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Abstract 

 

Seagrass species thrive in coastal ecosystems and known for their ability to accumulate heavy 

metals from their surrounding environment. This study aims to evaluate the ecological risks related 

to the accumulation of heavy metals in seagrass roots, rhizomes, leaves, and sediments. The 

seagrass examined belong to the genera Cymodocea and Thalassia, collected from two sites: 

Jeralangan and Cukuh Nyai on Pahawang Island, Lampung, Indonesia. The heavy metals analyzed 

included Pb, Cu, Ni, and Zn, which were measured using the wet desctruction method and quantified 

with a SHIMADZU AA-7000 Atomic Absorption Spectrophotometer (AAS). The ecological risk was 

evaluated through various indices, such as the Bioconcentration Factor (BCF), Translocation Factor 
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(TF), Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI). The 

highest concentrations of heavy metals in sediment were detected at station 1 was Zn (15.486 

mg/kg). In the roots-rhizomes of Cymodocea was Zn (8.772 mg/kg), while the highest concentration 

in leaves was Cu in Thalassia (10.541 mg/kg). The ecological risk assessment revealed that BCF < 

1 categorize an excluder, while TF > 1 for Pb and Zn indicate effective translocation from roots to 

leaves. Additionally, Igeo < 0 signify no contamination, Cf < 1 indicate low pollution levels, and PLI < 

0 confirm a non-polluted status. In conclusion, the results show that the seagrass ecosystems at the 

study sites currently have low levels of heavy metal pollution and minimal ecological risk, suggesting 

they remain in a relatively safe condition. 

Keywords: Accumulation, Cymodocea, Ecological risk assessment, Heavy metal, Thalassia 

 
Introduction 
 

Heavy metals are elements with low molecular weight that can lead to serious environmental 

issues when accumulated at certain concentrations (Wang, C. et al., 2022). Pollution from heavy 

metals due to tourism activities can create new problems, such as bioaccumulation and the transfer 

of pollutants through the food chain, a process known as biomagnification (Wang, Z. et al., 2022). 

Biomagnification can occur in various organism components, including seagrass. Seagrass can 

absorb and accumulate pollutants like heavy metals in its tissues, which enables it to serve effectively 

as a bioindicator (Nel et al., 2023). Seagrass acts as a biomonitor and bioaccumulator of heavy 

metals because of its limited mobility, making it possible to estimate the concentrations and sources 

of heavy metals for analysis (Bonanno and Lo Giudice, 2010). Seagrass, which is found along the 

coast and in subtidal areas of Pahawang, is susceptible to direct impacts from the presence of heavy 

metals (Noor et al., 2021).  

Seagrass plays a crucial ecological role as an important habitat, providing abundant 

ecosystem services such as breeding grounds and food sources (Sun et al., 2020). In recent 

decades, seagrass has faced ecological challenges due to significant contamination, particularly 

from heavy metals entering coastal areas (Tu et al., 2023). Several studies have revealed the 
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presence of heavy metals such as Pb, Cu, Zn, Cr, and Cd in various environments and organisms, 

including those in port areas, rivers, seagrass beds, and fish populations (Liu et al., 2019; Hosokawa 

et al., 2020; Fang et al., 2022; Souza-Araujo et al., 2022). Research on heavy metals in seagrass in 

other coastal regions has also shown that seagrass is vulnerable to accumulating all types of heavy 

metals, as observed in seagrass along the South China Sea (Zhang et al., 2024). Additionally, 

seagrass can accumulate heavy metals in its roots and leaves (Jeong et al., 2021). A study 

conducted in the central Gulf of Gabes (Southeast Tunisia) indicated that seagrass not only serves 

as a bioindicator but can also be an effective bioremediation tool (El Zrelli et al., 2023).  

The occurrence of heavy metals and their negative effects on the ecological balance of 

seagrass, as previously discussed, serve as a primary motivation for this research. The seagrass 

species Cymodocea and Thalassia were chosen due to their dominance in the research sites. 

Previous studies have shown that these seagrasses have been investigated for heavy metal 

presence in their tissues, exhibiting relatively high levels of accumulation in various regions, including 

Italy, South China, India, and Florida (Bonanno et al., 2020; Gopi et al., 2020; Zhang et al., 2021). 

However, there has been no investigation using these seagrasses to monitor heavy metal pollution 

on Pahawang Island. This island is known as a popular tourist destination in Indonesia, hosting 

significant populations of Cymodocea and Thalassia. Therefore, this study aims to provide valuable 

insights into the bioaccumulation patterns of heavy metals in the roots and leaves of seagrass, while 

also identifying the ecological risks involved. These insights can assist in developing management 

strategies for coastal areas and ecosystems in the region. The primary objective of this research is 

to analyze the ecological risks associated with the accumulation of heavy metals (Pb, Cu, Ni, and 

Zn) in the roots, rhizomes, and leaves of Cymodocea and Thalassia, as well as in the sediments of 

Pahawang Island. 

 
Materials and Methods 
 
Study area and sampling 

This research was carried out on the coast of Pahawang Island in Lampung, Indonesia, at two 

distinct sampling locations. The sites were selected using purposive sampling within the seagrass 

Commented [A1]: Apakah ada catatan sebelumnya bahwa 
terdapat masukan logam di perairan ini? 
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ecosystem in Jeralangan and Cukuh Nyai (Figure 1). The first location, Jeralangan, is characterized 

by a high volume of tourism activities, while the second location, Cukuh Nyai, experiences relatively 

low tourism activity. 

Two types of samples were collected at each station, consisting of seagrass and sediment. At 

Station One, samples of Cymodocea seagrass and sediment were collected, while Station Two 

involved the collection of Thalassia seagrass and sediment. The identification of seagrass species 

was conducted using a field guide for seagrass and dugong monitoring (Herandarudewi et al., 2019). 

he collected seagrass samples included both leaves and roots, gathered from shallow water habitats 

or intertidal zones through random sampling (Trevathan-Tackett et al., 2015; Singh et al., 2021). 

Sediment samples were taken using a grab sampler, with a total weight of 1 kg from the surface 

layer (0-10 cm). The collected samples were placed in clip-lock plastic bags and stored in containers 

(Xiao et al., 2022). 

Heavy metals analysis 
  The seagrass leaf and root samples, along with sediment, were thoroughly cleaned and 

subsequently dried. The dried samples were then ground to a fine powder and stored in sealed 

containers (Stewart et al., 2021). Sample digestion was performed using a wet destruction method, 

where 0.5 g of the powdered seagrass was mixed with 5 ml of a reagent in a ratio of 5:2:1 (nitric 

acid: perchloric acid: sulfuric acid), along with an additional 5 ml of 2N hydrochloric acid (FAO/SIDA, 

1983; European Commission, 2011). For sediment samples, the wet destruction process involved 

adding 5 ml of concentrated HNO₃ to each sample, which included 50 ml of water sample and 

approximately 3 g of sediment sample (Gao et al., 2021). The heavy metals analyzed in this study 

included Pb, Cu, Ni, and Zn. The concentration of heavy metals in the samples was measured using 

an Atomic Absorption Spectrophotometer (AAS) SHIMADZU AA-7000. 

Ecological risk assessment 
Ecological risk assessment can be conducted by calculating the bioconcentration factor (BCF), 

translocation factors (TF), geoaccumulation index (Igeo), contamination factor (Cf), and pollution load 

index (PLI) (Hakanson, 1980; Rozirwan et al., 2023). 

Bioconcentration factor (BCF) 
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he accumulation of heavy metals in the roots and leaves of seagrass from the surrounding 

sediment can be assessed using the Bioconcentration Factor (BCF) as described below (Steingräber 

et al., 2022). 

𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑜𝑜
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐

 ………………………………………………………………………………………..  (1) 

where: BCF < 1 is an excluder; BCF = 1 is an indicator, and BCF = 1 is a hyperaccumulator 

(Almahasheer, 2019). 

Translocation Factors (TF) 

The Translocation Factor (TF) is used to measure the movement of heavy metals from the 

roots to the leaves (Usman et al., 2019). 

𝑇𝑇𝐵𝐵 = 𝐵𝐵𝐵𝐵𝐵𝐵 𝑙𝑙𝑐𝑐𝑐𝑐𝑜𝑜
𝐵𝐵𝐵𝐵𝐵𝐵 𝑐𝑐𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐ℎ𝑐𝑐𝑖𝑖𝑐𝑐𝑠𝑠𝑐𝑐

………………………………………………………………………………………………..  (2) 

TF Value > 1 indicates that the sample functions as a phytoextractor, effectively translocating metals 

from the roots to the leaves, whereas TF value < 1 indicates that the sample functions as a 

phytostabilizer (Dinu et al., 2020). 

Geoaccumulation index (Igeo) 

The Geoaccumulation Index (Igeo) is used to evaluate the degree of heavy metal contamination 

and classify pollution levels according to established criteria (Rozirwan et al., 2023). 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐿𝐿𝐼𝐼𝐼𝐼 2 �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐
1,5 𝑏𝑏𝑐𝑐𝑐𝑐𝑏𝑏𝑜𝑜𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑠𝑠  

�………………………………………………………………………………. (3) 

where:  the Igeo value classification consists of not contaminated (Igeo≤0), not contaminated to 

moderately contaminated (Igeo0–1), moderately contaminated (Igeo1–2), moderate to highly 

contaminated (Igeo2–3), highly contaminated (Igeo3–4), highly contaminated to very high (Igeo 

4–5), and highly contaminated (Igeo≥5). 

Contamination factor (Cf) 

The Contamination Factor (CF) value is used as a basis for determining the degree of heavy 

metal contamination (Rozirwan et al., 2024). 

𝐵𝐵𝐵𝐵 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐
𝐵𝐵𝑐𝑐𝑐𝑐𝑏𝑏𝑜𝑜𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑠𝑠

……………………………………………………………………………………………  (4) 
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where:  contamination factor criteria according to (Shaheen et al., 2019); Cf < 1 = low level of 

contamination; 1 < Cf < 3 = moderate level of contamination; 3 < Cf < 6 = moderate level of 

contamination; Cf > 6 = very high level of contamination. 

Pollution load index (PLI) 

The Pollution Load Index (PLI) is used to evaluate the pollution quality (Mosa et al., 2022). 

𝑃𝑃𝐿𝐿𝐼𝐼 = [𝐵𝐵𝐶𝐶1 𝑥𝑥 𝐵𝐵𝐶𝐶2 𝑥𝑥 𝐵𝐵𝐶𝐶3 … . 𝑥𝑥 𝐵𝐵𝐶𝐶𝐶𝐶]1/𝑐𝑐………………………………………………………………………………….  (5) 

where:  pollution load index criteria: PLI 2 = not polluted to lightly polluted; PLI 24 = moderately 

polluted; PLI 4–6 = heavily polluted; PLI 6–8 = heavily polluted; PLI 8–10 = heavily polluted 

Result and Discussion 
 
Description of seagrass  

The seagrass samples were collected based on the dominant species found at the research 

site, specifically Cymodocea and Thalassia (Figure 2). Cymodocea was predominantly observed at 

Station One. This species is characterized by long, ribbon-like leaves that taper to a rounded tip, 

white to slightly yellowish rhizomes, and thin, brown fibrous roots. Both Cymodocea and Thalassia 

are commonly found in substrates ranging from muddy to sandy (Hartati et al., 2018; Thangaradjou 

and Bhatt, 2018), which explains their prevalence in the research area where the majority of locations 

feature such substrates. Cymodocea exhibits a strong tolerance to various environmental stresses 

and can thrive in diverse habitats, categorizing it as a species of least concern according to the IUCN 

(Terrados et al., 1998; Short et al., 2011). Thalassia is mainly found at Station Two and is recognized 

by its crescent-shaped leaves with neatly arranged margins, brown rhizomes, and thick, sheathed 

roots. This species allocates a greater proportion of its biomass to underground structures, such as 

roots and rhizomes, rather than to its leaves. This morphological variation can be seen as an 

adaptive response to environmental physical stressors, such as burial by sand to prevent 

displacement during tidal fluctuations and storms (Westlake et al., 2022). According to Dilipan and 

Arulbalachandran (2022), both Cymodocea and Thalassia are promising candidates for 

bioremediation of contaminated sites and are frequently utilized as biological indicators of heavy 

metal accumulation. 
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Heavy metals concentration in sediment and seagrass  

The concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments, roots, and leaves of 

seagrasses at both stations are summarized in Figure 3. The results indicate that Station 1 

(Cymodocea) had the highest concentrations of Pb and Zn in the sediments, roots, and leaves. 

Specifically, the maximum concentrations of Cu in sediments and roots were also recorded at Station 

1 (Cymodocea), at 0.896 mg/kg and 0.537 mg/kg, respectively, while the highest concentration in 

leaves was observed at Station 2 (Thalassia), measuring 0.654 mg/kg. The highest levels of Ni were 

found in the leaves and roots of Cymodocea, with concentrations of 2.331 mg/kg and 1.968 mg/kg, 

respectively. In contrast, the sediment at Station 2 exhibited the highest concentration of Ni, recorded 

at 7.730 mg/kg. A comparative analysis of heavy metal concentrations across different seagrass 

species and locations is summarized in Figure 3. 

Based on Figure 3, the concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments of 

this study are still below the threshold values established by ANZECC and ARMCANZ (2000) as 

referenced in (Ogundele et al., 2015), and by the Gazzetta Ufficiale della Repubblica Italiana as 

noted in (Bonanno et al., 2020), which are set at 50 mg/kg, 65 mg/kg, 50 mg/kg, and 30 mg/kg, 

respectively. Station 1 is characterized by a predominant presence of Cymodocea, which is directly 

influenced by tidal dynamics. Tidal-affected areas experience dynamic water movement, enabling 

heavy metals carried by the water to adhere to sediment particles (Maulana et al., 2023). The 

concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments are higher compared to those 

in the roots and leaves, corroborating the findings of Khotimah et al., (2024) which indicate that 

sediment concentrations of heavy metals exceed those in the roots, implying that the roots may 

serve as a barrier preventing heavy metals from translocating to the upper plant structures. As noted 

by Flefel et al., (2020), sediments act as primary reservoirs for heavy metal absorption in aquatic 

environments. Furthermore, the higher concentrations of heavy metals in the sediments at Station 1 

compared to Station 2 could be attributed to the finer sediment texture found at Station 1. Heavy 

metals tend to bind more effectively to sediment types with higher clay content or finer particle sizes 

(Borah et al., 2018).  
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The concentrations of heavy metal Pb in the sediments, leaves, and roots of Cymodocea and 

Thalassia differ between the two research locations. At Station 1, the concentration of Pb in the roots 

of Cymodocea is recorded at 0.761 mg/kg, while the leaves show a concentration of 0.846 mg/kg. 

The higher concentration of Pb in Cymodocea at Station 1 may be attributed to the significant human 

activities in this area, including increased boat traffic and residential developments. Heavy metal Pb 

levels can be exacerbated by factors such as maritime traffic, fishing activities, paint on boats, and 

sedimentation (Irandoost et al., 2021). Notably, the highest concentration of Pb is found in the leaves 

of Cymodocea when compared to its roots, with values of 0.846 mg/kg for leaves and 0.761 mg/kg 

for root-rhizome. Similar findings were reported by El Zrelli et al., (2023), which indicated that the Pb 

concentration in the leaves of Cymodocea is greater than that in its rhizomes. According to the WHO 

(1996) as cited in Ogundele et al., (2015), the concentration of Pb in Cymodocea and Thalassia 

remains below the quality standard of 2 mg/kg (Pb), suggesting that these seagrasses are not 

currently subjected to contamination.  

In this study, the highest concentration of the heavy metal Cu was observed in the leaves of 

Thalassia at Station 2, measuring 10.541 mg/kg. This concentration is still below the quality standard 

of 20 mg/kg (Kabata-Pendias, 2011) indicating that the accumulation of Cu in seagrass does not 

pose any toxic effects. Copper is considered an essential metal, as it is required by organisms; 

however, at significantly high concentrations, Cu can be more toxic than non-essential metals such 

as Pb and Cd due to the active absorption mechanisms and tolerance strategies that plants employ 

A similar study conducted on the leaves and roots of Thalassia in Xincun Bay, China, also reported 

the highest concentration in leaves at 11.2 mg/kg (Zhang et al., 2021). Previous research on various 

seagrass species has demonstrated that aboveground leaves are more efficient at accumulating Cu 

compared to belowground tissues (roots and rhizomes) (Lin et al., 2018; Hu et al., 2019).  

The concentration of Ni based on the research findings indicates that the highest level was 

found in the sediment, followed by the roots of Cymodocea, measuring 2.331 mg/kg. This 

concentration is significantly lower than the legal limit allowed in marine waters, which is set at 20 

mg/kg. Furthermore, increases in Ni concentrations of 3 to 5 times are generally observed in 

environments impacted by human activities (Bonanno et al., 2020). The Ni concentrations in this 
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study are consistent with previous research that reported low Ni levels in seagrasses, such as 3.20–

6.65 mg/kg in Italy (Bonanno et al., 2017) and 1.8–3.1 mg/kg in South Africa (Nel et al., 2023), , 

particularly in locations with minimal human activities. This suggests that the study site is not yet 

contaminated with heavy metals, specifically Ni. 

According to Figure 3, the highest concentration of Zn in seagrass was found in the leaves of 

Cymodocea at station 1, reaching 9.309 mg/kg. This concentration remains below the threshold 

established by the Australia and New Zealand Food Authority (ANZFA), which is 14 mg/kg (Smitha 

et al., 2010). Furthermore, the measured Zn levels are significantly lower than the concentrations 

that can cause phytotoxicity, which range from 500-1500 mg/kg (Chaney, 1989). Thus, the 

concentration of Zn detected in this study does not indicate any toxic effects. The results demonstrate 

that the concentrations of Zn in both the leaves and roots of the two seagrass species are higher 

than those of Pb and Cu (Figure 3). This suggests that Zn plays a crucial role in plant metabolism 

(Bonanno and Orlando-Bonaca, 2017). These findings are consistent with previous research, which 

reported that Zn concentrations are highest in the roots and leaves of various seagrass species, 

including Cymodocea and Thalassia, in locations such as Sicily, Italy, China, and India (Bonanno et 

al., 2017; Hu et al., 2019; Gopi et al., 2020). 

Bioaccumulation and Ecological risk assessments 

Based on the research results presented in Table 2, the bioconcentration factors (BCF) for 

the roots of Cymodocea and Thalassia, which accumulate heavy metals from the sediment 

biologically, were determined to be 0.0828 and 0.0502 for Pb, respectively. The BCF for Cu in 

Cymodocea is 0.5991, while in Thalassia it is 0.0082. For Ni, the BCF values are 0.3140 for 

Cymodocea and 0.0894 for Thalassia, and for Zn, the BCF values are 0.5665 and 0.1670, 

respectively. The geoaccumulation index indicates an unpolluted status for Pb with values of -1.9696 

and -1.9344, for Cu with values of -5.0658 and -4.5659, for Ni with values of -2.2167 and -2.1581, 

and for Zn with values of -2.6982 and -2.8687. The contamination factor (CF) suggests low 

contamination levels for Pb at 0.3830 and 0.3924, for Cu at 0.0448 and not detected (nd), for Ni at 

0.3227 and 0.3361, and for Zn at 0.2311 and 0.2055. The pollution load index (PLI) was calculated, 

yielding results of 0.0013 and 0.0051, indicating that both stations are not polluted.  
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There are differences in the translocation factor (TF) values of metals (Table 3) between 

Cymodocea and Thalassia. In Thalassia, the TF for Cu indicates a translocation value of < 1, 

suggesting minimal transfer of this metal to the above-ground biomass or leaves. This can also be 

attributed to the very low concentrations of Cu in the roots and leaves of the sampled seagrass at 

the study site. The metal with the highest TF value is Zn in Thalassia, followed by Ni and Pb. 

Similarly, Cymodocea shows the highest TF values for Zn and Pb, which are both > 1. The 

differences in translocation values may arise from the biological characteristics of seagrasses, which 

have developed two distinct adaptive strategies to cope with the levels of contamination in their 

environment. The first strategy involves the storage of accumulated metals from the sediment in the 

root-rhizome system, while the second strategy entails the translocation of some contaminants from 

the root-rhizome to the above-ground parts of the seagrass, such as the leaves (El Zrelli et al., 2023). 

According to the TF values presented in Table 2, Thalassia employs the second adaptive strategy 

for Zn, Ni, and Pb by translocating these contaminants to the leaves, whereas for Cu, it utilizes the 

first adaptive strategy. In contrast, Cymodocea adopts the second adaptive strategy for Pb and Zn. 

Previous research has also indicated that Zn undergoes significant translocation in Cymodocea, with 

a value > 1 (Bonanno and Borg, 2018; Nel et al., 2023).  

The bioconcentration factor (BCF) of heavy metals from sediment to leaves and roots is 

summarized in Table 2. The BCF of zinc (Zn) in the leaves is higher than that of lead (Pb), nickel 

(Ni), and copper (Cu). This indicates that the accumulation level of Zn in the leaves is greater 

compared to the other metals, which may be influenced by several factors, including the adaptive 

strategies of seagrass in absorbing heavy metals and the chemical properties of the metals as well 

as the selectivity of the plants (Khotimah et al., 2024). Zinc is an essential metal for seagrass, as it 

is utilized in photosynthesis and growth (Kabata-Pendias and Pendias, 2011). This leads to higher 

Zn accumulation since it is more readily absorbed by both Cymodocea and Thalassia. According to 

Table 2, Cymodocea exhibits the highest BCF value for Zn. Similarly, high BCF values for Zn have 

also been found in the leaves of Zostera noltei, as well as in the roots and leaves of Thalassia 

hemprichii and in the roots and leaves of Enhalus acoroides (Li and Huang, 2012; Boutahar et al., 

2019; Jeong et al., 2021). 
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The values of the geoaccumulation index (Igeo) from this study are presented in Table 4, 

indicating that the sediments at both research locations are unpolluted (Igeo< 0). This suggests that 

the sources of heavy metal contamination at these sites are low, attributed to factors such as small 

residential areas, the absence of industrial and mining activities, and relatively low shipping traffic. 

Additionally, the physical and chemical conditions of the aquatic environment, including current 

patterns and tidal movements, also play a significant role (Siregar et al., 2020). The contamination 

factor (CF) in this study indicates that each metal contributes to low or negligible contamination, as 

evidenced by CF values < 1. These findings align with research conducted along the southern coast 

of Sumatra, Indonesia, which showed low CF values for each metal, except for lead (Pb), due to 

significant anthropogenic sources in the vicinity (Rozirwan et al., 2023; Khotimah et al., 2024). The 

pollution status of the seagrass ecosystem at the research locations can be assessed using the 

pollution load index (PLI). The sediment PLI analyzed at the study sites is classified as unpolluted, 

with PLI values ranging from 0 to 2. The PLI values at both locations are not significantly different, 

indicating that both ecosystems are healthy and safe for living organisms. In contrast, other studies 

on seagrass ecosystems in the Southern Mediterranean Sea reported PLI values categorized as 

moderately contaminated and polluted, posing risks to the seagrass ecosystems, primarily due to 

the discharge of various industrial wastes, particularly phosphogypsum (El Zrelli et al., 2023). 

Therefore, based on the analyses from this study, it can be concluded that all sampling locations 

exhibit low levels of metal pollution and ecological risk. 

Conclusion 

The highest concentrations of Pb, Cu, Ni, and Zn in seagrass are found in the leaves, while 

the sediments at Station 1 show the highest levels. Overall, the concentrations of heavy metals in 

the roots and leaves of Cymodocea and Thalassia indicate relatively high levels; however, the 

ecological risk assessment shows that the bioaccumulation factor (BCF) is categorized as low. In 

contrast, the translocation factors (TF) for Pb and Zn demonstrate values greater than 1, indicating 

that the seagrass functions effectively in phytoremediation or translocating metals from the roots to 

the leaves. In summary, the ecological risk assessment of the research locations, which includes the 

geoaccumulation index (Igeo), contamination factor (CF), and pollution load index (PLI), indicates 
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that the environment within the seagrass ecosystems at these sites has low levels of heavy metal 

pollution and ecological risk. 
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Figure 1. A map of seagrass sampling location  
 
 

 

 
 
 
 
Figure 2. Seagrass, (a) Cymodocea, (b) Thalassia 
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Figure 3. Concentrations of Pb, Cu, Ni and Zn in organs of Cymodocea and Thalassia (leaf and root-rhizome; mg/kg), 
and associated sediments (mg/kg)
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Table 1. Comparison of heavy metal concentrations in Cymodocea and Thalassia with those from  the open literatures 

Location Seagrass Tissue Heavy metals 
(mg/kg) References 

Sicily (Italy) Cymodocea Leaf 3.61–28.8 (Cu)  
3.20–6.65 (Ni)  
1.42–3.85 (Pb)  
42.6–65.8 (Zn) 

(Bonanno et al., 2017) 

Sicily (Italy) Cymodocea Leaf 3.90–19.5 (Cu) 
2.40–22.5 (Ni) 
1.52–6.10 (Pb) 
4.21–13.9 (Zn) 

(Bonanno et al., 2020) 

Sicily (Italy) Cymodocea Rhizome 
 
 
 
Root 

10,6 (Cu 
1,15 (Ni) 
0,73 (Pb) 
21,7 (Zn) 
8,83 (Cu) 
4,79 (Ni) 
4,81 (Pb) 
38,7 (Zn) 

(Bonanno and Borg, 2018) 

Florida, USA Thalassia Rhizome+root+leaf 20,23 (Pb) 
9,55 (Cu) 
86,68 (Zn) 
1,56 (Cd) 

(Smith et al., 2019) 

Palk Bay, South 
Eastern India 

Cymodocea Rhizome+root 
+leaf 

1,23 (Cd) 
18,59 (Cu) 
1,74 (Pb) 
34,63 (Zn) 

(Gopi et al., 2020) 

Xincun Bay,China Thalassia Rhizome+root 
+leaf 

11,2 (Cu) 
4,05 (Ni) 
2,1 (Pb) 
39,1 (Zn) 

(Zhang et al., 2021) 

Southern 
Mediterranean Sea 

Cymodocea Rhizome 
 
 
 
Root 
 
 
 
Leaf 

0,99 (Cu) 
0,26 (Pb) 
55 (Zn) 
0,45 (Cd) 
3,51 (Cu) 
3,76 (Pb) 
31 (Zn) 
1,33 (Cd) 
3,95 (Cu) 
1,74 (Pb) 
131,33 (Zn) 
2,40 (Cd) 

(El Zrelli et al., 2023) 

 
 
 
 
 
Table 2. Values of the Bioconcentration factor (BCF) 

  BCF 
Pb Cu Ni Zn 

Seagrass roots 
St 1 (Cymodoceae) 0,0804   0,5991 0,3140 0,5665 
St 2 (Thalassia) 0,0518 0,0082 0,0894 0,1570 
Seagrass leaves 
St 1 (Cymodoceae) 0,0893 0,4436 0,2652 0,6064 
St 2 (Thalassia) 0,0716 -8,3217 0,1766 0,4918 
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Table 3. The translocation factor (TF) from the roots to the leaves of seagrass 

  TF 
Pb Cu Ni Zn 

St 1 (Cymodoceae) 1,1112 0,7405 0,8445 1,0705 
St 2 (Thalassia) 1,3834 -1011,6867 1,9764 3,1328 

 
 
 
 

 
Table 4. Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI) 

 

 
Igeo CF PLI Pb Cu Ni Zn Pb Cu Ni Zn 

St 1 -1,9696 -5,0658 -2,2167 -2,6982 0,3830 0,0448 0,3227 0,2311 0,0013 
St 2 -1,9344 -4,5659 -2,1581 -2,8676 0,3924 nd 0,3361 0,2055 0,0051 



Table of Responses 
No. Report Answears 
Section I: Overall Evaluation 
1. - The article does not highlight why this 

specific location was chosen and how it 
adds unique insights compared to other 
regions in Indonesia. Does Pahawang 
Island serve as a critical biodiversity 
hotspot, subject to specific 
anthropogenic pressures, or it has unique 
seagrass dynamics. A brief discussion on 
the ecological or conservation 
significance of Pahawang Island could 
be added to establish the originality of 
the study.  
 

- It would be beneficial to state if there 
any previous research investigated 
heavy metal accumulation in these 
species specifically, especially in the 
Indonesian context. Mention if this is the 
first study analyzing heavy metals in 
Cymodocea and Thalassia in Pahawang 
Island or whether the findings address a 
knowledge gap in the literature.  
 

- The finding that seagrass ecosystems are 
currently at low ecological risk is 
valuable, but it could be discussed more 
for broader implications. How do these 
findings contribute to understanding 
heavy metal dynamics in tropical 
seagrass ecosystems or guide future 
management practices? Discuss how 
these results compare to heavy metal 
accumulation and ecological risks in 
other seagrass ecosystems, especially 
within Southeast Asia. Also discuss why 
does Thalassia have a higher Cu 
concentration in leaves compared to 
Cymodocea?  
 

- I have added to the script that Pahawang 
Island is an important biodiversity hotspot 
with extensive seagrass meadows that 
support various marine organisms. 
Additionally, the island is experiencing 
increasing anthropogenic pressures, 
including tourism, which may influence 
heavy metal accumulation in the seagrass 
ecosystem. These factors make Pahawang 
Island a critical area for assessing 
ecological risk and understanding seagrass 
dynamics in response to environmental 
stressors. 

- I have added previous studies that 
specifically investigated heavy metal 
accumulation in these species, particularly 
in the context of Indonesia. This study is the 
first to analyze heavy metals in Cymodocea 
and Thalassia on Pahawang Island, and the 
discussion on whether these findings 
address knowledge gaps in the literature 
has been included in the script. 

 
- I have added explanations in the script as 

requested 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



- The study appears to be a snapshot in 
time, how its findings might inform 
future temporal or spatial studies. 
Additional statements may also be 
included on how the findings could 
guide policymakers or stakeholders in 
managing coastal pollution in the area.  
 

- The article does not adequately address 
potential sources of heavy metals (e.g., 
agricultural runoff, industrial activities, 
or natural processes). A brief discussion 
on potential heavy metal sources 
affecting Pahawang Island is 
recommended. While various indices are 
presented, there is no discussion on how 
the detected metal concentrations 
compare with established environmental 
or regulatory thresholds (e.g., WHO or 
Indonesian standards). Please include a 
comparison of the detected values with 
international or national standards to 
contextualize the results.  

 

- I have added explanations in the script as 
requested 

 
 
 
 
 
 
 
- I have added a discussion on the potential 

sources of heavy metals affecting 
Pahawang Island in the manuscript. 
Additionally, we have already compared 
the detected metal concentrations with 
relevant environmental and regulatory 
thresholds, including WHO, ANZECC and 
ARMCANZ , the Gazzetta Ufficiale della 
Repubblica Italiana, and the Australia and 
New Zealand Food Authority (ANZFA),  to 
provide context for the results. 

3. - Research objective is already explicitly 
stated which helps focus the study. 
However, the introduction does not 
articulate a specific hypothesis. For 
instance, it does not propose expected 
patterns of heavy metal accumulation in 
different seagrass parts (roots, rhizomes, 
leaves) or sediments. A hypothesis based 
on previous studies could be introduced, 
for example: "It is hypothesized that 
heavy metal concentrations will be 
higher in seagrass roots and sediments 
compared to leaves, reflecting limited 
mobility and high sediment deposition 
rates”.  
 

- The use of BCF, TF, Igeo, Cf, and PLI 
indices in assessing ecological risks 
specific to seagrass ecosystems in 

- I have added the hypothesis regarding the 
concentration of heavy metals in seagrass 
roots, leaves, and sediments.  
 
 
 
 
 
 
 
 
 
 
 
 
 

- I have included how this study advances 
current knowledge on heavy metal 
pollution in seagrass ecosystems. 



tropical coastal areas could be briefly 
justified. Highlight how the study 
advances current knowledge on heavy 
metal pollution in seagrass ecosystems, 
particularly in Indonesia.  

 

 

Section II: Methodology and Data Analysis 
1. - The methodology is well-detailed, and 

the use of purposive sampling is 
appropriate for this study, as the two 
locations have distinct tourism activities, 
providing a meaningful comparison of 
anthropogenic impacts on seagrass 
ecosystems. Justification for why certain 
indices (e.g., PLI, Igeo) were chosen 
over others is required. Are these indices 
more suitable for tropical coastal 
ecosystems, or were they selected based 
on prior studies in similar environments? 
Specify the source of ‘background 
concentrations’ or clarify how they were 
determined.  
 

- Discuss the reliability of the wet 
digestion method used, and if possible, 
consider cross-validation with CRM 
(certified reference materials). Also 
clearly state the number of replicates 
used for each sample type to improve 
transparency.  

 

- Ecological risk indices such as BCF, TF, 
CF, Igeo and PLI were chosen based on 
previous studies in similar environments, 
i.e. in tropical coastal ecosystems. I have 
added the source of “background 
concentration” in the script 

 
 
 
 
 
 
 
 
 
 
- I have added an explanation of wet 

digestion and written the number of 
replicates used for each sample type. I did 
not validate the CRM, instead to control the 
quality of the data was carried out by other 
methods, namely replicate analysis, use of 
blanks and comparison with previous 
studies have been carried out to ensure the 
accuracy of the results. 

2. - The inclusion of multiple metrics (BCF, 
TF, Igeo, Cf, and PLI) ensures a 
multidimensional approach to assessing 
heavy metal contamination and its 
ecological risks. Please include 
statistical methods such as t-tests, 
ANOVA, or non-parametric tests to 
assess differences between the two sites 
or between seagrass and sediment 
samples. Regression analysis could also 
explore relationships between heavy 

- I have added statistical analysis to 
determine the differences in heavy metal 
concentrations between the two locations. 

 
 
 
 
 
 
 
 



metal concentrations and ecological 
indices.  
 

- Individual metals are analyzed, but there 
is still no clear methodology for 
interpreting the cumulative effect of 
multiple metals. Try to consider using 
multivariate analysis techniques (e.g., 
Principal Component Analysis, PCA) to 
assess overall contamination patterns 
and identify dominant sources of 
pollution.  
 

 
 
 
 
 
- If possible, please also discuss how 

findings from the two sampling sites 
might extrapolate to other areas and 
acknowledge limitations in spatial 
coverage.  

 

 
 
 
- To achieve the main objective of this study, 

I have used an established ecological risk 
assessment index, which provides a clear 
and direct evaluation of the level of 
contamination and potential environmental 
impacts. Although multivariate techniques 
can be useful for identifying pollution 
sources and contamination patterns, our 
focus is more on assessing the ecological 
risk posed by heavy metal accumulation 
rather than source apportionment. In 
addition, the limited number of samples in 
this study makes the application of PCA 
less than optimal. 

 
- I have added explanations in the script as 

requested 
 

 

3. - The methodology already describes the 
sampling procedures, sample 
preparation, and analytical techniques in 
detail. But the methodology does not 
clearly specify the number of replicates 
for sampling or analysis. This is because 
replication is critical for assessing 
variability and ensuring reproducibility. 
 

- The sampling locations are broadly 
described, but exact GPS coordinates, 
dates, and times of sampling are not 
provided. Please include precise 
geographic coordinates and temporal 
details to account for spatial and 
seasonal variability. Also describe the 
calibration process for the AAS (e.g., use 
of standard solutions) and specify 
quality control measures, such as the 

- I have written the number of replications 
used for each type of sample analyzed for 
heavy metals 

 
 
 
 
 
 
- I have added GPS coordinates, date and 

time of sampling. I have also explained the 
calibration process for AAS and quality 
control steps, as well as reagent levels, 
digestion temperatures and durations to 
standardize the process. 



inclusion of blanks, spiked samples, or 
certified reference materials. Specify the 
grade of reagents, digestion temperature, 
and duration to standardize the process.  

 
Section III: Results and Discussion 

1. - The morphological description of the 
seagrass species (Cymodocea and 
Thalassia) is clear and supported by 
references. However, the connection 
between morphology and the study's 
ecological risk focus could be 
emphasized further. For example, how 
does the root structure of Thalassia 
specifically affect heavy metal uptake?  
 

- The comparisons (e.g., Pb levels in 
Cymodocea vs. Thalassia) could be 
made more concise to improve flow. 
Consider using tables for summarizing 
key findings to avoid repetition in text 
and improve clarity.  

 
 
 
 
- Please ensure that units (e.g., mg/kg) are 

consistently stated throughout the 
section to avoid confusion. The author 
claims that finer sediments in Station 1 
result in higher metal concentrations is 
reasonable and consistent with literature. 
However, by providing sediment texture 
data, if any, (e.g., percentage of clay, silt, 
or sand) would substantiate this 
conclusion.  

 
 

- I have added the relationship between 
seagrass morphology and ecological risk 
focus to this study. 

 
 
 
 
 
 
 
- To enhance clarity and avoid redundancy, 

we have already presented the 
comparisons, including heavy metals 
concentration in Cymodocea and Thalassia, 
in graphical form. The visual representation 
allows for a more concise and effective 
comparison. However, we will review the 
text to ensure better flow and minimize any 
unnecessary repetition. 

 
- This study did not include sediment 

analysis, and therefore, sediment texture 
data (e.g., clay, silt, or sand composition) 
were not available. We acknowledge that 
such data would provide a stronger basis for 
discussing metal accumulation patterns and 
could be an important aspect for future 
research. Therefore, I have corrected by 
removing the statement regarding the type 
of sediment at the study site. In addition, I 
have corrected the units to maintain 
consistency. 

2. - The interpretation of heavy metal 
concentrations in seagrass and 
sediments is well-linked to ecological 
concepts, including bioaccumulation 
and translocation strategies. The study 

- I have added about the limitations of this 
study and the potential for variability in the 
surrounding area. 

 
 



concludes low ecological risk, which is 
based on data from specific sites. Author 
may acknowledge this limitation and the 
potential variability in nearby regions 
which would enhance the robustness of 
the conclusion.  
 

- The discussion of Pb concentrations 
linked to human activities (e.g., boat 
traffic) is good, but it lacks sufficient 
detail on the specific anthropogenic 
sources and mitigation 
recommendations. The transition 
between sections (e.g., from heavy metal 
discussion to ecological risk assessment) 
could be smoother with brief summary 
sentences to bridge ideas. A brief 
acknowledgment of study limitations 
(e.g., spatial scope, temporal variability) 
and suggestions for future research 
would also enhance the credibility of the 
discussion.  
 

 
 
 
 
 
 
 
- I have added mitigation recommendations 

in the form of improving regulations and 
waste management systems around coastal 
areas and long-term monitoring to identify 
pollution trends and their impacts on 
seagrass ecosystems. I have also added 
transitions between the sections on heavy 
metals and ecological risk assessment, and 
written study limitations and suggestions 
for future research. 

Section IV: Structure and Presentation 
1.  - The data is systematically presented, 

with clear references to figures and 
tables, and the use of thresholds and 
indices makes the explanation more 
concrete and relatable to the readers. 
However, some points such as the low 
contamination levels and the healthy 
status of the ecosystem, are repeated 
across paragraphs, reducing 
conciseness. Also, certain sentences are 
long and complex, which could affect 
readability. Breaking them into shorter 
sentences with focused ideas would 
improve clarity.  
 

- Logical progression from seagrass 
descriptions to heavy metal 
concentrations, followed by ecological 
risk assessments, ensures a cohesive 

- The manuscript has been revised to 
increase conciseness by reducing 
repetition. Additionally, long and 
complicated sentences have been 
simplified 
 
 
 
 
 
 
 
 
 
 

- The terms related to thresholds and legal 
limits have been standardized. 
Additionally, a brief acknowledgment of 
the study's limitations, including spatial 



narrative. The use of terms like 
"threshold" and "legal limit" could be 
standardized. For instance, always 
specify the regulatory framework (e.g., 
ANZECC) when mentioning thresholds. 
A brief acknowledgment of study 
limitations (e.g., spatial scope, temporal 
variability) and suggestions for future 
research would enhance the credibility 
of the discussion.  

scope and temporal variability, has been 
included, along with suggestions for future 
research to strengthen the discussion 
 
 
 
 
 
 

2. - Ensure that each figure, table, or graph 
directly supports or illustrates a specific 
point discussed in the text. Avoid 
redundant visualizations or overlap in 
information. Ensure all visuals have 
clear, descriptive titles, legends, and axis 
labels. Labels should specify units (e.g., 
mg/kg) and be easily interpretable 
without needing to refer back to the text. 
Use consistent styles, colors, and 
formatting across all figures and tables 
to maintain a professional appearance 
and improve readability.  
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Abstract 

 

Seagrass species thrive in coastal ecosystems and known for their ability to accumulate heavy 

metals from their surrounding environment. This study aims to evaluate the ecological risks related 

to the accumulation of heavy metals in seagrass roots, leaves, and sediments. The seagrass 

examined belong to the genera Cymodocea and Thalassia, collected from two sites: Jeralangan and 

Cukuh Nyai on Pahawang Island, Lampung, Indonesia. The heavy metals analyzed included Pb, 

Cu, Ni, and Zn, which were measured using the wet desctruction method and quantified with a 

SHIMADZU AA-7000 Atomic Absorption Spectrophotometer (AAS). The ecological risk was 

evaluated through various indices, such as the Bioconcentration Factor (BCF), Translocation Factor 
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(TF), Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI). The 

highest concentrations of heavy metals in sediment were detected at station 1 was Zn (15.486 

mg/kg). In the roots of Cymodocea was Zn (8.772 mg/kg), while the highest concentration in leaves 

was Cu in Thalassia (10.541 mg/kg). The ecological risk assessment revealed that BCF < 1 

categorize an excluder, while TF > 1 for Pb and Zn indicate effective translocation from roots to 

leaves. Additionally, Igeo < 0 signify no contamination, Cf < 1 indicate low pollution levels, and PLI < 

0 confirm a non-polluted status. In conclusion, the results show that the seagrass ecosystems at the 

study sites currently have low levels of heavy metal pollution and minimal ecological risk, suggesting 

they remain in a relatively safe condition. 

Keywords: Accumulation, Cymodocea, Ecological risk assessment, Heavy metal, Thalassia 
 
Introduction 
 

Heavy metals are elements with low molecular weight that can lead to serious environmental 

issues when accumulated at certain concentrations (Wang et al., 2022a). Pollution from heavy 

metals due to tourism activities can create new problems, such as bioaccumulation and the transfer 

of pollutants through the food chain, a process known as biomagnification (Wang et al., 2022b). 

Biomagnification can occur in various organism components, including seagrass. Seagrass can 

absorb and accumulate pollutants like heavy metals in its tissues, which enables it to serve effectively 

as a bioindicator (Nel et al., 2023). Seagrass acts as a biomonitor and bioaccumulator of heavy 

metals because of its limited mobility, making it possible to estimate the concentrations and sources 

of heavy metals for analysis (Bonanno and Lo Giudice, 2010). Seagrass, which is found along the 

coast and in subtidal areas of Pahawang, is susceptible to direct impacts from the presence of heavy 

metals (Noor et al., 2021).  

Seagrass plays a crucial ecological role as an important habitat, providing abundant 

ecosystem services such as breeding grounds and food sources (Sun et al., 2020). In recent 

decades, seagrass has faced ecological challenges due to significant contamination, particularly 

from heavy metals entering coastal areas (Tu et al., 2023). Several studies have revealed the 

Commented [A1]: mg.kg-1 
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presence of heavy metals such as Pb, Cu, Zn, Cr, and Cd in various environments and organisms, 

including those in port areas, rivers, seagrass beds, and fish populations (Liu et al., 2019; Hosokawa 

et al., 2020; Fang et al., 2022; Souza-Araujo et al., 2022). Research on heavy metals in seagrass in 

other coastal regions has also shown that seagrass is vulnerable to accumulating all types of heavy 

metals, as observed in seagrass along the South China Sea (Zhang et al., 2024). Additionally, 

seagrass can accumulate heavy metals in its roots and leaves (Jeong et al., 2021). A study 

conducted in the central Gulf of Gabes (Southeast Tunisia) indicated that seagrass not only serves 

as a bioindicator but can also be an effective bioremediation tool (El Zrelli et al., 2023). 

 Seagrass can accumulate heavy metals in its roots and leaves (Jeong et al., 2021). Several 

previous studies have reported that heavy metal concentrations in seagrass roots and sediments 

are generally higher than in leaves, as observed in studies conducted in the Sydney estuaries, 

Australia, and Sicily, Italy (Birch et al., 2018; Bonanno and Borg, 2018; Bonanno et al., 2020). 

However, other studies have shown different results, such as research on seagrasses in the 

Southern Mediterranean Sea (El Zrelli et al., 2023). From these findings, a hypothesis can be 

formulated that heavy metals are generally concentrated in the lower parts of seagrasses, such as 

roots and sediments, reflecting limited mobility and high sediment deposition rates. Therefore, 

measuring heavy metal concentrations in various seagrass organs is necessary to test this 

hypothesis. 

The occurrence of heavy metals and their negative effects on the ecological balance of 

seagrass, as previously discussed, serve as a primary motivation for this research. The seagrass 

genus Cymodocea and Thalassia were chosen due to their dominance in the research sites. 

Previous studies have shown that these seagrasses have been investigated for heavy metal 

presence in their tissues, exhibiting relatively high levels of accumulation in various regions, including 

Italy, South China, India, and Florida (Bonanno et al., 2020; Gopi et al., 2020; Zhang et al., 2021). 

Indonesia, research on heavy metal accumulation in Thalassia and Cymodocea has been conducted 

in the Seribu Islands, showing that these two seagrass species can accumulate heavy metals such 

as Pb, Cd, and Hg (Bowo, 2013; Sofhia, 2019; Triyanto et al., 2024). However, there has been no 

investigation using these seagrasses to monitor heavy metal pollution on Pahawang Island. 
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Research on the presence of heavy metals on Pahawang Island has never been conducted, but 

research in the bay area adjacent to Pahawang Island (Pesawaran Chain Bay Coast) has been 

conducted, where the research results found heavy metal content above the quality standard in Cr 

of 415.86 mg.kg-1, Cu of 163.312 mg.kg-1, Fe of 3,339.89 mg.kg-1 in marine organism (Fitrianingsih 

and Widiastuti, 2021). 

Pahawang Island in Lampung Province is a popular marine tourism destination with diverse 

ecosystems, including coral reefs, seagrass beds, and mangrove forests especially significant 

populations of Cymodocea and Thalassia (Mardani et al., 2018; Novita et al., 2022). According to 

the Central Bureau of Statistics of Pesawaran Regency, tourist visits reached 448,008 in 2019 and 

decreased to approximately 165,342 in 2020 (BPS Statistic, 2023). The high boat activity, as the 

only means of transportation to the island, potentially contributes to heavy metal pollution in the 

(Moelyaningrum, 2017; Saraswati and Rachmadiarti, 2021; Swain et al. 2021).  

Therefore, this study aims to provide valuable insights into the bioaccumulation patterns of 

heavy metals in the roots and leaves of seagrass, while also identifying the ecological risks involved. 

These insights can assist in developing management strategies for coastal areas and ecosystems 

in the region. The primary objective of this research is to analyze the ecological risks associated with 

the accumulation of heavy metals (Pb, Cu, Ni, and Zn) in the roots and leaves of Cymodocea and 

Thalassia, as well as in the sediments of Pahawang Island.  

 
Materials and Methods 
 
Study area and sampling 

This research conducted in March 2024 off the coast of Pahawang Island in Lampung, 

Indonesia, at two distinct sampling locations. The sites were selected using purposive sampling 

within the seagrass ecosystem in Jeralangan and Cukuh Nyai (Figure 1). The first location, 

Jeralangan at coordinates 5°40'50.53"S and 105°13'51.15"E, is characterized by a high volume of 

tourism activities. The second location, Cukuh Nyai at coordinates 5°41'19.76"S and 105°13'9.28"E, 

has relatively low tourism activity. In addition, this location has a different residential area where the 

first location has a denser settlement than the second location. Tourism and residential activities can 
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cause heavy metal pollutants to enter the waters (Sunaryo et al., 2013; Purwiyanto et al., 2020). 

Sampling was carried out during low tide, namely in the morning and evening. 

Two types of samples were collected at each station, consisting of seagrass and sediment. At 

Station One, samples of Cymodocea seagrass and sediment were collected, while Station Two 

involved the collection of Thalassia seagrass and sediment. The identification of seagrass species 

was conducted using a field guide for seagrass and dugong monitoring (Herandarudewi et al., 2019). 

he collected seagrass samples included both leaves and roots, gathered from shallow water habitats 

or intertidal zones through random sampling (Trevathan-Tackett et al., 2015; Singh et al., 2021). 

Sediment samples were taken using a grab sampler, with a total weight of 1 kg from the surface 

layer (0-10 cm). The collected samples were placed in clip-lock plastic bags and stored in containers 

(Xiao et al., 2022). 

The results of this study indicate a pattern of heavy metal accumulation in seagrass at two 

locations with different anthropogenic pressures. While these findings provide valuable insights, it is 

important to note that the spatial coverage of this study is limited. Therefore, further investigation in 

other seagrass ecosystems is needed to determine the extent to which the observed patterns can 

be extrapolated to other areas with similar conditions. Additional studies with broader spatial 

coverage, encompassing various levels of environmental pressure and different oceanographic 

characteristics, will help strengthen the generalization of these findings. 

 

Heavy metals analysis 
  The seagrass leaf and root samples, along with sediment, were thoroughly cleaned and 

subsequently dried. The dried samples were then ground to a fine powder and stored in sealed 

containers (Stewart et al., 2021). Before the destruction, AAS calibration is carried out based on the 

Indonesian National Standard to ensure the accuracy and precision of heavy metal concentration 

measurements. The calibration process consists of the preparation of heavy metal standard 

solutions made by diluting certified stock solutions to various concentrations that cover the expected 

measurement range in the sample. These standards are used to create a calibration curve (Badan 

Standarisasi Nasional, 2004, 2009). 
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The sample digestion was carried out using the wet digestion method, where 0.5 g of 

powdered seagrass was mixed with 5 ml of a reagent in a ratio of 5:2:1 (65% nitric acid: concentrated 

perchloric acid: sulfuric acid) on a hot plate for 10 minutes, along with an additional 5 ml of 2N 

hydrochloric acid, and heated on the hot plate for another 10 minutes. After reaching acid digestion, 

the sample was cooled and then filtered using Whatman filter paper (0.45 μm). The filtrate was then 

transferred into a 25 ml volumetric flask and diluted with deionized water up to the mark (FAO/SIDA, 

1983; European Commission, 2011). For sediment samples, the wet digestion process involved 

adding 5 ml of concentrated HNO₃ to each sample, which included 50 ml of water sample and 

approximately 3 g of sediment sample. The sample was heated on a hot plate at a temperature of 

105°C – 120°C until the volume was reduced to approximately 10 ml. After cooling, 5 ml of HNO₃ 

and 1-3 ml of perchloric acid were added, and the sample was reheated until white fumes appeared, 

followed by further heating for approximately 30 minutes. The sample was then filtered using 

quantitative filter paper with a pore size of 8.0 μm. The filtrate was transferred into a 100 ml 

volumetric flask and diluted with distilled water up to the mark (Badan Standarisasi Nasional, 2009; 

Gao et al ., 2021). The heavy metal analysis for each sample was performed in three replicates. The 

heavy metals analyzed in this study included Pb, Cu, Ni, and Zn.  

The concentration of heavy metals in the samples was measured using an Atomic Absorption 

Spectrophotometer (AAS) SHIMADZU AA-7000The wet digestion method is used because it is more 

effective in extracting heavy metals and preventing the loss of volatile elements such as Pb (Alfaro 

et al ., 2015). However, if not performed carefully, there is a possibility of contamination from 

reagents or laboratory equipment that may affect the results. Therefore, quality assurance and 

quality control are carried out by ensuring the use of contaminant-free glassware, pure quality 

chemicals (p.a), and calibrated and verified atomic absorption spectrophotometers, operated by 

competent analysts. Quality control includes linearity of the calibration curve (r² ≥ 0.99), blank 

analysis to control contamination with lead levels below the detection limit, and triplicate preparation 

to ensure accuracy with a difference in results of ≤ 20% (Badan Standarisasi Nasional, 2004, 2009). 

 
Ecological risk assessment 
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Ecological risk assessment can be conducted by calculating the bioconcentration factor (BCF), 

translocation factors (TF), geoaccumulation index (Igeo), contamination factor (Cf), and pollution load 

index (PLI) (Hakanson, 1980; Rozirwan et al ., 2023). 

Bioconcentration factor (BCF) 

he accumulation of heavy metals in the roots and leaves of seagrass from the surrounding 

sediment can be assessed using the Bioconcentration Factor (BCF) as described below (Steingräber 

et al ., 2022). 

𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑜𝑜
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐

 ………………………………………………………………………………………..  (1) 

where:  

BCF < 1 is an excluder; The organism (usually a plant) does not accumulate the substance efficiently. 

BCF = 1 is an indicator; The organism takes up the substance at the same rate as it is found in the 

environment.  

BCF = 1 is a hyperaccumulator; The organism accumulates the substance at a much higher 

concentration than in the environment (Almahasheer, 2019). 

Translocation Factors (TF) 

The Translocation Factor (TF) is used to measure the movement of heavy metals from the 

roots to the leaves (Usman et al ., 2019). 

𝑇𝑇𝐵𝐵 = 𝐵𝐵𝐵𝐵𝐵𝐵 𝑙𝑙𝑐𝑐𝑐𝑐𝑜𝑜
𝐵𝐵𝐵𝐵𝐵𝐵 𝑐𝑐𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

………………………………………………………………………………………………..  (2) 

TF Value > 1 indicates that the sample functions as a phytoextractor, effectively translocating metals 

from the roots to the leaves, whereas TF value < 1 indicates that the sample functions as a 

phytostabilizer (Dinu et al ., 2020). 

Geoaccumulation index (Igeo) 

The Geoaccumulation Index (Igeo) is used to evaluate the degree of heavy metal contamination 

and classify pollution levels according to established criteria (Rozirwan et al ., 2023). 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐿𝐿𝐼𝐼𝐼𝐼 2 �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐
1,5 𝑏𝑏𝑐𝑐𝑐𝑐𝑏𝑏𝑜𝑜𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑠𝑠  

�………………………………………………………………………………. (3) 

where:  the Igeo value classification consists of not contaminated (Igeo≤0), not contaminated to 

moderately contaminated (Igeo0–1), moderately contaminated (Igeo1–2), moderate to highly 
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contaminated (Igeo2–3), highly contaminated (Igeo3–4), highly contaminated to very high (Igeo 

4–5), and highly contaminated (Igeo≥5). 

 Background concentration (Alfaro et al ., 2015). 

Contamination factor (Cf) 

The Contamination Factor (CF) value is used as a basis for determining the degree of heavy 

metal contamination (Rozirwan et al ., 2024). 

𝐵𝐵𝐵𝐵 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐
𝐵𝐵𝑐𝑐𝑐𝑐𝑏𝑏𝑜𝑜𝑐𝑐𝑐𝑐𝑏𝑏𝑐𝑐𝑠𝑠

……………………………………………………………………………………………  (4) 

where:  contamination factor criteria according to (Shaheen et al ., 2019); Cf < 1 = low level of 

contamination; 1 < Cf < 3 = moderate level of contamination; 3 < Cf < 6 = moderate level of 

contamination; Cf > 6 = very high level of contamination. 

Pollution load index (PLI) 

The Pollution Load Index (PLI) is used to evaluate the pollution quality (Mosa et al ., 2022). 

𝑃𝑃𝐿𝐿𝐼𝐼 = [𝐵𝐵𝐶𝐶1 𝑥𝑥 𝐵𝐵𝐶𝐶2 𝑥𝑥 𝐵𝐵𝐶𝐶3 … . 𝑥𝑥 𝐵𝐵𝐶𝐶𝐶𝐶]1/𝑐𝑐………………………………………………………………………………….  (5) 

where:  pollution load index criteria: PLI 2 = not polluted to lightly polluted; PLI 24 = moderately 

polluted; PLI 4–6 = heavily polluted; PLI 6–8 = heavily polluted; PLI 8–10 = heavily polluted 

Statistical Analysis 

The concentrations of heavy metals were analyzed using the Mann-Whitney test in SPSS, 

as the data were not normally distributed. This statistical test was applied to compare the 

concentrations of these metals between the two study sites based on the mean differences in the 

samples. The significance level (α) was set at 0.05 to determine statistical differences. If the 2-tailed 

significance value is greater than 0.05, it indicates no significant difference in the mean concentration 

between the two sites (H₀ is accepted). Conversely, if the 2-tailed significance value is less than 

0.05, it suggests a significant difference in the mean concentrations (H₁ is rejected). 

 

Result and Discussion 
 
Description of seagrass  
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The seagrass samples were collected based on the dominant species found at the research 

site, specifically Cymodocea and Thalassia (Figure 2). Cymodocea was predominantly observed at 

Station One. This species is characterized by long, ribbon-like leaves that taper to a rounded tip, 

white to slightly yellowish rhizomes, and thin, brown fibrous roots. Both Cymodocea and Thalassia 

are commonly found in substrates ranging from muddy to sandy (Hartati et al ., 2018; Thangaradjou 

and Bhatt, 2018), which explains their prevalence in the research area where the majority of locations 

feature such substrates. Cymodocea exhibits a strong tolerance to various environmental stresses 

and can thrive in diverse habitats, categorizing it as a species of least concern according to the IUCN 

(Terrados et al ., 1998; Short et al ., 2011). Thalassia is mainly found at Station Two and is 

recognized by its crescent-shaped leaves with neatly arranged margins, brown rhizomes, and thick, 

sheathed roots. This species allocates a greater proportion of its biomass to underground structures, 

such as roots and rhizomes, rather than to its leaves. This morphological variation can be seen as 

an adaptive response to environmental physical stressors, such as burial by sand to prevent 

displacement during tidal fluctuations and storms (Westlake et al ., 2022).  

The root structure of Thalassia plays an important role in the absorption of heavy metals in 

the marine environment. Thalassia has an extensive root and rhizome system, allowing greater 

contact with sediments containing heavy metals (Rosalina et al ., 2022). Exposure to heavy metals 

can cause changes in the structure of root tissue, such as thickening or damage to the epidermis 

and endodermis in both seagrass roots. These changes can affect the ability of roots to absorb and 

translocate heavy metals (Rosalina et al ., 2019). Thalassia hemprichii and Cymodocea serrulata 

leaves play an important role in the absorption of heavy metals from the water column. The broad 

and thin leaf structure increases the surface area for direct contact with water, facilitating the 

absorption of heavy metals (Nugraha, 2016). Additionally, the presence of aerenchyma tissue in the 

roots and leaves enables efficient gas exchange, which can influence the process of heavy metal 

absorption (Chedadi et al ., 2024). According to Dilipan and Arulbalachandran (2022), both 

Cymodocea and Thalassia are promising candidates for bioremediation of contaminated sites and 

are frequently utilized as biological indicators of heavy metal accumulation. 
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Heavy metals concentration in sediment and seagrass  

The concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments, roots, and leaves 

of seagrasses at both stations are summarized in Figure 3. The results indicate that Station 1 

(Cymodocea) had the highest concentrations of Pb and Zn in the sediments, roots, and leaves. 

Specifically, the maximum concentrations of Cu in sediments and roots were also recorded at Station 

1 (Cymodocea), while the highest concentration in leaves was observed at Station 2 (Thalassia). 

The highest levels of Ni were found in the leaves and roots of Cymodocea. In contrast, the sediment 

at Station 2 exhibited the highest concentration of Ni. A comparative analysis of heavy metal 

concentrations across different seagrass species and locations is summarized in Figure 3. Based on 

the research results, the concentration of each sample between the two stations was analyzed using 

the Mann-Whitney test (as the data were not normally distributed) and showed a 2-tailed significance 

value of > 0.05, indicating no significant difference between the two stations. 

Based on Figure 3, the concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments 

of this study are still below the threshold values established by ANZECC and ARMCANZ (2000) as 

referenced in (Ogundele et al ., 2015), and by the Gazzetta Ufficiale della Repubblica Italiana as 

noted in (Bonanno et al ., 2020), which are set at 50 mg/kg, 65 mg/kg, 50 mg/kg, and 30 mg/kg, 

respectively. Station 1 is characterized by a predominant presence of Cymodocea, which is directly 

influenced by tidal dynamics. Tidal-affected areas experience dynamic water movement, enabling 

heavy metals carried by the water to adhere to sediment particles (Maulana et al ., 2023). The 

concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments are higher compared to those 

in the roots and leaves, corroborating the findings of Khotimah et al ., (2024) which indicate that 

sediment concentrations of heavy metals exceed those in the roots, implying that the roots may 

serve as a barrier preventing heavy metals from translocating to the upper plant structures. As noted 

by Flefel et al ., (2020), sediments act as primary reservoirs for heavy metal absorption in aquatic 

environments. In addition, the higher concentration of heavy metals in the sediment at Station 1 

compared to Station 2 can be assumed to be due to the finer sediment texture. Heavy metals tend 

to bind more effectively to sediment types with higher clay content or finer particle sizes (Borah et al 

., 2018).  
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The concentrations of heavy metal Pb in the sediments, leaves, and roots of Cymodocea and 

Thalassia differ between the two research locations (figure 3). The higher concentration of Pb in 

Cymodocea at Station 1 may be attributed to the significant human activities in this area, including 

increased boat traffic and residential developments. Heavy metal Pb levels can be exacerbated by 

factors such as maritime traffic, fishing activities, paint on boats, and sedimentation (Irandoost et al 

., 2021). Mitigation measures that can be implemented include strengthening regulations and waste 

treatment systems around coastal areas, as well as conducting long-term monitoring to identify 

pollution trends and their impacts on the seagrass ecosystem (Jeong et al ., 2021). Notably, the 

highest concentration of Pb is found in the leaves of Cymodocea when compared to its roots (figure 

3). Similar findings were reported by El Zrelli et al ., (2023), which indicated that the Pb concentration 

in the leaves of Cymodocea is greater than that in its roots. According to the WHO (1996) as cited 

in Ogundele et al ., (2015), the concentration of Pb in Cymodocea and Thalassia remains below the 

quality standard of 2 mg/kg (Pb), suggesting that these seagrasses are not currently subjected to 

contamination.  

In this study, the highest concentration of the heavy metal Cu was observed in the leaves of 

Thalassia at Station 2. This concentration is still below the quality standard of 20 mg/kg (Kabata-

Pendias, 2011) indicating that the accumulation of Cu in seagrass does not pose any toxic effects. 

Copper is considered an essential metal, as it is required by organisms; however, at significantly 

high concentrations, Cu can be more toxic than non-essential metals such as Pb and Cd due to the 

active absorption mechanisms and tolerance strategies that plants employ A similar study conducted 

on the leaves and roots of Thalassia in Xincun Bay, China, also reported the highest concentration 

in leaves at 11.2 mg/kg (Zhang et al., 2021). Previous research on various seagrass species has 

demonstrated that aboveground leaves are more efficient at accumulating Cu compared to 

belowground tissues (roots and rhizomes) (Lin et al., 2018; Hu et al., 2019). The concentration of 

heavy metal Cu in the leaves of Thalassia is higher than in Cymodocea. This may be due to 

Thalassia having broader leaf morphology and often exhibiting a slower growth rate compared to 

Cymodocea, allowing more heavy metals to accumulate in leaf tissues over a longer period 

(Nugraha, 2016). Additionally, different physiological mechanisms in each seagrass species may 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

influence the uptake of heavy metals through the leaf surface (El Zrelli et al., 2023). Previous studies 

on these two seagrass species, particularly in Indonesia, have shown that Cu concentrations in 

Thalassia leaves are higher than in Cymodocea (Bidayani et al., 2017; Kholil et al., 2019). 

The concentration of Ni based on the research findings indicates that the highest level was 

found in the sediment, followed by the roots of Cymodocea, measuring 2.331 mg.kg-1. This 

concentration is significantly lower than the legal limit allowed in marine waters, which is set at 20 

mg.kg-1. Furthermore, increases in Ni concentrations of 3 to 5 times are generally observed in 

environments impacted by human activities (Bonanno et al., 2020). The Ni concentrations in this 

study are consistent with previous research that reported low Ni levels in seagrasses, such as 3.20–

6.65 mg.kg-1 in Italy (Bonanno et al., 2017) and 1.8–3.1 mg.kg-1 in South Africa (Nel et al., 2023), , 

particularly in locations with minimal human activities. This suggests that the study site is not yet 

contaminated with heavy metals, specifically Ni. 

According to Figure 3, the highest concentration of Zn in seagrass was found in the leaves of 

Cymodocea at station 1. This concentration remains below the threshold established by the Australia 

and New Zealand Food Authority (ANZFA), which is 14 mg.kg-1 (Smitha et al., 2010). Furthermore, 

the measured Zn levels are significantly lower than the concentrations that can cause phytotoxicity, 

which range from 500-1500 mg.kg-1(Elrashidi, 1990). Thus, the concentration of Zn detected in this 

study does not indicate any toxic effects. The results demonstrate that the concentrations of Zn in 

both the leaves and roots of the two seagrass species are higher than those of Pb and Cu (Figure 

3). This suggests that Zn plays a crucial role in plant metabolism (Bonanno and Orlando-Bonaca, 

2017). These findings are consistent with previous research, which reported that Zn concentrations 

are highest in the roots and leaves of various seagrass species, including Cymodocea and 

Thalassia, in locations such as Sicily, Italy, China, and India (Bonanno et al., 2017; Hu et al., 2019; 

Gopi et al., 2020). After knowing the concentration of heavy metals in seagrass and sediment, the 

next step is to evaluate its ecological impact. Therefore, an ecological risk assessment is needed to 

assess the potential threat to seagrass ecosystems and organisms that depend on them. 
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Bioaccumulation and Ecological risk assessments 

Based on the research results presented in Table 2, the bioconcentration factors (BCF) for 

the roots of Cymodocea and Thalassia, which accumulate heavy metals from the sediment 

biologically, were determined to be 0.0828 and 0.0502 for Pb, respectively. The BCF for Cu in 

Cymodocea is 0.5991, while in Thalassia it is 0.0082. For Ni, the BCF values are 0.3140 for 

Cymodocea and 0.0894 for Thalassia, and for Zn, the BCF values are 0.5665 and 0.1670, 

respectively. The geoaccumulation index indicates an unpolluted status for Pb with values of -1.9696 

and -1.9344, for Cu with values of -5.0658 and -4.5659, for Ni with values of -2.2167 and -2.1581, 

and for Zn with values of -2.6982 and -2.8687. The contamination factor (CF) suggests low 

contamination levels for Pb at 0.3830 and 0.3924, for Cu at 0.0448 and not detected (nd), for Ni at 

0.3227 and 0.3361, and for Zn at 0.2311 and 0.2055. The pollution load index (PLI) was calculated, 

yielding results of 0.0013 and 0.0051, indicating that both stations are not polluted.  

There are differences in the translocation factor (TF) values of metals (Table 3) between 

Cymodocea and Thalassia. In Thalassia, the TF for Cu indicates a translocation value of <1, 

suggesting minimal transfer of this metal to the above-ground biomass or leaves. This can also be 

attributed to the very low concentrations of Cu in the roots and leaves of the sampled seagrass at 

the study site. The metal with the highest TF value is Zn in Thalassia, followed by Ni and Pb. 

Similarly, Cymodocea shows the highest TF values for Zn and Pb, which are both >1. The differences 

in translocation values may arise from the biological characteristics of seagrasses, which have 

developed two distinct adaptive strategies to cope with the levels of contamination in their 

environment. The first strategy involves the storage of accumulated metals from the sediment in the 

root-rhizome system, while the second strategy entails the translocation of some contaminants from 

the root-rhizome to the above-ground parts of the seagrass, such as the leaves (El Zrelli et al., 2023). 

According to the TF values presented in Table 2, Thalassia employs the second adaptive strategy 

for Zn, Ni, and Pb by translocating these contaminants to the leaves, whereas for Cu, it utilizes the 

first adaptive strategy. In contrast, Cymodocea adopts the second adaptive strategy for Pb and Zn. 

Previous research has also indicated that Zn undergoes significant translocation in Cymodocea, with 

a value > 1 (Bonanno and Borg, 2018; Nel et al., 2023).  
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The bioconcentration factor (BCF) of heavy metals from sediment to leaves and roots is 

summarized in Table 2. The BCF of zinc (Zn) in the leaves is higher than that of lead (Pb), nickel 

(Ni), and copper (Cu). This indicates that the accumulation level of Zn in the leaves is greater 

compared to the other metals, which may be influenced by several factors, including the adaptive 

strategies of seagrass in absorbing heavy metals and the chemical properties of the metals as well 

as the selectivity of the plants (Khotimah et al., 2024). Zinc is an essential metal for seagrass, as it 

is utilized in photosynthesis and growth (Kabata-Pendias and Pendias, 2000). This leads to higher 

Zn accumulation since it is more readily absorbed by both Cymodocea and Thalassia. According to 

Table 2, Cymodocea exhibits the highest BCF value for Zn. Similarly, high BCF values for Zn have 

also been found in the leaves of Zostera noltei, as well as in the roots and leaves of Thalassia 

hemprichii and in the roots and leaves of Enhalus acoroides (Li and Huang, 2012; Boutahar et al., 

2019; Jeong et al., 2021). Compared to previous studies, particularly in Southeast Asia, such as 

research conducted in the Johor Strait, Malaysia, the accumulation of heavy metals in seagrasses 

and their ecological risks show a similar pattern in the accumulation of Pb and Cu, with varying levels 

of pollution depending on proximity to pollution sources (Sidi et al., 2018). A comparison of heavy 

metal accumulation in seagrasses from different locations worldwide is presented in Table 1. 

The values of the geoaccumulation index (Igeo) from this study are presented in Table 4, 

indicating that the sediments at both research locations are unpolluted (Igeo< 0). This suggests that 

the sources of heavy metal contamination at these sites are low, attributed to factors such as small 

residential areas, the absence of industrial and mining activities, and relatively low shipping traffic. 

Additionally, the physical and chemical conditions of the aquatic environment, including current 

patterns and tidal movements, also play a significant role (Siregar et al., 2020). The contamination 

factor (CF) in this study indicates that each metal contributes to low or negligible contamination, as 

evidenced by CF values < 1. These findings align with research conducted along the southern coast 

of Sumatra, Indonesia, which showed low CF values for each metal, except for lead (Pb), due to 

significant anthropogenic sources in the vicinity (Rozirwan et al., 2023; Khotimah et al., 2024).  

The pollution status of the seagrass ecosystem at the research locations can be assessed 

using the pollution load index (PLI). The sediment PLI analyzed at the study sites is classified as 
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unpolluted, with PLI values ranging from 0 to 2. The PLI values at both locations are not significantly 

different, indicating that both ecosystems are healthy and safe for living organisms. In contrast, other 

studies on seagrass ecosystems in the Southern Mediterranean Sea reported PLI values 

categorized as moderately contaminated and polluted, posing risks to the seagrass ecosystems, 

primarily due to the discharge of various industrial wastes, particularly phosphogypsum (El Zrelli et 

al., 2023). Therefore, based on the analyses from this study, it can be concluded that all sampling 

locations exhibit low levels of metal pollution and ecological risk. The results of this study are limited 

to the surveyed location and may not fully reflect conditions in other areas. 

The results of this study provide new insights into how tropical seagrasses, particularly 

Cymodocea and Thalassia, play a role in accumulating heavy metals in the marine environment. 

These findings contribute to understanding the distribution patterns of heavy metals in seagrass 

ecosystems, which can be used to monitor water quality. They also help identify seagrass species 

that are more effective as bioindicators of heavy metal pollution. Furthermore, this study provides a 

scientific basis for environmental management policies, such as the protection of seagrass beds in 

areas with high anthropogenic activity. However, this study is limited in its spatial coverage and does 

not account for broader temporal variability. Therefore, further research with a wider study area and 

long-term monitoring is necessary to gain a more comprehensive understanding of heavy metal 

accumulation patterns and to identify potential changes over time. 

 

Conclusion 

The highest concentrations of Pb, Cu, Ni, and Zn in seagrass are found in the leaves, while 

the sediments at Station 1 show the highest levels. Overall, the concentrations of heavy metals in 

the roots and leaves of Cymodocea and Thalassia indicate relatively high levels; however, the 

ecological risk assessment shows that the bioaccumulation factor (BCF) is categorized as low. In 

contrast, the translocation factors (TF) for Pb and Zn demonstrate values greater than 1, indicating 

that the seagrass functions effectively in phytoremediation or translocating metals from the roots to 

the leaves. In summary, the ecological risk assessment of the research locations, which includes the 

geoaccumulation index (Igeo), contamination factor (CF), and pollution load index (PLI), indicates 
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that the environment within the seagrass ecosystems at these sites has low levels of heavy metal 

pollution and ecological risk. The findings of this study are specific to the examined site and may not 

be entirely representative of conditions in other regions. 

 

Acknowledgement 

This research for this article was funded by the Ministry of Research, Technology, and Higher 

Education of the Republic of Indonesia (Number 090/E5/PG.02.00.PL/2024). The authors would like 

to express their gratitude to the Marine Bioecology Laboratory for providing the space and facilities 

during the course of the study. 

 

Ethical Approval and Research Integrity  

All field sampling activities were conducted in accordance with local and national regulations 

governing environmental research and biodiversity conservation. This study also adhered to ethical 

guidelines to ensure responsible and sustainable sampling practices. 

 

Conflict of interest 

The authors declare that they have no conflicts of interest. 

 

            
References 

Alfaro, M.R., Montero, A., Ugarte, O. M., do Nascimento, C. W. A., de Aguiar Accioly, A. M., Biondi, 
C.M. & da Silva, Y.J.A.B. 2015. Background concentrations and reference values for heavy 
metals in soils of Cuba. Environ. Monit. Assess., 187(1):page???. 
https://doi.org/10.1007/s10661-014-4198-3 

Almahasheer, H. 2019. High levels of heavy metals in Western Arabian Gulf mangrove soils. Mol. 
Biol. Rep., 46(2): 1585–1592. https://doi.org/10.1007/S11033-019-04603-2/METRICS 

Badan Standarisasi Nasional. 2004. SNI 6992.3:2004. Sedimen – bagian 3: cara uji timbal (Pb) 
secara destruksi asam dengan spektrofotometer serapan atom (SSA). Badan Standardisasi 
Nasional.page??? 

Badan Standarisasi Nasional. 2009. SNI 6989.6:2009. Bagian 6. Cara uji tembaga (Cu) secara 
Spektrofotometri Serapan Atom (SSA) nyala pada air dan air limbah. In Badan Standardisasi 
Nasional.page??? 

Bidayani, E., Rosalina, D. & Utami, E. 2017. Kandungan Logam Berat Timbal (Pb) pada Lamun 

Commented [A2]: Follow IJMS format. Check it into detail. 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Cymodocea serrulata di Daerah Penambangan Timah Kabupaten Bangka Selatan. Maspari 
J., 9(2): 169–176. 

Birch, G. F., Cox, B. M. & Besley, C. H. 2018. The relationship between metal concentrations in 
seagrass (Zostera capricorni) tissue and ambient fine sediment in modified and near-pristine 
estuaries (Sydney estuaries, Australia). Mar. Pollut. Bull., 128(January): 72–81. 
https://doi.org/10.1016/j.marpolbul.2018.01.006 

Bonanno, G. & Borg, J. A. 2018. Comparative analysis of trace element accumulation in seagrasses 
Posidonia oceanica and Cymodocea nodosa: Biomonitoring applications and legislative 
issues. Mar. Pollut. Bull., 128(June 2017): 24–31. 
https://doi.org/10.1016/j.marpolbul.2018.01.013 

Bonanno, G., Borg, J. A. & Di Martino, V. 2017. Levels of heavy metals in wetland and marine 
vascular plants and their biomonitoring potential: A comparative assessment. Sci. Total 
Environ., 576: 796–806. https://doi.org/10.1016/j.scitotenv.2016.10.171 

Bonanno, G. & Lo Giudice, R. 2010. Heavy metal bioaccumulation by the organs of Phragmites 
australis (common reed) and their potential use as contamination indicators. Ecol. Indic., 10(3): 
639–645. https://doi.org/10.1016/j.ecolind.2009.11.002 

Bonanno, G. & Orlando-Bonaca, M. 2017. Trace elements in Mediterranean seagrasses: 
Accumulation, tolerance and biomonitoring. A review. Mar. Pollut. Bull., 125(1–2): 8–18. 
https://doi.org/10.1016/j.marpolbul.2017.10.078 

Bonanno, G., Veneziano, V., Raccuia, S. A. & Orlando-Bonaca, M. 2020. Seagrass Cymodocea 
nodosa and seaweed Ulva lactuca as tools for trace element biomonitoring. A comparative 
study. Mar. Pollut. Bull., 161(July): 111743. https://doi.org/10.1016/j.marpolbul.2020.111743 

Borah, R., Taki, K., Gogoi, A., Das, P. & Kumar, M. 2018. Contemporary distribution and impending 
mobility of arsenic, copper and zinc in a tropical (Brahmaputra) river bed sediments, Assam, 
India. Ecotoxicol. Environ. Saf., 161(336): 769–776. 
https://doi.org/10.1016/j.ecoenv.2018.06.038 

Boutahar, L., Maanan, M., Bououarour, O., Richir, J., Pouzet, P., Gobert, S., Maanan, M., Zourarah, 
B., Benhoussa, A. & Bazairi, H. 2019. Biomonitoring environmental status in semi-enclosed 
coastal ecosystems using Zostera noltei meadows. Ecol. Indic., 104: 776–793. 
https://doi.org/10.1016/J.ECOLIND.2019.04.039 

Bowo, D. H. 2013. Akumulasi logam berat kadmium (Cd) dan timbal (Pb) pada lamun Thalassia 
hemprichii di Perairan Pulau Panggang, Kepulauan Seribu. 

BPS Statistic. 2023. Badan Pusat Statistik. Jumlah Kunjungan Wisatawan Manca Negara. Badan 
Pusat Statistik. 

Chedadi, M., Moussaoui, A. El, Bassouya, M., Jawhari, F. Z., Zoufri, I., Barnossi, A. El, Asmi, H. El, 
Ammari, M., Merzouki, M. & Bari, A. 2024. Capacity of an aquatic macrophyte, Pistia stratiotes 
L., for removing heavy metals from water in the Oued Fez River and their accumulation in its 
tissues. Environ. Monit. Assess., 196(11): 1114. https://doi.org/10.1007/S10661-024-13305-
7/METRICS 

Dinu, C., Vasile, G. G., Buleandra, M., Popa, D. E., Gheorghe, S. & Ungureanu, E. M. 2020. 
Translocation and accumulation of heavy metals in Ocimum basilicum L. plants grown in a 
mining-contaminated soil. J. Soils Sediments, 20(4): 2141–2154. 

El Zrelli, R. B., Yacoubi, L., Castet, S., Grégoire, M., Lin, Y. J., Attia, F., Ayranci, K., Baki, Z. A., 
Courjault-Radé, P. & Rabaoui, L.J. 2023. Compartmentation of trace metals in Cymodocea 
nodosa from a heavily polluted area (Central Gulf of Gabes; Southern Mediterranean Sea): 
Potential use of the seagrass as environmental monitoring and bioremediation tool. Reg. Stud. 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Mar. Sci., 65: 103056. https://doi.org/10.1016/j.rsma.2023.103056 

Elrashidi, M.A. 1990. Inorganic Contaminants in the Vadose Zone. J. Environ. Qual., 19(4): 783–
784. https://doi.org/10.2134/jeq1990.00472425001900040026x 

European Commission. 2011. Commission Regulation (Eu). Off. J. Eur. Union, 2011(1131): 205–
211. 

Fang, T., Wang, H., Liang, Y., Cui, K., Yang, K., Lu, W., Li, J., Zhao, X., Gao, N., Yu, Q., Li, H. & 
Jiang, H. 2022. Source tracing with cadmium isotope and risk assessment of heavy metals in 
sediment of an urban river, China. Environ. Pollut., 305: 119325. 
https://doi.org/https://doi.org/10.1016/j.envpol.2022.119325 

FAO/SIDA. 1983. Manual of Methods in Aquatic Environment Research - Donald L. Reish, Food and 
Agriculture Organization of the United Nations, Philip S. Oshida - Google Buku. 

Fitrianingsih, R. & Widiastuti, E.L. 2021. Kandungan Logam Berat Cr , Cu , Fe dan Mn pada 
Beberapa Biota di Pesisir Teluk Ratai Pesawaran , Lampung. Pros. Snail 2021 Semin. Nas. 
Ilmu Lingkung. Tata Kelola Lingkung. Untuk Mendukung Pembang. Berkelanjutan, 
3257(2003): 68–74. 

Flefel, H., Nokhrin, D. & Donnik, I. 2020. Determine heavy metals in water, aquatic plants, and 
sediment in water systems. E3S Web Conf., 222:. 
https://doi.org/10.1051/e3sconf/202022202028 

Gao, Y., Qiao, Y., Xu, Y., Zhu, L. & Feng, J. 2021. Assessment of the transfer of heavy metals in 
seawater, sediment, biota samples and determination the baseline tissue concentrations of 
metals in marine organisms. Environ. Sci. Pollut. Res. Int., 28(22): 28764–28776. 
https://doi.org/10.1007/S11356-021-12650-1 

Gopi, S., Arulkumar, A., Ganeshkumar, A., Rajaram, R., Miranda, J.M. & Paramasivam, S. 2020. 
Heavy metals accumulation in seagrasses collected from Palk Bay, South-eastern India. Mar. 
Pollut. Bull., 157:. https://doi.org/10.1016/j.marpolbul.2020.111305 

Hakanson, L. 1980. An ecological risk index for aquatic pollution control.a sedimentological 
approach. Water Res., 14(8): 975–1001. https://doi.org/10.1016/0043-1354(80)90143-8 

Hartati, R., Zainuri, M., Ambariyanto, A., Widianingsih, W., Trianto, A. & Mahendrajaya, R.T. 2018. 
Similarity microalgal epiphyte composition on seagrass of Enhalus acoroides and Thalasia 
hemprichii from different waters. IOP Conf. Ser. Earth Environ. Sci., 139(1):. 
https://doi.org/10.1088/1755-1315/139/1/012011 

Herandarudewi, S.M., Kiswara, W., Irawan, A., Anggraeni, F., Juraij, Munandar, E., Sunudin, A. & 
Tania, C. 2019. Panduan Survei dan Monitoring Duyung dan Lamun. ITB Press, 43. 

Hosokawa, S., Naito, R. & Nakamura, Y. 2020. Spatial patterns of concentrations of Cu, Zn, Cd, and 
Pb in marine sediments from Japanese port areas. Reg. Stud. Mar. Sci., 35: 101135. 

Hu, C., Yang, X., Gao, L., Zhang, P., Li, W., Dong, J., Li, C. & Zhang, X. 2019. Comparative analysis 
of heavy metal accumulation and bioindication in three seagrasses: Which species is more 
suitable as a bioindicator? Sci. Total Environ., 669: 41–48. 
https://doi.org/10.1016/j.scitotenv.2019.02.425 

Irandoost, F., Agah, H., Rossi, L., Calizza, E., Careddu, G. & Costantini, M.L. 2021. Stable isotope 
ratios (δ13C and δ15N) and heavy metal levels in macroalgae, sediment, and benthos from 
the northern parts of Persian Gulf and the Gulf of Oman. Mar. Pollut. Bull., 163: 111909. 
https://doi.org/10.1016/j.marpolbul.2020.111909 

Jeong, H., Choi, J.Y., Choi, D.H., Noh, J.H. & Ra, K. 2021. Heavy metal pollution assessment in 
coastal sediments and bioaccumulation on seagrass (Enhalus acoroides) of Palau. Mar. Pollut. 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Bull., 163(December 2020): 111912. https://doi.org/10.1016/j.marpolbul.2020.111912 

Kabata-Pendias, A. 2011. Trace Elements in Soils and Plants, Fourth Edition. In Taylor & Francis 
Group, Boca Raton, FL, USA. https://doi.org/10.1016/j.sajb.2012.03.008 

Kabata-Pendias, A. & Pendias, H. 2000. Trace Elements in Soils and Plants: Third Edition. In Trace 
Elements in Soils and Plants: Third Edition. CRC Press. 
https://doi.org/10.1201/9781420039900 

Kholil, R., Eryati, R. & Sari, L.I. 2019. Kandungan Logam Berat Pb (Timbal ) Dan Cu (Tembaga ) 
Pada Lamun (Thallasia hemprichii) Di Dusun Melahing Dan Sapa Segajah Bontang 
Kalimantan Timur. J. Aquarine, 6(2): 12–20. 

Khotimah, N.N., Rozirwan, Putri, W.A.E., Fauziyah, Aryawati, R., Isnaini & Nugroho, R.Y. 2024. 
Bioaccumulation and Ecological Risk Assessment of Heavy Metal Contamination (Lead and 
Copper) Build Up in the Roots of Avicennia alba and Excoecaria agallocha. J. Ecol. Eng., 25(5): 
101–113. 

Li, L. & Huang, X. 2012. Three tropical seagrasses as potential bio-indicators to trace metals in 
Xincun Bay, Hainan Island, South China. Chinese J. Oceanol. Limnol., 30(2): 212–224. 
https://doi.org/10.1007/S00343-012-1092-0/METRICS 

Lin, H., Sun, T., Adams, M. P., Zhou, Y., Zhang, X., Xu, S. & Gu, R. 2018. Seasonal dynamics of 
trace elements in sediment and seagrass tissues in the largest Zostera japonica habitat, the 
Yellow River Estuary, northern China. Mar. Pollut. Bull., 134(March): 5–13. 
https://doi.org/10.1016/j.marpolbul.2018.02.043 

Liu, M., Chen, J., Sun, X., Hu, Z. & Fan, D. 2019. Accumulation and transformation of heavy metals 
in surface sediments from the Yangtze River estuary to the East China Sea shelf. Environ. 
Pollut., 245: 111–121. https://doi.org/10.1016/j.envpol.2018.10.128 

Mardani, A., Purwanti, F. & Rudiyanti, S. 2018. Strategi pengembangan ekowisata berbasis 
masyarakat di Pulau Pahawang Propinsi Lampung. Manag. Aquat. Resour. J., 6(1): 1–9. 
https://doi.org/10.14710/marj.v6i1.19804 

Maulana, F., Muhiddin, A.H., Lanuru, M., Samad, W. & Ukkas, M. 2023. Distribution of Bottom 
Sediment Before and After Reclamation At Center Point of Indonesia (Cpi) Makassar City. J. 
Ilmu Kelaut. SPERMONDE, 9(1): 10–19. https://doi.org/10.20956/jiks.v9i1.19929 

Moelyaningrum, A. D. 2017. Timah Hitam (Pb) dan Karies Gigi. Stomatognatic-Jurnal Kedokt. Gigi, 
13(1): 28–31. 

Mosa, A., Selim, E.M.M., El-Kadi, S.M., Khedr, A.A., Elnaggar, A.A., Hefny, W.A., Abdelhamid, A.S., 
El Kenawy, A.M., El-Naggar, A., Wang, H. & Shaheen, S.M. 2022. Ecotoxicological 
assessment of toxic elements contamination in mangrove ecosystem along the Red Sea coast, 
Egypt. Mar. Pollut. Bull., 176: 113446. https://doi.org/10.1016/J.MARPOLBUL.2022.113446 

Nel, M.A., Adams, J.B., Rubidge, G. & Human, L.R.D. 2023. Heavy metal compartmentalisation in 
salt marsh and seagrass of the urbanised Swartkops estuary, South Africa. Mar. Pollut. Bull., 
192(June 2022): https://doi.org/10.1016/j.marpolbul.2023.115007 

Noor, N.M., Febriani, D. & Ali, M. 2021. Seagrass of Enhalus Acoroides as a Traditional Body Scrubs 
in Preventing Malarial Bites by Pahawang Island Community in Indonesia. IOP Conf. Ser. Earth 
Environ. Sci., 1012(1):. https://doi.org/10.1088/1755-1315/1012/1/012037 

Novita, S., Abidin, Z. & Kasymir, E. 2022. Valuasi ekonomi dengan metode travel cost pada wisata 
taman keanekaragaman hayati Kabupaten Mesuji. J. Ilmu-Ilmu Agribisnis, 10(2): 217. 
https://doi.org/10.23960/jiia.v10i2.6012 

Nugraha, A.H. 2016. Respon Fisiologis Lamun Thalassia hemprichii dan Cymodocea rotundata 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Terhadap Tekanan Antropogenik Di Gugusan Pulau Pari Kepulauan Seribu. 

Ogundele, D. T., Adio, A. & Oludele, O. E. 2015. Heavy Metal Concentrations in Plants and Soil 
along Heavy Traffic Roads in North Central Nigeria. J. Environ. Anal. Toxicol., 05(06): 

Purwiyanto, A. I. S., Suteja, Y., Ningrum, P. S., Putri, W. A. E., Agustriani, F., Cordova, M. R. & 
Koropitan, A. F. 2020. Concentration and adsorption of Pb and Cu in microplastics: case study 
in aquatic environment. Mar. Pollut. Bull., 158: 111380. 

Rosalina, D., Herawati, E. Y., Musa, M., Sofarini, D., Amin, M. & Risjani, Y. 2019. Lead accumulation 
and its histological impact on cymodocea serrulata seagrass in the laboratory. 48(4): 813–822. 
https://doi.org/10.17576/JSM-2019-4804-13 

Rosalina, D., Rombe, K. H., Jamil, K. & Surachmat, A. 2022. Analysis of heavy metals (Pb and Cd) 
in seagrasses Thalassia hemprichii and Enhalus acoroides from Pulau Sembilan, South 
Sulawesi Province, Indonesia. Biodiversitas J. Biol. Divers., 23(4): 2130–2136. 
https://doi.org/10.13057/BIODIV/D230448 

Rozirwan, Az-Zahrah, S. A. F., Khotimah, N. N., Nugroho, R. Y., Putri, W. A. E., Fauziyah, Melki, 
Agustriani, F. & Siregar, Y. I. 2024. Ecological Risk Assessment of Heavy Metal Contamination 
in Water, Sediment, and Polychaeta (Neoleanira Tetragona) from Coastal Areas Affected by 
Aquaculture, Urban Rivers, and Ports in South Sumatra. J. Ecol. Eng., 25(1): 303–319. 

Rozirwan, Khotimah, N. N., Putri, W. A. E., Fauziyah, Aryawati, R., Damiri, N., Isnaini & Nigr. 2023. 
Environmental risk assessment of Pb , Cu , Zn , and Cd concentrations accumulated in 
selected mangrove roots and surrounding their sediment. 24(12): 6733–6742. 
https://doi.org/10.13057/biodiv/d241236 

Saraswati, A. R. & Rachmadiarti, F. 2021. Analisis kandungan logam berat timbal (Pb) pada rumput 
laut di Pantai Sendang Biru Malang. LenteraBio  Berk. Ilm. Biol., 10(1): 67–76. 
https://doi.org/10.26740/lenterabio.v10n1.p67-76 

Shaheen, S. M., Abdelrazek, M. A. S., Elthoth, M., Moghanm, F. S., Mohamed, R., Hamza, A., El-
Habashi, N., Wang, J. & Rinklebe, J. 2019. Potentially toxic elements in saltmarsh sediments 
and common reed (Phragmites australis) of Burullus coastal lagoon at North Nile Delta, Egypt: 
A survey and risk assessment. Sci. Total Environ., 649: 1237–1249. 
https://doi.org/10.1016/J.SCITOTENV.2018.08.359 

Short, F. T., Polidoro, B., Livingstone, S. R., Carpenter, K. E., Bandeira, S., Bujang, J. S., 
Calumpong, H. P., Carruthers, T. J. B., Coles, R. G., Dennison, W. C., Erftemeijer, P. L. A., 
Fortes, M. D., Freeman, A. S., Jagtap, T. G., Kamal, A. H. M., Kendrick, G. A., Judson 
Kenworthy, W., La Nafie, Y. A., Nasution, I. M., … Zieman, J. C. 2011. Extinction risk 
assessment of the world’s seagrass species. Biol. Conserv., 144(7): 1961–1971. 
https://doi.org/10.1016/J.BIOCON.2011.04.010 

Sidi, N., Aris, A. Z., Mohamat Yusuff, F., Looi, L. J. & Mokhtar, N. F. 2018. Tape seagrass (Enhalus 
acoroides) as a bioindicator of trace metal contamination in Merambong shoal, Johor Strait, 
Malaysia. Mar. Pollut. Bull., 126(January 2017): 113–118. 
https://doi.org/10.1016/j.marpolbul.2017.10.041 

Singh, S., Lal, M. M., Southgate, P. C., Wairiu, M. & Singh, A. 2021. Trace metal content in sediment 
cores and seagrass biomass from a tropical southwest Pacific Island. Mar. Pollut. Bull., 171:. 
https://doi.org/10.1016/j.marpolbul.2021.112745 

Siregar, A. S., Sulistyo, I. & Prayogo, N. A. 2020. Heavy metal contamination in water, sediments 
and Planiliza subviridis tissue in the Donan River, Indonesia. J. Water L. Dev., 45: 157–164. 
https://doi.org/10.24425/jwld.2020.133057 

Smith, E. M., Giarikos, D., Daniels, A. & Hirons, A. C. 2019. Heavy Metal Accumulation in 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Seagrasses in Southeastern Florida. J. Mar. Biol. Oceanogr., 8(2):. 

Smitha, J. L., Summers, G. & Wong, R. 2010. Nutrient and heavy metal content of edible seaweeds 
in New Zealand. New Zeal. J. Crop Hortic. Sci., 38(1): 19–28. 
https://doi.org/10.1080/01140671003619290 

Sofhia, D. E. G. 2019. Bioakumulasi Logam Berat Merkuri (Hg) pada Lamun Jenis Cymodocea 
rotundata di Pulau Tidung, Kepulauan Seribu. 

Souza-Araujo, J. de, Hussey, N. E., Hauser-Davis, R. A., Rosa, A. H., Lima, M. de O. & Giarrizzo, 
T. 2022. Human risk assessment of toxic elements (As, Cd, Hg, Pb) in marine fish from the 
Amazon. Chemosphere, 301:. 

Steingräber, L. F., Ludolphy, C., Metz, J., Kierdorf, H. & Kierdorf, U. 2022. Uptake of lead and zinc 
from soil by blackberry plants (Rubus fruticosus L. agg.) and translocation from roots to leaves. 
Environ. Adv., 9(November): https://doi.org/https://dx.doi.org/10.1016/j.envadv.2022.100313 

Stewart, B. D., Jenkins, S. R., Boig, C., Sinfield, C., Kennington, K., Brand, A. R., Lart, W. & Kröger, 
R. 2021. Metal pollution as a potential threat to shell strength and survival in marine bivalves. 
Sci. Total Environ., 755: 143019. https://doi.org/10.1016/j.scitotenv.2020.143019 

Sun, Y., Song, Z., Zhang, H., Liu, P. & Hu, X. 2020. Seagrass vegetation affect the vertical 
organization of microbial communities in sediment. Mar. Environ. Res., 162: 105174. 

Sunaryo, A. I., Program, P., Kelautan, S. I., Matematika, F., Ilmu, D. & Alam, P. 2013. Daya serap 
akar dan daun mangrove terhadap logam tembaga (Cu) di Tanjung Api-api, Sumatera Selatan. 
Maspari J.  Mar. Sci. Res., 5(1): 1–5. 

Swain, S., Pattanayak, A. A., Sahu, B. K., Satapathy, D. R. & Panda, C. R. 2021. Time-series 
monitoring and ecological risk assessment of heavy metal pollution in Mahanadi estuary, east 
coast of India. Reg. Stud. Mar. Sci., 47: 101923. https://doi.org/10.1016/J.RSMA.2021.101923 

Terrados, J., Duarte, C. M., Fortes, M. D., Borum, J., Agawin, N. S. R., Bach, S., Thampanya, U., 
Kamp-Nielsen, L., Kenworthy, W. J., Geertz-Hansen, O. & Vermaat, J. 1998. Changes in 
Community Structure and Biomass of Seagrass Communities along Gradients of Siltation in 
SE Asia. Estuar. Coast. Shelf Sci., 46(5): 757–768. https://doi.org/10.1006/ECSS.1997.0304 

Thangaradjou, T. & Bhatt, J. R. 2018. Status of seagrass ecosystems in India. Ocean Coast. Manag., 
159(November 2017): 7–15. https://doi.org/10.1016/j.ocecoaman.2017.11.025 

Trevathan-Tackett, S. M., Lane, A. L., Bishop, N. & Ross, C. 2015. Metabolites derived from the 
tropical seagrass Thalassia testudinum are bioactive against pathogenic Labyrinthula sp. 
Aquat. Bot., 122: 1–8. https://doi.org/10.1016/j.aquabot.2014.12.005 

Triyanto, H. C., Azizah, R., Nuraini, T. & Haryanti, D. 2024. Akumulasi Logam Berat Timbal (Pb) 
pada Air, Sedimen, dan Lamun (Thalassia hemprichii) di Pulau Kelapa Dua, Kepulauan Seribu. 
J. Mar. Res., 13(1): 37–44. https://doi.org/10.14710/JMR.V13I1.35263 

Tu, Y. J., Luo, P. C., Li, Y. L., Liu, J., Sun, T. T., Li, G. J. & Duan, Y. P. 2023. Seasonal heavy metal 
speciation in sediment and source tracking via Cu isotopic composition in Huangpu River, 
Shanghai, China. Ecotoxicol. Environ. Saf., 260(100): 115068. 

Usman, K., Al-Ghouti, M. A. & Abu-Dieyeh, M. H. 2019. The assessment of cadmium, chromium, 
copper, and nickel tolerance and bioaccumulation by shrub plant Tetraena qataranse. Sci. 
Rep., 9(1): 1–11. 

Wang, C., Ju, J., Zhang, H., Liu, P., Zheng, Q. & Hu, X. 2022a. Disclosing the ecological implications 
of heavy metal disturbance on the microbial N-transformation process in the ocean tidal 
flushing urban estuary. Ecol. Indic., 144: 109504. 
https://doi.org/10.1016/J.ECOLIND.2022.109504 



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Wang, Z., Lin, K. & Liu, X. 2022b. Distribution and pollution risk assessment of heavy metals in the 
surface sediment of the intertidal zones of the Yellow River Estuary, China. Mar. Pollut. Bull., 
174: 113286. https://doi.org/10.1016/J.MARPOLBUL.2021.113286 

Westlake, E. L., Keesing, J. K., Hardiman, L. K., Tonks, M. & Olsen, Y. 2022. Growth, biomass and 
productivity of the seagrass Thalassia hemprichii at Ashmore Reef, Australia. Aquat. Bot., 183: 
1–5. https://doi.org/https://doi.org/10.1016/j.aquabot.2022.103557 

Xiao, J., Wang, Y., Fu, S., Yang, S., Liu, G., Luo, X. & Zhang, C. 2022. Distribution of heavy metals 
and the exploration of potential indicators and hyperaccumulators in Jiang’an River, Chengdu, 
PR China. Ecol. Indic., 145: 109665. https://doi.org/10.1016/j.ecolind.2022.109665 

Zhang, L., Ni, Z., Cui, L., Li, J., He, J., Jiang, Z. & Huang, X. 2021. Heavy metal accumulation and 
ecological risk on four seagrass species in South China. Mar. Pollut. Bull., 173(PB): 113153. 
https://doi.org/10.1016/j.marpolbul.2021.113153 

Zhang, L., Wu, Y., Jiang, Z., Ren, Y., Li, J., Lin, J., Ni, Z. & Huang, X. 2024. Identification of 
anthropogenic source of Pb and Cd within two tropical seagrass species in South China: 
Insight from Pb and Cd isotopes. Ecotoxicol. Environ. Saf., 270(July 2023): 115917. 

 

 

  



 

000 Heavy metal accumulation and ecological risk on seagrass (A.A.Gusri et al.) 

Figure 1. A map of seagrass sampling location  
 
 

 

 
 
 
 
Figure 2. Seagrass, (a) Cymodocea, (b) Thalassia 
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Figure 3. Concentrations of Pb, Cu, Ni and Zn in organs of Cymodocea and Thalassia (leaf and root mg/kg), and 
associated sediments (mg/kg) 
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Table 1. Comparison of heavy metal concentrations in Cymodocea and Thalassia with those from  the open literatures 

Location Seagrass Tissue Heavy metals 
(mg/kg) References 

Sicily (Italy) Cymodocea Leaf 3.61–28.8 (Cu)  
3.20–6.65 (Ni)  
1.42–3.85 (Pb)  
42.6–65.8 (Zn) 

(Bonanno et al., 2017) 

Sicily (Italy) Cymodocea Leaf 3.90–19.5 (Cu) 
2.40–22.5 (Ni) 
1.52–6.10 (Pb) 
4.21–13.9 (Zn) 

(Bonanno et al., 2020) 

Sicily (Italy) Cymodocea Rhizome 
 
 
 
Root 

10.6 (Cu 
1.15 (Ni) 
0.73 (Pb) 
21.7 (Zn) 
8.83 (Cu) 
4.79 (Ni) 
4.81 (Pb) 
38.7 (Zn) 

(Bonanno and Borg, 2018) 

Florida, USA Thalassia Rhizome+root+leaf 20.23 (Pb) 
9.55 (Cu) 
86.68 (Zn) 
1.56 (Cd) 

(Smith et al., 2019) 

Palk Bay, South 
Eastern India 

Cymodocea Rhizome+root 
+leaf 

1.23 (Cd) 
18.59 (Cu) 
1.74 (Pb) 
34.63 (Zn) 

(Gopi et al., 2020) 

Xincun Bay,China Thalassia Rhizome+root 
+leaf 

11.2 (Cu) 
4.05 (Ni) 
2.1 (Pb) 
39.1 (Zn) 

(Zhang et al., 2021) 

Southern 
Mediterranean Sea 

Cymodocea Rhizome 
 
 
 
Root 
 
 
 
Leaf 

0.99 (Cu) 
0.26 (Pb) 
55 (Zn) 
0.45 (Cd) 
3.51 (Cu) 
3.76 (Pb) 
31 (Zn) 
1.33 (Cd) 
3.95 (Cu) 
1.74 (Pb) 
131.33 (Zn) 
2.40 (Cd) 

(El Zrelli et al., 2023) 
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Table 2. Values of the Bioconcentration factor (BCF) 
  BCF 

Pb Cu Ni Zn 
Seagrass roots 
St 1 (Cymodoceae) 0.0804   0.5991 0.3140 0.5665 
St 2 (Thalassia) 0.0518 0.0082 0.0894 0.1570 
Seagrass leaves 
St 1 (Cymodoceae) 0.0893 0.4436 0.2652 0.6064 
St 2 (Thalassia) 0.0716 -8.3217 0.1766 0.4918 

 
 

 

 

 

Table 3. The translocation factor (TF) from the roots to the leaves of seagrass 

  TF 
Pb Cu Ni Zn 

St 1 (Cymodoceae) 1.1112 0.7405 0.8445 1.0705 
St 2 (Thalassia) 1.3834 -1011.6867 1.9764 3.1328 

 
 
 
 
 
 
 
 
 

 
Table 4. Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI) 

 

 
Igeo CF PLI Pb Cu Ni Zn Pb Cu Ni Zn 

St 1 -1.9696 -5.0658 -2.2167 -2.6982 0.3830 0.0448 0.3227 0.2311 0.0013 
St 2 -1.9344 -4.5659 -2.1581 -2.8676 0.3924 nd 0.3361 0.2055 0.0051 
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Abstract 

 

Seagrass species thrive in coastal ecosystems and known for their ability to accumulate heavy metals from their 

surrounding environment. This study aims to evaluate the ecological risks related to the accumulation of heavy 

metals in seagrass roots, leaves, and sediments. The seagrass examined belong to the genera Cymodocea and 

Thalassia, collected from two sites: Jeralangan and Cukuh Nyai on Pahawang Island, Lampung, Indonesia. The 

heavy metals analyzed included Pb, Cu, Ni, and Zn, which were measured using the wet destruction method and 

quantified with a SHIMADZU AA-7000 Atomic Absorption Spectrophotometer (AAS). The ecological risk was 

evaluated through various indices, such as the Bioconcentration Factor (BCF), Translocation Factor (TF), 

Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI). The highest concentrations 

of heavy metals in sediment were detected at station 1 was Zn (15.486 mg.kg-1). In the roots of Cymodocea was Zn 

(8.772 mg.kg-1), while the highest concentration in leaves was Cu in Thalassia (10.541 mg.kg-1). The ecological risk 

assessment revealed that BCF < 1 categorize an excluder, while TF > 1 for Pb and Zn indicate effective translocation 

from roots to leaves. Additionally, Igeo < 0 signify no contamination, Cf < 1 indicate low pollution levels, and PLI < 0 

confirm a non-polluted status. In conclusion, the results show that the seagrass ecosystems at the study sites 

currently have low levels of heavy metal pollution and minimal ecological risk, suggesting they remain in a relatively 

safe condition. 

 

Keywords: Accumulation, Cymodocea, Ecological risk assessment, Heavy metal, Thalassia 

 

 

Introduction 

 
Heavy metals are elements with low molecular 

weight that can lead to serious environmental issues 

when accumulated at certain concentrations (Wang 

et al., 2022a). Pollution from heavy metals due to 

tourism activities can create new problems, such as 

bioaccumulation and the transfer of pollutants 

through the food chain, a process known as  

biomagnification (Wang et al., 2022b). 

Biomagnification can occur in various organism 

components, including seagrass. Seagrass can 

absorb and accumulate pollutants like heavy metals 

in its tissues, which enables it to serve effectively as 

a bioindicator (Nel et al., 2023). Seagrass acts as a 

biomonitor and bioaccumulator of heavy metals 

because of its limited mobility, making it possible to 

estimate the concentrations and sources of heavy 

metals for analysis (Bonanno and Lo Giudice, 2010). 

Seagrass, which is found along the coast and in 

subtidal areas of Pahawang, is susceptible to direct 

impacts from the presence of heavy metals (Noor et 

al., 2021).  

 

Seagrass plays a crucial ecological role as an 

important habitat, providing abundant ecosystem 

services such as breeding grounds and food sources 

(Sun et al., 2020; Rozirwan et al., 2025a). In recent 

decades, seagrass has faced ecological challenges 

due to significant contamination, particularly from 

heavy metals entering coastal areas (Tu et al., 2023). 

Several studies have revealed the presence of heavy 

metals such as Pb, Cu, Zn, Cr, and Cd in various 

environments and organisms, including those in port 

areas, rivers, seagrass beds, and fish populations (Liu 

et al., 2019; Hosokawa et al., 2020; Fang et al., 

2022; Souza-Araujo et al., 2022). Research on heavy 

metals in seagrass in other coastal regions has also 

shown that seagrass is vulnerable to accumulating all 

types of heavy metals, as observed in seagrass along 

the South China Sea (Zhang et al., 2024). 

Additionally, seagrass can accumulate heavy metals 

in its roots and leaves (Jeong et al., 2021). A study 
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conducted in the central Gulf of Gabes (Southeast 

Tunisia) indicated that seagrass not only serves as a 

bioindicator but can also be an effective 

bioremediation tool (El Zrelli et al., 2023). 

 

Seagrass and other plants can accumulate 

heavy metals in its roots and leaves (Jeong et al., 

2021; Rozirwan et al., 2025b). Several previous 

studies have reported that heavy metal 

concentrations in seagrass roots and sediments are 

generally higher than in leaves, as observed in 

studies conducted in the Sydney estuaries, Australia, 

and Sicily, Italy (Birch et al., 2018; Bonanno and Borg, 

2018; Bonanno et al., 2020). However, other studies 

have shown different results, such as research on 

seagrasses in the Southern Mediterranean Sea (El 

Zrelli et al., 2023). From these findings, a hypothesis 

can be formulated that heavy metals are generally 

concentrated in the lower parts of seagrasses, such 

as roots and sediments, reflecting limited mobility 

and high sediment deposition rates. Therefore, 

measuring heavy metal concentrations in various 

seagrass organs is necessary to test this hypothesis. 

 

The occurrence of heavy metals and their 

negative effects on the ecological balance of 

seagrass, as previously discussed, serve as a primary 

motivation for this research. The seagrass genus 

Cymodocea and Thalassia were chosen due to their 

dominance in the research sites. Previous studies 

have shown that these seagrasses have been 

investigated for heavy metal presence in their tissues, 

exhibiting relatively high levels of accumulation in 

various regions, including Italy, South China, India, 

and Florida (Bonanno et al., 2020; Gopi et al., 2020; 

Zhang et al., 2021). Indonesia, research on heavy 

metal accumulation in Thalassia and Cymodocea has 

been conducted in the Seribu Islands, showing that 

these two seagrass species can accumulate heavy 

metals such as Pb, Cd, and Hg (Triyanto et al., 2024). 

However, there has been no investigation using these 

seagrasses to monitor heavy metal pollution on 

Pahawang Island. Research on the presence of heavy 

metals on Pahawang Island has never been 

conducted, but research in the bay area adjacent to 

Pahawang Island (Pesawaran Chain Bay Coast) has 

been conducted, where the research results found 

heavy metal content above the quality standard in Cr 

of 415.86 mg.kg-1, Cu of 163.312 mg.kg-1, Fe of 

3,339.89 mg.kg-1 in marine organism (Fitrianingsih 

and Widiastuti, 2021). 

 

Pahawang Island in Lampung Province is a 

popular marine tourism destination with diverse 

ecosystems, including coral reefs, seagrass beds, 

and mangrove forests especially significant 

populations of Cymodocea and Thalassia (Mardani et 

al., 2018; Novita et al., 2022). According to the 

Central Bureau of Statistics of Pesawaran Regency, 

tourist visits reached 448,008 in 2019 and 

decreased to approximately 165,342 in 2020 (BPS 

Statistic, 2023). The high boat activity, as the only 

means of transportation to the island, potentially 

contributes to heavy metal pollution in the (Saraswati 

and Rachmadiarti, 2021; Swain et al., 2021; 

Rozirwan et al., 2024). 

 

Therefore, this study aims to provide valuable 

insights into the bioaccumulation patterns of heavy 

metals in the roots and leaves of seagrass, while also 

identifying the ecological risks involved. These 

insights can assist in developing management 

strategies for coastal areas and ecosystems in the 

region. The primary objective of this research is to 

analyze the ecological risks associated with the 

accumulation of heavy metals (Pb, Cu, Ni, and Zn) in 

the roots and leaves of Cymodocea and Thalassia, as 

well as in the sediments of Pahawang Island.  

  

Materials and Methods 

  
This research conducted in March 2024 off the 

coast of Pahawang Island in Lampung, Indonesia, at 

two distinct sampling locations. The sites were 

selected using purposive sampling within the 

seagrass ecosystem in Jeralangan and Cukuh Nyai 

(Figure 1). The first location, Jeralangan at 

coordinates 5°40'50.53"S and 105°13'51.15"E, is 

characterized by a high volume of tourism activities. 

The second location, Cukuh Nyai at coordinates 

5°41'19.76"S and 105°13'9.28"E, has relatively low 

tourism activity. In addition, this location has a 

different residential area where the first location has 

a denser settlement than the second location. 

Tourism and residential activities can cause heavy 

metal pollutants to enter the waters (Purwiyanto, 

2013; Purwiyanto et al., 2020). Sampling was carried 

out during low tide, namely in morning and evening. 

 

Two types of samples were collected at each 

station, consisting of seagrass and sediment. At 

Station One, samples of Cymodocea seagrass and 

sediment were collected, while Station Two involved 

the collection of Thalassia seagrass and sediment. 

The identification of seagrass species was conducted 

using a field guide for seagrass and dugong 

monitoring (Herandarudewi et al., 2019). The 

collected of seagrass samples included both leaves 

and roots, gathered from shallow water habitats or 

intertidal zones through random sampling 

(Trevathan-Tackett et al., 2015; Singh et al., 2021). 

Sediment samples were taken using a grab sampler, 

with a total weight of 1 kg from the surface layer (0-

10 cm). The collected samples were placed in plastic 

bags and stored in containers (Xiao et al., 2022). 
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Figure 1. A map of seagrass sampling location 

 

 

The results of this study indicate a pattern of 

heavy metal accumulation in seagrass at two 

locations with different anthropogenic pressures. 

While these findings provide valuable insights, it is 

important to note that the spatial coverage of this 

study is limited. Therefore, further investigation in 

other seagrass ecosystems is needed to determine 

the extent to which the observed patterns can be 

extrapolated to other areas with similar conditions. 

Additional studies with broader spatial coverage, 

encompassing various levels of environmental 

pressure and different oceanographic 

characteristics, will help strengthen the 

generalization of these findings. 

 

Heavy metals analysis 

  

The seagrass leaf and root samples, along with 

sediment, were thoroughly cleaned and subsequently 

dried. The dried samples were then ground to a fine 

powder and stored in sealed containers (Stewart et 

al., 2021). Before the destruction, AAS calibration is 

carried out based on the Indonesian National 

Standard to ensure the accuracy and precision of 

heavy metal concentration measurements. The 

calibration process consists of the preparation of 

heavy metal standard solutions made by diluting 

certified stock solutions to various concentrations 

that cover the expected measurement range in the 

sample. These standards are used to create a 

calibration curve (Badan Standarisasi Nasional, 

2004, 2009). 

 

The sample digestion was carried out using the 

wet digestion method, where 0.5 g of powdered 

seagrass was mixed with 5 ml of a reagent in a ratio 

of 5:2:1 (65% nitric acid: concentrated perchloric 

acid: sulfuric acid) on a hot plate for 10 min, along 

with an additional 5 ml of 2N hydrochloric acid, and 

heated on the hot plate for another 10 min. After 

reaching acid digestion, the sample was cooled and 

then filtered using Whatman filter paper (0.45 μm). 

The filtrate was then transferred into a 25 ml 

volumetric flask and diluted with deionized water up 

to the mark (FAO/SIDA, 1983; European Commission, 

2011). For sediment samples, the wet digestion 

process involved adding 5 ml of concentrated HNO₃ 

to each sample, which included 50 ml of water 

sample and approximately 3 g of sediment sample. 

The sample was heated on a hot plate at a 

temperature of 105°C – 120°C until the volume was 

reduced to approximately 10 ml. After cooling, 5 ml of 

HNO₃ and 1-3 ml of perchloric acid were added, and 

the sample was reheated until white fumes appeared, 

followed by further heating for approximately 30 

minutes. The sample was then filtered using 

quantitative filter paper with a pore size of 8.0 μm. 

The filtrate was transferred into a 100 ml volumetric 

flask and diluted with distilled water up to the mark 

(Badan Standarisasi Nasional, 2009; Gao et al., 

2021). The heavy metal analysis for each sample was 

performed in three replicates. The heavy metals 

analyzed in this study included Pb, Cu, Ni, and Zn.  

 

The concentration of heavy metals in the 

samples was measured using an Atomic Absorption 

Spectrophotometer (AAS) SHIMADZU AA-7000The 

wet digestion method is used because it is more 

effective in extracting heavy metals and preventing 

the loss of volatile elements such as Pb (Alfaro et al., 

2015). However, if not performed carefully, there is a 

possibility of contamination from reagents or 
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laboratory equipment that may affect the results. 

Therefore, quality assurance and quality control are 

carried out by ensuring the use of contaminant-free 

glassware, pure quality chemicals (p.a), and 

calibrated and verified atomic absorption 

spectrophotometers, operated by competent 

analysts. Quality control includes linearity of the 

calibration curve (r² ≥ 0.99), blank analysis to control 

contamination with lead levels below the detection 

limit, and triplicate preparation to ensure accuracy 

with a difference in results of ≤20% (Badan 

Standarisasi Nasional, 2004, 2009). 

 

Ecological risk assessment 

 

Ecological risk assessment can be conducted 

by calculating the bioconcentration factor (BCF), 

translocation factors (TF), geoaccumulation index 

(Igeo), contamination factor (Cf), and pollution load 

index (PLI) (Hakanson, 1980; Rozirwan et al., 2023). 

 

Bioconcentration Factor (BCF) 

 

Accumulation of heavy metals in the roots and 

leaves of seagrass from the surrounding sediment 

can be assessed using the Bioconcentration Factor 

(BCF) as described below (Steingräber et al., 2022). 

 

𝐵𝐶𝐹 =
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑠

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡
                               (1) 

 

where: BCF< 1 is an excluder; The organism (usually 

a plant) does not accumulate the substance 

efficiently; BCF= 1 is an indicator; The organism takes 

up the substance at the same rate as it is found in the 

environment; BCF= 1 is a hyperaccumulator; The 

organism accumulates the substance at a much 

higher concentration than in the environment 

(Almahasheer, 2019). 

 

Translocation Factors (TF) 

 

The Translocation Factor (TF) is used to 

measure the movement of heavy metals from the 

roots to the leaves (Usman et al., 2019): 

 

𝑇𝐹 =
𝐵𝐶𝐹 𝑙𝑒𝑎𝑓

𝐵𝐶𝐹 𝑜𝑓 𝑟𝑜𝑜𝑡
                                                      (2) 

 

TF Value > 1 indicates that the sample functions as a 

phytoextractor, effectively translocating metals from 

the roots to the leaves, whereas TF value < 1 

indicates that the sample functions as a 

phytostabilizer (Dinu et al., 2020). 

 

Geoaccumulation  Index (Igeo) 

 

The Geoaccumulation Index (Igeo) is used to 

evaluate the degree of heavy metal contamination 

and classify pollution levels according to established 

criteria (Rozirwan et al., 2023). 

 

𝐼𝑔𝑒𝑜 = 𝐿𝑜𝑔 2 (
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡

1,5 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑  
)                 (3) 

 

Note the Igeo value classification consists of not 

contaminated (Igeo≤0), not contaminated to 

moderately contaminated (Igeo0–1), moderately 

contaminated (Igeo1–2), moderate to highly 

contaminated (Igeo2–3), highly contaminated (Igeo3–

4), highly contaminated to very high (Igeo 4–5), and 

highly contaminated (Igeo≥5). 

 

Background concentration (Alfaro et al., 2015). 

 

Contamination Factor (Cf) 

 

The Contamination Factor (CF) value is used as 

a basis for determining the degree of heavy metal 

contamination (Rozirwan, Az-Zahrah et al., 2024). 

 

𝐶𝐹 =
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡

𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
                                   (4) 

where:  contamination factor criteria according to 

(Shaheen et al., 2019); Cf<1= low level of 

contamination; 1<Cf<3= moderate level of 

contamination; 3<Cf<6= moderate level of 

contamination; Cf>6= very high level of 

contamination. 

 

Pollution Load Index (PLI) 

 

The Pollution Load Index (PLI) is used to 

evaluate the pollution quality (Mosa et al., 2022). 

 

𝑃𝐿𝐼 = [𝐶𝑓1 𝑥 𝐶𝑓2 𝑥 𝐶𝑓3 … . 𝑥 𝐶𝑓𝑛]1/𝑛                   (5) 

 

where:  pollution load index criteria: PLI 2= not 

polluted to lightly polluted; PLI 24= moderately 

polluted; PLI 4–6= heavily polluted; PLI 6–8= heavily 

polluted; PLI 8–10= heavily polluted 

 

Statistical analysis 

 

The concentrations of heavy metals were 

analyzed using the Mann-Whitney test in SPSS, as the 

data were not normally distributed. This statistical 

test was applied to compare the concentrations of 

these metals between the two study sites based on 

the mean differences in the samples. The 

significance level (α) was set at 0.05 to determine 

statistical differences. If the 2-tailed significance 

value is greater than 0.05, it indicates no significant 

difference in the mean concentration between the 

two sites (H₀ is accepted). Conversely, if the 2-tailed 

significance value is less than 0.05, it suggests a 

significant difference in the mean concentrations (H₁ 

is rejected). 
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Result and Discussion 
 

The seagrass samples were collected based 

on the dominant species found at the research site, 

specifically Cymodocea and Thalassia (Figure 2). 

Cymodocea was predominantly observed at Station 

One. This species is characterized by long, ribbon-like 

leaves that taper to a rounded tip, white to slightly 

yellowish rhizomes, and thin, brown fibrous roots. 

Both Cymodocea and Thalassia are commonly found 

in substrates ranging from muddy to sandy (Hartati et 

al., 2018; Thangaradjou and Bhatt, 2018), which 

explains their prevalence in the research area where 

the majority of locations feature such substrates. 

Cymodocea exhibits a strong tolerance to various 

environmental stresses and can thrive in diverse 

habitats, categorizing it as a species of least concern 

according to the IUCN (Terrados et al., 1998; Short et 

al., 2011). Thalassia is mainly found at Station Two 

and is recognized by its crescent-shaped leaves with 

neatly arranged margins, brown rhizomes, and thick, 

sheathed roots. This species allocates a greater 

proportion of its biomass to underground structures, 

such as roots and rhizomes, rather than to its leaves. 

This morphological variation can be seen as an 

adaptive response to environmental physical 

stressors, such as burial by sand to prevent 

displacement during tidal fluctuations and storms 

(Westlake et al., 2022).  

 

The root structure of Thalassia plays an 
essential role in the absorption of heavy metals in the 
marine environment. Thalassia has an extensive root 
and rhizome system, allowing greater contact with 
sediments containing heavy metals (Rosalina et al., 
2022). Exposure to heavy metals can cause changes 
in the structure of root tissue, such as thickening or 
damage to the epidermis and endodermis in both 
seagrass roots. These changes can affect the ability 
of roots to absorb and translocate heavy metals 
(Rosalina et al., 2019). Thalassia hemprichii and 
Cymodocea serrulata leaves play an important role in 
the absorption of heavy metals from the water 
column. The broad and thin leaf structure increases 
the surface area for direct contact with water, 
facilitating the absorption of heavy metals (Nugraha, 
2016). Additionally, the presence of aerenchyma 
tissue in the roots and leaves enables efficient gas 
exchange, which can influence the process of heavy 
metal absorption (Chedadi et al., 2024). According to 
Dilipan and Arulbalachandran (2022), both 
Cymodocea and Thalassia are promising candidates 
for bioremediation of contaminated sites and are 
frequently utilized as biological indicators of heavy 
metal accumulation. 

 

 
 

 

Figure 2. Seagrass, (a) Cymodocea, (b) Thalassia 
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Heavy metals concentration in sediment and seagrass  

 

The concentrations of heavy metals Pb, Cu, Zn, 

and Ni in the sediments, roots, and leaves of 

seagrasses at both stations are summarized in Figure 

3. The results indicate that Station 1 (Cymodocea) 

had the highest concentrations of Pb and Zn in the 

sediments, roots, and leaves. Specifically, the 

maximum concentrations of Cu in sediments and 

roots were also recorded at Station 1 (Cymodocea), 

while the highest concentration in leaves was 

observed at Station 2 (Thalassia). The highest levels 

of Ni were found in the leaves and roots of 

Cymodocea. In contrast, the sediment at Station 2 

exhibited the highest concentration of Ni. A 

comparative analysis of heavy metal concentrations 

across different seagrass species and locations is 

summarized in Figure 3. Based on the research 

results, the concentration of each sample between 

the two stations was analyzed using the Mann-

Whitney test (as the data were not normally 

distributed) and showed a 2-tailed significance value 

of >0.05, indicating no significant difference between 

the two stations. 

 

Based on Figure 3, the concentrations of heavy 

metals Pb, Cu, Zn, and Ni in the sediments of this 

study are still below the threshold values established 

by ANZECC and ARMCANZ (2000) as referenced in 

(Ogundele et al., 2015), and by the Gazzetta Ufficiale 

della Repubblica Italiana as noted in (Bonanno et al., 

2020), which are set at 50 mg.kg-1, 65 mg.kg-1, 50 

mg.kg-1, and 30 mg.kg-1, respectively. Station 1 is 

characterized by a predominant presence of 

Cymodocea, which is directly influenced by tidal 

dynamics. Tidal-affected areas experience dynamic 

water movement, enabling heavy metals carried by 

the water to adhere to sediment particles (Maulana 

et al., 2023). The concentrations of heavy metals Pb, 

Cu, Zn, and Ni in the sediments are higher compared 

to those in the roots and leaves, corroborating the 

findings of Khotimah et al. (2024) which indicate that 

sediment concentrations of heavy metals exceed 

those in the roots, implying that the roots may serve 

as a barrier preventing heavy metals from 

translocating to the upper plant structures. As noted 

by Flefel et al. (2020), sediments act as primary 

reservoirs for heavy metal absorption in aquatic 

environments. In addition, the higher concentration of 

heavy metals in the sediment at Station 1 compared 

to Station 2 can be assumed to be due to the finer 

sediment texture. Heavy metals tend to bind more 

effectively to sediment types with higher clay content 

or finer particle sizes (Borah et al., 2018; Fitria et al., 

2023).  

 

The concentrations of heavy metal Pb in the 

sediments, leaves, and roots of Cymodocea and 

Thalassia differ between the two research locations 

(Figure 3). The higher concentration of Pb in 

Cymodocea at Station 1 may be attributed to the 

significant human activities in this area, including 

increased boat traffic and residential developments. 

Heavy metal Pb levels can be exacerbated by factors 

such as maritime traffic, fishing activities, paint on 

boats, and sedimentation (Irandoost et al., 2021). 

Mitigation measures that can be implemented 

include strengthening regulations and waste 

treatment systems around coastal areas, as well as 

conducting long-term monitoring to identify pollution 

trends and their impacts on the seagrass ecosystem 

(Jeong et al., 2021). Notably, the highest 

concentration of Pb is found in the leaves of 

Cymodocea when compared to its roots (figure 3). 

Similar findings were reported by El Zrelli et al. 

(2023), which indicated that the Pb concentration in 

the leaves of Cymodocea is greater than that in its 

roots. According to the WHO (1996) as cited in 

Ogundele et al. (2015), the concentration of Pb in 

Cymodocea and Thalassia remains below the quality 

standard of 2 mg.kg-1(Pb), suggesting that these 

seagrasses are not currently subjected to 

contamination.  

 

In this study, the highest concentration of the 

heavy metal Cu was observed in the leaves of 

Thalassia at Station 2. This concentration is still 

below the quality standard of 20 mg.kg-1 (Kabata-

Pendias, 2011) indicating that the accumulation of 

Cu in seagrass does not pose any toxic effects. 

Copper is considered an essential metal, as it is 

required by organisms; however, at significantly high 

concentrations, Cu can be more toxic than non-

essential metals such as Pb and Cd due to the active 

absorption mechanisms that plants employ A similar 

study conducted on the leaves and roots of Thalassia 

in Xincun Bay, China, also reported the highest 

concentration in leaves at 11.2 mg.kg-1 (Zhang et al., 

2021). Previous research on various seagrass 

species has demonstrated that aboveground leaves 

are more efficient at accumulating Cu compared to 

belowground tissues (roots and rhizomes) (Lin et al., 

2018; Hu et al., 2019). The concentration of heavy 

metal Cu in the leaves of Thalassia is higher than in 

Cymodocea. This may be due to Thalassia having 

broader leaf morphology and often exhibiting a slower 

growth rate compared to Cymodocea, allowing more 

heavy metals to accumulate in leaf tissues over a 

longer period (Nugraha, 2016). Additionally, different 

physiological mechanisms in each seagrass species 

may influence the uptake of heavy metals through the 

leaf surface (El Zrelli et al., 2023). Previous studies 

on these two seagrass species, particularly in 

Indonesia, have shown that Cu concentrations in 

Thalassia leaves are higher than in Cymodocea 

(Bidayani et al., 2017; Kholil et al., 2019). 



 

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences June 2025 Vol 30(2):274-288 

 

280 Heavy metal accumulation and ecological risk on seagrass (A.A. Gusri et al.)

  

The concentration of Ni based on the research 

findings indicates that the highest level was found in 

the sediment, followed by the roots of Cymodocea, 

measuring 2.331 mg.kg-1. This concentration is 

significantly lower than the legal limit allowed in 

marine waters, which is set at 20 mg.kg-1. 

Furthermore, increases in Ni concentrations of 3 to 5 

times are generally observed in environments 

impacted by human activities (Bonanno et al., 2020). 

The Ni concentrations in this study are consistent with 

previous research that reported low Ni levels in 

seagrasses, such as 3.20–6.65 mg.kg-1 in Italy 

(Bonanno et al., 2017) and 1.8–3.1 mg.kg-1 in South 

Africa (Nel et al., 2023), , particularly in locations with 

minimal human activities. This suggests that the 

study site is not yet contaminated with heavy metals, 

specifically Ni. 

 

According to Figure 3, the highest 

concentration of Zn in seagrass was found in the 

leaves of Cymodocea at station 1. This concentration 

remains below the threshold established by the 

Australia and New Zealand Food Authority (ANZFA), 

which is 14 mg.kg-1 (Smitha et al., 2010). 

Furthermore, the measured Zn levels are significantly 

lower than the concentrations that can cause 

phytotoxicity, which range from 500-1500 mg.kg-1 

(Elrashidi, 1990). Thus, the concentration of Zn 

detected in this study does not indicate any toxic 

effects. The results demonstrate that the 

concentrations of Zn in both the leaves and roots of 

the two seagrass species are higher than those of Pb 

and Cu (Figure 3). This suggests that Zn plays a 

crucial role in plant metabolism (Bonanno and 

Orlando-Bonaca, 2017). These findings are 

consistent with previous research, which reported 

that Zn concentrations are highest in the roots and 

leaves of various seagrass species, including 

Cymodocea and Thalassia, in locations such as Sicily, 

Italy, China, and India (Bonanno et al., 2017; Hu et 

al., 2019; Gopi et al., 2020). After knowing the 

concentration of heavy metals in seagrass and 

sediment, the next step is to evaluate its ecological 

impact. Therefore, an ecological risk assessment is 

needed to assess the potential threat to seagrass 

ecosystems and organisms that depend on them. 

 

 
 

 

Figure 3. Concentration of Pb, Cu, Ni and Zn in organs of Cymodocea and Thalassia (leaf and root mg.kg-1), and associated 

sediments (mg.kg-1) 
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Table 1. Comparison of heavy metal concentrations in Cymodocea and Thalassia with those from the open literatures 

 

Location Seagrass Tissue Heavy metals (mg.kg-1) References 

Sicily (Italy) Cymodocea Leaf 3.61–28.8 (Cu) 

3.20–6.65 (Ni) 

1.42–3.85 (Pb) 

42.6–65.8 (Zn) 

(Bonanno et al., 2017) 

Sicily (Italy) Cymodocea Leaf 3.90–19.5 (Cu) 

2.40–22.5 (Ni) 

1.52–6.10 (Pb) 

4.21–13.9 (Zn) 

(Bonanno et al., 2020) 

Sicily (Italy) Cymodocea Rhizome 

 

 

 

Root 

10.6 (Cu 

1.15 (Ni) 

0.73 (Pb) 

21.7 (Zn) 

8.83 (Cu) 

4.79 (Ni) 

4.81 (Pb) 

38.7 (Zn) 

(Bonanno and Borg, 2018) 

Florida, USA Thalassia Rhizome+root+leaf 20.23 (Pb) 

9.55 (Cu) 

86.68 (Zn) 

1.56 (Cd) 

(Smith et al., 2019) 

Palk Bay, South 

Eastern India 

Cymodocea Rhizome+root 

+leaf 

1.23 (Cd) 

18.59 (Cu) 

1.74 (Pb) 

34.63 (Zn) 

(Gopi et al., 2020) 

Xincun Bay,China Thalassia Rhizome+root 

+leaf 

11.2 (Cu) 

4.05 (Ni) 

2.1 (Pb) 

39.1 (Zn) 

(Zhang et al., 2021) 

Southern 

Mediterranean Sea 

Cymodocea Rhizome 

 

 

 

Root 

 

 

 

Leaf 

0.99 (Cu) 

0.26 (Pb) 

55 (Zn) 

0.45 (Cd) 

3.51 (Cu) 

3.76 (Pb) 

31 (Zn) 

1.33 (Cd) 

3.95 (Cu) 

1.74 (Pb) 

131.33 (Zn) 

2.40 (Cd) 

(El Zrelli et al., 2023) 

Pahawang Island, 

Indonesia 

Cymodocea 

 

 

 

 

 

 

 

Thalassia 

Root 

 

 

 

Leaf 

 

 

 

Root 

 

 

 

Leaf 

0.76 (Pb) 

0.54 (Cu) 

8.77 (Zn) 

2.33 (Ni) 

0.85 (Pb) 

0.39 (Cu) 

9.39 (Zn) 

1.97 (Ni) 

0.47 (Pb) 

nd (Cu) 

2.16 (Zn) 

0.69 (Ni) 

0.65 (Pb) 

10.54 (Cu) 

6.77 (Zn) 

1.36 (Ni) 

This study 

Note: nd (not detection) 
 

Bioaccumulation and ecological risk assessments 
 

Based on the research results presented in 
Table 2, the bioconcentration factors (BCF) for the 

roots of Cymodocea and Thalassia, which accumulate 
heavy metals from the sediment biologically, were 
determined to be 0.0828 and 0.0502 for Pb, 
respectively. The BCF for Cu in Cymodocea is 0.5991, 
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while in Thalassia it is 0.0082. For Ni, the BCF values 
are 0.3140 for Cymodocea and 0.0894 for Thalassia, 
and for Zn, the BCF values are 0.5665 and 0.1670, 
respectively. The geoaccumulation index indicates an 
unpolluted status for Pb with values of -1.9696 and -
1.9344, for Cu with values of -5.0658 and -4.5659, 
for Ni with values of -2.2167 and -2.1581, and for Zn 
with values of -2.6982 and -2.8687. The 
contamination factor (CF) suggests low 
contamination levels for Pb at 0.3830 and 0.3924, 
for Cu at 0.0448 and not detected (nd), for Ni at 
0.3227 and 0.3361, and for Zn at 0.2311 and 
0.2055. The pollution load index (PLI) was calculated, 
yielding results of 0.0013 and 0.0051, indicating that 
both stations are not polluted.  

 

There are differences in the translocation 

factor (TF) values of metals (Table 3) between 

Cymodocea and Thalassia. In Thalassia, the TF for Cu 

indicates a translocation value of <1, suggesting 

minimal transfer of this metal to the above-ground 

biomass or leaves. This can also be attributed to the 

very low concentrations of Cu in the roots and leaves 

of the sampled seagrass at the study site. The metal 

with the highest TF value is Zn in Thalassia, followed 

by Ni and Pb. Similarly, Cymodocea shows the highest 

TF values for Zn and Pb, which are both >1. The 

differences in translocation values may arise from the 

biological characteristics of seagrasses, which have 

developed two distinct adaptive strategies to cope 

with the levels of contamination in their environment. 

The first strategy involves the storage of accumulated 

metals from the sediment in the root-rhizome system, 

while the second strategy entails the translocation of 

some contaminants from the root-rhizome to the 

above-ground parts of the seagrass, such as the 

leaves (El Zrelli et al., 2023). According to the TF 

values presented in Table 2, Thalassia employs the 

second adaptive strategy for Zn, Ni, and Pb by 

translocating these contaminants to the leaves, 

whereas for Cu, it utilizes the first adaptive strategy. 

In contrast, Cymodocea adopts the second adaptive 

strategy for Pb and Zn. Previous research has also 

indicated that Zn undergoes significant translocation 

in Cymodocea, with a value >1 (Bonanno and Borg, 

2018; Nel et al., 2023).  

 

The bioconcentration factor (BCF) of heavy 

metals from sediment to leaves and roots is 

summarized in Table 2. The BCF of zinc (Zn) in the 

leaves is higher than that of lead (Pb), nickel (Ni), and 

copper (Cu). This indicates that the accumulation 

level of Zn in the leaves is greater compared to the 

other metals, which may be influenced by several 

factors, including the adaptive strategies of seagrass 

in absorbing heavy metals and the chemical 

properties of the metals as well as the selectivity of 

the plants (Khotimah et al., 2024). Zinc is an 

essential metal for seagrass, as it is utilized in 

photosynthesis and growth (Kabata-Pendias and 

Pendias, 2000). This leads to higher Zn accumulation 

since it is more readily absorbed by both Cymodocea 

and Thalassia. According to Table 2, Cymodocea 

exhibits the highest BCF value for Zn. Similarly, high 

BCF values for Zn have also been found in the leaves 

of Zostera noltei, as well as in the roots and leaves of 

Thalassia hemprichii and in the roots and leaves of 

Enhalus acoroides (Li and Huang, 2012; Boutahar et 

al., 2019; Jeong et al., 2021). Compared to previous 

studies, particularly in Southeast Asia, such as 

research conducted in the Johor Strait, Malaysia, the 

accumulation of heavy metals in seagrasses and their 

ecological risks show a similar pattern in the 

accumulation of Pb and Cu, with varying levels of 

pollution depending on proximity to pollution sources 

(Sidi et al., 2018). A comparison of heavy metal 

accumulation in seagrasses from different locations 

worldwide is presented in Table 1. 
 

The values of the geoaccumulation index (Igeo) 
from this study are presented in Table 4, indicating 
that the sediments at both research locations are 
unpolluted (Igeo< 0). This suggests that the sources of 
heavy metal contamination at these sites are low, 
attributed to factors such as small residential areas, 
the absence of industrial and mining activities, and 
relatively low shipping traffic. Additionally, the 
physical and chemical conditions of the aquatic 
environment, including current patterns and tidal 
movements, also play a significant role (Siregar et al., 
2020). The contamination factor (CF) in this study 
indicates that each metal contributes to low or 
negligible contamination, as evidenced by CF values 
<1. These findings align with research conducted 
along the southern coast of Sumatra, Indonesia, 
which showed low CF values for each metal, except 
for lead (Pb), due to significant anthropogenic 
sources in the vicinity (Rozirwan et al., 2023; 
Khotimah et al., 2024).  
 

The pollution status of the seagrass ecosystem 

at the research locations can be assessed using the 

pollution load index (PLI). The sediment PLI analyzed 

at the study sites is classified as unpolluted, with PLI 

values ranging from 0 to 2. The PLI values at both 

locations are not significantly different, indicating that 

both ecosystems are healthy and safe for living 

organisms. In contrast, other studies on seagrass 

ecosystems in the Southern Mediterranean Sea 

reported PLI values categorized as moderately  

contaminated and polluted, posing risks to the  

seagrass ecosystems, primarily due to the discharge 

of various industrial wastes, particularly phosphogypsum 

(El Zrelli et al., 2023). Therefore, based on the 

analyses from this study, it can be concluded that all 

sampling locations exhibit low levels of metal 

pollution and ecological risk. The results of this study 

are limited to the surveyed location and may not fully 

reflect conditions in other areas. 
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Table 2. Values of the Bioconcentration factor (BCF) 

 

 

BCF 

Pb Cu Ni Zn 

Seagrass roots 

St 1 (Cymodoceae) 0.0804 0.5991 0.3140 0.5665 

St 2 (Thalassia) 0.0518 0.0082 0.0894 0.1570 

Seagrass leaves 

St 1 (Cymodoceae) 0.0893 0.4436 0.2652 0.6064 

St 2 (Thalassia) 0.0716 -8.3217 0.1766 0.4918 

 

 

Table 3. The translocation factor (TF) from the roots to the leaves of seagrass 

 

  TF 

Pb Cu Ni Zn 

St 1 (Cymodoceae) 1.1112 0.7405 0.8445 1.0705 

St 2 (Thalassia) 1.3834 -1011.6867 1.9764 3.1328 

 

 

Table 4. Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI) 

 

 

Igeo CF 
PLI 

Pb Cu Ni Zn Pb Cu Ni Zn 

St 1 -1.9696 -5.0658 -2.2167 -2.6982 0.3830 0.0448 0.3227 0.2311 0.0013 

St 2 -1.9344 -4.5659 -2.1581 -2.8676 0.3924 nd 0.3361 0.2055 0.0051 

 

 

The results of this study provide new insights 

into how tropical seagrasses, particularly Cymodocea 

and Thalassia, play a role in accumulating heavy 

metals in the marine environment. These findings 

contribute to understanding the distribution patterns 

of heavy metals in seagrass ecosystems, which can 

be used to monitor water quality. They also help 

identify seagrass species that are more effective as 

bioindicators of heavy metal pollution. Furthermore, 

this study provides a scientific basis for 

environmental management policies, such as the 

protection of seagrass beds in areas with high 

anthropogenic activity. However, this study is limited 

in its spatial coverage and does not account for 

broader temporal variability. Therefore, further 

research with a wider study area and long-term 

monitoring is necessary to gain a more 

comprehensive understanding of heavy metal 

accumulation patterns and to identify potential 

changes over time. 

 

Conclusion 
 

The highest concentrations of Pb, Cu, Ni, and 

Zn in seagrass were found in the leaves, while the 

sediments at Station 1 show the highest levels. 

Overall, the concentrations of heavy metals in the 

roots and leaves of Cymodocea and Thalassia 

indicate relatively high levels; however, the ecological 

risk assessment shows that the bioaccumulation 

factor (BCF) is categorized as low. In contrast, the 

translocation factors (TF) for Pb and Zn demonstrate 

values greater than 1, indicating that the seagrass 

functions effectively in phytoremediation or 

translocating metals from the roots to the leaves. In 

summary, the ecological risk assessment of the 

research locations, which includes the 

geoaccumulation index (Igeo), contamination factor 

(CF), and pollution load index (PLI), indicates that the 

environment within the seagrass ecosystems at these 

sites has low levels of heavy metal pollution and 

ecological risk. The findings of this study are specific 

to the examined site and may not be entirely 

representative of conditions in other regions. 
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	Pollution load index (PLI)
	The Pollution Load Index (PLI) is used to evaluate the pollution quality (Mosa et al., 2022).
	𝑃𝐿𝐼=,,𝐶𝑓1 𝑥 𝐶𝑓2 𝑥 𝐶𝑓3….𝑥 𝐶𝑓𝑛.-1/𝑛.………………………………………………………………………………….  (5)
	where:  pollution load index criteria: PLI 2 = not polluted to lightly polluted; PLI 24 = moderately polluted; PLI 4–6 = heavily polluted; PLI 6–8 = heavily polluted; PLI 8–10 = heavily polluted
	Result and Discussion
	Description of seagrass
	The seagrass samples were collected based on the dominant species found at the research site, specifically Cymodocea and Thalassia (Figure 2). Cymodocea was predominantly observed at Station One. This species is characterized by long, ribbon-like leav...
	Heavy metals concentration in sediment and seagrass
	The concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments, roots, and leaves of seagrasses at both stations are summarized in Figure 3. The results indicate that Station 1 (Cymodocea) had the highest concentrations of Pb and Zn in the sed...
	Based on Figure 3, the concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments of this study are still below the threshold values established by ANZECC and ARMCANZ (2000) as referenced in (Ogundele et al., 2015), and by the Gazzetta Ufficia...
	The concentrations of heavy metal Pb in the sediments, leaves, and roots of Cymodocea and Thalassia differ between the two research locations. At Station 1, the concentration of Pb in the roots of Cymodocea is recorded at 0.761 mg/kg, while the leaves...
	In this study, the highest concentration of the heavy metal Cu was observed in the leaves of Thalassia at Station 2, measuring 10.541 mg/kg. This concentration is still below the quality standard of 20 mg/kg (Kabata-Pendias, 2011) indicating that the ...
	The concentration of Ni based on the research findings indicates that the highest level was found in the sediment, followed by the roots of Cymodocea, measuring 2.331 mg/kg. This concentration is significantly lower than the legal limit allowed in mar...
	According to Figure 3, the highest concentration of Zn in seagrass was found in the leaves of Cymodocea at station 1, reaching 9.309 mg/kg. This concentration remains below the threshold established by the Australia and New Zealand Food Authority (ANZ...
	Bioaccumulation and Ecological risk assessments
	Based on the research results presented in Table 2, the bioconcentration factors (BCF) for the roots of Cymodocea and Thalassia, which accumulate heavy metals from the sediment biologically, were determined to be 0.0828 and 0.0502 for Pb, respectively...
	There are differences in the translocation factor (TF) values of metals (Table 3) between Cymodocea and Thalassia. In Thalassia, the TF for Cu indicates a translocation value of < 1, suggesting minimal transfer of this metal to the above-ground biomas...
	The bioconcentration factor (BCF) of heavy metals from sediment to leaves and roots is summarized in Table 2. The BCF of zinc (Zn) in the leaves is higher than that of lead (Pb), nickel (Ni), and copper (Cu). This indicates that the accumulation level...
	The values of the geoaccumulation index (Igeo) from this study are presented in Table 4, indicating that the sediments at both research locations are unpolluted (Igeo< 0). This suggests that the sources of heavy metal contamination at these sites are ...
	Conclusion
	The highest concentrations of Pb, Cu, Ni, and Zn in seagrass are found in the leaves, while the sediments at Station 1 show the highest levels. Overall, the concentrations of heavy metals in the roots and leaves of Cymodocea and Thalassia indicate rel...
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	Abstract
	Seagrass species thrive in coastal ecosystems and known for their ability to accumulate heavy metals from their surrounding environment. This study aims to evaluate the ecological risks related to the accumulation of heavy metals in seagrass roots, le...
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	Introduction
	Heavy metals are elements with low molecular weight that can lead to serious environmental issues when accumulated at certain concentrations (Wang et al., 2022a). Pollution from heavy metals due to tourism activities can create new problems, such as b...
	Seagrass plays a crucial ecological role as an important habitat, providing abundant ecosystem services such as breeding grounds and food sources (Sun et al., 2020). In recent decades, seagrass has faced ecological challenges due to significant contam...
	Seagrass can accumulate heavy metals in its roots and leaves (Jeong et al., 2021). Several previous studies have reported that heavy metal concentrations in seagrass roots and sediments are generally higher than in leaves, as observed in studies cond...
	The occurrence of heavy metals and their negative effects on the ecological balance of seagrass, as previously discussed, serve as a primary motivation for this research. The seagrass genus Cymodocea and Thalassia were chosen due to their dominance in...
	Pahawang Island in Lampung Province is a popular marine tourism destination with diverse ecosystems, including coral reefs, seagrass beds, and mangrove forests especially significant populations of Cymodocea and Thalassia (Mardani et al., 2018; Novita...
	Therefore, this study aims to provide valuable insights into the bioaccumulation patterns of heavy metals in the roots and leaves of seagrass, while also identifying the ecological risks involved. These insights can assist in developing management str...
	Materials and Methods
	Study area and sampling
	This research conducted in March 2024 off the coast of Pahawang Island in Lampung, Indonesia, at two distinct sampling locations. The sites were selected using purposive sampling within the seagrass ecosystem in Jeralangan and Cukuh Nyai (Figure 1). T...
	Two types of samples were collected at each station, consisting of seagrass and sediment. At Station One, samples of Cymodocea seagrass and sediment were collected, while Station Two involved the collection of Thalassia seagrass and sediment. The iden...
	The results of this study indicate a pattern of heavy metal accumulation in seagrass at two locations with different anthropogenic pressures. While these findings provide valuable insights, it is important to note that the spatial coverage of this stu...
	Heavy metals analysis
	The seagrass leaf and root samples, along with sediment, were thoroughly cleaned and subsequently dried. The dried samples were then ground to a fine powder and stored in sealed containers (Stewart et al., 2021). Before the destruction, AAS calibrat...
	The sample digestion was carried out using the wet digestion method, where 0.5 g of powdered seagrass was mixed with 5 ml of a reagent in a ratio of 5:2:1 (65% nitric acid: concentrated perchloric acid: sulfuric acid) on a hot plate for 10 minutes, al...
	The concentration of heavy metals in the samples was measured using an Atomic Absorption Spectrophotometer (AAS) SHIMADZU AA-7000The wet digestion method is used because it is more effective in extracting heavy metals and preventing the loss of volati...
	Ecological risk assessment
	Ecological risk assessment can be conducted by calculating the bioconcentration factor (BCF), translocation factors (TF), geoaccumulation index (Igeo), contamination factor (Cf), and pollution load index (PLI) (Hakanson, 1980; Rozirwan et al ., 2023).
	Bioconcentration factor (BCF)
	he accumulation of heavy metals in the roots and leaves of seagrass from the surrounding sediment can be assessed using the Bioconcentration Factor (BCF) as described below (Steingräber et al ., 2022).
	𝐵𝐶𝐹=,𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛𝑠-𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡. ………………………………………………………………………………………..  (1)
	where:
	BCF < 1 is an excluder; The organism (usually a plant) does not accumulate the substance efficiently.
	BCF = 1 is an indicator; The organism takes up the substance at the same rate as it is found in the environment.
	BCF = 1 is a hyperaccumulator; The organism accumulates the substance at a much higher concentration than in the environment (Almahasheer, 2019).
	Translocation Factors (TF)
	The Translocation Factor (TF) is used to measure the movement of heavy metals from the roots to the leaves (Usman et al ., 2019).
	𝑇𝐹=,𝐵𝐶𝐹 𝑙𝑒𝑎𝑓-𝐵𝐶𝐹 𝑜𝑓 𝑟𝑜𝑜𝑡.………………………………………………………………………………………………..  (2)
	TF Value > 1 indicates that the sample functions as a phytoextractor, effectively translocating metals from the roots to the leaves, whereas TF value < 1 indicates that the sample functions as a phytostabilizer (Dinu et al ., 2020).
	Geoaccumulation index (Igeo)
	The Geoaccumulation Index (Igeo) is used to evaluate the degree of heavy metal contamination and classify pollution levels according to established criteria (Rozirwan et al ., 2023).
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	where:  the Igeo value classification consists of not contaminated (Igeo≤0), not contaminated to moderately contaminated (Igeo0–1), moderately contaminated (Igeo1–2), moderate to highly contaminated (Igeo2–3), highly contaminated (Igeo3–4), highly co...
	Background concentration (Alfaro et al ., 2015).
	Contamination factor (Cf)
	The Contamination Factor (CF) value is used as a basis for determining the degree of heavy metal contamination (Rozirwan et al ., 2024).
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	where:  contamination factor criteria according to (Shaheen et al ., 2019); Cf < 1 = low level of contamination; 1 < Cf < 3 = moderate level of contamination; 3 < Cf < 6 = moderate level of contamination; Cf > 6 = very high level of contamination.
	Pollution load index (PLI)
	The Pollution Load Index (PLI) is used to evaluate the pollution quality (Mosa et al ., 2022).
	𝑃𝐿𝐼=,,𝐶𝑓1 𝑥 𝐶𝑓2 𝑥 𝐶𝑓3….𝑥 𝐶𝑓𝑛.-1/𝑛.………………………………………………………………………………….  (5)
	where:  pollution load index criteria: PLI 2 = not polluted to lightly polluted; PLI 24 = moderately polluted; PLI 4–6 = heavily polluted; PLI 6–8 = heavily polluted; PLI 8–10 = heavily polluted
	Statistical Analysis
	The concentrations of heavy metals were analyzed using the Mann-Whitney test in SPSS, as the data were not normally distributed. This statistical test was applied to compare the concentrations of these metals between the two study sites based on the m...
	Result and Discussion
	Description of seagrass
	The seagrass samples were collected based on the dominant species found at the research site, specifically Cymodocea and Thalassia (Figure 2). Cymodocea was predominantly observed at Station One. This species is characterized by long, ribbon-like leav...
	The root structure of Thalassia plays an important role in the absorption of heavy metals in the marine environment. Thalassia has an extensive root and rhizome system, allowing greater contact with sediments containing heavy metals (Rosalina et al .,...
	Heavy metals concentration in sediment and seagrass
	The concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments, roots, and leaves of seagrasses at both stations are summarized in Figure 3. The results indicate that Station 1 (Cymodocea) had the highest concentrations of Pb and Zn in the sed...
	Based on Figure 3, the concentrations of heavy metals Pb, Cu, Zn, and Ni in the sediments of this study are still below the threshold values established by ANZECC and ARMCANZ (2000) as referenced in (Ogundele et al ., 2015), and by the Gazzetta Uffici...
	The concentrations of heavy metal Pb in the sediments, leaves, and roots of Cymodocea and Thalassia differ between the two research locations (figure 3). The higher concentration of Pb in Cymodocea at Station 1 may be attributed to the significant hum...
	In this study, the highest concentration of the heavy metal Cu was observed in the leaves of Thalassia at Station 2. This concentration is still below the quality standard of 20 mg/kg (Kabata-Pendias, 2011) indicating that the accumulation of Cu in se...
	The concentration of Ni based on the research findings indicates that the highest level was found in the sediment, followed by the roots of Cymodocea, measuring 2.331 mg.kg-1. This concentration is significantly lower than the legal limit allowed in m...
	According to Figure 3, the highest concentration of Zn in seagrass was found in the leaves of Cymodocea at station 1. This concentration remains below the threshold established by the Australia and New Zealand Food Authority (ANZFA), which is 14 mg.kg...
	Bioaccumulation and Ecological risk assessments
	Based on the research results presented in Table 2, the bioconcentration factors (BCF) for the roots of Cymodocea and Thalassia, which accumulate heavy metals from the sediment biologically, were determined to be 0.0828 and 0.0502 for Pb, respectively...
	There are differences in the translocation factor (TF) values of metals (Table 3) between Cymodocea and Thalassia. In Thalassia, the TF for Cu indicates a translocation value of <1, suggesting minimal transfer of this metal to the above-ground biomass...
	The bioconcentration factor (BCF) of heavy metals from sediment to leaves and roots is summarized in Table 2. The BCF of zinc (Zn) in the leaves is higher than that of lead (Pb), nickel (Ni), and copper (Cu). This indicates that the accumulation level...
	The values of the geoaccumulation index (Igeo) from this study are presented in Table 4, indicating that the sediments at both research locations are unpolluted (Igeo< 0). This suggests that the sources of heavy metal contamination at these sites are ...
	The pollution status of the seagrass ecosystem at the research locations can be assessed using the pollution load index (PLI). The sediment PLI analyzed at the study sites is classified as unpolluted, with PLI values ranging from 0 to 2. The PLI value...
	The results of this study provide new insights into how tropical seagrasses, particularly Cymodocea and Thalassia, play a role in accumulating heavy metals in the marine environment. These findings contribute to understanding the distribution patterns...
	Conclusion
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	Acknowledgement
	This research for this article was funded by the Ministry of Research, Technology, and Higher Education of the Republic of Indonesia (Number 090/E5/PG.02.00.PL/2024). The authors would like to express their gratitude to the Marine Bioecology Laborator...
	Ethical Approval and Research Integrity
	All field sampling activities were conducted in accordance with local and national regulations governing environmental research and biodiversity conservation. This study also adhered to ethical guidelines to ensure responsible and sustainable sampling...
	Conflict of interest
	The authors declare that they have no conflicts of interest.
	References
	Alfaro, M.R., Montero, A., Ugarte, O. M., do Nascimento, C. W. A., de Aguiar Accioly, A. M., Biondi, C.M. & da Silva, Y.J.A.B. 2015. Background concentrations and reference values for heavy metals in soils of Cuba. Environ. Monit. Assess., 187(1):page...
	Almahasheer, H. 2019. High levels of heavy metals in Western Arabian Gulf mangrove soils. Mol. Biol. Rep., 46(2): 1585–1592. https://doi.org/10.1007/S11033-019-04603-2/METRICS
	Badan Standarisasi Nasional. 2004. SNI 6992.3:2004. Sedimen – bagian 3: cara uji timbal (Pb) secara destruksi asam dengan spektrofotometer serapan atom (SSA). Badan Standardisasi Nasional.page???
	Badan Standarisasi Nasional. 2009. SNI 6989.6:2009. Bagian 6. Cara uji tembaga (Cu) secara Spektrofotometri Serapan Atom (SSA) nyala pada air dan air limbah. In Badan Standardisasi Nasional.page???
	Bidayani, E., Rosalina, D. & Utami, E. 2017. Kandungan Logam Berat Timbal (Pb) pada Lamun Cymodocea serrulata di Daerah Penambangan Timah Kabupaten Bangka Selatan. Maspari J., 9(2): 169–176.
	Birch, G. F., Cox, B. M. & Besley, C. H. 2018. The relationship between metal concentrations in seagrass (Zostera capricorni) tissue and ambient fine sediment in modified and near-pristine estuaries (Sydney estuaries, Australia). Mar. Pollut. Bull., 1...
	Bonanno, G. & Borg, J. A. 2018. Comparative analysis of trace element accumulation in seagrasses Posidonia oceanica and Cymodocea nodosa: Biomonitoring applications and legislative issues. Mar. Pollut. Bull., 128(June 2017): 24–31. https://doi.org/10....
	Bonanno, G., Borg, J. A. & Di Martino, V. 2017. Levels of heavy metals in wetland and marine vascular plants and their biomonitoring potential: A comparative assessment. Sci. Total Environ., 576: 796–806. https://doi.org/10.1016/j.scitotenv.2016.10.171
	Bonanno, G. & Lo Giudice, R. 2010. Heavy metal bioaccumulation by the organs of Phragmites australis (common reed) and their potential use as contamination indicators. Ecol. Indic., 10(3): 639–645. https://doi.org/10.1016/j.ecolind.2009.11.002
	Bonanno, G. & Orlando-Bonaca, M. 2017. Trace elements in Mediterranean seagrasses: Accumulation, tolerance and biomonitoring. A review. Mar. Pollut. Bull., 125(1–2): 8–18. https://doi.org/10.1016/j.marpolbul.2017.10.078
	Bonanno, G., Veneziano, V., Raccuia, S. A. & Orlando-Bonaca, M. 2020. Seagrass Cymodocea nodosa and seaweed Ulva lactuca as tools for trace element biomonitoring. A comparative study. Mar. Pollut. Bull., 161(July): 111743. https://doi.org/10.1016/j.ma...
	Borah, R., Taki, K., Gogoi, A., Das, P. & Kumar, M. 2018. Contemporary distribution and impending mobility of arsenic, copper and zinc in a tropical (Brahmaputra) river bed sediments, Assam, India. Ecotoxicol. Environ. Saf., 161(336): 769–776. https:/...
	Boutahar, L., Maanan, M., Bououarour, O., Richir, J., Pouzet, P., Gobert, S., Maanan, M., Zourarah, B., Benhoussa, A. & Bazairi, H. 2019. Biomonitoring environmental status in semi-enclosed coastal ecosystems using Zostera noltei meadows. Ecol. Indic....
	Bowo, D. H. 2013. Akumulasi logam berat kadmium (Cd) dan timbal (Pb) pada lamun Thalassia hemprichii di Perairan Pulau Panggang, Kepulauan Seribu.
	BPS Statistic. 2023. Badan Pusat Statistik. Jumlah Kunjungan Wisatawan Manca Negara. Badan Pusat Statistik.
	Chedadi, M., Moussaoui, A. El, Bassouya, M., Jawhari, F. Z., Zoufri, I., Barnossi, A. El, Asmi, H. El, Ammari, M., Merzouki, M. & Bari, A. 2024. Capacity of an aquatic macrophyte, Pistia stratiotes L., for removing heavy metals from water in the Oued ...
	Dinu, C., Vasile, G. G., Buleandra, M., Popa, D. E., Gheorghe, S. & Ungureanu, E. M. 2020. Translocation and accumulation of heavy metals in Ocimum basilicum L. plants grown in a mining-contaminated soil. J. Soils Sediments, 20(4): 2141–2154.
	El Zrelli, R. B., Yacoubi, L., Castet, S., Grégoire, M., Lin, Y. J., Attia, F., Ayranci, K., Baki, Z. A., Courjault-Radé, P. & Rabaoui, L.J. 2023. Compartmentation of trace metals in Cymodocea nodosa from a heavily polluted area (Central Gulf of Gabes...
	Elrashidi, M.A. 1990. Inorganic Contaminants in the Vadose Zone. J. Environ. Qual., 19(4): 783–784. https://doi.org/10.2134/jeq1990.00472425001900040026x
	European Commission. 2011. Commission Regulation (Eu). Off. J. Eur. Union, 2011(1131): 205–211.
	Fang, T., Wang, H., Liang, Y., Cui, K., Yang, K., Lu, W., Li, J., Zhao, X., Gao, N., Yu, Q., Li, H. & Jiang, H. 2022. Source tracing with cadmium isotope and risk assessment of heavy metals in sediment of an urban river, China. Environ. Pollut., 305: ...
	FAO/SIDA. 1983. Manual of Methods in Aquatic Environment Research - Donald L. Reish, Food and Agriculture Organization of the United Nations, Philip S. Oshida - Google Buku.
	Fitrianingsih, R. & Widiastuti, E.L. 2021. Kandungan Logam Berat Cr , Cu , Fe dan Mn pada Beberapa Biota di Pesisir Teluk Ratai Pesawaran , Lampung. Pros. Snail 2021 Semin. Nas. Ilmu Lingkung. Tata Kelola Lingkung. Untuk Mendukung Pembang. Berkelanjut...
	Flefel, H., Nokhrin, D. & Donnik, I. 2020. Determine heavy metals in water, aquatic plants, and sediment in water systems. E3S Web Conf., 222:. https://doi.org/10.1051/e3sconf/202022202028
	Gao, Y., Qiao, Y., Xu, Y., Zhu, L. & Feng, J. 2021. Assessment of the transfer of heavy metals in seawater, sediment, biota samples and determination the baseline tissue concentrations of metals in marine organisms. Environ. Sci. Pollut. Res. Int., 28...
	Gopi, S., Arulkumar, A., Ganeshkumar, A., Rajaram, R., Miranda, J.M. & Paramasivam, S. 2020. Heavy metals accumulation in seagrasses collected from Palk Bay, South-eastern India. Mar. Pollut. Bull., 157:. https://doi.org/10.1016/j.marpolbul.2020.111305
	Hakanson, L. 1980. An ecological risk index for aquatic pollution control.a sedimentological approach. Water Res., 14(8): 975–1001. https://doi.org/10.1016/0043-1354(80)90143-8
	Hartati, R., Zainuri, M., Ambariyanto, A., Widianingsih, W., Trianto, A. & Mahendrajaya, R.T. 2018. Similarity microalgal epiphyte composition on seagrass of Enhalus acoroides and Thalasia hemprichii from different waters. IOP Conf. Ser. Earth Environ...
	Herandarudewi, S.M., Kiswara, W., Irawan, A., Anggraeni, F., Juraij, Munandar, E., Sunudin, A. & Tania, C. 2019. Panduan Survei dan Monitoring Duyung dan Lamun. ITB Press, 43.
	Hosokawa, S., Naito, R. & Nakamura, Y. 2020. Spatial patterns of concentrations of Cu, Zn, Cd, and Pb in marine sediments from Japanese port areas. Reg. Stud. Mar. Sci., 35: 101135.
	Hu, C., Yang, X., Gao, L., Zhang, P., Li, W., Dong, J., Li, C. & Zhang, X. 2019. Comparative analysis of heavy metal accumulation and bioindication in three seagrasses: Which species is more suitable as a bioindicator? Sci. Total Environ., 669: 41–48....
	Irandoost, F., Agah, H., Rossi, L., Calizza, E., Careddu, G. & Costantini, M.L. 2021. Stable isotope ratios (δ13C and δ15N) and heavy metal levels in macroalgae, sediment, and benthos from the northern parts of Persian Gulf and the Gulf of Oman. Mar. ...
	Jeong, H., Choi, J.Y., Choi, D.H., Noh, J.H. & Ra, K. 2021. Heavy metal pollution assessment in coastal sediments and bioaccumulation on seagrass (Enhalus acoroides) of Palau. Mar. Pollut. Bull., 163(December 2020): 111912. https://doi.org/10.1016/j.m...
	Kabata-Pendias, A. 2011. Trace Elements in Soils and Plants, Fourth Edition. In Taylor & Francis Group, Boca Raton, FL, USA. https://doi.org/10.1016/j.sajb.2012.03.008
	Kabata-Pendias, A. & Pendias, H. 2000. Trace Elements in Soils and Plants: Third Edition. In Trace Elements in Soils and Plants: Third Edition. CRC Press. https://doi.org/10.1201/9781420039900
	Kholil, R., Eryati, R. & Sari, L.I. 2019. Kandungan Logam Berat Pb (Timbal ) Dan Cu (Tembaga ) Pada Lamun (Thallasia hemprichii) Di Dusun Melahing Dan Sapa Segajah Bontang Kalimantan Timur. J. Aquarine, 6(2): 12–20.
	Khotimah, N.N., Rozirwan, Putri, W.A.E., Fauziyah, Aryawati, R., Isnaini & Nugroho, R.Y. 2024. Bioaccumulation and Ecological Risk Assessment of Heavy Metal Contamination (Lead and Copper) Build Up in the Roots of Avicennia alba and Excoecaria agalloc...
	Li, L. & Huang, X. 2012. Three tropical seagrasses as potential bio-indicators to trace metals in Xincun Bay, Hainan Island, South China. Chinese J. Oceanol. Limnol., 30(2): 212–224. https://doi.org/10.1007/S00343-012-1092-0/METRICS
	Lin, H., Sun, T., Adams, M. P., Zhou, Y., Zhang, X., Xu, S. & Gu, R. 2018. Seasonal dynamics of trace elements in sediment and seagrass tissues in the largest Zostera japonica habitat, the Yellow River Estuary, northern China. Mar. Pollut. Bull., 134(...
	Liu, M., Chen, J., Sun, X., Hu, Z. & Fan, D. 2019. Accumulation and transformation of heavy metals in surface sediments from the Yangtze River estuary to the East China Sea shelf. Environ. Pollut., 245: 111–121. https://doi.org/10.1016/j.envpol.2018.1...
	Mardani, A., Purwanti, F. & Rudiyanti, S. 2018. Strategi pengembangan ekowisata berbasis masyarakat di Pulau Pahawang Propinsi Lampung. Manag. Aquat. Resour. J., 6(1): 1–9. https://doi.org/10.14710/marj.v6i1.19804
	Maulana, F., Muhiddin, A.H., Lanuru, M., Samad, W. & Ukkas, M. 2023. Distribution of Bottom Sediment Before and After Reclamation At Center Point of Indonesia (Cpi) Makassar City. J. Ilmu Kelaut. SPERMONDE, 9(1): 10–19. https://doi.org/10.20956/jiks.v...
	Moelyaningrum, A. D. 2017. Timah Hitam (Pb) dan Karies Gigi. Stomatognatic-Jurnal Kedokt. Gigi, 13(1): 28–31.
	Mosa, A., Selim, E.M.M., El-Kadi, S.M., Khedr, A.A., Elnaggar, A.A., Hefny, W.A., Abdelhamid, A.S., El Kenawy, A.M., El-Naggar, A., Wang, H. & Shaheen, S.M. 2022. Ecotoxicological assessment of toxic elements contamination in mangrove ecosystem along ...
	Nel, M.A., Adams, J.B., Rubidge, G. & Human, L.R.D. 2023. Heavy metal compartmentalisation in salt marsh and seagrass of the urbanised Swartkops estuary, South Africa. Mar. Pollut. Bull., 192(June 2022): https://doi.org/10.1016/j.marpolbul.2023.115007
	Noor, N.M., Febriani, D. & Ali, M. 2021. Seagrass of Enhalus Acoroides as a Traditional Body Scrubs in Preventing Malarial Bites by Pahawang Island Community in Indonesia. IOP Conf. Ser. Earth Environ. Sci., 1012(1):. https://doi.org/10.1088/1755-1315...
	Novita, S., Abidin, Z. & Kasymir, E. 2022. Valuasi ekonomi dengan metode travel cost pada wisata taman keanekaragaman hayati Kabupaten Mesuji. J. Ilmu-Ilmu Agribisnis, 10(2): 217. https://doi.org/10.23960/jiia.v10i2.6012
	Nugraha, A.H. 2016. Respon Fisiologis Lamun Thalassia hemprichii dan Cymodocea rotundata Terhadap Tekanan Antropogenik Di Gugusan Pulau Pari Kepulauan Seribu.
	Ogundele, D. T., Adio, A. & Oludele, O. E. 2015. Heavy Metal Concentrations in Plants and Soil along Heavy Traffic Roads in North Central Nigeria. J. Environ. Anal. Toxicol., 05(06):
	Purwiyanto, A. I. S., Suteja, Y., Ningrum, P. S., Putri, W. A. E., Agustriani, F., Cordova, M. R. & Koropitan, A. F. 2020. Concentration and adsorption of Pb and Cu in microplastics: case study in aquatic environment. Mar. Pollut. Bull., 158: 111380.
	Rosalina, D., Herawati, E. Y., Musa, M., Sofarini, D., Amin, M. & Risjani, Y. 2019. Lead accumulation and its histological impact on cymodocea serrulata seagrass in the laboratory. 48(4): 813–822. https://doi.org/10.17576/JSM-2019-4804-13
	Rosalina, D., Rombe, K. H., Jamil, K. & Surachmat, A. 2022. Analysis of heavy metals (Pb and Cd) in seagrasses Thalassia hemprichii and Enhalus acoroides from Pulau Sembilan, South Sulawesi Province, Indonesia. Biodiversitas J. Biol. Divers., 23(4): 2...
	Rozirwan, Az-Zahrah, S. A. F., Khotimah, N. N., Nugroho, R. Y., Putri, W. A. E., Fauziyah, Melki, Agustriani, F. & Siregar, Y. I. 2024. Ecological Risk Assessment of Heavy Metal Contamination in Water, Sediment, and Polychaeta (Neoleanira Tetragona) f...
	Rozirwan, Khotimah, N. N., Putri, W. A. E., Fauziyah, Aryawati, R., Damiri, N., Isnaini & Nigr. 2023. Environmental risk assessment of Pb , Cu , Zn , and Cd concentrations accumulated in selected mangrove roots and surrounding their sediment. 24(12): ...
	Saraswati, A. R. & Rachmadiarti, F. 2021. Analisis kandungan logam berat timbal (Pb) pada rumput laut di Pantai Sendang Biru Malang. LenteraBio  Berk. Ilm. Biol., 10(1): 67–76. https://doi.org/10.26740/lenterabio.v10n1.p67-76
	Shaheen, S. M., Abdelrazek, M. A. S., Elthoth, M., Moghanm, F. S., Mohamed, R., Hamza, A., El-Habashi, N., Wang, J. & Rinklebe, J. 2019. Potentially toxic elements in saltmarsh sediments and common reed (Phragmites australis) of Burullus coastal lagoo...
	Short, F. T., Polidoro, B., Livingstone, S. R., Carpenter, K. E., Bandeira, S., Bujang, J. S., Calumpong, H. P., Carruthers, T. J. B., Coles, R. G., Dennison, W. C., Erftemeijer, P. L. A., Fortes, M. D., Freeman, A. S., Jagtap, T. G., Kamal, A. H. M.,...
	Sidi, N., Aris, A. Z., Mohamat Yusuff, F., Looi, L. J. & Mokhtar, N. F. 2018. Tape seagrass (Enhalus acoroides) as a bioindicator of trace metal contamination in Merambong shoal, Johor Strait, Malaysia. Mar. Pollut. Bull., 126(January 2017): 113–118. ...
	Singh, S., Lal, M. M., Southgate, P. C., Wairiu, M. & Singh, A. 2021. Trace metal content in sediment cores and seagrass biomass from a tropical southwest Pacific Island. Mar. Pollut. Bull., 171:. https://doi.org/10.1016/j.marpolbul.2021.112745
	Siregar, A. S., Sulistyo, I. & Prayogo, N. A. 2020. Heavy metal contamination in water, sediments and Planiliza subviridis tissue in the Donan River, Indonesia. J. Water L. Dev., 45: 157–164. https://doi.org/10.24425/jwld.2020.133057
	Smith, E. M., Giarikos, D., Daniels, A. & Hirons, A. C. 2019. Heavy Metal Accumulation in Seagrasses in Southeastern Florida. J. Mar. Biol. Oceanogr., 8(2):.
	Smitha, J. L., Summers, G. & Wong, R. 2010. Nutrient and heavy metal content of edible seaweeds in New Zealand. New Zeal. J. Crop Hortic. Sci., 38(1): 19–28. https://doi.org/10.1080/01140671003619290
	Sofhia, D. E. G. 2019. Bioakumulasi Logam Berat Merkuri (Hg) pada Lamun Jenis Cymodocea rotundata di Pulau Tidung, Kepulauan Seribu.
	Souza-Araujo, J. de, Hussey, N. E., Hauser-Davis, R. A., Rosa, A. H., Lima, M. de O. & Giarrizzo, T. 2022. Human risk assessment of toxic elements (As, Cd, Hg, Pb) in marine fish from the Amazon. Chemosphere, 301:.
	Steingräber, L. F., Ludolphy, C., Metz, J., Kierdorf, H. & Kierdorf, U. 2022. Uptake of lead and zinc from soil by blackberry plants (Rubus fruticosus L. agg.) and translocation from roots to leaves. Environ. Adv., 9(November): https://doi.org/https:/...
	Stewart, B. D., Jenkins, S. R., Boig, C., Sinfield, C., Kennington, K., Brand, A. R., Lart, W. & Kröger, R. 2021. Metal pollution as a potential threat to shell strength and survival in marine bivalves. Sci. Total Environ., 755: 143019. https://doi.or...
	Sun, Y., Song, Z., Zhang, H., Liu, P. & Hu, X. 2020. Seagrass vegetation affect the vertical organization of microbial communities in sediment. Mar. Environ. Res., 162: 105174.
	Sunaryo, A. I., Program, P., Kelautan, S. I., Matematika, F., Ilmu, D. & Alam, P. 2013. Daya serap akar dan daun mangrove terhadap logam tembaga (Cu) di Tanjung Api-api, Sumatera Selatan. Maspari J.  Mar. Sci. Res., 5(1): 1–5.
	Swain, S., Pattanayak, A. A., Sahu, B. K., Satapathy, D. R. & Panda, C. R. 2021. Time-series monitoring and ecological risk assessment of heavy metal pollution in Mahanadi estuary, east coast of India. Reg. Stud. Mar. Sci., 47: 101923. https://doi.org...
	Terrados, J., Duarte, C. M., Fortes, M. D., Borum, J., Agawin, N. S. R., Bach, S., Thampanya, U., Kamp-Nielsen, L., Kenworthy, W. J., Geertz-Hansen, O. & Vermaat, J. 1998. Changes in Community Structure and Biomass of Seagrass Communities along Gradie...
	Thangaradjou, T. & Bhatt, J. R. 2018. Status of seagrass ecosystems in India. Ocean Coast. Manag., 159(November 2017): 7–15. https://doi.org/10.1016/j.ocecoaman.2017.11.025
	Trevathan-Tackett, S. M., Lane, A. L., Bishop, N. & Ross, C. 2015. Metabolites derived from the tropical seagrass Thalassia testudinum are bioactive against pathogenic Labyrinthula sp. Aquat. Bot., 122: 1–8. https://doi.org/10.1016/j.aquabot.2014.12.005
	Triyanto, H. C., Azizah, R., Nuraini, T. & Haryanti, D. 2024. Akumulasi Logam Berat Timbal (Pb) pada Air, Sedimen, dan Lamun (Thalassia hemprichii) di Pulau Kelapa Dua, Kepulauan Seribu. J. Mar. Res., 13(1): 37–44. https://doi.org/10.14710/JMR.V13I1.3...
	Tu, Y. J., Luo, P. C., Li, Y. L., Liu, J., Sun, T. T., Li, G. J. & Duan, Y. P. 2023. Seasonal heavy metal speciation in sediment and source tracking via Cu isotopic composition in Huangpu River, Shanghai, China. Ecotoxicol. Environ. Saf., 260(100): 11...
	Usman, K., Al-Ghouti, M. A. & Abu-Dieyeh, M. H. 2019. The assessment of cadmium, chromium, copper, and nickel tolerance and bioaccumulation by shrub plant Tetraena qataranse. Sci. Rep., 9(1): 1–11.
	Wang, C., Ju, J., Zhang, H., Liu, P., Zheng, Q. & Hu, X. 2022a. Disclosing the ecological implications of heavy metal disturbance on the microbial N-transformation process in the ocean tidal flushing urban estuary. Ecol. Indic., 144: 109504. https://d...
	Wang, Z., Lin, K. & Liu, X. 2022b. Distribution and pollution risk assessment of heavy metals in the surface sediment of the intertidal zones of the Yellow River Estuary, China. Mar. Pollut. Bull., 174: 113286. https://doi.org/10.1016/J.MARPOLBUL.2021...
	Westlake, E. L., Keesing, J. K., Hardiman, L. K., Tonks, M. & Olsen, Y. 2022. Growth, biomass and productivity of the seagrass Thalassia hemprichii at Ashmore Reef, Australia. Aquat. Bot., 183: 1–5. https://doi.org/https://doi.org/10.1016/j.aquabot.20...
	Xiao, J., Wang, Y., Fu, S., Yang, S., Liu, G., Luo, X. & Zhang, C. 2022. Distribution of heavy metals and the exploration of potential indicators and hyperaccumulators in Jiang’an River, Chengdu, PR China. Ecol. Indic., 145: 109665. https://doi.org/10...
	Zhang, L., Ni, Z., Cui, L., Li, J., He, J., Jiang, Z. & Huang, X. 2021. Heavy metal accumulation and ecological risk on four seagrass species in South China. Mar. Pollut. Bull., 173(PB): 113153. https://doi.org/10.1016/j.marpolbul.2021.113153
	Zhang, L., Wu, Y., Jiang, Z., Ren, Y., Li, J., Lin, J., Ni, Z. & Huang, X. 2024. Identification of anthropogenic source of Pb and Cd within two tropical seagrass species in South China: Insight from Pb and Cd isotopes. Ecotoxicol. Environ. Saf., 270(J...
	Figure 1. A map of seagrass sampling location
	Figure 2. Seagrass, (a) Cymodocea, (b) Thalassia
	Figure 3. Concentrations of Pb, Cu, Ni and Zn in organs of Cymodocea and Thalassia (leaf and root mg/kg), and associated sediments (mg/kg)
	Table 1. Comparison of heavy metal concentrations in Cymodocea and Thalassia with those from  the open literatures
	Table 2. Values of the Bioconcentration factor (BCF)
	Table 3. The translocation factor (TF) from the roots to the leaves of seagrass
	Table 4. Geoaccumulation Index (Igeo), Contamination Factor (Cf), and Pollution Load Index (PLI)


