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Abstract The increasing demand for water in developing countries, driven by economic growth and
rising living standards, has led to significant environmental challenges, including the degradation of
river water quality. This study was carried out to study the effects of tidal events on the water
quality of Sungai Perai Penang, Malaysia. Eight sampling sites were selected for the analysis of
some water quality parameters during the neap and spring tides of January, February, April and
May 2024. Conductivity (EC), Total dissolved solids (TDS), Salinity (Sal), Dissolved oxygen (DO),
Temperature (Temp) and Transparency (TRPC) were measured in situ. Biochemical oxygen
demand (BOD), Total suspended solids (TSS), Phosphate (PO4), Nitrite (NO2), Ammonia (NH3),
and Chlorophyll-a (Chlrp a) were analysed in the lab using standard methods. The results showed
that water quality parameters varied with the following ranges: EC (0.12- 413 pS/cm), TDS (73.23-
98,466 mg/l), Sal (0.05 48.87 ppt), pH (6.4 to 7.8), DO (1.83-10.74 mg/l), BOD(0.24-7.14 mg/l),
TSS (0.01-0.43 mg/l), PO4 (0.27-4.41 mg/l), TRPC (0.03-183 m). NO2 (63.83-109.6 ug/l), NHs
(0.5-0.74 mgl/l), Temp (28.9-31.27°C), and Chlrp-a (0.26-6.89 ug/l). EC, TDS, Sal, pH, BOD, TSS,
PO4, TRPC, and Chlrp a were higher during spring tide which could be due to increased tidal
range and stronger currents causing greater mixing and movement of water. ANOVA results
showed that TDS, Salinity, Temperature, and Chlorophyll-a showed significant spatial variation
(p<0.05), while the other parameters did not vary spatially (p>0.05). EC, TSS, PO4, NO2, NH3s, pH,
TDS, TRPC, and Sal showed significant variation between spring and neap tides (T-test, p<0.05).
Spring tides are found to have a more pronounced effect on water quality compared to neap tides.
This study highlights the combined influence of tidal events, anthropogenic activities, and diurnal
cycles on the river's water quality. Understanding these dynamics is crucial for developing
effective monitoring and management strategies to mitigate the impacts of pollution and ensure
the sustainability of water resources in tidal rivers.
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Introduction

The need for water is growing exponentially as developing countries experience economic revolutions
and see an increase in living standards. The use of the environment for production and consumption
leads to the destruction of the biosphere and water supplies [1]. Urban and industrial land use expansion
is associated with less infiltration, higher runoff, and the movement of pollutants from the catchment area
to aquatic bodies. This may result in the degradation of water quality in rivers. Human activities related
to urban land, such as discharging domestic and industrial sewage, applying fertilizers and pesticides,
surface runoff, and other non-point pollution sources, affect the concentration of pollutants in river water
[2]. Monitoring water quality is crucial for assessing the condition and makeup of streams, rivers, and
lakes at various time intervals, ranging from a single moment to weeks, months, and years. Rivers and
streams are the main channels via which freshwater travels on Earth. River water supplies may be
impacted by both natural elements and human actions [3].

Tidal rivers experience seawater influx affected by spring tides and neap tides, while freshwater intake
comes from neighbouring rivers [4]. The fluctuations in estuarine water levels and turbulences during
neap tides and monsoon seasons impact water quality [5]. Neap and spring tides have unique impacts
on water quality. During neap tides, which happen a week following a spring tide, saltwater flows beneath
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freshwater instead of being horizontally divided. This phenomenon can affect the flow of water, salinity
levels, and fertiliser distribution, which can affect water quality [6]. Spring tides, occurring when the sun,
moon, and Earth are aligned, result in the highest and lowest tides, resulting to a significant mixing of
fresh and saltwater [7]. These variations are crucial for resource managers to consider as they affect
organisms differently based on salinity levels, ultimately influencing water quality in the ecosystem [6].
In tidal-affected areas, fluctuations in bottom water salinity between high and low tides lead to significant
variations in nitrogenous nutrients, dissolved oxygen levels, and organic matter imports. Water quality
indicators such as salinity, turbidity, dissolved oxygen, nutrients, and suspended particles are influenced
by the changing conditions of tide occurrences in coastal areas [8].

The quality of river water in Malaysia has deteriorated, posing challenges in making it suitable. Malaysian
rivers face pollution from both point and non-point sources. Main sources of pollution include sewage
treatment plants, agro-industry, manufacturing, sulfur or greywater from commercial and residential
establishments, and pig farms [9]. These sources contribute to the deterioration of water quality across
numerous rivers and lakes, which are vital for domestic, agricultural, and industrial use. The number of
clean rivers in Malaysia has declined significantly over the years. Department of Environment reported
a decline from 579 rivers in 2008 to only 477 by 2019, with many rivers now classified as "dead" due to
high pollution levels [10]. The recent pollution of Sungai Semenyih and Sungai Selangor has led to supply
disruptions to hundreds of thousands of households for several days, which resulted in significant
difficulties. In Malaysia, rivers and streams have been subjected to garbage dumps by the general public
and businesses. Several water catchments in Malaysia have not been protected and gazetted. Without
this, maintenance and protection from exploitation for development cannot be guaranteed. This results
in exposure to all kinds of pollutants that result in detrimental effects on the aquatic environment, which
ultimately makes water resources unsustainable [11]. It has been reported that urban land use activities
in Malaysia pose a greater impact on water quality by altering hydrological processes. Agricultural
activities and forest degradation correlated strongly with physical and chemical parameters of water
quality. Understanding the relationship between land use and water quality would facilitate the
management not only of the main sources of water pollution but also of the processes involved [12].Tidal
influence is a key factor that needs to be considered when assessing and managing the water quality
issues in the Perai River basin. This study aimed to assess the impact of tides on Perai River surface
water by examining water quality parameters during neap and spring tides.

Materials and Methods

Study Area

Sungai Perai is located in the state of Penang, Malaysia. The river is at Latitude: 5° 22' 59.99" N and
Longitude: 100° 21' 59.99" E. The Perai River, which spans 45 km and has a surface area of 447.824
km?, is the longest and biggest river in Penang, Malaysia. The Sungai Perai basin covers an area of 505
square kilometers and includes 5 tributaries. The rivers mentioned include Sg. Kulim, Sg. Jarak, Sg.
Kereh, Sg. Pertama/Derhaka, and Sg. Maklom/Tok Sani. [13]. Eight sampling sites were chosen from
tributaries that drain downstream of the river around the industrial estate, where the river is exposed to
effluents and dumps from surrounding industries, households, farmlands, and restaurants. The sampling
sites are described as follows: Site A is closest to the sea with heavy industries, and a cargo containers
storage yard, Site B is closer to several scattered factories, and flood control valves are situated at the
site, Site C is situated close to a drain from shops and electronics company, Site D is closer to several
restaurants, malls, and warehouses, Site E is closer to temples, container repairs, and recreational
areas, Site F is situated along a tributary that empties into the river, Site G is situated closer to a drain
from households that contain wastes and Site H is receives drains from households and drains from
Sungai Sintok.
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For safety concerns following a preliminary visit to the river, a boat was used for transportation across
the sampling sites. Water samples from the eight sampling sites were collected from the sampling sites
twice monthly during the spring and neap tides of January to February and April to May 2024. Water
samples were collected in triplicates at each of the sampling sites in a clean 1-liter plastic container. The
collected samples were then preserved in a cooler containing ice and transported to the lab for further
analysis. The average of the triplicates was used as the result for a parameter at each sampling site.

Samples Collection:
January and
February Neap and
Spring Tides

Water Quality
Analysis

In situ

pH, EC, TDS,

TSS , Temp, DO

Salinity

BOD, NO, NH,

4,
Chlorophyll a

Figure 2. Methodology flowchart

Tests for Physicochemical Parameters
The physicochemical parameters of the rivers, namely; temperature, dissolved oxygen (DO),
transparency (TRPC), Salinity (Sal) total dissolved solids (TDS) and electrical conductivity (EC), were
analysed using YSI ProQuatro Multiparameter Meter SKU: 606950 United States of America (USA). pH
Nitrite (NO2) Phosphate
(POa4), chlorophyll a (Chlirp a), ammonia (NHs3), total suspended solids (TSS) and Biochemical oxygen

was measured using the LAQUAtwin- pH-33 pH meter by HORIBA Japan.

(BOD) demand were determined using standard methods described by [14].

Data Analysis
GraphPad
Prism 7, Past
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Data Analysis

Differences in water quality parameters during spring and neap tides were analysed using T-test.
Statistical analysis of one way ANOVA and Tukey post hoc was used to analyse spatial differences in
water quality among the sampling sites. Pearson correlation was used to determine the relationships
among the water quality parameters. All statistical analyses were done using GraphPad Prism (9.5.1)
software.

Results and Discussion

The means of the water quality parameters analyzed during the spring and neap tides at the sampling
sites are depicted in Table 1. The analysis results show the impacts of seawater intrusion due to tidal
events into the Perai River. Overall, spring tide had much impact on the water quality parameters when
compared with neap tide. Spring tides have more significant movement and water level changes
compared to neap tides, which have negligible fluctuations [15].Results from ANOVA showed that there
is no significant difference (p>0.05) between the spatial variability of EC, TSS, pH, DO, BOD, PO, TRPC,
NO2z, NH4, and Temperature. TDS, Salinity, Temperature and Chlorophyll-a showed significant spatial
variation (p<0.05) (Tablel). Results of the T-test showed that there is no significant difference (p>0.05)
in the neap and spring tide concentrations of temperature, BOD, DO, POas, NO2, NH3, Temp and
chlorophyll-a, while EC, TSS, POg4, NO2z, NHs, pH, TDS, TRPC, and Sal showed significant variation
between spring and neap tides (T-test, p<0.05)

Electrical Conductivity (EC)

EC ranges from 0.12 uS/cm at site G during neap tide to 413 pS/cm during spring tide at site A. The
higher EC during spring tide was also reported by [5]. This is due to the high saltwater intrusion from the
sea that is associated with spring tides. The high concentration of dissolved sodium and chlorides in the
seawater directly increases the conductivity of the river water as these salts dissociate into ions that can
conduct electricity. Site A being closest to the sea receives the highest saltwater intrusion and hence
recorded high EC which decreases upstream away from the impact of saltwater intrusion [16]. The neap
tide data showed that the conductivity variations were like the Total Dissolved Solids (TDS) changes.
Various sources, such as wastewater from residential, commercial, and industrial areas, as well as urban
and surface run-off, impact the concentration of ions in the water. These sources contribute to ions like
bicarbonate ions (HCO?), carbonate ions (CO?%), sodium ions (Na*), chloride ions (CI), and others, which
are influenced by seawater and affect the river's conductivity [44].

Total Dissolved Solids (TDS)

Water with high TDS is considered saltwater while water with low TDS is considered as freshwater [16].
TDS kept is important to aquatic life by keeping cell density balanced. Cells shrink with high TDS which
affects the organism's swimming ability[17] .TDS ranges from 73.23 mg/| at site G in neap tide to 98,466
mg/l during spring tide at site A. The higher TDS recorded during spring tides was similar to the findings
of [18] at the Semarak River in Kelantan. The high TDS readings were recorded at site A where there is
the mixing of seawater and freshwater is also reported by [16]. The TDS values decline sharply from
sites E to H which are located upstream and are minimally impacted by saltwater influx due to tides. High
TDS in the saltwater zones of a river and low TDS in the freshwater zones of a river were also reported
by the findings of [18].

Salinity

Salinity is a crucial water characteristic that commonly acts as an ecological barrier and a dependable
indication in an estuary system [19]. Salinity ranges from 0.05 ppt at G in neap tide to 48.87 ppt during
spring tide at site A. Salinity was higher during the spring tide. Site A always records the highest
concentration of salinity. This is because site A is the closest to the sea and it receives the highest inflow
of sea water. These findings were similarly reported by Fatima et al. (2016). Salinity concentrations
gradually reduce from A site up to site H which has the lowest salinity concentration. This wide salinity
range is attributed to the location of the sampling sites, some are located downstream close to the sea,
and some are located upstream where the saltwater influx is limited. These findings are similar to the
findings of [5,20,21]. Seawater from the sea enters the estuarine zone and thus raises the salinity of
surface water [16]. Strong tidal forces during spring tides facilitate the intrusion of saltwater from the sea
into the river, leading to higher mixing of seawater and freshwater. This intrusion can extend further
upstream, leading to higher salinity concentrations during the spring tides. In the Sumjin River estuary,
the effect of salinity was found to be six times higher during the spring tide compared with the neap tide,
due to the overwhelming effect of vertical mixing, resulting in stronger exchange flow during the spring
tide [22].
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pH

pH values ranged between 6.4 to 7.8. Both the lowest and highest pH values were recorded during
spring tides at sites B and C respectively. During spring tides, the pH is higher than during neap tides
due to the increased tidal energy pushing fresh water from the river, resulting in a greater cyclical
amplitude for pH [23]. The entry of seawater during spring tide generally introduces high amounts of
dissolved oxygen and carbonate ions, which foster a more alkaline environment. The pH is increased by
this dilution action which reduces the concentration of acidic chemicals in the water[24]. The alkaline
nature of seawater might be responsible for the high pH at sites A and B which are located downstream
as reported by [25]

Dissolved Oxygen (DO)

The highest and lowest values of DO 1.83-10.74 mg/l were recorded at site E during spring tide and site
C during neap tide. The recorded DO values were within the ranges reported by [26] and [20]. Natural
diurnal fluctuation in dissolved oxygen which corresponds with the photosynthesis of aquatic organisms
may be responsible for the high DO during the neap tides as reported by [27]. The fluctuation in DO
levels is most significant during spring tides because of the more intense high tides and lower low tides,
leading to increased water flow and increased oxygen mixing between the atmosphere and water.
Furthermore, factors including as temperature, salinity, and biological processes like photosynthesis and
decomposition play a role in determining DO concentrations in estuarine habitats [28]. The low DO level
could be attributed to the high load of organic matter observed during the spring tide and when the
demand for the oxygen needed to oxidize organic matter surpasses the amount of oxygen produced by
photosynthesis, it can lead to a decrease in the dissolved oxygen levels in the water body [29]. Every
organism has a certain dissolved oxygen (DO) tolerance range. Generally, DO levels below 5 mg/l are
stressful for fish, while levels below 3 mg/l are insufficient to support fish as most fish species become
distressed at levels of 2-4 mg/l. Dissolved oxygen levels below 1mg/L are classified as hypoxic and often
do not support any life forms [30].

Biochemical Oxygen Demand (BOD)

BOD values ranged from 0.24 mg/l at site C spring tide and neap tide at site F to 7.14 mg/l at D during
spring tide. Similar findings were reported by [31]. High BOD during spring tides can be attributed to
increased water flow and mixing which result in the release of more organic matter into the river. Spring
tides do not directly impact BOD levels, but they can indirectly influence BOD concentrations in aquatic
ecosystems through their effects on water flow, pollutant dilution, nutrient dynamics, and ecological
processes [32]. The sediment resuspension during the spring tides may lead to an increase in the release
of sulfide and its oxidation which further increases the BOD in the water column [33].

Table 1. Mean concentration of the water quality parameters of Sungai Perai during the study period

Parameters Site A Site B Site C Site D Site E Site F Site G Site H
Mean Mean Mean Mean Mean P
Mean +SD #SD Mean +SD +SD +SD +SD +SD Mean +SD Value
EC (uS/cm) 80.6+132 40.8+70 55.9+101 5.10+6.55 2.45+2.78 2.09+3.19 1.27+1.88 1.66+1.87 p>0.05
27992+ 20671.+ 2126+ 3336.6+ 1588.5+ 1387.4+ 382.35+ 747.76+
TDS (mg/l)  33066. 31594 28654 4380 1755.05 2108.6 415.89 979.92 p>0.05
Salinity
(ppt) 32.66+46.9 19.41+30 13.2+18.4 2.91+3.97 1.32+151 1.11+1.77 0.66+1.03 0.91+1.06 p>0.05
pH 7.17+0.43 6.99+0.32 6.98+0.43 6.92+0.36 6.82+0.35 6.89+0.3 6.8940.32 6.96+0.3 p>0.05

DO (mg/l)  4.4+1.83

6.02+2.58 4.37+1.66 4.99+2.06 4.33+2.13 3.45+0.59 4.292.56 5.48+1.78 p>0.05

BOD (mg/l) 3.14+1.82

1.95+0.88 2.62+2.01 2.82+2.38 3.14+1.83 1.77+1.19 2.14+1.34 2.72+0.96 p>0.05

TSS (mg/l)  0.08+0.06

0.07+0.07  0.09+0.06 0.06+0.07  0.12+0.12 0.07+0.06  0.06+0.07 0.09+0.1 p>0.05

POs (mg/l)  1.35+1.25

0.99+0.71 1.30+0.86 1.27+0.69 1.45+1.19 1.31+0.87 1.23+0.99 1.28+0.86 p>0.05

TRPC (m)  0.2620.24

0.5+0.6 0.12+0.08 0.27+0.27  0.2+0.16 0.22+0.24 0.21+0.12  0.23+0.31 p>0.05

NO2 (pg/l) 83.5+10.4

83.1+10.5 83.13+9.9 86.7+12.1 96.7+18.4 82.6+12.3 79.3+8.1 83.69+11.1  p>0.05

NHs mg/| 0.65+0.1

0.64+0.08  0.64+0.04 0.65+0.07  0.65+0.06  0.62+0.07  0.62+0.07 0.62+0.62 p>0.05

Temp (°C) 31.22+0.7

31.13+0.5 30.71+0.47 30.59+0.9 30.86+1.1 30.48+0.8 29.71+0.9 29.25+0.6 p>0.05

Chirp a
(ug/l) 2.29+2.13

0.81+0.84 1.67+1.22 0.52+0.24 1.33+0.69 0.99+0.69 2.31+1.21 1.0+0.93 p>0.05

*p <0.05 indicates a significant difference, p> 0.05 indicates that there is no significant difference.
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Total Suspended Solids (TSS)

Suspended sediment transport processes are crucial in the estuaries because fine-grained sediments
are important carriers of various nutrients and pollutants [34]. Site E has the lowest TSS value of 0.01
mg/I during spring tide and the highest value of 0.43 mg/I during spring tide at site E. Spring tides, which
are characterized by stronger tidal ranges and currents lead to the mobilization of more suspended solids
compared to neap tides [35]. The variation in TSS between spring and neap tides may be due to the
increased tidal range during spring tides, resulting in more robust currents and more water flow. This
heightened water flow can lead to elevated levels of suspended silt caused by the stirring up of sediments
at the bottom. Increased currents can boost the movement of suspended sediments, resulting in higher
overall sediment transport during spring tides. Neap tides have a shorter tidal range and weaker currents,
leading to lower suspended sediment concentrations and decreased sediment mobility [45,46]. The
neap-spring tidal cycle effects on TSS in the present study agree with the findings of [36]

Nutrients

PO4 concentrations ranged between 0.27 mg/l at site B to 4.41 mg/| at site A. Both the highest and the
lowest values of PO4 were recorded during the neap tides. High phosphate at site A during neap tide
could be due to the stabilization period, less dilution from seawater, and high organic matter
decomposition [37]. This is evident by the foul smell from the decomposition of dead animals and waste
dumped around the area and the murky nature of the water around the site. The low phosphate in site B
can be because the site is an undisturbed area with no drains from domestic, agricultural, or industrial
areas emptying into the site. NOz values range from 63.83 mg/| at site A to 109.6 mg/l at site E. Both the
highest and lowest values were recorded during neap tide. NHs ranges between 0.5 mg/l at site Ato 0.74
mg/| at sites A and H. The highest and the lowest values were recorded during neap tide. Temperature
values are between 28.9 °C to 31.27 °C. Nutrients (POas, NOz, and NHs) were found to be low during the
spring tide as compared to neap tide when their concentrations were high. This could be because most
nutrients were significantly impacted by the tidal variation. Coastal flooding can enhance seawater
exchange capacity by diluting it with outside seawater, which helps reduce the negative impacts of
nutrient enrichment [38]. Fluctuations in ammonia levels during neap and spring tides can impact the
nutrient dynamics and ecosystem health of estuaries. High levels of ammonia during neap tides can
cause eutrophication and hypoxia, whereas elevated ammonia fluxes during spring tides can affect the
nutrient balance and productivity of coastal ecosystems [46].

Table 2. Descriptive statistics of physicochemical parameters of Sungai Perai during neap and spring tides

Parameter Neap Tide  Spring Tide Mean Total t df P value
EC (uS/cm) 2.41 4517 23.79 2.57 62.00 p<0.05
TDS (mg/l) 1393.00 1798.00 1595.50 3.58 62.00 p<0.05
Salinity (ppt) 1.15 16.95 9.05 2.91 62.00 p<0.05
pH 6.80 7.10 6.95 3.51 62.00 p<0.05
DO (mg/l) 5.06 4.28 4.67 1.53 62.00 p<0.05
BOD (mg/l) 2.51 2.58 2.55 0.21 62.00 p<0.05
TSS (mg/l) 0.06 0.1 0.09 4.03 62.00 p<0.05
P04 (mg/l) 1.20 1.35 1.28 0.79 62.00 p<0.05
TRPC (m) 0.39 0.12 0.85 3.42 62.00 p<0.05
NO2z (mg/l) 85.84 83.79 84.82 1.02 62.00 p<0.05
NHs (mg/l) 22.79 21.23 22.01 0.48 62.00 p<0.05
Temp (°C) 33.20 31.10 32.15 0.03 62.00 p<0.05
Chirp a (ug/l) 1.41 1.45 1.43 0.18 62.00 p<0.05

Transparency (TRPC)

Transparency was lowest at site F (0.03 m) during neap tide and was highest at site B during spring tide
(1.83 m). Strong tidal currents during spring tides can mix the water vigorously, which can result in a
more even distribution of silt in the water column. Through this mixing and dilution, the river's general
transparency is increased by lowering isolated regions of high turbidity [39]. In estuaries, spring tides
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may lead to salinity stratification, where denser saline water pushes upstream beneath lighter freshwater,
resulting in clearer surface waters as the saline layer may trap sediments below, contributing to higher
transparency at the surface [40].

Temperature

The tree canopy cover, the width of the river, and the time of sampling are factors that affect the
temperature of rivers in estuarine environments [39]. The lowest temperature was recorded during neap
tide at site H while the highest temperature was recorded at site D during spring tide. In the present
study, the time of sampling resulted in lower temperatures recorded upstream from site H because the
sampling starts in the early morning from site H down to site A. Solar radiation is reported to be the main
controlling factor of the temperature of estuaries [5].

Chlorophyll-a

An important marker of water quality and the general condition of aquatic ecosystems is chlorophyll-a
[41]. Chlorophyll-a value ranges between 0.26 pg/l in site D to 6.89 g/l in site A. The highest chlorophyll
values were recorded during the spring tide while the lowest chlorophyll values were recorded during
neap tides. Elevations of chlorophyll-a signify elevated phytoplankton concentrations, which are subject
to fluctuations in nutrient levels, including phosphates and nitrates. This facilitates the monitoring and
identification of any contamination incidents that routine nutrient sampling would miss. Spring tides
exhibit high chlorophyll-a levels due to increased mixing and turbulent dissipation, resulting in nutritional
replenishment and a subsequent rise in chlorophyll-a concentration. During spring tides, the heightened
tidal currents result in enhanced vertical mixing and the upsurge of nutrient-rich water from deeper levels
[42]. The neap-spring tidal effects on spatiotemporal variations of chlorophyll-a in the present study were
also reported by [42].

Correlation of the Water Quality Parameters

As shown in Figure 2, EC has a strong positive correlation with TDS, salinity, and TSS while it is
negatively correlated with pH, NOz, and TRPC. Electrical conductivity (EC) and Total Dissolved Solids
(TDS) are indicators of the salinity level in water [47]. Salinity is a measure of the amount of salts in the
water. As dissolved ions (TDS) increase salinity so also conductivity [48]. Salinity was found to have a
strong positive correlation with TSS. Salinity rises as suspended sediment concentrations increase. Tidal
rivers experience elevated salinity and suspended sediment levels because of marine incursion caused
by tides, which explains the positive correlation between the two [49].

0 o a
e g L8 5
-0.26(-0.16{0.13 10
TDS -0.25-0.03/0.30
-0.24
pH 0.25 0.5
DO ¥ -0.12|-0.01{-0.28|-0.
BOD 1.00 [0.72 -0.16/-0.40
0.74 0.72 1.00 -0.03]-0.29|- L {0
PO, 0.22 0.80 0.65 -0.42|-0.35
TRPC |o. 27 )] -0.12|-0.55|-0.21 Y -0.17-0.11 0.69
NO, |-0.01|-0.02|-0.16|-0.13|-0.01|-0.16-0.03|-0.42|-0.17 F K4 m L | 05
NH,|-0.26|-0.25|-0.24| 0.25 |-0.28-0.40|-0.29 -0.11/0.19 [FR)
Temp|-0.16|-0.03 0.06 |-0.02 -0.20 L] 1.00
Chirp aj0.13[0.300.02 -0.38.-0.51 10

Figure 3. Pearson correlation matrix of the water quality parameters studied
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DO and BOD showed a robust positive correlation and this shows that there are other factors affecting
the DO/BOD fluctuations in the river such as flow velocity, tidal range and reaeration which tend to
increase DO concentration in the presence of high BOD [50]. TSS and TRPC were negatively correlated
and this because since the suspended particles scatter and absorb light, larger concentrations of total
suspended solids in the water column result in less transparent and clear water [17]. Ammonia also
showed a negative correlation with DO which can be explained by the consumption of oxygen during the
oxidation of ammonia ( Nitrification) and a decrease in oxygen levels increases ammonia levels by
inhibiting nitrification [51]. Because higher ammonia levels demand more oxygen to break down organic
waste, there is a negative link between ammonia and BOD. This is the reason why ammonia and BOD

are negatively correlated [52].
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Figure 4. Water quality variations for spring and neap tides at Site A, B, C, D, E, F,G and H (a) EC (uS/cm); (b) Total dissolved solids
(mg/l); (c) salinity (ppt) (d) pH (e) DO (mg/l); (f) BOD; (mg/l) TSS (mg/l); (h) PO4 (mg/l); (i) TRPC (m); (j) nitrite (mg/l); ( k) ammonia
(mg/1); () Temperature ( °C); (m) Chlorophyll a (ug/l)

Conclusions

Spring and neap tidal variations were shown to impact the water quality in several sites of the Perai
River. Site A, being closer to the sea, is more affected by the tide and undergoes greater fluctuations in
water quality compared to Site H, which is less impacted by tidal influences. Spring tide tends to have
more effect on the river quality as compared to neap tide. This is because, during spring tides, the
fluctuations in water level during the tide cycle are particularly pronounced. Mostly, the neap tide water
quality fluctuations can be attributed to anthropogenic inputs into the river and diurnal cycle activities
such as photosynthesis and respiration. Salinity, total dissolved solids, electrical conductivity, and total
suspended solids yielded the highest differences in response to the tidal conditions, especially at sites
A to D where the influence of tides was more evident. DO, BOD and Chlorophyll a are affected by other
factors apart from tidal events such as photosynthesis, respiration, nutrients, and many others which
could be why no significant difference was recorded during the spring and neap tide. This study reveals
that the water quality of Sungai Perai is impacted by the combined effects of tidal influence,
anthropogenic activities, and diurnal cycles. Therefore, it is essential to comprehend how tidal events
affect water quality parameters and overall water quality evaluations to improve monitoring and
management strategies.
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