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Relationship between organic pollution, microbial indicators, and surface water quality in the Can Gio estuary, Vietnam



ABSTRACT
This study re-analyzes a surface water quality monitoring dataset from the Can Gio estuary, Vietnam, to clarify the relationships among organic pollution, microbial contamination, and water quality in a mangrove estuarine system influenced by both natural processes and human activities. The dataset was obtained from 14 sampling sites surveyed during two periods representing the dry season (March 2023) and the rainy season (September 2023). Parameters considered include DO, BOD₅, COD, NH₄⁺, NO₂⁻, PO₄³⁻, total Coliform, and Escherichia coli. The results showed that water quality fluctuated significantly with the seasons, with BOD₅ and COD being higher in the dry season, and DO tending to be slightly higher in the rainy season. Spatially, organic pollution was unevenly distributed among sites, with some points showing markedly higher organic loads, suggesting the influence of aquaculture, household wastewater, and local anthropogenic activities. Among the nutrient parameters, NO₂⁻ showed the clearest seasonal variation, while NH₄⁺ and PO₄³⁻ showed less variation. Microbial indicators remained high in both seasons, with E. coli in particular tending to fluctuate more strongly in the rainy season, reflecting the combined impact of on-site discharge and runoff from inland areas. Analysis of the relationship between BOD₅ and DO reveals a weak correlation trend at the sampling point scale, suggesting that DO in estuarine systems is governed not only by organic loads but also by hydrodynamic factors and other environmental conditions. In general, the results of the study show that the Can Gio estuary system is under pressure from mixed organic and microbial pollution, in which the dry season is a more sensitive period for the accumulation of organic loads. The study provides a scientific basis for water quality monitoring, warning and management in tropical mangrove estuarine systems in Vietnam
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1. INTRODUCTION	
Estuarine ecosystems and mangroves are dynamic transition zones between freshwater and saltwater, where intense biogeochemical processes related to nutrient cycling, organic matter decomposition, microbial respiration, carbon storage, and water quality regulation take place. Within these systems, microbial communities not only reflect environmental conditions but also contribute directly to important ecosystem services, including organic matter transformation, maintenance of biological productivity, and the self-purification capacity of water bodies (Crump & Bowen,  2024). Recent studies in Vietnam have also shown that mangrove ecosystems can contribute to biofiltration, pollutant retention and improvement of some water quality characteristics, although this effect is highly dependent on hydrodynamics, pollutant inputs and habitat structure (Nguyen et al.,  2026). However, coastal estuarine systems are currently under increasing pressure from aquaculture, domestic wastewater, water transportation, urban development and land-use activities in the basin. Wastewater from aquaculture often contains high levels of organic matter, nitrogen, phosphorus, suspended solids and biological agents; when discharged into receiving waters, these components can increase oxygen demand, promote eutrophication, cause local oxygen deprivation, and degrade water quality (Liu et al., 2024). In Vietnam, many recent studies have documented strong spatial and temporal fluctuations in surface water quality in rivers, canals and coastal areas; and have shown that organic, nutrient, and microbial pollution remain major pressure factors that need to be monitored regularly (Giao et al., 2021; Ha et al., 2021; Ha et al., 2025).
In that context, the assessment of water quality should not stop at each individual indicator. Parameters such as BOD₅, COD, ammonium, nitrite, phosphate, DO, Coliforms, and Escherichia coli have a close functional relationship through microbiological respiration, organic matter decomposition, nitrogen metabolism, and flow transport of matter. High organic loads often lead to increased oxygen consumption and facilitate the growth of microorganisms; conversely, the structure and activity of the microbiome also determine the rate of mineralization and metabolism of pollutants in estuarine systems (Crump & Bowen, 2024; Liu et al., 2024). Thus, an integrated approach between organic contamination, microbial contamination and oxygen dynamics would provide greater explanatory value for understanding underlying mechanisms than using mere aggregate indicators or individual evaluation thresholds. 
In tropical mangrove estuaries, seasonal changes make the interactions among water quality parameter groups even more complex. Factors such as rainfall, upstream runoff, tidal exchange, salinity, disturbance in the water column, and exchanges between water and sediment can all drive strong variations across both space and time. Evidence from the Sundarban system shows that water quality in mangrove estuaries can shift markedly from one season to another, and even from year to year, under the combined effects of climate, hydrology, and waste inputs (Mondal et al., 2024). In Vietnam, research in Hung Yen mangrove forest also shows that aquaculture-related waste sources can govern water quality, while the mangrove system itself still exhibits a role in biofiltration and pollution reduction under certain conditions (Nguyen et al.,  2026).
The Can Gio Mangrove Biosphere Reserve is a particularly important study area. In addition to the value of biodiversity and environmental protection for the downstream area of Ho Chi Minh City, this area also maintains many economic activities such as aquaculture, fishing, salt production, trade and tourism. Therefore, environmental pressures in this area are multi-sourced and persistent. Previous studies in Can Gio have also shown that the phytoplankton communities and physicochemical conditions of the water are strongly influenced by salinity, turbidity, nutrients and seasonal fluctuations (Pham, 2017, 2019). At the same time, pore water exchange, carbon transport, and nutrient dynamics processes in Can Gio mangrove waters have also been noted to be closely dependent on tidal cycles, seasonality, and vegetation distribution (Taillardat et al., 2018, 2019).
Recent results in the same study area show that surface water quality in the Can Gio estuary has significant seasonal fluctuations. Trung et al. (2025) observed elevated levels of organic pollution indicators, specifically BOD₅ and COD, during the dry season. Furthermore, Trung et al. (2026) established that the overall water quality, as assessed by the WQI, typically resided within the moderate to good classification, notwithstanding the presence of localized pollution hotspots linked to anthropogenic activities. Nevertheless, the majority of current research predominantly concentrates on delineating physico-chemical characteristics or employing composite indices for the classification of water quality. Studies examining the relationships among organic pollution, microbial contamination, and oxygen dynamics in the context of mangrove estuaries remain limited. This is an important gap, as environmental management based on WQI alone or on individual parameters may not be enough to identify the mechanism of water quality degradation and the priority source of impact. 
On that basis, this study aims to re-analyze the set of seasonal monitoring data in the Can Gio estuary system in order to: (i) describe seasonal and spatial fluctuations of physicochemical and microbiological parameters in surface water; (ii) examine the relationships among organic pollution indicators, microbial indicators, and dissolved oxygen; and (iii) provide a scientific basis for monitoring, warning, and management of water quality in an estuarine system that is simultaneously affected by natural processes and human activities. This approach not only adds a mechanism perspective to previous assessment results in Can Gio, but also provides a useful reference for other tropical mangrove estuarine systems in Viet Nam.
2. METHODOLOGY
2.1. Study area and data source
This study was conducted for the Can Gio estuary, Ho Chi Minh City, Vietnam. This study is a secondary analysis of existing surface water quality data. The dataset comes from two published studies, which used data from 14 sampling sites (CG1-CG14). These sites were sampled in March 2023, during the dry season, and again in September 2023, during the rainy season. These sites represent different environmental settings, including river mouths and aquaculture-affected areas (Figure 1). (Thai, 2023; Trung et al., 2025, 2026).
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Figure 1. Sample collection sites (Thai, 2023; Trung et al, 2025, 2026)
2.2. Original analytical procedures and data analysis
The original sampling and analytical methods were described in detail in the source studies (Thai, 2023; Trung et al., 2025, 2026). Water quality assessment followed the guidelines of QCVN 08:2023/BTNMT and QCVN 10:2023/BTNMT (MONRE, 2023a, 2023b). DO and pH levels were measured using a HI98198 meter (Hanna Instrument, Romania), while turbidity and salinity were measured using an Orion instrument (USA). Furthermore, concentrations of COD, BOD₅, TSS, ammonia, nitrite, and phosphate were analyzed according to the Standard Methods for the Examination of Water and Wastewater (APHA, 2005). The results for each parameter were based on three separate measurements.. In the present study, the published numerical data were reorganized and interpreted using descriptive statistics and graphical methods to compare seasonal and spatial variation in DO, BOD₅, COD, NH₄⁺, NO₂⁻, PO₄³⁻, total Coliform, and E. coli. The regression shown in Figure 6 was used for descriptive purposes only. 
3. RESULTS AND DISCUSSION
3.1. Seasonal fluctuations of water quality parameters
The results in Figure 2 show that the surface water quality at the Can Gio estuary varies clearly between seasons: DO tends to be slightly higher in the rainy season, while BOD₅ and COD increase significantly in the dry season. This pattern is consistent with previous research on the same dataset, in which COD and BOD₅ were both significantly higher during the dry season, averaging 51.2 and 29.6 mg of O₂ L-1, respectively, compared to 42.7 and 23.7 mg of O₂ L-1 in the rainy season; and most of the parameters had statistically significant seasonal differences. This result suggests that the dry season is a period during which the system is more prone to organic load accumulation due to low flow, longer water retention time, and impaired self-cleaning capacity. Similar patterns have been observed in other mangrove estuarine environments. During the rainy season or monsoon, water quality usually improves because of increased dilution, better mixing, and more water exchange. However, the degree of this improvement depends significantly on the interaction of hydrology, tidal patterns, and water flow from the surrounding area (Mondal et al., 2024; Trung et al., 2025).

Figure 2. Seasonal variation of DO, BOD₅, COD in surface water of the Can Gio estuary, Vietnam. Boxplots show the median, interquartile range, and full data range for dry and rainy seasons, highlighting higher organic pollution and lower dissolved oxygen levels during the dry season.
Regionally, the findings from Can Gio align with numerous surface water investigations conducted in Vietnam. These studies frequently observe a pronounced escalation in organic and nutrient pollution indicators within water bodies impacted by domestic wastewater, aquaculture practices, and anthropogenic activities situated along riverbanks and estuarine boundaries. For instance, research undertaken in Dong Thap has identified BOD₅, COD, NH₄⁺, PO₄³⁻, total Coliforms, and E. coli as significant markers of water quality deterioration (Giao et al., 2021). The longitudinal investigation spanning from 2013 to 2023 within the same province revealed instances where all collected samples surpassed the established limits for BOD₅, NH₄⁺, and E. coli. This observation suggests that the seasonal changes seen in Can Gio are not unique. Instead, they reflect a broader pattern seen in tropical surface water systems in Vietnam, which are affected by human activities (Ha et al.,  2025).
3.2. Spatial characteristics of organic pollution
Figure 3 shows that organic pollution is not evenly distributed among sampling sites. BOD₅ and COD were both higher in the dry season at most points, but the sharp increases were more concentrated in some locations such as CG9-CG12. This finding is consistent with the WQI paper on the same area, in which the parameters causing water quality degradation are mainly organic and microbiological groups, while points near aquaculture and human activities such as CG5, CG8, CG9, CG10, CG11 and CG12 have lower WQI than the rest of the sites. Therefore, the organic pollution in Can Gio shows both seasonal changes and a clear spatial pattern, with "hot spots" linked to human activities (Trung et al., 2026).

Figure 3. Spatial variation of biochemical oxygen demand (BOD₅) and chemical oxygen demand (COD) across 14 sampling sites (CG1 - CG14) in the Can Gio estuary, Vietnam. Bars represent concentrations in the dry and rainy seasons.
Comparison with studies in Vietnam shows that this pattern is quite typical. In Dong Thap, areas with concentrated socio-economic activities often have poor water quality (Giao et al., 2021). Long-term studies have shown that human activities, along with water conditions, are the main causes of pollution (Ha et al., 2025). Also, in the Hung Yen mangrove forest, PCA (Principal Component Analysis) showed that aquaculture significantly contributes to pollution, while also highlighting the mangrove ecosystem's role in natural biofiltration (Nguyen et al., 2026). Therefore, in Can Gio, points with high BOD₅/COD should be discussed in terms of two interacting causes: local waste sources from domestic and farming, and differences in water exchange and dilution capacity between estuarine branches.
3.3. Characteristics of nutrient compounds
Figure 4 shows that NO₂⁻ is the parameter showing the strongest seasonal response, with higher concentrations during the dry season and significantly reduced in the rainy season, while NH₄⁺ and PO₄³⁻ fluctuate more narrowly. This result is consistent with previous physicochemical studies in Can Gio, where nitrites exceeded the standard at 71% of locations in the dry season, while ammonium and phosphate were generally within the allowable threshold and more stable across seasons. Consequently, the data imply that NO₂⁻ serves as a more responsive indicator of fluctuations in oxidation-reduction states and water residence time within estuarine environments. In contrast, Trung et al. (2025) showed that the concentrations of NH₄⁺ and PO₄³⁻  are affected by leaching, sediment adsorption, and dilution, all at the same time.

Figure 4. Shows how the concentrations of nutrients (NH₄⁺, NO₂⁻, and PO₄³⁻) in the surface water of the Can Gio estuary, Vietnam, changed with the seasons. Boxplots show the median and spread of data for both dry and rainy seasons. The higher levels of NO₂⁻ seen in the dry season suggest that nitrification might be limited by low levels of dissolved oxygen.
Recent studies of water quality in coastal wetlands have shown that nutrient levels in estuarine systems are often affected by a combination of different stressors. These include changes in land use, agricultural runoff, urban development, port operations, variations in rainfall, and rising sea levels.. At the same time, aquaculture wastewater is known to contain organic matter, nitrogen, phosphorus, and biological components simultaneously, which can exacerbate eutrophication and lack of oxygen in receiving waters. Thus, the apparent decrease in NO₂⁻ during the rainy season in Can Gio can be seen as a consequence of better oxidation conditions and an increase in water exchange, while the less pronounced differences in NH₄⁺ and PO₄³⁻ suggest that biogeochemical processes may be offsetting one another at the scale of the available data (Goutami & Patil,  2025).
3.4. Characteristics of microbial pollution
As illustrated in Figure 5, total Coliforms levels remained elevated throughout both seasons, whereas E. coli exhibited more pronounced fluctuations and greater dispersion during the rainy season. The observed microbial contamination in Can Gio appears to be affected by both local sources and seasonal runoff, possibly originating from land and aquaculture operations. This observation is consistent with studies in the Xuan Thuy mangrove forest, where researchers documented substantial fluctuations in the diversity and decline rates of fecal indicator bacteria, depending on the prevailing environmental conditions within estuarine mangrove ecosystems. In addition, this finding aligns with a protracted study conducted in Dong Thap, where E. coli levels exceeded the permissible threshold in 95.5% of the instances analyzed, thus designating it as a principal contaminant (Nguyen et al., 2022).

Figure 5. Seasonal variation of microbial indicators (total Coliform and Escherichia coli) in surface water of the Can Gio estuary, Vietnam. Boxplots illustrate spatial variability between dry and rainy seasons, with increased microbial abundance in the rainy season likely associated with runoff from surrounding land and aquaculture areas.
Comparative analyses with global and regional scholarship further substantiate this perspective. A recent examination of aquaculture wastewater highlights its composition, which is characterized by an abundance of organic matter and nutrients; however, it also contains biological pollutants, thereby elevating the potential for both water quality degradation and adverse environmental health consequences within the affected region. Consequently, the consistently elevated total Coliforms levels detected in Can Gio throughout both seasons, combined with the more significant variations in E. coli concentrations observed during the rainy season, suggest a complex contamination scenario. This scenario likely involves a persistent background source originating from domestic and agricultural practices, in addition to a diffuse source associated with runoff during the rainy season (Liu et al.,  2024).
3.5. Relationship between organic pollution and dissolved oxygen
At the seasonal scale, the dry season tended to be associated with higher BOD₅/COD and lower DO; but at the point-by-point spatial scale, BOD₅ alone is insufficient to explain DO fluctuations. This interpretation is consistent with the 2025 Can Gio study, which reported more severe organic pollution during the dry season and suggested seasonal oxygen stress, but it does not imply a strong negative linear relationship between BOD₅ and DO at every site (Trung et al., 2025).

Figure 6. Relationship between biochemical oxygen demand (BOD₅) and dissolved oxygen (DO) in surface water of the Can Gio estuary, Vietnam. Points represent dry and rainy seasons. Linear regression indicates a weak positive relationship between BOD₅ and DO.
From the perspective of estuarine ecology, this is a reasonable result. Recent reviews show that coastal wetlands and estuarine water quality are simultaneously influenced by rainfall, tides, salinity, water stratification, photosynthesis, respiration, atmospheric exchange, and loads from the basin. The study in Sundarban also shows that water quality can fluctuate drastically with both seasons and years under the influence of climate and hydrology. Therefore, for Can Gio, DO should be seen as a variable that reflects the combined impact of organic loads and the hydrodynamic context, rather than being determined by BOD₅ alone. 
3.6. Relationship between organic and microbial pollution
When comparing Figure 3 and Figure 5, it can be seen that organic pollution and microbial pollution tend to co-occur in areas strongly affected by human activities, but their magnitudes were not uniform across all sites. Some locations with high BOD₅/COD also show high microbial densities, especially during the rainy season, suggesting a synergy between organic waste, domestic wastewater, and leaching runoff from farms or residential areas.
However, this association should be interpreted as suggestive rather than strong, as the current graph does not provide a direct statistical analysis between organic and microbiological indicators. In other words, microbial pollution in Can Gio likely reflects not only the amount of biodegradable organic matter, but also inputs from fecal waste and domestic wastewater entering the system directly. This is an important point to expand the discussion towards mixed emission sources, rather than just associating microbial pollution with BOD₅/COD.
4. CONCLUSION
The results of the study show that the surface water quality at the Can Gio estuary varied significantly across seasons and among sites, in which the dry season tends to accumulate stronger organic pollution with higher BOD₅ and COD, and lower DO than in the rainy season; at the same time, organic and microbial pollution is not evenly distributed but is more concentrated in some points subject to anthropogenic impacts such as aquaculture, household wastewater discharge, and riverside activities. Among the nutrient parameters, NO₂⁻ is the parameter that best reflects seasonal differences, while total Coliforms and E. coli indicate a persistent risk of microbial contamination in both seasons. In general, the Can Gio estuary system is under pressure from mixed organic and microbial pollution, so it is necessary to prioritize monitoring these indicators at pollution hotspots and during the dry season to serve more effective management and protection of surface water quality.
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