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Abstract. Heavy metal contamination in marine ecosystems is a major environmental concern due to its 
persistence, toxicity, and bioaccumulative properties. This study assessed the accumulation of selected 
heavy metals in two edible seaweeds, Caulerpa lentillifera and Caulerpa racemosa, from the coastal waters 
of Sanga-Sanga, Bongao, Tawi-Tawi, Philippines. Samples were acid-digested and analyzed by atomic 
absorption spectrophotometry (AAS) with quality control procedures included blanks, replicates, and 
certified reference materials. Results revealed a consistent accumulation pattern of lead (Pb) > chromium 
(Cr) > cooper (Cu) > nickel (Ni) > cadmium (Cd) across replicates. C. lentillifera accumulated significantly 
higher concentrations of Pb (9.36 mg kg-1), Cu (7.45 mg kg-1), and Ni (2.37 mg kg-1) than C. racemosa (p 
< 0.05) which is likely driven by its higher surface area-to-volume ratio and faster growth rate. This metal 
profile reflects an anthropogenic fingerprint dominated by Pb and Cr which is attributed to maritime 
activities and urban emissions near the Bongao port. Although concentrations comply with PNS/BAFS 
194:2022 standards, Pb levels indicate a narrowing safety margin given their dietary importance. These 
findings establish baseline data for heavy metal bioaccumulation in Caulerpa species from the study area 
and support their continued safe consumption under current conditions. Furthermore, the results highlight 
the value of these seaweeds as bioindicators and underline the need for continued monitoring localized 
wastewater management to safeguard the long-term viability of the sea grape production in Tawi-Tawi.  
Key Words: accumulation, food safety risk, environmental monitoring, trace element contamination, 
aquatic toxicology, dietary exposure. 

 
 
Introduction. Contamination of heavy metal in marine ecosystems poses a significant 
global environmental challenge due to its persistence, toxicity, and bio accumulative 
properties, all of which pose substantial risks to biodiversity and ecosystem functioning 
(Masindi & Muedi 2018; Ali et al 2019; El-Sharkawy & Ali 2025). These contaminants 
originate from both natural processes and anthropogenic activities such as industrial 
discharge, mining, and urban runoff, which are evident in coastal environments. As heavy 
metals accumulate in sediments, they act as long-term environmental reservoirs that 
ultimately facilitate their entry into aquatic food webs. In rapidly developing regions such 
as Southeast Asia, the increasing coastal urbanization and industrialization have intensified 
heavy metal inputs, thereby heightening ecological risks in marine ecosystems (Ali et al 
2019; Siddique et al 2025). These pollutants can bioaccumulate in marine organisms, 
including algae. Thus, posing risks to both ecosystem health and human consumers.  
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Edible macroalgae, particularly species of the genus Caulerpa, are widely recognized 
for their nutritional, ecological, and economic importance. Caulerpa lentillifera and 
Caulerpa racemosa, commonly referred to as ‘sea grapes’, are rich in essential nutrients 
and bioactive compounds including antioxidants and polyunsaturated fatty acids (Ismail et 
al 2020; Magdugo et al 2020; Syakilla et al 2022; Taslim et al 2024). Their high surface 
area and direct interaction with seawater enable them to efficiently absorb and accumulate 
dissolved substances, including heavy metals. Consequently, Caulerpa species are 
increasingly utilized as bioindicators of marine pollution due to their sensitivity to 
environmental changes and contaminant exposure (Zhou et al 2024).  

In Southeast Asia, sea grapes are widely consumed as fresh vegetables and are 
valued both as a dietary component and as a source of livelihood in coastal communities. 
In the Philippines, these are locally known as “lato”, “arosep”, or “guto” and are commonly 
harvested and marketed for local consumption. Given their direct consumption and minimal 
processing involved, the accumulation of heavy metals in these edible seaweed raises 
important food safety concerns. Recent studies have shown that Caulerpa species can 
accumulate trace metals such as lead (Pb), and cadmium (Cd), particularly in areas 
influenced by human activities (Raza’I et al 2021; Deocaris et al 2022). This highlights the 
need to monitor contaminant levels to ensure consumer safety and sustainable utilization 
of these marine resources.  

Despite the recognized importance of edible seaweeds and their potential to 
accumulate heavy metals, there is currently no available baseline data on the levels of 
heavy metal contamination in Caulerpa species from the coastal waters of Sanga-Sanga, 
Bongao, Tawi-Tawi, Philippines. This lack of localized information limits the assessment of 
potential risks associated with their consumption. Thus, this study aims to determine the 
concentrations of selected heavy metals in C. lentillifera and C. racemosa, including Pb, 
chromium (Cr), copper (Cu), nickel (Ni), and Cd. Furthermore, this study seeks to evaluate 
their implications for food safety and provide baseline data to support environmental 
monitoring and sustainable management of coastal resources in the region.  

 
Material and Method. Fresh thalli of C. lentillifera and C. racemosa were collected from 
a single sampling station located in the Sanga-Sanga area, Bongao, Tawi-Tawi, Philippines 
(Figure 1). The site is characterized by shallow reef flats with sandy to muddy substrates 
where Caulerpa species form dense meadow population. Sampling was conducted through 
hand-harvesting during calm conditions by wading into shallow waters. A total of three 
biological replicates per species (n = 3) were collected from 5m apart within the same site 
to account for small-scale spatial variability. Extra care was taken to collect intact thalli 
while leaving the stolons and holdfasts undisturbed to allow natural regeneration. Collected 
samples were placed in clean polyethylene bags, transported to the laboratory under cooled 
conditions, and rinsed thoroughly with seawater followed by distilled water to remove 
adhering debris, epiphytes, and salts. The samples were oven-dried at 60-70°C until 
constant weight was achieved, then homogenized into a fine powder using a clean mortar 
and pestle. The powdered samples were stored in acid-washed containers to prevent 
contamination.  

For digestion, approximately 0.5 g of powdered sample was treated with 
concentrated nitric acid (HNO₃, 65-70%) and hydrogen peroxide (H₂O₂, 30%) using a 
hotplate digestion method until a clear solution was obtained. Hydrochloric acid (HCl, 37%) 
was used for cleaning glassware and containers, while deionized water was employed for 
dilution and preparation of solutions. The digested samples were cooled, diluted to a fixed 
volume with deionized water, and transferred into acid-washed polyethylene vials for 
analysis.  

The concentrations of Pb, Cr, Cu, Ni, and Cd were determined using atomic 
absorption spectrophotometry (AAS). Calibration curves were prepared using certified 
standard solutions prepared from analytical-grade reagents, and absorbance readings were 
taken at element-specific wavelengths. Quality assurance and control measures included 
the use of procedural blanks, replicate analyses, and certified reference materials (CRMs) 
to ensure accuracy and precision. All concentrations were expressed in mg kg-1 dry weight.  
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Descriptive statistics including mean and standard deviation (SD), were calculated 
for each metal concentration per species. Statistical analyses were conducted using Excel. 

Measured concentrations were compared with available food safety guidelines for 
heavy metals. However, since Philippines regulatory limits are primarily established for 
seafood such as fish and shellfish, their applicability to macroalgae is limited. Therefore, 
international reference values for heavy metals in marine macroalgae and food safety 
guidelines (FAO/WHO Codex Alimentarius and European Commission (EC) for 
contaminants in food) and other recent literature were used as comparative benchmarks 
rather than absolute regulatory thresholds. Currently, there are no specific regulatory limits 
for heavy metals in edible seaweed. Thus, reinforcing the need for baseline assessment. 
This approach allows for a more appropriate assessment of potential health risks associated 
with the consumption of edible seaweed.  
 

 
Figure 1. Map of the sampling site at Barangay Sanga-Sanga, Bongao, Tawi-Tawi. 

 
Results and Discussion. The concentrations of Pb, Cr, Cu, Ni and Cd in C. lentillifera and 
C. racemosa are presented in Table 1. Across both species, Pb exhibited the highest 
concentration, followed by Cr, Cu, Ni and Cd, establishing a consistent accumulation 
pattern of Pb > Cr > Cu > Ni > Cd is observed across all examined replicates.  

As shown in Table 1, statistical analysis revealed species-specific differences in 
metal accumulation. C. lentillifera accumulated significantly higher concentrations of Pb 
(9.36±0.17 mg kg-1), Cu (7.4 ±0.09 mg kg-1), and Ni (2.37±0.16 mg kg-1) compared to C. 
racemosa (8.80±0.10, 6.51±0.19, and 1.69±0.11 mg kg-1, respectively; p  <  0.05). Cr 
showed no significant difference between species, while Cd levels, though slightly higher 
in C. lentillifera, were not statistically distinct (p  >  0.05).  

The differential accumulation profiles between the two species are likely driven by 
biological factors and environmental adaptability. The higher accumulation observed in C. 
lentillifera may be attributed to species-specific morphological and physiological traits, 
including its bead-like thalli and relatively higher surface area-to-volume ratio which 
enhance interaction with dissolved metals compared to the more slender and branched 
morphology of C. racemosa, thereby limiting its absorption capacity and resulting in 
comparatively lower concentrations (Delan et al 2015; Estrada et al 2020; Rakib et al 
2021). Furthermore, frequently observed traits in C. lentillifera such as thinner ramuli and 
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increased frond density are known to be correlated with higher sequestering efficiency for 
trace elements in varying habitats (Estrada et al 2020). Additionally, the relatively faster 
growth rate of C. lentillifera may further enhance metabolic activity and metal uptake 
efficiency (Uswatun et al 2025), reinforcing its role as a more sensitive bioindicator of 
subtle environmental changes, while both species remain effective monitors of coastal 
water quality. 
 

Table 1 
Heavy metal concentration in Caulerpa species from Sanga-Sanga, Bongao, Tawi-Tawi, 

Philippines 
  

Heavy 
metal 

Caulerpa 
lentillifera  
(mg kg-1) 

Caulerpa 
racemosa  
(mg kg-1) 

Statistical 
significance 
(p < 0.05) 

Interpretation 

Lead 9.36±0.17 8.80±0.10 Significant Low to moderate level of 
accumulation 

Chromium 8.61±0.19 8.31±0.07 Not significant Low to moderate level of 
accumulation 

Copper 7.45±0.09 6.51±0.19 Significant Low level of accumulation 
Nickel 2.37±0.16 1.69±0.11 Significant Low level of accumulation 

Cadmium 0.51±0.06 0.31±0.16 Not significant Low to moderate level of 
accumulation 

 
The differential accumulation profiles between the two species are likely driven by biological 
factors and environmental adaptability. The higher accumulation observed in C. lentillifera 
may be attributed to species-specific morphological and physiological traits, including its 
bead-like thalli and relatively higher surface area-to-volume ratio which enhance 
interaction with dissolved metals compared to the more slender and branched morphology 
of C. racemosa, thereby limiting its absorption capacity and resulting in comparatively 
lower concentrations (Delan et al 2015; Estrada et al 2020; Rakib et al 2021). Furthermore, 
frequently observed traits in C. lentillifera such as thinner ramuli and increased frond 
density are known to be correlated with higher sequestering efficiency for trace elements 
in varying habitats (Estrada et al 2020). Additionally, the relatively faster growth rate of 
C. lentillifera may further enhance metabolic activity and metal uptake efficiency (Uswatun 
et al 2025), reinforcing its role as a more sensitive bioindicator of subtle environmental 
changes, while both species remain effective monitors of coastal water quality. 

Integrating these variables suggests that the measured metals did not act 
independently but rather exhibited a consistent accumulation pattern of Pb > Cr > Cu > Ni 
> Cd. This can be interpreted as a contamination fingerprint of the Sanga-Sanga/Bongao 
coastal zone where a stable uptake environment due to geochemical process and low-level 
anthropogenic inputs regulate metal availability (Pribadi et al 2025). This also reflects the 
combined influence of multiple sources and environmental processes rather than isolated 
inputs or natural geochemical weathering (Ali et al 2019). In typical aquatic systems, heavy 
metals often exist at their lowest concentrations in the water column but reach significant 
levels in coastal sediments, which then acts as a long-term reservoir for accumulation in 
marine organisms (Elvira et al 2020; Yunus et al 2020). The dominance of Pb and Cr 
suggests potential contributions from land-based runoff, domestic discharge and maritime 
activities which are commonly associated with coastal metal inputs (Ali et al 2019; Deocaris 
et al 2022; Murthy et al 2026). This dominance also indicates localized environmental 
pressure associated with human activities in the coastal zone such as near both docks and 
construction areas which have been known to exhibit elevated Cr and Pb levels due to 
intensive maritime traffic (Rashad et al 2024). Notably, the elevated Pb concentration (9.36 
mg kg-1) is substantially higher than values reported for Caulerpa in Manila Bay (2.71 mg 
kg-1) and Vietnam's Van Phong Bay (0.58 mg kg-1), which indicates a relatively stronger 
Pb signal in the study area (Perelonia et al 2017; Nguyen et al 2025). This elevated Pb 
signal, combined with elevated Cr and Cu levels can be pointed to a multi-source 
contamination profile stemming from the proximity of Bongao Port and the densely 
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populated coastal communities. However, while total metal analysis provides a proxy for 
contamination, the human health risk is more accurately dictated by the bioaccessible 
fraction of these metals which is the portion released during digestion. In other tropical 
species, for example, Pb bioaccessbility has been recorded as relatively low (approximately 
22-32%), which may mitigate some of the risks associated with the high total Pb 
concentrations observed here (Intawongse et al 2018). Consequently, the observed Pb > 
Cr > Cu pattern further supports the influence of maritime and urban sources, where the 
dominance of Pb may originate from land-based emissions from motor vehicle fumes and 
the widespread use of lead-acid batteries (Mahmoud et al 2024). Bongao is a high-traffic 
maritime and urban hub where the combustion of low-grade fuels and the improper 
disposal of transport-related batteries provide a constant flux of Pb into the costal fridge 
(Ray & Das 2023; Basri et al 2024). This finding is echoed in other Southeast Asian regions, 
where natural sea grapes collected from unmanage habitats show significantly higher Pb 
accumulation compared to those from controlled cultivation system, emphasizing the 
impact of localized environmental contamination (Purenji et al 2023). Meanwhile, Cu and 
Cr are associated with maritime activities including antifouling paints used on both wooden 
and steel vessels and corrosion of stainless-steel components and maritime coatings 
(Cunha et al 2024; Pribadi et al 2025; Murthy et al 2026;). Furthermore, the value of Cu 
and Cr concentrations recorded for C. racemosa (7.45 mg kg-1 and 8.61 mg kg-1) and C. 
lentillifera (6.51 mg kg-1 and 8.31 mg kg-1) exceeded the Philippine FDA threshold limits 
for  health supplements of 2.0 mg kg-1 for Cu and 0.5 mg kg-1 for Cr (FDA 2025). Although 
this limit specifically targets processed supplements, it serves as a critical benchmark for 
assessing the safety of sea grapes as a functional food source in the local market, 
particularly in the absence of a specific Philippine National Standard for heavy metals in 
fresh macroalgae. Nevertheless, the Cu and Cr concentrations observed in this study 
remain lower than or comparable to levels reported in edible seaweeds from other countries 
(Makawita et al 2020; Premarathna et al 2022; Siddique et al 2025). This elevation may 
be linked to domestic waste inputs, including sewage discharge and plastic waste 
associated with coastal communities, though such interpretations should be considered 
indicative rather than definitive.  

Comparing this fingerprint with other regions further supports its anthropogenic 
origin. For instance, Caulerpa prolifera in the restored Marchica lagoon of Morocco shows 
a hierarchy of Fe > Cr > Zn > Cu > Ni > Pb > Cd, where Pb is a minor component (Rahhou 
et al 2024). The reversal of this order in Sanga-Sanga, with Pb occupying the top position, 
highlights the influence of localized urbanization and maritime activity which may override 
natural geochemical signature (Khandaker et al 2021). Further regional contrasts are 
provided by research in Banten coast of Indonesia, where heavy metals were not detected 
in edible Caulerpa species which emphasizes that while the genus has high bioaccumulation 
potential, its metal burden is strictly regulated by environmental exposure (Sihono et al 
2021). Furthermore, the fact that Pb levels are reaching 93.6% of the national permissible 
limit (10 mg kg-1) suggests a narrowing safety margin, particularly in the coastal 
communities were Caulerpa is a dietary staple rather than an occasional supplement 
(Tahiluddin et al 2025). Given that heavy metals are non-biodegradable and persist in 
marine sediments, they can be remobilized during monsoon events or high-energy weather 
events, leading to potential increase of bioavailability and uptake in marine organisms 
(Pujari & Kapoor 2021; Edo et al 2024). This persistent nature means the coastal zone acts 
as a long-term reservoir for contaminants, which may be periodically released into the 
water column during periods of high environmental energy (Elvira et al 2020; Zhang et al 
2023; Mali et al 2024).  

A critical component of this study is the assessment of the harvested seaweeds 
against national and international food safety benchmarks. All measured concentrations 
currently fall within the permissible limits established by the PNS/BAFS 194:2022 General 
Standard for Contaminants and Toxins in Food and Feed, which adopts the maximum levels 
recommended by the Codex Alimentarius for aquatic products. Comparisons with 
international food safety benchmarks (e.g. FAO/WHO Codex Alimentarius) suggest that the 
detected concentrations pose minimal risk to human health under typical consumption 
levels (BAFS 2023). Comparable studies in the region have similarly reported low 
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concentrations of heavy metals in Caulerpa species, supporting their continued use as 
edible marine resources under non-industrial conditions (Rakib et al 2021; Sarker et al 
2021; Nguyen et al 2025). Nonetheless, continued monitoring is essential, particularly in 
light of increasing coastal development in the area and emerging environmental stressors 
such as microplastic-associated transport (Zhou et al 2024). However, the interpretation 
of these results requires caution. Rather than classifying the site as “non-polluted”, the 
results are more appropriately interpreted as indicating relatively low levels of metal 
accumulation relative to highly industrialized hubs yet possessing a clear anthropogenic 
signature (Ajik & Tahiluddin 2023; Tume et al 2026). This cautious interpretation is 
necessary given that regulatory thresholds are not specifically established for macroalgae 
and that the study is based on a single sampling location. From a food safety perspective, 
the low heavy metal burden in both Caulerpa species supports their continued role as safe 
dietary resources, consistent with regional surveys of edible seaweeds (Perolonia et al 
2016; Llanos & Dalawampu 2017). However, emerging concerns such as the synergistic 
effects of microplastics on Cd toxicity highlight the need for ongoing monitoring (Zhou et 
al 2024). Microplastics, which are pervasive in the coastal environment of Bongao, can act 
as vectors for Cd, increasing its potential for bioaccumulation and exacerbating its 
toxicological impact on the consumer (Zou et al 2025). Establishing this baseline is 
therefore critical not only for ecological risk assessment but also for guiding sustainable 
aquaculture practices and ensuring the long-term viability of the sea grape industry in 
Bongao.   

The observed Pb-dominant fingerprint calls for the implementation of localized 
coastal management strategies to regulate waste discharge and protect this vital marine 
resource (Madjar & Scăețeanu 2025). While the seaweed remains safe for now, the 
encroachment of Pb and Cd levels toward regulatory thresholds suggests that unmonitored 
coastal development could quickly compromise the safety of these resources. In contrast, 
the relatively lower concentrations of Ni and Cd indicate limited influence from industrial 
or mining-related sources, consistent with the predominantly community-based setting of 
the study area and the absence of major industrial activities.  

Similar accumulation patterns have been reported in Southeast Asian coastal 
systems, including Indonesia, Malaysia, and Vietnam, where Pb and Cr frequently dominate 
the metal spectrum in macroalgae due to mixed natural and anthropogenic inputs (Raza’i 
et al 2021; Nguyen et al 2025; Le & Long 2026). Furthermore, the overall pattern of 
relatively low metal concentrations aligns with the observations from less industrialized 
Southeast Asian coastal systems , where background levels are influenced more by natural 
processes than by intensive anthropogenic inputs (Cedeno et al 2019; Magdugo et al 2020; 
Yap & Al-Mutairi 2022; Jannat et al 2023). This consistency supports the interpretation 
that the observed pattern represents a characteristic signal of moderately impacted tropical 
coastal environments, where localized anthropogenic signals are present but remain within 
a moderate impact range compared to heavily urbanized coastal regions (Wong et al 2017). 
However, the absence of complementary sediment and water analyses limits definitive 
source attribution, and interpretations should therefore be considered indicative rather 
than conclusive.  

Overall, the metal profile of C. lentillifera and C. racemosa from Sanga-Sanga, 
Bongao, Tawi-Tawi reveals a relatively low but detectable level of anthropogenic influence, 
rather than a non-impacted system. The balance between essential elements (Cu, Ni) and 
toxic metals (Pb, Cd), together with moderate concentration levels, indicates a functionally 
stable coastal ecosystem with emerging but manageable environmental pressure. Although 
the recorded concentrations of Cu and Cr exceeded the Philippine FDA limits established 
for health supplements, these values remain lower than or comparable to concentrations 
reported in edible seaweeds from other countries. These findings provide important 
baseline data for the region and support the continued use of Caulerpa species as 
bioindicators of coastal environmental quality. Furthermore, the results highlight the need 
for regular monitoring and localized management strategies to ensure the long-term safety 
and sustainability of edible seaweed resources in the area. 
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Conclusions. This study successfully establishes baseline data for heavy metal 
accumulation in Caulerpa lentillifera and Caulerpa racemosa harvested from Brgy. Sanga-
Sanga, Bongao, Tawi-Tawi. The detected concentrations currently fall within permissible 
safety limits but indicate a narrowing safety margin, particularly for Pb. Overall metal levels 
remain low despite the presence of an anthropogenic signature, likely associated with 
intensified maritime activity and coastal urbanization. Although current concentrations 
pose minimal ecological and food safety risks, the potential for future contamination 
remains due to increasing residential density and coastal development near natural 
seaweed beds. The establishment of routine monitoring programs, localized wastewater 
management, and sustainable harvesting practices is strongly recommended to safeguard 
the long-term viability of sea grape cultivation as both a local food source and an emerging 
export commodity. These findings provide a critical baseline for future environmental 
assessments and support the sustainable management of coastal resources in Bongao, 
Tawi-Tawi. 
 
Acknowledgements. The authors would like to express their sincere gratitude to the local 
communities of Bongao, Tawi-Tawi, for their cooperation and support during the collection 
of Caulerpa lentillifera and Caulerpa racemosa samples. Special thanks are extended to the 
laboratory staff and research assistants who provided technical guidance and assistance in 
sample preparation, chemical digestion, and instrumental analysis. The authors also 
acknowledge valuable insights and encouragement from colleagues and mentors whose 
expertise greatly contributed to the refinement of this study. Finally, appreciation is given 
to the academic institution that provided logistical support and res ources, without which 
this research would not have been possible. 
 
Authors Contributions. ET conceptualized the study, spearheaded the data analysis, and 
wrote the initial manuscript; MMRP assisted in manuscript writing, served as the 
corresponding author, and revised and edited the manuscript during the journal submission 
process; NSE conducted fieldwork and assisted in manuscript revision and editing; JAP 
assisted in manuscript editing; FMAA conducted data gathering and assisted in statistical 
analysis; RUS conducted data gathering and assisted in data analysis.  
 
Conflict of Interest. The authors declare that there is no conflict of interest. 
 
Data Availability. The data supporting the findings of this study are available from the 
corresponding author upon reasonable request. 
 
Funding. This research received no external funding. 
 
References 
 
Ajik K. O., Tahiluddin A. B., 2023 Proximate composition, trace and macro element, and 

heavy metal content of edible seaweed Solieria robusta in Tawi-Tawi, Philippines. 
Food Bulletin 2(2):23-28. 

Ali H., Khan E., Ilahi I., 2019 Environmental chemistry, and ecotoxicology of hazardous 
heavy metals: environmental persistence, toxicity, and bioaccumulation. Journal of 
Chemistry 2019(1):6730305.  

Basri S. A. A., Samawi M. F., Fahruddin F., 2024 Bioconcentration and translocation of 
heavy metals in mangroves (Avicennia sp. and Rhizophora sp.) near diesel power 
plant wastewater outlets. Ecological Engineering and Environmental Technology 
25(9):223-230. 

Cedeno K., Edraki M., Mclntyre N., Huynh T., Callow I., 2019 Indicators of metal pollution 
in prospective mining regions: a case study from Philippines. Environmental 
Geochemistry and Health 41(2):563-574. 

Cunha B., Garnier J., Araujo D., Tonha M., Souto-Oliveria C. E., Ruiz I., Feitas e Silva F. 
H., Almeida T., Freydier R., Seyler P., Babinski M., 2024 Metal record of copper-



AACL Bioflux, 2026, Volume 19, Issue 3. 
bioflux.com.ro/aacl 1012 

based antifouling paints in sediment core following marina construction and 
operation. Marine Pollution Bulletin 204:116534. 

Delan G. G., Legados J. A., Pepito A. R., Cunado V. D., Rica R. L., Abdon H. C., Ilano A. S., 
2015 The influence of habitat on the quality characteristics of the green macro alga 
Caulerpa lentillifera Agardh (Caulerpaceae, Chlorophyta). Tropical Technology 
Journal 19(1):10. 

Deocaris C. C., Diwa R. R., Tucio P. B., 2022 Assessment of heavy metal levels in an urban 
river in the Philippines using an unconstrained ordination and GIS-based approach: 
evidence of the return of past pollution after the 2013 Typhoon Haiyan (Yolanda). 
H2Open Journal 5(3):412-423 

Edo G. I., Samuel P. O., Oloni G. O., Ezekiel G. O., Ikpekoro V. O., Obasohan P., Ongulu 
J., Otunuya C. F., Opiti A. R., Ajakaye R. S., Essaghah A. E. A., Agbo J. J., 2024 
Environmental persistence, bioaccumulation, and ecotoxicology of heavy metals. 
Chemistry and Ecology 40(3):322-349. 

El-Sharkawy M. A., Ali A. E., 2025 Heavy metal pollution in coastal environments: 
Ecological implications and management strategies. Sustainability 17(2):701. 

Elvira M. V., Faustino-Eslava D. V., Fukuyama M., de Chavez E. R. C., Padrones J. T., 2020 
Ecological risk assessment of heavy metals in the bottom sediments of Laguna de 
Bay, Philippines. Mindanao Journal of Science and Technology 18(2):311-335. 

Estrada J. L., Dionisio-Sese M. L., Bautista N. S., 2020 Morphological variation of two 
common sea grapes (Caulerpa lentillifera and Caulerpa racemosa) from selected 
regions in the Philippines. Biodiversitas Journal of Biological Diversity 21(5):1823-
1832. 

Intawongse M., Kongchouy N., Dean J. R., 2018 Bioaccessibility of heavy metals in the 
seaweed Caulerpa racemosa var. corynephora: Human health risk from 
consumption. Instrumentation Science and Technology 46(6):628-644. 

Ismail M. F., Ramaiya S. D., Zakaria M. H., Mohd Ikhsan N. F., Awang M. A., 2020 Mineral 
content and phytochemical properties of selected Caulerpa species from Malaysia. 
Malaysian Journal of Science 39(3):115-131. 

Jannat J. N., Mia M. Y., Jion M. M. M. F., Islam M. S., Ali M. M., Siddique, M. A. B., Rakib, 
M. R. J., Ibrahim S. M., Pal, S. C., Costache R., Malafaia G., Islam A. R. M. T., 2023 
Pollution trends and ecological risks of heavy metal(loid)s in coastal zones of 
Bangladesh: a chemometric review. Marine Pollution Bulletin 191:114960. 

Khandaker M. U., Chijioke N. O., Heffny N. A. B., Bradley D. A., Alsubaie A., Sulieman A., 
Faruque M. R. I., Sayyed M. I., Al-mugren K. S., 2021 Elevated concentrations of 
metal (loids) in seaweed and the concomitant exposure to humans. Foods 
10(2):381. 

Le X. T. T., Long H. D., 2026 Characterization of microplastic pollution in coastal sediments 
of Vietnam. Vietnam Journal of Marine Science and Technology 26(1):59-72. 

Llanos N. L., Dalawampu S., 2017 Heavy metals in edible seaweeds from coastal areas of 
Manila Bay and Roxas City, Philippines. International Journal of Applied Research 
5:1429-1434. 

Madjar R. M. Scăețeanu G. V., 2025 An overview of heavy metal contamination in water 
from agriculture: origins, monitoring, risks and control measures. Sustainability 
17(16):7368. 

Magdugo R., Terme N., Lang M., Pliego-Cortés H., Marty C., Hurtado A. Q., Bedoux G., & 
Bourgougnon N., 2020 An analysis of the nutritional and health values of Caulerpa 
racemosa (Forsskål) and Ulva fasciata (Delile)-two chlorophyta collected from the 
Philippines. Molecules 25(12):2901. 

Mahmoud M. A., Alsehli B. R., Alotaibi M. T., Hosni M., Shahat A., 2024 A comprehensive 
review on the application of semiconducting materials in the degradation of effluents 
and water splitting. Environmental Science and Pollution Research 31(3):3466-
3494. 

Makawita G. I. P. S, Wickramasinghe I., Wijesekara I., 2020 Analysis of metals and 
methalloids present in Sri Lankan dried seaweeds and assessing the possibility of 
health impact to general consumption patterns. Aquatic Living Resources 33:16. 



AACL Bioflux, 2026, Volume 19, Issue 3. 
bioflux.com.ro/aacl 1013 

Mali M., Alfio M. R., Balacco G., Raneiri G., Specchio V., Fidelibus M. D., 2024 Mobility of 
trace elements in a coastal contaminated site under groundwater salinization 
dynamics. Scientific reports 14(1):24859.  

Masindi V., Muedi K. L., 2018 Environmental contamination by heavy metals. Heavy Metals 
10(4):115-133.  

Murthy J., SA S., Pai B, J., 2026 Instruments and methods for the analysis of heavy metals 
in sediment - a concise review. Soil and Sediment Contamination: An International 
Journal 35(2):179-209. 

Nguyen T. X. T., Nguyen N. N. T., Le T. D., Nguyen T. M. N., Le H. K. H., Dao V. H., Nguyen 
X. V., 2025 Evaluation of heavy metals in green algae Caulerpa lentillifera from Van 
Phong Bay and the bioaccumulation of copper in different concentrations in the 
laboratory. Vietnam Journal of Marine Science and Technology 25(3):341-354. 

Perelonia K. B. S., Abendanio C. C., Raña J. A., Opinion A. G. R., Villeza J. T., Cambia F. 
D., 2016 Heavy metal contamination in water and fishery resources in Manila Bay 
aquaculture farms. Philippine Journal of Fisheries 24(2):74-97. 

Premarathna A. D., Tuvikene R., Fernando P. H. P., Adhikari R., Perera M. C. N., Ranahewa 
T. H., Howlader M. M., Wangchuk P., Jayasooriya A. P., Rajapakse R. P. V. J., 2022 
Comparative analysis of proximate compositions, mineral and functional chemical 
groups of 15 different seawead speacies. Scientific Reports 12(1):19610. 

Pribadi T. D. K., Pasaribu B., Fellatami K., Mingguo J., Ismail A., Febriani C., Fui C. F., 
Ihsan Y. N., 2025 Isolation and identification of cadmium-reducing bacteria from 
contaminated coastal sediment in the Northern Coast of Indramayu, Indonesia. 
Pakistan Journal of Biological Sciences 28(2):102-110. 

Pujari M., Kapoor D., 2021 Heavy metals in the ecosystem: sources and their effects. Heavy 
metals in the environment 1-7. 

Purenji A. R., Antara K. L., Maharani M. D. K., 2023 Heavy metal controls in cultivated and 
natural sea grape (Caulerpa lentillifera). Indonesian Journal of Aquaculture Medium, 
3(2):94-103. 

Rahhou A., Layachi M., Aknaf A., Riouchi O., Ngadi H., Skalli A., Loukili H., Choukri R., El 
Haddaji H., El Ouamari N., Baghour M., 2024 Bioaccumulation of heavy metals in 
the green algae Caulerpa prolifera (Chlorophyta) from the Marchica lagoon, 
Morocco: spatio-temporal variations. E3S Web of Conferences 527:02004. 

Rakib M. J., Jolly Y. N., Dioses-Salinas D. C., Pizarro-Ortega C. I., De-la-Torre G. E., 
Khandaker, M. U., Alsubaie, A., Almalki, A. S. A., Bradley, D. A., 2021 Macroalgae 
in biomonitoring of metal pollution in the Bay of Bengal coastal waters of Cox’s 
Bazar and surrounding areas. Scientific Reports 11(1):20999. 

Rashad A. Bantan I. M. Ghandour R. M., El-Kahawy M. H., Aljahdali A. A., Althagafi B. A., 
Al-Mur, A. N., Quicksall 2024 Environmental assessment of toxic heavy metals in 
bottom sediments of the Sharm Obhur, Jeddah, Saudi Arabia. Marine Pollution 
Bulletin 205:116675. 

Ray I., Das R., 2023 A lingering legacy of leaded gasoline in Southeast Asia. Commun Earth 
Environ 4(1):468. 

Raza’i T. S., Thamrin T., Nofrizal N., Ilhamdy A. F., 2021 Accumulation of essential (copper, 
iron, zinc) and non-essential (lead, cadmium) heavy metals in Caulerpa racemosa, 
sea water, and marine sediments of Bintan Island, Indonesia. F1000Research 
10:699. 

Sarker S., Siddique Mh. A., Bithi U. H., Rahman M. M., Rahman Md. S., Akter M., 2021 
Diseases, metals and bioactive compounds in seaweeds of Bangladesh. Regional 
Studies in Marine Science 48:102021 

Siddique A. B, Al Helal A., Patindol T. A., Lumanao D. M., Longatang K. J. G., Rahman M. 
A., Catalvas L. P. A., Tulin A. B., Shaibur M. R., 2025 Assessment of heavy metal 
contamination and ecological risk in urban river sediments: a case study from Leyte, 
Philippines. Pollutants 5(1):7.  

Sihono S., Bagus S. B. U., Nurhayati N. 2021 Molecular identification, nutritional profile 
and heavy metals content of edible caulerpa from Binuangeun Coast, Banten. 
Squalen Bull. Mar. Fish. Postharvest Biotech 16(2):83-92. 



AACL Bioflux, 2026, Volume 19, Issue 3. 
bioflux.com.ro/aacl 1014 

Syakilla N., George R., Chye F. Y., Pindi W., Mantihal S., Wahab N. A., Fadzwi F. M., Gu P. 
H., Matanjun P., 2022 A review on nutrients, phytochemicals, and health benefits 
of green seaweed, Caulerpa lentillifera. Foods 11(18):2832. 

Tahiluddin A. B., Esmola F. R., Abduraup S. A., Camsain A. M. B., Jamil W. M., Bermil A. 
B., Ujing R. A., Gunong A. D., Damsik S. U., Baid S. D. S., Hapid F. Q. N., 
Mohammad T. M., Ujing A. A., Alsim A. M., Jumsali M. H., Eldani-Talihuddin M. S., 
Bornales J. C., Sappayani A. A. II, Robles R. J. F., 2025 Seaweed consumption 
practices in coastal communities of Tawi-Tawi, Philippines. Phycology 5(2):25. 

Taslim N. A., Hardinsyah H., Radu S., Mayulu N., Tsopmo A., Kurniawan R., Tallei T. E., 
Herlina T., Maksum I. P., Nurkolis F., 2024 Functional food candidate from 
Indonesian green algae Caulerpa racemosa (Försskal) J. Agardh by two extraction 
methods: metabolite profile, antioxidant activity, and cytotoxic properties. Journal 
of Agriculture and Food Research 18:101513. 

Tume P., González E., King R., Cornejo Ó., Wikee E., Colima N., Roca N., Bech J., 
Sepúlveda B., 2026 Assessment of arsenic and mercury contamination in urban 
soils of Talcahuano, Chile, and their implications for sustainable city planning and 
public health protection. Sustainability 18(6):2794.  

Uswatun H. A., Mukhlis A., Azhar F., 2025 The effect of water exchange intervals on the 
growth of Caulerpa lentillifera. Asian Journal of Fisheries and Aquatic Research 
27(8):47-64. 

Wong K.W., Yap C.K., Nulit R., Hamzah M. Sh., Chen S. K., Cheng W. H., Karami, A., Al-
shami S. A., 2017 Effects of anthropogenic activities on the heavy metal levels in 
the clams and sediments in a tropical river. Environmental Science and Pollution 
Research 24(1):116-134.  

Yap C. K., Al-Mutairi K. A., 2022 Ecological-health risk assessments of heavy metals (Cu, 
Pb, and Zn) in aquatic sediments from the ASEAN-5 emerging developing countries: 
a review and synthesis. Biology 11(1):7. 

Yunus K., Zuraidah M. A., John A., 2020 A review on the accumulation of heavy metals in 
coastal sediment of Peninsular Malaysia. Ecofeminism and Climate Change 1(1):21-
35. 

Zhang P., Yang M., Lan J., Huang Y., Zhang J., Huang S., Yang Y., Ru J., 2023 Water 
quality degradation due to heavy metal contamination: Health impacts and eco-
friendly approaches for heavy metal remediation. Toxics 11(10):828. 

Zhou W., Zheng H., Wu Y., Lin J., Ma X., Xing Y., Ou H., Vasquez H. E., Zheng X., Yu, F., 
2024 Microplastic-enhanced cadmium toxicity: A growing threat to the sea grape, 
Caulerpa lentillifera. Antioxidants 13(10):1268. 

Zou H., Song J., Luo X., Ali W., Li S., Xiong L., Chen Y., Yuan Y., Ma Y., Tong X., Liu Z., 
2025 Cadmium and polyvinyl chloride microplastics induce mitochondrial damage 
and apoptosis under oxidative stress in duck kidney. Poultry Science 
104(1):104490. 

*** BAFS (Bureau of Agriculture and Fisheries Standards), 2023 PNS/BAFS 194:2022 
General standard for contaminants and toxins in food and feed - product standard. 
Department of Agriculture, Philippines. Available at: 
https://mwdjnvdtxvxcheksfsht.supabase.co/storage/v1/object/public/standards-
files/2022/1749992976681_PNS_BAFS%20194_2022%20-
%20General%20Standard%20for%20Contaminants%20and%20Toxins%20in%20
Food%20and%20Feed%20%28GSCTFF%29%20-%20Product%20Standard.pdf. 
Accessed at: February 2026. 

*** FDA (Food and Drug Administration), 2025 Guidelines for the classification of vitamins 
and minerals as drug or as food (FDA Circular No. 2025-001). Department of Health, 
Philippines. Available at: https://www.fda.gov.ph/wp-
content/uploads/2025/01/FDA-Circular-No.-2025-001.pdf Accessed at: February 
2026. 

 
 
 
 
 



AACL Bioflux, 2026, Volume 19, Issue 3. 
bioflux.com.ro/aacl 1015 

Received: 02 March 2026. Accepted: 14 April 2026. Published online: 16 May 2026. 
Authors: 
Efren Tangon, Department of Science and Mathematics Education, College of Education, Mindanao State 
University - Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, 7500 Tawi-Tawi, 
Philippines, email: efrentangon0@gmail.com  
Monica Mae Remonde Pon, Department of Marine Biology, College of Oceanography, Fisheries, Environmental 
Science and Technology, Mindanao State University Tawi-Tawi College of Technology and Oceanography, 
Sanga-Sanga, Bongao, 7500 Tawi-Tawi, Philippines, email: monicapon@msutawi-tawi.edu.ph  
Nurul-Ainie Sapaih Eldani, Department of Science and Mathematics Education, College of Education, Mindanao 
State University - Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, 7500 Tawi-Tawi, 
Philippines, email: nurul-ainieeldani@msutawi-tawi.edu.ph 
Jocelyn Agraviador Pajiji, Department of Educational Leadership and Professional Services, College of Education, 
Mindanao State University - Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, 7500 
Tawi-Tawi, Philippines, e-mail: jocelynpajiji@msutawi-tawi.edu.ph  
Francis Marjuni Arapoc Alawi, Integrated Laboratory School, College of Education, Mindanao State University - 
Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, 7500 Tawi-Tawi, Philippines, e-
mail: ibnmarjunihajj2023@gmail.com   
Rehina Uttong Sala, Department of Science and Mathematics Education, College of Education, Mindanao State 
University - Tawi-Tawi College of Technology and Oceanography, Sanga-Sanga, Bongao, 7500 Tawi-Tawi, 
Philippines, e-mail: rehinasala@msutawi-tawi.edu.ph 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Tangon E., Pon M. M. R., Eldani N. S., Pajiji J. A., Alawi F. M. A., Sala R. U., 2026 Heavy metal accumulation in 
the edible seaweeds Caulerpa lentillifera and Caulerpa racemosa from the coastal waters of Sanga-Sanga, 
Bongao, Tawi-Tawi, Philippines. AACL Bioflux 19(3):1005-1015. 


