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ABSTRACT 

This work examined the effects of domestic wastewater used for irrigation 

of vegetables. Ever increasing population; urbanization and industrialization 

have led to generation and indiscriminate discharge of large volume of water 

from domestic agricultural zones of the country.  Discharged from industries, 

domestic sewage, abattoir, and other non-point sources of pollution with 

high concentration of vegetable farmers using wastewater. The use of 

sewage water for irrigation is a matter of major concern due to the presence 

of toxic metals and other pollutants. Physicochemical parameters of irrigation 

water were observed to be higher than acceptable limits. Consumption of 

vegetables has positive impact on the health of man, the presence of faecal-

indicator bacteria in the irrigation water and vegetable samples suggests 

faecal pollution raising the possibility of the presence of pathogenic 

microorganisms in these vegetables and a threat to public health. It is 

recommended that there is need adequate treatment of effluents before 

discharge. The need for proper disinfection of raw vegetables before 

consumption cannot be overemphasized. 

  



CHAPTER ONE 

1.0 INTRODUCTION 

The population of Nigeria is always on the increase, with the World Bank 

estimating the population of Nigeria to hit over a 300 million in the year 

2035, the gap between the supply and demand for water is widening and is 

reaching such alarming levels that in some parts of the world it is posing a 

threat to human existence. Since 1950 the world population has doubled 

while water consumption has increased six- fold. By 2025, it is expected that 

3.4 billion people will be living in countries defined as water-scarce. Scientists 

around the globe are working on new ways of conserving water. It is an 

opportune time to refocus on one of the ways to recycle water-through the 

use of wastewater for irrigation and other purposes. 

         Wastewater refers to water whose quality might pose a threat to 

sustainable agriculture and/or human health, but which can be used safely 

for irrigation provided certain precautions are taken. It describes water that 

has been polluted as a result of mixing with Waste or agricultural drainage 

(Cornish et al 1999). Pierce and Turner (1990) defined wastewater as water 

that possesses certain characteristics which have the potential to cause 



 
 

problems when it is used for an intended purpose. In this work, it is assumed 

that wastewater may be a combination of some or all of the following: 

• Storm water and other runoff. 

• Domestic effluent consisting of black water (excreta, urine and 

associated sludge) and grey water (kitchen and bathroom 

wastewater). 

• Wastewater from farm houses and fish ponds. 

•  Reserved wastewater from residences. 

•  Water from commercial establishments and institutions, e.g. 

hospitals.  

The main sources of wastewater are domestic and industrial. As a general 

rule 80-85% of water used is wasted (Spore 2002). 

 



 

 Plate 1: Vegetables farm irrigated with domestic wastewater Ghana 

 Source: PEASEY A (2000) 

Statement of the Problem 

Wastewater use in crop production is not without some risks. The main risk 

associated with wastewater irrigation is infection with intestinal helminthes. 

Also, depending on the source of the wastewater it might contain chemical 

pollutants and heavy metals that can accumulate in the soil and crops 

thereby posing a threat to human health. However, a major drive towards 

wastewater use is the fact that it contains high levels of nutrients, reducing 

the need for and cost of fertilizers. Consequently, many farmers using 

wastewater are better able to support themselves and their families and 

often create extra employment (Spore 2002). Furthermore, the continuous 

demand for certain crops especially vegetables has increased the need to 



 
 

cultivate these crops all year round. This in effect leads to the dependence 

on wastewater during the dry seasons or during periods of drought. Also, 

due to the light water requirement of some crops, the use of wastewater to 

augment the freshwater, if any, becomes inevitable. In many areas, the few 

freshwater supply stations (boreholes) are owned by individuals, and the 

water is sold to others who cannot afford to set up one. In such a situation, 

the resource poor farmers are forced to resort to a cheaper alternative – 

wastewater. However, unregulated use of wastewater poses some risks to 

human health and the environment. Because of these risks, the prevailing 

scientific approach to wastewater irrigation advocates treatment before use. 

But the reality is that many developing countries lack the resources to build 

and maintain treatment facilities. 

Objectives of the Study 

1. To evaluate the use of domestic waste water for irrigation of 

vegetable crops. 

2. To evaluate the health implications of domestic waste water for 

irrigation of vegetable crops. 

 



Significance of the Study 

This study will be of immense benefit to other researchers who intend 

to know more on this study and can also be used by non-researchers 

to build more on their research work. This study contributes to 

knowledge and could serve as a guide for other study. 

Scope of the Study 

This study is on the use of domestic waste water for irrigation of 

vegetable crops was conducted in Accra and Kumasi in Ghana. 

Limitations of the study 

Financial constraint: Insufficient fund tends to impede the 

efficiency of the researcher in sourcing for the relevant materials, 

literature or information and in the process of data collection 

(internet, questionnaire and interview). 

Time constraint: The researcher will simultaneously engage in this 

study with other academic work. This consequently will cut down on 

the time devoted for the research work. 

 

 



 
 

Definition of Terms 

Waste Water: Wastewater is any water that has been contaminated 

by human use. Wastewater is "used water from any combination of 

domestic, industrial, commercial or agricultural activities, surface 

runoff or stormwater, and any sewer inflow or sewer infiltration". 

Irrigation: Irrigation is the artificial process of applying controlled 

amounts of water to land to assist in production of crops. Irrigation 

helps to grow agricultural crops, maintain landscapes, and revegetate 

disturbed soils in dry areas and during periods of less than average 

rainfall. 

 Vegetable Farming: Vegetable farming is the growing of vegetables 

for human consumption. The practice probably started in several 

parts of the world over ten thousand years ago, with families growing 

vegetables for their own consumption or to trade locally. 

  



CHAPTER TWO 

LITERATURE REVIEW 

Introduction 

There is increasing food demand in many cities in resource-poor countries 

due to the rise in urban populations. While commodities like cereals can be 

transported from rural areas to urban areas, perishable crops like vegetables 

lose their market value during transportation, as refrigeration facilities are 

scarce in Africa. Most vegetables are therefore grown in and around cities to 

maintain their freshness and nutritional value. In many West African cities, 

more than 90 percent of vegetables consumed are grown within cities 

(Drechsel, Graefe, Sonou, & Cofie, 2006). In Accra, the capital city of Ghana, 

about one thousand farmers are involved in this practice, and daily, about 

200,000 Accra residents consume the vegetables that these farmers produce 

(Obuobie, Keraita, Danso, Amoah, Cofie, Raschid-Sally, & Drechsel, 2006). 

Though largely informal, this practice is now an important means of attaining 

urban food security and sustaining the livelihood of many urban dwellers in 

resource-poor countries.  



 
 

  Vegetables have high water requirements and need to be irrigated on 

a daily basis; therefore, vegetable farming requires constant availability of 

water. Unfortunately, in Ghana as in many other developing countries, urban 

water bodies are heavily contaminated with untreated wastewater (Amoah, 

Drechsel, & Abaidoo, 2005). This is because many cities in resource-poor 

countries lack the capacity to effectively collect and treat wastewater. In 

Ghana, most wastewater that farmers use is from domestic sources, as 

industrial development is limited and localized, so most contamination is of 

a microbiological and not chemical nature (more of pathogens than heavy 

metals) (Drechsel et al., 2006). A recent survey suggests that in and around 

three out of four cities in the developing world, wastewater without any 

significant treatment is used for irrigation purposes (Raschid-Sally & 

Jayakody, 2008). In many cases, farmers have no other option for irrigation 

beyond using these water sources of marginal quality. In any case, these 

sources are affordable and reliable, thus enabling cultivation of vegetables 

throughout the year.   

  However, the use of untreated wastewater from domestic sources in 

irrigation is known to transmit excreta-related diseases as it has high levels 



of pathogenic microorganisms such as bacteria, viruses, parasitic worms, 

and protozoa (Blumenthal, Peasey, Ruiz-Palacios, & Mara, 2000). The groups 

most affected by this issue are consumers of wastewater-irrigated produce 

and farmers who are in contact with wastewater. This practice has therefore 

raised public health concerns, and for this reason policy-makers do not 

support peri-urban and urban agriculture. Nevertheless, with increasing 

global water scarcity, urbanization, and related food demands in growing 

cities, irrigating crops using the available marginal-quality water is expected 

to continue. Appropriate strategies for reducing health risks are therefore an 

absolute and urgent necessity to make the practice beneficial and more 

sustainable. In Ghana, the national authorities are well aware of the 

challenge offered by wastewater use in agriculture, and Ghana’s National 

Irrigation Policy encourages research on safe irrigation practices for irrigated 

urban and peri-urban agriculture using wastewater (MOFA-GIDA, 2011).   

  Over the years, conventional wastewater treatment has been widely 

acknowledged as the ultimate measure for reducing health risks in irrigated 

agriculture. However, wastewater treatment levels in many developing 

countries are low, with subSaharan Africa treating less than 1 percent of its 



 
 

wastewater (World Health Organization [WHO] & UNICEF, 2000). 

Recognizing this limitation, there is increasing advocacy for other measures 

that could be more appropriate for risk reduction in developing countries. 

For example, the 2006 WHO wastewater guidelines encourage the use of a 

multiple-barrier approach by combining health protection measures to 

reduce health risks in order to meet required health-based targets (WHO, 

2006).  

 Since the level of conventional wastewater treatment is low in Ghana, as it 

is in many developing countries, the focus has been on prioritizing affordable 

and easily adoptable safe re-use practices. Although the long-term goal of 

integrated wastewater management will always be to move from the 

unregulated use of untreated wastewater to the regulated use of treated 

wastewater, the medium-term strategy should be to apply the most effective 

intermediate options for risk management along the “farm to fork” 

(production to consumption) pathway. Related costs are likely to be low in 

comparison with constructing, operating and maintaining conventional 

wastewater treatment plants, not to mention in comparison to the costs of 

recovering from any wastewater-related epidemics. In addition, water- and 



food-related health risks require a comprehensive approach as wastewater 

is not the only source of contamination. Guided by this philosophy, initiatives 

in Ghana were undertaken to test and monitor the application of a set of 

intermediate options for risk reduction. A number of institutions supported 

by FAO and WHO have been working with farmers and other stakeholders 

to develop and implement on-farm and off-farm safe re-use practices for 

wastewater-irrigated vegetable farming in urban environments. Below we 

present an overview of safe re-use practices and key lessons learned, based 

on studies we and others did to test risk-reduction measures in wastewater 

agricultural production and marketing systems in Ghana.  

Wastewater, excreta and greywater use  

More than 10% of the world’s population consumes foods produced by 

irrigation with wastewater. The percentage will be considerably higher 

among populations in low-income countries with arid and semi-arid climates. 

Both treated and untreated wastewater are used directly and indirectly (i.e. 

as faecally contaminated surface water) for irrigation in developed and less 

developed countries. In places where untreated wastewater or highly 

contaminated surface water is used for irrigation, health and environmental 



 
 

problems of the same nature and magnitude as those associated with direct 

wastewater use in agriculture may arise. Overall, population growth will be 

the main driving force for a further demand on water resources. There is a 

growing recognition that the production of wastewater will increase as an 

outcome of continued urbanization and that wastewater needs to be better 

incorporated into the overall management of water resources. 

The traditional use of excreta in agriculture and aquaculture has occurred 

for centuries and continues in many countries. In urban and periurban 

agriculture in less industrialized countries, the use of untreated faecal 

sludges (i.e. from the contents of on-site sanitation systems such as 

unsewered family and public toilets and septic tanks) is widespread. The vast 

majority of urban dwellers in these countries is served today and will be 

served in the future by such installations; hence, adequately treating these 

sludges by appropriate methods to attain safe biosolids or compost 

constitutes a crucial goal for improving public health. On-site sanitation 

systems not requiring off-site haulage and treatment, such as double-pit 

latrines with or without urine diversion (which are being promoted in rural 

and periurban settings in recent years), may also contribute to safeguarding 



public health. Systems that divert wastes into streams (e.g. urine and faeces) 

often require less water to operate and are increasingly being seen as 

alternatives to waterborne sewerage — especially in arid/semi-arid regions. 

These systems should be managed in such a way as to reduce the potential 

for disease transmission and maximize the beneficial use of resources. 

Waste-fed aquaculture occurs mostly in parts of Asia. The intentional use of 

wastewater and excreta in aquaculture is declining due to urbanization, 

which reduces the amount of land available for ponds, and the switch to 

high-input aquaculture, which is not compatible with traditional waste-fed 

practices. The unintentional use of wastewater, excreta and greywater in 

aquaculture is probably increasing, because surface waters used for 

aquaculture are increasingly polluted with human waste, and overall 

aquacultural production is growing. 

These trends may vary locally. Policy formulation, harmonization and 

adjustment call for a sound analysis of relevant trends in the local context 

and of the locally viable options for risk management solutions. This 

information should be the basis to develop decision-making criteria and 

procedures around the use of wastewater, excreta and greywater in 



 
 

agriculture and aquaculture. Adequate investment in trend analysis is a 

critical starting point to obtain optimal harmonization and avoid perverse 

policies. 

Benefits of wastewater 

Wastewater, excreta and greywater are increasingly used for agriculture and 

aquaculture in both developing and industrialized countries. The principal 

forces driving this increased use are: 

increasing water scarcity and stress;  

• expanding populations, with increasing environmental pollution from 

improper wastewater disposal;  

• recognition of the resource value of wastewater, excreta and greywater. 

It is estimated that within the next 50 years, more than 40% of the world’s 

population will live in countries facing water stress or water scarcity 

(Hinrichsen, Robey & Upadhyay, 1998). Growing competition between 

agriculture and urban areas for highquality freshwater supplies, particularly 

in arid, semi-arid and densely populated regions, will increase the pressure 



on this resource. More fresh water is abstracted and used in agriculture in 

arid and semi-arid countries than for any other purpose (i.e. for domestic 

uses and industrial uses combined). In many cases, it is better to use 

wastewater, excreta and greywater in agriculture than to use higher-quality 

fresh water, because crops benefit from the nutrients they contain. Thus, 

wastewater, excreta and greywater can help to meet water demand and 

allow the preservation of high-quality water resources for drinkingwater 

supplies. 

Most population growth is expected to occur in urban and periurban areas in 

developing countries (United Nations Population Division, 2002). Population 

growth increases both the demand for fresh water and the amount of wastes 

that are discharged into the environment, thus leading to more pollution of 

clean water sources. The use of wastewater, excreta and greywater in 

agriculture and aquaculture can act as a low-cost treatment method that 

increases food production to supply growing urban and periurban 

populations. More use of wastewater, excreta and greywater will occur in 

urban and periurban agriculture, because this is where the wastewater is 

generated and available and where the demand for food is highest. 



 
 

Wastewater, excreta and greywater are often reliable year-round sources of 

water, and they contain the nutrients necessary for plant and fish growth. 

Irrigation with wastewater can, in most situations, supply all the nutrients 

required for crop growth. The value of these substances has long been 

recognized by farmers worldwide. Their direct use in agriculture and 

aquaculture is a form of nutrient and water recycling, and this often reduces 

downstream environmental impacts on water resources and soil, as well as 

potential health impacts on downstream communities. The water and 

nutrient resources help people to grow more food without the costs of using 

more fertilizers. The reliability of the water supply means that crops can be 

grown year-round in warm climates. It also represents an important asset in 

situations where climate change will lead to significant changes in patterns 

of precipitation. The use of wastewater, excreta and greywater will be an 

important component of a package of coping strategies in areas affected by 

such change. 

Policies to promote the beneficial application of wastewater, excreta and 

greywater should first of all operate at the national level. The policy 

framework should link environmental and health protection policies with food 



security and consumer protection policies to attain maximum health benefits 

in terms of improved nutrition while reducing health risks related to 

infectious diseases. Bilateral and multilateral development agencies, too, 

should formulate and implement policies aimed at promoting the safe use of 

wastewater, excreta and greywater in agriculture and aquaculture, as an 

integral part of their goals in the conservation and management of natural 

resources and the reduction of poverty. 

Health implication of irrigation of vegetables with domestic waste 

water Human Health Risks 

The health risks most studied in the context of the use of wastewater, 

excreta and greywater are those associated with excreta-related infectious 

diseases. The evidence base is less extensive for the transmission of vector-

borne diseases and schistosomiasis through reuse activities. The health risks 

for each category (i.e. agriculture, aquaculture and general excreta and 

greywater use) are described in the subsections below. 

The planning and development of projects for the use of wastewater, excreta 

and greywater in agriculture and aquaculture should include a health impact 



 
 

assessment or an environmental impact assessment with a sound health 

component. National environmental/health impact assessment policies 

should explicitly refer to this type of project and the associated risks in the 

screening criteria they list. Scoping of such projects for impact assessment 

should include the identification of vulnerable groups. Three different 

community groups are at risk from wastewater, excreta and greywater use 

activities in agriculture and aquaculture: 

farm or pond workers (and their families, if they all participate in the activities 

or live at the site where the activities take place);  

• local communities in close proximity to activities, and people who otherwise 

may have contact with fields, ponds, wastewater, excreta, greywater or 

products contaminated by them;  

• product consumers. 

  



CHAPTER THREE 

METHODOLOGY 

Study Area   

The studies were conducted in Accra and Kumasi, the two largest cities in 

Ghana. In these cities, vegetables are grown all year round and sold in local 

markets. In Kumasi, about 99 acres (40 ha) of land is cultivated by about 

600 farmers, while in Accra, 800 to 1000 farmers engage on inner-city 

cultivation, varying between 116 acres (47 ha) during the wet season and 

400 acres (162 ha) during the dry season (Obuobie et al., 2006). The main 

crops grown in these sites are lettuce, cabbage, and spring onions. Farmers 

use dugouts (small shallow ponds), streams, and drains, usually polluted 

with untreated wastewater, as sources of irrigation water. Levels of fecal 

coliforms in the irrigation water usually vary between 5 and 9 log units per 

100 ml and helminth eggs between 1 and 6 per liter (Akple, 2009; Amoah et 

al., 2005).   

Data Collection  

A number of approaches and methods were used to collect the data 

presented and discussed in this project. A participatory action research 



 
 

approach was used with key stakeholders (farmers, vegetable sellers) who 

were actively engaged in identifying and testing low-cost and safe re-use 

and risk reduction practices. The Visualization in Participatory Programs 

(VIPP) approach (Rifkin & Pridmore, 2001), was used to identify feasible and 

safe re-use practices. This was followed by testing of the identified practices 

and quantifying their impacts on risk reduction and productivity. For farm-

based trials, the on-farm research process (see Dorward, Galpin, & 

Shepherd, 2003), which is a cyclical needs assessment, experimentation, and 

dissemination process, was adapted where farmers tested the feasible and 

innovative practices on their own farming plots. Observations and farmer 

interviews and feedback sessions were conducted throughout the study. 

Assessment parameters used were yields (to measure productivity), and 

counts of thermo-tolerant coliforms and helminth eggs (indicators for risk 

reduction). For post-harvest measures, testing was done in markets and 

under laboratory conditions. Analysis of vegetables was done also for 

helminth eggs and fecal coliforms. An overview of specific risk reduction 

measures studies we conducted at different levels is presented in table 1.  

  



CHAPTER FOUR 

Results and Discussion 

Safe Use Practices  

Figure 1 presents a summary of the tested safe reuse practices. Testing was 

done on both farm-based practices (with farmers in the farmers’ own plots) 

and also on post-harvest practices, mostly handling and washing at markets, 

street kitchens, and households.   

Farm-based practices  

On-farm treatment to improve water quality   

Simple on-farm sedimentation ponds: In Ghana, as in many other 

countries in West Africa, shallow dugout ponds usually less than 3.3 feet (1  

m) deep and 6.6 feet (2 m) wide are widely used in  

Table 1. Overview of Specific Studies for Testing and Assessing Risk 

Reduction Measures  

Level  Location and Period Objective and 

Measures Tested 

Methods 



 
 

Farm 

level  

Kumasi, 

Ghana,  

2005–2008  

To the test effectiveness of 

low-cost  • measures on 

reducing risks at farms  

  •  

Measures tested:  

1. On-farm sedimentation 

ponds  

(Keraita, Drechsel, & 

Konradsen, •  

 2008a)  •  

2. Filtration systems 

(Keraita, Drechsel, & 

Konradsen, 2008b)  

3. Irrigation Methods 

(Keraita, Konradsen, 

Drechsel, & Abaidoo,  

2007a)  

On-farm testing and 

joint assessments with 

farmers  

Environmental sampling 

and laboratory analysis 

(water, soil, crop  

samples)  

Observations  

Interviews with farmers  



4. Cessation of irrigation 

before harvesting 

(Keraita, Konradsen, 

Drechsel, & Abaidoo, 

2007b)  

Post-

harvest 

level  

Kumasi and 

Accra, 

Ghana, 

2006–2009  

To the test effectiveness of 

low-cost  • risk reduction 

at markets and in street  

kitchens.   •  

  

Measures tested:  

1. Cleaning and displaying 

in markets  •  

(Akple, 2009)  

2. Removal of outer leaves 

and peeling (Akple, 2009; 

Keraita et al.,  

Laboratory-based 

simulation of washing 

and peeling  

Environmental sampling 

and laboratory analysis 

(crop and water 

samples)  

Interviews with produce 

sellers and caterers  

  



 
 

irrigated urban vegetable farming sites. In most cases, they are used as 

storage reservoirs where surface runoff and wastewater effluents are 

channelled. Other variations include mobile drums and other reservoirs, 

which are common in areas where irrigation water sources are distant from 

farm sites. These are filled manually or by pumping water from streams, and 

then the water is used for irrigation when needed. In many cases, drums 

and reservoirs are refilled after several days. While this water is stored and 

gradually used for irrigation, sedimentation takes place. This provides the 

opportunity for a simple measure that can improve the quality of irrigation 

water using similar mechanisms like water storage and treatment reservoirs 

(WSTRs), although the extent of pathogen removal could be lower. Studies 

we conducted in Ghana showed that these ponds are very effective in 

removing helminths (reduced to less than 1 egg per litre) when 

2007b)  

3. Washing and disinfection 

(Amoah  

Drechsel, Abaidoo, & 

Klutse, 2007)  
 



sedimentation is allowed for 2 to 3 days (Keraita et al., 2008a). We 

recommended that further reductions could be achieved with better pond 

designs and training for farmers on how to collect water. In addition, 

measures that can enhance sedimentation, such as using natural flocculants 

such as Moringa Oleifera seed extracts in the ponds, seem to be promising 

in Ghana. Furthermore, use of additional measures that influence pathogen 

die-off, such as sunlight intensity, temperature, crop type, and more, can 

help in reducing the pathogen load in irrigation water.   

 



 
 

 Filtration techniques. There is a wide range of filtration systems, but slow 

sand filters are probably the most appropriate to treat irrigation water. Sand 

filters remove pathogenic microorganisms from polluted water by first 

retaining them in the filtration media before they are eliminated (Stevic, Aa, 

Ausland & Hanssen, 2004). The typical pathogen removal range reported by 

the WHO based on a review on several studies for slow sand filters is 0–3 

log units and 1–3 log units for bacteria and helminths, respectively (WHO, 

2006). Our research in Ghana using column slow sand filters achieved 

Figure 1. Overview of Low-Cost Risk-Reduction Measures 
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between 98.2 percent and 99.8 percent of bacteria removal, equivalent to 

an average of 2 log units per 100 ml and 71 percent and 96 percent of 

helminths were removed (Keraita et al., 2008b). This removal was significant 

but not adequate, as irrigation water had very high levels of indicator 

organisms.    Farmers in West Africa also use other forms of filtration 

systems. In Ouagadogou, Burkina Faso, wells are sunk next to wastewater 

canals to create a hydraulic gradient that enables water to infiltrate the soil 

layer into the well. In doing so, filtration occurs, leading to a reduction in 

microorganisms and turbidity. Wastewater can also be allowed to pass 

through sand filter trenches, sand embarkments, column sand filters, and 

simple sand bags as farmers channel irrigation water to collection storage 

ponds. While the reduction of bacteria and virus may be minimal due to their 

small size, some reduction in protozoa and helminth eggs can be achieved. 

In Ghana, we found that farmers use different forms of sieves, most 

frequently folded mosquito nets over watering cans to prevent particles like 

algae and sand from entering the watering cans. In this method, some 

pathogens adsorbed the particles are removed. A study of these kinds of 

simple filter systems shows about 1 log unit removal for bacteria and 12 



 
 

percent to 62 percent for helminths when a nylon sieve was used (Keraita et 

al., 2008b). It is worth exploring further modifications that could be made to 

increase removal rates, because these are the systems that many farmers 

find easier to adopt. Clogging is a limitation when using sand filters, but 

proper choice of filtration media (with the right uniformity coefficient and 

effective size configurations) can reduce the problem.   

Use of appropriate water application techniques  

Irrigation methods. The use of appropriate irrigation methods has also 

been outlined as one of the health protection measures in waste water 

irrigated agriculture (United Nations Food and Agriculture Organization 

[FAO], 1992; 2002).  

Based on health impacts from wastewater, WHO has classified irrigation 

methods in three categories: flood and furrow, spray and sprinkler, and 

localized irrigation methods (FAO, 1992; 2002). Flood and furrow irrigation 

methods apply water on the surface and pose the highest risks to field 

workers, and more so when protective clothing is not used (Blumenthal et 

al., 2000). Spray and sprinkler are overhead irrigation methods and have the 

highest potential to transfer pathogens to crop surfaces, as water is applied 



on edible parts of most crops and aerosols also result in a wider movement 

of pathogens (FAO, 1992). Localized techniques such as drip and trickle 

irrigation offer farm workers the most health protection and also result in 

minimal pathogen transfer to crop surfaces because water is applied directly 

to the root (FAO, 1992). However, localized techniques are comparatively 

the most expensive and are also prone to clogging as polluted water has 

high turbidity levels. They can reduce contamination on crops by 2 to 4 log 

units (WHO, 2006). Nevertheless, low-cost drip irrigation techniques like 

bucket drip kits from Chapin Watermatics (USA) and International 

Development Enterprises (IDE, India) offer more potential for use in low-

income countries, and are now available on the market (Kay, 2001). Our 

study in Ghana using bucket drip kits show even higher reduction in 

contamination (up to 6 log units), especially during the dry season (Keraita 

et al., 2007a). The same study in Ghana also showed great potential for 

modifying traditional systems, in this case lowering watering cans to reduce 

splashing of contaminated soils onto crops. 

 

 



 
 

Cessation of irrigation before harvesting 

Correct water management during application can minimize soil and crop 

contamination. The timing of irrigation, including frequency, is not only 

important for pathogen reduction but also for other toxicities (FAO, 1992). 

In reducing pathogens, one of the most widely documented field water-

management measures is cessation of irrigation. Farmers cease irrigation a 

few days before crops are harvested to allow for pathogens to die off due to 

exposure to unfavorable weather conditions such as sunlight (Shuval, Adin, 

Fattal, Rawitz, & Yekutiel, 1986). As much as 99 percent of detectable 

viruses have been reported eliminated after two days’ exposure to sunlight, 

supporting regulations that a suitable time interval should be maintained 

between irrigation and crop handling or grazing time (Feigin, Ravina, & 

Shalhevet, 1991). The results from our field trials in Ghana showed an 

average daily reduction of 0.65 log units of thermo-tolerant coliforms on 

lettuce (Keraita et al., 2007b). However, this research also showed that 

cessation has correspondingly high yield losses (1.4 tons/ha of fresh weight), 

which may make this method harder for farmers to adopt (Keraita et al., 

2007b).   



Crop selection  

Some crops are more prone to contamination from pathogens, salinity, and 

toxicity than others. Correct crop selection will lead to decreased human 

health risks. For instance, crops with their edible parts more exposed to 

contaminated soils and irrigation water, like low-growing crops and root 

tubers, will be more prone to pathogen contamination. The WHO guidelines 

on safe use of wastewater in agriculture recommend restrictions, especially 

for crops like vegetables that are eaten raw (WHO, 2006). However, a shift 

in crops is only feasible if the market value of the alternative crops is similar. 

Crop restrictions can be hard to implement if conditions such as law 

enforcement, market pressure, and demand for cleaner vegetables are not 

in place. While there have been successful crop restriction schemes in India, 

Mexico, Peru and Chile (Blumenthal et al., 2000; Buechler & Devi, 2003), 

this has not been possible in other countries, generally those in which 

wastewater irrigation is informal like in Ghana.  



 
 

 

Post-harvest Practices  

Market-based practices  

It is generally recognized that the above farmbased interventions can only 

reduce, not eliminate, crop contamination at the farm level. Furthermore, 

several studies have shown that further contamination (mainly microbial) 

can occur during post-harvest handling at markets and consumption points 

(Amoah et al., 2007; Ensink, Mahamood, & Dalsgaard, 2007). Therefore, 

post-harvesting interventions are equally important to ensure more 

comprehensive food safety.   

• Display locations and removal of outer leaves. Vegetables are 

displayed in various locations while being sold at markets. In the study 

done in Kumasi, vegetables displayed on bare ground had higher levels of 

microbiological contamination than those placed on raised tables (Akple, 

2009). For example, cabbages displayed on bare ground had average 

thermo-tolerant levels of 7.75 log units compared to 6.98 log units when 

they were displayed on raised tables (Akple). Likewise, removal of outer 

leaves in the market also showed some log reduction. For cabbage, 



removal of outer leaves reduced thermotolerant coliforms by an average 

of 1.1 log units per 100 g wet weight, whereas helminth egg number were 

reduced by 1.6 egg per 100 g wet weight (Akple). However, cutting of 

vegetables before sale in markets tended to increase contamination levels 

(Akple).   

• Using clean refreshing water. The last point of sale can be a street 

market, a supermarket, or a restaurant selling a salad. Although the 

standards of these entities in developing countries vary greatly, general 

food safety considerations are similar, and again are very dependent on 

the ability to keep the produce under low temperatures and well protected 

from exposure. Especially in hot climates, it is often technically impossible 

to conserve unsold leafy vegetables for the next day. Even during the day, 

water is often used for washing, refreshing, or rehydrating (crisping) fruits 

and vegetables on display. A pilot study in Kumasi showed that changing 

this water once during the day can decrease the average fecal coliform 

counts on lettuce by up to one log unit (Akple, 2009). However in many 

developing countries, where it is not easy to change water, vegetables are 

rinsed throughout the day with with water already used to rinse a variety 



 
 

of produce on display, which can lead to cross-contamination (Amoah et 

al., 2007). In theory, the use of chlorine tablets could help, but if solutions 

used for decontamination are not regularly changed, such processing 

water may become itself a source of contamination. Therefore, clear 

instructions on dosages and frequencies are necessary. More important is 

to address the motivation for washing or refreshing vegetables in retail 

settings. The most obvious motivation is to display “neat” products, which 

reflects customers’ preferences and criteria for purchase, and does not 

automatically translate into safe products (Henseler, Danso, & Annang, 

2005; Rheinländer, Olsen, Bakang, Takyi, Konradsen, & Samuelsen, 

2008).  

Consumer level  

• Improved washing methods. Improved washing methods can achieve 

about 1–2 log reductions fecal coliforms (depending on the nature of the 

surface of the leaves), and this can be achieved at markets by washing 

vigorously in tap water. In Ghana, perception studies show that food 

vendors are usually confident that their cleaning and treatment is sufficient 

to eliminate any contaminants. However, assessments done in West 



African cities show that only few of the methods used in cleaning 

vegetables achieved some reductions (Amoah et al., 2007). For many 

methods, adjustments were needed to achieve 2–3 log units’ pathogen 

reductions, Salt (NaCl) is considered the cheapest disinfectant and most 

likely to be adapted, but it is known to cause deteriorating effects on 

lettuce at higher concentrations of 23 and 35 ppm. A weak 7 ppm NaCl 

solution is recommended to achieve some pathogen reduction while 

preserving freshness of lettuce (Amoah et al., 2007). At A vinegar 

concentration of 12500 ppm (approximately one part vinegar to five parts 

water), for example, can reduce pathogen levels significantly and can be 

achieved with a contact time ≥5 minutes. The efficacy of vinegar and other 

organic acids as a sanitizer is also confirmed by several others studies. 

Reduction in counts of Yersinia enterocolitica inoculated onto parsley  

leaves from 107CFU/g to <1 CFU/g by washing in a solution containing 40 

percent vinegar for 15 minutes was achieved by Karapinar & Gonul (1992). 

Treatment of ready-to-use salads with 90 ppm peracetic acid has been 

shown to reduce total counts and fecal coliforms by nearly 100-fold, which 

is similar to reductions with 100 ppm chlorine (Masson, 1990). However 



 
 

vinegar is considered to be expensive by most street food vendors and is 

used mainly by restaurants and middle- and upper-class households 

(Amoah et al., 2007).   

Combining Safe Reuse Practices  

Based on the exposure scenarios of vegetable consumption and relevant 

epidemiological evidence, it is shown that, in order to achieve ≤10-6 Disability 

Adjusted Life Years (DALY) per person per year, a total pathogen reduction 

of 6 log units for consumption of leafy crops (such as lettuce) and 7 log units 

for consumption of root crops (such as onions ) is required (WHO, 2006). In 

line with the multiple approach concepts, scenarios that combine several 

methods derived from risk reduction strategies are discussed in this project. 

Intra- and interlevel combinations can be made. In interlevel combinations, 

farm-level strategies can be combined with market-level and even 

consumerlevel strategies for higher cumulative effects. Likewise, a number 

of strategies can be combined at each level. For example, water treatment 

at the farm level can be combined with good irrigation techniques to reduce 

contamination. The sidebar illustrates how practical combinations for 



strategies tested under the FAO study in Kumasi for cabbage can be 

achieved.   

Enhancing the Adoption of Safe use Practices  

To have the desired impact, key actors in project areas and beyond need to 

adopt the practices developed in research projects and make them into 

routine practice. However, adoption of best practices by actors can be slow, 

dynamic, and complicated due to the multiple factors that influence adoption 

(Karg & Drechsel, 2011; Kiptot, Hebinck, Franzel, & Richards, 2007). Based 

on our field studies, we describe some specific factors that can enhance 

adoption of the safe reuse practices that have been developed.   

 Enabling actors to visualize the invisible.  

One of the greatest challenges in safe wastewater re-use is for farmers to 

be able to visualize the impacts that safer practices could have on risk 

reduction. This would influence their risk perceptions and encourage 

adoption of safer practices. In this study, for instance, farmers relied mainly 

on physical indicators such as color, odor, and debris on water to ascertain 

the level of contamination in water and the related risk. In Kano, Nigeria, 

some of the farmers using untreated industrial effluents from breweries and 



 
 

tanneries used color, smell, and the formation of foam to determine 

unfavorable and undesirable conditions (Binns, Maconachie, & Tanko, 2003). 

Knudsen et al. (2008) similarly illustrated how farmers in peri-urban Hanoi, 

Vietnam, use locally adapted indicators to characterize wastewater.   

 Physical indicators, however, do not always correspond to microbiological 

indicators. For example, shallow wells with clear water and no bad odor — 

that appeared to be physically clean —  

Cumulative Effect of Risk Reduction  

Strategies for Cabbage in Kumasi A farm-level measure — cessation of 

irrigation before harvesting — reduced thermo-tolerant coliforms by 0.84 

log units and 2.4 helminth eggs per 100 g wet weight cabbage within the 

acceptable 4 days withholding duration. Good handling practices at the 

market such as removal of outermost contaminated leaves and displaying 

cabbages for sale on tables covered with clean sacks led to a further 

reduction of 0.97 log units of thermo-tolerant coliforms and 0.2 helminth 

eggs at the market. Washing the cabbages in the kitchen with vinegar 

further reduced contamination by 2.11 log units and 0.6 for thermo-

tolerant coliforms and helminth eggs, respectively. So a total cumulative 



reduction of 3.92 log units for thermo-tolerant coliforms and 3.2 log units 

of helminth eggs was achieved. The reduction could be even higher if 

water treatment methods like sedimentation ponds and better irrigation 

methods like drip irrigation could be used, as demonstrated in earlier 

studies done in Kumasi (see Keraita et al., 2007a; 2008a). 

recorded high levels of coliform bacteria similar to water from urban streams 

that appeared to be physically dirty. Scientists need to work with farmers to 

validate physical indicators or combinations of physical indicators that could 

indicate levels of microbiological contamination at the farm level. This routine 

monitoring will be important as laboratory assessments are not feasible for 

many of these farmers. On the other hand, farmers want to “see” the 

effectiveness of the safer practice before changing from their original 

practices. Participatory field testing to a great extent addresses this 

challenge as farmers compare new practices with their old practices in their 

own fields (Doward et  

al., 2003)  

Incentives. For each safe re-use practice, key actors (farmers, vegetable 

sellers, and food vendors) need to make an investment such as increased 



 
 

labor, capital and operational costs, lower yields, or even the inconvenience 

resulting from change in behavior. Therefore, institutional and individual 

incentive systems could enhance the adoption of safe practices (Frewer, 

Howard, & Shepherd, 1998; Goldstein & Udry, 1999). Studies show that 

people are more likely to adopt innovations if they receive more benefits 

directly than other demographic groups (Frewer et al., 1998). Incentives in 

Ghana are even more important, as the direct beneficiaries of safe food are 

not the key actors since the vegetables produced are for sale and are not for 

household consumption. One incentive could be to increase the economic 

return for safer vegetables. This could be achieved by establishing separate 

marketing channels of safer products (Boateng, Keraita, & Akple, 2007). 

Producer groups could also be encouraged to sell their products outside the 

existing marketing channels to avoid confusion. This could be done by linking 

farmers directly to large consumers like hotels and demarcating specific 

selling points in markets and supermarkets. Other incentives could be 

institutional support from government institutions in the form of provision of 

extension services in exotic vegetable farming, or loans, awards, or land-

tenure security. Karg and Drechsel (2011) identify regulations as an 



important external factor to institutionalize new food-safety 

recommendations so as to provide the legal framework for both incentives 

(such as certificates) and disincentives (such as fees).  

Social marketing of safe practices. Social marketing seeks to induce a 

target audience to voluntarily accept, modify, or abandon behavior for the 

benefit of individuals, groups, or society as a whole (Grier & Bryant, 2005; 

Siegel & DonerLotenberg, 2007). This could be an important tool to 

encourage adoption of safe re-use practices in urban vegetable farming in 

poor settings where economic arguments do not work (Karg & Drechsel, 

2011). Even if health considerations are not valued highly in the target 

group, social marketing studies can help identify valuable related benefits, 

including indirect business advantages, improved self-esteem, and a feeling 

of comfort or respect for others. Studies must look for positive, core values 

the primary target audience can associate with innovative approaches 

(Siegel & Doner-Lotenberg, 2007). For example, if using a drip kit for safer 

irrigation is perceived as being “technologically advanced,” then the 

socialmarketing messages and communication strategies should reinforce 

this existing positive association (Karg & Drechsel, 2011).   



 
 

 Innovative knowledge sharing. The various initiatives in Ghana 

encouraged and facilitated empirical knowledge exchanges among farmers 

as well as between farmers and scientists. Research findings were 

synthesized to make farmer-friendly training and extension materials on safe 

(best) practices. These materials were translated into different local 

languages and included documentaries (radio and video) as well as 

illustrated flip charts. In addition, interactive approaches like the Farmer 

Field School (FFS) approach was used (see Braun & Duveskog, 2008), where 

actual training and demonstration of best, safe re-use practices were 

undertaken. The training modules were prepared by key factors such as 

farmers and marketers’ representatives, extension officers from the Ministry 

of Food and Agriculture, and communication experts. Modules on safe re-

use practices developed in Ghana are now integrated into relevant ministries’ 

formal training curricula, starting with the urban agriculture directorates in 

Kumasi and Accra. The safe practices developed are disseminated by the 

ministries’ extension officials. This will help empower urban farmers to 

analyze for themselves the conditions in which they work and their own 

impact on the safety of their products. On a global scale, FAO has guidelines 



for urban producers (FAO, 2007) and also a program on Food for the Cities 

(http://www.fao. org/fcit) that addresses training of producers on best 

practices in producing healthy foods.  

Involving authorities. Institutionalizing best practices is important for 

sustainable adoption (World Bank, 2006). In Ghana, the project involved 

policy-makers, local authorities, the Ministry of Food and Agriculture, and 

other relevant agency staff, such as food safety regulators, to support safe 

re-use initiatives and their institutionalization. While some of them are 

involved as research partners, the others are kept updated through policy 

briefs and participation in our project meetings.   

 Linking with other projects. Wastewater reuse projects should also be 

linked to other relevant projects or government projects that share this 

project’s goals. This could include government poverty-reduction programs 

for the urban poor, initiatives for urban food security, nutritional programs 

that emphasize the consumption of green vegetables, and health programs. 

For instance, wastewater re-use is just one of the routes by which excreta-

related diseases can be transmitted (Gerstl, 2001; Mensah, Yeboah-Manu, 

OwusuDarko, & Ablordey, 2002). In poor urban communities, these diseases 



 
 

could be transmitted through poor sanitation or lack of safe drinking water. 

In such situations, linking wastewater re-use projects to other intervention 

projects in households in the same studied population would be beneficial. 

On consumption-related risks, linkages with post-harvest interventions such 

as handling at markets or washing at homes or eating places will ensure that 

efforts made in the farms are not futile. For up-scaling to other farming areas 

with comparable practices, it is important to link with other information 

systems that provide information on climate, soils, water, and also on the 

social, economic, and cultural context.   

  



CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Farm-based, market-, and consumer-level risk reduction provide more direct 

solutions to the health challenges in wastewater-irrigated urban and peri-

urban agriculture than single strategies. Though the effectiveness of 

individual measures in risk reduction may not be sufficient, they can be used 

in combination to complement each other in order to achieve acceptable risk 

levels. Combination can be done within and between operation levels, that 

is, farms, markets and households. While the measures discussed in this 

project are the best practices identified for risk reduction from wastewater 

irrigation in major cities in Ghana, they could still be improved and adapted 

for use in other locations. At present, one challenge remains the wide 

application of tested safe use practices by national stakeholders and their 

potential transposition into legally enforceable, monitored, and verified 

national standards.  

 

 



 
 

 

Recommendations 

i. It is recommended that there is need adequate treatment of effluents 

before discharge.  

ii. The need for proper disinfection of raw vegetables before consumption 

cannot be overemphasized. 

iii. The use of participatory approaches to enhance adoption of these 

measures by all sectors should be encouraged.  

iv. Farmers can be encouraged to continue with farm innovations by 

providing knowledge, incentives, and institutional support, as well as 

access to higher quality waters and inputs.  

v. In addition, it is necessary to raise awareness of the health risks 

associated with the practice of wastewater irrigation, as well as the 

overall concepts of hygiene as prescribed by the FAO Codex 

Alimentarius Committee on Food Hygiene for fresh products and the 

FAO Good Agriculture Practice (GAP) concepts. This will create demand 

for safer local products, thereby increasing expectations for farmers to 

implement these measures through strong governmental support.  
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