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Abstract 

The differences of  lead heavy metal accumulation in water, sediment and among seagrass of Thalassia 

hemprichii (roots, rhizomes and leaves) were conducted on Ambon Island, Maluku. Samples were taken from two 

areas ( Inner Ambon Bay and the southern part of the Ambon island) with a total of nine sampling sites based on 

seagrass distribution and land use. Pb was analyzed using Atomic Absorption Spectrophotometer. Pb metal 

content in the sediment is higher than the water and correlated significantly with the roots. The content of Pb on 

seagrass T. hemprichii showed a consistent pattern of accumulation at all the sites, where the Pb content in roots 

is higher than in the leaves and it is higher in the leaves than in the rhizomes. Thus the roots of the seagrass T. 

hemprichii  can be used as bioindicators as well as biomonitoring of heavy metal pollution in the marine waters. 
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Introduction 

The pollution of coastal and marine environment has 

become a global issue, especially in the developed and 

developing countries. The pollution of coastal and 

marine generally occurs due to the concentration of 

population, industrialization and tourism activities in 

coastal areas. The impact of these activities on the 

coastal waters environment is likely to increase the 

amount of waste discharged into coastal waters. 

Heavy metals including hazardous waste serves as the 

sources of pollution, which is generally toxic in 

nature. Given their potential adverse effect to the 

environment and human health, these substances are 

thus of great concern to further studies (Rainbow, 

2007; Roberts et al., 2008). 

 

Metals can be found in the form of colloidal, particulate 

and dissolved form, although generally low 

concentrations of dissolved compounds (Kennish, 1992). 

Metals solubility in seawaters is controlled by salinity, 

pH, sediment type, ligand concentration, and redox 

potential (Guilizzoni 1991). The study of metal 

abundance in the water and sediments provide a 

relatively complete picture of the burden of 

contaminants in ecosystems, and various attempts have 

been made to evaluate metal pollution in water and 

sediments, including their interaction (Prego et al., 

2006; Terrado et al., 2007; Abrahim and Parker, 2008). 

However, these approaches do not provide adequate 

information that is biologically relevant to ecotoxicology 

(Campanella et al., 2001). A suitable alternative for 

measuring the toxic chemical compounds, elements or 

their metabolites in tissue, called biomonitoring, giving 

the overall performance including integrated time 

availability of pollutants (Rainbow, 1995). 

 

Biomonitoring has been widely applied to the study of 

metal contamination in algae and marine invertebrates, 

especially in mussels (Conti and Cecchetti, 2003; 

Rainbow, 2007). Seagrasses are marine angiosperms 

also suitable for metal biomonitoring (Pergent - Martini 

and Pergent, 2000; Ferrat et al, 2003; Ralph et al, 

2006). Based on the fact that the seagrass grows 

abundant, widely distributed, has a long life time, and 

easily sampled and identified (Llagostera et al., 2011). In 

addition, seagrasses have high metal bioaccumulation 

capacity for interacting directly with the water column 

(through the leaves) and sediment (through the roots), 

therefore both leaves and roots are ion uptake sites 

(Romero et al., 2006; Ralph et al., 2006) so that it 

becomes a good bioindicator. The monitoring of heavy 

metal pollution in the water on the metal content in 

plant tissues showed high variability, the result of the 

interaction between bioavailability and plant physiology, 

including the kinetics of uptake and translocation 

between the internal parts of the plant, either passive or 

active. Therefore, the metal content can vary 

significantly among plant organs (leaf, rhizome and 

root). Thus, knowledge of the patterns of metal 

accumulation in different organs is very important to 

design the basic biomonitoring programs of seagrass 

and accurate interpretation of the data generated 

(Llagostera et al., 2011). 

 

Seagrass as bioindicator studies have been done on the 

Zostera marina (Krause - Jensen et al., 2005), 

Posidonia oceanica (Romero et al., 2005; Gobert et al., 

2009, Royo et al., 2010) Cymodocea nodosa (Oliva et 

al., 2011), and in Indonesian waters on the species of 

Cymodocea rotundata (Herawati, 2008), while the 

species of T. hemprichii still rarely investigated while its 

abundant existence and widespread distribution in the 

waters of Indonesia, especially on the Ambon island. 

With respect to the ability of seagrass to absorb and 

accumulate heavy metals Pb, it is necessary to 

investigate the heavy metal content of Pb in seawater, 

sediment and parts of roots, rhizomes and leaves of T 

hemprichii in the waters of Ambon Island which can be 

developed as a biomonitoring heavy metal pollution in 

sea water. The aim of this study was to identify 

differences in the accumulation of lead heavy metal in 

water, sediment and among the roots, rhizomes and 

leaves of the seagrass T. hemprichii. 

 

Materials and method 

Study Sites and Sampling 

This research was conducted at the location of Ambon 

Bay (position 3038'30 "- 3039'30" S and 128011'30 "- 
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128015'00" E) and the southern part of the Ambon 

island (position 3042'00 "- 3042'30" S and 128016'00 

"- 128016'30" E). The selection of study sites of this 

present research is based on the Pb content, seagrass 

distribution, and land use. Based on previous studies 

by Mainassy et al., (2005), heavy metals Pb in the 

Ambon Bay in the range between 0.03 to 0.38 mg/l 

which Poka and Lateri location are an area of high Pb 

contaminated. Poka and Lateri also have the 

distribution of seagrass T. hemprichii that is one of 

the dominant species (Tuhumury, 2008). Therefore 

Poka and Lateri become the location of the study site 

in the Ambon Bay. Poka consists of: Site 1 (P1); the 

area around the row-row ship wharves, site 2 (P2); 

residential areas, and site 3 (P3) the territory diesel. 

Lateri, consist of: site 1 (L1); the area around 

sedimentation, site 2 (L2); residential areas, and 

station 3 (L3) the mangrove area. The location of the 

southern part of the Ambon island is visually clean 

and there are no data of heavy metal content 

previously. The location which was distributed by 

abundance of seagrass in this region is the Rutong 

area and T. hemprichii is one of the dominant species 

(Tupan, 2012). Rutong area, consists of: sites 1 (R1) 

the area near the river, site 2 (R2) residential area and 

site 3 (R3) mangrove area. 

 

Seagrass sampling was conducted in November 2011 

at each site, where the distance between sites 300-

500 meters. At each site, seagrass was colected three 

times from an area of 1m2 separated by 25-50 m. Each 

samples consisted of 30 shoots, including leaves, 

rhizomes and roots. Shoots were rinsed with seawater 

in situ to remove sediment particles and then packed 

in plastic bags, and transported to the laboratory. 

Water and sediment sampling was also conducted on 

seagrass sampling area. 

 

Analysis of Lead (Pb) Heavy Metal 

For the preparation of metal analysis, seagrass organs 

were washed again with sea water to remove residual 

sediment and other debris. Rinsing seagrass with 

distilled water resulted in a premature leaching of 

metals and other cations (Ledent et al., 1995). 

Epiphytes were removed from the leaves by scraping 

with hand. Seagrass organs were dried to constant 

weight at a room temperature, then dried in the oven 

at 1000C for 5 h. Samples were grounded in an mortar 

to obtain a homogenous powder, then weighed as 

much as 1 g and added as many as 5 ml of 5 M HNO3, 

stirred and heated with a hot plate at 85-950C. The 

samples were allowed to cool  and filter  into 50 ml 

volumetric flask using Whatman no 5 filtered paper, 

then added distilled water to mark the limits. After 

that, samples are ready to analyze by means of Atomic 

Adsorption Spectrophotometer (AAS) at a wave 

length of 283.3 nm. Method and instrument used for 

extraction and lead analysis of sediment and sea 

water are similar to those used for seagrass organs.  

 

Data analysis 

The data were analysed using ANOVA statistical 

analysis on the 5% significance level to test for 

differences in the content of heavy metal Pb 

(dependent variable) among nine study sites and 

among three factors seagrass (roots, rhizomes and 

leaves) (independent variables) and their interaction. 

If there is a difference, then followed by least 

significant difference test (LSD) at the 5% significance 

level. Prior to analysis, first had gone through the 

data normality test using Kolgomorov - Smirnov test 

and homogeneity test using Levene's test and 

Bartlett’s test, and the test of non additivity as a 

requirement for ANOVA test. The test results 

concluded that the observational data qualify 

normality, homogeneity and non-additivity, so it can 

proceed to ANOVA test. Finally, we explored the 

quantitative consistence in the pattern of 

accumulation of Pb metal between the different 

organs (roots, rhizomes, leaves) and environment 

(water and sediment). 

 

Results 

Pb metal content in water and sediment 

The metal content of Pb in water and sediment from 

the nine study sites shown in Fig. 1. There were 

significant differences in the Pb content of water and 

sediment based on ANOVA (Table 1). There was 
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significant spatial variability, significant between 

water and sediment and interaction. There are 

contributions from each source of variability. Spatial 

variations (among sites) provide 11% of variability, 

where P1 has the smallest Pb content and are very 

different from R1 and R2, and R2 has the highest Pb 

contents (Fig. 1). Furthermore, variations between 

water and sediment provide variability by 59% where 

sediments have much higher Pb contents than the 

water. Based on the correlation analysis, there was no 

correlation between water and sediment (Table 3). 

 

Pb metal content on roots, rhizomes and leaves 

The metal content of Pb on seagrass T. hemprichii 

(roots, rhizomes and leaves) can be seen in Fig. 2. 

Based on ANOVA, there were significant differences 

between sites and organs, while the interaction 

between the site and the organs are not significantly 

different (Table 2). Spatial variation (among sites) 

explained 13% of variability which Pb content of the 

L3 site has the smallest, while site R1 has the highest 

Pb content (Fig. 2). Pb content in organs provide 

variability by 37%, where the roots have the highest 

content of Pb followed by leaves, while the rhizome 

has a low Pb contents (Fig. 2). Based on the 

correlation analysis it is known that the pair sediment 

and roots, sediment and rhizomes, roots and 

rhizomes and rhizome and leaves correlated 

significantly (Table 3). 

 

 

Table 1. Result of ANOVA (site: 9 levels and environment: 2 levels) and LSD analysis for factor environment. 

Significance level settled at 0.05. 

Metal Source of variation p-Value % Variability Post hoc 

Pb Site 

Environment 

Site x environment 

Error 

0.022 

0.000 

0.022 

11 

59 

11 

19 

Sediment > water 

 

Table 2. Result of ANOVA (site: 9 levels and organ: 3 levels) and LSD analysis for factor organ. Significance level 

settled at 0.05. 

Metal Source of variation p-Value % Variability Post hoc 

Pb Site 

Organ 

Site x organ 

Error 

0.042 

0.000 

0.512 

13 

37 

11 

39 

Roots > leaves > rhizomes 

 

Table 3. Result of correlation analysis between Pb metal content in water, sediment and T. hemprichii (roots, 

rhizomes and leaves). (r is the correlation coefficient). Significance level settled at 0.05. Bold numbers indicates 

significant correlation. 

Metal Water-sediment Water-roots Water-rhizomes Water-leaves 

 r p-Value r p-Value r p-Value r p-Value 

Pb -0.0231 0.9088 -0.0301 0.8813 -0.2364 0.2351 0.0349 0.8627 

 

Metal Sediment-roots Sediment-rhizomes Sediment-leaves 

 r p-Value r p-Value r p-Value 

Pb 0.5682 0.0020 0.4566 0.0167 0.1029 0.6096 

 

Metal Roots-rhizomes Roots-leaves Rhizomes-leaves 

 r p-Value r p-Value r p-Value 

Pb 0.4658 0.0143 0.3744 0.0543 0.5194 0.0055 
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Fig. 1. Pb content in water and sediment. 

 

 

 

 

Fig. 2. Pb content in roots, rhizomes and leaves of T. 

hemprichii. 

Discussion 

Pb metal content in water and sediment 

Pb heavy metal is one type of metal that is commonly 

found in coastal waters due to the utilization of fuel 

and industrial paints are often used by ships. Pb was 

found in all the study sites in the waters of Ambon 

Island, although its concentration is lower than the 

one found by Mainassy et al., (2005) in the Ambon 

Bay. Pb content of these waters are also much lower 

than Pb content in the sediment. Activity coastal 

communities that contribute to the water content of 

Pb in the sediment accumulates more stout from 

those of the water column, so that the sediment is 

more representative to record the accumulation of 

heavy metals in waters. The solubility of metal 

elements and heavy metals in waters controlled by the 

pH of the water column (Guilizzoni, 1991). Low pH or 

acidic can dissolve heavy metals, and alkaline pH 

would affect heavy metal for not dissolve. pH on Poka 

waters ranged from 7.51 to 7.82, Lateri waters ranged 

from 7.27 to 7.69 and Rutong waters ranged from 

7.80 to 8.10. The range of this pH is alkaline, so it 

affects metals Pb difficult soluble and settles in the 

bottom of the waters. Heavy metals  dissolved in the 

water will also move into the sediments if bound to 

free organic matter or organic matter that lines the 

surface of the sediment, and direct absorption by the 

surface of the sediment particles, due to heavy metal 

binding organic materials easily so that the heavy 

metal content in the sediment was higher than in the 

water (Wilson, 1988). 

 

Pb content of the sediment has the highest on Rutong 

waters because there is bottom substrate dominated 

by coral rocks thought to be one source of Pb on 

Rutong sea waters. Sources Pb naturally derived from 

the release of metals from mineral rocks due to waves 

and wind (Palar, 2008). Rutong waters with high 

waves in certain time allow the release of metals in 

coral rock. In addition, the waters affected by the 

banda sea volcano allow the upwelling that also 

contribute of Pb to these waters.  
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Pb metal content on the roots, rhizomes and laves of 

T. hemprichii 

The presence of Pb on seagrass T. hemprichii obtained 

directly from the water through absorption by the roots 

of the sediment and the leaves from the water column. 

According to Romero et al., (2006) and Ralph et al., 

(2006) that seagrass has a high capacity to accumulate 

heavy metals because it interacts directly with the water 

column through the leaves and the sediments through 

the roots. In this study the Pb accumulation pattern is 

fairly consistent at all sites where the content of Pb in the 

roots is higher than in the leaves, and the leaves is higher 

than in the rhizome. The content of Pb in the roots was 

higher than the leaves and rhizome because the roots 

absorb Pb directly from the sediments that also 

accumulated Pb contents were very high. Pb content  

which are higher in roots than leaves  is also found in the 

seagrass Zostera capricorni (Ambo Rappe, 2008) and 

Cymodocea nodosa (Liagostera et al., 2011). In addition, 

Marin-Guirao et al., (2005)  have found higher content 

of Pb in the roots in comparison with  the leaves of 

Cymodocea nodosa.  They  explain  that the leaves of C. 

nodosa have absorbed Pb from the water when the 

availability of Pb in sediments is low. Guilizzoni (1991) 

has pointed out that aquatic angiosperms have extracted 

nutrients and heavy metals mostly from sediments via 

root hairs, with subsequent translocation to the upper 

parts. He has described that most aquatic species have a 

well-developed vascular system; as a result, basipetal 

and acropetal water flow may  transport  ions through 

the xylem. 

 

Metal accumulation in seagrass organ has been 

reported by several authors, such as Pergent-Martini 

(1998) and Pergent and Pergent-Martini (1999) have 

observed high Hg accumulation in the leaves of 

Posidonia oceanica, and interpreted as an indication 

of high level of heavy metal contamination in the 

water column at the sampling sites. Alvares - Legoreta 

et al., (2008) has shown that the Cd metal in seawater 

is concentrated in the leaves of Thalassia testudinum 

and transported through basipetal translocation to 

the root system. Seagrass organs differences in the 

absorbing metal, according Llagostera et al., (2011) is 

influenced by three factors: 1) the availability of 

metals in the water column and sediments differ from 

one location to another depending on the metal 

supply, 2) Both the uptake kinetics and passive 

absorption properties of leaves may differ from those 

of the root, and 3) subsequent metal uptake can be 

distributed internally through active or passive 

transport mechanisms. 

 

Significant correlation between sediment and 

seagrass T. hemprichii at the root and rhizome 

showed that sediment is very representative to 

describe the Pb accumulation in plant organs, 

especially seagrass roots, because roots absorb Pb 

directly from the sediment. Besides that, the pattern 

of accumulation of Pb on seagrass T. hemprichii is 

supported by a significant correlation between the 

sediment and roots, root and rhizome and the 

rhizome and leaves showed that the organs in 

particular seagrass roots can be selected to fit the 

criteria of choice biomonitoring organ that has a high 

concentration (Llagostera et al., 2011), where the 

roots are very representative in the record of Pb 

contaminants in the waters through the sediment. 

 

Conclusion 

The results of Pb heavy metal content in the water, 

sediment and seagrass organs (roots, rhizomes, 

leaves) of T. hemprichii in the waters of Ambon 

Island have shown that the accumulation of Pb is 

mostly found in sediment and seagrass root. 

Sediment is considered to be very representative to 

describe the total load of the water pollution. 

Additionally, the concentration of Pb heavy metal and 

its accumulation pattern in this seagrass organ may 

reflect the concentration and the bioavailability of the 

Pb heavy metal in Ambon Island waters. Thus, T. 

hemprichii may have application as indicator 

organism as well as biomonitoring of Pb heavy metal 

contamination and bioavailability in seawater. 
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