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Abstract 

Mangrove ecosystems along coastal areas perform a crucial role in filtering sediments and material deposits that 

could otherwise directly drain into marine ecosystems. Thus, the ability of mangrove species as heavy metal 

hyperaccumulators is important in phytoremediation. To test whether mangrove species in Pangasihan Mangrove 

Forest Reserve is heavy metal hyperaccumulator or excluder, composite samples of the roots and shoots were 

taken from three species with the highest importance value, i.e. Sonneratia alba,Rhizophora apiculata 

andAvicennia marina var. rumphiana. This study revealed that S. alba shoots and roots had the highest 

concentration of lead (Pb) while R. apiculata had the lowest concentration. However, Avicennia marina var. 

rumphiana has the highest shoot-root quotient (SRQ). Based on SRQ values, both Avicennia marina var. 

rumphiana and Sonneratia alba could be classified as Pb-hyperaccumulator. These findings imply that these 

species can be used for phytoremediation, especially in urban and industrial zones.  
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Introduction 

Mangrove forests cover approximately 180,000km2 of 

the earth (Spalding et al. 1997), which is roughly 

0.12% of the total land surface. However, mangroves 

have crucial ecosystem services, providing resources 

with both commercial values and ecological services 

(Saenger, 1999).  Because of their unique morphology 

and adaptations, mangroves thrive well in the 

environment where other plants cannot grow such as 

flooding and high salinity conditions (Harbison, 

1986; Serrano et al. 2012).   

 

As a transition zone between freshwater and marine 

ecosystems, mangroves in coastal areas act as buffer 

and filter of material deposition from freshwater- and 

marine ecosystems. This is a crucial function since 

most of mangrove ecosystems are vulnerable to the 

impacts of urban development (Tam and Wong, 

2000; MacFarlane, 2002; Preda and Cox, 2002) such 

as urban and industrial run-off, which contains traces 

of heavy metals (Defew et al. 2005). This is 

exacerbated by other anthropogenic-influenced 

contamination from domestic, municipal and 

agricultural wastes as well as industrial effluents. In 

fact, studies found out a level of concentration of 

heavy metals in mangroves due to human-induced 

pollution (Lacerda et al. 1992; Perdomo et al. 1998; 

Harris & Santos 2000; Tam & Wong 2000). Specific 

properties of non-biodegradable trace metal have 

high affinity towards anoxic sediments, in which the 

fine clay, silt and detritial particles, high pH and 

sulphate reduction result to accumulation of metals in 

the mangrove ecosystem (Harbison, 1986). Metals 

that bind as metal sulphides are immobilized but may 

be available for root uptake in the oxidized 

rhizosphere of the mangroves (Youssef and Saenger, 

1996).  

 

In industrial and urban ecosystems, heavy metal is 

one of the most serious pollutants due to their 

“toxicity, persistence and bioaccumulation problems” 

(MacFarlane and Burchett 2000) because heavy 

metals do not easily degrade. According to Kramer 

(2000), lead (Pb) is among the three most widespread 

and hazardous pollutants in the biosphere, 

along with cadmium (Cd) and arsenic (As). Sources of 

Pb include automobile emissions, mining, burning of 

fossil fuels and manufacturing of batteries, solder, 

pipes, pottery, roofing materials and some cosmetics.  

 

Phytoremediation refers to the use of plants to 

eliminate, reduce, degrade or   immobilize pollutants 

in soil (Sharaki et al., 2008). It is an “innovative, 

economical, and environmentally-friendly approach 

to removing toxic metals from hazardous waste sites” 

(Raskin and Ensley 2000). Studies have been done on 

phytoremediation (Brooks, et al. 1998; Chaney, et al. 

1998; Kramer, 2000; Raskin, and Elsley, 2000; 

Reeves and Baker, 2000; Tulod, et al., 2012). But 

phytoremediation depends on the extent of plants to 

absorb heavy metals in their tissues. As such, there 

are plants considered as heavy metal 

hyperaccumulators, i.e. plants that have the ability to 

accumulate metals. Reeves and Baker (2000) listed 

418 species of vascular plants as being metal 

hyperaccumulators. The taxon Brassicaceae is widely 

known to accumulate heavy metals (Delorme et al., 

2001) which assumes that hyperaccumulation could 

be taxa-related.   

 

Phytoremediation is applied in mangrove ecosystems. 

Moreira, et al. (2011) revealed that Rhizophora 

mangle L. has phytoremediation potential. On the 

other hand, Paz-Alberto et al. (2013) found Pb 

concentration in the leaves and roots of mangroves 

near coal-fueled power plants, i.e. Avicennia marina, 

Rhizophora stylosa and Sonneratia alba, indicating 

these species have phytoremediation properties.  

 

This study assessed the phytoremediation potential 

of mangroves in a forest reserve 

This mangrove forest reserve aims to protect 

mangroves for ecological and economic purposes, 

especially for fisherfolks. However, no study has been 

done on the phytoremediation potential of the 

mangroves, especially that this mangrove ecosystem 

is exposed to urban and industrial pollution. 

Generally this study was aimed to assess the 

hyperaccumulation potentials of some mangrove 

species to lead (Pb) contamination.  Specifically, 
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it aimed to:1) determine the species composition of 

mangroves in Pangasihan Mangrove Forest Reserve; 

2) determine the levels of lead (Pb) uptake in plant 

tissues; and 3) determine the phytoremediation 

potential of some mangroves species to lead (Pb). The 

data generated is a significant input to the protection 

of mangrove ecosystems to filter heavy metals and 

reduce the spread of contaminants to other coastal 

and marine ecosystems.  

Materials and methods 

Study Site 

This study was conducted in Pangasihan Mangrove 

Forest Reserve in Misamis Oriental, Mindanao, 

Philippines within the geographic coordinates 

between 125°10’ longitude and 8°51’ latitude (Fig. 1). 

 

 

 

 

Fig. 1.Location of study site. 

Climate is relatively dry from November to April and 

wet during the rest of the year (DENR, 1997). The soil 

type is hydrosol. The site is along the Macajalar Bay, 

whose coastal area is a mixture of residential and 

industrial zones dominated with factories engaged in 

manufacturing and processing, 

storage and fuel depots. This 64-hectare mangrove 

reforestation was established in the 1990s, which 

combines natural and planted mangrove species 

dominated by Sonneratia alba, Avicennia marina 

var. rumphiana and Rhizophora apiculata. 
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In addition, the study site is a remnant of previously 

depleted and disturbed ecosystem and the current 

existing vegetation is a product of a reforestation 

efforts.    

 

Sampling Procedure 

Three sampling plots with 20m x 10m dimension 

were established within the low to mid-tidal level, 

spaced 20 meters apart and 50 meters away from the 

seaward zone.  All mangrove trees having diameter at 

breast height (dbh) of ≥5 cm were inventoried.  

Vegetation with less than 5cm were not included in 

the sampling. Vegetation analyses such as frequency, 

density, dominance and importance value were used 

to determine the species with the highest importance 

value following the formula by Ellenberg and 

Mueller-Dombois (1974).  

 

A composite sample of the roots and shoots from 

three (3) species with the highest importance value 

were collected from each sampling plot.  Composite 

samples of approximately 1 kg of the roots and shoots 

of the species with the highest importance value were 

collected for laboratory analysis.  Roots and shoots of 

these species were collected and mixed thoroughly to 

obtain a representative sample of 100 grams. Prior to 

analysis, samples were oven-dried at 80°C and after 

which were subjected to Atomic Absorption 

Spectrophotometry (AAS) at the FAST Laboratory in 

Cagayan de Oro City.  

 

Data analysis 

The importance value of species found were 

computed as basis for the selection of three species to 

test whether these are hyperaccumulators of Pb based 

on the shoot-root quotient (SRQ) and assess their 

potential for phytoremediation. Results of Pb 

concentration in shoots and roots were quantitatively 

compared. 

 

Results and discussion 

The phytoremediation of mangrove species were 

assessed through the calculation of the SRQ to 

determine whether the mangroves with high 

importance value are heavy metal hyperaccumulator 

or excluder. The findings of this study imply the role 

of mangroves in phytoremediation especially in 

contaminated urban and industrial areas.  

 

Species composition 

According to Fernando and Pancho (1980), the 

Philippines has 39 arborescent mangrove species 

belonging to 26 genera and 23 families. This study 

had identified at least 8 species belonging to 6 genera 

in 5 families. Of the eight species inventoried, three 

species have the highest importance value (IV) 

namely Avicennia marina var. rumphiana, 

Rhizophora apiculata and Sonneratia alba. These 

species were all found in the three established plots 

and consistently obtained the highest frequency, 

density and dominance (Table 1). 

 

Table 1. Species composition in the study site. 

Scientific Name Family Name Dominance Density Frequency Relative 

Dominance 

Relative 

Density 

Relative 

Frequency 

Importance 

value 

A. marina var. 

rumphiana 

Acanthaceae 52251.88 99 1 33.93 40.57 18.75 93.25 

R. apiculata Rhizophoraceae 54096.19 89 1 35.13 36.48 18.75 90.35 

S. alba Lythraceae 40156.72 21 1 26.08 8.61 18.75 53.43 

R. mucronata Rhizophoraceae 2213.63 20 0.67 1.43 8.10 12.5 22.13 

C. tagal Rhizophoraceae 120.95 11 0.67 0.08 4.51 12.5 17.09 

A.  officinalis Acanthaceae 5002.10 2 0.33 3.25 0.82 6.25 10.32 

A. corniculatum Premulaceae 113.10 1 0.33 0.07 0.41 6.25 6.73 

X. granatum Meliaceae 38.48 1 0.33 0.03 0.41 6.25 6.68 

 

Note: Frequency = Number of plots where a species occur 

               Total number of plots 
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The dominance exhibited by the three species with 

highest importance value was primarily due to the 

location of the sampling plots in the landward zone of 

the mangrove forest.  These three species, i.e. 

Rhizophora apiculata, Avicennia marina and 

Sonneratia alba, had been identified to favorably 

thrive on low to mid-tidal level.According to 

Primavera et al. (2004), Avicennia marina is most 

widely distributed in low to mid-tidal level and is 

associated with Sonneratia alba and Rhizophora 

apiculata. The abundance of these species may also 

be attributed to the mangrove reforestation activities, 

which involves mangrove replanting, since the site is 

a mangrove forest reserve.  

 

Table 2. Total Lead (Pb) concentration of roots and shoots of Avicennia alba, Rhizophora apiculata and 

Sonneratia alba. 

Species 

 

Shoot 

(μg/g) 

Root 

( µg/g) 

SRQ 

A. marina var. rumphiana 1.46 0.84 1.74 

R.  apiculata <0.5* <0.5* - 

S. alba  2.44 1.57 1.55 

 

Heavy metal uptake 

Table 2 shows the concentration of lead (Pb) on the 

shoots and roots of the three species with highest 

importance value.  Sonneratia alba shoots and roots 

had the highest concentration of Pb while Rhizophora 

apiculata had the lowest concentration, which is 

below the detection limit. On the other hand, the 

species with the highest shoot-root quotient (SRQ) 

was Avicennia marina var. rumphiana.  Rotkittikhun 

et al. (2006) explains that shoot-root quotient (SRQ) 

can be used to evaluate the ability of the plant species 

to accumulate heavy metals in their tissue.  A SRQ 

value greater than 1 is classified as a 

hyperaccumulator, otherwise they are heavy metal 

excluder.  Based on the findings, both Avicennia 

marina var. rumphiana and Sonneratia alba could 

be classified as Pb-hyperaccumulator. 

 

As inferred on this study, Avicennia marina is a 

potential hyperaccumulator to Pb than Rhizophora 

apiculata.  Similarly, the study of Kamaruzzaman et 

al. (2011) in Malaysia reported that A. marina 

accumulated more Pb than R. apiculata. Morever, the 

genus Sonneratia is also Pb-hyperaccumulator based 

on the findings of Tam and Wong (1997), Nazli and 

Hashim (2010), and Singh et al. (2011).  According to 

Lacerda et al.  (1984), the plants belonging to  

Rhizophoraceae family exhibit relatively low 

concentration of metals due to the salt-exclusion 

mechanism that is operative in the species.  

 

The data generated from this study revealed that 

Sonneratia alba and Avicennia marina var. 

rumphiana have phytoremediation potentials. This 

implies that these species can reduce, eliminate or 

degrade Pb, and possibly other heavy metals, that 

could contaminate the mangrove ecosystem as well as 

the adjacent other marine coastal areas. Due to its 

phytoremediation potential, Sonneratia alba and 

Avicennia marina var. rumphiana can reduce further 

damage to the Macajalar Bay, which is important for 

the livelihood of fishing-dependent communities in 

the area.  

 

The findings of this study are important to highlight 

the role of mangrove species in phytoremediation. 

Mangroves thrive in coastal ecosystems to perform a 

crucial role in filtering sediments and other material 

deposits that otherwise would eventually drain in 

marine ecosystems. This can have significant impacts, 

particularly in ecosystems that are exposed to urban 

and industrial zones. Thus, these mangrove species in 

the Pangasihan Mangroce Forest Reserve can be 

planted to protect marine ecosystems from further 

destruction due to urban and industrial development  

along the Macajalar Bay. 
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Conclusions and recommendations 

The study site harbors at least 8 species in 6 genera 

and 5 families of mangroves, which is highly 

dominated by Avicenniamarina var. rumphiana, 

Rhizophora apiculata and Sonneratia alba.  Based 

on the results, Sonneratia alba shoots and roots had 

the highest concentration of Pb with 2.44µg/g and 

1.57µg/g, respectively.  This was followed by 

Avicennia marina var. rumphiana with 1.46µg/g and 

0.84µg/g, respectively while Rhizophora apiculata 

had the lowest concentration of less than 0.5µg/g 

which is below the detection limit.   

 

This study confirms the ability of Sonneratia alba 

and Avicennia marina var. rumphiana to act as Pb-

hyperaccumulators, with SRQ values greater than 1.  

These findings show the ability of these two mangrove 

species to sequester heavy metals and act as 

phytoremediators. The role of mangroves in 

phytoremediation will prevent further damage to 

coastal and marine ecosystems especially those that 

are exposed to urban and industrial development. 

 

Based on the results of this study, the following are 

recommended: 

1. extend sampling to other mangrove species as well 

as other understory herbaceous plants in coastal 

ecosystems on their ability as hyperaccumulators of 

heavy metals; 

2. related studies can also test for the accumulation of 

other heavy metals, specifically Cadmium (Cd) and 

Arsenic (As), which are considered widespread and 

highly toxic; 

3. soil sampling should be done to assess the extent of 

heavy metal contamination and up to what extent the 

mangroves are able to sequester concentration of 

heavy metals;  

4. advocate mangrove species with high 

hyperaccumulation and phytoremediation potentials 

in reforestation/rehabilitation programs, particularly 

in contaminated urban and industrial zones; and 

5. intensify campaigns to protect mangrove 

ecosystems to prevent further damage of marine and  

coastal ecosystems.  

 

References 

Brooks RR, Chambers MF, Nicks lJ, Robinson 

BH. 1998. Phytomining. Trends in Plant Science 3, 

359-362. 

 

Defew LH, Mair J, Guzman HM. 2005. An 

assessment of metal contamination in mangrove 

sediments and leaves from Punta Mala Bay, Pacific 

Panama. Marine Pollution Bulletin 50, 547–552. 

 

Delorme TA, Gagliardi JV, Angle JS, Chaney 

RL. 2001. Influence of the zinc hyperaccumulator 

Thalaspi caerulescens J.&C. Presl. and the non-metal 

accumulator Trifolium pratense L. on soil microbial 

populations. Canadian Journal of Microbiology 47, 

773-776.  

 

Department of Environment and Natural 

Resources (DENR). 1997. Compilation of 

Mangrove Regulations, 1-47. 

 

Ellenberg Н, Mueller-Dombois D. 1974. Aims 

and Methods of Vegetation Ecology. New York: John 

Wiley and Sons, 1-547. 

 

Fernando E, Pancho J. 1980. Mangrove trees of 

the Philippines. Sylvatrop, Philippine Forest 

Research Journal 5, 35-54 

 

Harbison P. 1986. Mangrove muds: a sink or source 

for trace metals. Marine Pollution Bulletin 17, 246-

250. 

 

Harris, RR, Santos MCF. 2000. Heavy metal 

contamination and physiological variability in the 

Brazilian mangrove crabs Ucides cordatus and 

Callinectes danoe (Crustacea: Decapoda). Marine 

Biology 137, 691-703. 

 

Kamaruzzaman BY, Sharlinda MZR, Akbar 

John B, Siti Waznah A. 2011. Accumulation and 

distribution of lead and copper in Avicennia marina 

and Rhizophora apiculata from Balok Mangrove 

Forest, Pahang, Malaysia. Sains Malaysiana 40, 555- 

560. 



J. Bio. Env. Sci. 2016 

 

148 | Bruno et al. 

Kramer U. 2000. Cadmium for all meals - plants 

with an unusual appetite. New Phytology 145, 1-5. 

 

Lacerda ID, Fernandez MA, Calazans CF, 

Tanizaki KF. 1984. Bioavailability of heavy metals 

in sediments of two coastal lagoons in Rio de Janeiro, 

Brazil. Hydrobiologia 228, 65-70. 

 

Lacerda LD, Novelli S. 1992. Mangroves of Latin 

America: the need for the conservation and 

sustainable utilization. Mangroves Newsletter 5, 4-6.  

 

Macfarlane GB, Burchett MD. 2000. Cellular 

distribution of Cu, Pb and Zn in the Grey Mangrove 

Avicennia marina. Vierh Aquatic Botanic 68, 45 – 

49. 

 

Macfarlane GR, Pulkownik A, Burchett MD. 

2002. Accumulation and distribution of heavy metals 

in the grey mangrove, Avicennia marina (Forsk.) 

Vierh: Biological indication potential. Environmental 

Pollution 123, 139–151. Edinburgh Scotland, UK: 

School of Life Sciences Heriot-Watt University. USA: 

Smithsonian Tropical Research Institute. 

 

Moreira ITA, Kliveira OMC, Triguis JA, dos 

Santos AMP, Queiroz AFS, Martins CMS, Silva 

CS, Jesus RS. 2011. Phytroremediation using 

Rhizophora mangle L. in mangrove sediments 

contaminated by persistent total petroleum 

hydrocarbons (TPH’s). Microchemical Journal 

99,376-382. 

 

Nazli MF, Hashim NR. 2010. Heavy Metal 

Concentrations in an Important Mangrove Species, 

Sonneratia caseolaris, in Peninsular Malaysia. 

Journal of Environment Asia 3, 136-150. 

 

Perdomo L., Ensminger I, Espinos LF, Elsters 

C, Wallnerkersanach M, Schnetters ML. 1998. 

The mangrove ecosystem of the Cie´naga Grande de 

Santa Marta (Colombia): Observations on 

regeneration and trace metals in sediment. Marine 

Pollution Bulletin 37, 393-403. 

 

Paz-Alberto AM, Celestino AB, Sigua GC. 2014. 

Phytoremediation of Pb in the sediment of a 

mangroce ecosystem. Journal of Soils and Sediments. 

DOI: 10.1007/s11368-013-0752-9. 

 

Preda M, Cox ME. 2002. Trace metal occurrence 

and distribution in sediments and mangroves, 

Pumicestone Region, Southeast Queensland, 

Australia. Environment International 28, 433-449. 

 

Primavera JH, Sadaba RB, Lebata MJHL, 

Altamirano JP. 2004. Handbook of Mangroves in 

the Philippines – Panay. SEAFDEC Aquaculture 

Department (Philippines) and UNESCO Man and the 

Biosphere ASPACO Project, 106. Ecological 

Economics 35, 91-106. 

 

Raskin I, Ensley BD. 2000. Phytoremediation of 

Toxic Metals: Using Plants to Clean Up the 

Environment. John Wiley & Sons, Inc., New York. 

 

Reeves RD, Baker AJM. 2000. Metal-

accumulating plants. In: Raskin I, Ensley BD, Eds. 

Phytoremediation of toxic metals: using plants to 

clean up the environment. New York, NY, USA: John 

Wiley & Sons. 193–229. 

 

Rotkittikhun P, Chaiyarat R, Kruatrachue M, 

Ngernsangsaruay PC, Pokethitiyook P, 

Paijitprapaporn A, Baker AJM. 2006. Uptake 

and accumulation of lead by plants from the Bo Ngam 

lead mine area in Thailand. Environmental Pollution 

144, 681-688. 

 

Saenger P. 1999. Sustainable Management of 

Mangroves. Centre for Coastal Management Southern 

Cross University Lismore, Australia. 

 

Saenger P, McConchie D. 2004. Heavy metals in 

mangroves: methodology, monitoring and 

management. Environment Forest Bulletin 4, 52-62. 

 

Serrano JR, Pedro A, Augusto E. 2012. Effects of 

the apple mangrove (Sonneratia caseolaris) on 

growth nutrient utilization and digestive enzyme 

activities of the black tiger shrimp Penaeus monodon 

postlarvae. European Journal of Experimental 

Biology 2, 1603-1608. 

 



J. Bio. Env. Sci. 2016 

 

149 | Bruno et al. 

Shahraki SA, Ahmadimoghadam A, Naseri F, 

Esmailzade. 2008. Study of the possibility of 

arsenic phytoremediation in the soil of Sarcheshmeh 

Copper Complex by native plants. Journal of 

International Mine Water Association. 27, 1-4. 

 

Singh R, Gautam N, Mishra A, Gupta R. 2011.  

Heavy metals and living systems: An overview. Indian 

Journal Pharmacology 43, 246-253. 

 

Spalding M, Blasco F, Field C. 1997. World 

Mangrove Atlas. The International Society for 

Mangrove Ecosystems 2,178-180. 

 

Szyczewski P, Siepak J, Niedzielski P,  

Sobczyński T. 2009. Research on Heavy Metals in 

Poland. Polish Journal of Environment Studies 18, 

755-768. 

Tam NFY, Wong WS. 2000. Spatial variation of 

heavy metals in surface sediments of Hong Kong 

mangrove swamps. Environmental Pollution 110,195-

205. 

 

Tulod AM, Castillo ASA, Carandang WM, 

Pampolina NM. 2012. Growth performance and 

phytoremediation potential of Pongamia pinnata (L) 

Pierre, Samanea saman (Jacq.) Merr. and Vitex 

parviflora Juss. in copper-contaminated soil 

amended with zeolite and VAM. Asia Life Sciences 21, 

499-522. 

 

Youssef T, Saenger P. 1996. Anatomical adaptive 

strategies to flooding and rhizosphere oxidation in 

mangrove seedlings. Australian Journal of Botany 44, 

297-313. 

 


