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 Marine ecosystems are distinctive environments and habitats that are 
increasingly under threat from multiple pressures, including global 
warming, coastal development, pollution, and other human-induced 
impacts. Therefore, this study examines the seasonal variations in key 
physico-chemical parameters of seawater around Songsong Island, 
Kedah, Malaysia to better understand the environmental conditions 
influencing the local marine ecosystem. Data was collected from 12 
stations during both the Southwest (SWM) and Northeast Monsoon 
(NEM) periods to address a knowledge gap in seasonal variability across 
the island. Seawater physico-chemical parameters measured included 
pH, salinity, temperature, conductivity, dissolved oxygen (DO), Total 
Ammoniacal-Nitrogen (TAN), and orthophosphate (PO₄³⁻). Findings 
revealed moderate spatial and seasonal variability. Seawater pH 
decreased during the NEM (average pH 7.91 ± 0.033) compared to the 
SWM (7.96 ± 0.022). Besides, salinity increased slightly in the NEM 
(30.63–31.54 ppt) compared to the SWM (29.50–30.82 ppt). Thus, 
conductivity also increased during NEM (51.75 ± 3.84 mS/cm) 
compared to SWM (52.01 ± 0.44 mS/cm). Moreover, seawater 
temperature was higher during the SWM (30.57–31.01°C), while DO 
levels remained healthy across both seasons. Notably, TAN 
concentrations were much higher in the NEM (1.02 ± 0.317 mg/L) than 
in the SWM (0.04 ± 0.017 mg/L), possibly due to reduced dilution and 
anthropogenic inputs. Conversely, PO₄³⁻ levels were greater during the 
SWM with an (0.190 ± 0.0881 mg/L) compared to the NEM (0.050 mg/L 
± 0.003 mg/L), with a much greater variability. Two-way ANOVA 
analyses confirmed that there is no significant difference between 
sampling stations while there are significant differences between 
monsoon seasons (p < 0.05) except for conductivity, highlighting spatial 
heterogeneity and seasonal influences. These results underline the 
impact of monsoonal dynamics, river discharge, rainfall and human 
activities on seawater characteristics. The study provides a valuable 
baseline for environmental monitoring and supports conservation and 
management strategies for coastal ecosystems around Songsong Island. 

Keywords: 
physico-chemical parameter 
seawater 
seasonal 
strait of malacca 
songsong island 
 
DOI: 
10.24191/scl.v20i2.10571 
 
 

 

http://myjms.mohe.gov.my/index.php/sl
mailto:jamiltajam@uitm.edu.my


176 Rosmee et al. / Science Letters, June (2026) Vol. 20, No. 2 

https://doi.org/10.24191/scl.v20i2.10571 

©Authors, 2026 

  

INTRODUCTION 

Physico-chemical parameters are critical indicators used to assess the quality and ecological integrity of 

marine environments (Marigo, 2014). These parameters encompass a range of measurable physical and 

chemical conditions of seawater, including temperature, pH, salinity, dissolved oxygen (DO), turbidity, and 

nutrient concentrations (such as nitrate, nitrite, ammonium, and phosphate). Each plays a unique and 

interconnected role in maintaining marine ecosystem functionality (Huang et al., 2020). Temperature, for 

example, influences the metabolic rates of aquatic organisms, seasonal species distribution, and the onset 

of spawning cycles (Beachum et al., 2019). A rise in sea surface temperature has been directly linked to 

coral bleaching events and altered fish migration routes (Hoegh-Guldberg et al., 2019). pH levels, which 

determine the acidity or alkalinity of seawater, have a significant impact on calcifying organisms like corals 

and shellfish, as ongoing ocean acidification driven by increased atmospheric CO₂ threatens their ability to 

build and maintain calcium carbonate structures (González-Gaya et al., 2023). Salinity, another crucial 

parameter, affects water density, osmoregulation in marine species, and circulation patterns that drive 

nutrient and oxygen distribution across marine basins. 

Dissolved oxygen (DO) is vital for sustaining aerobic marine life; its depletion often indicates pollution, 

eutrophication, or restricted water circulation, leading to hypoxic conditions or 'dead zones' (Dreiss et al., 

2024). Similarly, turbidity reflects the clarity of the water and is influenced by suspended solids from land 

runoff, erosion, or phytoplankton blooms. High turbidity can reduce sunlight penetration, which negatively 

impacts photosynthetic organisms like seagrasses and coral symbionts, leading to decreased productivity 

and biodiversity. Nutrient levels, especially when elevated due to anthropogenic inputs such as agricultural 

runoff or untreated sewage discharge, can cause nutrient enrichment or eutrophication, which leads to 

harmful algal blooms (HABs) and oxygen depletion in coastal zones (Brenckman et al., 2025). 

Globally, monitoring these parameters has provided valuable insights into environmental changes and 

stressors. In the Great Barrier Reef, for instance, long-term water quality monitoring programs have 

revealed clear correlations between coastal nutrient runoff and reef degradation, prompting stricter land-

use regulations (UNEP, 2021). In the Caribbean Sea, regional collaborations have emphasized the 

importance of temperature and pH monitoring to protect coral reef ecosystems from bleaching and 

acidification threats. Regionally in Southeast Asia, particularly in Malaysia, the seasonal monsoon cycles 

greatly influence these parameters, leading to variations in water quality between the Northeast and SWM 

periods.  

Understanding the dynamics of physico-chemical parameters is essential not only for maintaining the 

ecological balance of marine systems but also for safeguarding the socio-economic benefits derived from 

them, such as fisheries, tourism, and coastal protection. These parameters serve as early warning indicators 

for marine pollution, climate change impacts, and biodiversity loss. As such, systematic and site-specific 

monitoring, especially in under-researched areas like Songsong Island, is necessary for guiding evidence-

based conservation and sustainable management practices. By establishing physico-chemical baselines and 

tracking changes over time, researchers and policymakers can implement timely interventions to preserve 

marine biodiversity, ensure food security, and enhance ecosystem resilience in the face of global 

environmental change. 

METHODOLOGY 

Study area 

Songsong Island is located off the northwestern coast of Peninsular Malaysia in the state of Kedah. The 

island lies within the Strait of Malacca and is influenced by a tropical monsoon climate, characterized by 

the northeast and southwest monsoon seasons. Seasonal variations in rainfall and riverine inputs also 

influence the physico-chemical properties of seawater in this area. Seawater sampling was conducted at 

twelve (12) stations (Figure 1) distributed around Songsong Island to represent the spatial variability of the 
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surrounding marine environment. The geographical coordinates of each sampling station are provided in 

Table 1. Samples were collected during 1 cycle of the Southwest monsoon and Northeast monsoon. Each 

checkpoint was taken at 3 different depths which were the upper surface layer, middle and water in the 

seabed layer to ensure that the replicates taken are more accurate and more suitable for calculating the 

overall average. The surrounding waters are relatively shallow, with depths generally within 3 to 10 meters, 

and are subject to semi-diurnal tidal fluctuations. This area was chosen because it has a unique marine 

ecosystem such as coral reefs and other marine life. Songsong Island supports diverse marine ecosystems, 

including coastal and nearshore habitats that are potentially affected by anthropogenic activities such as 

tourism, fishing, and coastal development. These factors make the area suitable for investigating seasonal 

variations in seawater physico-chemical parameters and their implications for local marine environmental 

conditions. 

Table 1. The geographical coordinates of each sampling station. 

Station Latitude Longitude 

S1 5°49′09.12″ N 100°17′44.93″ E 

S2 5°48′51.98″ N 100°18′00.94″ E 

S3 5°48′32.38″ N 100°18′21.16″ E 

S4 5°48′44.64″ N 100°17′12.04″ E 

S5 5°48′27.78″ N 100°17′29.18″ E 

S6 5°48′08.94″ N 100°17′48.18″ E 

S7 5°48′23.35″ N 100°16′42.75″ E 

S8 5°48′06.21″ N 100°17′00.73″ E 

S9 5°47′47.10″ N 100°17′19.00″ E 

S10 5°47′23.74″ N 100°16′48.33″ E 

S11 5°47′41.92″ N 100°16′30.03″ E 

S12 5°47′59.79″ N 100°16′12.51″ E 

 

Fig. 1. The map of the sampling points area. 
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Sample collection and preservation 

Sample collection and preservation were conducted following the methods previously published by 

Dickson et al. (2007). The project has been done during the South-West Monsoon (Jun to August) and 

North-East Monsoon Seasons (December to February). The physical parameters (salinity, conductivity, 

temperature, pH and Dissolved Oxygen) were obtained in situ by using AML Oceanographic Plus X CTD 

in Fig. 2 for each station. Standard methods are used to calibrate the CTD prior to physical parameter 

measurements being taken in the field. Meanwhile, for seawater nutrients, water samples are collected from 

Niskin bottles into polyethylene bottles. Each checkpoint was taken at three different depths which were 

the upper surface layer, middle and bottom layer. Water samples were filtered on-site or as soon as possible 

after collection and stored at 4°C in an ice box or refrigerator. All samples were analyzed within 24–48 

hours of sampling to ensure data quality. 

 

Fig. 2. The extraction information from the CTD into the laptop. 

Analytical methods 

In the laboratory, water quality of American Public Health Association (APHA) methods was employed to 

determine the concentrations of key nutrients including Total Ammoniacal-Nitrogen (TAN), and 

orthophosphate (PO₄³⁻) (Hashim et al., 2023). These analyses followed standard procedures outlined by the 

American Public Health Association (APHA, 2017) and were carried out using a UV-Visible 

spectrophotometer. Blanks and standards were prepared and run alongside samples to ensure the reliability 

and reproducibility of the data. Together, these field and laboratory techniques allowed for comprehensive 

and precise monitoring of the physico-chemical environment in Songsong Island, supporting the overall 

objectives of understanding spatial and temporal water quality trends. 

Statistical analysis 

In this study, the analysis of (Two-Way ANOVA) was used. The mean ± standard deviation was used in 

this work to represent the data analysis outcomes. The two-way ANOVA (Analysis of Variance) is a 

statistical test used to evaluate the effects of two independent variables (factors) on one continuous 

dependent variable, as well as any interaction between the two factors. In all statistical analyses, a value of 

p <0.05 was considered a significant difference. All statistical analyses are performed with SPSS 12.0 for 

Windows Release 12.0 and Microsoft Office Excel 2020 Data Analysis. 
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RESULTS AND DISCUSSION 

The results of the study on the physico-chemical parameters in seawater in the Songsong Island area have 

been analyzed and arranged in Tables 4.1 and 4.2. It is shown that parameters such as salinity, temperature, 

pH, conductivity, dissolved oxygen, TAN and PO₄³⁻ concentration have been measured. All of these 

parameters are very important because they affect the biodiversity and ecosystem of marine life (Levesque, 

2019). Temperature affects the rate at which gases dissolve, the rate at which life forms metabolize, and 

the density of seawater. The dataset presents clear seasonal differences in the physico-chemical parameters 

of seawater during the Southwest Monsoon (SWM) and Northeast Monsoon (NEM), with statistical 

analysis indicating there is no significant difference (p > 0.05) between sampling stations, while there are 

significant differences between monsoon seasons (p < 0.05) except for conductivity. 

Table 2. The range and mean data of physico-chemical parameters during the SWM and NEM. 

Parameter SWM NEM 

 Range Mean ±STD Range Mean ± STD 

Physical     

Conductivity (mS/cm) 51.94-53.28 51.75 ± 3.48 51.01-52.65 52.01 ± 0.44 

DO (mg/L) 7.30-8.02 7.75 ± 0.23 7.17-8.00 7.66 ± 0.23 
pH 7.93-8.00 7.96 ± 0.02 7.86-7.95 7.91 ± 0.03 

Salinity (ppt) 29.54-31.13 30.72 ± 0.42 30.63-31.54 31.20 ± 0.30 

Temp (°C) 30.53-30.99 30.80 ± 0.16 28.96-29.51 29.17 ± 0.17 
     

Chemical     

TAN (mg/L) 0.018-0.078 0.04 ± 0.02 0.687-1.813 1.02 ± 0.31 
PO₄³⁻ (mg/L) 0.078-0.356 0.19 ± 0.08 0.052-0.059 0.050 ± 0.003 

Based on Table 2, conductivity during the SWM ranged from 51.94 to 53.28 mS/cm, with a mean of 

51.75 ± 3.48 mS/cm, indicating dilution effects likely due to increased freshwater input from rainfall or 

river discharge during the SWM season. In contrast, during the NEM, conductivity was significantly lower, 

ranging from 51.01 to 52.65 mS/cm with a mean of 52.01 ± 0.44 suggesting higher ionic content in the 

water. This shows a clear seasonal variation in seawater conductivity around Songsong Island. During the 

SWM (Fig. 3(a)), conductivity values range from approximately 51-53 mS/cm, with lower conductivity 

detected near the southern stations such as S1 and S2, likely influenced by increased freshwater input from 

rainfall and runoff in this monsoon period. This dilution effect reduces the concentration of ions in seawater, 

resulting in lower conductivity, which is consistent with the observed lower salinity values during this 

season (Tan et al., 2023). 

   
(a) (b)  
Fig. 3. Contour map of Conductivity during (a) SWM and (b) NEM 
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In contrast, the NEM in Fig. 3(b) exhibits generally higher conductivity values up to around 54.0 

mS/cm especially concentrated near stations S8 and S9. This pattern is associated with drier atmospheric 

conditions and reduced freshwater influx, allowing seawater to retain more dissolved salts and ions, thus 

increasing conductivity (Mondal et al., 2010). The spatial gradient from higher to lower conductivity zones 

suggests limited mixing in nearshore waters and highlights areas of greater marine ionic concentration 

during this period. According to statistical analysis (two-way ANOVA), there are no significant differences 

between monsoon season (p = 0.806, p > 0.05), which are both controlled by seasonal monsoon-driven 

hydrological processes such as rainfall, evaporation, and freshwater discharge. Conductivity can therefore 

serve as a reliable proxy for assessing coastal salinity dynamics, particularly in small island ecosystems 

where seasonal freshwater fluxes are pronounced.  

Besides, Dissolved Oxygen (DO) levels that were shown in Table 2 were notably higher during the 

NEM compared to SWM. During the SWM (Fig. 4(a)), DO levels across most stations range between 7.30 

and 8.02 mg/L, with slightly lower concentrations observed in central zones, especially near stations S4 

and S6. This reduced DO may be linked to higher seawater temperatures during this season (above 30°C), 

which decreases oxygen solubility and increases microbial respiration rates, resulting in lower available 

oxygen in the water column (Ahmad et al., 2023). In contrast, the NEM Fig. 4 (b) exhibits higher and more 

stable DO concentrations, particularly around station S2, reaching up to 8.4 mg/L. The DO-rich zones in 

this season can be attributed to cooler temperatures, which enhance oxygen solubility, and potentially 

greater vertical mixing due to wind activity, allowing oxygen-rich surface water to mix into deeper layers 

(Tan et al., 2022). 

  
 

(a) (b)  

Fig. 4. Contour map of DO during (a) SWM and (b) NEM 

The maps also show that DO distribution tends to form localized zones, indicating that station-specific 

biological activity (phytoplankton photosynthesis or organic matter decay) may also influence oxygen 

availability. The observed pattern aligns with the statistically significant seasonal variation in DO with (p= 

4.27x10-4, p < 0.05) Fig. 4 confirming that seasonality plays a major role in shaping the oxygen dynamics 

around Songsong Island. 

Furthermore, as shown in Table 4.1, pH values differed between the two monsoon periods, with slightly 

higher values recorded during the SWM (7.96 ± 0.02) compared to the NEM (7.91 ± 0.03). Although the 

observed variation is small, it may reflect seasonal influences such as changes in biological activity, 

photosynthetic processes, and freshwater input, all of which can modify seawater carbonate chemistry. A 

slight decrease in pH during the NEM in Fig. 5(b) is likely associated with cooler water temperatures and 

an increased contribution of dissolved CO₂. Statistical analysis of pH indicated that this variation has a 
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significant difference (p= 5.86x10-4, p < 0.05). Nevertheless, even minor fluctuations in seawater pH can 

have ecological implications, particularly for calcifying organisms such as corals and mollusks, as reduced 

pH conditions may interfere with calcification processes, including shell and skeletal formation. 

Next, based on Fig. 6, the salinity distribution shows a statistically significant difference between 

monsoon seasonal (p= 1.32 × 10-2 < 0.05) and an increase from SWM (29.54–31.13 ppt; mean 30.72 ± 0.42 

ppt) to NEM (30.63–31.54 ppt; mean 31.20 ± 0.30 ppt), likely influenced by reduced freshwater input or 

increased saline intrusion during the drier NEM. According to Wong & Li (2020), rainfall can significantly 

influence salinity levels in seawater, particularly in coastal and estuarine environments, where the balance 

between freshwater and seawater is more sensitive.  

 
(a) 

 

 
(b) 

 

Fig. 6. Contour map of salinity during (a) SWM and (b) NEM 

 

Moreover, Zainudin et al. (2022) stated that the influx of large volumes of freshwater will dilute the 

concentration of dissolved salts, leading to a decrease in salinity, especially in the surface water layer. 

During NEM seasons, the reduction in freshwater input, combined with increased evaporation, can lead to 

higher salinity values due to the concentration of salts in the remaining seawater. This statement was 

supported by Tan et al. (2023) who stated that SWM, often associated with heavier rainfall in the western 

coastal zones, tends to lower salinity values in nearshore waters, while the NEM, which brings less rainfall 

to the west coast, may allow salinity to rise slightly due to reduced freshwater dilution. 
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(a) (b)  

Fig. 7. Contour map of temperature during (a) SWM and (b) NEM 

In addition, coastal tropical temperatures during NEM would range from 28°C to 30°C. Meanwhile, 

the SWM values are reported within a realistic tropical range of 30.53°C to 30.99°C, consistent with warmer 

sea surface temperatures during this season. From Fig. 7(a) above, the temperature during the SWM is 

lower than the temperature during the northwest monsoon season. This is because the process of upwelling 

that happens in the seawater during NEM. Extreme upwelling events can cause near-surface temperatures 

to drop dramatically within a short period (Wirasatriya et al., 2023.) The temperature is strongly validated 

by a highly significant difference between monsoon seasons (p= 4.92 × 10⁻¹¹, p > 0.05).  

In Table 2, the TAN concentrations during the NEM were significantly elevated (0.687–1.813 mg/L, 

mean 1.02 ± 0.31 mg/L) compared to the SWM (0.018–0.078 mg/L, mean 0.04 ± 0.02 mg/L). This increase 

suggests higher nutrient loading during the NEM, potentially due to runoff, upwelling, or anthropogenic 

sources such as agricultural or urban discharge. During the SWM shown in Fig. 8 (a), TAN concentrations 

remain very low and uniform, with minimal spatial variation observed across all stations. This pattern is 

likely due to higher rainfall and water mixing, which dilute nutrient concentrations and enhance dispersion, 

thereby limiting ammonia accumulation in coastal waters (Zainudin et al., 2022). 

   

(a) (b)  

Fig. 8. Contour map of TAN during (a) SWM and (b) NEM 
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Conversely, the NEM Fig. 8(b) reveals significantly elevated TAN levels, particularly around station 

S11, where concentrations exceed 1.813 mg/L. The map shows a strong concentration gradient, indicating 

localized nutrient accumulation possibly linked to limited freshwater inflow, reduced vertical mixing, and 

retention of organic matter, which leads to enhanced ammonification processes. The lower rainfall during 

the NEM reduces flushing of coastal waters, allowing ammonia derived from organic decay, sewage, or 

land runoff to accumulate in the water column (Tan et al., 2023). This seasonal difference in TAN 

distribution aligns with the statistical findings in Table 4.1, where TAN shows a significant seasonal 

variation (p= 2.91 × 10-4, p < 0.05). High TAN levels during the dry season may also lead to an upwelling 

event at the Northern Strait of Malacca. The presence of a seasonal cyclonic eddy during the NEM also 

contributes to upwelling, enhancing nutrient availability and supporting higher primary productivity 

(Mandal et al., 2021). 

Lastly, PO₄³⁻ concentration levels exhibited the opposite trend (Table 4.1). During the SWM, 

concentrations were higher (0.19 ± 0.08 mg/L) compared to the NEM (0.050 ± 0.001 mg/L) with a 

significant difference (p= 4.79 x10-7, p < 0.05), suggesting a seasonal difference in nutrient cycling. The 

distribution of PO₄³⁻ in the waters surrounding Songsong Island exhibits notable seasonal variation, as 

illustrated in Fig. 9. During the SWM (Fig. 9(a)), PO₄³⁻ concentrations were more spatially varied, with 

elevated levels particularly observed around Station S12. This pattern may be attributed to increased 

terrestrial runoff, organic matter input, and potentially limited flushing mechanisms, all of which are 

common during the heavy rainfall period of the SWM (Hashim et al., 2022). Elevated PO₄³⁻ levels in coastal 

waters are often linked to decomposition of organic matter, wastewater discharge, and anthropogenic 

nutrient loading, which can trigger localised eutrophication and deteriorate water quality (Ismail et al., 

2023).  

  
 

(a) (b)  
Fig. 9. Contour map of PO₄³⁻ during (a) SWM and (b) NEM 

In contrast, during the NEM in Fig. 9 (b), PO₄³⁻ levels appeared to be more uniform and generally lower 

across all stations. This may result from enhanced water circulation and mixing, which promote dilution 

and dispersion of nutrients (Azmi et al., 2021). The reduced concentrations during this period suggest lesser 

nutrient accumulation and improved water quality, aligning with typical seasonal hydrodynamic patterns 

observed in tropical marine environments. These findings underscore the seasonal influence on phosphate 

dynamics and highlight the need for continuous monitoring, especially during periods prone to nutrient 

enrichment.  
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CONCLUSION 

In conclusion, this study has achieved the first objective of examining the change pattern of 

physicochemical properties in the coral reef ecosystem of Songsong Island. Clearly, this study provides a 

deeper understanding of the nature of each physicochemical chemistry. The process of fluctuation of 

physicochemical parameters of seawater is closely related to the upwelling process due to seasonal 

monsoon factors. The upwelling process during NEM really affects the study area and changes the water 

parameters. Two-way ANOVA analyses confirmed that there is no significant difference between sampling 

stations, while there are significant differences between monsoon seasons (p < 0.05) except for 

conductivity. Therefore, this study recommends that seawater quality monitoring be carried out 

continuously covering both monsoon seasons to understand the seasonal variations for each parameter such 

as salinity, conductivity, temperature, DO, TAN, phosphate, alkalinity, pH, fugacity, aragonite and calcite. 

These parameters need to be monitored consistently because long-term monitoring will provide trends for 

easy understanding of seawater quality conditions as well as dynamic climate changes that will occur in 

Songsong Island in the future.  
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