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- Highlight:
✓ The assessment of coastal water quality in Bai Tu Long National Park

was conducted by evaluating physical, chemical, and biological
parameters.

✓ Most of the parameters fell within the limits established by QCVN
10:2023/BTNMT, indicating that water quality supports the life
activities of aquatic organisms. However, the total coliform levels
exceeded the allowable limit.

✓ One significant contributor to coastal seawater pollution is waste from
aquaculture activities. To address this issue, effective measures are
needed to improve water quality and better manage aquaculture
operations in the Bai Tu Long National Park area.

- Abstract: Coastal seawater quality plays an important role in protecting the 
organisms and life of marine ecosystems. This study evaluates the quality of coastal 
seawater in Bai Tu Long National Park through field measurements and laboratory 
analyses. The assessment is based on physical, chemical, and biological parameters, 
and the results are compared to the standards outlined in QCVN 10:2023/BTNMT. 
The research team surveyed the research area and selected 25 sampling locations 
along the coast, encompassing both large and small islands in the Bai Tu Long 
National Park. According to the measurement and analysis results, the average 
temperature and salinity of coastal seawater are 27.03 ± 0.46°C and 25.69 ± 1.69‰, 
respectively; the average values of pH, TSS, and DO are all within the permissible 
limits. The coastal seawater environment is of high quality to protect the underwater 
habitat through the pH, DO, and TSS parameters. When compared to the standard, the 
Fe and P parameters are significantly lower than the permissible limit, safeguarding 
human health and the marine ecosystem. However, the 8% proportion of low DO 
readings (<5 mg/L) indicates localized hypoxic conditions, necessitating ongoing site-
specific monitoring. The total coliform density in seawater exceeded the allowable 
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limit, with an average density of 1414 ± 266 MPN/100 mL. The primary source of 
biological pollution in this area is the waste from aquaculture, particularly from fish 
and mollusk cages. During the sampling, it was observed that the fish in the cages 
were infected with fungal diseases. It is crucial to take timely measures to address 
pollution and implement effective solutions for managing the discharge of aquaculture 
waste in the Bai Tu Long National Park area.

Keywords: Bai Tu Long National Park, coastal seawater quality, biological 
pollution, Coliform.

1. INTRODUCTION
Marine ecosystems are the largest aquatic ecosystems in the world. Coastal 

regions support numerous vital marine ecosystems that significantly contribute to 
human activities, both industrial and recreational. These ecosystems serve as critical 
habitats for numerous fish and other marine organisms, which are important food 
sources for other components of marine ecosystems, as well as food sources for 
humans [1]. People believe that the biodiversity of coastal areas surpasses that of open 
seas [2]. The quality of coastal seawater plays a vital role in protecting the organisms 
and life of marine ecosystems, as well as the health of people in the region and the 
safety of industries such as aquaculture. However, the influence of human activities 
has altered this area over time [3]. Excessive nutrient inputs from anthropogenic 
sources often lead to global issues such as eutrophication and harmful algal blooms, 
posing serious threats to coastal marine ecosystems [4]. 

Marine environmental quality assessments are often carried out by measuring 
the causes of pollution and impacts on the marine ecosystem. Data from monitoring 
programs serve multiple purposes: compliance monitoring to ensure pollutant levels 
remain within legal limits, model validation to predict environmental effects, and 
trend analysis for detecting long-term change. Marine water quality monitoring 
programs include the collection of data on physical, chemical, and biological 
variables, such as salinity, turbidity, dissolved oxygen (DO), chlorophyll a, and total 
coliform bacteria. Additionally, assessments of marine water quality also take 
socioeconomic data into account [5].

Bai Tu Long National Park, located in the coastal area of the Van Don district, 
Quang Ninh province, is one of the seven national parks with a sea area in Vietnam. 
This place possesses high biodiversity value and an extremely unique landscape. The 
ASEAN Center for Biodiversity recognized the National Park as an ASEAN Heritage 
Park in 2017 because it satisfied six criteria: ecological integrity, representativeness, 
naturalness, high conservation value, conservation management plan, and legality. 
The total natural area of Bai Tu Long National Park spans 15,783 hectares, 
encompassing both medium terrestrial and sea areas. This area preserves the unique 
characteristics of the Northeast marine and island ecosystem, home to a variety of 
species, including endangered and precious species, which are considered rare 
according to conservation classification scales recognized by Quang Ninh province, 
Vietnam, and the world. At the same time, Bai Tu Long National Park provides 
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numerous benefits for human economic and recreational activities, including 
aquaculture, fishing, and tourism. According to Bai Tu Long National Park's 
management regulations, tourism, fishing, and aquaculture activities are conditionally 
permitted in specific areas of the marine reserve. Waste from aquaculture, port, and 
tourism activities is a source of marine pollution. Aquaculture operations can pollute 
nearby waters with fish wastes, uneaten food, anti-parasite chemicals, plastics, and 
antibiotics [6]. It is essential to conduct studies on the quality of the coastal marine 
water environment in this area.

This study focused on monitoring the coastal marine water quality in Bai Tu 
Long National Park, specifically examining the following parameters: salinity, 
turbidity, pH, dissolved oxygen (DO), total suspended solids (TSS), total nitrogen 
(TN), total phosphorus (TP), total iron (Fe), total coliform, and chlorophyll-a. The 
results from field measurements and laboratory analysis were closely compared with 
the limit values stated in the National Technical Regulation on Seawater Quality 
(QCVN 10:2023/BTNMT). This comparison aimed to evaluate the quality of coastal 
seawater in Bai Tu Long National Park. Through this, the impact of human activities 
on the coastal seawater environment here can be assessed. The assessment of the 
current state of the coastal seawater environment is the basis for the protection of 
habitats for organisms in the marine ecosystem, and informing conservation efforts in 
Bai Tu Long National Park.

2. MATERIALS AND METHODS
2.1. Research materials
The research team surveyed the research area and selected 25 sampling 

locations along the coast, encompassing both large and small islands in the Bai Tu 
Long National Park. These locations are representative of the coastal waters within 
the park. Figure 1 and Table 1 display the sampling locations and their coordinates. 
The survey and sampling were carried out in October 2024.

Table 1. Coordinates of sampling points

Sample 
symbol Coordinates Sampling location

BTL01 20.977322oN, 107.479544oE West of Tra Ban island, near Cap Island

BTL02 20.972983 oN, 107.484589 oE West of Tra Ban island, an aquaculture 
area

BTL03 20.985958 oN, 107.477222 oE West of Tra Ban island

BTL04 21.075647oN,  107.496639oE West of Soi Nhu island, an aquaculture 
area

BTL05 21.055069oN,  107.533517oE Near Lao Vong fishing village, an 
aquaculture area
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Sample 
symbol Coordinates Sampling location

BTL06 21.064800oN,  107.536333oE South of Tra Ngo Lon island, near an 
aquaculture area

BTL07 21.075083oN,  107.532083oE South of Tra Ngo Lon island

BTL08 21.123611oN,  107.550306oE South of Tra Ngo Nho island, near an 
aquaculture area

BTL09 21.141028oN,  107.576114oE West of Tra Ngo Nho island

BTL10 21.171500oN,  107.616611oE West of Tra Ngo Nho island

BTL11 21.148333oN,  107.617861oE West of Sau Nam island

BTL12 21.120889oN,  107.605583oE West of Sau Nam island

BTL13 21.099611oN,  107.605583oE Near Da Ay island, north of Ba Mun 
island

BTL14 21.074306oN,  107.588000oE North of Ba Mun island, the west coast

BTL15 21.050583oN,  107.581028oE North of Ba Mun island, the west coast

BTL16 21.036944oN,  107.580306oE The central area of Ba Mun island, the 
west coast

BTL17 21.029583oN,  107.578500oE East of Ba Mun island, northwest of 
Lach Che ranger station

BTL18 21.014222oN,  107.569861oE East of Ba Mun island, southwest of 
Lach Che ranger station

BTL19 21.001056oN,  107.564806oE South of Ba Mun island, the west coast

BTL20 20.989083oN,  107.568361oE South of Ba Mun island, west coast, West

BTL21 20.977028oN,  107.561611oE O Lon lagoon area, Ba Mun island

BTL22 20.992056oN,  107.555333oE Southwest of Ba Mun island

BTL23 21.008139oN,  107.559583oE Northeast of Tra Ban island

BTL24 21.033944oN,  107.561806oE Between Ba Mun island and Tra Ban 
island, near Soi island

BTL25 21.044500oN,  107.558528oE South of Tra Ban island
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Figure 1. Diagram of coastal seawater sampling points in Bai Tu Long National Park

2.2. Research methodology
At each point, take at least 3 samples at depths of 0.5m, 1m and 2m, then mix 

well and take 1 representative sample for the sampling point. At each point, water 
samples were collected in accordance with TCVN 6663-1:2011 and TCVN 5998:1995 
standards. The water samples were preliminarily treated and preserved following 
TCVN 6663-3:2016, TCVN 6663-3:2016 standards. Parameters such as temperature, 
salinity, turbidity, pH, and dissolved oxygen (DO) were measured in the field using 
the TOA WQC multiparameter water quality meter. The parameters of total suspended 
solids (TSS), total nitrogen (TN), total phosphorus (TP), total iron (Fe), total coliform, 
and chlorophyll a were analyzed in the laboratory with the method presented in Table 2. 

Table 2. Methods of analyzing water quality indicators

Parameters Units of 
measurement Analytical Methods

Total Suspended Solids (TSS) mg/L TCVN 6625:2000

Total Nitrogen (TN) mg/L TCVN 6638:2000
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Parameters Units of 
measurement Analytical Methods

Total Phosphorus (TP) mg/L TCVN 6202:2008

Total Iron (Fe) mg/L TCVN 6177:1996

Total Coliform MPN/100 mL TCVN 6187-2:2020

Chlorophyll-a mg/m3 TCVN 6662:2000

2.3. Data processing method
The results were analyzed using Excel and SPSS 20 software to calculate the 

mean and standard deviation (SD) of the measured data and to create a graph 
displaying the calculated values. Following this, the values of environmental 
parameters are compared with the National Technical Regulation on Seawater Quality 
(QCVN 10:2023/BTNMT) to assess the quality of the coastal seawater in Bai Tu Long 
National Park.

To evaluate the stability of water quality parameters, we will analyze the 
coefficient of variation (CV). The CV is calculated using the formula: 

𿿿ܸ = ௌ஽
ெ௘௔௡

%100 ݔ  (1)

where: CV: the coefficient of variation;
SD: the standard deviation;
Mean:the average value of the parameter.

Assuming a normal distribution, we can estimate the probability of exceeding 
the standard threshold by using the Z-score, which can be found in the standardized 
normal distribution table. The formula for calculating the Z-score is as follows: 

݁ݎ݋ܿݏܼ = ௑ೞ೟ିெ௘௔௡
ௌ஽

   (2)

where:  Zscore: provisional Z-score
Xst: standard threshold value;
SD: the standard deviation;
Mean:the average value of the parameter

3. RESULTS
Physical Parameters
Temperature: The average surface temperature of coastal seawater in Bai Tu 

Long National Park was 27.03 ± 0.46°C. The sampling points BTL5 and BTL7 
recorded the highest temperature of 27.90°C, while the lowest was 26.10°C at BTL16. 
In general, the seawater temperature at the coastal water surface of Bai Tu Long 
National Park is stable, with a coefficient of variation (CV) of 1.17%.
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Salinity: The salinity in seawater also showed stability, with a (CV) of 6.60%. 
The average salinity was 25.69 ± 1.69‰, ranging from 22.40‰ to 29.70‰ across the 
sampling sites, indicating stable salinity levels.

Turbidity: The turbidity value in coastal seawater shows significant variability, 
with a coefficient of variation (CV) of 36.70%. The average turbidity value in coastal 
seawater of Bai Tu Long National Park is 9.63 NTU. At BTL 11, the highest turbidity 
value recorded was 22 NTU, which was over two times higher than the average value. 
The lowest turbidity value was 5 NTU, nearly twice the average value.

Physical parameters such as temperature, salinity, and turbidity do not have 
specific limit values set by the National Technical Regulation on Seawater Quality 
(QCVN 10:2023/BTNMT). However, when the measured results are compared with 
the National Standard on Aquaculture Water-Seawater (TCVN 13951:2024), the 
coastal seawater of Bai Tu Long National Park is found to be of good quality, making 
it suitable for the growth and development of aquatic species. 

Parameters of coastal water quality for protecting aquatic habitats
pH: The average pH value of coastal seawater in Bai Tu Long National Park 

was 7.5 ± 0.05, compared to QCVN 10:2023/BTNMT, all sample points had pH 
values within the permissible quality limit value of the pH parameter to protect the 
aquatic habitat in coastal waters. In the coastal waters of Bai Tu Long National Park, 
the coastal seawater environment is stable in pH, with a (CV) of 0.67%; the pH values 
measured at 25 points range from 7.4 to 7.7.

Dissolved oxygen (DO): The average DO concentration was 5.82 ±  0.44 mg/L, 
compared to the allowable dissolved oxygen (DO) limit set by QCVN 
10:2023/BTNMT. The coastal seawater at Bai Tu Long National Park is of good 
quality and suitable for aquatic life and underwater ecosystems. The concentration of 
dissolved oxygen in the water remained stable, exhibiting a coefficient of variation 
(CV) of 7.60%. The dissolved oxygen (DO) values measured at the sampling points 
primarily fluctuated between 5.5 and 6.5 mg/L. The distribution of these values 
formed a normal curve, with a peak occurring in the range above the standard 
threshold (Figure 2). The reference line at 5 mg/L shows that only a small part of the 
frequency column is on the left, corresponding to 8% of the measuring points with 
DO lower than this threshold. The theoretical estimate of the probability of exceeding 
the standard, based on the normal distribution (Z-score = –1.86), yields a result of 
approximately 3%. This result is lower than the actual monitoring rate, indicating that 
the observed distribution is slightly skewed towards lower values than expected under 
a normal distribution. The lowest DO concentration was recorded at BTL5 (4.67 
mg/L), located within the aquaculture group, while the highest DO concentration 
occurred at BTL1 (6.44 mg/L) in the non-aquaculture group. The DO value at BTL5 
was approximately 27.5% lower than that at BTL1, highlighting a notable difference 
between sites with aquaculture activities and those without.
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Figure 2. Frequency distribution of dissolved oxygen (DO) concentration
Total suspended solids (TSS):  Total suspended solids in seawater correlate 

with phytoplankton abundance, with low TSS having high abundance [7]. The average 
TSS concentration was 7.62 ± 2.40 mg/L, much lower than the permissible limit 
according to QCVN 10:2023/BTNMT, which is 50 mg/L - the quality of seawater 
suitable for aquatic species to live. TSS of seawater samples taken in the coastal waters 
of Bai Tu Long National Park ranged from 4.30 mg/L to 12.15 mg/L (Figure 3). 
However, TSS values in coastal seawater fluctuated strongly between sampling points 
in Bai Tu Long National Park, with a coefficient of variation (CV) of 31.52%.

Figure 3. TSS in the coastal seawater of Bai Tu Long National Park
Coliform
Biological parameters are evaluated through the Coliform parameter. The 

analysis results show that the average Coliform density in seawater in the coastal 
waters of Bai Tu Long National Park was 1414 ± 266 MPN/10mL. At the sampling 
points, the Coliform density ranged from 1024 MPN/100 mL to 1815 MPN/10mL, all 
of which had Coliform values exceeding the permissible limit according to QCVN 
10:2023/BTNMT of 1000 MPN/100 mL, in which the two most frequent ranges were 
1000-1100 and 1500-1600 MPN/10 mL (Figure 4). Coliform density in coastal 
seawater of Bai Tu Long National Park was less dispersed among sampling points, 
with a (CV) of 18.78%. This result reflects widespread microbiological 
contamination, indicating a potential risk to public health and water quality.
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Figure 4. Coliform density in the seawater of the coastal zone of Bai Tu Long 
National Park

The study divided 25 sampling points into two groups to assess human impacts 
on coastal water quality: a group of sampling points in aquaculture areas (BLT2, 4-6, 
8) and a group of points in non-aquaculture areas (the remaining points). The mean 
DO concentration in aquaculture areas was 5.47 ± 0.59 mg/L, which was lower than 
that in non-aquaculture areas (5.90 ± 0.37 mg/L). The dissolved oxygen concentration 
of the group of sampling points with aquaculture activities recorded a larger variation 
(± 2SD), indicating a wider dispersion of values (Figure 5). The mean Coliform 
density at sites with aquaculture activities was 1,312 ± 234 MPN/10 mL, which did 
not differ significantly from sites without aquaculture, where the mean Coliform 
density was 1,439 ± 272 MPN/10mL (Figure 5). 

Figure 5. Comparison of dissolved oxygen and coliform concentrations between 
aquaculture and non-aquaculture areas
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Chemical and biochemical parameters
Chlorophyll a: The average concentration of Chlorophyll a in seawater in the 

coastal waters of Bai Tu Long National Park was 1.16 ± 0.44 mg/m³. Among the 25 
sampling points, point BTL6 has the lowest concentration of Chlorophyll a in 
seawater at 0.36 mg/m³, and point BTL9 has the highest concentration of Chlorophyll 
a in seawater at 1.86 mg/m³. 

Total Fe: The concentration of total Fe in coastal waters is also many times 
lower than the provisions in QCVN 10:2023/BTNMT; the average concentration of 
total iron in seawater was 0.01 ± 0.008 mg/L, nearly 50 times lower than the 
permissible limit of 0.5 mg/L. The highest and lowest total iron values recorded in 
this area were 0.01 mg/L and 0.05 mg/L, respectively. According to QCVN 
10:2023/BTNMT, in terms of total iron parameters, the seawater in the coastal waters 
of Bai Tu Long National Park is very good quality, protecting human health and 
marine ecosystems. However, iron (Fe) is an essential micronutrient for marine 
organisms, and it is now well established that low Fe availability controls 
phytoplankton productivity, community structure, and ecosystem functioning in vast 
regions of the global ocean [8]. The iron concentration in Bai Tu Long National Park 
is very low, which could negatively impact phytoplankton productivity, community 
structure, and ecosystem functioning.

Nutritional parameters: According to the analysis results, the average 
concentration of total nitrogen in seawater in the coastal waters of Bai Tu Long 
National Park was 2.35 ± 0.93 mg/L. The concentration of total phosphorus (TP) in 
seawater in the coastal waters of Bai Tu Long National Park ranged from 0.01 to 0.02 
mg/L. TP and TN are key nutrients whose excessive presence can lead to water body 
eutrophication [9]. According to QCVN 10:2023/BTNMT, only the limit value of the 
phosphate parameter (PO4

3- calculated by P) in coastal seawater is 0.2 mg/L, while 
the concentration of total phosphorus (including phosphate and other insoluble 
phosphorus forms) in seawater in coastal waters of Bai Tu Long National Park was 
0.01 ± 0.004 mg/L, lower than 20 compared to the prescribed regulations.

4. DISCUSSION
In general, the quality of coastal seawater in Bai Tu Long National Park is good 

when assessed through individual indicators, including temperature, salinity, turbidity, 
pH, dissolved oxygen (DO), total suspended solids (TSS), total iron (Fe), and total 
phosphorus (P). The concentration of iron in seawater is notably low, being 50 times 
less than the limit established by QCVN 10:2023/BTNMT. In comparing the research 
results with those from the monitoring conducted by the Bai Tu Long National Park 
Management Board, it was found that the pH value in October 2024 was lower than 
the pH value recorded by the Management Board in 2023, which ranged from 7.99 to 
8.15 [10]. The recorded DO value was also lower than the monitoring results of the 
Bai Tu Long National Park Management Board, which ranged from 7.44 to 7.88 mg/L 
[10]. Dissolved oxygen (DO) levels in coastal seawater tend to decrease and are 
approaching the lower limit of the allowable limit according to QCVN 
10:2023/BTNMT, especially in areas where aquaculture activities are allowed. The 
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coefficient of variation (CV) for DO was 7.6%, indicating relatively stable DO across 
the sampling network. However, the observed proportion of low DO measurements 
(< 5 mg/L) was 8%, exceeding the theoretical probability (3%) estimated from the 
normal distribution. This discrepancy suggests that certain low-DO occurrences are 
associated with localized environmental factors rather than random variation. The 
slight skew towards lower values supports the possibility of small-scale hypoxic 
zones, particularly in aquaculture areas. Continued site-specific monitoring of DO, 
especially in locations with aquaculture activities, is important for early detection of 
oxygen depletion events and for maintaining suitable conditions for marine 
organisms. The parameters of turbidity and total suspended solids (TSS) show a 
coefficient of variation (CV) greater than 30%, indicating instability. Notably, BTL11 
has the highest turbidity value, while BTL10 has the highest TSS value. These 
sampling points are located in the strait between Sau Nam Island and Tra Ngo Nho 
Island. It is important to continue monitoring these parameters, along with factors 
related to ocean currents, when assessing the quality of coastal seawater in this area.

Numerous studies have shown that Coliform concentrations in water within 
coastal aquaculture areas exceed the permissible limits set by QCVN 
10:2023/BTNMT, highlighting the significant impact of aquaculture activities on 
coastal seawater quality. In some coastal waters in the northern region during 2021, 
Coliform density was recorded to exceed the permissible threshold, such as in Cua 
Luc (Quang Ninh), which was 1462 CFU/100 mL; Do Son (Hai Phong), which was 
2500 CFU/100 mL; and Ba Lat (Nam Dinh), which was 2850 CFU/100 mL [11]. Tran 
Quang Thu et al. conducted research on environmental issues in Cat Ba-Hai Phong 
and Long Son-Vung Tau sea fish cage farming areas, recording that the Coliform 
density at the Ben Beo (Cat Ba) farming site exceeded 1.2-1.6 times the permissible 
limit according to QCVN 10:2023/BTNMT, with a high Coliform density in the 
period 2018-2021. In Long Son, from 2016 to 2021, high Coliform concentrations 
exceeded the permissible limit in both the dry and rainy seasons [12].

In Bai Tu Long National Park, aquaculture and seafood exploitation activities 
are permitted within the designated development area, provided that all general 
regulations are strictly followed. In the study area, fishermen primarily engage in 
aquaculture activities, including cage fish farming and krill farming. Out of the 25 
seawater samples collected at Bai Tu Long National Park, four samples, 
specifically BTL2, BTL4-6, and BTL8 were collected from locations close to the 
aquaculture area. The physical parameters, total suspended solids (TSS), and total 
phosphorus of the seawater meet the conditions for aquaculture activities in the 
approved areas. However, the coastal waters of Bai Tu Long National Park are 
polluted by coliform organisms, similar to some other coastal waters in the North. 
According to the results of environmental monitoring in the aquaculture region in 
a number of key provinces in the North, including the Van Don area (Quang Ninh), 
the density of Coliform in krill farming water is 26-125 times higher than the 
permissible limit [13]. At the time of sampling, coastal seawater in Bai Tu Long 
National Park was contaminated with microorganisms, as indicated by a total coliform 
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concentration of 1414 ± 266 MPN/100 mL, which exceeds the permissible threshold. 
A study conducted by Nguyen Huu Nghia in 2022 found that oysters farmed in Dong 
Xa, Van Don, and Ha Long (Quang Ninh) contained the parasite Perkinsus, as well as 
seven species of Vibrio spp. Bacteria [14]. At the time of the survey and sampling, the 
research team noted that a number of fish farmed in the Bai Tu Long National Park 
area were suffering from fungal diseases (Figure 6). Organisms pollute the seawater 
environment in aquaculture, causing harm to the farmed organisms. Therefore, more 
comprehensive studies on the extent of microbial pollution in both aquaculture areas 
and the coastal marine area of Bai Tu Long National Park need to be conducted. 
Simultaneously, steps are being taken to treat the seawater environment in aquaculture 
to maintain its quality and to prevent large-scale pollution in the research area and its 
surrounding areas.

Figure 6. Fish infected with fungal diseases in the cage aquaculture system
This study offers a database on coastal water quality in Bai Tu Long National 

Park, serving as a resource for managers to formulate policies aimed at safeguarding 
the coastal marine environment, promoting the conservation of marine ecosystems in 
the park, and fostering the growth of aquaculture in the area. However, the research 
remains restricted as it solely focuses on the sampling and analysis of seawater quality 
at specific locations, neglecting to integrate the comprehensive evaluation of water 
quality across space and time. The study fails to consider the influence of natural 
conditions on water quality assessment. Currently, many studies have used remote 
sensing data, mapping methods, and GIS to assess and monitor water quality, such as 
the research of Dung T.N. (2024), who used Sentinel-2 satellite imagery to build a 
model to estimate the concentration of Chlorophyll a in the surface water of the Hinh 
River Basin [15]; Tran Anh Tuan (2018) studied the distribution of turbidity content 
in the coastal waters of Southwest Vietnam using remote sensing data and GIS [16]. 
In future studies, the results of this research can serve as a baseline to evaluate changes 
in marine water quality over time. Additionally, remote sensing data tools, mapping 
techniques, and GIS can be utilized to create a comprehensive map of the current 
status of marine water quality.
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5. CONCLUSION

According to the regulations on seawater quality in QCVN 10:2023/BTNMT,
the coastal seawater of Bai Tu Long National Park ensures the quality to protect the
water environment for the parameters of pH, TSS, and DO, in which the average pH
value is 6.5 ± 0.05, and the average TSS is 7.62 ± 2.40 mg/L, and the average DO is
5.82 ± 0.44 mg/L. The parameters of turbidity and total suspended solids (TSS) show
a coefficient of variation (CV) greater than 30%, indicating instability. The physical
parameters all ensure the environmental quality for the life activities of aquatic
species. However, aquaculture activities significantly affect the quality of the coastal
water environment in Bai Tu Long National Park. Generally, sampling points near
aquaculture show lower average DO values compared to areas without aquaculture.
The concentration of coliform bacteria has exceeded the permissible threshold,
leading to pollution in the study area. The primary cause of biological pollution here
is waste from aquaculture activities. Additionally, cases of fungal diseases have been
recorded in fish farming cages. Further research into biological pollution in this area
is essential, and timely treatment measures are necessary.

The research findings provide essential information for managing coastal water
quality to protect the habitat of aquatic species in Bai Tu Long National Park.
Additionally, the study highlights the effects of aquaculture activities on coastal water
quality. This information enables managers to develop and guide aquaculture
practices that do not compromise the living environment of these aquatic species.
However, the study only evaluates the quality of the seawater environment at
individual points, without assessing the overall quality across space and time. By
combining this database with remote sensing data, mapping techniques, and
Geographic Information Systems (GIS), researchers can create extensive maps of the
current status of marine water quality. This approach opens up new directions for
future research.
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