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Abstract

Water resources are nature's most precious gift in life on this earth. Humans need to have ethics in environmental development to caring the environment. The rapid development to meet human needs and requirements has caused the source of clean water supply to be more limited and threatened. This study aims to analyze the factors and effects of water supply disruption to the community in Penang Island. This study employs a quantitative approach, with a survey consisting of 100 questionnaires distributed to respondents. The study also uses an informal interview method that records some of the respondents’ thoughts and opinions about the research issues. Respondents were selected randomly to be involved in the data collection process. The results of the data were analyzed to obtain the value of frequency, percentage, mean, std. deviation, and descriptive analysis. According to the study's findings, the most influential factor of disruption of water supply consumption is a lack of capacity of the water treatment plants, which recorded a total mean=4.36, and the least influential factor is weaknesses in water management, which recorded a total mean=3.48. The most dominant effect of water supply disruption is the disease that affects health, with a mean score of 4.30, the least influential effect is a reduction in the life of flora and fauna, with a mean score of 3.61. This study has the potential to provide information to authorities and stakeholders in formulating strategies and interventions for the well-being of the community. The recommendation for future studies is to further expand the scope of the study which is to add more survey stations and the number of samples to describe the actual population.
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Introduction

Globally, sustainable management of water resources is required to avoid widespread water shortage. A variety of human pressures such as urbanization, intensive agriculture, over-abstraction, inefficient distribution, and extraordinary demand have underpinned climate change, pollution, and biodiversity loss, all of which contribute to water shortage (Saeid Eslamian & Faezeh Eslamian, 2017). In Malaysia, the average annual rainfall received is around 2500 mm to 3000 mm which has the potential to cause floods (Hashim et al., 2017). However, this situation has caused the society to misjudge the amount of water resources available by assuming that Malaysia has abundant water supply resources (Hanafiah et al., 2019). 
Water consumption in Malaysia for domestic purposes is 61.6% of the total treated water which shows a high domestic water consumption because it exceeded 50% of the total treated water (Hamid, 2015). Penang Island is the state that records the highest domestic water supply consumption in Malaysia (Hanafiah et al., 2019). The average domestic water consumption in Penang Island has recorded a total of 293 litres in 2014 (Hezri, 2018). One of the factors of high water supply consumption in Penang Island is due to low water tariffs for domestic and commercial usage. Penang Island’s water tariff is the lowest in Malaysia with RM0.32 per 1,000 litres for the first 35,000 litres per month of usage (Tan, 2019).
 According to PBAPP, in 2018 a total of 1,073 million litres per day (MLD) were produced from Sungai Muda raw water and other raw water sources in Penang Island (Tan, 2019). The water demand made by PBAPP until 2050 is estimated at 1,883 MLD (Dermawan, 2019). Sungai Muda which supplies the main raw water source for Kedah, Perlis, and Penang Island is predicted to only be able to meet the raw water needs of each state until 2025 (Dermawan, 2019). According to Husain et al. (2017), the water catchment area in Penang Island is only able to supply 30% of the total water while the remaining 70% of the total water is supplied from Sungai Muda. However, chief executive officer of PBAPP, stated that it could no longer support Sungai Muda river level during the ongoing dry season, leaving Sungai Muda river to be largely dependent on only one dam; Beris Dam (Dermawan, 2020). The population growth of Penang Island has grown at an average rate of 1.7% per annum from 2000 to 2010. This situation has caused water supply pressure in Penang Island. This population growth has led to an increase in water consumption which could affect the water supply sources in the future (Osman et al., 2017). 
This study has been undertaken to understand the factors and effects of water supply disruption on the community in Penang Island, Malaysia, in the context of the lack of water treatment plant, leaking water pipes, prolonged hot weather, diseases, access to food supplies and so on. Therefore, 6 study locations have been selected in an effort to study the factors and effects of water supply disruption on the community in Penang Island. The methodology of the research implemented is a mixed method distributed to 100 respondents in order to get the data. This method is quantitative (questionnaire) and qualitative (informal interview). 


Literature review

The main source of water supply in Malaysia is rainwater, which makes about 90% of Malaysia's water supplies (EPU, 2010). Malaysia has seen an unprecedented demand on its water supplies due to fast economic expansion (Anang et al., 2019). Most of the supply is focused on agriculture, which consumes 76% of the total water supply. Malaysia's water consumption is predicted to exceed 20 billion m3 by 2020, with agriculture being the dominant consumer. To prepare for this, the emphasis should be on improving the water usage management rather than water supply management. Figure 1 shows that from 1980 to 2020, the demand for water in numerous areas such as domestic and industrial, irrigation, and other industries has increased. In 1980, Malaysia's total water usage was 8.9 billion billion m3, with irrigation accounting for about 83% of total water use. Water usage increased to 11.8 billion m3 in 1990 due to agricultural, industrial, and domestic uses. Water consumption progressively increased to 15.5 billion m3 in 2000 (Anang et al., 2019). 
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      Source: (Anang et al., 2019)

Figure 1. The Demand for water in different sectors in Malaysia from 1980 to 2020.

Between 1980 and 2000, annual domestic and industrial use of water grew by 12% (EPU, 2006). In the 2000s in Malaysia, the usage of hydropower, transportation and leisure activities tripled. There has been greater attention on this. The largest demand for water was for agriculture, which accounted for 67% of the total water use from 1980 to 2000. Since 2000, this number has decreased. According to The Comprehensive Assessment of Water Management in Agriculture, Malaysia has a water scarcity crisis, with the third of Malaysians experiencing water shortages in 2007 (Anang et al., 2019). In Malaysia, the demand for water resources increased from 1980 (8.9 billion m3) to 2000 (15.5 billion m3) in agricultural, industrial, and domestic activities. Furthermore, in developed countries, the agricultural sector has absorbed up to 76% of water resources, with up to 90% being used for the irrigation for paddy production and heavy industry. The increasing population and urbanization will also lead to aggravate the water shortage because of water demands (Chen et al., 2020).
Nevertheless, new water problems such as pollution, destruction of water catchment areas, water waste, high non-revenue water (NRW), low tariffs, and a lack of public knowledge on water conservation have led to Malaysia's water resources to decline (Chan, 2004). According to Lai et. al (2016), Malaysia's NRW problem is not only a technological issue, but also a matter of poor governance and management. The research reveals that when it comes to water policy, public engagement is usually undervalued. Several positive stories have emerged from Malaysia's water utilities in terms of public engagement as a solution to the NRW problem. 
Raising water fees is a politically controversial topic in Malaysia. For the first 40,000 litres of water, the household water rate in Penang Island is 0.35 MYR cents or 0.08 US cents while the home water tariff in Perlis is 0.59 Malaysian cents, which is equal to 0.14 US cents. Malaysians have not exercised water conservation, since home water use in most states exceeds 220 L per capita per day. Ahmed et al. (2020) also reported that Malaysian people are well aware of the river pollution and drinking water contamination. However, negative impacts of NRW issues on the public are mostly delayed or indirect, leading to poor public awareness of this issue. Lai et al. (2016) suggested that if somehow the public is aware of the health and economic benefits of the enhanced water supplies, they are more likely to pay for them. 


Research methodology

Study area

The researchers have chosen Penang Island (5.4164 ° N, 100.3327 ° E) as the study area to study the disruption of water supply consumption in Penang Island. Among the areas that are under study by researchers in the state of Penang Island are Komtar, Universiti Sains Malaysia (USM), Sungai Dua, Sungai Nibong, Bukit Jambul, and Bayan Lepas. This study area is very suitable as the factors and effects of disruption of water supply consumption in Penang Island can be referred to (Figure 2). 

[image: ]


















Figure 2. The map of survey stations.
Research design
The diagram below shows the research framework (Figure 3) and the conceptual framework (Figure 4). To obtain the study findings, researcher employed two techniques of data collecting, namely primary data and secondary data, as shown in the research framework. Meanwhile, the conceptual framework shows a research of analyzing the factors and effects of water supply disruption in Penang Island, Malaysia, by using items of questionnaire to determine which factors and effects are the most influential on water supply disruption. 
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Figure 3. Research framework.
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Figure 4. Conceptual framework

Data collection
This study uses two types of data sources, namely primary data and secondary data. Primary data were obtained through a questionnaire session with respondents. The researcher selected the study respondents based on random sampling. In this random sampling method, the researcher needs to identify the selected study sample, makes a complete list of the selected sample and select the sample based on the opportunity and probability of the population to be the sample in this study.
Respondents must be of various races, ages, educational levels, and family sizes. Therefore, a questionnaire session was conducted to obtain feedback from the respondents. Questionnaire sessions were conducted over a period of two weeks starting February 2, 2020 and ending on February 15, 2020. Initially, a total of 150 questionnaires was distributed to the respondents involved. Only 150 questionnaires were distributed as researchers had the time constraints in collecting information. However, after some consideration on all the information in the questionnaire, the researcher determined that the respondents involved in this study are only 100 people and represent the six areas involved. The researcher hopes that the sample size of 100 respondents can reflect the actual population and represent the six study areas involved. 
This study also used secondary data. Secondary data were obtained through books, articles, journals, newspapers related to water problems and research topics. In addition, data from the Penang Water Supply Corporation (PBAPP) website, and the National Water Services Commission (SPAN) were also requested for more detailed information (Figure 5).
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Figure 5. Data collection method.

Data processing

The researchers used computers with software known as Statistical Package for the Social Sciences (SPSS) to analyze the data to help researchers to obtain descriptive analysis, frequency data, and the mean. ArcMap software was used to map the survey stations in this research. The study area location data in MS Excel was put into ArcMap to map the research location. Tests were also performed to obtain the Cronbach’s Alpha values. Reliability test is a test that refers to the consistency and stability used as a test of a concept (Pallant, 2010). 
Results and discussion

Demographic of respondents

Table 1 shows the demographics of the respondents. The results of the data analysis collected through questionnaires show that the gender of the population in the selected area is more dominated by women which is 60% and men only for 40% of the total respondents. In terms of age, researchers see that most of the population age are in the range of 15-30 years with 48% while the minority age in the range of 43-64 years which is 8%. The age demographic pattern is such because the area is an urban area and a developed settlement due to the presence of educational centres, industry, tourism and there are quite a number of young people in the area as they tend to migrate to urban areas. 

Table 1. Demographic of respondents.

	Demographic Profile (N = 100)
	Frequency
	%

	Gender
	
	

	Male
	40
	40.0

	Female
	60
	60.0

	Age
	
	

	          15 - 30 years
	48
	48.0

	31 - 42 years
	44
	44.0

	43 - 64 years and above
	8
	8.0

	Race
	
	

	          Malay
	59
	59.0

	          Chinese
	26
	26.0

	          India
	15
	15.0

	Educational Level
	
	

	SPM
	16
	16.0

	STPM / Diploma
	60
	60.0

	Degree
	24
	24.0

	Job Status 
	
	

	Unemployed
	39
	39.0

	Private sector
	25
	25.0

	Government agencies
	22
	22.0

	Private business
	14
	14.0

	Montly Income B40 (RM) 
	
	

	B1 less than 2,500
	68
	68.0

	B2 2,501 – 3,169
	16
	16.0

	B3 3,170 – 3,969
	13
	13.0

	B4 3970 – 4849
	3
	3.0

	Type of Residence
	
	

	Housing
	22
	22.0

	Apartment
	20
	20.0

	Low cost houses / Flat
	34
	34.0

	Terraced house
	16
	16.0

	Bungalow
	1
	1.0

	Condominiums 
	7
	7.0

	Number of Households (People)
	
	

	1 - 2
	34
	34.0

	3 - 4
	53
	53.0

	5 and above 
	13
	13.0



Meanwhile, the largest group of race staying in the area selected in Penang Island is the Malay which is 59%, followed by the Chinese 26% and Indians 15%. For education category, the data collected from the respondents showed that most of the respondents had an STPM/Diploma educational background of 60% of the total and the least was SPM or by percentage, 16%. For Degree category, the total percentage of respondents was 24%. Most of the respondents have a high educational background because the researchers distributed many questionnaires in educational centres such as in the study area that they chose, namely in USM. In terms of job status, it shows that most respondents are unemployed which is 39%. The lowest employment status is in the private business 14%. The private sector recorded a total percentage of 25% respondents and government agencies a total percentage of 22% respondents. 
In terms of the total monthly income of the respondents, it shows that most of the respondents have a lower income of less than RM2500, which is a total of 68 respondents. The minimum income of the respondents shown by Table 1 is around RM3970 to RM4849 which is represented by 3 respondents only. Based on the researchers’ observation, this is because the average population or respondents among students, civil servants, private and residents working in business is very few. Next, the majority of respondents live in low cost houses or flat type housing residences with 34 respondents. The lowest type of residence is represented by bungalow which is 1 respondent. The average number of households which is 3 to 4 people is 53 respondents and they are the most dominant. The total number of households of 5 and above is 13 respondents. This indicates that most of the respondents are married couples.

The factors of water supply disruption on the community in Penang Island

Table 2 shows the variables that influence the factors of water supply disruption in Penang Island, Malaysia. The analysis data shows that the most dominant and the highest factor is due to the lack of capacity of water treatment plants which recorded a total mean = 4.36. A total of 62.9km² of land in the state of Penang Island is reserved as a water catchment area which represents 6% of the total land area in the state. However, this water catchment area only supplies about 20% of the clean water needs in Penang Island. The remaining 80% is supplied by the Sungai Dua and Sungai Muda plants in Kedah (Leng et al., 2013). Based on a media statement issued by PBAPP on 15 April 2020, the Penang Island state government has made an application to the Meteorological Department to immediately implement cloud seeding to trigger more rain in Penang Island and Kedah due to unusually dry weather since 2019. This is because the effective capacity of 6 major dams in Penang Island and Kedah is very low (Bernama, 2020). 

Table 2: Factors of disruption of water supply consumption.

	Factors of disruption of water supply consumption: Descriptive Analysis (N = 100)
	Mean

	Std. Deviation

	Lack of water treatment plant capacity
	   4.36
	   .718

	Maintenance work
	4.27
	.664

	Water rationing by water managers
	3.83
	.975

	Contaminated water supply
	   3.58
	1.056

	Leaking water pipes
	3.97
	.926

	Prolonged hot weather
	4.24
	.842

	Waste of water consumption
	4.13
	.906

	Weaknesses of water management
	3.48
	.882




Meanwhile, according to the findings of the study, the lowest factor influencing the disruption of water supply is the weakness of water management with a record of mean = 3.48 (Table 2). The issue of water management flaws plays an important role in ensuring that the water supply is maintained. The National Water Services Commission (SPAN) has identified various weaknesses in addressing the issue of NRW in Malaysia (Sakke et al., 2020). There is no active leakage control programme or planning, a small maintenance allocation, a lack of competent staff, poor asset management, unsystematic implementation and maintenance of the water supply system, weaknesses in the information technology system, weaknesses in the data collection system, poor understanding of leakage management, and water not being regarded as a valuable commodity (Sani & Rindam, 2017). The raw water is gravity-drawn from the Teluk Bahang Dam to the treatment plant via a 3.4km transfer tunnel. The Teluk Bahang Dam was chosen as its water source due to the fact that it is a less polluted and contaminated catchment area (Omran, 2011). 
Furthermore, the water supply disruption factor caused by maintenance work has a mean score of 4.27 (Table 2). The maintenance works include repairing pipe leaks, repairing piped water drainage systems and so on. Meanwhile, the factors, in terms of water rationing by the management of water and contaminated water supply, recorded a mean of 3.83 and 3.58 respectively (Table 2). Besides that, the disruption factor of the water supply caused by leaking water pipes has a mean record of 3.97 (Table 2). As a solver, water management methods can be used through water-saving tools such as installing efficient water equipment, repairing water leaks, using automatic pipes, using water buckets to wash cars and so on (Chan, 2008). 
Furthermore, the disruption to water supply sources has been impacted by prolonged hot weather and waste of water consumption, which recorded a total mean of 4.24 and 4.13, respectively (Table 2). According to Ramli (2021), Penang Island is currently in the annual dry season, with rain only expected in April or May 2021. Although Malaysia receives a large amount of rainfall which is an average of between 2,000 and 3,000mm per year, not all rain drops in rainwater catchment areas and rainfall distribution are uneven throughout the year (Leng et al., 2013). 
The comparison between the factors that causes the water supply disruption with other studies conducted by Leng et al. (2013), is due to the low level of awareness about water problems in their residential areas. The results of a study by Leng et al. (2013) showed that 68.1% of domestic water users in Penang Island are unaware of the water problems that occur in their area (Table 3). 
	Most people in Penang Island do not know or have no comment on the water issues that occur due to the less involvement in the decision-making in water management (water demand) and more focus on water supply management. According to the study, it is found that 88.8% of the people do not know how much amount of water is used each month. This situation shows that the community does not care about water consumption because the cheap water tariff rate of RM0.31 per 1,000 litres causes the community to no longer appreciate this valuable resource (Leng et al., 2013).

Table 3: Water problems in residential areas

	
	
	
	
	Valid Percentage
	Cumulative Percentage

	
	Water problem
	Frequency     Percentage
	
	

	
	Quality Issues
	110
	13.6
	13.6
	13.6

	
	Tariff issues
	2
	0.2
	0.2
	13.8

	
	Water Cut
	19
	2.3
	2.3
	16.2

	
	Service Problem
	6
	0.7
	0.7
	16.9

	
	Blocked
	35
	4.3
	4.3
	21.2

	
	Pollution
	14
	1.7
	1.7
	23.0

	
	Leaks
	40
	4.9
	4.9
	27.9

	
	Lack of water resources
	6
	0.7
	0.7
	28.6

	
	Other
	18
	2.2
	2.2
	30.9

	
	No comment
	519
	64.1
	64.1
	94.9

	
	Don’t know
	32
	4.0
	4.0
	98.9

	
	Water awareness
	9
	1.1
	1.1
	100.0

	
	Total
	810
	100.0
	100.0
	


         Source: (Leng et al, 2013)
The effects of water supply disruption on the community in Penang Island

Table 4 shows the effect variables that arise from the water supply disruptions that occur. The global demand for water supply has increased over the last 60 years due to a variety of factors such as rapid population and economic growth (Kaur et al., 2010), urbanization and industrialization (Biswas, 2010), land use change (Sophocleous, 2004), intensive farming practices (Tilman et al., 2002), and environmental degradation (Vorosmarty, 2000). Moreover, changes in the frequency, duration, and intensity of drought episodes have resulted in a significant reduction in water resource reserves in numerous locations (Rose & Rahimi, 2017). 
According to the findings of this study, the majority of respondents agreed that a disruption in water supply is equivalent to causing a disease that is easy to reproduce and can affect health with a mean score = 4.30. According to Rose & Rahimi (2017), the problem of a lack of water due to drought can have an impact on health. The level of health is highly dependent on the quality of the water usage. River water quality and pollution need to be addressed because 98% of total water consumption is from rivers (Huang et al., 2015). The results of a study conducted by Rose & Rahimi (2017) found that the majority of respondents suffer from health problems due to drought. 

Table 4: Effects of disruption of water supply consumption.

	Effects of disruption of water supply consumption: Descriptive Analysis (N = 100)
	Mean

	Std. Deviation

	Problems getting clean water supply
	4.11
	1.091

	Domestic activity of the community will be affected
	3.83
	0.817

	Diseases are easy to reproduce
	4.30
	0.823

	Lack of beverage (drinking) resources 
	3.95
	1.086

	Affects the life of flora and fauna
	3.61
	1.034

	Affects access to food supplies
	3.63
	1.098

	Affects water quality until contaminated
	3.77
	1.062

	Economic activity is affected
	3.98
	1.025



Furthermore, Table 4 shows that the least influential effect of water supply disruption is the life of flora and fauna affected which recorded a total mean = 3.61 (Table 4). Besides, the other effects that arise as a result of the disruption of water supply is the problem of obtaining clean water supply which recorded a total mean = 4.11 (Table 4). In Malaysia, the main source of raw water that is tapped is the rivers that are under the jurisdiction of the respective state governments. Due to developments in the industrial sector, river water quality is deteriorating, resulting in pollution (Huang et al., 2015). To address this problem, the Environmental Quality Act, 1974 stipulates a stricter regulatory compliance for wastewater disposal premises located upstream of a water intake point (Baginda & Zainudin, 2009). 
The findings of the study revealed that the consequences of water supply will have an impact on the community's domestic activities, with a total mean of 3.83 (Table 4). According to Rose & Rahimi (2017), when an El Nino phenomenon occurs it will cause human daily activities to be affected, which impacts their economy. The results of the analysis on the lack of beverage resources (drinking water) show a mean = 3.95. Human activity has caused a growing number of contaminants into water supplies in both developing and developed countries, such as heavy metals, pharmaceuticals, endocrine disruptors, perfluorinated compounds, flame retardants, and biocides (Ternes et al., 2015). The treated drinking water is supplied with physical load(s), microbial load (cells) and nutrient loads (organic and inorganic nutrients) into the distribution system (Prest et al., 2016). Distribution is as crucial as production in the provision of drinking water because the quality of tap water is only as good as the condition of the pipes through which it runs (Ainsworth, 2013). 
Meanwhile, access to food supply was affected showing a total mean = 3.63 (Table 4). As available water supplies grow scarce, the demand for irrigation water will rise in regions where agricultural systems rely largely on irrigation. Irrigated agriculture is currently the world's greatest water user, accounting for more than 70% of total withdrawn water (FAO, 2013). In developing countries where rural economies rely primarily on agricultural products, intensive irrigated agriculture consumes more than 90% of the water (Samian et al., 2015). A continuous policy of rational irrigation development is required because reductions in irrigation water availability and demand represent a significant danger to national food security (Kang et al., 2016) and will increase rural poverty and forced migration if not carefully planned. 
The results of the analysis related to water quality show a total mean = 3.77 (Table 4). Based on the results of a study conducted by Leng et al. (2013), it is found that 13.6% of respondents stated that water problems in their homes were due to smelly and dirty water, and these are quality problems. This situation is not only happening in Penang Island but throughout Malaysia where the water quality is not safe to drink. The deterioration of water quality is due to old pipelines installed in Malaysia (KeTTHA, 2009). 
The findings of the effects of water supply disruption will result in affected economic activity with a mean = 3.98 (Table 4). The results of a study conducted by Rose & Rahimi (2017), stated that most respondents agreed that drought can affect sources of income. The results of the study also show that the population have started to be aware in terms of finances and sources of income. Water scarcity is threatening the economic development, sustainable human life, environmental quality, and social activities all over the world (Omran, 2011).


Discussion

This research finding indicate that the most influential factors of disruption of water supply consumption is the lack of capacity of water treatment plants and the least influential factors is because of the weaknesses in water management. The main factor of water shortage is because most people are not really concerned about the water they are using, as the water bill is only a small component of their monthly household expenses. According to study by Leng et al. (2013) most people in Penang Island do not know about the water issues that occur due to their less involvement in decision-making in water management (water demand) and more focus has been given to water supply management, causing the community to no longer appreciate this valuable resource. 
Water shortage is one of the most natural disasters that will affect the society and a major environmental problem that must be addressed (Rahman, 2014). This study also analyses other factors that might be influencing the water disruption such as maintenance work, water rationing by water managers or suppliers, contaminated water supply, leaking water pipes, prolonged hot weather, and poor attitude on water supply consumption. Moreover, this study also shows the effect that influences water disruption in Penang Island. The finding shows that the most dominant effect of water supply disruption is the disease that affects health and the least influential effect is the  reduction in the life of the flora and fauna. 
Other effects of water disruption include problems in getting clean water supply affecting the domestic activity, the lack of beverages or drinking resources, poor access to food supplies, poor water quality, and affected economic activity (Connor, 2015). It is important to note that many studies have discussed the factors and effects to water supply related to the issues or research studies in water disruption. However, previous studies show that the most influential factors of water scarcity or water problem are the prolonged hot weather or drought, radiation, human density or the growing population, climate change and so on which will lead to several effects such as affected economic growth, human activity, health, water quality and so on. 


Conclusion

The objective of this study is to identify the factors and effects of water supply disruption to the community in Penang Island as reference to local governments to plan strategies to address water problems. The results show that the most dominant factor was due to the lack of capacity of water treatment plant while the most dominant effect was causing reproductive diseases that affect health. The water crisis is due to several factors such as climate, development activities, and so on that affect the society in economic, social, or political sectors and activities. PBAPP has adopted many control methods to ensure uninterrupted water supply services, such as daily dam capacity monitoring, optimising daily drainage, cloud seeding, and encouraging water conservation by users, however this is insufficient if the community is not aware. The community in Penang Island needs to take care and protect the water supply by raising awareness and concern about water issues in order to maintain water sustainability. Clean water quality ensures the well-being of the community. The community also needs to be sensitive and concerned when they see leaking pipes and so on, by reporting to the authorities so that these issues can be addressed immediately.
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