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Abstract

This research describes the physicochemical quality of harvested rainwater
at four distinct locations in Peninsula Malaysia. The evaluation of rainwater
quality across different geographic areas aims to provide valuable insights
into potential variations and trends in rainwater quality to reduce water
demand globally. This analysis is conducted to determine seven properties,
namely ammoniacal nitrogen, biochemical oxygen demand (BOD5), chemi-
cal oxygen demand (COD), dissolved oxygen (DO), pH, total dissolved solids
(TDS), and turbidity. The results demonstrate that the quality of harvested
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rainwater meets the raw water quality standards set by the World Health
Organization (WHO) and the National Water Quality Standards for Malaysia
(NWQSM), indicating good quality rainwater in Malaysia. However, the
COD for rainwater in all locations exceeded the limit, with a range of 14.1
to 29.7 mg/L, while the maximum limit for COD set by WHO is 10 mg/L,
and according to NWQSM standards, it is 10–100 mg/L. The average pH
of the collected rainwater is acidic ranged from 4.7 to 5.56. BOD5 for the
collected rainwater is excellent; however, L2 has a slightly higher BOD5

at 6.5 mg/L, whereas the recommended limit by WHO is 6 mg/L, and the
NWQSM standard suggests a range of 1–12 mg/L, with a standard limit of
5–7 mg/L. Nevertheless, DO levels ranged from 7.71 to 7.76 mg/L, indicating
an ambient gas concentration in the rainwater. The collected rainwater can be
used for portable purposes, gardening, smart farming, and toilet flushing.

Keywords: Rainwater harvesting, rainwater quality, raw water, sustainable
water resource, pollutant-free rainwater.

1 Introduction

Climate change has disrupted water availability and quality, leading to
floods and droughts. To combat these challenges, rainwater harvesting is
increasingly vital. This practice reduces strain on traditional water sources,
minimizes urban flood risks, and safeguards aquatic ecosystems, contributing
to sustainable water management. Several research works have focused on
the importance of rainwater collection and harvesting in many ways and
investigated the potential to increase groundwater levels and to use it as an
integrated water source in drought areas [1–3]. In addition, it aids in replen-
ishing vital underground and surface water sources. Rainwater harvesting
is primarily employed for non-drinking purposes, encompassing municipal
applications like street and square irrigation, gardening, sanitation, sewer
system flushing, industrial functions (e.g. technological processes, fire water
provision, and cleaning), agricultural activities (including crop cultivation,
irrigation, livestock care, and agricultural production), household usage (e.g.
gardening, watering, toilet flushing, laundry, car washing, and cleaning), as
well as in commercial areas, sports facilities, airports, etc., for purposes like
toilet flushing, fire protection, and cleaning [4]. The benefits and hazards
of using rainwater as a substitute for other drinking water sources must be
determined, for instance by considering factors related to health and hygiene,
the environment, economics, public awareness, and reliability [5]. Water is
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one of the essential needs in human life. Every day, we need a clean and
safe water supply to do our daily routine, especially for drinking. However,
due to excessive industrialization growth, water quality is highly affected.
Surface water, such as streams, ponds, and lakes, contains high turbidity.
The complication of drinking water is a significant issue worldwide; the
expanding complex interaction of competing water demands and the pro-
vision of high-quality water is not complex [6]. Rainwater harvesting is an
age-old practice that has resurfaced in demand due to the natural purity of
rainwater and a desire to reduce the need for treated water. It is a technique
where the rainfall is collected and gathered using different methods and
stored for daily activities. These techniques can potentially solve current
water demand problems [7]. In many regions of the world, groundwater levels
have drastically decreased in recent decades as a result of human activity and
climate change. The study focuses on the environmental effects and long-
term possibilities of rooftop rainwater harvesting in conjunction with shallow
well penetration, which is an affordable local solution that may help alleviate
water scarcity [8]. According to the United Nations, approximately 1.2 billion
human beings barely have a pure drinking water supply. In 2050, the demand
for water supply will increase to 50% compared to the amount presently
consumed to supply nine billion people [7, 9]. In Malaysia, surface water
resources such as rivers and reservoirs account for more than 98% of current
water usage. Groundwater contributes to less than 2% of recent water usage.
As a result, most of the country’s water is utilized for agriculture, industry,
and home needs. Anang, 2019, acknowledged that many characteristics are
involved in water demand; agriculture and farming require significant water
usage. Climate variability has an impact on water resources as well.

Furthermore, the author mentioned that water is a source of productivity,
and as the world’s population grows, so does the water demand, putting
further strain on water supplies [10]. Lani and Nor, 2018, reported that the
variation in the climate is expected to reduce rainfall in some Malaysian
states. Malaysia is one of the countries with high household water usage,
with daily intake ranging from 209 to 228 liters per capita (LCD) despite
Malaysia’s water tariff being relatively affordable compared to other wealthy
countries, In Johor [11]. The requirements for water quality and prospective
usage are two crucial factors that must be considered when dealing with
rainwater applications. The water’s possible applications, especially when
examining potential health hazards, are typically considered while determin-
ing the quality requirements. This implies that depending on the intended
application, a particular water source will need a particular level of treatment.
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Therefore, it is crucial to understand the initial quality of each water resource
to assess possible applications, choose the right storage option, and establish
the necessary amount of treatment. The ongoing study focuses on rainwater
gathering and its quality because it is crucial to a sustainable future, primarily.
For example, research by Yaziz [12] concluded that there was a significant
difference in the pollutant content between the water samples taken from the
tile roof and the galvanized iron roof when total and faecal coliform were
considered.

Furthermore, it was discovered that the concentration of several pollutants
was lower in the latter rainfall spill than the earlier rainfall spill. Jiries [13]
during the period of little rainfall, it was established the metallic content and
inorganic constituent were identified. However, high levels of copper and lead
were found, which may be related to road pollution. Teemusk and Mander,
2007, reported that the quality of rainwater discovered a connection between
rainwater quality and rainfall intensity. In samples obtained during a mod-
erate downpour, the component was found to be more concentrated because
the rain washed the contamination away, but in samples taken after a strong
downpour, the component was found to be less concentrated [14]. Accord-
ing to other studies, the location of the sampling station, and industrial,
urban, or agricultural activity significantly affect the chemical composition of
rainwater collected. According to Zunckel, 2003, [15], there is a significant
correlation between the quality of rainfall and contaminants in the catchment
region. The key contributors to the link between nitrate and ammonium in
that area are trees, cattle, and fertilizer. This study aims to find the untreated
raw water quality in peninsula Malaysia to compare with the standard set by
WHO and NWQSM to ensure quality of the harvested-rainwater for various
purposes in daily life and reduce the pressure on the nation’s ground water.

2 Methods

2.1 Study Area

The focal point of this research study centers around the Selangor state
(namely, location 1 (L1), location 2 (L2), location 3 (L3), and location
4 (L4), in Selangor state), strategically situated in the heart of Peninsular
Malaysia along its western coastline. Enveloping the Federal Territory of
Kuala Lumpur and Putrajaya, Selangor’s geographical significance is unde-
niable. The state’s terrain is characterized by a level expanse to the west,
gradually transitioning into hilly landscapes toward the east. The convergence
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Figure 1 Satellite view of the locations from.

Table 1 Sample collecting areas
Place Environment Type Locations Sample Name
UNITEN University area College of Engineering, BL L1
Cyberjaya Residential area Kanvas Soho Condominium L2
Sah Alam Industrial area HICOM Industrial Estate L3
Kuala Lampur City Centre Universiti Malaya L4

of hills and mountains on the state’s western fringe shapes a distinctive valley
and basin formation. This natural contour cradles the Klang River, locally
called Sungai Klang. This geographical feature has culminated in the well-
known Klang Valley, emerging as the epicenter of the state’s most densely
populated areas. The research method was carried out through rainwater
sample collection at four strategically chosen points within Selangor and
Kuala Lumpur, as meticulously detailed in Figure 1.

2.2 Sample Collecting Areas and Location and Environment
Type

These locations were thoughtfully selected to encompass a diverse range of
atmospheric conditions. They encompass the university area, a residential
housing estate, an industrial estate replete with factories and manufacturing
facilities, and the city’s heart, each highlighted in Table 1.
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This thoughtfully devised approach allows for comprehensive exploration
of rainwater quality variation, attributed to factors such as air pollution,
windborne particulates, and potentially harmful substances. The research
further underscores the intricate interplay between environmental factors and
rainwater composition, accentuating the need for a nuanced understanding of
the complex dynamics shaping urban and suburban rainwater quality across
distinct regions.

2.2.1 University area
Situated atop an expanse 70 meters above sea level, Universiti Tenaga
Nasional (UNITEN) occupies an open, elevated terrain. This study is metic-
ulously crafted to delve into the intricacies of rainwater quality within the
confines of the University’s premises. The distinctiveness of UNITEN’s
location comes to the forefront, characterized by its intentional distance
from both industrial zones and city centres. A key facet contributing to
the uniqueness of this study site is its deliberate separation from residen-
tial localities. UNITEN’s campus design embodies sustainability and green
principles, rendering it an embodiment of ecologically mindful practices.
This distinct setting, portrayed eloquently in Figure 2(a), underpins the
research’s central focus on assessing rainwater quality within a self-contained
and environmentally conscious space. Rainwater samples were diligently
collected within the confines of the College of Engineering department,
serving as a representative site within the campus. This specific site was
chosen to provide a comprehensive overview of rainwater quality within the
context of academic and research activities. The methodological precision
in sampling further underscores the scientific rigor underlying the study’s
objectives.

2.2.2 Residential area
Kanvas Soho Condominium is 20 m above sea level, situated within a
residential enclave, this area enjoys the advantage of reduced air pollution
owing to its distance from industrial zones and city centres. As a result of this
favourable positioning, the quality of rainwater in this locale is anticipated
to be of superior condition when juxtaposed with other environments. The
harmonious interplay between the residential setting and its relatively pristine
air quality is eloquently depicted in Figure 2(b). This visual representation
accentuates the premise that a tranquil residential area can yield remarkable
amounts of rainwater, further emphasizing the importance of considering
various environmental factors in rainwater quality assessments.
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2.2.3 Industrial area
The Shah Alam industrial area, situated at an elevation of 18 meters above
sea level, has been selected for comprehensive rainwater quality analysis.
This selection stems from the concerning rise in air pollution caused by
heavy metals and gases within the vicinity. The influence of these sub-
stances substantially impacts the atmospheric conditions and the composition
of rainwater. The specific purpose behind opting for this distinct locale
is to delve into the intricate dynamics of how air pollution is intricately
linked to alterations in rainwater quality. This pursuit is elegantly illustrated
in the Figure 2(c), underscoring the significance of understanding these
interconnections for a more comprehensive environmental perspective.

2.2.4 City centre
Perched at an elevation of 100 meters above sea level, Universiti Malaya in
Kuala Lumpur is our study’s focal point. Situated within the bustling city
center, particularly in Kuala Lumpur, this area experiences a significant surge
in traffic volume. The vehicular activity within the city releases substantial
amounts of carbon dioxide, a greenhouse gas known for its prevalence in
urban environments. In contrast to the other three locations under scrutiny,
this concentration of carbon dioxide is notably heightened. The pervasive
presence of this greenhouse gas, emitted primarily from vehicles, holds the
potential to exert a discernible influence on rainwater quality. The intricate
interplay between vehicular emissions and atmospheric conditions culmi-
nates in an altered chemical composition of rainwater, ultimately affecting
its quality and characteristics. These dynamics are briefly illustrated in the
accompanying technical Figure 2(d). The diagram serves as an informative
visual representation of how the interaction between urban traffic emis-
sions and rainwater quality underscores the need for meticulous analysis to
comprehend the multifaceted impact of urban.

2.3 Rainwater Collecting Buckets

Rainwater was collected directly from the sky without encountering any
catchment surfaces. White-colored buckets are employed for visual monitor-
ing of rainwater quality during collection. Before positioning the buckets for
collection, thorough cleaning is imperative to eliminate dust, dirt, or microor-
ganisms from within them, ensuring their pristine condition. Consequently,
the buckets underwent a meticulous cleaning process. They were initially
washed with soapy water and subsequently dried using lint-free tissues.
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Figure 2 Rainwater collection at, a) L1; b) L2; c) L3 and d) L4.

Subsequently, a thorough cleaning was performed using alcohol, repeating
the process three times. Following the 30% methanol (v/v) cleaning, the
buckets were further cleansed using deionized water (DI) greatly and dried
using lint-free tissue. The next step involved labeling the buckets based
on their designated locations. Once labeled, the buckets were strategically
positioned for rainwater harvesting, as depicted in Figure 3.

2.4 Harvesting Rainwater

Each stage in the process of collecting rainwater must be properly regulated.
The bucket’s lid was left open during a downpour to collect water. When the
rain stopped, the lid was quickly closed to ensure the water’s purity and avoid
contamination by preventing any dirt or ants from falling into it.

3 Results and Discussion

This study investigates untreated rainwater quality for NH3-N, BOD5, COD,
DO, TDS, pH, and turbidity parameters to differentiate rainwater quality.
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Figure 3 Cleaning of rainwater harvesting buckets.

Figure 4 Rainwater collection, a) Initial stage; b) Final stage.

Based on the observation, at the beginning the collection of rain was very little
in amount however, due to the ongoing heavy rainfall, a significant amount
rainwater was collected. The rainwater collected from different locations has
pollutants from animal waste, birds, and dust particles. Chemical pollutants
from emissions yielded by the combustion process of fuel from automobiles
and industries. Microbiological contaminants come from viruses and bacteria
found in the air, as shown in Figures 4(a) and 4(b).

The collected rainwater data for and the WHO standard and National
Water Quality Standards for Malaysia for raw water quality are presented
in the Tables 2 and 3, respectively.
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Table 2 Rainwater parameters for different locations
Parameters Units L1 L2 L3 L4
NH3-N (mg/L) 0.0764 0.0872 0.0886 0.0444
pH (at 25◦C) 4.7000 5.1500 5.5600 4.9400
Turbidity (NTU) 0.4800 0.7300 0.8700 0.5600

Table 3 WHO standard and National Water Quality Standards for raw water quality in
Malaysia [16, 17]

Parameters Units WHO NWQSM
NH3-N (mg/L) 1.5000 0.1–2.700
BOD5 (mg/L) 6.0000 1.0–12.00
COD (mg/L) 10.000 10.00–100
DO (mg/L) – 5.00–7.00
TDS (mg/L) 1500.0 500–4000
pH (at 25◦C) 5.5–9.0 5.00–9.00
Turbidity (NTU) 1000.0 5.00–50.0

3.1 Ammoniacal Nitrogen (NH3-N)

The lowest value of NH3-N was obtained at L4, which was 0.0444 mg/L and
the greatest value obtained 0.0886 mg/L at L3. The value obtained for all the
locations is smaller than the 1.5 mg/L standard set by the WHO and 2.7 mg/L
according to NWQSM. The fluctuations in the values are caused by various
factors such as the amount of rainfall, proximity to trees, and environmental
dust [18].

3.2 Biological Oxygen Demand (BOD5)

Figure 5 illustrates the concentration of BOD5, COD, DO, and TDS of
rainwater harvested in the research. Biological oxygen demand measures
the quantity of oxygen required for aerobic microorganisms to decompose
waste organic matter in water [18]. Figure 5 illustrates the concentration
of BOD5 in harvested rainwater. The value for BOD5 for all the locations
is in the range. However, L2 exceeded the limit for BOD5 set by WHO,
indicates a higher organic pollutant concentration, potentially compromising
water quality for various uses. Remedial actions such as improved wastewater
treatment or stricter regulatory controls are necessary to mitigate health and
environmental risks associated with contaminated water. However, following
the NWQSM standard, the highest BOD5 limit is 12 mg/L. The lowest BOD5

value obtained at L4 which is 2.6 mg/L. The highest value obtained 6.5
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Figure 5 BOD5, COD, DO, and TDS values at different locations for unfiltered rainwater.

mg/L at L2. Indicating that residential area has higher BOD5 means more
oxygen is required, which means it is less for oxygen-demanding organisms
to consume and worse water quality. On the flip side, Low BOD5 signifies
less oxygen is lost from the water, producing it purer [19]. An industrial
area has a low BOD5 defining, the water contains few organic matters and
few microbial species. BOD5 may measure the size of biological treatment
facilities and aeration in ponds [20]. In general industrial activities often
discharge higher organic loads into water sources, contributing to elevated
BOD5 levels compared to the residential area. However, our experimentally
found data indicated that the BOD5 concentration level is slightly higher than
that of industrial areas, which could be one reason that the selected residential
area (L2) is very near to many high-rise buildings, hospitals, educational
institutions, railway stations and a couple of very busy free-ways and highly
elevated high-ways.

3.3 Chemical Oxygen Demand (COD)

All the achieve values are greater than 10 mg/L, the maximum limit of raw
water quality by WHO. The greatest value obtained is 29.7 mg/L at L1 and
the smallest 14.1 mg/L at L4. Despite that, the raw water standard NWQSM
set the highest COD limit is 100 mg/L. The oxygen equal to the organic
matter in a water specimen susceptible to oxidation by a powerful chemical
oxidant is calculated by COD. COD is a typically used metric for defining
the vulnerability of organic and inorganic components in water bodies and
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municipal and factory wastes to oxidation. The COD test of natural water
determines the total oxygen required to oxidize waste to carbon dioxide
and water [21]. Elevated levels of COD in rainwater demonstrate organic
concentrations in the water and lead from motor vehicles carried by wind and
dissolved with rain. The rainwater quality for COD is comparatively high.
Treatment should be carried out to escalate the usage of rainwater as raw
water [18].

3.4 Dissolved Oxygen (DO)

Dissolved oxygen (DO) is the amount of oxygen in the water. Water bodies
receive oxygen from the air and aquatic plants [22]. Rainwater immerses
carbon dioxide, oxygen, nitrogen dioxide, and sulphur dioxide in the atmo-
sphere [23]. The graph 8 shows the amount of DO in the rainwater compared
to different locations. The highest DO values were measured at 7.76 mg/L at
L3, the rest of the obtained values are constant over locations of 7.71 mg/L.
The DO values are slightly higher 7 mg/L, the maximum limit of raw water
quality by NWQSM. The dissolved oxygen (DO) in rainwater is primarily
derived from the atmosphere. The concentration of DO in the atmosphere is
generally higher than in water bodies, as atmospheric oxygen is constantly
replenished through various natural processes, such as photosynthesis by
plants and algae [23].

3.5 Total Dissolved Solids (TDS)

Total Dissolved Solids in rainwater result from natural environmental ele-
ments, namely salt-carbonate deposits that occur on the roof. The contami-
nants including dust, animal feces, and leaves can cause salt to be deposited
on roofs. Airborne contaminants like sulphur and nitrogen oxide can liquefy
with the rainwater [18]. The maximum value obtains 15 mg/L while the
minimum is 9 mg/L. The recommended raw water quality for TDS is 1500
mg/L by WHO and 4000 mg/L by NWQSM. The obtained values are under
the range, indicating obtained values are normal. The difference in the TDS
values among the locations illustrates that the university and residential areas
have more pollutants than the city centre and industrial areas, respectively.

3.6 pH

A substance’s pH is the magnitude of electrically charged particles. It sig-
nifies the material is acidic or alkaline [24]. The average pH value of the
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all the locations were in between 4.7 to 5.56 which is below neutral value
7. The lowest value obtained at L1, 4.7. That indicating acidic rain in the
sample collecting areas. It can be observed from the figure 10 that rainwater
is slightly be observed from the figure 10 that rainwater is slightly acidic
due to the CO2 in the air and the emission of gasses from the motor vehicle.
The pH fluctuation also occurred as collected rainwater mixed in with leaves,
dust, and bird dung. The pH variation is identified due to the deposition of
atmospheric particulate matter [18]. The recommendation of pH is in the
range of 5.5–9 by WHO and 5–9 by NWQSM as lower pH is corrosive which
may negatively impact vehicle washing, and agricultural usage, harmful to
fish and wildlife [16].

3.7 Turbidity

The lowest 0.48 NTU was observed at L1 while the highest at L4, 0.87
NTU. All the measurements for turbidity are below the value of 1000 NTU,
which is WHO raw water quality standard, and 50 NTU by NWQSM.
Turbidity in rainwater is generated by suspended solids substances, either
inorganic or organic. The heightened turbidity indicates that rainwater has
been contaminated physically, chemically, and biologically [25]. Turbidity
is the cloudiness or haziness of a fluid determined by immense numbers of
individual particles. Turbidity causes the water to become cloudy [26].

4 Technology, Integration, and Regulatory Challenges

Rainwater harvesting systems have been changed during the past ten years
by technological developments in materials science and filtering technolo-
gies. The effectiveness and durability of filtration systems have been greatly
improved by innovations like the construction of distinctive rainwater collec-
tion tanks using conventional techniques and the incorporation of nanopar-
ticles and smart composites. By successfully eliminating impurities, the
application of membrane filtration technologies and nanofilters has enhanced
water quality. Additionally, the integration of automated systems and smart
sensors allows for the real-time administration and monitoring of water
quality and levels, which optimizes the entire process of collection and dis-
tribution. These developments have improved rainwater collecting systems’
longevity and dependability while also lowering their cost of adoption and
facilitating wider use, supporting sustainable water management techniques
around the world [27–30]. Integrating rainwater harvesting systems into
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urban infrastructure requires engineering challenges that can be addressed
through innovative solutions. Compact, multi-functional designs are crucial
due to limited space in buildings, necessitating creative solutions to fit
storage tanks within existing structures or underground spaces. Retrofitting
drainage systems to collect rainwater without compromising flood man-
agement requires meticulous planning and potentially new infrastructure
designs. Adapting roads and pavements with permeable surfaces or green
infrastructure can aid rainwater infiltration and reduce runoff. Effective inte-
gration of rainwater harvesting systems into urban environments demands
coordination among urban planners, architects, and engineers to overcome
these challenges [31–34]. The legislative frameworks in Malaysia, such as
the Malaysian Uniform Building By-Laws (UBBL) 1984, which was revised
in 2012 to require rainwater harvesting systems in new buildings, provide
guidelines for the implementation of these systems. Water quality require-
ments and storage tank specifications are just two of the comprehensive
rules on system design, installation, and maintenance that are provided by
the Malaysian Department of Requirements (MS 2099:2014) [35, 36]. To
safeguard water supplies and avoid contamination, large-scale projects must
abide by environmental standards and municipal zoning laws. Although these
actions support sustainable water management, there are obstacles to over-
come, particularly for smaller towns, such as costs and compliance. However,
rainwater collection is becoming more and more recognized by Malaysia’s
legal framework as an essential tactic for sustainable water management
[35–39].

5 Conclusion & Future Works

The results of the analyses of the collected rainwater show that within the
scope of the tested parameters, such as NH3-N, BOD5, pH, Turbidity, TDS,
the tested rainwater complies with the WHO and NWQSM requirements for
raw water standards. According to the analyses carried out, the most signif-
icant problem relating to rainwater quality is the high COD presence. This
elevation in COD levels may indicate the presence of organic pollutants that
require attention. Therefore, it is advisable to consider implementing filtration
methods to further improve the quality of harvested rainwater. Implementing
filtration methods is recommended to mitigate COD and improve rainwater
quality for various applications. Additionally, attention should be given to
managing periodic low pH and corrosive properties caused by low alkalinity
and aggressive CO2 levels in harvested rainwater. The colour (Original pH)
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for all the location was in the range of 5.5–9. One significant issue with
the harvested rainwater is the elevated Dissolved Oxygen (DO) levels in
rainwater samples, serving as an intriguing indicator of the ambient gas
concentrations within the atmospheric milieu. One significant advantage of
collecting rainwater directly from the sky, without the need for elaborate
harvesting systems, is the assurance of minimal heavy metal contamination.
This direct collection method safeguards against heavy metal presence in the
water, contributing to the overall safety of rainwater for consumption and
usage. To ensure an adequate supply of rainwater for analysis and daily
needs, it is recommended to utilize multiple buckets, ideally 4–5, when
collecting rainwater. This strategy mitigates the risk of insufficient water
supply during periods of inadequate rainfall, ensuring a more consistent
and reliable source of rainwater for various applications. While unfiltered
rainwater in the Peninsula of Malaysia generally complies with WHO and
NWQSM guidelines for raw water quality, there is room for improvement,
particularly regarding COD and DO levels. Therefore, the implementation of
filtration methods, along with the use of multiple collection buckets which is
one of our ongoing research projects, can optimize the utilization of rainwater
and thus can ensure a sustainable and reliable water source for multi-purpose
uses like as households and agricultural activities all over in Malaysia.
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