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Abstract

Inadequate sanitation and drinking water facilities play a role in transmission infectious diseases.
Islands states in Asia Pacific are prone to natural disasters and climate variations. Four Island states in
the Pacific were looked at namely Fiji, Maldives, Nauru and Tuvalu. WASH Vulnerability criterion
(WVC), Social Vulnerability Index and Economic Vulnerability index were calculated. In this study
literature review was used risk assessment of contracting infectious diseases by referencing the risk
equation. This was done by looking at the current sanitation system and how it maybe resulting a
widespread of infectious diseases. The paper further looks at how sanitation may be weakened by
natural disasters and hence increasing the risk of contracting infectious diseases. Of the four states
Nauru had the highest WVC with a value of 0.082. The social vulnerability indices fluctuated
throughout the years. A comparison was also made between vulnerabilities between urban and rural
areas. There was a positive correlation between WVC and MCFURY using the Pearson correlation
coefficient for three of the states except for Fiji. Data used was extracted from World Bank Data and
UNDP. The results are used to propose strategies of improving disaster management to decrease
vulnerability to infectious diseases. Rainwater harvesting is the primary source of safe drinking water
in these areas. Ways of improving rainwater harvesting techniques are also suggested to maximize
access to safe and affordable drinking water..

Keywords: Disaster management, sanitation, natural disasters, infectious diseases, Asia Pacific,
climate changes

1. Introduction

Four island states namely Tuvalu, Nauru, Fiji and Maldives were looked at to determine the link
between sanitation and infectious disease. Due to limited fresh water resources and susceptibility to
normal climate variabilities, natural disasters and contamination from human settlements the islands
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have limited water supply (Falkland, 1999). This study looks at four Island States, which have
different physical conditions such as rainfall pattern, frequency of natural disasters and type of the
natural disasters. Natural events and human activities cause serious water scarcity in the Pacific Island
states. Inter annual El Nino and La Nina cycles result in variable monthly and annual rainfall patterns
(White and Falkland, 2010). Limited rainfall results in depletion of ground water and rainwater
harvested necessitating the use of other water sources, which may be costly. Socio-economic
conditions are also variable in these states. Each state will therefore be looked at individually.
According to WHO 2008 about 88% of all diarrheal diseases are a result of use of inadequate
sanitation, unsafe water and poor hygiene practices (Priiss-Ustiin, A et al 2008). A study has shown
that: “a reduction of 25 % (95% CI 9% -38%) in diarrheal cases can be observed when providing an
improved water supply and 32% (95% CI 13% - 47%) when providing improved sanitation facilities”
(Haller, Bartram and Hutton, 2008). A reduction of 33% (95% CI 24%- 41%) is achieved if both
improved water supply and improved sanitation are used (Haller, Bartram and Hutton, 2008).

1.1. Nauru

Nauru relies on rainwater, imported water, shallow confined groundwater and desalination (Wallis,
2007). The annual rainfall in Nauru is variable, but has averaged 2,126 mm per year between 1916 and
1993 (Climate change profile: Nauru, 2013). Rainwater is collected from roofs into rainwater tanks.
According to World Bank Data a total of 100% of the population in Nauru uses improved drinking
water and 65.56% of the population has improved sanitation facilities in 2015. Concrete and steel
tanks for rainwater harvesting which were constructed in Nauru have deteriorated and are now out of
use (Wallis et al. 2007). The same has happened to guttering and rainwater tanks in houses. Fixing the
deteriorated rainwater harvesting equipment or buying new equipment has been shown to be more
expensive as compared to cost of delivering desalinated water by government trucks. (Wallis et al.,
2007). More rainwater tanks were installed and the available ones were renovated. As a supplement to
rain water harvesting, the government of Nauru provides 32 litres per person per day of
uncontaminated water (WHO, 2008) (MDG taskforce and UNDP Multi-country Office, 2012). Nauru
has no wastewater treatment so sewages and wastewater are discharged in the sea or disposed of in
homes (WHO, 2008). In homes, sanitation is mostly cesspit allowing the wastewater to infiltrate the
porous ground (WHO, 2008). Poor sanitation coupled with limited water gives rise to infectious
diseases. Nauru had the highest rate of diarrhea in the pacific region (MDG taskforce and UNDP
Multi-country Office, 2012). Nauru had 1015 cases of diarrhea per 1200 people in 2002 (WHO
Western Pacific Regional report and SOPAC, 2008).

1.2. Tuvalu

The primary source of water in Tuvalu is rainwater harvesting. The average rainfall was 265.5
mm/month between 2008 and 2009 (Tuvalu MDG report, 2011). Tuvalu experiences droughts for up
to 3 to 4 months a year (SOPAC, 2007). Poorly constructed and maintained household roof gutters
result in quick depletion of water supply (Tuvalu MDG report, 2011). In the 1980s, there was
provision of Ferro-cement storage tanks, used to collect rainwater (SOPAC, 2007). In 2009, the
government distributed the 10,000 litre water tanks in every household in the capital island Funafuti
(Tuvalu MDG report, 2011). Between 58 and 82 % of water storage containers in Tuvalu were
positive for faecal contamination using the hydrogen-sulphide test (Tuvalu MDG report, 2011).
Groundwater is available in the form of wells and can be used mainly for feeding livestock, flushing
toilets, washing clothes and bathing (SOPAC, 2007). Because of widespread use of pit latrines and
septic tanks, groundwater is contaminated, and this results in diseases, i.e. as demonstrated through
1,809 reported cases of diarrhoea caused by Vibrio cholerae in Tuvalu in 1990 (SOPAC, 2007).
Bottled water is available through imports from Fiji but is too costly for the majority of the population
(SOPAC, 2007). Desalination is used for drinking water provision only during severe water shortages
due to the associated cost (SOPAC, 2007). The cost to refill household water tanks is 13.50 AUD per
500 litres (Tuvalu MDG report, 2011).
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1.3. Maldives

Maldives consists of 1900 tiny coral islands (Ibrahim & Bari, 2002). The islands rely on rainwater,
groundwater and desalination (Ebrahim, 2011). A study by Bailey & Khalil, 2015 indicated that the
average thickness of water lens is 4.6 m, groundwater volume is 1,300 litres and this results to a per
capita safe yield of 3001/day. Two thirds of the population lives on atolls (MDG Maldives, 2010) and
they use rainwater for drinking while groundwater is used for other sanitation purposes (Ebrahim,
2011). Groundwater in atolls is contaminated by poorly constructed septic tanks as well as sewage and
human wastes which are directly discharged into groundwater (MDG Maldives, 2010). The capital
island of Male has piped water available to the population which is produced through desalination
(Ebrahim, 2011). Male water is provided by the Male Water and Sewerage Company (MWSC) with a
tariff of USD $1.43 per m3 for 0-100 litres and a fixed monthly charge of $1.95 per m3 (USAID,
2012). The tariffs are structured as increasing-block tariffs necessitating water rationing in order to
pay less money. All the other Islands in Maldives use about 80-110 L per day and this usually depends
on the type of toilet they use (Falkland, 2001). Majority of Maldives islands have poorly built septic
tanks, and the tanks are corroded by hydrogen sulphide (Ebrahim, 2011). Waste is disposed in bushes
or burnt within the households (MDG Maldives, 2010).

14.  Fiji

Geographical location of Fiji makes it susceptible to natural disasters such as Tsunami, earthquakes,
cyclones and floods. The disasters affect sanitation and water supply thus increasing pressure to
already poor health conditions in the communities ( Narsey Lal, 2009). According to EMDAT the
international disaster database there was a drought in Fiji in September and October 2015 (Guha-
Sapir, 2008). The drought affected 67,000 people in Fiji. From the years 2005-2019, EMDAT
recorded 11 tropical cyclones, and the worst one was cyclone Winston in 2016 (Guha-Sapir, 2019).
Cyclone Winston 540,558 people and a total death toll of 45 (Guha-Sapir, 2019). Inadequate sanitation
and water supply promotes transmission of pathogens and this is worsened by natural disasters. A
study by Sheel et al 2019 was aimed at evaluating the effectiveness of the Early Warning and
Response System application by the WHO in detecting and controlling disease outbreaks after the
cyclone. The success of the application showed a high level of resilience the public healthcare system
in Fiji because of its ability to detect disease outbreaks. In the study, some WASH related diseases
noted were acute watery diarrhea and acute bloody diarrhea. Acute watery diarrhea had frequency of
29.8 cases/100 people while acute bloody diarrhea had a frequency of 0.7 cases/100 people. This
highlights the level of risk of infectious disease spread after a natural disaster. The risk in such events
increases because of displacement of people, overcrowding in the few remaining shelters and poor
access to safe drinking water. The risk for transmitting pathogens also increases due to pollution of the
available groundwater reserves. Faecal contamination and littering of limited groundwater sources
puts them out of use resulting in decrease of water supply (SOPAC Miscellaneous Report 674, 2008).
The faecal oral route results in spread of diseases such as diarrheal diseases, polio and hepatitis A.
After a Hepatitis A outbreak in an area situated in Fiji’s capital island was noted in 2013, a study was
carried out to identify potential sources of the infection ( Getahun, 2015). Samples of drinking water
were collected from all the water sources. Although the town had access to treated water from the Fiji
Water Authority, the affected community used water from a dam. The water collected from the dam
for assessment was found to be faecally contaminated, with the concentrations of Escherichia coli
ranging from 5 to 43 cells per 100 mL (Getahun, 2015). The WHO bacteriological quality of drinking
water guidelines states that all water required for drinking purposes must contain less 0 cells of
Escherichia coli per 100 mL (Havelaar et al., 2001) (WHO, 2011).

Rural to urban migration continue increasing in Fiji thus increasing demand for land and housing in
urban areas this results in people living in squatter camps and other informal settlements (Narsey Lal,
2009). According to statistics 7% of population in Fiji is living in 200 squatter settlements (Narsey
Lal, 2009). Squatter camps have no piped water and lack access to health services. Because of
insufficient water supply there is likeliness of poor hygiene in the squatter camps and informal
settlements. This increases transmission of pathogens.
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1.5. Context of the study

Rapid urbanization in Asia Pacific islands has greatly affected water quality as resulted in pollution of
water bodies. This is a result of poor wastewater treatment, where wastewater is generally discharged
into water systems without sufficient treatment (Unescap.org, 2016). In some places sanitation is very
poor. In 2002, 871 cases of acute diarrhea per 1000 people were reported in the Asia Pacific region
(WHO Western Pacific Regional and SOPAC, 2008). The forms of diarrheal diseases included
cholera, typhoid and dysentery (WHO Western Pacific Region and SOPAC, 2008). The incidence of
diarrhoea in Fiji, Nauru and Tuvalu in 2002 was 772, 1015 and 785 respectively per 1000 people
(WHO Western Pacific Regional and SOPAC, 2008).

According to UN-WATER (2014), the Asia Pacific region often suffers from disasters and has one of
the highest disaster vulnerabilities in the world. Climate change may result in droughts or floods, these
may result in scarcity or deterioration of water quality, thus increasing water related epidemics
(Narsey Lal, 2009). The El Nino phenomenon has caused various types of disasters, e.g. a drought in
Fiji between 1997 and 1998 (Narsey Lal, 2009). The drought resulted in a greater number of people
requiring government water delivery (WHO, 2016). During a natural disaster a number of people die
but its effects do not end there. After natural disasters, human populations are displaced, and sanitation
infrastructure is often destroyed; and available volumes of drinking water decrease. An example is the
2004 Tsunami disaster which hit Maldives with an estimated damage which was worth 62% of the
GDP (MDG Maldives, 2010) and 13,000 people homeless (Guha-Sapir, 2008). Droughts and flooding
as an example of natural disasters increase vulnerability to infectious diseases (WHO, 2016). This
study looks at risk of contracting infectious diseases because of poor sanitation. It provides a systemic
risk assessment and highlights vulnerability assessment in terms of sanitation in the four island states
of Asia Pacific region. The paper goes on to look at how natural disasters contribute to weakening the
sanitation system and thus increasing vulnerability to infectious diseases.

2. Methodology

In this study, Scopus and Google Scholar search engines were used to access journal articles, reports
and books using a combination of the key words: disaster management, sanitation, natural disasters,
infectious diseases, Asia Pacific, climate change, Nauru, Tuvalu, Maldives and Fiji. United Nations,
World Health Organisation websites and World Bank data sites were used as reliable sources for data
used to quantify vulnerability. Data used was from the year 2005 to 2015. A literature review was
done. This was then followed by gathering points for each of the parameters of the risk equation. This
allowed assessment of the progress made in increasing the number of people with access to clean safe
water and basic sanitation. EM-DAT the international disaster database was used to access the most
prevalent natural disasters in the Pacific Island States in question. Vulnerability was calculated with
respect to WASH, social and economic vulnerabilities.

2.1. Risk assessment

Risk assessment involves qualitative and quantitative assessment of risk using suitable risk equations
found in the literature. By definition risk is the possibility of encountering danger or loss as a result of
encountering a hazard (Schneiderbauer, 2004). This research looks at risk of contracting a sanitation
related epidemic as a result of being exposed to poor sanitation where this is worsened by natural and
manmade disasters. According to Chiang (2003) and Smith (2001) disaster risk can be calculated
using the equation:

R= Haz x Vul x Exp [Equation 1]

Where R is the disaster risk, Haz is the hazard, which is a threat on wellbeing of people and can cause
loss of life, injury or disruption of property. Vul is vulnerability and it looks at the social, political,
health and economic processes of a disaster prone area, and it measures the ability of a population to
cope, anticipate and recover from a disaster. Exp is exposure of population or property exposed to the
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negative effects. In this research property will be the sanitation system or equipment. Exposure also
looks at exposure of population to the causative agent of the infectious disease.

The above equation can be further modified by Tandlich et al (2013) to include preparedness and
resilience which are inversely proportional to the risk. The equation is as follows

R=(Vul x Exp x Haz)/Prep =(Exp x Haz)/Res [Equation 2]
The definition for R, Vul, Exp, Haz in equation 2 are the same as the ones in equation 1 above. Prep
represents preparedness which involves “activities and measures taken in advance to ensure
anticipation, effective response and recovery to impacts of a hazard” (UNISDR, 2009). Res is
Resilience and is the ability of a system which has been affected by a hazard, to resist, adapt and

recover from the effects of a hazard within a specific time period in an efficient manner (Ferrier,
2003).

2.2 Vulnerability assessment.

Vulnerability was calculated with respect to social, WASH (water, sanitation and hygiene) and
economic processes of the Island State. WASH Vulnerability criterion (which will be abbreviated as
WVC in the following text) is based on the population of the Island States with improved water
resources and improved sanitation facilities. Data used for improved water and sanitation was
extracted from the World Bank Data. Data used was for the years 2005 to 2015 and will be given for
the total population (represented by subscript T), urban population (represented by subscript U) and
rural population (represented by subscript R), with access to improved water resources and sanitation
facilities. The data used showed the trend in number of people using improved sanitation and with
access to clean water in the time periods. The trends will be used to compare between rural and urban
populations. Population of the island states with access to improved water resources will use the
abbreviation AIWR and the population with access to improved sanitation facilities will be AISF.
AIWR and AISF are given in percentages. To come up with dimensionless values of AIWR and AISF,
they were converted to fractions. The following equation developed by Tandlich et.al. (2018) was used
to assess WVC. The equation is still under development.

1

wye= log [100 X 0.5x (AIWR+AISF)]

[Equation 3]
The equation shows that WVC is inversely proportional to the average value of AIWR and AISF. The
equation can be simplified as shown below.

200

wye= IOg AIWR+AISF

[Equation 4]

Microsoft excel 2016 was used to do the calculations.

2.3 Social Vulnerability Indicator (André, 2012)

Social vulnerability indicator is abbreviated as SVI in the following text. SVI is based on the
economic status of the island states, population growth rate, percentage of population living in urban
areas and also human development of the Island states. Percentage of population living in urban areas
is converted to a dimensionless fraction and this becomes the parameter FUP. That is fraction of
population living in urban areas. The variables play a role in provision of improved sanitation facilities
and access to improved water resources. Data for population growth rate was extracted from
WorldBank(b), 2017. GDP data was from WorldBank(c), 2017). Human Development Index for all
Island States was from UNDP, 2016. The equation below is used to quantify social vulnerability.
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FUP x Cp

SVl = ————F—
HDI x Log (GDP)

[Equation 5]

Where:
FUP is fraction of urban population

Cp is population growth rate and is presented as a fraction to obtain a dimensionless figure.

HDI is the Human development index (year0‘667)

GDP is gross domestic product per capita

24 Economic Vulnerability indicator (André, 2012)

Economic vulnerability indicator is abbreviated as EVI and takes into account the economic status of
the island states, population growth rate, percentage of population living in urban and rural areas and
human development index. EVI can be quantified using the equation below.

FUP xlog(GDP)
Cp x HDI

EVI = [Equation 6]

The definition of FUP, GDP, Cp and HDI are the same as in equation 5 above. Microsoft Excel 2013
was used to perform calculations for EVI and SVI.

2.5 Mortality of children under five years of age (MCFURY)

The MCFURY values are given per 1000 live births. The values are used to determine the link
between WVC and diarrhoeal disease. This is because lack of access to clean water, basic sanitation
and poor hygiene results in spread of diarrhoeal diseases causing about 842,000 deaths annually
(WHO, 2014) especially in children under 5 years of age.

3. Results and discussion

The results shown below in table form represent risk assessment for all four Island states in question
for each parameter in the risk equation. This is summarised in the table below.

Fiji

Vulnerability

Vulnerability Comment Reference

People staying in low - Such areas are greatly affected by floods. (Narsey Lal,
lying areas. 2009)

Poor town planning and - Poorly planned towns have poor sanitation | (SOPAC

fully silted drainage systems and if an epidemic strikes the town it | Miscellaneous
system. will quickly spread. Report 674,

- Fully silted drainage systems means that 2008)

floodwater stays on the ground longer and
this increases risk of contamination of ground
water sources.

- Poor maintenance of drainage infrastructure.
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Economic vulnerability - Insufficient funds for disaster risk | (SOPAC
management. Miscellaneous
- Government agencies still lack dedicated ggggrt 674,
budget for risk reduction and prevention. This )
shows that in the case of a natural disaster
which affects access to water and there is
damage to sanitation system, the Island state
will take time to recover.
Environmental - Contamination of water sources increases | (SOPAC
vulnerability vulnerability to contracting water borne | Miscellaneous
infectious diseases. Report 674,
_ 2008 there was an outbreak of typhoid in Fiji | 200%)
due to contamination of water.
Poverty: - The poorest in a community are affected | (Narsey Lal,
) more because of increased disaster | 2009)
Vqlﬁera‘tfli.litgl in1 coinpeflrlilson to comlmunities (Fiji - Population
with a higher level o uman deve opm.ent. below  poverty
Thg percentage of the Fljlan. population, line - Historical
which has.been documented to live below the | .. Graphs per
poverty line, has been reported to be at Year, 2016)
around 31%. ’
) .| (Fiji - Human
- Human dgve.lop.ment index .(.HDI) for .F1]1 Development
0.736. This indicates that Fiji has medium Index, 2016)
human development. HDI measures human ’
development with respect to three important
dimensions, which are life expectancy,
education and standard of living. Level of
development is inversely proportional to
vulnerability. The higher the HDI the lower
the vulnerability. (The Pacific
- Increase in poverty increases severity of | Islands  Forum
disaster outcomes. Secretariat s
. . 2012)
- Low household income families have no
water security or safe sanitation and may | (Narsey &
often have little education. Wagavonovono,
- Literacy rate as at 2010 is 95.7% 2010)
- Diminished resources to procure clean water, gl(\)lggs)ey Lal,
sanitation and necessary medicine.
Hazards
Hazard Comments Reference
Climate change - May result in droughts or floods, these may
resul.t in scarcity or dete.rioration of water (Narsey Lal,
quality and thus increasing water related 2009)
epidemics. According to EMDAT the _
international disaster database there was a | (Guha-Sapir,
drought in Fiji in September and October 2008)
2015. The drought affected 67,000 people in
Fiji.
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Drought - 98 % of the population have access to
improved drinking water and 83% have (The Pacific
access to improved sanitation. Islands Forum
- The sustainable development goal 6 focuses | Secretariat ,
on ensuring access to water and sanitation for | 2012)
all. The target is to reach 100% of population (UNDP Pacific
with access to both improved drinking water | g0 in Fiji,
and sanitation by 2030. 2016)
- Inadequate sanitation and water supply
promotes transmission of pathogens.
Pollution - Faecal contamination and littering of limited | (SOPAC
groundwater sources puts them out of use | Miscellaneous
resulting in decrease of water supply. Report 674,
- Pollution also increases risk of contracting 2008)
infectious diseases.
Geographic location of - Fiji is susceptible to natural disasters such as | (Narsey  Lal,
Fiji. Tsunami, earthquakes and floods. The | 2009)
disasters affect sanitation and water supply
thus increasing pressure to already poor
health conditions in the communities.
Exposure
Exposure Comments Reference
Rural to urban - Migration increases demand for land and | (Narsey Lal,
migration housing in urban areas this results in people | 2009)
living in squatter camps and other informal
settlements.
- 7% of population in Fiji is living in 200
squatter settlements. (Narsey  Lal,
2009
- Squatter camps have no piped water and lack )
access to health services.
- Because of insufficient water supply there is
likeliness of poor hygiene in the squatter
camps and informal settlements.
- This increases transmission of pathogens.
Resilience
Resilience Comments Reference
Community level - Communities are receiving training in | (Dobui, 2012)

community multi hazard assessment.
Evacuation drills are being practiced.

Public education and awareness activities.

Schools

Disaster management
curriculum.

is part of school

(Dobui, 2012)
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Schools have developed Disaster
Management plans from internal customised
risk assessment at sector levels.

Government

During emergency government departments
redirects funds from existing budgets to
emergency procurement.

Policies have been put to place by civil
societies for poverty reduction.

Disaster and Risk Management is now
included in sector policies and regulations of
water, housing and waste water management.

Development of early warning systems.

Development of Tsunami procedures.

(Dobui, 2012)

International efforts

Efforts being done to address climate change
at the policy development level.

MDGs, National Adaptive Programme of
Action from the UNFCC, the UN Directive
on National Sustainable Development
Strategy and National plans from the Hygo
framework of action.

(Dobui, 2012)

Water quality - There is no set legislation for water quality, | (Mirti &
management WHO guidelines are used Davies, 2005)
Tuvalu

Vulnerability

Type Comment Reference

Sanitation system

Poorly constructed septic tanks have an
impact on sanitation and hygiene and this
increases  vulnerability to  contracting
infectious diseases.

Flush toilets discharge into septic tanks
which are poorly managed, poorly
constructed and have no proper treatment.

At times greywater is disposed of on soak-
away outside of dwellings, this poses a threat
on groundwater in terms of pollution.

(SOPAC, 2007)

Climate changes

Reliance on rainwater harvesting means that
climate changes may increase community
vulnerability because of compromised access
to water during drought periods.

Various weather cycles such as EL Nino and
La Nina may result in storms, cyclones,
heavy rains and drought.

Storms and cyclones may disrupt the
sanitation system.

(SOPAC,
2007)
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Storage of

water

capacity

Insufficient capacity and storage plus poor
construction and maintenance of rainwater
harvesting system means quick depletion of
water and harvested water may be easily
polluted.

Insufficient storage results in inadequate
water for basic hygiene and flushing water
borne toilets.

(SOPAC, 2007)

Waste disposal

Waste disposal is poorly controlled and the
disposal management is inadequate

Limited financial resources available to
households to install and maintain
environmentally sound wastewater treatment
system.

Limited types of waste water treatments
available to the community.

Over used dumping sites

groundwater.

may pollute

(SOPAC, 2007)

Poverty human
development index

Low-income households in urban areas have
no access to water, sanitation and wastewater
management services.

Poverty may also result in insufficient access
to education and health care services.

(SOPAC, 2007)

Community location

People living close to water are more
vulnerable to storm surges.

(Gerber, 2011)

Hazards
Type Comment Reference
Poor hygiene - Poor hygiene increases disease transmission | (SOPAC, 2007)

by flies.

During periods of water scarcity where
waterborne toilet systems cannot be used
lagoon and ocean side beaches are used for
defecation purposes.

Natural disasters

Tuvalu lies in a region susceptible to

cyclones.
It is also prone to other natural disasters such
as storm surges, El Nino/ La Nina

phenomena and droughts.

Quality of groundwater is worsened by
natural disasters.

Contamination of rainwater tanks and ground
water due to saline intrusion after storm
surges. The most recent storm was in 2015
and it affected 4613 people.

(Gerber, 2011)

(Gerber, 2011)

(Guha-Sapir,
2008)

10
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Exposure
Type Comment Reference
Sanitation threats - Septic tanks over flowing contaminate | (Gerber, 2011)
adjacent lands and also contaminates
groundwater.

This exposes these areas to diarrhoea causing
micro-organisms.

Population growth

Increases pressure on resources.

Disease outbreaks may increase as diseases
can quickly spread in over populated areas.
Health expenditure is 9.9% of GDP

Traditional coping methods to shortage of
water are becoming mismatched with
growing population

(Roberts, et al.
2011)

Pollution - Household rainwater harvesting system may | (SOPAC, 2007)
be polluted by animal droppings and dust
- Pollution of groundwater from solid wastes
and human excreta increases exposure to
disease causing organisms especially in (SOPAC, 2007)
children
Nauru
Vulnerability
Type Comment Reference
Inadequate supply of - This has a detrimental effect on health | (Climate change

fresh water.

because it results in higher incidence of
waterborne diseases such as diarrhoea and
typhoid.

profile: Nauru,

2013)

Economic vulnerability

Country’s GDP is affected by natural
disasters such as droughts and floods.

There is no allocated budget for risk
reduction or prevention by the government.

(Climate change
profile: Nauru,
2013)

(Harris, 2012)

Absence of surface - The limited groundwater on Nauru is often

water on the island not suitable for human consumption due to (WHO, 2008)
sewage and domestic wastewater intrusion. ’

Poor waste management - There is no waste treatment in Nauru and this | (WHO, 2008)
gives rise to spread of infectious diseases.

Hazards

Type Comment Reference

Climate changes

Dependency on rainwater harvesting results
in water shortages when there is a drought.

(Climate change
profile: Nauru,
2013)

11
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Droughts may last for as long as 3 years.

There is lack of highly trained personnel to
manage effects of climate change.

Congested living - Housing and building based on ownership of | (MDG taskforce
land plots result in congestion in these areas. | and UNDP

- If an epidemic strikes it can easily spread Multi-country

o Office, 2012)

within the homes.

Poor maintenance of - Deterioration of rainwater harvesting | (Wallis, 2007)
rainwater harvesting equipment as a result of an economic (MDG taskforce
equipment downturn resulting in failure of households and UNDP

to repair their rainwater harvesting
equipment. This causes faster depletion of
household water when there is a longer
period of dry spell

This has
households.

decreased water supply in

Multi-country
Office, 2012)

Geographical location

The location of Nauru exposes it to extreme
weather patterns that range from storm
surges to prolonged drought periods.

(Wallis, 2007)

Exposure

Type Comment Reference

Current Population - Population of Nauru stood at 9976 in 2010. (WPRO Nauru,
2016)

Of this population 25.1% is below basic
poverty line. This is a population of people
living on less than USD $1.90 a day.

There is a link between poverty and lack of
adequate access to basic sanitation and clean
water.

The human development index is (HDI) 0.7.
This is a measure of the degree of
development. A score of 0.7 indicates that
Nauru has medium development.

(MDG taskforce
and UNDP
Multi-country
Office, 2012)

Resilience

Type Comment Reference
Government - Implementation of policies that strengthen | (Harris, 2012)
interventions Disaster ~ Risk ~ Management  through

establishment of National Disaster Risk
Management Office. Further efforts included
preparation and finalising the text of a
National Disaster Risk Management Plan.

Community level

Community awareness programs on climate
change adaptation and Disaster Risk
Management.

The awareness programs help to enhance

(Harris, 2012)
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community awareness
impacts of all disasters.

and resilience to

Maldives

Vulnerability

Type Comment Reference

High population densities - High population density results in over | (Ebrahim, 2011)
extraction of groundwater and also (Population
increases  pollution of groundwater. density in

Maldives has a population density of
1391,64 people per km® in 2016. High
population density leads to a faster spread
of infectious diseases within the dense
population.

Over extraction of groundwater results in
saline intrusion of the groundwater.

Some places are densely populated to the
extent that there is insufficient space for
rainwater storage tank.

Maldives, 2016)

(Ebrahim, 2011)

Economic factors

Insufficient funds to improve sanitation at
community level.

According to primary household data
survey data from the World bank 7.26% of
the population in Maldives live on less than
$1.90 a day in 2009

(Ebrahim, 2011)

Hazards

Type

Comment

Reference

Poorly maintained water
tanks

Tanks are poorly built and are suffering
from corrosion due to H,S.

Tanks are desludged infrequently.

(Ebrahim, 2011)

Poor sanitation system

Septic ~ tank contaminates

groundwater.

leakage

Groundwater is used for cooking and
drinking when rainwater is scarce.

This is contributing factor to heightened
incidence of diarrhoea and infectious
diseases.

(Ebrahim, 2011)

Natural disasters

In 2004 Maldives was affected by an Indian
ocean Tsunami. This resulted in saline
intrusion of fresh water lens and ground
water.

Sea-level rises also result in saline

intrusion.

(MDG
Maldives, 2010)
(Bailey &

Khalil, 2015)
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Resilience

Type Comment Reference
Government - Government of the Maldives focused its | (Ebrahim, 2011)
interventions in densely efforts on densely populated areas and built

populated areas. sewage systems in order to minimise

pollution.

- Rainwater storage tanks were given out
freely in these communities.

- Desalination plants were built in such areas.

From the risk assessment it can be noted that the Island states have both similar and different
characteristics with respect to the parameters of the risk equation. In the four island states, the most
common hazards are climate change and natural disasters. These hazards result to depletion of water
resources and this hence increases the number of people exposed to disease-causing microorganisms.
Geographical location of the Island states increases the risk of extreme climatic events where drought
is the major issue according to the risk assessment. Poor town planning characterized by poorly
constructed septic tanks, poor waste management and poorly maintained water tanks is a common
issue Fiji, Tuvalu and Maldives. It has been shown that community participation and poverty
alleviation practices are important in planning and implementing water supply and sanitation programs
(Crennan, 2005). Poverty is listed as one of the vulnerabilities of the Pacific islands as shown in the
results above. Poor households are more likely to experience greater effect of natural disasters. Some
of such households are built in informal settlements were they have little or no sanitation equipment,
the risk of spread of infectious diseases increases. Rural to urban migration results in high population
densities and rise in informal settlement is particularly seen in Fiji and Maldives. Poor maintenance of
sanitation equipment in all four Island states greatly increases risk of contracting infectious waterborne
diseases. In general limited ground water, overpopulation and pressure on available natural resources,
lack of sufficient financial support from either government or international organizations, climate
change and natural disasters are some of the common elements in the four Island states which result in
increased risk of spread of waterborne infections.

To better understand the consequences of limited access to basic water, sanitation and hygiene and the
link to public health, mortality rate of children under the ages of 5 years can be referred to. Nauru had
the highest infant mortality rate of the four Island states, with a mortality rate of 35 per 1000 live
births. According to WHO 2018 diarrhea accounts for 8% of death in children below 5 years of age.
(WHO, Levels & Trends in Child Mortality , 2018). This is supported by the fact that Nauru had the
highest prevalence of diarrheal diseases in the whole of Asia and the Pacific (WHO Western Pacific
Regional and SOPAC, 2008). Under-five mortality rate of Fiji has shown a slight increase since 2000,
and in 2015 it was 24.6 per 1000 births. Tuvalu and Maldives have had a decrease in infant mortality
since 2000, with Maldives having an infant mortality rate of 8 per 1000 live birth in 2015. Despite the
decrease of infant mortality rate in Tuvalu (26.6 per 1000 live births), the rate is still quite high as
compared to Fiji and Maldives. Infant mortality rate data was extracted from the World Bank Data
database. Data for mortality rate attributed to poor access to clean water, sanitation and lack of
hygiene in 2016 showed that Fiji had a higher mortality rate as compared to Maldives with 2.9 and 0.3
per 100 000 people respectively.

The four Island states progressed significantly in achieving the 2015 Millennium Development Goal
(MDG) 7 which aimed to ensure environmental sustainability and one of its targets was to half the
proportion of people without access to safe drinking water and basic sanitation by 2015 (Lenton &
Wright, 2005). WVC has a minimum value of 0 which is attained when both AIWR and AISF are
100%. The value of WVC goes towards 1 as AIWR and AISF decrease and towards 0 as AIWR and
AISF increase. Data used was extracted from Data.worldbank.org. (2019 (a-f)).
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Fiji wvC
Ye | Rural population Urban Population Total Population
ar
AIW | AISF | WVC AIW | AISF | WVC AIW | AISF | WVC
R (%) (dimensi R (%) (dimensi R (%) (dimensi | MCFU
(%) onless) (%) onless) (%) onless) RRY
20 1 90,2 | 76,3 | 0,07935 98,6 |92,2 |0,02016 94,4 | 84,2 | 0,04882
05 [ 344 6389 |9 7012 | 5777 | 1 4138 19033 | 8 23,1
20 1 90,0 | 78,2 | 0,07484 98,5 |92,6 | 0,01946 94,3 | 85,4 | 0,04612
06 | 95 4622 9394 | 4189 |1 6691 | 8206 | 2 23,4
20 |1 89,9 | 80,1 | 0,07036 98,5 |93,0 | 0,01876 94,2 | 86,6 | 0,04346
07 | 5561 | 2855 | 6 1777 | 26 2 9294 | 6201 23,7
20 | 89,8 | 82,0 | 0,06593 98,4 | 93,4 |0,018006 94,2 | 87,8 | 0,04084
08 | 1621 | 1088 | 8 4159 11012 | 4 1955 | 3031 23,9
20 | 89,6 | 83,8 | 0,06155 98,3 | 93,7 |0,01736 94,1 | 88,9 | 0,03826
09 | 7681 | 9321 |5 6541 | 9424 | 8 4623 | 863 |5 24
20 | 89,5 | 85,7 | 0,05721 98,2 | 94,1 | 0,01667 94,0 | 90,1 | 0,03573
10 | 3741 | 7554 | 6 8924 | 7835 | 2 7331 [ 3055 |1 24
20 | 89,3 | 87,6 | 0,05292 98,2 | 94,5 |0,01597 94,0 | 91,2 | 0,03324
11 | 9802 | 5786 1306 | 6247 | 8 0071 | 6303 24
20 | 89,2 | 89,5 | 0,04866 98,1 94,9 |0,01528 93,9 92,3 |0,03078
12 | 5862 | 4019 |5 3689 | 4659 |5 2823 | 8374 | 9 24
20 | 89,1 | 91,4 | 0,04445 98,0 | 95,3 |0,01459 93,8 |93,4 |0,02837
13 1922 | 2252 | 2 6071 | 307 |3 5607 19292 | 9 24,1
20 | 88,9 |93,3 | 0,04028 97,9 | 95,7 |0,01390 93,7 | 94,5 | 0,02600
14 | 7982 | 0485 8454 | 1482 | 2 842 19066 | 7 24,3
20 | 88,8 | 95,1 | 0,03614 97,9 |96,0 |0,01321 93,7 | 95,6 | 0,02367
15 | 4042 | 8718 | 7 0836 | 9894 | 2 1245 | 7705 | 4 24,6

Table 1Fiji WVC Data

The WVCrhas decreased throughout the years between 2005- 2015. From the results there was a
notable difference between WVCyand WVCp, with the rural areas being more vulnerable. Between
2005-2015, EMDAT recorded 13 natural disasters, one drought, six floods and six tropical cyclones.
Although WVC and AISF of both rural and urban areas increased, there was a notable decrease in
AIWR in both places. A logical reasoning behind this observation would be the fact that both floods
and storms contaminate groundwater reserves hence the water becomes of poor quality. Table 5
shows the SVI and EVI of Fiji. From 2005 to 2009, the SVI increased from 0,000311 to 0,000761 and
then it decreased there after until 2014 where it was 0,000518. In 2015 there was an increase in urban
population thus increasing the SVI to 0,000534. The Pearson correlation coefficient of Fiji for the
relationship between MCFURY and WVC gives a strong negative value of -0.9293. The correlation
between WVC and SV in Fiji is also a negative correlation with a value of -0.0763.

Maldives WVC

Ye | Rural population Urban Population Total Population

ar
AIW | AISF | WVC AIWR | AISF | WVC AIW | AISF | WVC MCFU
R (%) (dimensi (%) (%) (dimensi R (%) (dimensi | RRY
(%) onless) onless) (%) onless)

20 1 92,9 | 84,1 | 0,05280 97,028 | 94,3 | 0,01920 94,3 | 87,5 |0,04117 | 22,6

05 [ 4112 | 6231 |3 01197 11992 |6 2044 | 905 1

20 | 94,5 | 86,7 | 0,04276 96,807 | 94,0 | 0,02022 95,3 | 89,2 |0,03473 |20

06 | 4384 | 0193 |2 92834 | 9063 |7 3704 |1 9048 | 4

20 | 96,1 | 89,2 |0,03294 96,587 | 93,8 | 0,02125 96,3 |90,9 |0,02866 | 17,8
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07 | 4657 | 4154 | 8 84472 | 6135 | 1 0676 | 1867 | 5

20 | 97,7 |91,7 |0,02335 96,367 | 93,6 | 0,02227 97,2 92,4 |0,02294 | 16
08 | 4929 | 8115 | 1 76109 | 3206 | 7 3049 | 7622 | 7

20 99,3 943 | 0,01396 96,147 | 93,4 | 0,02330 98,1 939 |0,01756 | 14,4
09 | 5202 | 2076 |1 67746 | 0277 | 5 0934 | 6476 | 1

20 99,7 |96,8 | 0,00753 95,927 | 93,1 | 0,02433 98,1 [953 |0,01417 | 13,1
10 6037 | 4 59384 | 7349 | 6 9164 | 8621 | 4

20 99,7 |98,3 |0,00433 95,707 | 92,9 | 0,02536 98,0 96,1 |0,01286 | 11,9
11 1401 | 4 51021 | 442 9 5673 | 0385 | 9

20 99,7 |98,3 |0,00433 95,707 | 92,9 | 0,02536 98,0 96,0 | 0,01310 | 10,8
12 1401 | 4 51021 | 442 9 1106 | 4242 | 9

20 99,7 |98,3 |0,00433 95,707 | 92,9 | 0,02536 97,9 959 |0,01334 | 10
13 1401 | 4 51021 | 442 9 6662 | 8266 | 2

20 99,7 |98,3 |0,00433 95,707 | 92,9 | 0,02536 97,9 959 |0,01356 | 9,3
14 1401 | 4 51021 | 442 9 2358 | 2477 | 8

20 99,7 |98,3 |0,00433 95,707 | 92,9 | 0,02536 97,8 958 |0,01378 | 8,8
15 1401 | 4 51021 | 442 9 8198 | 6882 | 6

Table 2.WVC Maldives

Maldives has shown a tremendous decrease in WVCg since 2010 when there was a notable
improvement in both AIWRg and AISFr However, the urban population at the same time seemed to be
facing challenges in terms of AIWRyand AISFy, This resulted into an increase in WVCy. Such an
observation will necessitate investigation of factors which may have influenced the decrease in
AIWRy and AISFy, one of which could be the level of rural to urban migration and formation of
shanty towns and informal urban settlements. The risk assessment showed that the population density
of Maldives is high with 1391.64 people/km*(Population density Maldives). Another factor could be
that Maldives may have experienced a natural or manmade disaster which may have disrupted the
sanitation system. Floods in 2007 affected 1 649 people as recorded by EMDAT. In 2011, there was
an outbreak of Dengue fever in Maldives. Dengue fever is a vector borne disease spread by
mosquitoes. This was a clear indication of increase in breeding ground for mosquitoes. The WHO
noted this as an environmental health emergency and advised members of the public to cover their
drinking water containers in order to prevent these containers from becoming breeding areas for
mosquitoes (World Health Organization, 2019). The Pearson correlation coefficient of Maldives for
the values of MCFURY and WVC gives a strong positive correlation of 0.9569. this means that there
is an increase in MCFURY as WVC increases.

Nauru WVC
Yea | Urban Population Total Population
r
AIWR | AISF WVC AIWR AISF(%) WVC MCFURR
(%) (%) (dimensionles (%) (dimensionles | Y
s) s)
200 | 97,0773 | 65,6610 | 0,08954 97,0773 | 65,6610812 | 0,08954 38,5
5 7 8 7
200 | 97,4713 | 65,6528 | 0,088511 97,4713 | 65,6528868 | 0,088511 38,6
6 8 9 8 5
200 | 97,8654 | 65,6446 | 0,087485 97,8654 | 65,6446925 | 0,087485 38,9
7 9 1
200 | 98,2594 | 65,6365 | 0,086462 98,2594 | 65,6364981 | 0,086462 39,2
8 1 1 6
200 | 98,6534 | 65,6283 | 0,085441 98,6534 | 65,6283038 | 0,085441 39,2
9 2 2 1
201 | 99,0474 | 65,6201 | 0,084422 99,0474 | 65,6201094 | 0,084422 38,8
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0 3 1 3 7

201 | 99,4414 | 65,6119 | 0,083406 99,4414 | 65,6119151 | 0,083406 38,3
1 5 2 5 2

201 | 99,8354 | 65,6037 | 0,082392 99,8354 | 65,6037207 | 0,082392 37,6
2 6 2 6 7

201 | 100 65,5955 | 0,081981 100 65,5955264 | 0,081981 36,8
3 3 3

201 | 100 65,5955 | 0,081981 100 65,5955264 | 0,081981 35,9
4 3 3

201 | 100 65,5955 | 0,081981 100 65,5955264 | 0,081981 35
5 3 3

Table 3:Nauru WVC

Nauru does not have a rural population. The AISFr in Nauru is lower than that of the other Island
States in question. This also explains the high WVC in Nauru. The Pearson correlation coefficient for
the relationship between WVC and MCFURY is 0.7058. This entails that increase in WVC results in
increase in MCFURY value. Although the MCFURY value has improved with increase in AIWR, it
still is higher than that of the other island states in question. The data for Nauru shows that AISF is
largely contributing to WVC as can be seen the AISF is deteriorating while AIWR has reached
the100% goal.

Tuvalu WV C
Ye | Rural population Urban Population Total Population
ar
AIW | AISF | WVC AIW | AISF | WVC AIW | AISF | WVC MCFU
R(%) | (%) (dimensi R(%) | (%) (dimensi R (%) (dimensi | RRY
onless) onless) (%) onless)
20 | 97,52 | 79,5 | 0,052916 98,32 | 94,0 | 0,016943 97,9 | 86,7 | 0,034665 | 36,1
05 3756 2749 1759 | 3891
20 | 97,66 | 80,9 | 0,04901 98,46 | 93,7 | 0,017214 98,0 | 87,4 | 0,032592 | 35,1
06 9678 6774 6577 | 7434
20 | 97,8 82,4 | 0,04514 98,6 93,5 | 0,017485 98,2 | 88,1 | 0,030611 | 34,1
07 56 08 1394 | 7464
20 | 97,94 | 83,9 | 0,041304 98,74 | 93,2 | 0,017755 98,3 | 88,8 | 0,02872 | 33,1
08 1522 4826 6212 | 398
20 | 98,08 | 85,3 | 0,037502 98,88 | 92,9 | 0,018026 98,5 | 89,4 |0,026919 | 32,2
09 7444 8851 1026 | 6944
20 | 98,22 | 86,8 | 0,033732 99,02 | 92,7 | 0,018297 98,6 | 90,0 | 0,025207 | 31,1
10 3366 2877 5837 | 6394
20 | 98,36 | 88,2 | 0,029995 99,16 | 92,4 | 0,018569 98,8 | 90,6 | 0,023581 | 30,1
11 9289 6902 0646 | 2346
20 | 98,5 89,7 | 0,02629 99,3 92,2 |0,01884 98,9 | 91,1 | 0,022042 | 29,2
12 5211 0928 5452 | 4815
20 | 98,64 | 91,1 | 0,022867 99,44 1 91,9 | 0,019112 99,1 | 91,5 | 0,020692 | 28,3
13 0201 4953 0251 | 92
20 | 98,78 | 90,9 | 0,022788 99,58 | 91,6 | 0,019384 99,2 | 91,4 | 0,020784 | 27,4
14 9622 8979 5026 | 0391
20 | 98,78 | 90,9 | 0,022788 99,58 | 91,6 | 0,019384 99,2 | 91,4 | 0,020752 | 26,6
15 9622 8979 5774 | 104
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Table 4:Tuvalu WVC

In Tuvalu, WVCg was decreasing throughout the years whilst that one for the urban areas increased.
This is due to the notable decrease in AISFy. EMDAT recorded two natural disasters during the period
of the study. In 2011, there was a drought. Regardless of there being a drought, there was no negative
effect on the WVCr which had a percentage decrease of 11.08% between 2010 and 2011. The WVCy
however continued increasing optimally. In the year 2015 Tuvalu experienced a tropical cyclone.
There is a strong correlation between WVC and MCFURRY for Tuvalu. This is shown by the Pearson

correlation coefficient of 0.9837.

Economic and Social Vulnerabilities

Fiji
Yea | % urban | FUP % Cp HDI GDP SVI EVI
r populati | (dimensionle | populati | (dimensionle | (year”® | (USD) (year'” | (USD
7
on SS) on SS) ) xUSD" | xyear"*
growth 1) )
rate
200 | 49,871 0,49871 0,42227 | 0,004223 0,695 54331755 | 0,0003 | 1654,2
5 4 97 11 75
200 | 50,264 0,50264 0,67838 | 0,006784 0,698 57038380 | 0,0005 | 1035,6
6 1 92 01 37
200 | 50,657 0,50657 0,8905 0,008905 0,702 58058252 | 0,0006 | 791,20
7 32 58 69
200 | 51,146 0,51146 1,01636 | 0,010164 0,703 59808514 | 0,0007 | 699,84
8 5 73 56 49
200 | 51,658 0,51658 1,01776 | 0,010178 0,707 59427457 | 0,0007 | 701,68
9 47 61 91
201 | 52,171 0,52171 0,93264 | 0,009326 0,711 61930606 | 0,0006 | 770,38
0 5 37 99 92
201 | 52,683 0,52683 0,82639 | 0,008264 0,717 64934591 | 0,0006 | 872,45
1 2 12 19 7
201 | 53,196 0,53196 0,74798 | 0,00748 0,719 67113939 | 0,0005 | 972,00
2 6 73 63 66
201 | 53,706 0,53706 0,69799 | 0,00698 0,727 71524823 | 0,0005 | 1042,9
3 7 24 23 6
201 | 54,216 0,54216 0,68999 | 0,0069 0,73 76961717 | 0,0005 | 1064,1
4 7 93 18 18
201 | 54,726 0,54726 0,71351 | 0,007135 0,738 80775057 | 0,0005 | 1029,6
5 9 44 34 41
Table 5:Fiji SVI and EVI
Maldives
Yea | % urban | FUP % Cp HDI GDP SVI EVI
r populati | (dimensionl | populatio | (dimensionl | (year”® | (USD) (year'” | (USD
67
on ess) n growth | ess) ) xUSD™) | xyearl.
rate 5)
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200 | 33,75 0,3375 2,674098 | 0,026741 0,631 26321790 | 0,00151 | 188,42
5 12 8 24

200 | 34,794 | 0,34794 2,641722 | 0,026417 0,643 34214635 | 0,00149 | 195,29
6 47 9 5

200 | 35,2 0,352 2,622539 | 0,026225 0,651 37834713 | 0,00148 | 197,47
7 48 1 39

200 | 35,61 0,3561 2,638145 | 0,026381 0,66 42236029 | 0,00147 | 196,86
8 68 9 15

200 | 36,021 0,36021 2,701024 | 0,02701 0,66 39480422 | 0,00153 | 193,90
9 27 6 58

201 | 36,434 | 0,36434 2,784556 | 0,027846 0,671 42865951 | 0,00157 | 187,82
0 81 35

201 | 36,849 | 0,36849 2,871857 | 0,028719 0,682 47510306 | 0,00160 | 182,05
1 18 4 8

201 | 37,267 | 0,37267 2,908784 | 0,029088 0,688 49640432 | 0,00162 | 180,55
2 80 5 51

201 | 37,685 0,37685 2,857264 | 0,028573 0,696 54189373 | 0,00158 | 184,45
3 13 9 75

201 | 38,106 | 0,38106 2,69366 | 0,026937 0,705 59261583 | 0,00149 | 196,10
4 52 07

201 | 38,529 | 0,38529 2,45727 | 0,024573 0,71 61623008 | 0,00136 | 216,19
5 87 2 61

Table 6:Maldives EVI and SVI

Economic and social vulnerabilities for Nauru and Tuvalu were not calculated because there were no
values for HDI for these Island States as stated by UNDP (2018).

Conclusion

This study has attempted to summarize all the parameters of the risk equation in order to assess the
risk of contracting infectious diseases in four pacific island states. WVC, SVI and EVI were calculated
and used to assess level of vulnerability of the four Island States. This enabled assessment of
vulnerability to negative effects of natural disasters on WASH as well as vulnerability to sanitation
related epidemics. Some knowledge gaps have been identified, e.g. under-reporting of the incidence
rates and causative agents of diarrhoea. Reports are only made when there is an outbreak or in very
serious cases. There is not much information on causative microorganisms in diarrhoea cases. There is
little knowledge of water quality in these areas. Generally, for all the Island States there is limited
knowledge of groundwater quality. Definition of improved drinking water and improved sanitation is
subject to interpretation. There is no set minimum standard of improved drinking water and sanitation.
When it comes to natural disasters, the events which have never occurred before are considered non-
existent and therefore there is lack of preparedness in the case that they do happen. The major
limitation of the study was unavailability of data for certain parameters of the equations in the study.

Some cost-effective ways of improving domestic rainwater harvesting technique include use of
bamboo to make the guttering system and also to make basket tanks for water storage. Ponds can be
dug allowing runoff collection of water into the ponds. This necessitates filtration of water before it is
used. One way is hanging a piece of cloth on the edge of the gutter as water enters into the tank. The
rainwater tanks in these island states are not frequently desludged and this results in contamination of
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drinking water. Contamination of water is also increased by the fact that the first flash of rainwater is
not removed maybe because the tanks may already have some water in them.

Boiling water from the rainwater storage tanks is not very common, therefore people should be
educated about the importance of boiling water before drinking it. In conclusion, the points falling
under each parameter of the risk equation can be addressed at either community level or by the
government of each of the states in order to minimize incidence of infectious diseases. To improve on
the above equation the “hygiene” part of WASH can be represented by percentage of population with
access to basic handwashing facilities. As already established most water borne pathogens are spread
through faecal oral route, therefore access to basic handwashing facilities reduces the transmission of
the pathogens. Unavailability of Data is a major challenge in such calculations as already proven by
the lack of HDI of Tuvalu and Nauru.
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