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Abstract: Access to improved water and sanitation is essential. We describe these practices in
Malaysia using data from a nationwide community survey and used logistic regression to assess the
determinants. Of the 7978 living quarters (LQs), 58.3% were in urban areas. About 2.4%, 0.5% and
27.4% of LQs had non-improved water sources, non-improved toilet types and improper domestic
waste disposal, respectively. Open burning was practiced by 26.1%. Water source was a problem for
long houses (10.5%), squatters (8.5%) and shared houses (4.0%). Non-improved toilet types were 11.9%
for squatters and 4.8% for shared houses. Improper domestic waste disposal practices were higher for
occupants of village houses (64.2%), long houses (54.4%), single houses (45.8%) and squatters (35.6%).
An increase in education or income level was associated with a decrease in improper domestic waste
disposal methods. House type significantly affected water and sanitation after adjusting for the
effects of other variables. Lower household income was associated with non-improved toilet types
and improper domestic waste disposal. Lower education and rural location influenced domestic
waste disposal. The water and toilet facilities in Malaysia were generally good, while domestic waste
management practices could be improved. There remain pockets of communities with environmental
challenges for the nation.
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1. Introduction

Access to water and sanitation, a basic foundation of public health, was acknowledged as a human
right by the United Nations General Assembly a decade ago [1], reinforcing the fundamental role of
clean water and adequate sanitation in maintaining good public health. The World Health Organisation
(WHO) defines sanitation as the “provision of facilities and services for the safe disposal of human urine
and faeces” [2]. This encompasses access to a safe system that considers a separation between human
waste and human contact at all steps from waste collection, treatment and disposal. In maintaining
good hygiene, access to proper domestic waste collection and disposal is of equal importance [2].

The WHO estimated that the annual improper sanitation deaths amount to 432,000 in low- and
middle-income countries [3]. Improvement in water, sanitation and hygiene could prevent up to 297,000
under-5 mortalities annually [3]. The importance of safe water and sanitation was translated into the
Sustainable Development Goal 6, to ensure access to water and sanitation for all (UN) [4], a global
commitment in reducing disparities towards ensuring fulfilment of basic human rights. Access to
drinking water services has reached 1.6 billion people [5] and basic sanitation reached 2.1 billion people [6]
since 2000. Despite countries achieving better access to water and sanitation, gaps continue to exist
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within countries [7]. The 2017 Joint Monitoring Programme (JMP) report described a 2% drop in access
to safely managed water between 2000 and 2015 in Malaysia, with rural populations affected more [8].

The conditions that people live in affect their access to clean water and proper sanitation.
Despite the variable contexts in different countries, the common predictors of access to clean water and
sanitation are income, education and geographical location [9–14]. The presence of a female head in an
African household was associated with better access to clean water as women played a traditional
role in fetching water for the household [9,10]. Temperature determined improved sanitation as lower
temperatures in different geographical regions affected sanitation systems in China [13]. In Malaysia,
water and sanitation is a challenge to be addressed among subgroups. Maintenance of installed water
systems in indigenous population resettlements and rural areas were under the purview of local
management who may not have adequate resources to ensure proper maintenance in provision of
clean water [15].

Parallel to water and sanitation facility access, domestic waste management is an equally important
component of hygiene that impacts health. A study in Nigeria found adverse health effects stemming
from improper domestic waste management [16]. The World Bank reported a large divide in domestic
waste management in 2016, where the percentage of waste collection in low- to middle-income countries
were less than the average global rates [17]. Hygienic practices remain a challenge within the less affluent
population due to their living conditions [18]. Hazardous domestic waste management practices were
more prevalent among vulnerable populations, including the poor and minority groups [19].

Inequities in exposure to environmental risks leave the less affluent in a vulnerable position.
In order to achieve SDG 6, it is important to explore access to clean water supply, sanitation facilities
and domestic waste disposal in Malaysia, to implement strategies and policies for improvement.
We seek to explore the socio-economic factors associated with non-improved drinking water sources
and sanitation in Malaysia.

2. Materials and Methods

2.1. Data Source

We used data from the 2015 National Health and Morbidity Survey (NHMS) a nationwide
cross-sectional community survey. It was implemented via a two-stage stratified random sampling
design, by states and urban/rural localities, to yield a representative sample for the country. The detailed
methodology of the survey is described elsewhere [20]. The study covered a total of 7978 living quarters
(LQs), of which 4655 were from urban areas and 3323 from rural areas. The unit of analysis was LQs.

We analysed three main sanitation outcomes, namely, potable drinking water sources, toilet types
and domestic waste disposal methods. We used the WHO and UNICEF JMP definitions of improved
and non-improved drinking water sources and toilet types used [21]. Non-improved drinking water
sources include water from unprotected dug wells, unprotected springs, surface water (river, dam,
lake, pond, stream, canal and irrigation channel), vendor-provided water (cart with small tank/drum,
or a tanker truck) and bottled water [21]. Bottled water is considered non-improved due to potential
limitation of quantity rather than quality. Public or shared latrines, open pit latrines and bucket latrines
are considered as non-improved facilities [21]. Domestic waste disposal covered in this study included
only waste generated from households. Other wastes [22] from office, commercial area, and street
waste were excluded.

2.2. Data Analysis

Cross tabulations were run between the types of water sources, toilets and domestic waste disposal
used by the LQs with the demographic characteristics of the household heads. The socio-economic
factors included were household income quintiles, where Q1 is the poorest 20% and Q5 is the richest
20% of the population; education level; geographical location; and house type. The data was processed
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using Epi Info software, version 21, and analysed using Statistical Package for the Social Sciences
(SPSS) (IBM Corp., Armonk, NY, USA), version 22.

Descriptive analysis was conducted to determine the relationship between sanitation with each
socio-economic variable. Binary logistic regression was performed to identify the factors associated
with non-improved water sources, non-improved toilet types and improper domestic waste disposal.
The enter method was used in the logistic regression analysis and the odds ratio (OR) with 95%
confidence intervals of the OR (CI) reported.

3. Results

Of the 7978 LQs, 58.3% were in urban areas. All house types were seen in both urban and rural
areas, including long houses and village houses (Figure 1).
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Figure 1. Proportion of house type by geographical location.

Almost all LQs had improved water sources and toilet types, while two thirds of the LQs had
proper domestic waste disposal (Figure 2). A common improved water source was piped water into
the house (89%), while the frequently found improved toilet type was a flush toilet connected to
a main sewerage system (48.0%). In turn, the common domestic waste disposal method was local
authority/management collection (65.7%) (Appendixes A–C).

About 2.4%, 0.5% and 27.4% of LQs had non-improved drinking water sources, non-improved
toilet facilities and improper domestic waste disposal, respectively (Figure 2). Open burning was
practiced by 26.1% of the LQs. A small percentage of LQs (4.6%) reported recycling of their domestic
waste (Appendix C).

No differences were observed between urban and rural locations for water sources and toilet types.
However, improper domestic waste disposal methods, mainly open burning, was higher in rural LQs
(51.9%) (Figure 3). Water sources was a problem for long houses (10.5%), squatters (8.5%) and shared
houses (4.0%) (Figure 4). Non-improved toilet types were 11.9% for squatters and 4.8% for shared
houses (Figure 4). Improper domestic waste disposal practices were higher in village houses (64.2%),
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long houses (54.4%), single houses (45.8%) and squatters (35.6%) (Figure 4). An increase in education
or income levels showed a decrease in improper domestic waste disposal methods (Figures 5 and 6).
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House type significantly affected the drinking water source, toilet type and domestic waste
disposal after adjusting for the effect of education level, household income and geographical location
(Table 1). In addition, lower household income was associated with non-improved toilet types and
improper domestic waste disposal. Lower education and rural location influenced domestic waste
disposal. People living in squatter settlements had a higher likelihood of using a non-improved water
source and non-improved toilet type, with an OR of 6.38 (95% CI: 2.39–17.04) and OR of 24.86 (95% CI:
9.15–67.52), respectively, as compared to single houses. For domestic waste disposal, a village house
was more likely (OR 1.80, 95% CI: 1.56–2.09) to practice improper disposal as compared to a single
house (Table 1).

Table 1. Odds ratio of using non-improved drinking water sources, toilet types and improper domestic
waste disposal.

Variables

Non-Improved
Water

Non-Improved
Toilet

Improper
Domestic Waste Disposal

OR a

(95% CI: LL, UL) b p-Value OR a

(95% CI: LL, UL) b p-Value OR a

(95% CI: LL, UL) b p-Value

Education level
No formal 1.38 (0.79, 2.41) 0.22 2.97 (0.61, 14.41) 0.10 2.88 (2.12, 3.91) 0.00
Primary 0.69 (0.44, 1.09) 0.13 1.03 (0.22, 4.82) 0.76 1.98 (1.55, 2.53) 0.00

Secondary 0.65 (0.44, 0.98) 0.05 0.92 (0.2, 4.36) 0.87 1.7 (1.34, 2.16) 0.00
Tertiary(ref) c

Household income quintiles
Q1 1.08 (0.7, 1.65) 0.67 6.00 (1.65, 21.75) 0.01 2.03 (1.68, 2.46) 0.00
Q2 0.78 (0.5, 1.21) 0.25 3.2 (0.85, 12.03) 0.10 1.78 (1.49, 2.13) 0.00
Q3 0.88 (0.58, 1.33) 0.52 3.88 (1.04, 14.5) 0.05 1.33 (1.11, 1.6) 0.00

Q4/Q5 (ref) c
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Table 1. Cont.

Variables

Non-Improved
Water

Non-Improved
Toilet

Improper
Domestic Waste Disposal

OR a

(95% CI: LL, UL) b p-Value OR a

(95% CI: LL, UL) b p-Value OR a

(95% CI: LL, UL) b p-Value

Geographical location
Urban (ref) c

Rural 1.22 (0.86, 1.72) 0.32 1.16 (0.59, 2.31) 0.66 3.74 (3.26, 4.29) 0.00
House type
Single house

(ref) c

Squatters 6.38 (2.39, 17.04) 0.00 24.86 (9.15, 67.52) 0.00 0.66 (0.37, 1.2) 0.26
Village house 2.35 (1.54, 3.58) 0.00 1.66 (0.79, 3.49) 0.18 1.80 (1.56, 2.09) 0.00

Shop
house/Share

house
2.19 (1.01, 4.77) 0.02 4.67 (1.72, 12.66) 0.00 0.35 (0.25, 0.49) 0.00

Others 1.45 (0.95, 2.22) 0.09 0.07 (0.01, 0.58) 0.01 0.05 (0.04, 0.07) 0.00

Note: a ORs and 95% CI adjusted for all variables in the model using binary logistic regression, the enter method. b

LL = Lower Limit, UL = Upper Limit. c Ref = Reference group

4. Discussion

Access to improved drinking water sources was available for almost all people living in Malaysia.
Almost all LQs had improved toilet facilities, but many among squatters, long houses and village
houses dwellers still used pour flush toilets. In terms of domestic waste disposal, the majority were
regularly collected by the local authorities. Lack of proper domestic waste disposal was seen among
village houses with open burning still commonly practiced and dumping into improper channels by
squatters and long house residents. Compared with water sources and toilet types, only waste disposal
methods were significantly affected by both education and income levels.

Access to improved water sources is a crucial factor for a country’s sustainable growth and
development. In Malaysia, long standing approaches by the governing bodies, beginning with the
building of dams and water treatment facilities in the 1900s up to the supply of piped water in major
towns from the 1930s to the 1970s, have improved this access [23]. The water sector operationalization
has gone through various developments, including privatization of water handling companies in the
1990s, which saw mixed results. Some of the challenges encountered were (1) operational inefficiency;
(2) ineffective governance and regulation; (3) budgetary constraints; and (4) poor environmental
performance. A major reform was put in place in 2006 to address all the identified issues by regulating
the existing policies, financing methods and infrastructure developments [23]. As a result, the coverage
increased from 85% in 1990 to 95% in 2010 [24]. The availability of improved water sources in this
study was 95.6%, similar to the reported figure by the UN-Water Global Analysis and Assessment of
Sanitation and Drinking-Water (GLAAS) (96%) [25] and the WHO/UNICEF (97.0%) [26].

Although very small in numbers, this study showed dwellers of squatters and long houses were
less likely to access improved water sources; hence, efforts to improve the coverage of water supply
for these marginalised communities are needed. Similarly, the study also found communities in
squatter areas, village areas and long houses had less satisfactory sanitation facilities. This is also
seen globally where there is still a significant number of those who lacked sanitation services, using
either open defaecation (892 million) or non-improved facilities, such as pit latrines without a platform,
hanging or bucket latrines (856 million) [8]. In Malaysia, attention is needed to address the LQs still
using non-improved sanitation types, such as bore hole latrine without a cover, bucket latrines and
hanging latrines, and especially those without any form of latrine facilities. Addressing this issue of
poor sanitation facilities will help in the reduction of waterborne diseases [27]. The results also showed
that, among the same communities (squatters, village houses and long houses), there were still many
who did not have access to proper service of domestic waste disposal.
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The challenges of these specific house types can be traced back to the chronological and historical
development of Malaysia’s water, sanitation and solid waste management. Prior to the 1970s,
Malays and Indians were living generally in rural areas, while the Chinese lived in urban areas [28].
In 1970, the New Economic Policies were introduced to encourage socioeconomic improvement and
reduce the gap across ethnicities. As such, many, especially Malays, migrated to the urban areas,
resulting in a rapid need for low-cost housing and opening of squatter settlements. There were major
infrastructure and environmental concerns, including potable water supply and proper sanitation
for these settlements, since the houses were not built in accordance with the approved specifications,
and made worse by the ad-hoc manner of squatter establishments [28,29]. Contributing factors to the
worse slum management included limited connectivity to piped water due to the haphazard nature
of squatter settlements, exclusion from regional planning, and lack of formal property rights [30].
There was a lack of proper domestic waste disposal in squatter areas for the same reasons. In Kuala
Lumpur, for example, open dumping of waste has been the main practice among squatters for domestic
waste, often leading to pollution of groundwater and land surface since the dumpsites have no proper
measure to control rainfall and run-off [31]. Various other challenges, including the poor quality of the
low-cost flats built to relocate squatter dwellers, hindered the process of relocating and reducing the
squatter settlements [32].

Similarly, the rapid urbanisation process saw most efforts to conserve the environment concentrated
in bigger cities, leaving many rural areas with village houses lagging behind. For example, the water
supply and establishment of pour flush latrines in Sarawak, one of the states in Malaysia with large
rural areas and many long houses, only began in 1967 following the introduction of the Rural Health
Improvement Scheme. The coverage of pour flush latrines increased steadily following the program’s
introduction, from 44% in 1980 to 97% in 2002 [33].

The waste disposal service in rural areas was another area requiring regulatory improvement.
Current regular collection is subjected to inclusion of an area under the management of either the
Municipal Council, District Council, City Hall or Town Board, which leaves many rural areas not
covered by such a service [34], leading to unsanitary waste management practices and disposal
methods, such as open burning or throwing waste into drains, the river or sea, increasing the risk of air
and water contamination. This lopsided service provision between urban and rural areas were also
seen in other studies [10,35,36].

Despite various studies showing that the level of education and income affect access to water
supply, proper sanitation, and waste disposal [12,37,38], this study found that only the waste disposal
method was affected by both the education and household income of the heads of the households.
As discussed earlier, the waste disposal method was heavily influenced by the house type and location
of the house, whereby residents in rural areas not receiving a regular waste disposal service were
forced to resort to other alternatives. However, higher education and awareness on the impact of
disposal type on the environment could lead to residents choosing safer, more environmentally friendly
methods as a disposal mechanism. This is in line with another study showing community education
and awareness campaigns led to changes in disposal behaviour [39]. The alternative option, such
as establishment of a community waste management unit, collection and transportation of garbage,
may incur additional cost for residents.

Another area worth focusing on is domestic waste recycling, whereby the rate reported in Malaysia
was 4.6% in comparison to Singapore’s 21% in 2016 [40], while Thailand recycled 11% of their domestic
waste in 2003 [41]. This relatively low rate of recycling in Malaysia reflects the level of commitment
towards environmental responsibility, thus potentially depleting the natural resources and increasing
the need for opening more landfills [42].

For policymakers, to ensure universal access to improved water source and sanitation, attention is
needed to address the disadvantaged communities. Addressing the needs of these communities would
be beneficial in tackling various problems, including waterborne diseases, environmental concerns,
public health expenditures, social development as well as the general wellbeing of the population [36].
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In view of waste separation for recycling still being in its infancy in Malaysia, concentrated efforts
to increase recycling practices are required. An appropriate recycling program could be introduced
within an established standard operation to change the current attitudes and behaviours towards
the habit of waste separation at the source, sustaining the momentum and continuous participation,
rather than limited to relatively brief periods of implementation [43].

The data used in this study were from a nationwide community survey that achieved a good
response rate, with a large sample of LQs. However, the education level reported was the head of
households’ and this may not reflect the highest education level attainment of the family. Data were
collected in 2015 and the results are likely to still reflect the current sanitation practices, as there were
no drastic changes or major reform to environmental sanitation programmes in Malaysia.

5. Conclusions

In general, the water and toilet facilities in Malaysia’s households were good, while the household
domestic waste management practices can be improved. Despite this, there remain pockets of
communities that pose environmental challenges for the nation. Thus, enabling mechanisms for good
sanitation practices, improving access to improved water supply and proper waste disposal services
among the specific housing types identified, as well as increasing education, should continue to be
emphasised to enable infection spread prevention and improved public health.
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Appendix A

Table A1. Relationships between socio-economic factors and type of water source used by households.

Type of Houses

Type of Water Source a,b

Piped Water
that Runs into

House

Piped Water
in Yard

Public
Standpipe

Bottled
Drinking Water
(Mineral/Distilled)

Protected Dug
Well or Protected

Spring

Unprotected
Dug Well or

Spring

Rainwater
(into Tank or

Cistern)

Water Taken
Directly from

Pond or Stream

Tanker-Truck,
Vendor

Count % Count % Count % Count % Count % Count % Count % Count % Count %

Overall 7102 89.0 188 2.4 90 1.1 110 1.4 183 2.3 24 0.3 61 0.8 51 0.6 7 0.1
Education level

No formal 455 77.8 16 2.7 16 2.7 6 1.0 29 5.0 6 1.0 25 4.3 16 2.7 0 0.0
Primary 2050 88.1 71 3.1 30 1.3 18 0.8 50 2.1 10 0.4 25 1.1 18 0.8 6 0.3

Secondary 3027 89.8 81 2.4 40 1.2 44 1.3 85 2.5 4 0.1 9 0.3 16 0.5 1 0.03
Tertiary 1501 92.8 18 1.1 4 0.2 41 2.5 19 1.2 4 0.2 2 0.1 0 0.0 0 0.0

Unclassified 58 90.6 2 3.1 0 0 1 1.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
HH Income
Quintiles

Q1 1314 86.1 45 2.9 23 1.5 13 0.9 42 2.8 9 0.6 16 1.0 25 1.6 1 0.1
Q2 1445 85.3 57 3.4 27 1.6 15 0.9 67 4.0 4 0.2 25 1.5 11 0.6 4 0.2
Q3 1545 90.4 37 2.2 18 1.1 20 1.2 32 1.9 6 0.4 12 0.7 9 0.5 2 0.1
Q4 1329 90.8 26 1.8 16 1.1 27 1.8 25 1.7 4 0.3 5 0.3 5 0.3 0 0
Q5 1469 92.8 23 1.5 6 0.4 35 2.2 17 1.1 1 0.1 3 0.2 1 0.1 0 0

Geographical
location
Urban 4304 92.5 72 1.5 25 0.5 87 1.9 82 1.9 10 0.2 1 0.02 3 0.1 2 0.04
Rural 2798 84.2 116 3.5 65 2.0 23 0.7 101 3.0 14 0.4 60 1.8 48 1.4 5 0.2

House Type
Single House 2132 89.5 96 4.0 6 0.3 13 0.5 104 4.4 11 0.5 5 0.2 14 0.6 1 0.0

Semi-D 292 90.7 4 1.2 0 0.0 6 1.9 8 2.5 0 0.0 9 2.8 2 0.6 1 0.3
Condominium/

Apartment 404 92.0 3 0.7 1 0.2 30 6.8 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0

Terrace Single
Storey 1491 98.6 14 0.9 1 0.1 6 0.4 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Terrace Double
Storey 884 96.5 9 1.0 1 0.1 22 2.4 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Long House 31 57.4 2 3.7 0 0.0 0 0.0 0 0.0 0 0.0 15 27.8 6 11.1 0 0.0
Flat 495 96.7 3 0.6 3 0.6 11 2.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Squatters 49 87.5 2 3.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 4 7.1 1 1.8
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Table A1. Cont.

Type of Houses

Type of Water Source a,b

Piped Water
that Runs into

House

Piped Water
in Yard

Public
Standpipe

Bottled
Drinking Water
(Mineral/Distilled)

Protected Dug
Well or Protected

Spring

Unprotected
Dug Well or

Spring

Rainwater
(into Tank or

Cistern)

Water Taken
Directly from

Pond or Stream

Tanker-Truck,
Vendor

Count % Count % Count % Count % Count % Count % Count % Count % Count %

Village House 1134 81.8 36 2.6 75 5.4 17 1.2 68 4.9 12 0.9 19 1.4 25 1.8 1 0.1
Shop House 105 92.1 4 3.5 0 0.0 4 3.5 1 0.9 0 0.0 0 0.0 0 0.0 0 0.0

Shared House 84 69.4 15 12.4 3 2.5 1 0.8 1 0.8 1 0.8 13 10.7 0 0.0 3 2.5
a Not including “missing”, “don’t know”, “refuse to answer” and “not applicable” Some cells have counts less than 30; the results should be interpreted with caution. b Not including other
group for type of water source (1.4%) due to no specific definition.

Appendix B

Table A2. Relationships between socio-economic factors and type of toilet used by households.

Variables

What Is the Type of Toilet at Your House? a,b

Flush Toilet and
Connected to the
Main Sewerage

System

Flush Toilet
with Septic Tank

Pour Flush
Toilet

Bore Hole
Toilet with
Closed Lid

Bore Hole
Toilet without

Cover

Bucket
Latrine

Hanging
Latrine

No Facilities
at All

Count % Count % Count % Count % Count % Count % Count % Count %

Overall 3800 48.0 2116 26.7 1837 23.2 127 1.6 7 0.1 3 0.04 16 0.2 18 0.2
Education
No formal
education 154 26.3 130 22.2 271 46.3 11 1.9 3 0.5 0 0.0 6 1.0 5 0.9

Primary 833 35.8 628 27.0 778 33.4 62 2.7 1 0.04 1 0.04 8 0.3 6 0.3
Secondary 1664 49.4 967 28.7 665 19.7 44 1.3 2 0.1 1 0.03 1 0.03 7 0.2

Tertiary 1113 68.8 374 23.1 103 6.4 10 0.6 0 0.0 1 0.1 1 0.1 0 0.0
Unclassified 31 48.4 17 26.6 15 23.4 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Missing 5 33.3 0 0.0 5 33.3 0 0.0 1 6.7 0 0.0 0 0.0 0 0.0
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Table A2. Cont.

Variables

What Is the Type of Toilet at Your House? a,b

Flush Toilet and
Connected to the
Main Sewerage

System

Flush Toilet
with Septic Tank

Pour Flush
Toilet

Bore Hole
Toilet with
Closed Lid

Bore Hole
Toilet without

Cover

Bucket
Latrine

Hanging
Latrine

No Facilities
at All

Count % Count % Count % Count % Count % Count % Count % Count %

Household
income quintile

Q1 516 33.8 381 25.0 560 36.7 35 2.3 1 0.1 1 0.1 9 0.6 8 0.5
Q2 615 36.3 467 27.6 560 33.1 34 2.0 3 0.2 0 0.0 3 0.2 5 0.3
Q3 791 46.3 492 28.8 378 22.1 26 1.5 1 0.1 1 0.1 4 0.2 4 0.2
Q4 822 56.1 388 26.5 226 15.4 17 1.2 2 0.1 0 0.0 0 0.0 1 0.1
Q5 1056 66.7 388 24.5 113 7.1 15 0.9 0 0.0 1 0.1 0 0.0 0 0.0

Strata
Urban 2923 62.8 1117 24.0 544 11.7 21 0.5 3 0.1 2 0.0 7 0.2 3 0.1
Rural 877 26.4 999 30.1 1293 38.9 106 3.2 4 0.1 1 0.0 9 0.3 15 0.5

House types
Single house 743 30.6 850 35.1 747 30.8 70 2.9 1 0.04 1 0.04 4 0.2 7 0.3

Semi-D 157 48.0 102 31.2 66 20.2 2 0.6 0 0.0 0 0.0 0 0.0 0 0.0
Condominium/

Apartment 381 86.8 52 11.8 3 0.7 2 0.5 0 0.0 0 0.0 1 0.2 0 0.0

Terrace single
storey 1047 68.6 391 25.6 80 5.2 4 0.3 1 0.1 0 0.0 0 0.0 0 0.0

Terrace double
storey 739 79.5 164 17.7 23 2.5 2 0.2 0 0.0 0 0.0 0 0.0 0 0.0

Long house 8 14.0 21 36.8 27 47.4 1 1.8 0 0.0 0 0.0 0 0.0 0 0.0
Flat 387 75.3 114 22.2 13 2.5 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Squatters 18 30.5 15 25.4 19 32.2 0 0.0 1 1.7 0 0.0 6 10.2 0 0.0
Village house 226 16.0 367 26.0 759 53.8 42 3.0 2 0.1 1 0.1 4 0.3 9 0.0
Shop house 64 53.8 28 23.5 25 21.0 1 0.8 0 0.0 0 0.0 0 0.0 0 0.0

Shared house 29 23.2 12 9.6 75 60.0 3 2.4 2 1.6 1 0.8 1 0.8 2 1.6
Missing 1 2.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 45 97.8

a Not including “missing”, “don’t know”, “refuse to answer” and “not applicable” Some cells have counts less than 30; the results should be interpreted with caution. b Not including other
groups for type of toilet used (0.1%) due to no specific definition.
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Appendix C

Table A3. Relationships between socio-economic factors and method of domestic waste disposal.

Variable

Method of Domestic Waste Disposal a, b

Collected by Local
Authority/

Management
Regularly

Collected by Local
Authority/

Management
Irregularly

Buried Outside
the House Open Burning

Thrown into the
Drain, River or Sea

or Anywhere

Collected and
Thrown in

Specialized Area
for Recycling

Count % Count % Count % Count % Count % Count %

Overall 4847 60.8 392 4.9 79 1.0 2080 26.1 102 1.3 367 4.6

Education level #
No formal 203 34.7 37 6.3 15 2.6 269 46.0 28 4.8 21 3.6
Primary 1087 46.7 130 5.6 32 1.4 876 37.7 52 2.2 118 5.1

Secondary 2176 64.6 149 4.4 28 0.8 790 23.4 18 0.5 165 4.9
Tertiary 1340 82.9 68 4.2 3 0.2 128 7.9 2 0.1 59 3.6

Unclassified 37 57.8 7 10.9 1 1.6 13 20.3 1 1.6 3 4.7
Missing 4 26.7 1 6.7 0 0.0 4 26.7 1 6.7 1 6.7

HH income quintile
Q1 670 43.9 77 5.0 23 1.5 619 40.5 42 2.8 64 4.2
Q2 835 49.3 92 5.4 21 1.2 602 35.5 35 2.1 90 5.3
Q3 1039 60.8 96 5.6 17 1.0 430 25.1 16 0.9 87 5.1
Q4 1025 70.0 65 4.4 13 0.9 273 18.6 5 0.3 63 4.3
Q5 1278 80.7 62 3.9 5 0.3 156 9.9 4 0.3 63 4.0

Strata
Urban 3709 79.7 248 5.3 20 0.4 436 9.4 23 0.5 156 3.4
Rural 1138 34.2 144 4.3 59 1.8 1644 49.5 79 2.4 211 6.3

House Types #
Single house 936 38.6 126 5.2 40 1.6 1088 44.9 23 0.9 182 7.5

Semi-D 257 78.6 15 4.6 2 0.6 34 10.4 8 2.4 10 3.1
Condo/

Apartment 413 94.1 10 2.3 1 0.2 0 0.0 0 0.0 15 3.4

Terrace 1-storey 1424 93.3 55 3.6 2 0.1 12 0.8 0 0.0 29 1.9
Terrace 2-storey 904 97.3 17 1.8 0 0.0 3 0.3 1 0.1 3 0.3

Long house 22 38.6 1 1.8 1 1.8 11 19.3 20 35.1 1 1.8
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Table A3. Cont.

Variable

Method of Domestic Waste Disposal a, b

Collected by Local
Authority/

Management
Regularly

Collected by Local
Authority/

Management
Irregularly

Buried Outside
the House Open Burning

Thrown into the
Drain, River or Sea

or Anywhere

Collected and
Thrown in

Specialized Area
for Recycling

Count % Count % Count % Count % Count % Count %

Flat 415 80.7 72 14.0 0 0.0 0 0.0 0 0.0 24 4.7
Squatters 21 35.6 6 10.2 1 1.7 8 13.6 13 22.0 6 10.2

Village house 338 23.9 54 3.8 21 1.5 874 61.9 32 2.3 77 5.5
Shop house 75 63.0 23 19.3 0 0.0 17 14.3 0 0.0 3 2.5

Shared house 41 32.8 13 10.4 11 8.8 33 26.4 5 4.0 17 13.6
Missing 1 2.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

a Not including “missing”, “don’t know”, “refuse to answer” and “not applicable” Some cells have counts less than 30; the results should be interpreted with caution. b Not including other
group for method of domestic waste disposal (0.8%) due to no specific definition.
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