2.10 
1.61 

7.8 
6.20 
1.39 

 

The results from the TSS analysis showed a higher concentration of TSS in the pond 
compared to the farm sites, with the inlet concentration similar to the outlet concentration 
(Figure 12). Farm 1, located before the pond effluent discharge, showed a lower concentration 
than the farms further down stream, which all has similar values. The COD analysis for the 
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pond showed little difference between the inlet and the outlet (Figure 13). The farm sites had 
significantly lower concentrations of COD than the pond, with all similar values. In general, 
during the collection period heavy rains occurred, especially between 2014-07-07 and 2014-
07-21 resulting in flooding.  

	  

Figure 12 The TSS concentration for all sampling sites at different sampling dates with calculated standard deviation.  

	  

Figure 13 The COD concentration for all sampling sites at different sampling dates.  

The results from the N-tot analysis showed high concentrations in the WSP compared to the 
farm sites. The farm sites had lower concentrations of N-tot, varying between 0.8 - 4.4 mg/l 
(Figure 14). The nitrate concentration was similar at all concentration sites, varying between 
0.1- 0.4 mg/l (Figure 15).  
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Figure 14 Concentration of total nitrogen at different sampling sites in Chirapatre Estates with calculated standard 
deviation.  

	  

Figure 15 Concentration of nitrate at different sampling sites in Chirapatre Estates with calculated standard 
deviation.  

The results from the P-tot analysis showed similar concentrations of total phosphorus at all 
sampling sites, varying between 0.16-2.86 mg/l, and with high standard errors for the farm 
sites (Figure 16). For the phosphate concentration a similar trend to total nitrogen was found, 
with lower concentration of PO4-P at the farm sites, varying between 0.02 - 0.78 mg/l where 
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the lowest value 0.02 mg/l was outside the measuring range for the spectrophotometer. For 
the pond higher concentrations were found, varying between 2.72-3.18 mg/l (Figure 17).  

 

 
Figure 16 Concentration of total phosphorus at different sampling sites in Chirapatre Estates with calculated 
standard deviation. 

	  

	  

Figure 17 Concentration of phosphate at different sampling sites in Chirapatre Estates with calculated standard 
deviation. 
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 7. DISCUSSION 

Irrigation with stream water mixed with wastewater is common and inevitable in areas with 
water scarcity such as Ghana. It is unlikely that other alternatives will develop in the near 
future, which makes treatment and analysis of irrigation water important. Wastewater 
treatment is low prioritized, with lack of funds and maintenance for the existing treatment 
plants. If the public concern were to increase, it would possibly cause a higher demand on 
clean water and better quality of crops from irrigated farming. The environmental knowledge 
and concern is low in Chirapatre Estates, where few reflections were made regarding the 
treatment and endpoint of their wastewater and refuse. This can also be seen in the disposal of 
pharmaceuticals in the area, where the most used method is direct disposal in the trash. The 
collection of trash is expensive, causing the inhabitants to dispose of their refuse in the 
surrounding environment or burning them directly. The lack of knowledge of pharmaceutical 
residues needs to be addressed through government initiatives, drug return programs and 
information to the public. Chirapatre Estates could serve as an appropriate test area for this 
since there is a uniform way of wastewater collection and, through this study, knowledge 
about the disposal and medication use in the area. Pharmaceutical residues in the aquatic 
environment are a worldwide problem with expensive and insufficient treatment. New and 
easily applicable methods need to be developed to solve this problem.  

Most sold medications in the pharmacy correlate with the stated medications used in the 
household interviews. This indicates that the questionnaire answers were reliable and shows 
the current status of used medication in the area. In this study, pharmaceuticals was not 
analyzed neither in the WSP effluent nor in the irrigation water. In treatment systems like 
WSPs, some pharmaceutical removal might be expected due to adsorption, aerobic and 
anaerobic degradations and exposure to UV light. Conkle et al. (2008) concluded that natural 
treatment systems of wastewater in ponds and constructed wetlands showed a greater 
reduction of some pharmaceutical compounds than conventional plants. Yet, one can 
speculate that there might be a possible risk of finding some pharmaceutical residues in the 
aquatic environment, especially for the types of pharmaceuticals that can be persistent. Our 
argument is based on that all the households in Chirapatre Estates are connected to the WSP. 
The farmers are not using protective clothing while irrigating or any further water treatment 
before application. The pharmaceutical residues may affect the farmers directly and the 
produced plants, since crop plants accumulate pharmaceutical residues in crops (Migliore et 
al., 1998). Since the farmers were in need of additional nutrients and pesticide use for their 
plant growth, further pollution of the water is a possibility and a health risk for the farmers 
and consumers.  

The results from the water analysis showed similar trends with higher concentrations in the 
pond and lower concentrations at the farm sites for TSS, COD, N-tot and PO4-P. This could 
be due to a natural reduction along the river with sedimentation and microbiological activity 
or dilution by the river water. The TSS-values indicate possible transportation of pollutants 
and pharmaceutical residues with the effluent from the pond since organic matter and harmful 
substances, adsorb to sediments (Lidström, 2012). Compared with the recommended 
guidelines of 25 mg/l TSS from EPA, the pond exceeded the concentrations for TSS. The pH 
showed a stable and neutral environment and was in the recommended range (6-9) from EPA. 
For NH4-N, the results showed similar concentrations at all sampling sites, except for the 
diverted stream at farm 2. This phenomenon was only shown for the measurements of 
ammonia, but occurred for all sampling dates. A color test was used in field to determine the 
concentrations with a color chart. Therefore, interpretation of the results can include human 
error. For the COD analysis all the concentrations were lower than the recommended 
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concentrations from EPA of 250 mg/l. The results for the total nitrogen, with higher 
concentrations at the pond compared to the farm sites, could be due to dilution and possible 
denitrification processes in areas with low oxygen concentration, such as farm 1. Compared to 
the guidelines from EPA of 75 mg N/l for effluent water, all the results were acceptable. The 
nitrate concentration showed no clear trend with decreasing concentrations at the farm sites. 
The reason for this could be due to the usage of fertilizers in the area and the fact that the 
water analysis preferably should be made directly after collection. This error may have 
affected all the nitrogen and phosphorus tests. The results from the total phosphorus analysis 
are close to the EPA recommended value of 2 mg P/l, with exceeding values in the pond as 
well as for the farm sites if the error values are considered. The phosphate showed a similar 
trend as previous parameters, due to a possible adsorption to aluminum and iron.  

During the interview process, the need of a translator was inevitable, since the local language 
was used more extensively than the official language, English. This fact could have 
contributed to lost information in the translation process and documentation of answers. One 
other possible error source is the fact that there were two different translators being used 
during the household interviews. Differences in interview technique and the way of 
introducing the project, might have affected the willingness to respond to personal questions. 
The questionnaires were designed to address treatment of chronic and temporary illnesses, but 
the interviews did not include questions regarding preventive treatment such as 
contraceptives. Therefore, it is suggested that a direct and specific question regarding this 
type of medication should be added to future studies, since it is relatively new and sensitive 
issue.  

Due to logistic problems during the first laboratory work, some adjustments had to be made to 
the procedure. For the analysis of TSS, the scale used was only available after the filtration 
and drying of samples. Therefore, a mean value of three filter papers was used as the weight 
for the calculations during the first measurement. This may have affected the results from 
2014-07-07, which showed significantly higher concentrations for TSS compared to the other 
sampling series. The negative values for TSS 2014-08-04 at farm 1 might be due to high 
humidity adding weight to the filter paper prior to drying. However, this was analyzed in 
general with a blank filter paper, which did not indicate a difference in weight before and after 
drying.  

A suggestion for further studies is to compare an oral response with a written reply of the 
questionnaires, to establish if there are any differences in answers from the respondents due to 
different interview techniques. A pharmaceutical analysis of crop, soil and water used in the 
irrigation process would establish how the pharmaceutical residues affect the environment. If 
pharmaceutical residues are present in these media, it is suggested that further and more 
extensive treatment of the water is begun.  

To conclude, the water quality of the river and used irrigation water is acceptable, since 
phosphorus was the only parameter exceeding the EPA guidelines. The water quality in the 
WSP exceeded the EPA guidelines for TSS and phosphorus. The wastewater treatment is not 
prioritized, even though there is a need of additional treatment to improve the water quality. 
Pharmaceutical residues in effluent water are a worldwide problem, where additional research 
and development of treatment plants is needed. In Ghana, the use of wastewater as irrigation 
water can cause additional problems with vegetables polluted with for example heavy metals 
and E.coli bacteria, and can have negative effects on human health. Therefore robust and 
simple ways of treatment are needed to solve these types of problems in countries such as 
Ghana. 
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CONCLUSION 

The results from the study showed that there is a widespread use of pharmaceuticals, mostly 
due to malaria, and the lack of organized drug return programs and waste collection 
contributes to a pollution risk. The water quality from the WSP and at the farming sites was 
acceptable when compared to the EPA guidelines, except for TSS and phosphorus. Further 
treatment of the water is suggested, since adjacent farms use the water frequently and the EPA 
guidelines are not fulfilled. Future studies are recommended to establish the pharmaceutical 
residues present in the stream water.  
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9.  APPENDIX  

9.1 HOUSEHOLD INTERVIEWS  
 

Introduction 
In this area, there are many farms which use wastewater from the stream to irrigate crops. 
Wastewater coming from households is composed of urine, feces and water. The urine and 
feces contains residues of medicines and this means that, medicine ends up in the wastewater, 
which is used for irrigation. In this project, we are studying the occurrence on medical 
residues in agricultural systems irrigated with wastewater (wastewater, soil and crops). 
Therefore, we are collecting data on the drug consumption and disposal at households. 

General Information 

Correspondent Age (            ) and Gender (                                ) 

Level of Education: 

Family size (                  )   

Number of children  (                   ) and age (            ) 

Has anyone in your household been sick recently?  

If yes, what was the disease? 

Or is there any member who has  

(1) Stomach problems? 

(2) High blood pressure? 

(3) Diabetes? 

(4) Epilepsy?  

(5) Heart problem? 

(6) Asthma? 

(7) Malaria? 

(8) Other? (specify) 

Did they receive medicine for that? (yes/ no) 

What type of medication do they take for the treatment of:  

(1) Stomach problems?  

(2) High blood pressure? 

(3) Diabetes? 

(4) Epilepsy?  

(5) Heart problem? 

(6) Asthma? 
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(7) Malaria? 

(8) Other? (specify) 

Do you know the name of the medicine? Can we have a look on the package to register the 

name? 

Do you take this medicine every day?    (Yes/No)  

If yes, how many times? 

Do you know what dosage you take? 

Children 

Were any of the children sick during the last two months? 

If yes, did you take him/her to the doctor? 

What was the disease? 

Did the doctor prescribe medicine to the child? 

What was the medicine? Is it possible to look at the package if available? 

If you did not take the child to the clinic, do you buy medicine from the drug store?  

Disposal  

How do you dispose of unused medication? 

Do you (or have you ever)? 

- Throw them away in the trash? (Yes/No) 

- Flush them down the toilet? (Yes/No) 

- Return them to a pharmacy? (Yes/No) 

- Return them to a hospital? (Yes/No) 

- Save them for future use? (Yes/No) 

 

Have you received any information from your pharmacy on how to dispose of unused 

medication? (Yes/No) 

Have you received any written information with the pharmaceuticals on how to dispose of 

unused medication? (Yes/No) 

Do you know what pharmaceutical residues can do to the environment?  
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9.2 PHARMACY INTERVIEWS  
	  

1. What is the most commonly prescribed/sold medicine and what is the most common 

dosage prescribed for:  

(1) Headache? 

(2) Stomachache? 

(3) High blood pressure? 

(4) Diarrhea? 

(5) Flue? 

(6) Malaria? 

(7) Diabetes? 

(8) Epilepsy?  

(9) Heart or cardiac system? 

(10) Asthma? 

 (11) (Others) 

2. What is the most commonly used /sold medication and what is it used for? 

3. What is the most commonly sold antibiotic? What is the amount that is usually sold? 

4. Can people buy medicine without prescription? Yes/No 

5. Is any information distributed to the customer on how to dispose of unused medication? 

(Yes/No) 

If yes, what information? 

6. Has the local government given any instructions/restrictions of how to handle unused 

medication? (Yes/No) 

7. If medication is returned to the pharmacy, what happens to it? 

8. How many customers have questions/return of unused medicine? 
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9.3 FARMER INTERVIEWS  
 

General information 

Location of the farm:  

Size of the farm:  

Type of crop(s) grown: 

Type of irrigation water: 

(1) Ground water 

(2) Surface water 

(3) Wastewater 

If wastewater is used, what is the source of the wastewater? Or do you know where the wastewater 

comes from? 

How much water is used for irrigation? 

How many times does you water the plants per week? 

Do you know what substances are found in the wastewater (nitrogen, phosphorus (fertilizers), 

pathogens and medical residues? Other chemicals from the farm/household? 

Do you know any risks that come from wastewater irrigation? 

Do you have any sort of treatment of the wastewater before irrigation? 

(1) Pond/ sedimentation? 

(2) Screening? 

(3) Mixing with clean water? 

(4) Aeration? 

(5) None 

What type of fertilizer do you add to increase the yield of the farm? 

Do you have problems with weeds and insects, what do you use to solve these problems?  

When are insecticides and/or herbicides added during the growth period? 

- Before initiated growth? 
- Continuously during crop growth? 
- Before harvesting?  

 

How often do you add insecticide or herbicides? 
 
How much insecticide or herbicides do you add? 

How long before harvest are the substances added? 

Do you wear any protective clothing during irrigation and crop maintenance?  




