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Abstract: On 2nd April 2007, at 7:40 local time (20:40 GMT 1 April), a massive earthquake, the epicenter of
which was 10 km deep and 45 km south-southeast of Gizo, the provincial capital of the Western Province, struck
the Solomon Islands, killing 52 people and displacing approximately 5,000. This study, based on field research in
May 2007, reports on the result of the cross-sectional assessment of the bacterial contamination (E. coli, Vibrio spp.
and total bacteria) of drinking water and water sources and the longitudinal comparison of dietary intake and epidemiology in six earthquake- and tsunami-affected villages in the Western Province, Solomon Islands. The test-paper
method revealed that 92.0% of drinking-water was unsafe in four camps of evacuated people. Only 3 out of 11
drink-water samples collected from safe water sources were free from contamination throughout the study villages.
The reported occurrence of diarrhea, while only 7.6 per mil in 2001 and 4.8 per mil in 2003 in one of the study villages, was 12.7 person-days per mil after the disaster in 2007. Deterioration of dietary intakes was not observed.
Although further studies are expected to follow up on the changes in water, diet, and health in mid- and long-term
recovery operations, the rapid assessment suggested the need to provide safe water or purifiers and education regarding water and hygiene-related management in order to minimize health risks in devastated villages.
Keywords: tsunami, bacterial contamination, water, dietary intake, diarrhea

INTRODUCTION
On 2nd April 2007, at 7:40 local time (20:40 GMT 1 April),
a massive earthquake, the epicenter of which was 10 km
deep and 45 km south-southeast of Gizo, the provincial
capital of the Western Province, struck the Solomon Islands
[1]. This earthquake and the related tsunami and landslides
killed 52 people, displaced approximately 5,000, wrecked
3,150 houses, and left behind an affected population of
24,059 from 4,276 households in the Western and Choiseul
Provinces [2]. The damage was greatest for the dwellers in
Gizo town and the neighboring peri-urban villages in Ghizo
Island, followed by fishing-horticulturalists on islands in the
two provinces. In the devastated areas, the people took refuge on mountain ridges, since houses and infrastructure, including water supply and storage, hygiene, and subsistence
tools (canoes, agriculture tools, etc.), were destroyed.
National, international, and non-governmental efforts
were made to deliver relief goods, with priority given to se1
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curing safe drinking water (provision of clean water, purifiers, and containers) and ensuring adequate dietary intake
(with rice, biscuits, and noodles) [3-6]. While a survey reported that sufficient food was provided within the same
month [7], appeals for food relief continued on the local basis. Severe outbreaks of infectious diseases went unreported, but there was an increasing risk of communicable
diseases due to the delayed recovery of broken water systems, and degraded hygiene [3, 8]. Several scientific research projects on natural mechanisms [9-11] and emergency aid and recovery efforts [3, 8] have been made; however, few studies have been conducted on the living conditions of the people.
In May 2007, the authors surveyed the devastated villages for the social aspects of the disaster, such as response
and recovery processes [12]. During these visits, the bacteriological quality of drinking water and water sources were
assessed. In addition, dietary habits and epidemiological
conditions were also surveyed in one of the villages where
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one of the authors (TF) had collected comparable data since
2001, in the pre-disaster period.
This study reports on the result of the cross-sectional
assessment of the bacterial contamination of drinking water
and water resources and the longitudinal comparison of dietary intake and epidemiology in the earthquake- and
tsunami-affected villages in the Western Province, Solomon
Islands.

STUDY SITES
The Solomon Islands are in the early stages of economic
development, and their PPP (purchasing power parity) GNI
per capita of 1,520 international dollars in 2002 was lower
than the average for the low-income countries in the region
[13]. Most of the rural villagers, who accounted for 84% of
the total population, depended on fishing and horticulture
and irregular cash earnings from activities such as selling
marine resources, marketing crops, and engaging in temporary waged labor at the logging camp [14]. On the other
hand, due to the progress of urbanization, the dwellers in
the urban areas―i.e., the national capital of Honiara, the
provincial capital of Gizo in the Western Province and Auki
in Malaita Province―relied on income from waged labor,
or on employment as public servants, store managers or
food purchasers for stores and markets. A water supply
(purified water collected from the inner mountains) and toilets were available in parts of some towns, while drinking
water was collected from rainwater tanks (galvanized steel
or fiberglass), or non-purified water supplied from mountain pools, springs or rivers in other areas. The water col-

lected from a source was usually stored in a kettle or plastic
(PET) bottle at home; however, the plastic containers newly
provided in relief operations were also used in the devastated areas. Rainwater was also collected in used iron oil
drums. Pit-hole toilets in the peri-urban and mangrove and
coastal areas in rural villages, respectively, were used as latrines. A health report issued by the Ministry of Health and
Medical Services [15] showed that watery and bloody diarrhea occurred at a rate of 51 and 5 cases per 1000 population, respectively, in the Western Province in 2006 − the
year before the earthquake (note that there was no report
suggesting ethnic differences of water-borne infectious diseases in the province).
The earthquake wrecked houses in Ghizo Island, while
the tsunami wreaked havoc on Ghizo, Simbo, and other islands in the Western Province and Choiseul Province, and
large landslides occurred in the western parts of Ranonnga
Island (Figure 1). With a land area of 5,279 km2, the Western Province had 62,739 people, 94.5% of whom were indigenous Melanesians―the customary land owners―while
3.5% were immigrant Micronesians: landless fishermen settled on governmental land [16]. The Micronesians were migrants from the over-populated Gilbert Islands (Kiribati)
who came over in the 1960s [17-19]. Out of 52 deaths, 33,
including at least 29 Micronesians, occurred on Ghizo Island, followed by 11 on Simbo Island. The Micronesians
settlements were unfortunately located on coasts facing the
epicenter. International, governmental, and non-governmental relief operations were also based in Gizo town, although the nearby town of Munda was the center for cargo
transportation when the Gizo airfield was closed. A state of

Table 1. Descriptions of the study villages 1.5 months after the April 2 earthquake and tsunami

a

b

Village name

Titiana

Niu Manda

Tapurai

Mondo

Dunde

Olive

Island name

Ghizo

Ghizo

Simbo

Ranongga

New Georgia

New Georgia

Modernity a

High

High

Low

Low

High

Low

Major effects

Tsunami

Tsunami

Tsunami

Landslides

Earthquake/sea-level rise

Earthquake/sea-level rise

Population b

370

280

300

600

1065

365

No. of deaths

10

9

7

2

0

0

Current settlement

Camp on a
mountain ridge

Camp on a
mountain ridge

Camp in Rupe
village: Nearby
settlement

Camp on a
mountain ridge

Not changed
(approximately 10
households lived in the
camp on a mountain ridge)

Not changed

Main source of drinking
water before disaster

Piped water
supply (purified)
and rainwater
tank

Piped water
supply (purified)
and rainwater
tank

Piped water supply
from inner mountain
spring

Piped water
supply from
inner mountain
spring

Piped water supply
(purified) and rainwater
tank

Spring, river and rainwater
tank

Source of drinking water
after disaster

River stream

River stream

Piped water supply
from inner mountain
spring

Spring

Piped water supply
(purified) and rainwater
tank

Spring, river and rainwater
tank

Modernity was subjectively assessed according to the authors’ observation of housing styles, distance from town, existence of schools, and main economic
activities.
Population figures are based on interviews with village representatives in Titiana, Niu Manda, Tapurai, and Mondo, and a census by one of the authors
(TF) in Dunde and Olive in 2003.
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emergency was declared on the 2nd day of the disaster. On
April 5th, a team from the United Nations Disaster Assessment and Coordination (UNDAC) arrived in Honiara, and a
regular Stakeholder Meeting began to organize the activities
of the NDC (National Disaster Council) of the Solomon Islands, NGOs, local societies, and national and provincial
governments. From April 14th, the focus of operations
shifted from emergency relief to recovery [3, 8, 12]. The
government issued a Recovery Action Plan to solicit donors
for mid- to long-term recovery [2]. During the emergency
operation, water purifiers were sent to the devastated villages [3], but most of them were gone by May. The authors
did not observe the use or storage of purifiers during their
field visits.
This study was conducted from May 20th to 28th 2007
in Titiana and Niu Manda villages, both of which were Gil-

bertese settlements on Ghizo Island, Tapurai in Simbo,
Mondo in Ranongga, Dunde, and Olive on New Georgia Island. Among these, Titiana (population: approximately
370), Niu Manda (280), and Tapurai (300) were totally
washed away by the tsunami, and all villagers took refuge
on higher ground or in a nearby settlement (hereafter referred to as a “camp”) (Table 1; Figure 1). Mondo village
(600) was partly destroyed by landslides, and all the villagers established their camp in the inner mountains where
horticultural gardens had been located. In Dunde (1,065),
which is a coastal peri-urban village nearby Munda townships, approximately 50 villagers from 10 households were
still taking shelter on the mountain ridge during the survey
period. However, the others had already begun to lead an
ordinary life in the original coastal settlements. Olive Village (365), which is a rural coastal village, was affected by

Figure 1. Locations of epicenter (indicated by ) and study villages (indicated by !) in the Western Province, Solomon Islands (The map was compiled from data available at GLCF (Global Land Cover Facility, University of
Maryland, USA)).
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a strong earthquake and a slow rise in sea level, but none of
the villagers changed settlement location without first taking shelter on the mountain. The Olive villagers stayed in
the settlement for approximately one week without engaging in subsistence or other activities because, as remote villagers, they did not have information on the situation. They
were provided with blankets, rice, biscuits, noodles, and
sugar. Since one of the authors (TF) had considerable experience of research in Olive village since 2001, he stayed for
five days in Olive collecting data on water, dietary habits,
and epidemiology for longitudinal comparison. In addition,
he also spent one day in Dunde, but only a limited number
of water samples were collected in this period. All of the
authors visited the remaining four villages to collect water
samples during the two-day period.

METHODS
In each village, all villagers were invited to participate in
the research. TF visited the houses of the villagers who
were willing to participate. The bacteriological quality of
the water was analyzed by the test-paper method in the field
[20-23]. Water running from the mouth of plastic water
containers (17 in number in total), PET-plastic bottles (17),
and kettles (11) in participants’ houses and that from the tap
of galvanized steel rainwater tanks (9), fiberglass rainwater
tanks (4), and outside-public water-supply (4), as well as
iron drums (4), springs (3), river (1), and cement rainwater
tank (1) was directly absorbed in three types of Suncoli testpaper (Sun Chemicals Ltd., Tokyo, Japan): Bacteria Detection Paper, Coliform Detection Paper X-Type, and Vibrio
Detection Paper. These test papers are qualitative filters
modified as miniaturized versions of plate count method devices. They are designed to enumerate total colonies at 36
± 1°
C for 24 ± 2 h. The count obtained with the Bacteria
Detection Paper is the indicator of bacterial and heterotrophic quality in any form. Colonies of less than 100
per 1 ml water is the criterion for safe drinking water defined in the Japanese standard (Water Supply Law) [24].
Coliform Detection Paper X-Type was modified to enumerate Escherichia coli as well as the total of coliform bacteria
that indicate human and animal fecal contamination. Since
the coliform group contains various forms of bacteria, including non-toxic and non-fecal ones, the absence of E. coli
is the Japanese and World Health Organization’s (WHO’s)
standard for drinking water [24, 25]. Vibrio Detection Paper was used to detect Vibrio spp. such as V. parahaemolyticus, V. alginolyticus, and V. fluvialis. Vibrio spp. has not
been included in water quality standards, but the test paper
for it was also used to indicate unsafe water because this
type of bacteria is halophilic and a major cause of food poi-

soning. It should be noted that these test papers, which
were adopted to count the number of colonies in a 1 ml
sample instead of using the standard selective-agar medium
according to the original protocol [26], were applicable to
conditions in the field, where detailed laboratory analyses
were unavailable [20, 21, 23]. The accuracy of these detection papers compared with standard methods range between
93.3% and 80.6-92.6% for coliform and bacteria, respectively, according to the information provided by Sun
Chemicals Ltd. [27].
In Olive, 19 males and 34 females from 22 households
volunteered to participate in the interview survey. Each participant was asked to report whether he or she had experienced diarrhea and/or illnesses related with gastrointestinal
conditions, and, if yes, for how many days after the disaster.
To avoid potential bias, the participants were advised that
their answers would have no influence on official relief operations or the provision of drugs. The summary of the
situation was later reported to the health authority (Solomon
Islands Malaria Training and Research Institute), which
then took action for appropriate medical check-ups and care
in August 2007. In 2001 and 2003, every evening for 42
days (in 2001) or 28 days (in 2003), voluntary participants
were asked to report all illnesses and related treatments [28,
29]. They were also asked to report the names and amounts
of all food items consumed during the last 24-hour period,
and their energy (MJ), protein (g), and fat (g) intake were
calculated using each participant’s daily food consumption
record, in tandem with food value tables for the Pacific region [30, 31]. The amount of marine resources protein (reef
and pelagic fishes, crustaceans, and mollusks) consumed
was calculated, and food items regularly eaten by villagers
were measured directly to estimate average food consumed.
It should be noted that the 24-hour recall method is a reliable and time-saving method for assessing dietary intake,
since the authors had sufficient data from direct measurement in previous years [32, 33].

RESULTS
Table 2 shows the bacteriological quality of drinking water
broken down by the type of storage (plastic container, plastic bottle, and kettle) and source (river, water supply, steel
rainwater tanks, fiberglass rainwater tanks, and used iron
drums). Plastic containers and relief (purified) water were
provided by UNICEF and other organizations, although the
relief water containers were mostly empty in the study period. In camps for Titiana and Niu Manda villagers, all
drinking water was river water that was stored in plastic
containers provided by UNICEF. Out of 14 drinking water
samples in these two camps, only 2 were classified as safe
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Table 2. Bacteriological quality of drinking water in the earthquake- and tsunami-devastated areas, broken down by village, type
of storage, and source
Village

No. of samples
Vibrio spp.
positive

Storage

Source

N

Safe water

E. coli
positive

Total bacteria
!100
colonies/ml

Containera

River

6

0

6

2

2

Containera

River

8

2b

6

1

2

Plastic bottle

Public water
supply

7

0

7

1

3

Kettle
Containera

River
Public water
supply

1
3

0
0

1
3

0
0

1
1

Plastic bottle

Steel tank

1

0

0

1

0

Plastic bottle
Plastic bottle
Plastic bottle
Plastic bottle
Kettle
Kettle
Kettle
Kettle

Iron drum
Cooking pot
Fiberglass tank
Steel tank
Iron drum
River
Fiberglass tank
Steel tank

3
1
3
2
1
1
1
7
45

0
0
1
0
0
0
0
3
6

3
1
2
2
1
1
1
4
38

1
0
0
0
0
0
0
0
6

2
1
1
0
1
1
0
1
16

Titiana
Niu Manda
Tapurai

Mondo

Dunde
Olive

Total
a
b

Container provided by UNICEF in relief operation.
One out of 2 samples judged safe was positive for coliform bacteria.

drinking water; all the others were found to be contaminated with E. coli. (the indicator for fecal contamination),
and one of the “safe” samples was positive for total coliform. Vibrio spp. was also detected in 3 samples. The villagers of Tapurai in Simbo Island depended on an inland
spring for their water supply. This supply was available in
Rupe village where they settled. The Mondo villagers on
Ranongga Island depended on river water and on water
brought in containers and kettles. All the samples from
these two villages were contaminated with E. coli and
therefore deemed unsafe due to the possibility of human or
animal fecal contamination. Therefore, a total of 92.0% of
25 samples collected in camps were found to be unsafe.
Sampling in Dunde was limited: only 1 drinking water sample showed a positive reaction for Vibrio spp. The water
used by the Olive villagers, who were less affected by the
disaster than the five other study villages, was also contaminated with E.coli and other bacteria, except for 4 samples
(21.1%). Three samples were from water stored in kettles
and one from water in a plastic bottle.
The authors sampled water from 17 sources in Olive, 6
in Dunde, 2 in Tapurai, and 1 in Mondo. Due to the isola-

tion of water sources from the settlement, none of the
sources in the camps of Titiana and Niu Manda was examined. The villagers in these two camps reported that they
collect water from the river, because the government water
supply was unavailable during the study period. The running water supply system of Tapurai village was contaminated with E. coli and other bacteria (Table 3). The river
water that Mondo villagers began using as a drinking source
was safe. In Dunde, a peri-urban village, water sources,
which included steel rainwater tanks, fiberglass rainwater
tanks, and the public water supply, were safe―except for
non-disinfected water supply and a cement rainwater tank
which was first installed during World War II. Several village informants reported that they repaired and cleaned their
own rainwater tanks and common water supply sources in
cooperation with the water authority after the disaster, since
the tanks, as well as the water supply pipes, suffered damage during the earthquake. One water supply source, which
had not yet been disinfected, was contaminated with E. coli
in Dunde. In Olive, 64.7% (11/17) of samples from water
sources were unsafe; however, 4 (57.1%) out of 7 steel rainwater tanks were safe while 2 out of 3 samples from fiber-
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Table 3. Bacteriological quality of water sources in the earthquake- and tsunami-devastated villages, broken down by type
Source type
Titiana
Niu Manda
Tapurai

N

Safe

E. coli

Vibrio spp

Total bacteria
>100

Public water supply

2

0

2

0

1

River

1

1

0

0

0

Steel rainwater tank
Public water supply
Fiberglass rainwater tank
Cement rainwater tank

2
2
1
1

2
1
1
0

0
1
0
1

0
0
0
0

0
0
0
0

Steel rainwater tank
Fiberglass rainwater tank
Spring
Iron drum

7
3
3
4
26

4
1
0
1
12

3
2
2
3
25

0
0
1
2
7

0
1
0
3
9

N.A.
N.A.

Mondo
Dunde

Olive

Total

glass rainwater tanks were contaminated with E. coli.
Throughout the study villages, 6 (66.7%) out of 9 steel rainwater tank samples were safe, while only 4 (23.5%) out of
17 samples from other sources were safe, suggesting significant differences (Fisher’s exact test: p = 0.0461).
Although not tabulated, comparisons between sources
and drinking water were performed for 30 storage samples,
sources of which were also tested in this study. As a result,
11 drinking water samples were identified as having been
collected from a water source judged safe. However, only 3
drinking water samples were judged safe, while 7 were contaminated with E. coli and 1 with Vibrio spp., suggesting
contamination during collection and storage. Total bacteria
with more than 100 colonies were also detected from 2 out
of 7 E. coli-positive samples.
Table 4 shows the occurrence of diarrhea and other
gastrointestinal disorders in Olive. It is noted that gastrointestinal disorders included stomach ache (sigiti tia in the local Rovianan language), vomiting (lua), and other illnesses

with local names (malaria tia, tuku ibibu, lagu hite,
popome, mateana tia). Since local terms did not distinguish watery and bloody diarrhea, the two types of diarrhea
were included in one [28]. As shown in the table, out of the
2,597 person-days of 53 participants, the occurrence of diarrhea accounted for 12.7 per mil after the disaster in 2007,
while it had been only 7.6 per mil in 2001 and 4.8 per mil
in 2003. The occurrence of other gastrointestinal disorders
(e.g., stomach ache) in 2007 was at the same level as that in
2001 and 2003. Table 5 shows the energy and nutrient intakes of Olive villagers. Males and females respectively
consumed an average of 9.78 and 9.91 MJ of energy, 63.6
and 50.4 g of protein, 31.5 to 16.4 g of protein per day coming from marine resources. Since the average body weight
of adult males and females aged 30-60 years was 66.5 kg
and 59.9 kg, respectively, energy requirements at the moderate activity level (physical activity level = 1.78) [34] and
safe levels of protein intake (0.75 g kg body weight) [35]
were 12.0 and 9.8 MJ of energy and 49.9 and 44.9 g of pro-

Table 4. Longitudinal comparison of the prevalence of diarrhea and other gastrointestinal
disorders, calculated based on interviews, in Olive village in 2001, 2003, and 2007a
No. of participants
Average age
Total person-days
Occurrence (ill person days per mil)
Diarrhea
Other gastrointestinal disorders b
a
b

2001 June-July
53
38.7±14.6
2226

2003 August
53
39.4±15.2
1456

2007 May
53
45.0±16.4
2597

7.6
13.5

4.8
15.1

12.7
15.4

See Furusawa [28, 29] for detailed methods in 2001 and 2003.
Gastrointestinal disorders included stomachache (sigiti tia in the local Roviana language), vomiting (lua),
and other illnesses with local names (malaria tia, tuku ibibu, lagu hite, popome, mateana tia) [28].
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Table 5. Energy and macro nutrient intakes of Olive villagers in May 2007a b
No. of participants
Energy (MJ)
Energy consumed from local foods (MJ)
Protein (g)
Protein consumed from local marine foods (g)
Fat (g)
a

b

Male

Female

19
9.78 ± 1.28
5.15 ± 1.11
63.6 ± 13.0
31.5 ± 8.9
30.7 ± 6.9

34
9.91 ± 1.02
5.27 ± 1.03
50.4 ± 6.5
16.4 ± 4.4
24.6 ± 4.3

Since the average body weights of adult males and females aged 30-60 years were 66.5 kg and 59.9 kg, respectively, in Olive, energy requirements at the moderate activity level (physical activity level = 1.78) [34]
and safe levels of protein intake (0.75 g kg body weight) [35] were 12.0 and 9.8 MJ of energy, and 49.9 and
44.9 g of protein for males and females, respectively.
Aswani and Furusawa [32] showed that in 2001 and 2005, males respectively consumed 8.54 and 11.43 MJ
of energy, 62.2 and 61.9 g of protein, and 33.2 and 28.9 g of marine proteins, while females consumed 8.67
and 10.33 MJ, 66.8 and 56.2 g of protein, and 36.1 and 27.9 g of marine protein on an average day.

tein for males and females, respectively. In addition,
Aswani and Furusawa [32] showed that, in 2001 and 2005,
males consumed 8.54 and 11.43 MJ of energy, 62.2 and
61.9 g of protein, and 33.2 and 28.9 g of marine proteins,
while females consumed 8.67 and 10.33 MJ, 66.8 and 56.2
g of protein, and 36.1 and 27.9 g of marine proteins on an
average day. Except for the low-level energy intake of
males and decreased intake of marine protein by females,
local resources were sufficient to supply a substantial proportion of dietary intake.

DISCUSSION
The rapid assessment of the bacteriological quality of drinking water and water sources showed that the villagers in the
earthquake- and tsunami-devastated areas relied on water
potentially contaminated with fecal components and other
bacteria, and had limited access to safe water sources. In
addition, even if a water source was free from bacteria, the
water was contaminated with bacteria during collection and
storage. This is supported by the fact that the prevalence of
diarrhea increased after the disaster even in a village that
suffered little damage. On the other hand, the villagers did
not suffer from severe deterioration in dietary intakes.
Therefore, they were experiencing difficulty in securing
water resources rather than food.
The high degree of contamination of water sources in
Olive suggested that the low quality of water was a chronic
rather than an emergent problem in the rural Solomon Islands, despite the fact that the situation became worse after
the disaster, probably because human waste in mangroves
and coastal areas contaminated villagers’ houses and water
storage as the sea level rose. To resolve chronic problems,
efforts should be made to increase accessibility to safe
water sources and/or purification and to improve hygiene.
Also, more attention must be paid to the problem of contamination during collection and in storage. The steel rain-

water tanks were less contaminated than other sources. The
reason for this is unclear, but possible explanations are (1)
strong sunlight increased the temperature to a level sufficient to disinfect the inside of a tank during the absence of
water, and (2) the steel tank was used for a shorter time than
fiberglass tanks, so that the risk of infection was relatively
low. The steel tanks were similar in price with or cheaper
than fiberglass ones but lasted for a shorter time (5-10 years
as opposed to 10-15 years) mainly because salty winds hastened rust erosion in the Solomon Islands coastal villages.
Since the safety of rainwater tanks remained controversial,
more important is that the villagers should be encouraged to
regularly clean the inside of tanks and connecting pipes
(personal communication from Mr. Jack Filiomea, Principal
Engineer of Rural Water Supply and Sanitation Program,
Ministry of Health and Medical Services) and the authority
to provide the local villagers with appropriate knowledge
on cleaning and necessary purifying materials. The easiest
method for purification, boiling, was rarely practiced (i) because of the long time and heavy labor required for collecting the fuel wood necessary for boiling, and (ii) because of
the people’s preference for cold water. Cooling water after
boiling was less frequently practiced because the villagers
do not have extra containers and were unwilling to wait for
the extended time of boiling and cooling. Vibrio spp. occurrence was considered to be related to settlement locations on the coast and the reliance of villagers on marine resources. This may indicate the potential occurrence of cholera (V. cholera), although no cholera outbreak has been reported.
Although interpretations of dietary intake were controversial, the total intake was sufficient considering the differences in patterns between males and females. The male energy intake was also low in 2001, and energy and nutrient
intakes from local resources were usually half of the total
intake [32, 36]. However, it has also been pointed out that
the impact of the tsunami may be reflected in micronutri-
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ents such as vitamins rather than macronutrients [7]. In addition, the impact was assumed to be more critical for the
landless immigrant Gilbertese of Titiana and Niu Manda
villages. These villagers, who also resided in the neighboring areas of Gizo town, received support when it came to
the provision of food, and had access to purchasable foods
in towns. Hence, they did not seem to face food scarcity
during the study period [12]. However, an extended period
of refuge may affect long-term food production and availability. Therefore, follow-ups and detailed surveys were required to make conclusions regarding the effects on dietary
intake.
In previous reports from other areas, people in devastated areas on the islands of Sumatra and Sri Lanka were
provided with sufficient amounts of drinking water, purifiers, and other medical care after the 2004 Indian Ocean
Earthquake [37, 38]. However, in the case of the Solomon
Islands, villagers in very remote areas (e.g., Simbo Island)
insisted that the amount of relief goods provided was insufficient [12]. It was also observed that villagers with easy
access to towns such as Munda and Gizo were provided
with relief goods even if the damage their community suffered was minimal, suggesting inequality in goods distribution. In addition, there is a possibility that the low death
toll had reduced the scale of international relief operation
and affected the distribution of necessary items.

CONCLUSIONS
This study was important in the sense of reporting the
bacterial contamination of drinking water and quality of
dietary intakes, which were the most basic needs of the people in the devastated areas. The following conclusions were
drawn: (1) 92% and 80% of drinking water in the camps
and villages, respectively, were judged unsafe, (2) in total,
only 38% of water sources tested were judged safe while
(3) 66.7% of water sampled from steel rainwater tanks was
safe, (4) diarrhea prevalence increased after the disaster
even in a village that suffered little damage, and (5) the villagers had moderately sufficient dietary intakes. However,
two weaknesses of this study were that longitudinal data
were not available for severely devastated villages, and that
water and dietary surveys covered only a limited number of
samples and participants. Although these were unavoidable
because of the uncontrollable nature of the disasters and the
instability of the situation during the relief period, the results were potentially biased. Psychological effects, especially among children, were also reported as major health
problems in all villages, although they were not included in
this study.
In summary, this study suggests the need for the provi-

sion of safe water or purifiers, education regarding water,
and hygiene-related management in order to minimize
water-borne diseases in devastated villages in the short term.
Since the occurrence of earthquakes and tsunamis is on the
increase in islands in Southeast Asian and Melanesian subsistence societies, this suggestion is applicable to such societies. Further studies are expected to follow up on the
changes in water, diet, health, and other aspects of life during mid- and long-term recovery operations.

ACKNOWLEDGMENTS
Our sincere thanks to all the people of Olive, Dunde, Titiana,
Niu Manda, Mondo, Tapurai, and other villages, especially
Sir Ikan Rove, the Reverend Nathan Kera, Mr. Tastre Ataria,
Mr. Toma, Mr. Tumi Zomoro, Mr. Herrick Ragoso, and Mr.
Edwin Huti, for their kind assent to, and support of, our research. We are grateful to the staffs of the National Disaster
Management Office (NDMO), the National Disaster Council (NDC), the Ministry of Education and Human Resources
of the Solomon Islands, the Ministry of Health and Medical
Services of the Solomon Islands, the Western Province
Government, the Japan International Cooperation Agency
(JICA) in the Solomon Islands, and Kitano Construction
Solomon Islands, especially Mr. Roti Yates, Mr. Alex Lokopio, Mr. Yoshihiko Nishimura, Mr. Jack Filiomea, Ms.
Baakai Iakoba, Ms. Kaori Kobayashi, Ms. June Finau, and
Mr. Masataka Kawaguchi. We are also grateful to Hon. Job
Dudly Tausinga, Mr. Yukio Sato, Dr. Satoshi Nakamura (International Medical Center of Japan), and Dr. Hana Furusawa (The University of Tokyo) for their kind advice and
support during this research. The Japan Society for Promotion of Sciences (Grant-in-Aid for Young Scientists: T. Furusawa) and Disaster Prevention Research Forum (Leader:
N. Maki) financially supported this study.

REFERENCES
１．United States Geological Survey (USGS) (2007): Magnitude 8.1 - Solomon Islands 2007 April 01 20:39:56 UTC .
Electric document.
(URL: http://earthquake.usgs.gov/eqcenter/eqinthenews/
2007/us2007aqbk/)
２．Solomon Islands Government (2007): Recovery Action
Plan: Western and Choiseul Provinces Earthquake and
Tsunami. Solomon Islands Government, Honiara.
３．United Nations Office for the Coordination of Humanitarian Affairs (OCHA). (2007): South Pacific Tsunami - April
2007 OCHA Situation Report No. 1-14. Electric document.
(URL: http://www.reliefweb.int/rw/RWB.NSF/db900SID/
SHES-727MMM?OpenDocument)
４．Actions by Churches Together (ACT) (2007): ACT Infor-

７
３

mation update No.2: Solomon Islands Earthquake and Tsunami 3 April 2007. Electric document.
(Available at Center for International Disaster Information
of URL: http://iys.cidi.org/disaster/07a/ixl86.html)
５．United Nations Children’s Fund (UNICEF) (2007): Solomon Islands and Papua New Guinea reeling from recent
tsunami. On-line newsline on 5 April. Electric document.
(URL: http://www.unicef.org/infobycountry/solomonislands_39316.html)
６．United Nations Children’s Fund (UNICEF) (2007) After
the tsunami, education and recreation for Solomon Islands
children. On-line newsline on 10 July . Electric Document.
(URL: http://www.unicef.org/infobycountry/solomonislands_40295.html)
７．Kastom Gaden Association (2007): Western and Choiseul
Province Earthquake and Tsunami Disaster: Rapid Assessment of Agriculture and Food Security. Kastom Gaden Association, Honiara.
(URL: http://www.acfid.asn.au/news-media/docs_newsitems/ag-assesment-final.pdf)
８．ReliefWeb (2007): Solomon Islands tsunami-earthquake
emergency programme External Situation Report - 23 Apr
2007. Electric document.
(URL: http://www.reliefweb.int/rw/RWB.NSF/db900SID/
LSGZ-72MC5K?OpenDocument)
９．Tsuji, Y., Nishimura, Y., Tanioka, Y., Murata, M., Nakamura,
Y., Namegaya, Y., and Woodward, S. (2007): The Solomon
Islands Earthquake-Tsunami of 2nd April, 2007. Unpublished memorandum for Cabinet Office, Government of Japan. Electric document.
(URL: http://www.drs.dpri.kyoto-u.ac.jp/solomon/solomon
_info/tuji.pdf)
１
０．Matsutomi, H., Fujima, K., and Shigihara, Y. (2007):
Earthquake and tsunami disaster in Solomon Islands, 2
April 2007. JAEE Tsunami Survey Team
１
１．Port and Airport Research Institute. (2007): Solomon-shoto
Jishin Tsunami ni kansuru Kinkyu Genchi Chosa Hokoku
(Rapid communication of emergent field observation on
Solomon Islands earthquake tsunami) . Port and Airport
Research Institute, Tokyo. (In Japanese)
１
２．Suzuki, S., Maki, N., Furusawa, T., Hayashi, H., and
Kawata, Y. (2007): Social Responses and Recovery Processes in the April 2, 2007 Earthquake Tsunami Disaster of
the Solomon Islands. Journal of Japan Society for Natural
Disaster Science 26 (2): 203 - 214. (In Japanese)
１
３．World Bank (2002). Data and Statistics. ICT at a Glance
Table. Electric document.
( URL : http : / / www. worldbank . org / data / countrydata /
ictglance.htm.)
１
４．Furusawa, T. and Ohtsuka, R. (2006): Inter-household variations in subsistence strategies within a rural society of
Roviana, Solomon Islands: An analysis of agricultural production and cash income in relation to socio-demographic
factors. Tropics, 15 (1):29 - 38.
１
５．Solomon Islands Ministry of Health (2007): Annual Health
Report 2006: Solomon Islands. Solomon Islands Government, Honiara.

１
６．Solomon Islands Government (2000): Report on 1999
Population and Housing Census: Basic Tables and Census
Description. Statistics Office, Honiara.
１
７．Alasia, S. (1989):. Population movement. In Laracy, H.
(Ed.) Ples Blong Iumi: Solomon Islands the Past Four
Thousand Years. Institute of Pacific Studies, University of
South Pacific. Suva, pp. 112-120.
１
８．Okamoto, Y. (1996): Gilbertese people. In Akimichi, T.,
Sekine, H., and Tai, R. (Eds.) Life in the Solomon Islands:
Culture, History and Society. Tokyo, Akashi Shoten, pp.
367-368. (In Japanese)
１
９．Ohashi, J., Naka, I., Kimura, R., Tokunaga, K., Yamauchi,
T., Natsuhara, K., Furusawa, T., Yamamoto, R., Nakazawa,
M., Ishida, T. and Ohtsuka, R. (2006): Polymorphisms in
the ABO blood group gene in three populations in New
Georgia Islands, Solomon Islands. Journal of Human Genetics 51(5):407-411.
２
０．Midorikawa, Y. and Itokawa, Y. (1986): Investigation of
bacteria in drinking water in a rural village in north east
Thailand. Jpn. J. Hyg. 41: 577-586.
２
１．Midorikawa, Y. and Itokawa, Y. (1987): Bacteriological
study in a rural village in northeast Thailand. Jpn. J. Hyg.
42: 740-746.
２
２．Hanai, K., Satake, M., Nakanishi, H., and Venkateswaran,
K. (1997): Comparison of commercially available kits with
standard methods for detection of Salmonella strains in
foods. Applied and Environmental Microbiology 63 (2):
775-778.
２
３．Furusawa, T., Nakamura, S., Watanabe, C., Inaoka, T., and
Ohtsuka, R. Environmental factors for bacterial contamination of well water in arsenic-polluted area of Bangladesh:
Analyses for dry and rainy seasons. (In submission to
Southeast Asian Journal of Tropical Medicine and Public
Health).
２
４．Ministry of Internal Affairs and Communications. Egovernment: Suido Hou (Water Supply Law) . Electric
document.
(URL: http://law.e-gov.go.jp/htmldata/S32/S32HO177.
html) (In Japanese)
２
５．World Health Organization (WHO) (2006). Guidelines for
Drinking Water Quality: Incorporating First Addendum
Volume 1, Recommendations, 3rd Edition. Geneva, World
Health Organization.
２
６．Zenyoji, H., Sakai, S., Terayama, T., Kudo, Y. and Ito, T.
(1985): Choukannkei Byougennkinn no Kensa Hou. IgakuShoin, Tokyo. (In Japanese)
２
７．SunColi. Data on comparisons between test-paper methods
and standard methods (Hikaku Deta) . Electric document.
(URL: http://www.suncoli.com/08.html) (In Japanese)
２
８．Furusawa, T. (2006): The roles of Western biomedicine and
folk medicine in rural Solomon Islands: A quantitative
analysis of villagers’ response to illness. Tropical Medicine
and Health 34(2):83 - 91.
２
９．Furusawa, T. (2007): Changing Medical Knowledge and
Practice in the Solomon Islands. 21st Pacific Science Congress, Okinawa.
３
０．Dignan, C. A. (1994): The Pacific Island food composition

７
４

tables. New Zealand Institute for Crop and Food Research,
Palmerston North.
３
１．Puwastien, P., B. Burlingame, M. Raroengwichit, and P.
Sungpuag. (2000): ASEAN food composition tables. Institute of Nutrition, Mahidol University (INMU), ASEANFOODS Coordinator and INFOODS Regional Database
Centre, Bangkok.
３
２．Aswani, S. and Furusawa, T. (2007): Do marine protected
areas affect human nutrition and health? A comparison between villages in Roviana, Solomon Islands. Coastal Management 35(5): 545 - 565.
３
３．Aswani, S., Albert, S., Sabatian, A., and Furusawa, T.
(2007): Customary management as precautionary and
adaptive principles for protecting coral reefs in Oceania.
Coral Reefs 26: 1009 - 1021.
３
４．FAO/WHO/UNU (2004): Human Energy Requirements:
Report of a Joint FAO/WHO/UNU Expert Consultation:
FAO Food and Nutrition Technical Report Series 1. Rome:
FAO . Electric document.
(URL: http://www.fao.org/docrep/007/y5686e/y5686e00.
htm)
３
５．FAO/WHO/UNU. (1985): Energy and Protein Requirements: Report of a Joint FAO/WHO/UNU Expert Consultation: World Health Organization Technical Report Series

724. Geneva: World Health Organization. Electric document.
(URL: http://www.fao.org/DOCREP/003/AA040E/AA040
E00.htm)
３
６．Furusawa, T. (2005): Effects of Population Increase and
Cash Economy on Subsistence and Dietary Intake of
Roviana-speaking Communities in Solomon Islands. Ph.D.
Dissertation Paper, the University of Tokyo.
３
７．Kunii, O. (2005): Sumatra-to Oki Jishin Tsunami go no
Kansensho Ryuko Taisaku Kiso Chosa (Basic survey:
Strategies for preventing outbreaks of infectious diseases in
Indian Ocean Earthquake: Reports of grant-in-aid for specially promoted area (2) No. 16800056 for Ministry of
Education, Culture, Sports, Science and Technology of Japan) . Ministry of Education, Culture, Sports, Science and
Technology of Japan, Tokyo. (In Japanese)
３
８．Nakamura, S. (2005): Indo-yo Tsunami Hisaigo no Sri
Lanka Higai Chiiki ni okeru Suikeikansensho Hassei Doukou Yosoku to Sono Taisaku Shien ni Kakawaru Kenkyu
(Studies on the Prediction and Prevention of Water-bornedisease Outbreaks in 2004 Indian-Ocean Tsunami Affected
Areas in Sri Lanka) . WHO Association of Japan, Tokyo.
(In Japanese)

