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Abstract
Diarrheal and especially Rotaviral gastroenteritis, which is caused by the Rota virus (RV),
wordwide is the major cause of infant morbidity and mortality. This disease is ubiquitous and
affects almost all children under five 5 years of age. It is a critical public health problem.
RV’s concentration in surface waters and related waterborne diseases are thus very important
public health issues. This paper estimates the spatial distribution of RV emissions to surface
water in Ghana using the updated GloWPa-Rota H1. Its excretion rates, incidence rate and
removal efficiencies during waste-water treatment are estimated from a literature review.
During a field visit I interviewed various national organisations and collected data on
population, sanitation and waste-water treatment systems. The estimated annual average daily
total human RV’s emissions to surface water are 9 × 1016 viral particles. Urban populations
emitted over half of these particles to surface water. High emissions are observed in densely
populated urban areas, such as Accra, Kumasi, Tema, Cape Coast, Sekondi-Takrodi and
Tamale metropolis, while low emissions are found in rural areas, such as Bole, KassenaNankana west, and Bongo district. GloWPa-Rota H1 is most sensitivity to changes to RV’s
excretion and incidence rates and to its removal efficiency from the wastewater treatments
sewages and emissions from Kumasi/Ventilated Improved Pits (K/VIP), pit latrines and
septic tanks. Future changes in population, sanitation and wastewater treatment are most
likely to have less effect on water quality according to the ‘improved emissions’ scenario
which decreased emissions sevenfold by 2030, while in the ‘business-as-usual’ scenario, RV
emissions increase sevenfold. This shows that even improved sanitation and sewagetreatment systems, the RV emissions likely increase in future. This scenario analysis thus
helps to better understand the occurrence and transport of pathogens via sewage systems to
surface waters.
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Chapter 1: Introduction
1.1 Background
According to the World Health Organisation (2012), diarrheal is the major cause of infant
morbidity and mortality globally. Diarrheal disease is very ubiquitous, affecting almost all
children under five 5 years of age. As at 2009, an estimated 1.5 million children under age
five die each year due to diarrheal, representing nearly one in five child deaths globally
(Boschi et al., 2008). Diarrhea kills more children than Malaria and AIDS, making it the
fourth leading cause of death under five worldwide (Walker et al., 2013).
Diarrheal is caused by fecal-oral transmission of pathogens in human or animal faeces to the
victim (Shier et al., 1996; Arif and Ibrahim, 1998). Inadequate hygienic practices, together
with poor sanitation and unsafe drinking water are also accountable for an estimated annual
burden of 0.7 million diarrheal deaths globally (Kiulia et al., 2015). The most recent report
indicates the goal for sustainable access to safe drinking water as part of the Millennium
Development Goal (MDG) 7 has been met, yet estimations show that close to one million
people living in the world still lack ready access to safe and adequate water; approximately,
half of this population are in sub-Saharan Africa. In addition, 2.5 billion of the world’s
population have no access to improved sanitation facilities. Among these 1 billion people
practise open defecation (UNICEF/WHO, 2012).
Even though the UN general Assembly in June 2010 declared water quality and sanitation as
human right, the World Health Organization (WHO) estimates that about 94% of the global
diarrheal burden and 10% of the total disease burden are the results of unsafe drinking water,
inadequate sanitation, and poor hygienic practices (Fewtrell et al., 2007). Globally, 1.8
billion people consumed contaminated water with faeces (UNICEF/WHO, 2014). This is
partly as a result of untreated wastewater or partially treated wastewater that is discharge into
the environment.
Water quality is a major problem as the Sustainability Development Goals are developed to
address the post 2015 Millennium Development Goals targets. Several targets (2015-2030)
have been set to reduced open defecation and improve sewage treatment. Achieving the
SDGs is necessary for reducing waterborne diseases. RV incarnate these waterborne diseases
and represent the effect inadequate sanitation has on human health.
Rotaviral gastroenteritis is a critical public health problem in both developed and developing
world. Rotavirus (RV) is commonly found in children under five years and is a genus of
1

double-stranded ribonucleic acid (RNA) virus in the family Reoviridae. The virus does not
only affect children but also affect both older children and adults but the severity is greater in
children under two years of age (Anandan et al., 2014; Gastanaduy et al., 2013; Tate et al.,
2008 & Parashar et al., 2004; Anderson & Weber 2004; Nakajima et al., 2001).
These viruses are categories into seven separate groups A-G. Globally, group A-C RV are the
well-known causes of disease in human (Tate et al., 2008) and group A rotavirus is the major
pathogen concentration in water known to cause acute gastroenteritis in children under five
years of age (Estes et al., 2007). Infected person with RV can excrete very large quantities
between 1010 to 1012 virus particles per gram of stool (Kiulia et al., 2015; Rodrigues et al.,
2002; Bishop, 1996). According to WHO (2008), RV infection has caused an annual global
mortality of approximately 453,000. Among these, 5% of all deaths in children is caused by
RV (Tate et al., 2008; WHO, 2013). Globally, RV has been reported as the most common
cause of severe and fatal diarrhoea. This is associated with 28% and 28% of severe and fatal
cases respectively before the RV vaccine was introduced (Walker et al., 2013).
The transmission of the virus to human is primarily through fecal oral spread, via close
person to person contact, contact with contaminated environmental surfaces and fecally
contaminated food and water or respiratory droplets (Wikswo & Hall, 2010; McIntyre et al.,
2007; CDC, 2000; Caceres et al., 1998). Sewage systems can also be a point source of the
virus when treated or untreated effluents is discharge into surface water, as well as direct and
diffused source from hanging toilets and open defecation in both urban and rural areas
(WHO/UNICEF, 2014).

The onset symptoms in children consists of vomiting, fever,

abdominal discomfort, moderate to severe watery diarrheal, and dehydration (Armah, G.E.; et
al., 2010; WHO, 2002). The incubation period of RV by infected person ranges from 2 days
and also 5-7 days (Lee, R.M. 2013; Armah, G.E.; et al., 2010). Thus, viruses in contaminated
water can spread rapidly via other faecal oral pathways once the virus enters a community
(Kiulia et al., 2015). Previously, water was considered less vital for the spread of RV
compared to person to person contact (Grabow, W.O.K, 2007), until recent cases of RV
related waterborne disease have been reported in many countries like Greece, France, Turkey
and many more (Mellou, K. et al., 2014; Koroglu, M. 2011; Gallay, A. et al., 2000;).
Contaminated water with RV has rapidly increased, and this has been proven in several cases
by its detection in water source and sewage. Hence the need for regular monitoring of RV in
water source to evaluate its public health risk (Ruggeri & Fiore, 2013; Sinclair, Jones &
Gerba, 2009). RV is excreted in large quantities by an infected person, and is highly
infectious. In addition, regular treatment of wastewater is often not effectual enough to avert
2

its transmission. However, the combination of improved sanitation, water quality and
improved hygiene are very essential for the prevention of diarrheal diseases caused by most
etiological agents. A RV vaccine has been developed and introduced to reduce the rate of
severe diarrheal cases, hospitalization and deaths among children less than five years of age
(WHO, 2013). The vaccination against RV have had rapid and significant decline in
hospitalization and deaths (Rha et al., 2014; Giaquinto et al., 2011; Karafillakis et al., 2006)
as well as improved the health and well-being of infants in countries where it has been
introduced (Kollaritsch et al., 2015; Linhares &Justino 2014; Msimang et al., 2013; Tate et
al., 2010;). Despite the fact that, the vaccine had a substantial decline in the number of severe
RV disease, re-infection of RV by different genotypes can take place throughout the life of
the victim since these viruses have high genetic diversity (Than et al., 2014; Degiuseppe et
al., 2012; Patton, J.T. 2012). This means that environmental spread of RV still remains in the
vaccinated population. Regular monitoring of enteric pathogens is one way to help evaluate
pathogens in water source and sewage systems (Kiulia et al., 2015).
Infectious Rotavirus pathogens can be released into the environment and surface water used
for domestic and irrigation due to their resistance in wastewater treatment processes via
sanitation facilities such as sewage systems, pit latrines, Kumasi/Ventilated Improve Pit
latrines(K/VIP), open defecation (Gerba et al., 1996). This is somewhat accountable for low
access to safe water and poor sanitation particularly in Ghana (WHO, 2002). As a result, an
urgent need for improved water supply and safe means of human excreta disposal is required.
In the developing countries, pit latrines are a common method of excreta disposal. This is
widely used in urban slums, peri-urban and rural areas perhaps due to the fact that it is cheap,
simple and the most efficient excreta disposal method within the reach of poor people.
However, pit latrines have been identified as a contributing factor to water pollution with
faecal matter because they are mostly located close to water resources (Ayanlaja et al., 2005;
Pritchard et al., 2007).
Sewer systems also known as ‘off-site sanitation’ are identified as favourable sanitation
technology which is widely used in the developed world and some developing countries (Carr
& Strauss 2001). This system is expensive and requires a lot of water for flush which makes
it difficult for household with water supply. Treatment of sewage is essential and may be
inadequate to remove the pathogens from the water. There are several pathways which human
excreta leachate into the environment via the sewer systems (Williams & Overbo, 2015).
3

Therefore, assessing the human emission pathways and the rate of treated and untreated
wastewater discharge into the environment is important.
Open defecation is commonly practiced in urban slums, peri-urban and rural areas. This is
due to the fact that it cost no money, absent of toilet facilities or when sanitation facilities are
damaged. In the urban areas open defecation is practice closer to water bodies due inadequate
space for open defecation on land. These faeces are likely to end up in the surface water
through open drains. Whereas open defecation in rural areas is usually practiced on the land.
These faeces are likely to remain on the land and can form a diffuse source of emission to the
surface through runoffs and potentially leading to health outbreak (Vermeulen et al, 2015).
1.2. Ghana Sanitation coverage and practices
Ghana is one of the Sub Saharan countries that fails to meet part of the 2015 MDG target 7:
access to improve sanitation report from WHO/UNICEF (2015) Joint Monitoring Program
(JMP). While the country achieved the target for improved drinking water access, for
sanitation the survey data showed very low access to improved sanitation. With the JMP
2015 survey data reporting 20% and 9% of the urban and rural population with access to
improved sanitation respectively (WHO/UNICEF, 2015). The total estimated coverage was
15% for the whole country (WHO/UNICEF, 2015). The country could not meet the target for
sanitation given the predominant used of shared facilities which are considered as
unimproved facilities according to the definition used by the JMP. The trend analysis
between 1990 and 2015 shows a considerable occurrence of open defecation especially in the
rural areas and a substantial coverage of other unimproved facilities. While there are more
improved and shared facilities in the urban areas, the rural areas have less (see Figure 1).
According to the definition by the JMP, improved facilities are the Kumasi/ventilated
improve pits (K/VIP), flush/pour toilets, pit latrines with slab and septic tanks which are not
shared by maximum two households. Whereas unimproved facilities consist of pit latrines
without slab, bucket toilets, pan toilets and hanging toilets (WHO/UNICEF, 2010).
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Figure 1: JMP estimated trends in sanitation coverage for Ghana between 1990 and 2015
(WHO/UNICEF, 2015)
Unimproved sanitation, open defecation and inefficient treated effluents into the environment
and surface water are the potential source of pathogens, variably classified as direct, indirect
and diffuse source of emissions into surface water (Kiulia et al., 2015; Vermeulen et al.,
2015). Diarrheal disease is one of the leading killers of children in Ghana, claiming
approximately 10% of deaths in children less than five years of age (Black et al., 2008). RV,
the most common cause of severe and fatal diarrheal among young children globally, claims
the lives of 2,090 Ghanaian children less than five annually. Representing 3.6% of deaths
(WHO, 2008). RV caused approximately half the diarrheal disease hospitalizations of
Ghanaian under five (WHO, 2011). Likewise, in the Greater Accra Region a cross-sectional
survey was conducted where RV was detected in 49% hospitalized children and 23% of
gastroenteritis related deaths (Enweronu-Laryea et al., 2012). Urban areas in Ghana are
pathogen emissions hotspot which is characterized unimproved sanitation and high
prevalence of gastrointestinal infection. Greater Accra Region the capital of Ghana
experience high microbial contamination of surface water from the urban wastewater over the
years due to rapid urbanization (Keraita & Amoah, 2011).
The RV vaccine against RV infection had a substantial reduction in both infant morbidity and
mortality in most countries. Even though several studies contest its effectiveness because of
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the different RV strain spreading in the vaccinated population (Than et al., 2014; Degiuseppe
et al., 2012; Patton, J.T. 2012).
In Ghana, a recent study revealed that rotavirus vaccination program would be a highly costeffective public health intervention (Abbott et al., 2012). Treating RV diarrheal in children
costs the government an estimated US$3,248,976 per year. The study found that the vaccine
would save the government US$1,731,085, representing 53.3% in treatment costs and save
1,554 children’s lives per year (Abbott et al., 2012).
According to Kuilia et al. 2015, for the vaccination to work effectively as an end of pipe
technique, there is the need for improving sanitation facilities, wastewater treatment and
increasing their coverage since these are direct ways of reducing long term emissions.
Efficient wastewater treatment has high removal efficiency for Rotavirus.
Poor sanitation is a major public health concern in Ghana. A considerable number of people
consume contaminated water. Approximately, 83% of the country’s population currently
lacks access to improved sanitation (WAG, 2015). Factors that have contributed to this
include urbanization, indiscriminate waste disposal, and poor sanitation facilities, open
defecating among others. These problems worsen with structural failure and extreme climate
change events such as storm, flood and runoff that may result in excreta being leaked into the
surface water bodies (Williams & Overbo, 2015).
Monitoring diarrheal diseases, which is link to wastewater treatment systems considering
enteric pathogens emissions into surface water have a significant threat to public health
resulting in large loss of Disability Adjusted Life Years (DALY). Recent studies estimated
the potential Disability Adjusted Life Years impact of diarrheal disease resulting from
exposure to wastewater pathogens might be greater than malaria. High incidence of
waterborne diarrheal diseases has attracted the Government of Ghana, in conjunction with
development partners, Community Based Organisation (CBO’s), Non-Governmental
Organization and other individuals to undertake several projects to improve sanitation
facilities and increase the coverage for both urban and rural areas to reduce waterborne
diseases. However, these projects are frequently faced with limited data on the current and
future emissions for proper sanitation planning.
Many studies have been done to evaluate pathogens emissions to surface water. For instance,
Gibson et al. (2011) evaluate the human enteric viruses such as norovirus, adenovirus and
polyomavirus in surface water resources in southern Ghana. However, much has not been
done in relation to non-point or diffused source of contaminants that leachate from pit
latrines, septic tanks, sewer systems and open defecation into surface water sources. Due to
6

the severity of the virus, it is therefore important for modelling studies to assess and
understand the contribution of sanitation facilities such as sewage systems, pit latrines, onsite
toilets and open defecation on human excreta of Rotavirus to surface water and the
environment in order to effectively reduce RV emissions through water pathways (Kiulia et
al., 2015). This will guide future decision making and help to meet the UN’s Sustainable
Development Goals for improving sanitation. Due to the severity of the virus, it is therefore
important to understand RV discharges from faeces into surface water and the environment in
order to effectively reduce RV emissions through water pathways and guide future decision
making in line with the SDGs for sanitation and sewage. (Kiulia et al., 2015).
1.3. Research objectives
The main objective of the study is to analyse the present Rotavirus emissions from sanitation
to surface water in Ghana, and to assess how selected sanitation technologies influence
human emissions under different management scenarios.
In order to address the above research goal, the following sub research question will be
answered:
1.3.2 Specific question of the study
I.
What is the present prevalence and excretion rate of Rotavirus in the human
population?
II.

What is the present sanitation facilities and their influence on human emissions in
Ghana?

III.

What is the present RV emissions to surface water.

IV.

What is the removal rate of Rotavirus to surface water by current sanitation
technologies?

V.

What are the suitable sanitation management scenarios to reduce human emissions of
Rotavirus to surface water?

Monitoring enteric pathogens in sanitation systems helps to assess the presence of pathogens
in surface water circulating in a community. Understanding the impact of partially or
untreated wastewater discharge by different sanitation technologies is more important. This
can be done through spatial distribution modelling approaches. This helps to identify
emissions hotspots and greatly benefits areas without consistent monitoring data for
investigative monitoring programs. This study will explore emissions of RV from existing
sanitation technologies into surface water at country scale resolution using the Global Water
Pathogen model (Hofstra et al., 2013). This research will take the same approach as Hofstra
7

et al. (2013), Kiulia et al. (2015) and Vermeulen et al. (2015) studies to explore the global
emissions of waterborne pathogens using country monitoring data in a spatially explicit
model framework. The research will develop sanitation management scenarios to determine
their influence on future emissions in Ghana. Impact of wastewater treatment, the prevalence
and excretion rate will be exploited using the model. The research will develop RV emission
maps and reduce the knowledge gap on RV distribution and hotspot areas in the country. This
will also help to inform decision makers on sanitation.
In Chapter 2, the study area, data and the methodological aspects were clearly discussed
taking into consideration the input variables, such as sanitation types, RV incidence excretion
rates, and the removal efficiencies, as well as the scenario and sensitivity analysis. In Chapter
3, the analysis results were depicted for the total RV emissions to surface water in Ghana, the
scenario and sensitivity analysis using tables, figures and texts. Comparison of the main
findings with other relevant literatures and possible explanations were given in the discussion
part (Chapter 4). And in the last Chapter I show that I actually meet my objectives by
presenting the core findings for RV emissions in Ghana. Finally, reviewed literatures were
listed at the end.
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Chapter 2: Study area, data and methods
In this section, the methodology is explained using ground data and literature review obtained
from the RV’s specific variables for the GloWPa-Rota model. These variables include the
incidence rate, excretion rate, sanitation types and the removal rate by wastewater treatment.
The RV’s excretion and incidence rates answers sub question one, the sanitation types in
Ghana answers sub question two and the removal efficiencies from waste-water treatments
answers sub question three.
2.1. Study Area
Ghana is located in west Africa a few degrees north of the equator. It has a total area of
238540 km2. As shown in figure 2, Ghana shares borders with Cote d’Ivoire to the west,
Burkina Faso to the North, Togo to East and to the south are the Gulf of Guinea and the
Atlantic Ocean (Aquastat, 2015). Ghana has a warm, humid climate with an estimated mean
annual rainfall of 1187mm and mean annual temperature ranges from 26.1 oC near the coast
to 28.9 in the extreme north (Aquastat, 2015). The country has an estimated population of
over 24 million with an annual population growth rate of 2.5%. The country has 10
administrative regions and 216 Metropolitan Municipal District Assemblies (MMDAs). The
male represents 48.8% of the total population whereas the female represents 51.2% (GSS,
2014). Infant mortality rate in the country is 82 deaths per 1000 live birth. 45.8% of the
country’s population are agricultural employees (GSS, 2014).

Figure 2. Map of Ghana showing regional classification and countries
9

Table 1. Shows the input data
Variable

Variable Name

Data Source

p

Population

Ghana Statistical Service, (2012)

pu

Urban Population

Urban fraction × P

Pr

Rural Population

(1-urban fraction) × P

fage
HDI

Fraction of the population less than 5 years, Ghana Statistical Service, (2012)
5-14, 15-24 25+
WHO/UNICEF (2013)
Human Development Index

fcu fcr

Fraction connected (urban and rural)

Ghana Statistical Service, (2012)

fdu fdr

Fraction direct (urban and rural)

Ghana Statistical Service, (2012)

fdifr

Fraction diffuse (only rural)

Ghana Statistical Service, (2012)

fnonu, fnonr

Fraction non-source

Ghana Statistical Service, (2012)

fp, fpr fs and ft

Fraction ponds, primary, secondary and Williams & Overbo, (2015);
tertiary
Yen-Phil VT et al.,
(2010); Rowe &
Abdel-Magid, (1995)
Population density in a grid cell

Landscan 2010 data
Bright et al., (2010)

Incidence rate

Kuilia et al., (2015)

Excretion rate

Kuilia et al., (2015)

2.2. GloWPa-Rota H1 Model description
This section explained the modelled details and also how some different input variables (sub
research question one, two and three) of the model are quantified. These input data are
summarised below.
The calculated total human emissions of RV to surface water on a 30min grid (0.5x0.5
degrees) resolution in Ghana was estimated using the Global Water Pathogens model as
applied in the approach by Kiulia et al. 2015 on RV and Vermeulen et al. (2015) on
Cryptosporidium in a case study in India and Bangladesh. This model is a modified version
10

from the original approach by Hofstra et al. (2013), and calculates the total annual human and
animal emissions of Cryptosporidium to surface water on a 30 minutes grid (0.5x0.5 degrees,
latitude and longitude). This model is programmed in RStudio software. The research focus
on human emissions of RV from different sanitation technologies because human faeces is
the only source of RV to surface water. The GloWPa framework was adopted and
downscaled to explore the total human emissions of RV from different sanitation
technologies in the districts for both rural and urban areas in Ghana. Estimated human
emissions were based on the population size, RV incidence, excretion rates, type of sanitation
technology and wastewater treatment removal for the base year 2010. The output was RV
emission maps at a resolution (0.00833 x 0.008333 degrees, latitude and longitude), which is
approximately 1x1 km. Following the modified version of the GloWPa framework by
Vermeulen et al. 2015. It categorizes emissions from the population into:
i.

Connected emissions: the population connected to sewerage systems with or without
treatment - indirect point sources in urban and rural areas,

ii.

Direct emissions: population practicing open defecation in the bush/field/unknown or
use hanging toilets in urban areas and rural areas,

iii.

Diffuse emissions: those living in only in rural areas without pit latrines/toilets who
practice open defecation or unknown/elsewhere, and

iv.

Non-source emissions, such as from septic tank systems and improved pit latrines in
urban and rural areas.

Regarding the sanitation coverage data from the Ghana Statistical Service (GSS, 2014), we
classified sanitation type with their emissions categories (see table 2.)
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Table 2. Four categories of emissions by Updated model of Vermeulen et al. (2015),
following the data from GSS, 2014.
Urban

sanitation

types

Rural sanitation types (GSS, 2014)

(GSS, 2014)

Emissions
categories

(i)

Sewage systems

Sewage systems

Connected

(ii)

No facility, field,

Hanging toilet

Direct source

No facility, field, bush, unknown

Diffused source

bush,

hanging

toilet,

unknown

and elsewhere
(iii)

N/A

and elsewhere
(iv)

Pit

latrines,

Pit

latrines,

Kumasi/Ventilated

Non-source

Kumasi/Ventilate improved pit (K/VIP), and septic
d improved pit tanks
(K/VIP),

and

septic tanks
The classification of the sanitation types with their emissions categories in the table above
are summarised below
(i)

In the original approach by Hofstrat et al. (2013) and the modified model by
Vermeulen et al. (2015) human emissions connected to sewage will reach surface
water rapidly either treated or untreated. It is assumed that emissions of people
connected to sewage will reach surface water treated or untreated.

(ii)

Hanging toilets by definition are toilet facilities built above lakes or streams and
faeces drop directly into the water (Vermeulen et al., 2015). We assumed People
using these toilet facilities are direct source of emissions to surface water both in
the urban and rural areas.

(iii)

In urban areas faeces of people practising open defecation are also direct source of
emissions RV to surface water. Because of inadequate space, these faeces are
more likely to end up in surface water through open drains. Human emissions in
the rural areas are likely to remain on land and form a diffused source (ThurstonEnriquez et al 2005). It is therefore assumed that open defecation for the urban
population is a direct source, while it is basically a diffused source in the rural
population.
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(iv)

Ferguson et al (2003) assumed that human emissions from septic tanks, pit latrines
and composting toilets will not reach surface water. Because soil passage can
effectively retain the RV. In addition, long storage of pathogens in pit latrines and
septic tanks can die-off and also their disposal route is not known. The GloWPa
also estimate emissions from these systems to be zero, While Hofstra and
Vermeulen, (2016) discuss that this assumption may cause an under-estimation of
emissions since some content of the pit latrines and septic tanks regularly dumped
on lands. In our model, it is assumed that 15% of faeces from septic tanks, pit
latrines and K/VIP are emptied and transported to sewage systems in the urban
areas and gradually reach surface water, while 5% are regularly dumped on vacant
land.

Further distinction was made between the estimated emissions for urban and rural population,
because each area has different sanitation facilities. Additionally, emissions for different
categories of age was estimated. The annual total emissions of RV for Ghana were calculated
for the different categories using the following formulae:
𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 − 𝑢𝑟𝑏𝑎𝑛 𝐶𝐸3 = 𝑃3 x 𝑓83 x 𝑅𝑉 𝑜𝑟 𝐸𝐶

x (1 − 𝑓>?@ )

;

(EQ. 1)
𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 − 𝑟𝑢𝑟𝑎𝑙 𝐶𝐸> = 𝑃> x 𝑓8> x 𝑅𝑉

;

x (1 − 𝑓>?@ )

(EQ. 2)
𝐷𝑖𝑟𝑒𝑐𝑡 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 − 𝑢𝑟𝑏𝑎𝑛 𝐷𝐸3 = 𝑃3 x 𝑓D3 x (𝑅𝑉 );
(EQ. 3)
𝐷𝑖𝑟𝑒𝑐𝑡 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 − 𝑟𝑢𝑟𝑎𝑙 𝐷𝐸> = 𝑃> x 𝑓D> x (𝑅𝑉 𝑜𝑟 𝐸𝐶);
(EQ. 4)
𝐷𝑖𝑓𝑓𝑢𝑠𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 − 𝑟𝑢𝑟𝑎𝑙 𝐷𝑖𝑓𝐸> = 𝑃> x 𝑓DEF> x 𝑅𝑉

;

x 𝑓>3G

(EQ. 5)
Connect, direct and diffused emissions of children less <5- both urban and rural areas
H<5=𝐶𝐸3 , < 5 + 𝐶𝐸> , < 5 + 𝐷𝐸3 , < 5 + 𝐷𝐸> , < 5 + 𝐷𝑖𝑓𝐸> , < 5
(EQ. 6)
Connect, direct and diffused emissions of other category of children for urban and rural
areas

Hage=𝐶𝐸3 , 𝑎𝑔𝑒 + 𝐶𝐸> , 𝑎𝑔𝑒 + 𝐷𝐸3 , 𝑎𝑔𝑒 + 𝐷𝐸> , 𝑎𝑔𝑒 + 𝐷𝑖𝑓𝐸> , 𝑎𝑔𝑒 𝑓𝑜𝑟 𝑎𝑔𝑒 = 5 −

14, 15 − 25 𝑎𝑛𝑑 25 + (EQ. 7)
Non-source emissions- urban (NonEu)= 𝑃3 x 𝑓GOG?3 x 𝑅𝑉 𝑜𝑟 𝐸𝐶

;

x (1 − 𝑓>?@ )

(EQ. 8)
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Non-source emissions- urban (NonEr)= 𝑃3 x 𝑓GOG?> x 𝑅𝑉 𝑜𝑟 𝐸𝐶

;

x (1 − 𝑓>?@ )

𝑇𝑜𝑡𝑎𝑙 ℎ𝑢𝑚𝑎𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐻 = 𝐶𝐸3 + 𝐶𝐸> + 𝐷𝐸3 + 𝐷𝐸> + 𝐷𝑖𝑓𝐸>

(EQ. 9)
(EQ. 10)

Respectively: - 𝑃3 and 𝑃> are the total urban and rural population of Ghana
- fage is the fraction of the population for the age categories (<5, 5-14, 15-25
and 25+) Ghana being a developing country with HDI less < 0.785, we
assumed in the model only children less than 5 years of age living in
households that are connected to sewers wear nappies.
- 𝑅𝑉

;

is the average excretion rate of rotavirus (RVper person per year

- 𝑓83 and 𝑓8> are the fractions of urban and rural populations connected to
sewers
- 𝑓D3 and 𝑓D> are the fractions of urban and rural populations forming direct
emission sources. As defined by WHO/UNICEF Join Monitoring Programme
(JMP) as well as explained in the modified version of Vermeulen et al. (2015),
sanitation facility like hanging toilet for urban and rural areas, open defecation
on fields, bush, unknown, elsewhere and other unimproved for only the urban
population.
- 𝑓DEF> is the fraction of the rural population without sanitation facilities which
forms the diffuse emission sources. As defined by the JMP and Vermeulen et
al. (2015), includes no sanitation facilities, unknown, elsewhere, bush and
other unimproved.
- 𝑓>3G is the fraction of faeces transported with runoff from land into surface
water
- 𝑓>?@ is the fraction of removal by wastewater treatment for each of RV
In Ghana, septic tanks, pit latrines and K/VIP are often emptied and the faeces are disposed
off elsewhere. We therefore assumed in this study that 15% of the total faeces in pits, septic
tanks and K/VIP goes to treatment systems and the remainder is a non-source.
The total human emissions of RV to surface water in Ghana are calculated and spatially
distributed over the grid on 0.008333´0.008333-degree resolution using landscan 2010
density maps for urban and rural population in the country. We assumed all categories of
sanitation types are distributed equally over the country proportional to the occurrence of
different sanitation facilities, though densely populated grid cells are identified as urban areas
(Bright et al., 2011).
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2.2.1. Sanitation types in Ghana
According to GSS, 2012 data on sanitation types, we separate the urban and rural population
of the 216 districts in different model emission categories (connected, direct source, diffused
source, non-source) to answer sub research question two. Figure 2 shows both urban and rural
population of the various districts have different types of sanitation facilities and the
proportion of the population using each type of facility. Of the distribution of sanitation in
Ghana, 30% of the urban population are connected to sewer, 61% are connected to pit
latrines, septic tanks and KVIP (non-source) and 9% practice open defecation (direct source).
Whereas in the rural areas, 6% of the population are connected to sewer, 62% uses pit
latrines, septic tanks and KVIP (non-source) while 32% are practising open defecation
(diffused source). The large fraction of rural diffused emissions based Ferguson et al. (2007)
as explained in Kiulia et al. (2015) is due rural population practicing open defecation. The
figure shows only people connected to sewage systems may lead to the under estimation of
the human emission in the country as it was in case of the original model by Hofstra et al.
2013.
70
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Figure 3. The share (%) of the country’s population in the model sanitation categories.
According to data on sanitation types by GSS we categorise the sanitation types to fix in the
model (i) connected emissions to sewage system, (ii) Direct emission (hanging toilets for
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rural and ‘no facilities’, bush, ‘elsewhere’, unknown for urban population), (iii) diffuse
source (‘Unknown’, ‘elsewhere’, ‘no facilities’, bush for rural people) and (iv) non-source
(‘pit latrines’, ‘K/VIP’ and ‘composting toilet’).
2.2.2. RV Incidence
Rotavirus detection and diarrheal diseases in clinical samples was reviewed from 2000-2016.
It was revealed a prospective study was conducted covering a period of two years from
January 2008-December 2009 in children less than five years hospitalized for longer than 24
hours with acute gastroenteritis. The study was carried out in a convenience sample of three
hospitals; Children’s hospital, District hospital and Korle Bu Teaching hospital in the Accra
metropolis, Ghana’s capital city with a total of 16,348 children less than five years of age
were hospitalized, and 2147 (13.1%) were due to AGE, and hence cases of diarrheal. These
hospitals provide primary, secondary tertiary medical care and pediatric surgery (Table 3).
The study found RV infection mostly occurred within children younger than 5 years of age
and of the AGE cases tested, 49% were RV positive; thus 6.4% of all diarrheal cases in
children less than age five could be due to rotavirus disease. There was no major difference
observed in the prevalence of rotavirus infection among AGE cases for whom stool testing
was done in 2008 vs. 2009. In this studied the duration of the illness was found to be ≤ 7
days. Table 3. Summary of the prevalence of rotavirus gastroenteritis in children less than
five at 3 levels of health care delivery Enweronu et al. (2012)
Hospitalizations

Prevalence of RV
diarrheal cases

Age
AGE cases
(years) <5 (%)

No. tested
samples

RV
(%)

246

105
(42.7)

5.1

Secondary level 6182
care

1120 (18.1) 386

194
(50.2)

9.1

Tertiary
care

785 (9.7)

229
(51.5)

5.0

528 (49)

6.4

Primary
care

Total

level 2040

level 8126
16348

242 (11.9)

445

2147 (13.1) 1077

+

(%) Rotavirus
AGE
hospitalizations
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The reported detected RV in clinical samples is an estimation for prevalence of RV disease
among children younger than 5 years. This case does not represent the actual reflection of the
total incidence of RV disease in the entire country’s population, the reason being that the
detection rate from clinical data is from a selected subpopulation with severe diarrheal cases
and these are a fraction of RV circulation in the population (Enweronu et al., 2012).
Moreover, the incidence of RV in a hospitalised is not an indication for the incidence in the
total population. For the use of this model, I based on literature as explained in Kuilia et al.,
(2015) for incidence of 0.24 episodes of RV diarrheal per person per year for children
younger than five in developing countries with Human Development Index (HDI) lower than
0.785 was selected, which is used for the RV incidence for children less than age five in
Ghana. For the other population, we based on the data for the under five years and assumed a
RV incidence of 0.01.
2.2.3. Excretion Rate
Data on the excretion rate for RV cases by symptomatic and mild or asymptomatic children
are very limited in Ghana. Although, several studied found RV is excreted in very large
quantities 10

10

12

–10

per gram (Bishop, 1996; WHO, 2002). The RV excretion rate of the

country’s population could also be determined through sewage surveillance. Since this data
indicate RV shedding in the community which has been used to analyse other enteric viruses
and RV circulation in the population (Lodder et al., 2013; Prado et al., 2011; Kamel et al.,
2010; Kokkinos et al., 2011; Lodder & de Roda Husman, 2005; Gajardo et al., 1995). Sewage
surveillance can generate quantitative data on the concentration of viruses in wastewater and
can be used to estimate the rotavirus shedding rates by symptomatic and mild or
asymptomatic children in the entire population (Kiulia et al., 2015). Quantitative data on
rotavirus excretion rate in the population via sewage surveillance is as well very limited in
the country. The excretion rate used in the model is based on literature, as explained in Kiulia
et al., (2015), so the average RV excretion rate per ill person used is 1010 viral particles per ill
person per day.
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2.2.4. Removal during treatment
Rotavirus and other enteric virus removal from sewage systems treatment is very essential to
reduce the concentration level infectious viral particles in surface water. The efficiency of
removal depends on the type of treatment facility, design as well as the operation system. In
Ghana, wastewater treatment ponds (lagoons) are one of the most common types of facility
used for wastewater management though other treatment technologies exist. They are well
situated systems where the effluent is either reused for irrigation or discharge into surface
water. The stages involve in wastewater treatment processed for RV and other enteric virus
removal include preliminary treatment a stage where solid objects are removed, primary
treatment, secondary (biological) such as trickling filters, biodigesters and activated sludge
and tertiary (advance) treatment such as chlorination for disinfection, sand filtration,
membrane bioreactor and ultraviolet light. Data on RV concentration and removal efficiency
in wastewater is limited. However, few studies found rate of enteric virus such as human
adenovirus (HuADV) and human noroviruses (HuNoV) removal in wastewater treatment. For
the use of the model, we identified four waste water treatment levels that each has a different
efficiency of RV removal. The treatment levels are ponds removal, primary sedimentation,
secondary biological and tertiary treatment. In the first model, the removal efficiency for
pond systems were not included, but in our study the removal efficiencies for the ponds
systems were estimated to be 0.95%virus removals explained by Williams & Averbo, (2015);
Yen-Phil VT et al., (2010); Rowe & Abdel-Magid, (1995). Whereas 0.2log virus removal to
primary sedimentation, 0.975% virus removal to secondary biological and 0.9921% virus
removal to tertiary treatment were also estimated as explained in literature by Kiulia et al.,
(2015)
2.2.5. Sensitivity Analysis
Sensitivity of the model output was studied to change four input parameters to see how the
model behave. In the sensitivity analysis, each of the parameters can take two- three different
values based on appropriate ranges (see table 2). The sensitivity analysis is done by changing
both or one parameter at a time since some are strongly related to each other. For instance,
impact of the model output of changing the coverage of the overall rotavirus removal
efficiency for the treatment levels, the incidence of RV episode per person per for children
less than five years and the incidence of other population, as well as the urban and rural nonsource emission to surface water.
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Table 4. Shows the model parameter values for the standard model run and the sensitivity
analysis for 2010. The analysis is done with per of parameters that can take two or three
different values each. The ‘standard value’ in this case shows the same value as in the
standard model. Estimate for RV excretion and incidence rate are based on Kiulia et al.,
(2015), while the removal efficiencies of RV by the sewage treatment are based on the
literature study by Williams & Overbo (2015). The percentage of the non-source emissions
that reaches surface water were estimated based on assumptions.
Sensitivity
Model parameter

Value 1

Value 2

Value 3

RV excretion/ill person (%)

1.00E+10

(−1log)

Standard value

(+1log)

Incidence rate (%)

0.24

0.12 (Low)

Standard value

0.48High)

0.95

0.75 (Low)

Standard Value

0.99 (High)

0.2

0.1

Standard Value

0.4

RV removal efficiency (%):
-

pond treatment

-

primary treatment

-

secondary treatment

0.975

0.89

Standard Value

0.99

-

tertiary treatment

0.9921

0.90

Standard Value

100

0

Standard Value

20

0

Standard Value

20

Urban pit latrines, septic tanks and 15
KVIP that reaches surface water (%)
Rural pit latrines, septic tanks and KVIP 15
that reaches surface water (%)
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2.2.6. Scenarios Analysis
Management scenarios were developed and explored taken into consideration the potential
effects of population growth, changes in sanitation technologies and treatment types to
determine their potential influence on future human RV emissions for Ghana. According to
the data on future population projections from the Ghana Statistical Service, sanitation
changes and treatment levels from Ghana’s environmental sanitation policy plan target for
2030, Water and Sanitation sector strategic development plan target for 2025 and the SDGs
target for sewage and sanitation 2030, three management scenarios were defined:
(i)

The first scenario which is the business as usual: I assumed that the percentage of
population connected to different types of sanitation in both the urban and rural
areas in 2030 is the same as today (baseline scenario). The sewage treatment
levels are also the same whereas there is changes in population growth.

(ii)

The second scenario with the title improved emissions: In this scenario, I assumed
population is low and that access to sanitation and waste water treatment levels is
strongly improved. In 2030, the country’s population has an improved access to
sewer or pit latrines or ventilated improved pit or septic tanks. It is assumed that
the population in the urban areas that previously caused direct emissions is now
connected to sewage system or uses on-site system such as improve pit latrines or
septic tanks. Whereas the population in the rural areas previously caused diffused
or direct emissions is now connected to a sewage system or uses an on-site
system. Improved sewage treatment levels with one third of the wastewater
receives primary treatment, one third secondary treatment and one third tertiary
treatment see table 5.
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Table 5. Scenario Assumptions average total population over the districts
Baseline scenario

Business as usual Improved

2010

scenario (S1)

emissions

(S2) 2030

2030
Population:
-

District urban

-

50.9% urban

-

64.8% urban

-

53% urban

-

District rural

-

49.1% rural

-

35.2% rural

-

47% rural

-

Total population

-

24million

-

45 million

-

45 million

Sanitation coverage:
-

Sewer network

-

40% urban
10% rural

-

40% urban
10% rural

-

50% urban
30% rural

-

Non-source (On-

-

35% urban
40% rural

-

35% urban
40% rural

-

40% urban
50% rural

-

25% urban
50% rural

-

25% urban
50% rural

-

10% urban
20% rural

-

80% urban
100% rural

-

80% urban
100% rural

-

70% urban

-

80% rural

-

20% urban
0% rural

-

20% urban
0% rural

-

25% urban

-

20% rural

-

5% urban

-

0% rural

-

0% urban

-

0% rural

site)
-

Open defecation
(“Elsewhere”,
“Unknown”,
“Bush”, Field,)

Treatment Levels:
-

Lagoon
Conventional
primary
treatment

-

Conventional
secondary

-

0% urban
0% rural

-

0% urban

-

0% rural

treatment
-

Conventional
tertiary treatment

-

0% urban

-

0% urban

-

0% rural

-

0% rural
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Chapter 3: Results
This section presents the results of the field work to obtained the total human emissions of
RV to surface water in Ghana from the GloWPa-Rota model to answer sub question four. The
section also present findings of the management scenarios analysis to answer the sub research
question five and the sensitivity analysis by changes in specific parameters in the model.
3.1. Total human emissions of Rotavirus
The map presents the spatial distribution of human Rotavirus to surface water emissions per
0.5 × 0.5 latitude and longitude grid (based on 2010 data for population census), access to
sanitation facilities and waste water treatment (none, lagoon, primary, primary + secondary,
or primary + secondary + tertiary). The total RV emissions are 9 × 1016 viral particles/year of
which 52% is produced by urban population. High emissions are observed in densely
populated urban areas within the Accra Metropolis, Kumasi Metropolis and Cape Coast
Metropolis in Ghana. In these districts, a large share of both the urban and rural population
are connected to sewer, but only a limited fraction of the sewage is treated. Low emissions
are observed in rural areas of the remaining districts such as Bole, Jomoro, Gomoa East,
Kassena-Nankana West, etc. The main reason for the spatial differences in emissions are
population size in a grid, Sanitation type and removal by waste water treatment plants.

Figure 4. A map of total RV emissions to surface water in log10 viral particles per grid (based
on population census approximately the year 2010).
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3.2. Sensitivity Analysis
I test the sensitivity of the modelled human emissions of RV for Ghana to change a number
of model parameters to see how the behaves. The numbers shown are standard run (0)
compare to percentage change in human emissions of RV. Any number less than 100 means
there is a decrease in magnitude of change (-) and any number higher 100 means there is an
increase (+) whereas any number equals to 100 (1) means no change has taken place. The
sensitivity analysis is done in pairs of parameters, either changing one or both parameters at a
time, since some are strongly related to one another. The parameters can take three different
values each (see table 3). The first series shows RV excretion (1log unit lower or higher) and
the number of incidence (half or double). The second series shows changes in the sewage
treatment and the removal efficiencies of RV during treatment based on the ranges found by
Williams & Overbo, 2015). The three series shows whether or not the non-source emissions
reaches the surface water.
Table 6. Shows the results of the sensitivity analysis of our modelled RV human emissions to
Ghana.
Incidence
Low
Standard
High
Excretion rate: Low (-1log)
-7
-10
-17
Standard
-64
100
+165
High (+1log)
+101
+1000
+1640
Removal efficiencies
Low
Standard
High
Sewage treatment: Present -6
-5
-5
situation (ponds)
All
-8
-8
-7
switched to primary
All
-5
-5
-5
switched to secondary
All switched to tertiary
-5
-5
-5
Rural septic tanks, pit latrines and KVIP that reaches surface
Water:
0%
15%
20%
Share of urban pit latrines,
septic tank and KVIP that
reaches surface water:
0%
-5
-6
-6
15%
-6
-6
-6
20%
-7
-6
-6
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3.3. Scenarios Analysis
In the “Business as usual” scenario the calculated total human emissions of RV to surface in
Ghana in 2030 are higher than in 2010 (See figure.5). Based on the model results, human
emissions of RV are expected to increase by a factor 7.3 in this period. The main reason for
this increase is an expected increase in both urban and rural human emissions of RV to
surface water. The calculated increase of emissions is due to population growth and
urbanization since sanitation coverage and sewage treatment systems are assumed to increase
proportionally, but remain the same in this case. Therefore, an increased in emissions in the
different plots RV emissions.
In the “improved emissions” scenario the total human emissions calculated for 2030 compare
2010 are lower in the country by a factor 7.0. The urban emissions gone down by a factor 2.0.
indicating blue4, blue1 and deepskyblue in the different plots maps. while rural emissions
increase slightly by a factor of 2.4 indicating colour red4, red1 and orange1 because the very
large population practising open defecation (direct) in urban areas are now assumed to be
partially connected to sewage treatment systems while fewer population practising open
defecation in the rural areas are partially connected sewage treatments and septic tanks, pit
latrines and K/VIP which are assumed to be non-source emissions. Although, population is
expected to increase in both areas. For all the districts especially the metropolis, except
Tamale North Sub- Metropolis, the emissions decrease. In Tamale North Sub-Metropolis the
increase is due to a strong increase in population growth which did not weigh up to changes
in sanitation and sewage treatment systems. In the other densely populated areas such as
Accra, Kumasi, Tema, Cape Coast and Sekondi-Takoradi Metropolis are assumed to be
connected to sewage treatment systems with improved treatment, so despite the population
growth in 2030 emissions are expected to decrease. The calculated human emissions of RV to
surface water in 2030 are 9.4 × 1016 compare to 9.1 × 1016 in 2010.
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Figure 5. Shows spatial distribution of country average annual Rotavirus emissions to surface
water in Ghana for (1) 2010, (2) 2030 for the business as usual scenario, (3) 2030 for the
improved emissions and difference between 2010 and 2030 for all.
3.3. Compare Scenarios
We zoom in to compare and get the understanding of the scenarios results. The model results
show that total human emissions of RV for the baseline scenario are 9 × 1016 and the
“Business as usual” are 1.7 ×1017 while the “improved emissions” are 9.4 × 1016. For the
baseline scenario, 84% of the total emissions by the population reach the surface water, while
in the “Business as usual” 5% and 2% for the “improved emissions”. The population of 2010
is 24 million with 50.9 urban and the population for 2030 is expected to be 45 million with
64.8% urban and the sanitation types and treatment system are expected to be improved. The
sanitation facilities are categories as ‘connected to sewer’, ‘direct emissions’, ‘diffuse
emissions’ and ‘non-source emissions’. In the baseline scenario, only 62% of the urban
population are connected to sewer whereas in the “business as usual” scenario, only 4% of
the urban population are connected to sewer and in the “improved emissions scenario”, 1% of
the urban population are connected to sewer system. The reduction in the urban population
connected to sewer is an expected increase in the number of pit latrines, septic tanks and
K/VIP which are classified as non-source emissions. In the rural areas 2% of the population
are connected to sewer with limited treatment, for the baseline scenario and 0% for the
25

business as usual scenario. In the “improved emissions scenario”, 1% of the rural population
are connected to sewer system. In the Urban areas, 19% of the people emit directly and 1%
rural diffused for the “baseline scenario”. whereas the “business as usual scenario” has urban
direct and rural diffused to be 1% and 0% respectively. While in the improved scenario, the
urban population emit directly to surface water and diffused rural emissions disappeared. In
the “baseline scenario”, urban and rural non-source emissions are 7% and 9% respectively.
Whereas in the “business as usual scenario”, urban and rural non-source emissions formed
45% and 50% respectively. The ‘improved emissions scenario’ 22% and 76% formed urban
and rural non-source emissions. (see figure 6).

Modelled rotavirus emissions to surface water(rotavirus
numbers/year)

9E+16
8E+16
7E+16
6E+16
5E+16
4E+16
3E+16
2E+16
1E+16
0
Baseline Scenario
Urban connected

Rural connected

Business as usual Scenario
Urban direct

Rural diffused

Improved Scenario

Urban non-source

Rural non-source

Figure.6. Shows Country total annual human emissions of Rotavirus to surface water by
sanitation types from urban and rural sources in Ghana 2010 and for two scenarios in 2030,
(1) ‘business as usual’ and (2) ‘improved sanitation’.
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Chapter 4: Discussions
To my knowledge, this research is the first of its kind to estimate the spatial distribution of
total average daily human RV emissions to surface water in Ghana which will be a useful
example for other important waterborne pathogens. Assessing and understanding pathogen
concentrations and water quality in surface water systems urgently needed is needed to
develop a framework that could help in achieving the Sustainable Development Goals that
aim to reduce waterborne diseases. The aim of my research is to obtain a better understanding
of the occurrence and transport of pathogens via sewage systems to surface water.
The model currently presented the only available estimated human emissions of RV to
surface water in Ghana and for three scenarios for 2030. The GloWPa-Rota H1 model is
based on large existing dataset and assumptions on excretion, incidence and waste water
removal rates are taken from literature. The model can be used to identify hotspot areas
where emissions probably are largest, thus comparing emissions from different districts and
identifying the dominant emissions source now and in the future. The model can be very
informative for policy makers on sanitation and water quality managers.
Because of the availability and quality of the input parameters and the model assumptions,
the model at the moment is less appropriate for calculating exact emissions values for
particular areas in the country since uncertainties in research modelling are inevitably large.
Although, RV’s excretion and incidence rates are highly uncertain as this is the first time
such a study is done. I assumed a single annual RV’s excretion as explained by Kiulia et al.
(2015). This model ignored potential district outbreaks of RV’s and variation in RV’s
shedding. However, I did adjust the generation incidence rate estimate used by Hofstra et al.
(2013) to suit the situation in Ghana.
The RV map produced indicate the spatial distribution of human RV emissions. High
emissions are observed in densely populated urban areas, we estimated that half of the total
emissions come from urban areas. This likely can be explained by population density and
emissions by people who practise open defecation. These are assumed to be direct emissions
in urban areas and diffuse emissions in rural. The other determining emissions variables
calculated by the model are the RV excretion, incidence and removal rates by wastewater
treatment. Data on RV shedding by RV cases by symptomatic and mild or asymptomatic
children are very limited in Ghana. Data on RV incidence are also limited and the existing
information available indicates considerable disparities in incidence among study population.
Similarly, the removal rate of RV by the treatment availability is limited. These limited data
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are therefore estimated based on literature, as explained in Kiulia et al. (2015) with a similar
study in other countries both developed and developing is represent the situation in Ghana.
The classification of the sanitation types assumes that RV through septic tanks, K/VIP, and
pit latrines end up in the soil after a longer period and that they do not reach surface water
(according to Ferguson et al., 2003). According to Davie et al. (2004), excreta from these
sanitation types are transported to surface water through interflows and these systems also get
likely flooded in case of heavy rainfall. Hofstra et al. and Vermeulen et al. (2016) also
discussed that this assumption may cause an under-estimation of emissions since some
content of the pit latrines and septic tanks regularly dumped on lands. My analysis results
show some areas have low emissions, because a large fraction of the population uses K/VIP,
septic tanks and pit latrines, all have less influence on surface water quality. The model
therefore assumed that 15% excreta from these systems are emptied and transported to
sewage systems in the urban and rural areas and gradually reach surface water. However, the
model ignored emissions from these systems that are regularly dumped directly in surface
water. However, I did adjust these emissions to suit the current situation.
Additionally, the sanitation categories ‘elsewhere’ or ‘no facilities’, ‘bush’, ‘field’, and
‘unknown’ were classified as diffused sources for rural population and direct source for urban
people. These faeces are assumed to reach surface water directly due to inadequate space in
urban areas. This assumption is very difficult to validate since cultural differences in the use
of sanitation can are large (Dellström Rosenquist, 2005). In Ghana one fifth of the population
practises open defecation (WHO/UNICEF JMP, 2015) and what happens to these excreta is
uncertain. This can influence the model outcomes considerably as shown in the sensitivity
analysis. Furthermore, measurement data to verify the model outcomes are limited to my
knowledge. To improve the model, I would specifically require more data on RV’s excretion
rate and the occurrence of Rotaviral gastroenteritis, the impact of different sanitation types on
pathogen survival, and measurements of pathogens in surface water and sewage for model
validation. Despite that, this did not influence my results.
Furthermore, more people in urban areas are connected to sewer but this does not mean that
adequate sewage treatment is installed (Baum et al., 2013; WHO/UNICEF JMP, 2000).
Excreta from sewer without treatment will end up in surface water untreated and strongly
affect the water quality. The impact of this on the model results is much larger than the
impact of open defecation.
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The scenario analysis was performed to get an understanding of how RV emissions changes
in future if sanitation, population and wastewater treatment systems changes. My model
scenario analysis places interest in the importance of population growth, sanitation changes
and improvement in wastewater treatment for future development of sanitation scenarios. The
results show that even with improved sanitation and sewage treatment systems, RV emissions
to surface water are likely to increase in future. However, the study did not develop a
scenario that would provide the opportunity to study what would happen if sanitation and
population will change but wastewater treatment would not be improved. The excretion rate
is one of the important issue in my scenario analysis that could change in future taking into
consideration the sensitivity of the model. In case of future low emissions of RV, the
incidence rate would reduce alongside with the excretion rate. In the same way when
emissions are high, incidence rate would also increase with the excretion rate as well. These
effects are however, very uncertain and the implementation of the scenarios on epidemiology
were outside the scope of the study. And this did not as well affect my conclusions.
The sensitivity analysis of the model was also performed and the parameters to which the
model is most sensitive is the excretion rate. A 1log increase in the excretion rate together
with a doubling in the number of incidence rate by an infected person could lead to an
increase in the total emissions to 1640%. Though excretion rate differs from year to year. The
model is also sensitive to emissions from the wastewater treatment systems. Moreover, the
assumption that emissions from pit latrine and KVIP systems do not reach surface water does
not hold true. But I have assumed in this study that 15% of the emissions from these systems
are likely to be transported to sewage systems and gradually reach surface water in this study.
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Chapter 5: Conclusions
The research presented the total emissions of RV to surface water in Ghana and also
studied changes of RV emissions for 2010 and 2030 for the business-as-usual and
improved emissions scenarios using the modified version GloWPa-Rota H1 model by
Vermeulen et al., (2015). But also added that only people connected sewer, diffused
source and direct source may lead to under-estimation of human emissions of RV and that
non-source emissions could also affect water quality. RV’s excretion, incidence and
removal efficiencies from waste-water treatments at the study area were limited. But
these sub questions were estimated from a literature review to be 1010 viral particles/ill
person/day, 0.24 episode of RV’s diarrheal/person/year/ <5 years, and 0.95% for ponds,
0.2log for primary, 0.975% for secondary and 0.9921% for tertiary treatment respectively
that represent the situation in Ghana. Furthermore, the study found sewage systems, pit
latrines, K/VIP, septic tanks and open defecation as different sanitation types in Ghana,
all are classified into connected emissions, non-sources, direct and diffused emissions
based on the data from Ghana Statistical Services. The total emissions for 2010 are 9 ×
1016 viral particles/year which over half is produced by the urban population. Densely
populated areas are observed as hotspot areas.
Under the ‘Business-as-usual’ scenario, RV emissions will increase sevenfold from 2010
to 2030. In a situation where there is a change in sanitation, treatment systems and
population according to the ‘improved emission’, the total RV emissions to surface water
will decreased by a factor of 7.0 due to an improved sanitation and treatment systems
though population is expected to increase.
Low emissions of RV will lead low concentrations on surface water hence low risk of
infection to the population dependent on surface water for drinking. The results of the
scenario analysis indicate that sanitation, population growth and waste water treatment
should be taken into consideration for future development for water by water managers.
Our model is most sensitive to RV excretion and incidence rate together with the
assumption on the percentage of excreta that reaches surface water from pit latrines,
septic tanks and K/VIP and the treatment levels. This paper helps to better understand the
occurrence and transport of pathogens via sewage systems to surface water in Ghana.
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