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Abstract. Takarina ND. 2020. Remobilization of zinc in sediments by mangrove and its associated species in Blanakan River, West
Java, Indonesia. Biodiversitas 21: 1743-1748. The biodiversity of mangrove and associated species have contribution to remove
contaminants from aquatic environment, for example, river. This work aims to study the effects of mangrove and associated species in
absorbing zinc (zZn) from water and sediment and remobilizing it into stems. The work was conducted by sampling mangroves,
associated species, sediment and water along 9 stations in riparian of Blanakan River, West Java. The stems of mangrove and associated
species, water and sediments were analyzed for Zn content using AAS. The biodiversity was evaluated using Shannon-Wiener index
(H’). The bioremobilization potential was calculated using Bioconcentration Factor (BCF). There were 3 true mangrove species (i.e.
Rhizophora mucronata, Avicennia marina, and Sonneratia caseolaris) and 3 mangrove associate species (i.e. Colocasia esculenta,
Ipomoea aquatica, and Wedelia biflora). The H’ was ranging from 0.5 to 0.7. We found that the riparian with high species richness and
biodiversity has less Zn contents both in water and sediments, while the riparian that has low species diversity has high Zn in water and
sediments. All the mangrove and associated species have stored Zn in their stems with the most effective species in remobilizing Zn
from water and sediment were C. esculenta, S. caseolaris, and R. mucronata. The contamination of Zn in aquatic ecosystem can be
managed and reduced by increasing mangrove and associated species diversity and planting species that effective in remobilization of

contaminants from environment.
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INTRODUCTION

Mangrove forest consists of several mangrove species
growing and experiencing submerged bases at the area
between land and sea interface (Kathiresan et al. 2001,
Horstman et al. 2012; Djamaluddin 2018). Mangrove can
expand throughout tropical coastlines covering vast areas
and plays significant ecological role in stabilizing and
maintaining the balance within marine habitats and coastal
landscape (Alongi 2002). Mangrove also functions as
buffer zone between the estuary and coast and the
terrestrial and anthropogenic areas, enriched with metallic
elements (Linneweber 2002; Sukardjo 2004; Santos et al.
2014; Chaudhuri et al. 2019).

Nearly 33 mangrove species and 22 associated species
(Ghosh et al. 2012) are widespread in worldwide including
Rhizophora sp., Avicennia sp. which are known as
cosmopolitan species that dominate several rivers and
coastal habitats in Asia (India, Indonesia, Sri Lanka),
Auwustralia, South America (Brazil) and Eastern Africa. Such
plant diversity is known to have correlation with the heavy
metal availability in ecosystem (Herndndez and Pastor
2008). In those habitats, mangroves have capability to
remobilize heavy metal contents from surrounding
environment including water and sediments. This
remobilization is measured as Bioconcentration Factor
(BCF). Many literature have discussed the BCF of
mangrove species. Study conducted in mangrove
ecosystem in Persian gulf recorded the BCF of Zinc (Zn) of

sediment-to-stem for Avicennia sp. was 0.49 (Einollahipeer
et al. 2013). While, for mangrove associates, the Zn sediment-
to-stem BCF of Colocasia esculenta was ranging from 334
to 625 (Chayapan et al. 2015). In associated Pluchea indica
and Sesuvium portulacastrum, the Zn ranges were 9-28
mg/kg and 6-19 mg/kg, respectively. The BCF of Cu in
Pluchea indica was > 1 (Soraya et al. 2019). Despite
considered as heavy metal, Zn is one of the essential
micronutrients for plant growth and nontoxic (Appenroth
2010; Almahasheer et al. 2018). However, the Zn can be
toxic for plant if the Zn exceeds the plant toxicity threshold
which is 300-600 mg/kg (Long et al. 2003).

Blanakan River in West Java has mangrove and
associated species along its riparian zone. The common
mangroves found in riparian of Blanakan include Avicennia
sp. and Rhizophora sp. (Siarudin and Rachman 2008).
Meanwhile, the mangrove associates in Blanakan consisted
of 17 species from 11 families (Khorimatun et al. 2019).
However, Blanakan River is also experiencing
anthropogenic influences and waste disposal. The
settlements near Blanakan can contribute pollutants to river
such as heavy metals as well. Recently, the data regarding
the potential of mangroves and associated species in
Blanakan River in remobilizing the metals from water and
sediments are still limited. Most literature is discussing the
mangroves and heavy metals solely in river in Jakarta.
Respectively, this study aims to investigate the BCF value
of mangroves and associated species stems in remobilizing
Zn from water and sediments of Blanakan River.
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MATERIALS AND METHODS

Study area and period

Blanakan River is located in Subang District, West Java
Province, Indonesia (Figure 1). The width of Blanakan
river is varied from 60 m near the river mouth to 11 m in
the upstream. Data collection was performed twice in April
and June 2019 during transition season from rainy to dry in
Blanakan River. The study periods were 2 months.

Procedures
Mangroves and associated species sampling

Data collection was conducted using purposive sampling
method by establishing nine observation stations. The stations
were from upstream at geocoordinate of S 6°16°38” and E
107°39°35” (Station 1) to downstream (river mouth) at S
6°14°24” and S 107°40°02” (Station 9) (Figure 1). In the
upstream, Stations 1-3 were surrounded by settlements and
paddy field, Stations 4-6 were transition area for paddy
field to fish pond and Stations 7-9 were dominated by fish
pond and revegated mangrove. At each observation station,
we made 10 m x 10 m sampling plot. The sampling replications
were 3 in each observation station with the numbers of total
sampling plots were 27 for 9 observation stations.

True mangroves and mangrove associates were
recorded in nine stations across the river. The identification
book was used to identify the mangroves and associated
species (Noor et al. 1999).

Legend:

() Stations
~~ River

107°39'0"E 107°40'0"E

Kilometers
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Heavy metals (Zn) sampling and analysis for stems, water,
and sediment in river

In the river, water sample was collected and stored in
polyethylene bottle and kept in cooler box to be transported
to the Environment Laboratory, Sekolah IImu Lingkungan,
Universitas Indonesia. In the laboratory, the water sample
was analyzed using Atomic Absorption Spectrophotometer
(AAS) Perkin Elmer Analyst 800 to obtain the Zn values.

River sediment at surface layer (5 cm) was collected
using Ekman grab sampler. The collected sediments were
kept in the plastic bag and cooler box to be transported to
the laboratory. In the laboratory, the sediment sample was
analyzed using AAS to obtain the Zn values (Takarina and
Pin 2017).

Stems of true mangroves and mangrove associates were
cleaned and cut into small pieces. The stems were dried in
the oven at 80 °C. Then, 0.5 g of dry stems were digested
using the aqua regia (HCL:HNO3; = 3:1) and heated until
achieving a volume of 1 ml. Double distilled water ddH.O
was then added to each stem sample and samples were
filtered using Whatman paper No. 2 until a volume of 25
ml was obtained. The resulting filtrate was submitted to
AAS for Zn analysis. The stem preparations of mangrove
and associated species were according to Einollahipeer et
al. (2013) and Kannan et al. (2016).
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Figure 1. Location of Blanakan River, Subang District, West Java Province, Indonesia indicating the sampling sites
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Water quality parameter data sampling

Sampling of water quality parameter was done in situ.
The parameters including dissolved oxygen (DO), pH,
salinity, temperature, and turbidity. DO and temperature
were measured using DO meter, pH using pH meter,
salinity using refractometer and turbidity using turbidity
meter (Takarina and Pin 2017).

Data analysis
Water-sediment-to-stem

Bioconcentration Factor

equation as follow:

tissue was defined as
(BCF) and calculated using

BCF Cm
 Cwis

Where: Cm is the concentration of heavy metals in
stems of mangroves and associated species and Cw/s is the
concentration of heavy metals in water or sediment
(Takarina and Pin 2017).

Biodiversity index (H’/Shannon-Wiener
index) was calculated using following equation:

diversity

H=Z piln(pi)
=1

Where: H* = biodiversity index, pi = the proportion of
individuals of the it" species, In = the natural logarithm, s =
the number of species in the community.

Dendrogram analysis

The similarity between mangrove species and
associated species were calculated using dendrogram. The
data used to determine the distance of similarity are the Zn
Bioconcentration Factor. The dendrogram analysis used is
hierarchical clustering by corresponding analyses. The
software used to generate the dendrogram was NCSS 2020
Data Analysis.

RESULTS AND DISCUSSION

Mangroves and associated species biodiversity

The mangroves in the studied area consisted of 3
families with 3 species and the associated species consisted
of 3 families and 3 species as well (Table 1).
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The upstream riparian in Station 1 had high biodiversity
of associated species (Figure 2). While, the H' value for
true mangroves was increasing from middle parts of
riparian towards river mouth. The downstream riparian of
Blanakan had high mangrove biodiversity especially in
Station 6. Station 2 in the upstream was the only location
that had the lowest biodiversity. There was neither
mangrove nor associated species found in here.

Correlation of mangrove biodiversity and Zn in
sediments and water

The Zn in sediments of Blanakan River ranged from
73.42 to 118.33 mg/kg (Figure 3.A). While the Zn range in
water was 0.40-2.13 mg/L (Figure 3.B). The sediments in
Station 2 has the highest Zn (118.33 mg/kg) compared to
other stations. This condition is likely related to the
absence of mangrove in this station.

Correspondingly, the biodiversity of mangroves and
associated species at Station 2 was the lowest. Figure 4
confirms that there is a negative correlation (r=0.848)
between biodiversity and the Zn in sediments. The riparian
with high biodiversity has less Zn contents in sediments.
While, the riparian that has low species diversity has high
Zn in sediments.

The effectiveness of mangroves and associated species
in Zn remobilization

Based on the Zn storage in stems of mangroves and
associated species, the Zn remobilization can be calculated.
The Bioconcentration Factor (BCF) was used to calculate
the effectiveness of water-to-stems (Figure 5.A) and
sediment to stems (Figure 5.B). For associated species, C.
esculenta had high BCF values and was more effective in
remobilizing Zn from water and sediments. For true
mangrove species, the BCF of water-to-stems was S.
caseolaris > R. mucronata > A. marina. While the BCF of
sediments-to-stems was S. caseolaris > R. mucronata > A.
marina. Based on dendrogram (Figure 6) developed upon
the similarity on BCF, the associated species C. esculenta
had more similarity to mangrove species S. caseolaris, R.
mucronata, and A. marina. Between true mangroves, S.
caseolaris and R. mucronata have more similarities.

Table 1. Mangroves and associated species in riparian of Blanakan river, West Java, Indonesia

Type Family Species Stations Land use
Associates Asteraceae Wedelia biflora 1 Settlement + paddy field
Araceae Colocasia esculenta 1 Settlement + paddy field
Convolvulaceae Ipomoea aquatica 1 Settlement + paddy field
Mangrove Sonneratiaceae Sonneratia caseolaris 3 Settlement + paddy field
4,6 Transition
Rhizophoraceae Rhizophora mucronata 4,6 Transition
7,8,9 Fish pond + mangrove
Acanthaceae Avicennia marina 5 Transition
7,8 Fish pond + mangrove
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Figure 2. Trend in species richness and biodiversity index
(Shannon-Wiener Index/H”) of mangroves and associated species
in riparian of Blanakan River, West Java
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Figure 3. Zn values (mg/kg) in sediments (left) and water (right) of riparian of Blanakan River, West Java, Indonesia
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Table 2. Water quality parameter data in riparian of Blanakan River, West Java, Indonesia

Parameters Settlement and paddy field Transition Fish pond and mangrove
Sta.l Sta. 2 Sta. 3 Sta. 4 Sta.5 Sta. 6 Sta. 7 Sta. 8 Sta.9
Salinity 4 4 4 5 6 7 10 10 10
Turbidity (NTU) 203 233 136 110 141 129 91 96 203
pH 7.6 7.7 7.66 7.37 74 7.3 7.5 74 7.6
Temperature (°C) 29 26 25 27 27 27 27 29 29
Dissolved oxygen (mg/L) 6.9 7 6.7 5.8 3.6 5.5 6.9 4.4 6.9

Table 3. Comparison of Zn (mg/kg) detected in stems of mangroves and associated species from Blanakan River with the permissible
level of international agencies (WHO: World Health Organization, CEQG: Canadian Environmental Quality Guidelines)

Permissible value Permissible value

True mangroves Associated species

Metal in plant by WHO

in plant by CEQG Sc

Rm Am Ce la Wb

Zn 0.6 124

39.31

271.97 32.43 66.35 28.15 31.73

Note: Sc: S. caseolaris, Rm: R. mucronata, Am: A. marina, Ce: C. esculenta, la: I. aquatica, Wh: W. Biflora

A. marina

S. caseolaris

R. mucronata

C. esculenta

I aquatica

W. biflora

Figure 6. The dendrogram of mangroves and associated species
based on similarity in Zn remobilization

Discussion

The associated species like Colocasia esculenta and
Wedelia biflora were common in settlement and paddy
fields in the upstream. While, R. mucronata was a
mangrove species that more common compared to S.
caseolaris and A. marina. S. caseolaris was a species that
inhabit the upstream closed to associated species. Study in
Banyuasin river also found that S. caseolaris was a
common species that prefer upstream part (Winata et al.
2017). Most mangrove species like R. mucronata and A.
marina were more common in the downstream riparian
close to the river mouth. The H' value ranges in here were
0.4-0.7 and it was comparable with H' values from other
results. In Banyuasin river, the H' was 0.7-0.8 (Winata et
al. 2017). This indicates that the diversity in Blanakan river
is quite good.

There are obvious patterns of mangrove and associated
species biodiversity between upstream and downstream.
This study found that the mangrove associates had
dominated the upstream and the true mangroves had
dominated the downstream. Our findings are comparable to
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Figure 7. Zn values (mg/kg) in stems of mangroves and
associated species in riparian of Blanakan River, West Java,
Indonesia

results from other studies. In Sundarban (Sarker et al.
2019), the pattern was related to the salinity gradient in
downstream-upstream in shaping spatial distributions of all
aspects of biodiversity. In our study, the downstream and
intermediate-stream areas were more suitable for mangrove
species. While the upstream was more suitable for
associated species, which are known as less tolerant species
to salinity (Naik and Dhab, 2018). Our water quality
parameter data in Table 2 confirm that salinity was higher
in downstream where mangrove species were more diverse.

In Station 2, vegetation was absent and had the highest
Zn in the sediment. It has been reported that the barren land
and deforested area will have accumulated Zn mainly in
sediment. The high level of heavy metals is related to
erosion process. In deforested area where vegetation cover
is low, the eroded soils from terrestrial will be transported
and accumulated in the river bank. The transported soils
contain heavy metals and will increase the metal contents
in areas where vegetation biodiversity is low (Khaleghi
2017). High turbidity up to 233 NTU (Table 2) was the
evidence of erosions and this turbidity level inhibited plant
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seedlings to grow and as a result, there were no plants
growing in here.

The correlation of high mangrove biodiversity with the
low Zn in sediment is related to the ability of mangrove to
absorb Zn from sediment and store it in the stems. All the
mangroves and mangrove associates inhabiting the riparian
of Blanakan River have ability to absorb Zn from their
surrounding aquatic environments (Figure 7). For the
associated species, the stems of C. esculenta absorbed more
Zn compare to other species. While, for the true mangrove
species, the Zn storage in stems was S. caseolaris > A.
marina > R. mucronata.

In this study, all Zn in stems of mangroves and
associated species were below the permissible level of
Canadian Environmental Quality Guidelines (CEQG)
(Table 3). However, the Zn was several folds higher than
the WHO (World Health Organization) permissible level in
plant (Ogundele et al. 2015). Hence, this result informs that
the Zn contamination in Blanakan River may require health
risk attention and assessment.

The biodiversity of riparian in the form of true
mangroves and mangrove associates has value not only in
the term of gene pool but also functionality. Those
mangroves and associated species are complementing each
other in stabilizing the heavy metal contents in riparian
landscape. In this study, it was confirmed that the stems of
associated species C. esculenta had Zn contents higher than
true mangroves S. caseolaris, A. marina, and R.
mucronata. These trends of showing the ability of
associated species in absorbing heavy metals are
comparable with findings from other locations. In India,
high concentration of lead and zinc were found to be
accumulated in the mangrove species and associated
species. The Zn content in stems of associated species
Suaeda nudiflora have exceeded the Zn in A. marina
(Kannan et al. 2016). In Kerala coast, 5 associated species
have been reported for their considerable amount of Zn
contents in stems. Those observed mangrove associates
were Vitis vitiginia, Cerbera odollam, Premna serratifolia,
Barringtonia racemosa and Acrostichum aureum. The
recorded Zn absorbed by those associated species were
ranging from 153 to 483 mg/kg. This fact confirms the
potential of associated species to complement the true
mangroves in removing heavy metals in aquatic
ecosystems (Badarudeen et al, 2014). The effectiveness of
associated mangrove C. esculenta to remove metals from
environment has been recorded in many literature as well.
The BCF of water to stems of C. esculenta is comparable to
other results. The BCF of C. esculenta reported was
ranging from 48 to 100 (Madera et al. 2015). Then, C.
esculenta as associated species has shown a good
performance to accumulate metals.

The findings of this study confirmed that the Zn
concentration in stems was high in the following order S.
caseolaris > A. marina > R. mucronata for true mangroves.
While for the associated species the order was C. esculenta
> W. biflora > I. aquatica. This marks the importance of
biodiversity of riparian vegetation that each species has
capability to absorb heavy metal. In overall Zn
accumulations in stems, the mangroves species of S.
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caseolaris is best accumulator for true mangroves. While,
the C. esculenta is promising accumulator for mangrove
associates. Riparian of Blanakan River experiences
considerable environmental pressures due to the
anthropogenic  activities  like  developments and
encroachments that degrade the ecosystem. In this
degraded situation, there is an immediate need for a
potential heavy metal remediator which can remove
significant amount of hazardous contaminants from the
water and sediments. Correspondingly, the most potent
riparian phytostabilizer species are C. esculenta, S.
caseolaris, and R. mucronata, towards the effectiveness of
its Zn removal ability which can be efficiently used as in
the riparian of Blanakan River.

High concentration of Zn in plants may cause toxicity.
This also observed in mangrove species. However,
mangrove species can tolerate heavy metals and avoid
phytotoxicity. Rhizophora mucronata is able to survive
with such metals, for example, Pb concentration of 100
mg/L with the concentration of mortality (LC50) was at a
concentration of 367.58 mg /L (Hanarisanty and Titah
2019). Other species also exhibit tolerance, for example,
Bruguiera gymnorrhiza and Avicennia marina. Those
species often exhibit a thick exodermis with high
lignification and suberization that function to delay the
transport of Zn into the plants and hence increase the
tolerance of plants to heavy metals and reduce the risk of
phytotoxicity (Cheng et al. 2014)

To conclude, this work confirms that maintaining
biodiversity by combining mangroves and associated
species may accomplish water quality requirements and
attain metal removals, and most importantly these can be
achieved with potentially lower costs. Hence, conserving
the biodiversity of riparian can protect the environment for
long term.
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