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Abstract
Seagrass might impact metal bioavailability in sediments with physiological processes that occur at the root and rhizome. Seagrass growth
may increase bioavailability due to oxygen transport from leaves to the root systems. This study aims to analyze the concentrations of
bioavailable Pb and Cu in sediments with and without seagrass. This study was done at two sites in Spermonde Islands, South Sulawesi,
Indonesia. All metals analysis and sediment parameters were conducted on dry, <63 µm grain size sediment samples. Metal speciation
in sediment was determined using the Community Bureau of Reference (BCR) three steps sequential that extract exchangeable and acid
soluble fraction, reducible and oxidisable fraction. The average concentrations of bioavailable fraction of Pb and Cu (fraction 1) was higher
in vegetated sediments associated with Enhalus acoroides  than in unvegetated sediments. Higher concentration of Cu in fraction 1 was
also associated with higher concentration in Enhalus roots. This indicates that the presence of seagrass may increase the bioavailability
of metals in sediments. Increased metal bioavailability in vegetated sediment will imply increase toxicity.
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INTRODUCTION

Anthropogenic pollutants, such as metals can reduce the
distribution and biomass of seagrass (Macinnis-Ng and Ralph,
2002). Bioavailability of metals in sediments is strongly
influenced by processes that occur in the marine environment.
This could affect the availability of metals to organisms that
would affect further toxicity (Bernhard and Neff, 2001).

 Metal  bioavailability  is  influenced  by  sediment
characteristics such as pH, redox oxidation potential, dissolved
organic carbon, inorganic complexes, organic complexes and
sediment particle size. Changes in redox potential in sediment
will affect metal mobility. Study shows that an increase of
oxygen content in anoxic sediments will increase metal
released to surrounding environments and thus available to
organisms (Clark et al., 1998; Eggleton and Thomas, 2004;
Kelderman and Osman, 2007). Dredging activities in sediment,
bioturbation and seagrass physiological activites in root
systems can influence oxidation state in sediments.
Bioturbation by bottom organisms, oligochaetes and benthic
bivalves, increases metal bioavailability by changing the redox
potential through sediment resuspension (Peterson et al.,
1996; Ciutat and Boudou, 2003; Atkinson et al., 2007).

Seagrass  can  absorb  metals  from  the  water  column
and   sediment   through   the   leaf   and   root-rhizome   and
then   distributed   to   various   comparments   in   plants
(Prange and Dennison,  2000;  Macinnis-Ng  and  Ralph,  2002;
Sanz-Lazaro et al., 2012). In coastal waters where the dissolved
oxygen is low (suboxic to anoxic), heavy metals will generally
be strongly bound to sulphites in sediments and reduce its
bioavailability for the organism. However, marine plants such
as seagrass can oxidize sediments in the root zone, through
the diffusion of oxygen from the leaves to the roots, causing
the oxidation of sulphite-metal compounds that can release
metals into the sediment which then increases the potential
bioavailability to biota (Pulich, 1987; Weis and Weis, 2004).

Lead  (Pb)  is  a  toxic  metal,  found  naturally  in  the
waters  and  has  no  biological  function  for  the  organism
(non-essential). Human activities on land (anthropogenic),
especially the use of additives in gasoline, paint industries,
battery, increasing the concentration of Pb in the waters.
According  to  Neff  (2002),  the  majority  of  Pb  in  waters
originate from the atmosphere. Copper (Cu) is an essential
metal for the metabolism of biota, but increasing
concentrations  above  the  standard  minimum  requirement
will have deleterious effects on biotas. The use of Cu a raw
material in antifouling paints (TBT) is one of the main sources
of these metals entering the sea (Srinivasan and Swain, 2007;
Bao   et   al.,   2008).   With   the   increasing    development    of

coastal  areas of Makassar, anthropogenic inputs of this metal
will also affect sediment and biota living on it.

This study describes differences in Pb and Cu
bioavailability in sediment of seagrass and non seagrass areas
off the coast of Makassar, Spermonde Islands, South Sulawesi.
The result aims to increase understanding of seagrass
oxidation impact on metal bioavailability in sediment. It also
improves knowledge of metal contamination and toxicity in
different sediment types. Information from this study will
improve risk assessment method for metal toxicity in
sediments.

MATERIALS AND METHODS

Study sites: This study was conducted in Bonetambung Island
and Gusung Tallang (Lae Lae Caddi Island), which are part of
The Spermonde Islands, near Makassar, South Sulawesi, from
March-April, 2013. Gusung Tallang and Bonetambung island
are located approximately 1 and 17 km from coast,
respectively (Fig. 1). Seagrass beds in Gusung Tallang has
monospecies of Enhalus acoroides;  whereas, in Bonetambung
Island has multi-species and dominated by Enhalus acoroides.
Sediment and seagrass samples were taken from seagrass and
non-seagrass areas at each island.

Sample collection
Sediment: There were three replicates of vegetated (seagrass)
and non-vegetated (non seagrass) sediment in each island.
Sediment was sampled from the vegetated and non
vegetated areas from oxic part of sediment surface (1-3 cm
depth) using van Veen grab sampler. Samples were specifically
taken from the center of the grab to avoid possible
contamination from metal parts on the grab and placed into
1 kg plastic bags in a cool box during transport to the
laboratory and then frozen in a freezer at 4EC until processing.

Seagrass: Three shoots of Enhalus acoroides   were randomly
collected from the vegetated area in each island. Below
ground part (root and rhizome) of the plants were taken for
metal content analysis. Prior to the metal analysis, the below
ground part were stored overnight at -20EC.

Metal and bioavailability analysis: Sediment and below
ground part of seagrass were analyzed for lead (Pb) and
copper (Cu). Before analysis, sediments were dried in room
temperatures for 4 days and oven dried for 16 h at 80EC.
Sediment samples were sieved in dry conditions to attain
sediment  particles  of  <63  µm  (Loring  and  Rantala,  1992;
Yuan et al., 2004; Hendozko et al., 2010).
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Fig. 1: Study sites in Spermonde Islands, South Sulawesi, Indonesia

Table 1: Three steps sequential procedures determining metals bioavailability in sediments
Steps Fractions Exracted components Procedures
1 Acid soluble Exchangeable ions and carbonates 40 mL CH3COOH added on 1 g dry sediments (<63 µm), 16 h shaker
2 Reducible Fe-Mn oxides 40 mL NH2OH.HCl (pH 2 with HNO3), 16 h shaker
3 Oxidizible Organic compounds and sulfites 10 mL H2O2, 1 h disgestion, 1 h water bath, added 10 mL H2O2, 1 h water bath,

added 50 mL CH3COONH4 (pH 2 with HNO3)

The bioavailable fractions of Pb and Cu in sediments was
determined by the Community Bureau of Reference (BCR)
Three-Steps Sequential Method (Ure et al., 1993). The
extractions procedures were summarized in Table 1. All
reagents were of extra pure quality and all lab wares used
were  either  new  or  thoroughly cleaned with 10% HNO3 for
24 h before utilization.

Prior to metal extractions on seagrasses, below ground
parts (roots and rhizomes) were cut in pieces  and  oven  dry
for  48  h  in  60EC.  Total  concentration  of  Pb,  Cu  and  Fe
(was analysed as a sediment character) in sediments and total
concentrations of Pb and Cu at the below ground part of the
seagrasses were extracted by dry destruction method using
HNO3 (nitric acid) and HClO4 (per chloric acid) (USEPA., 1994).
Analysis of metals concentrations were performed on Atomic
Absorption Spectrophotometer (AAS) Shimadzu AA-7000.

Sediment character analysis: Sediment samples from the oxic
layer of fine grain sediment (<63 µm) were also analysed for:
Total Organic Carbon (TOC) content by Walkley-Black titration
method (ASTM., 2000); sulfur content spectrophotometrically

using HNO3 dan HClO4 (Tabatabai and Bremner, 1970); CaCO3

by titrimetric method (Allison and Moodi, 1965); sediment
texture by hydrometer method, type and sediment grain size
based on Wentworth Scale using dry sieving method (Boggs,
2006). Sediment redox potential was measured using Hanna
Instrument (HI 8314) with ionode probe, Australia (IJ64).

Statistical analysis: Independent sample T-student test was
performed to determine differences in the average
concentration of metals in sediments and seagrasses from
both study areas. Correlation analysis amongst metal
concentrations in each fraction and sediment geochemical
parameters was performed using Pearson Correlation. All
statistical analysis were computed using SPSS version 16 and
the graphs were performed with Microsoft Excel for Windows.

RESULTS

Sediment characteristics: Characteristics and geochemical
properties of the sediments in the two sites, Gusung Tallang
(Lae   Lae  Kecil)  and  Bonetambung  Island,  are  presented  in
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Fig. 2(a-b): Avarage concentrations of Pb and Cu in bioavailable fractions (fraction 1) in seagrass (SG) and non-seagrass (nSG)
sediments from Bonetambung Island and Gusung Tallang (Mean±SE, n = 3)

Table 2: Sediment characteristics in Bonetambung Island dan Gusung Tallang
Bonetambung Gusung Tallang
-------------------------------------------------------------- -----------------------------------------------------------------
SG nSG SG nSG

Sand (%) 92.85±0.17 92.95±0.47 92.62±0.28 92.63±0.49
Mud (%) 7.15±0.17 7.05±0.47 7.38±0.28 7.37±0.49
CaCO3 (%) 3.61±0.87 1.20±0.25 6.52±2.93 7.54±1.22
TOC (%) 1.53±00.7 1.55±0.16 1.72±0.11 1.88±0.20
Sulfur (%) 1.82±0.26 1.96±0.06 1.13±0.26 2.01±0.50
Total Fe (µg gG1) 6.95±1.47 6.66±1.09 70.07±9.63 51.34±1.89
Redox Potential (mV) 51.33±19.29 91.90±24.61 -115.33±44.20 -52.37±22.81
GS<0.63 mm 0.89±0.15 0.67±0.11 0.22±0.03 2.66±0.76
*SG: seagrass and nSG: non-seagrass (mean±SE, n = 3)

Table 2. As can be seen, non-seagrass sediment of Gusung
Tallang has slightly higher fine grain particles, but in general,
sediment texture conditions on both locations consisted of
>90% sand and only about 7% which is mud (silt+clay). Total
organic carbon and sulfur content in both sites has also similar
values.

Of all sediment parameters analysed, CaCO3, sulfur
content and redox condition are much different comparing
both study areas. Calcium carbonate content is almost double
and sulfur content is ten times higher in Gusung Tallang’s than
in Bonetambung Island. Sediment redox potential shows the
more reduced condition in Gusung Tallang; whereas, the more
oxidized condition in Bonetambung Island.

Metals   in   bioavailable   fractions   from   seagrass   and
non-seagrass sediment: Only metals in fraction 1 are
presented in this study, because fraction 1 (acid soluble
fraction) has the most mobility and thus the most related to
the bioavailable concentration. Average concentrations of Pb
and Cu in fraction 1 are shown in Fig. 2.

Mean concentrations of Cu in fraction 1 in both study
areas    show   significantly   higher   in   seagrass   than   in
non-seagrass  sediment  (p<0.05).  The Pb  concentrations  in
fraction   1   is  also  significantly  higher  in  seagrass  than
non-seagrass sediment (p<0.05) in Gusung Tallang. Although,
is not statictically significant, Concentrations of Pb in fraction
1 of seagrass sediment from Bonetambung Island is also
higher than those of non-seagrass.
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Fig. 3(a-b): Average concentrations of total Pb and Cu in seagrass  (SG) and non-seagrass (nSG) sediments from Bonetambung
Island and Gusung Tallang (Mean±SE, n = 3)

Only average concentration of Cu in fraction 1 from
seagrass area in sediment from Gusung Tallang that is
significantly higher comparing to those from Bonetambung
Island (p<0.05).

Seagrass and total sediment metal concentrations in
relation to bioavailable metal concentrations in sediments:
Average concentrations of total Pb and Cu in sediment on
both study areas are presented in Fig. 3. Concentrations of
total Cu in sediment from Bonetambung Island and total Pb
from Gusung Tallang are significantly higher in seagrass area
than non-seagrass area (p<0.05). Total concentrations of Pb
and Cu in each sediment area are almost three times higher in
Gusung Tallang than in Bonetambung Island (p<0.01).

Average Pb and Cu concentrations in are shown in Fig. 4.
Concentrations (µg gG1) of Pb in Enhalus roots from
Bonetambung  Island  and  Gusung  Tallang  ranged  from
1.90-3.68 (avg 2.52±0.58) and 2.78-5.66 (avg 4.15±0.83),
respectively. Whereas, Cu concentrations (µg gG1) 0.40-0.86
(avg 0.56±0.15) and 2.78-5.67 (avg 1.45±0.32), respectively.
Although, there are no significant different between mean
concentrations of Pb and Cu in seagrass roots from both
Bonetambung Island and Gusung Tallang (p>0.05), but from
the graph in Fig. 4, average concentrations of both metals are
higher in seagrass roots from Gusung Tallang than from
Bonetambung Island.

Fig. 4: Average concentrations of Pb and Cu in Enhalus
acoroides roots (Mean±SE, n = 3)

Relation between bioavailable fraction with total metal
concentrations in sediment and seagrass roots: Bioavailable
fractions of metals consist of all three fractions (fraction 1, 2
and 3) from speciation study. The most bioavailable and the
most toxic form is fraction 1 because of high solubility and
thus easily enter the organisms body. The other fraction (2 and
3) which are also the non-resistant, can be easily removed
from sediment matrix and solubilized, thus become
potentially toxic to organisms depending of physical and
chemical parameters of such as redox potential changes,
oxygen content and pH changes (Ramirez et al., 2005).

In this study, the pearson correlation analysis (Table 3)
were performed between all metal fractions (1, 2 and 3) and
total concentration in sediment and in Enhalus acoroides
roots.  There   is   a   strong   positive   correlation   between  Cu
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concentrations in Enhalus  roots and its total concentration in
sediment (r = 0.868, p<0.05), fractions 1 and 3 (r = 0.848 and
r = 0.876, respectively, p<0.05). There are no correlation
between Pb in seagrass root with all metals analysed.

DISCUSSION

Sediment characteristics: While the sampling sites were
selected to contrast terrigenic and biogenic sediment, it is not
clear from the sediment analysis if the sediments should be
classified as terrigenic or biogenic. Based on Al-Rousan et al.
(2006), sediment type at the two sites is terrigenic because
both have CaCO3 content of <10% (Table 2). However, based
on Fe content at both locations, sediment types in Gusung
Tallang is more of terrigenic types, whereas Bonetambung
Island is more biogenic sediment types. Badr et al. (2009)
stated that iron enrichment in coastal areas constituted a
supply of ferromagnesium from terrigenic material. Also,
according to Chen et al. (1996), the iron content in biogenic
sediments are generally very low due to the concentration of
Fe on the surface of the sea water is very small. Gusung
Tallang has higher content of iron (Fe) due to close proximity
to the mainland and therefore sources of pollution from
Makassar City.

These results contradicted to Erftemeijer and Middelburg
(1993) who found a high content of CaCO3 (>90%) in the
sediment of Barranglompo Island, the island adjacent to
Bonetambung Island; while in Gusung Tallang, a location close
to the mainland (Makassar), contains about 10% of CaCO3.

The CaCO3 and Fe content of sediments may influence
bioavailability of metals in sediment. According to John and
Leventhal (1995), the most bioavailable fractions (dissolved
fractions) consists of carbonate complexes which tend to
increase with increasing pH and metals will be released with
decreasing pH. The medium mobility is metals bound to Fe
and Mn oxides in surface particulates matters and or
sediments. Metals released is governed by redox potential in
sediment, i.e. with higher redox potential (high oxidation
states) tend to increase metal solubility and in reduced
conditions, sulfate is reduced and metal will bound tightly to
sulfide.

The higher average redox potential was measured in
Bonetambung Island (71.63 mV) and according to Colman and
Holland (2000), this was a suboxic condition of sediments;
whereas, Gusung Tallang’s sediment has a transitional redox
potential from suboxic to anoxic condition (-83.85 mV). Redox
potential condition may influence metals mobility in
sediments. In oxic condition metals bound in sediment
materials may be released to the water coloumn and become
available to organisms.

Metal    in    bioavailable   fractions   from   seagrass   and
non-seagrass sediments: It is clear from the speciation study
that most bioavailable fractions (fraction 1) of Pb and Cu are
higher in sediments with seagrass. This indicated that seagrass
plant may influence metal bioavailability in sediments.
According to Weis and Weis (2004), aquatic plants can oxidize
sediments around the roots through oxygen which is
transported from leaves to the roots. Mangrove Avicennia  was
found to oxidize below ground part of the plants which can
lead to sulphites reduction and increasing metal
concentrations in the exchangeable fraction (fractions 1).

Study conducted by Doyle and Otte (1997) also found
higher   metal   concentrations   in   vegetated   areas   than
non-vegetated areas, especially in the area around root plants.
In the seagrass plants, transport oxygen from the leaves to the
roots is used for respiration and nutrient uptake, due to
slightly stretched membrane on the roots some oxygen will
leach to sediment and will lead to occurrence of oxidation
processes near the seagrass roots (Schwarz et al., 2004). The
oxidation processes can further lead to the release of
sulphites-bound metals from sediments.

Higher Pb and Cu concentrations in the most bioavailable
fraction 1 in Gusung Tallang compare to Bonetambung Island
is most probably due to the close proximity to the mainland
where anthrophogenic wastes maybe transported from.
According to Yap et al. (2002) and Yap and Wong (2011),
metals in the non-resistant fractions (fraction 1, 2 and 3) are an
indication that the source of metals are most likely due to
anthrophogenic input rather than natural input.

Although, sediment Pb and Cu concentration found in
this study were below Sediment Quality Guidelines (SQGs)
generated  by  NOAA’s  (Long  et  al.,  1995),  i.e.,  Effects
Range-Low (ERL) and Effects Range-Medium (ERM)
concentration for Pb (46.7 and 218 µg gG1, respectively) and
Cu (34 and 270 µg gG1, respectively). Similarly, Ambo-Rappe
(2014) also found Pb and Cu concentration in sediment from
seagrass area in Gusung Tallang and Bonetambung Island
were still below the guideline for protection of aquatic biota.
However, the bioavailability results in this study indicated
possible risks of metal toxicity on organisms associated with
seagrass.

Seagrass and total sediment metal concentrations in
relation to bioavailable metal concentrations in sediments:
Concentrations of Pb and Cu in Enhalus  roots reflect the total
metals concentrations in sediments, i.e., both total metals
concentrations in sediment are higher in Gusung Tallang than
Bonetambung Island (Fig. 3). Higher metals in Gusung Tallang
is predicted because it is located near Makassar city, which is
may contribute more metals to the areas.
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Table 3: Pearson Correlation among metals in Enhalus acoroides  and sediments
Seagrass root
---------------------------------------------------

Concentrations Pb Cu
Sediment (total) 0.658 0.868*
Fraction 1 -0.047 0.848*
Fraction 2 0.221 -0.051
Fraction 3 0.771 0.876*
*Correlation is significant at the 0.05 level (2-tailed), n = 3

Seagrass can absorb metals from the water column and 
sediment (Ambo-Rappe et al., 2007). Absorption of metals
from the water column can be performed through the plant
leaves and from sediments through the roots and rhizomes.
Once the metal is absorbed by seagrass, translocation may
occur from the top to the bottom of the seagrass or otherwise.
Essential metals such as Cu and Mn, will generally accumulate
on the leaves  because  of  metabolic  needs;  whereas the
non-essential metals such as Pb and Cd will be accumulated
more in the below ground of seagrasses, i.e. the roots and
rhizomes (Prange and Dennison, 2000; Wasserman and
Wasserman, 2002). In line with these study, the average total
Pb concentration in the rooting section was higher than Cu in
both study sites.

The positive significant Pearson Correlation analysis in
Table 3 may indicates accumulation of Cu in seagrass sourced
from metals in sediments and also closely associated with Cu
in fraction 1 and fraction 3. Higher proportions of Cu in
fraction 1 may increase its bioavailability and therefore could
increase the concentration of Cu in the seagrasses, thus its
toxicity to the plant. However, low average concentrations of
Cu in seagrass roots compared to Pb further indicates the
possibility of translocation of Cu from the below ground to the
above ground of seagrasses, i.e., leaf, where necessary for
metabolic processes of plants.

A significant positive correlation between the
concentration of Cu in seagrass root with Cu in fractions 3
showed that the higher Cu bound to organic materials, sulfite
and carbonate, the higher metal accumulate in the roots of
seagrasses. With the changes in pH and redox potential from
anoxic to oxic conditions, may release metals that bind
strongly to the fraction 3 to become more easily absorbed by
seagrasses. Changes in the oxidation condition may be due to
the transfer of oxygen from the leaves to the roots. The
possible higher metabolic rate (photosynthetic rate) of
seagrass plants in Gusung Tallang than in Bonetambung
Islands was indicated by higher Cu in fraction 1 in Gusung
Tallang when compared to Bonetambung Island (Fig. 4).

Arifin et al. (2012) studied metal contamination in
sediment of Indonesian waters from Jakarta Bay and Berau
Delta, East Kalimantan. They found higher concentration of Pb
in  reducible  fraction  (fraction  2)  in  contaminated  sediment

from Jakarta Bay; whereas, in Berau Delta, concentration of Pb
mostly in residual fraction that is strongly bound to sediment
matrix, thus not available for take up by organisms.

The apparent absence of a significant correlation between
the average concentration of Pb in seagrasses with metal in
sediments and fractions may indicate that there were other
factors affected the absorption of Pb to the seagrasses.
Nevertheless, there was a fairly high correlation between Pb
concentrations in seagrasses with the metal in sediments, this
could indicate the source of Pb in seagrass roots systems
derived from sediments.

CONCLUSION

This is the first study on bioavailability of metals on
seagrass sediment. This study found the higher average
concentrations of bioavailable fraction of Pb and Cu (fraction
1) are related to the vegetated sediments associated with
Enhalus acoroides. Higher concentration of Cu in fraction 1
was  also  associated  with  higher  concentration  of  Cu  in
Enhalus  roots. This indicates that the presence of seagrass
may increase the bioavailability of metals in sediments.
Increased metal bioavailability in vegetated sediment will
imply increase toxicity. Higher concentration of Pb and Cu at
the root of seagrasses was related to the higher total metal
concentration in sediments; suggested source of metals
comes from sediments. Higher metals concentration in
bioavailable fractions, in sediment bulk and also in Enhalus
root from Gusung Tallang, especially Cu, further indicated that
the source of Pb and Cu are most probably from
anthrophogenic input rather than natural input.
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