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ABSTRACT

Introduction: Tourism activities in coastal areas are increasingly popular but can harm the environment. Rising ma-
rine litter has reduced water quality and increased microorganisms. This study assesses marine water quality, beach
cleanliness and microbiological contamination at three recreational beaches: Pantai Morib, Pantai Kelanang and
Pantai Cunang in Kuala Langat, Selangor. Methods: In-situ and ex-situ methods were used to evaluate water quality
and marine litter collection was performed to assess beach cleanliness. Microbiological parameters, including Total
Viable Count (TVC), faecal coliform, Escherichia coli, and Staphylococcus aureus were examined in seawater and
sediment samples. Results: Results showed that the water quality at Morib (35.36), Kelanang (28.49) and Cunang
(26.94) were categorized as "poor" based on the Malaysian Marine Water Quality Index (MMWQI). Beach cleanli-
ness assessment based on the Clean Coast Index (CCI) revealed that Cunang (2.43) was classified as "clean", while
Morib (5.31) and Kelanang (5.51) were rated as "moderate”. Microbiological analysis showed the highest TVC value
was found in Cunang 's seawater samples (4.93 + 0.05 log CFU/100mL). Presence of E. coli was only detected in
sediments. Plastics were the dominant litter type at all beaches, highest at Cunang (64.8%), followed by Kelanang
(37.7%) and Morib (35.3%). Conclusion: This study is essential in assessing the impact of tourism activities on coastal
environmental quality, serving as a basis for management and conservation efforts. Additionally, it can raise public
awareness about the importance of maintaining beach cleanliness for the sustainability of marine ecosystems and
also human health.
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INTRODUCTION

Tourism represents one of the main industries driving the
country’s economic growth. Beach tourism has emerged
as a popular vacation option that attracts the entire
population (1). This is because the spectacular natural
beach setting attracts both domestic and foreign tourists,
making it a common destination for family vacations.
Malaysia has a total of 196 recreational beaches. Due
to its’ tropical climate, beach tourism activities can be
carried out year-round in Malaysia and thus, contributes
significantly to strengthening the country’s economy
(2). Selangor, Malaysia recorded the highest number
of domestic tourist arrivals in 2022 with a total of 22.0
million visitors (3). Coastal sites in Selangor such as
Pantai Morib are frequently identified as key domestic
tourism destinations.

However, beach tourism also has negative impacts on
the environment, particularly in terms of cleanliness
levels (4). According to the International Union for
Conservation of Nature (IUCN), at least 14 million
tonnes of plastic contaminants have been discovered
entering marine ecosystems (5). The presence of
substantial plastic contaminants poses a significant
threat to the integrity of marine ecosystems and coastal
habitats. Moreover, the accumulation of waste in
coastal environments contributes to the deterioration
of marine water quality and promotes microbiological
contamination in both seawater and coastal sediments,
leading to elevated microbial abundance within these
ecosystems (6, 7). Previous studies have reported that
declining marine water quality can pose serious risks
to human health. Notably, exposure to polluted coastal
waters during recreational activities has been frequently
associated with an increased incidence of gastroenteritis
among beach users (8, 9).

Marine pollution has become a widely recognized
global concern due to its detrimental effects on marine
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ecosystems and its potential contribution to global
climate change (8). As a maritime nation with extensive
coastlines and numerous tourist-friendly recreational
beaches, Malaysia also faces the impacts of this global
issue. Marine pollution is driven by various factors
including indiscriminate waste disposal, overexploitation
of natural resources and activities associated with the
tourism sector (7). Therefore, waste accumulation in
coastal and marine environments is a major contributor
to pollution in both seawater and beach sand. This
study aimed to assess the status and investigate the
interrelationships between marine water quality, beach
cleanliness and microbiological contamination at three
selected recreational beaches in Kuala Langat, Selangor
(Pantai Morib, Pantai Kelanang and Pantai Cunang).

MATERIALS AND METHODS

Study Design and Sample Selection

Sampling was carried out at three selected recreational
beaches in the Kuala Langat district of Selangor namely
Pantai Morib (2°45'2.556” N 101°26'33.972" E), Pantai
Kelanang (2°47'22"N 101°24'39"E) and Pantai Cunang
(2°39'38"N 101°32'56"E). Pantai Morib is a recreational
beach developed by the state government as a tourist
attraction in Kuala Langat. It is well known for its scenic
coastal views and the abundance of food stalls operating
along the shoreline (10). Pantai Kelanang, located
adjacent to Pantai Morib, is characterised by gently
sloping sandy shores and mangrove-lined surroundings.
Although the beach is not suitable for swimming, it is
popular for picnicking, fishing, and photography (11).
Pantai Cunang was awarded the Best Adopted Beach in
2015 in recognition of its distinctive features and natural
beauty. The beach also serves as a site for observing
coastal fauna such as crabs and mudskippers (12).
Sampling was conducted on three separated occasions
at each site with three sampling stations established
per location. The stations were positioned at 50 meter
intervals to ensure spatial consistency. Field sampling
was carried out between August and December 2024
during weekday mornings from 7:00 a.m. to 9:00 a.m.
to ensure consistency in tidal conditions prior to low
tide.

Sampling and Analysis Procedures

Marine Water Quality

Marine water quality physicochemical parameters
were assessed using two approaches including in-situ
measurements and ex-situ laboratory analyses. The
in-situ assessments involved the measurement of pH,
temperature, turbidity, salinity and dissolved oxygen
whereas for ex-situ analysis, water samples were
collected at a depth of 1 meter using a bucket and stored
in polyethylene (PE) bottles for transport to the laboratory.
The collected water samples were stored in a cooler box
at 4 °C and analysed within 24 hours to preserve sample
quality. The ex-situ analysis focused on key water

quality indicators, namely faecal coliforms, deionized
ammonia, nitrates, phosphates and total suspended
solids (TSS). A HACH DREL/2800 spectrophotometer
was employed in the laboratory to analyse the ex-situ
water quality parameters. Following laboratory analysis,
all parameters’ values were processed using the
formula outlined in the Malaysia Marine Water Quality
Standard (MMWQS) (E.q 1) to determine the water
quality classification at each sampling site (13). The
data obtained were also compared with the standard
values established by the National Standard for Natural
Recreational Water Quality and the Guidelines for
the Monitoring of Natural Recreational Water Quality
(Marine water and Freshwater) (14).

MMWQS = giD0%18 x qiFC%'® x qiNH;"'5 x qiN0,%1® eq. 1
X qiP0,%17 x qiTSS015

DO = Dissolved Oxygen

FC = Faecal Coliform

NH,= Ammonia

NO, = Nitrate

PO, = Phosphate

TSS = Total Suspended Solids

Beach Cleanliness

Beach cleanliness was assessed by collecting and
classifying litter into predefined categories, including
plastics, wood, glass, drinking straws, metals,
polystyrene, cigarette butts, and other debris. Litter
collection was conducted within three delineated beach
sections, each measuring 50 m in length along the
shoreline and extending inland from the waterline to the
nearest natural or man-made feature (e.g. trees, benches,
or barriers). Following completion of litter collection and
classification within each sampling area, the recorded
data were used to calculate the Clean Coast Index (CCI)
using the formula described (Eq. 2) to evaluate beach
cleanliness levels (15). Litter composition of each beach
was also expressed as percentages, calculated as the
number of items in each litter category divided by the
total number of litter items collected.

Amount of litter per sampling unit

Clean Coast Index, CCI=

X K eq.2

Total area of sampling unit

K = 20 (Constant Value)

Microbiological Analysis

Bacterial contamination at the selected recreational
beaches was based on the analysis of seawater and
coastal sediment samples. Consistent with the marine
water quality sampling procedure, seawater samples
for microbiological analysis were collected at a depth
of 1T meter and stored in sterile 1 L Schott glass bottles
to prevent contamination. All samples were stored
at 4 °C within 24 hours of collection to preserve the
viability of bacteria. Seawater samples were analysed
using membrane filtration technique in accordance
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with standard microbiological procedures. Serial
dilutions of the samples were performed to obtain
three dilution factors. Diluted samples were adjusted to
a final volume of 100 mL using sterile distilled water
before being filtered through a sterile gridded membrane
filter. The membrane filters were subsequently placed
onto respective agar media for bacterial enumeration
analysis.

Meanwhile for coastal sediment samples, a total of 250
g of beach sediment was obtained using a sterile scoop
and stored in sterile Whirl-Pak bags for subsequent
microbiological analysis. Similar with the seawater
samples, the sediment samples were sealed and stored
in cooler box at 4 °C and analysed within 24 hrs.
During laboratory analysis, homogenization of sediment
samples was performed by combining 2 g of sediment
with 15 mL of phosphate buffer solution and shaking the
mixture for 1 minute. Subsequently, serial dilutions were
prepared using sterile distilled water. For each dilution,
a total of 0.1 mL was plated onto agar plates.

Bacterial contamination was evaluated based on the
analysis of Total Viable Count (TVC), faecal coliforms,
Escherichia coli (E. col)) and Staphylococcus aureus
(8. aureus). Media used includes nutrient agar (NA)
for enumeration of TVC; m-Faecal Coliform agar (m-
FC) for faecal coliforms; Eosin Methylene Blue (EMB)
agar for E. coli and Mannitol Salt Agar (MSA) for S.
aureus. Duplicates were prepared for each agar type
and dilution to ensure accuracy and reliability of the
microbiological analysis. Incubation was carried out at
37 °C for 24 hours for NA, EMB and MSA while m-FC
agar was incubated at 44.5 °C for 24 hours to facilitate
selective growth of faecal coliforms. After 24 hours of
incubation, bacterial colonies were counted and the
results were expressed as colony-forming units per 100
millilitres (CFU/100 mL) for seawater samples and per
millilitre (CFU/mL) for sediment samples.

Statistical Analysis

All collected data were subjected to statistical analysis
to assess correlations and comparative trends among the
measured parameters. All data were analysed using the
IBM Statistical Package for the Social Sciences (SPSS)
ver. 25.0 software. Normality of the data was evaluated
using the Shapiro-Wilk test. Due to the violation of
normality assumptions (p < 0.05), non-parametric
statistical tests were applied in subsequent analyses. The
Kruskal-Wallis test was employed to compare marine
water quality, beach cleanliness and microbiological
contamination levels among the selected recreational
beaches. Spearman’s rho correlation was subsequently
employed to assess the associations between marine
water quality, beach cleanliness and Total Viable Count
(TVC) in both seawater and sediment samples across the
selected recreational beaches. A p-value of < 0.05 was
considered as significant in this study.

RESULTS

Measurement of Marine Water Quality Index

Table I shows the physicochemical and faecal coliform
parameter values of the marine water samples collected
from the selected recreational beaches in Kuala Langat,
Selangor. It was found that the values obtained for
ammonia and nitrate for all sampled beaches have
exceeded the National Standard for Natural Recreational
Water Quality and the Guidelines for the Monitoring of
Natural Recreational Water Quality (Marine water and
Freshwater). Whereas for faecal coliform results, only
readings from Pantai Morib are still within the standard
limits. These values were then included in the calculation
as prescribed in the Malaysia Marine Water Quality
Standard (MMWQS) for the determination of the Marine
Water Quality Index. As presented in Table Il, Pantai
Morib exhibited the highest Marine Water Quality Index
value at 35.36 followed by Pantai Kelanang with a mean
value of 28.49. Pantai Cunang recorded the lowest index
value at 26.94. Nevertheless, the marine water quality at
all three recreational beaches was rated as poor.

Table I: Physicochemical parameters of marine water samples from
selected recreational beaches in Kuala Langat, Selangor.

Parameter Unit Pantai Pantai Pantai Stan-
Morib Kelanang Cunang dard?
Dissolved mg/L 7.65 7.16 7.67 -
oxygen
Unionized mg/L 2.10 1.53 2.50 0.01
ammonia
Nitrate mg/L 6.90 7.23 5.07 0.06
Phosphate mg/L 0.58 0.62 1.37 -
Salinity ppt 28 17 26 -
Total sus- mg/L 89.67 101.00 258.00
pended solid
Turbidity NTU 105 111 334
Faecal coli- CFU/ 99.43 631.8 984.98 100
form 100ml
pH - 7.89 7.40 7.68 5-9
Temperature °C 29.3 29.1 29.63 15-35°C

*National Standard for Natural Recreational Water Quality and the Guidelines
for the Monitoring of Natural Recreational Water Quality (Marine water and
Freshwater) (14).

Table 11: Marine Water Quality Index Values at Selected Recreational
Beaches in Kuala Langat, Selangor.

Beach Marine Water Quality Index Class®
Value

Pantai Morib 35.36 Poor

Pantai Kelanang 28.49 Poor

Pantai Cunang 26.94 Poor

*Classification based on the Malaysia Marine Water Quality Standard
(MMWQS) where 90 — 100 = Excellent; 80 — 90 = Good; 50 — 80 = Average;
0 - 50 = Poor (13)

Beach Cleanliness

Beach cleanliness levels were evaluated in accordance
with the Clean Coast Index (CCI) formula. As presented
in Table 111, Pantai Kelanang exhibited the highest CCl
value (5.51) followed by Pantai Morib with a mean value
of 5.31. Pantai Cunang exhibited the lowest CCl value
(2.43) and was consequently classified as the cleanest
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among the three recreational beaches. According to the
CClI classification, Pantai Morib and Pantai Kelanang
were categorized as having moderate cleanliness
whereas Pantai Cunang was classified as clean.

Table I11: Clean Coast Index Values at Selected Recreational Beaches
in Kuala Langat, Selangor.

Beach Clean Coast Index Value Category?

Pantai Morib 5.31 Moderate

Pantai Kelanang 5.51 Moderate
Pantai Cunang 2.43 Clean

*Categorization based on the Clean Coast Index Value where 0-2 = Very
Clean; 2-5 = Clean; 5-10 = Moderate; 10-20 = Dirty; >20 = Very Dirty (13).

Litter Compositions

The percentage composition of litter by category at
each sampled recreational beach is shown in Fig. 1.
Among all litter categories, plastics accounted for the
largest proportion at each beach, with Pantai Cunang
showing the highest plastic composition (64.8%) (Fig.
1C), exceeding those observed at Kelanang (37.7%)
(Fig. 1B) and Morib (35.3%) (Fig. 1A). Polystyrene was
the second most prevalent litter type at Pantai Kelanang
(35.1%), while cigarette butts ranked second at Pantai
Morib (32.4%) and Pantai Cunang (11.9%).

Bacterial Contamination Levels in Seawater Samples
Fig. 2 depicts the measurement readings for Total Viable
Count (TVC), faecal coliforms, Escherichia coli (E. coli)
and Staphylococcus aureus (S. aureus) in seawater
samples collected from Pantai Morib, Pantai Kelanang
and Pantai Cunang. Pantai Cunang exhibited the highest
TVC with a mean value of 4.93 + 0.05 log CFU/100 mL
followed by Pantai Kelanang (4.90 + 0.21 log CFU/100
mL) with Pantai Morib has the lowest mean value at
4.38 £ 0.62 log CFU/100 mL. Analysis of faecal coliform
revealed that Pantai Cunang exhibited the highest mean
value (2.80 = 0.43 log CFU/100 mL) while Pantai
Morib exhibited the lowest mean value (1.43 + 1.25 log
CFU/100 mL). Pantai Cunang had the highest mean of
S. aureus contamination (4.17 + 0.69 log CFU/100 mL)
while Pantai Morib had the lowest mean of S. aureus
contamination (3.81 + 0.98 log CFU/100 mL). Presence
of E. coli was not detected in all seawater samples
collected from the three recreational beaches selected.

Bacterial Contamination Levels in Beach Sediment
Samples

The bacterial contamination level (TVC, faecal coliforms,
E. coli and S. aureus) in beach sediment samples from
Pantai Morib, Pantai Kelanang and Pantai Cunang were
depicted in Fig. 3. In general, the bacterial level found
in the sediment samples were noticeably lower than
readings from seawater samples. The highest mean TVC
reading in beach sediment samples were recorded at
Pantai Kelanang (2.52 = 0.39 log CFU/mL). However,
the lowest mean TVC measurements in beach sediment
sample was recorded at Pantai Morib with a mean value
of 2.39 = 0.03 log CFU/mL. Contrary to the findings
for seawater samples, E. coli was detected in sediment
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Fig. 1: Percentage Composition of Total Litter at Selected Recreational
Beaches (A) Pantai Morib; (B) Pantai Kelanang; (C) Pantai Cunang.
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Fig. 2: Bacterial Contamination Levels in Seawater Samples from
Selected Recreational Beaches in Kuala Langat, Selangor.
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Fig. 3: Bacterial Contamination Levels in Beach Sediment Samples
from Selected Recreational Beaches in Kuala Langat, Selangor.

samples from all three beaches. Pantai Kelanang
exhibited the highest mean value (0.62 + 1.08 log CFU/
mL) and the lowest value was observed at Pantai Cunang
(0.60 = 1.03 log CFU/mL). Readings for faecal coliform
are almost similar with E. coli concentrations found.
Highest S. aureus contamination (1.70 = 0.17 log CFU/
mL) was found in Pantai Kelanang followed by Pantai
Cunang (1.58 + 0.12 log CFU/mL) with the lowest mean
recorded at Pantai Morib (1.51 = 0.39 log CFU/mL).

Comparative Analysis of Marine Water Quality, Beach
Cleanliness and Bacterial Contamination Levels

The Kruskal-Wallis test was performed to compare marine
water quality, beach cleanliness and microbiological
contamination levels among Pantai Morib, Pantai
Kelanang and Pantai Cunang. The result indicated no
statistically significant differences (p > 0.05) in marine
water quality (p = 0.491), beach cleanliness (p = 0.561),
and TVC levels in both seawater (p = 0.393) and beach
sediment TVC (p = 0.837) across the three recreational
beaches.

Assessment of the Correlation Between Marine Water
Quality, Beach Cleanliness, and Microbial and Total
Viable Count in Seawater and Sediment

Spearman’s rho correlation analysis was undertaken
to examine the relationships between marine water
quality, beach cleanliness and TVC levels in both
seawater and sediment at the selected recreational
beaches. As presented in Table IV, no statistically
significant correlations (p > 0.05) were observed among
the assessed parameters. The analysis revealed weak
positive correlations between seawater TVC and beach
sediment TVC (r = 0.300, p = 0.433), as well as between
seawater TVC and beach cleanliness (r = 0.183, p =
0.637). Likewise, beach sediment TVC showed a weak
positive correlation with beach cleanliness (r = 0.567,
p = 0.112). Conversely, a weak negative correlation
was recorded between seawater TVC and marine water
quality (r = -0.133, p = 0.732) and between marine
water quality and both beach sediment TVC (r = -0.100,
p —0.798) and beach cleanliness (r =-0.100, p = 0.798).

DISCUSSIONS

The Malaysia Marine Water Quality Standard
(MMWQS) by the Department of Environment provides

Table 1V: Correlation between the level of marine water quality,
beach cleanliness and microbiological contamination levels.

Seawater Beach Marine Beach
Ve Sediment Water Cleanli-
TvVC Quality ness
Cor-
relation
Coef. 1.00 0.300 -0.133 0.183
cient
Seawater Sig.
TVC (2-tailed) 0.433 0.732 0.637
N 9 9 9 9
Cor-
relathn 0.300 1.00 -0.100 0.567
Coeffi-
cient
Beach )
Sediment Sig. 0.433 0.798 0.112
TvVC (2-tailed)
N 9 9 9 9
Cor-
relathn 20.133 -0.100 1.00 -0.100
Coeffi-
. cient
Marine )
Water Sig. 0.732 0.798 - 0.798
Quality  (2-tailed)
N 9 9 9 9
Cor-
reIathn 0.183 0.567 -0.100 1.00
Coeffi-
cient
Beach
Cleanli- Sig.
ness (2-tailed) 0.637 0.112 0.798
N 9 9 9 9

classifications for marine water of interest in which
the Malaysian Marine Water Quality Index (MMWQI)
included in the standard provided a convenient mean
to assess the marine water quality level (13). However,
for marine water used for recreational usage (Class R),
another standard which is the National Standard for
Natural Recreational Water Quality and the Guidelines
for the Monitoring of Natural Recreational Water
Quality (Marine water and Freshwater) by the Malaysian
Ministry of Health (14) was also referred for monitoring
purposes.

Based on MMWQ)I, this study discovered that the
marine water quality at all selected recreational beaches
were rated as poor. The findings indicated that several
measured parameters exceeded the threshold limits
stated in National Recreational Water Quality Standards
issued by the Ministry of Health Malaysia specifically
nitrate, ammonia and faecal coliform. The combined
parameters of faecal coliforms, nitrate, phosphate,
ammonia and dissolved oxygen (DO) served as robust
indicators of the extent of pollution impacting the
marine ecosystem within the study area (16). Excessive
nutrient enrichment in marine ecosystems can trigger
undesirable changes in physicochemical parameters
including turbidity, pH, dissolved oxygen, biological
oxygen demand (BOD) and conductivity, thereby
potentially impairing water quality (17). The elevated
nutrient concentrations observed in the study area may
arise from a combination of anthropogenic and natural
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sources (7). Anthropogenic inputs include inadequately
treated sewage and effluents from nearby residential
and tourism related activities (2, 4). Nutrient inputs
may also originate from rivers, drainage channels and
small tributaries discharging into coastal zone carrying
animal waste, agricultural residues and organic matter
from upstream areas (18). In addition, natural processes
including sediment resuspension, biological excretion,
atmospheric deposition and tidal mixing may further
contribute to nutrient enrichment in nearshore waters
(19, 20). It has been documented that relatively small
variations in physicochemical parameters may negatively
influence water quality, with potential implications for
recreational suitability (21).

Dissolved oxygen (DO) serves as a critical parameter in
water quality indicating the amount of oxygen present
in an aquatic ecosystem. All three sampled beaches
exhibited high concentrations of DO (> 7 mg/L) which
according to the MMWQI are even suitable for sensitive
marine habitats (13). High concentrations of DO are
widely recognized as a reliable indicator of good water
quality as oxygen plays a critical role in maintaining
ecological balance and supporting aerobic metabolic
processes in marine ecosystem (22). Pantai Morib, Pantai
Kelanang and Pantai Cunang are characterized by the
presence of extensive mangrove stands and Casuarina
(locally referred to as rhu) trees which contribute to
ecological stability and coastal protection of the area.
Mangrove root systems use root respiration to increase
DO levels in waterways nearby whereas Casuarina
trees enhance photosynthetic activity which indirectly
contributes to elevated oxygen concentration in nearby
aquatic systems (23). Thereby, high DO levels tend to
support the growth of aerobic bacteria such as E. coli
and faecal coliforms (24).

Ammoniais abyproductof nitrogen conversion processes
and is widely recognized as a key indicator of pollution
that may originate from agricultural fertilizer application,
livestock waste and domestic sewage effluent (22). Pantai
Cunang exhibited the highest mean concentration of
ammonia. Ammonia contamination is often associated
with human and animal excreta as well as decomposition
of organic matter in coastal environments. Substantial
visitation from local communities to Pantai Cunang
may result in increased human-derived waste especially
during peak visitation periods (19) In addition, the
presence of nearby settlements and informal tourism
facilities raises the possibility of domestic wastewater
discharge either through direct runoff or leaching from
inadequate sanitation systems (25). Natural processes
may also play a role. The surrounding coastal vegetation
and mangrove associated organic matter can undergo
microbial decomposition releasing ammonia into the
nearshore environment (26). Furthermore, stormwater
runoff allowing rainfall events can transport nitrogen
rich materials from land such as animal waste, decaying
vegetation and agricultural residues into coastal zone

(25). High concentration of ammonia poses significant
risk in the marine ecosystem and public health risk to
recreational users. Prolonged exposure to ammonia
contaminated waters may lead to respiratory conditions
and dermatological disorders (24, 27).

The findings of this study also demonstrated that nitrate
concentrations across three selected recreational beaches
exceeded the established values ranging between 5-7
mg/L. According to the National Standard for Natural
Recreational Water Quality and the Guidelines for
the Monitoring of Natural Recreational Water Quality
(Marine water and Freshwater), the permissible nitrate
concentration in marine ecosystems recommended
for recreational use should not exceed 0.06 mg/L
(14). Pantai Kelanang exhibited the highest nitrate
concentration level. Field observations revealed that the
local communities actively engage in fishing activities
particularly during high tide in the early morning and
late evening. Elevated nitrate concentrations in marine
ecosystem may promote excessive algal growth (22).
This phenomenon contributes to the depletion of DO
thereby negatively impacts marine biodiversity by
causing mortality of aquatic species (28).

Although the National Standard for Natural Recreational
Water Quality does not set guideline values some
parameters including turbidity, total suspended solids
(TSS) and phosphate, these parameters are ecologically
important. High turbidity and TSS will cause lower light
penetration, thus reducing photosynthesis activity and
altering trophic dynamics while suspended particles
can transport microbes, nutrients and contaminants
(29). Thereby increasing exposure risk for swimmers
and fishers. For fisheries, reduced water clarity impairs
fish behaviour, feeding and spawning by clogging gills
and limiting visual foraging (30). Thus, potentially
affecting catch quality for local communities at Pantai
Morib, Pantai Kelanang and Pantai Cunang. Salinity
fluctuations driven by tides, runoff and rain, influence
microbial survival and stress marine organisms. Higher
salinity may suppress some faecal bacteria but favour
salt tolerant microbes (31). Phosphate, though not
regulated, is a key limiting nutrient whereby excess levels
can trigger eutrophication, algal blooms and oxygen
depletion that can harm habitats and fish populations
(32). Variations in turbidity, TSS, salinity, and phosphate
illustrate the complex links between physicochemical
conditions, microbial contamination and human
activities at recreational beaches (29, 31). Even without
formal thresholds, monitoring these parameters would
improve understanding of coastal water quality and
support better management for tourism and fisheries
sustainability.

The level of beach cleanliness was quantitatively
measured and classified according to the Clean Coast
Index (CCI) (15). Pantai Morib and Pantai Kelanang
were rated as moderate level of cleanliness whereas
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Pantai Cunang was classified within the clean category.
This condition may be attributed to the management
of Pantai Cunang by the local Orang Asli community
who are actively involved in monitoring the beach and
helping to keep the environment clean. Furthermore,
the absence of food stalls or commercial vendors along
the shoreline of this beach (12) as compared to the
other two sampled beaches helps in reducing waste
accumulation. However, beach cleanliness is not
determined solely by on site human activities. External
factors such as wind-driven transport of debris, tidal
action, longshore currents, and potential inputs from
nearby drainage outlets or small tributaries discharging
into the coastal zone can also influence the accumulation
and distribution of waste materials (33). These processes
may introduce debris originating from surrounding
areas, even at beaches with limited commercial
development (34). Nevertheless, the combined effects
of effective local management practices in reducing
direct anthropogenic inputs, together with favourable
environmental conditions, may have contributed to the
comparatively cleaner status of Pantai Cunang. This is
further supported by its recognition as the Best Adopted
Beach in 2015 by the Kuala Langat Municipal Council
for maintaining a high standard of cleanliness and scenic
landscape (12, 19).

Plastic was identified as the most prevalent type of
litter across all recreational beaches studied. Plastic
waste commonly found includes water bottles, food
containers, food packaging and others. Accumulation
of plastic waste particularly due to improper disposal
and weak enforcement of waste management policies
give challenges in coastal waste management (35). The
prevalence of this issue is attributable to anthropogenic
activities by beach visitors and further compounded by
inadequate provision of waste managementinfrastructure
including limited number of trash bins along the coastal
area. This finding was supported by previous research
who claimed that recreational beaches with high visitor
numbers frequently encounter cleanliness problems
(36). Nonetheless, the Kuala Langat Municipal Council
has undertaken strategic ways by implementing regular
maintenance and community-oriented awareness
programmed to mitigate beach cleanliness issues. Field
observations in this study revealed that authorized
cleaning workers from the Kuala Langat Municipal
Council carry out thorough cleaning in the mornings at
the studied beaches, ensuring a conducive environment
for public use.

Besides plastics, cigarette butts also showed a high
prevalence type of litter found in the studied beaches.
This shows irresponsible visitor behavior and emphasis
are needed for greater public awareness and education
on proper waste management (37). It is suggested that to
reduce cigarette butt litter on beaches is by encouraging
smokers to be more disciplined and to show respect for
others and the environment (38). Enforcing a smoking

prohibition at recreational beaches may foster a cleaner
and safer coastal environment. It also reduces exposure
to second-hand smoke, minimizes cigarette butt
pollution and enhances health and well-being of both
tourists and local communities (37).

Microbiological analysis was conducted on both
seawater and beach sediment samples to capture
microbial contamination in the water column and
potential microbial reservoirs within sediments. This
approach provides a more comprehensive assessment
of exposure risks associated with recreational activities
and tourism-related human contact at the study sites.
The level of microbial contamination in seawater and
sediment samples at the selected recreational beaches
were also assessed. Pantai Cunang recorded the highest
concentrations of TVC and faecal coliforms in seawater
samples. Elevated TVC and faecal coliforms counts are
strong indicators of pollution originating from either
human or animal waste thus, making it an essential
parameter for assessing hygienic conditions and
evaluating the potential risks of microbial contamination
in coastal environments (39). Microbial contamination
of beach sand and along coastal areas was largely driven
by untreated domestic sewage discharge (23). Field
observation discovered the absence of public sanitation
facilities near Pantai Cunang coupled with frequent
presence of stray animals such as monkeys and dogs lead
to microbial contamination due to sewage discharge.
High density of visitors at recreational beaches poses
significant risk to faecal coliform contamination (39).
The presence of faecal coliforms and TVC in recreational
beaches poses a considerable threat to public health as
these microbes are widely known and closely associated
with waterborne diseases (9).

No presence of E. coli was detected in seawater samples
from any of the three selected recreational beaches.
The absence of E. coli may be attributed to its relatively
low survival in marine ecosystems (40). E. coli tends to
lose viability when exposed to environmental stressors
including elevated temperatures, salinity and ultraviolet
(UV) radiation from sunlight (41). It has been further
emphasized that £. coli tends to degrade in high saline
conditions where salinity range exceeds 20 ppt (40).
In contrast, E. coli is capable to resist for extended
periods in sediment under limited nutrients (42).
Furthermore, factors such as sediment composition,
high moisture content, temperature fluctuations and
reduced exposure to ultraviolet radiation provide a more
favourable condition thereby prolonging its viability
(41). Importantly, the absence of E. coli should not be
interpreted as conclusive evidence that the beaches are
free from pathogenic bacteria. Other pathogenic bacteria
found in seawater including Enterococcus, Citrobacter
and Klebsiella often resist high salinity compared to E.
coli. Therefore, microbiological monitoring is needed to
ensure public health at recreational beaches (42).

Presence of S. aureus was detected in seawater and

Mal ) Med Health Sci 22(SUPP8): 71-81, August 2026 77



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

sediment samples. S. aureus has been reported to survive
in coastal sediments for periods ranging from several
days to weeks, with its longevity strongly influenced
by environmental parameters such as temperature,
moisture, and the availability of organic matter (43). The
detection of S. aureus and E. coli in recreational beach
sediments raises important public health considerations.
As sediments can act as secondary reservoirs for
pathogenic microorganisms, they may contribute to
the reintroduction of these bacteria into the seawater
through resuspension events, particularly during tidal
changes, storms, or human activities such as swimming
(44). Consequently, the persistence of E. coli and S.
aureus in sediments may represent an underestimated
risk factor for beachgoers, emphasizing the need to
include sediment analysis in microbial water quality
monitoring programs.

Assessing microbial contamination in both seawater
and beach sediments is directly relevant to tourism
because it determines how safe and attractive a site is for
recreation. Elevated contamination can lead to illness,
damage the beach’s reputation and reduce tourism
revenue and local livelihoods (39). Tourists and local
visitors are exposed through common activities such as
swimming, sitting or lying on wet sand, walking barefoot
and shoreline fishing could bring skin, wounds, eyes,
ears and the mouth into contact with contaminated
water and resuspended sediments. In addition, children
are especially vulnerable because they spend more
time digging and playing in sand and are more likely
to ingest small amounts of sand or seawater (45). When
pathogens like Escherichia coli and Staphylococcus
aureus are present, these routine tourism activities can
result in gastrointestinal illness, skin infections, ear and
eye infections with greater risks for young children,
older adults and immunocompromised individuals
(46). Outbreaks or clusters of such illnesses can trigger
health advisories or temporary beach closures, disrupt
tourist flows, harm small businesses (food stalls,
accommodation and tour operators) and local fisheries,
thereby weakening the economic base of coastal
communities. Conversely, both water and sediments
analysis helps detect hidden contamination reservoirs
and supports targeted management actions in improving
beach cleanliness which together enhance visitor safety,
support sustainable tourism and fisheries.

The Kruskal-Wallis analysis revealed no statistically
significant differences in marine water quality, beach
cleanliness, or microbiological contamination across
the three study sites. However, descriptive comparisons
highlighted certain variations between locations.
Although the overall findings suggest similarities in the
measured parameters, the differences in faecal coliform
counts and beach cleanliness indicate the presence of
minorsite-specific variations. These discrepancies may be
attributed to localized environmental and anthropogenic
factors including the intensity of recreational activities,

weather conditions, and the geographical setting of each
beach. Such factors could contribute to fluctuations in
both microbial contamination and visual cleanliness,
even when statistical analysis does not yield significant
differences.

Correlation analysis revealed weak and non-significant
associations between marine water quality parameters
and the presence of microorganisms in both seawater
and sediment samples. This suggests that broader
environmental factors, such as temperature variability,
moisture content, and salinity, may play amore influential
role in shaping microbial persistence and distribution
(44). Beach cleanliness is a visible surface condition
including litter accumulation, debris and human
associated waste (15). These indicators are strongly
influenced by factors including beach maintenance
practices, tidal deposition of solid waste, tourism
intensity and weather events (47). These influences
may not directly correspond to the levels of microbial
contamination or the physicochemical parameters of
the surrounding marine waters (48). In contrast, marine
water quality is influenced by non-visible pollutants,
microbial concentration within water and coastal
hydrodynamic processes which do not necessarily
correlate with beach level cleanliness indicators (49).
For example, a beach may appear visually clean yet
still exhibit moderate microbial contamination due to
upstream pollution sources or sediment suspension (48).
Conversely, visible debris on the beach may not always
contribute to microbiological degradation especially if
the waste is non-organic or indirectly linked to faecal
contamination (49).

CONCLUSION

In conclusion, based on the Malaysia Marine Quality
Index (MMWQI), marine water quality at all three
beaches was classified as ‘poor’ category. According
to the Clean Coast Index (CCI), Pantai Cunang was
identified as the cleanest beaches as compared to other
recreational beaches studied. Plastic, cigarette butts
and polystyrene were the most prevalent categories
of litter found at the selected recreational beaches.
Microbiological analysis revealed the presence of
S. aureus and faecal coliforms in both seawater and
beach sediment samples indicating potential public
health risks associated with recreational use of these
beaches. Notably, E. coli was detected solely in the
sediment samples. No statistically significant differences
or correlation (p > 0.05) were observed in marine
water quality, beach cleanliness or microbiological
contamination levelsamongthree study sites. The findings
of this study indicate that anthropogenic activities,
pollution inputs and beach management practices can
significantly influence the marine water quality, coastal
cleanliness and microbiological contamination levels.
It is recommended that future research incorporate a
larger number of sampling locations to enhance spatial
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coverage. Expanding the sample coverage would
facilitate a more comprehensive assessment of marine
water quality, beach cleanliness and microbiological
contamination across beaches within the district or state.
To establish clearer patterns of association, long-term
monitoring studies are necessary, as they would enable
the assessment of seasonal variability, the impacts of
extreme weather events, and the cumulative effects
of human activities. A longitudinal approach would
therefore provide a more comprehensive understanding
of contamination dynamics, supporting the development
of targeted and evidence-based management strategies.
Ultimately, such efforts are essential for maintaining the
cleanliness and safety of recreational beaches, protecting
public health, and sustaining the quality of coastal
environments that are vital to Malaysia’s recreational
use and national tourism sector.
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