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ABSTRACT: The mangrove ecosystem is well known to be impacted by anthropogenic activities such as oil spillage,
agricultural run-off, industrial effluents, and mining in coastal areas. These activities increase heavy metals accumulated by
mangroves, which are eventually released back into the environment via decomposition. This study aimed to analyze the
concentration of heavy metals including cadmium (Cd), Zinc (Zn), lead (Pb), and copper (Cu) in the roots and leaves of
Rhizophora racemosa and mangrove sediments obtained from Egbokodo mangrove swamp in Delta State, Nigeria. The
results showed that the concentrations of Cu, Cd, Pb, and Zn ranged between 0.048 — 1.343 mg/g in the sediments and was
higher than the concentration in the roots (0.023- 0.667 mg/g) and leaves (0.026- 0.530 mg/g) of the plant. Bioconcentration
factor (BCF) was in the order of Cd> Zn> Pb> Cu with values greater than one (>1) except for Cu and Pb with less than 50%
accumulation. Translocation factor (TF) was in the order of Cu> Pb> Cd> Zn. TF for Pb, Cd, and Zn were less than one (<1)
except for Cu with a value of 1.14. This result suggests that the uptake and accumulation of heavy metals were higher in the
roots of R. racemosa than in its leaves and that the plant may be a suitable extractor for Cu.
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Introduction

Mangrove forests are situated mainly in tropical and sub-tropical regions (Lee et al., 2014; Moreira et al., 2013)
and are one of the most biologically productive ecosystems globally (Sandiyan and Kathiresan, 2012; Sandiyan
and Thiyagesan, 2010). They possess several ecological functions as nurseries for numerous aquatic faunas,
including birds, crustaceans, fishes, and other micro-and macrofauna comprising the food web (Fernandez-
Cadena et al., 2014; Abohassan et al., 2012; Lewis et al., 2011; Walters et al., 2008). The root systems of
mangrove trees help stabilize adjacent coastal landforms reducing soil erosion. Several reports confirmed that
mangrove sediments act as a sink for heavy metals which enter the local ecosystems from anthropogenic sources
(Alzahrani et al., 2018). Heavy metals are non-biodegradable and may be accumulated through the food chain to
levels that are harmful to plants (Weber et al., 2013; Yi et al., 2011). Heavy metal pollution in the mangrove
ecosystem has been widely reported (Titah and Pratikno (2020); Wang et al., (2021); Khan et al. (2020);
Maharani et al. (2019); Nwoha et al. (2019); Nwawuike and Ishiga (2018); Dudani et al., (2017); Richter et al.
(2016); Kaewtubtim et al. (2016); Edu et al. (2015); Kathiresan et al. (2014) and Qiu et al. (2011).

The mangrove ecosystem is continuously impacted by anthropogenic activities such as oil spilling, dredging,
agricultural run-off, urban sewage, industrial effluents, mining, port activities, etc. Among the numerous
pollutants released from these activities, heavy metals are among the most severe pollutants due to their toxicity,
persistence, and bioaccumulation.

Concentrations of heavy metals in plants can reach toxic levels in which metals are excluded from the plant via
translocation to senescent leaves; litterfall containing high levels of excluded heavy metals can, in turn, release a
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substantial amount of heavy metals through decomposition into the sediment, and when accompanied by tidal
actions, export metals to adjacent systems (Silva et al., 2006).

This study aims to quantify the concentration of heavy metals (Zn, Pb, Cd, and Cu) in the roots and leaves of
Rhizophora racemosa and the sediments from the Egbokodo mangrove swamp in Delta State, Nigeria.

Materials and methods

Study area: The study was conducted at Egbokodo mangrove swamp (5°58°12” N; 5°67°18” E) in Warri South
Local Government Area of Delta State, Nigeria (Figure 1).
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Figure 1: Map of Egbokodo mangrove swamp in Delta State

Sample collection: Fresh samples of Rhizophora racemosa leaves, roots, and the mangrove sediments were
collected randomly. Leaves were handpicked, roots were neatly cut with a sharp knife, and sediments samples
adjacent to the mangrove trees (0-6 cm depth) were collected simultaneously using a core sampler of 5 cm
diameter.

Sample preparation and heavy metal analysis: The plant samples were rinsed with distilled water. Sediments
and plant samples were oven-dried at 60 °C to a constant weight, ground, and sieved through a 2 pum mesh
screen. 1 g of each sample was placed in volumetric flasks, and 20 ml of Aqua Regia solution was added (HCI:
HNOs in 3:1 ratio) for heavy metal digestion. The solution was digested by gentle heating until it became clear
and was filtered through an ashless Whatman filter paper no. 2 into a 100 ml volumetric flask. Distilled water
was added to make the mark (Khan et al., 2020). The following heavy metals: Pb, Zn, Cu, and Cd, were
analyzed in triplicates using an atomic absorption spectrometer (AAS, Unicom 969).

Sediment quality guidelines: Threshold effect level (TEL) and probable effect level (PEL) was applied as
described by Burton (2002) and Alzahrani et al. (2018).

Bioconcentration and Translocation Factor

Bioconcentration factor (BCF): The bioconcentration factor (BCF) reflects the capacity of plants to accumulate
metals from the soil (Kamari et al., 2014). The bioconcentration factor was calculated as follows:

Croot
BCFroot = ————— (extractable metal)
Czediment

Croot and Csediment are the metal concentrations in root and sediment, respectively.
Translocation factor (TF): The translocation factor (TF) value>1 indicates the plant’s ability to translocate metal

efficiently from root to shoot (Rezvani and Zaefarian, 2011). The equation was as follows:
Cleaf
TFleaf = ——
Croot

Cleaf and Croot are the metal concentrations in leaf and root, respectively.
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Statistical analysis: One-way analysis of variance (ANOVA) followed by Duncan’s multiple range test was
used to determine the statistical differences between the means using Statistical Package for the Social Sciences
(SPSS), version 20.0.

Results and Discussion

Heavy metals concentration in the studied mangrove swamp sediments, as presented in Table 1, showed that the
Cu concentration of 0.086 mg g was less than the values obtained from previous studies on sediments from the
Red Sea coast of Saudi Arabia (Alzahrani et al., 2018). Pb values from this study were higher than those
recorded by Maharani et al. (2019) and Soraya et al. (2019), both at East and West Java, respectively. The
average concentration of Zn was also higher than the average concentrations in sediments from West Java and
India but was lower than that from Malaysia (Khan et al., 2020). The concentration of Cd was below the level
reported by Alzahrani et al. (2018). In terms of sediment quality guidelines (SQGs), the results obtained
revealed that the average concentrations of Cu, Pb, Zn, and Cd were lower than the Threshold Effect Level
(TEL) and Probable Effect Level (PEL) (Table 1).

Table 1: Total heavy metals (mg g') in mangrove sediment from Egbokodo mangrove swamp in Delta State,
Nigeria and available literature

Locations Cu Pb Zn Cd References
Egbokodo, Delta state 0.086 1.343 0.656  0.040 Current study
Red Sea coast of Saudi Arabia 22.870 3.820 - 0.750 Alzahrani et al. (2018)
Canadian Sediment quality guidelines CCME (2001)
Threshold effect level (TEL) 18.700 30.200 124 0.700
Probable effect level (PEL) 108 112 271 4.200
East Java, Indonesia 0.014 0.008 - - Mabharani et al. (2019)
West Java, Indonesia 0.008 0.023 0.089 - Soraya et al. (2019)
Malaysia 0.130 - 0.990 - Khan et al. (2020)
Cuddalore, India 0.196 0.008 0.065 1E-4 Kathiresan et al. (2014)
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Figure 2: Heavy Metal concentration in roots, leaves of R. racemosa, and sediments.

The heavy metals analyzed for R. racemosa were found to be significantly different (p<0.05) in both plant
tissues and sediments (Fig. 2). Concentrations of the studied metals in sediments showed a decreasing order of
Pb>Zn>Cu>Cd. The accumulation of metals in the plant tissues was lesser when compared to the sediment. The
concentration of Pb (1.34 mg/g), Cu (0.08 mg/g), and Cd (0.04 mg/g) were significantly higher in the sediment
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than in the plant tissues. The concentration of the studied metals in R. racemosa was higher in the roots than in
the leaves. Hence, the ability to accumulate is greater in the roots than in the leaves. This was similar to the
findings of Alzahrani et al. (2018). Heavy metals in the roots followed a decreasing order of Zn> Pb> Cd> Cu,
while in the leaves, it was in the order of Pb>Zn>Cd>Cu. The variations of metal concentration in the mangrove
tissues may result from the metal demand of specific tissues (Dudani et al., 2017; Edu et al., 2015).
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Figure 3: Bioconcentration factor (BCF) of heavy metals in R. racemosa roots

BCFs for Cu, Pb, Cd, and Zn in the roots of R. racemosa are shown in Figure 3. BCF greater than 1 for Cd and
Zn was observed in the root except for Cu (0.26) and Pb (0.39) with BCF of less than 50% accumulation. The
low BCF of Cu and Pb could be due to the low bioavailability of the metals in the sediments (Alzahrani et al.,
2018). Plants act as either accumulators or excluders (Yam et al., 2020; Soraya et al., 2019; Kathiresan et al.,
2014). The accumulator plants absorb pollutants and retain them in their tissues, while excluders limit the
pollutants from entering into their tissues. Luthansa et al. (2021) showed BCF is divided into three categories,
namely the indicator (BCF = 1), accumulator (BCF>1), and excluder (BCF<1). Therefore, R. racemosa
possesses the ability of an accumulator of Cd, Zn, and an excluder of Cu and Pb. The black line indicates
BCF=1.
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Figure 4: Translocation Factor (TF) of heavy metals in R. racemosa
Figure 4 shows the TF for Cu, Pb, Cd, and Zn in R. racemosa. According to Luthansa et al. (2021), TF could

either be grouped as phytoextraction (TF > 1) or phytostabilization (TF < 1). TF of R. racemosa for Cu (1.14)
was greater than 1 (TF> 1), indicating the heavy metal was efficiently translocated from the roots to leaves
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(Yoon et al., 2006), and the plant can accumulate a considerable amount of Cu. The concentration of Cu
absorbed is mainly influenced by the metabolic requirements of the plant. Cu is involved in many physiological
and biochemical processes; Cu is required in chloroplast and mitochondria reactions, cell wall lignification,
enzyme systems related to photosystem I, electron transport, protein synthesis, and carbohydrate metabolism
(Dudani et al., 2017). Pb, Cd, and Zn with less than 1 TF in the plant indicate a poor heavy metal translocation
from root to leaves. The phytostabilisation mechanism of R. racemosa was able to slow down the absorption and
translocation of these metals through its roots (Majid et al., 2014; Al-Qahtani. 2012). This implies that the
amount of heavy metals accumulated in the root tissues exceeded those in the leaves of R. racemosa.

Conclusion

R. racemosa can absorb, translocate and accumulate heavy metals in its root and leaf tissues. This study has
shown that R. racemosa is an accumulator and extractor of Cu, however, the TF for Cd, Zn, and Pb showed
values less than 1, indicating the mangrove could only tolerate these heavy metals in its roots, therefore R.
racemosa can probably be a suitable sink for Cu in coastal areas.

References

Abohassan RA, Okia CA, Agea JG, Kimondo JM, McDonald MM: Perennial biomass production in arid mangrove systems
on the Red Sea coast of Saudi Arabia. Environ Res J, 6 (1): 22-31. 2012.

Al- Qahtani KM: Assessment of heavy metals accumulation in native plant species from soils contaminated in Riyadh city,
Saudi Arabia. Life Sci J, 9 (2): 384-392. 2012.

Alzahrani DA, Selim EM, El-Sherbiny MM: Ecological assessment of heavy metals in the grey mangrove (Avicennia
marina) and associated sediments along the Red Sea coast of Saudi Arabia. Oceanologia, 60: 513-526. 2018.

Burton GA: Sediment quality criteria in use around the world. Limnology, 3:65-75. 2002.

CCME: Canadian sediment quality guidelines for the protection of aquatic life: summary tables. In: Canadian Environmental
Quality Guidelines, Winnipeg. pp. 1-5. 2001.

Dudani SN, Lakhmapurkar J, Gavali D, Patel T: Heavy metal accumulation in the mangrove ecosystem of South Gujarat
Coast, India. Turkish J Fish Aquat Sci, 17: 755-766. 2017.

Edu EAB, Edwin-Wosu NL, Inegbedion A: Bio-monitoring of mangal sediments and tissues for heavy metal accumulation
in the mangrove forest of Cross River estuary. Insight Ecol, 4(1): 46-52. 2015.

Fernandez-Cadena JC, Andrade S, Silva-Coello CL, De la Igle-sia R: Heavy metal concentration in mangrove surface
sediments from the north-west coast of South America. Mar Pollut Bull, 82(1): 221-226. 2014.

Kaewtubtim P, Meeinkuirt W, Seepom S, Pichtel J: Heavy metal phytoremediation potential of plant species in a mangrove
ecosystem in Pattani bay, Thailand. Appl Ecol Environ Res, 14(1): 367-382. 2016.

Kamari A, Yusoff M, Najiah S, Putra WP, Ishak CF, Hashim N, Mohamed A, Phillip E: Metal uptake in water spinach
grown on contaminated soil amended with chicken manure and coconut tree sawdust. Environ Eng Manag J, 13(9):
2219-2228. 2014.

Kathiresan K, Saravanakumar K, Mullai P: Bioaccumulation of trace elements by Avicennia marina. J Coast Life Med,
2(11): 888-894. 2014.

Khan WR, Rasheed F, Zulkifli SZ, Kasim MR, Zimmer M, Pazi AM, Kamrudin NA, Zafar Z, Faridah-Hanum |, Nazre M:
Phytoextraction potential of Rhizophora apiculata: A case study in Matang mangrove forest reserve, Malaysia.
Trop Conserv Sci, 0: 1-8. 2020.

Lee SY, Primavera JH, Dahdouh-Guebas F, McKee K, Bosire JO, Cannicci S, Diele K, Fromard F, Koedam N, Marchand C,
Mendelssohn I: Ecological role and services of tropical mangrove ecosystems: a reassessment. Glob Ecol Biogeogr,
23(7): 726—743. 2014.

Lewis M, Pryor R, Wilking L: Fate and effects of anthropogenic chemicals in mangrove ecosystems: a review. Environ
Pollut, 159(10): 2328-2346. 2011.

Luthansa UM, Titah HS, And HS, Pratikno H: The ability of mangrove plant on lead phytoremediation at Wonorejo estuary,
Surabaya, Indonesia. J Ecol Eng, 22(6): 253-268. 2021.

Maharani MDK, Hertika AMS, MusaM: Accumulation of heavy metals lead (Pb) and copper (Cu) in mangrove area of
Avicennia marina in Manyar Subdistrict, Gresik District, East Java. Res J Life Sci, 6(2): 104-113. 2019.

Majid SN, Khwakaram Al, Rasul GA, Ahmed ZH: Bioaccumulation, enrichment and translocation factors of some heavy
metals in Typha angustifolia and Phragmites australis species growing along Qalyasan stream in Sulaimani city. J
Zankoy Sulaimani. 16(4): 93- 109. 2014.

Moreira ITA, Oliveira OMC, Triguis JA, Queiroz AFS, Ferreira SLC, Martin CMS, Silva A CM, Falcio BA:
Phytoremediation in mangrove sediments impacted by persistent total petroleum hydrocarbons (TPH’S) using Avicennia
schaueriana. Mar Pollut Bull, 67: 130-136. 2013.

139



African Scientist Volume 22, No. 4 (2021)

Nwawuike N, Ishiga I: Heavy metal concentrations in mangrove sediments and R. racemosa in Niger Delta, Nigeria. J Geogr
Environ Earth Sci Int, 17(4): 1-11. 2018.

Nwoha C, Moslen M, Onwuteaka JN: Accumulation of Pb, Cd and Ni in sediments and root of mangrove plant
(Laguncularia sp) from the fringes of the Upper Bonny Estuary, Nigeria. J Appl Sci Environ Manage, 23(3): 437- 441.
2019.

Qiu YW, Yu KF, Zhang G, Wang WX: Accumulation and partitioning of seven trace metals in mangroves and sediment
cores from three estuarine wetlands of Hainan Island, China. J Hazard Mater, 190(3): 631—638. 2011.

Rezvani M, Zaefarian F: Bioaccumulation and translocation factors of cadmium and lead in Aeluropus littoralis.
Aust J Agric Res, 2(4): 114-119. 2011.

Richter O, Nguyen HA, Nguyen KL, Nguyen VP, Biester H, Schmidt P: Phytoremediation by mangrove trees: Experimental
studies and model development. Chem Eng J, 294: 389-399. 2016.

Sandiyan S, Kathiresan K: Mangrove conservation: a global perspective. Biodivers Conserv, 21: 3523-3542. 2012.

Sandiyan S, Thiyagesan K: Mangroves-the oceanic woodland. Sci India. 13: 1-11. 2010.

Silva CAR, de Silva AP, Oliveira SR: Concentration, stock and transport rate of heavy metals in a tropical red mangrove,
Natal, Brazil. Mar Chem. 99: 2-11. 2006.

Soraya RK, Takarina ND, Soedjiarti T: Metals Accumulation (Cu, Zn and Pb) in Mangrove Associated Plants from
Blanakan Brackish Water Pond, Subang District, West Java. Proceedings of the 4th International Symposium on Current
Progress in Mathematics and Sciences (ISCPMS2018) AIP Conference Proceedings 2168, page 020086-1-020086-9.
2019. https://doi.org/10.1063/1.5132513 Published by AIP Publishing. 978-0-7354-1915-5/

Titah HS, Pratikno H: Chromium accumulation by Avicennia alba growing at ecotourism mangrove forest in Surabaya,
Indonesia. J Ecol Eng, 21: 222-227. 2020.

Walters BB, Ronnback P, Kovacs JM, Crona B, Hussain SA, Badola R, Primavera JH, Barbier E, Dahdouh-Guebas F:
Ethnobiology, socio-economic and management of man-grove forests: a review. Aquat Bot, 89(2): 220—236. 2008.

Wang J, Wang P, Zhao Z, Huo Y: Uptake and concentration of heavy metals in dominant mangrove species from Hainan
Island, South China. Environ Geochem Health, 43: 1703-1714. 2021.

Weber P, Behr ER, Knorr CDL, Vendruscolo DS, Flores EMM, Dressler VL, Baldisserotto B: Metals in the water, sediment,
and tissues of two fish species from different trophic levels in a subtropical Brazilian river. Microchem J, 106: 61-66.
2013.

Yam SW, Fan Y, Tan Z, Wang T, Chiu C: Assessing impacts of metallic contamination along the tidal gradient of a riverine
mangrove: Multi-metal bioaccumulation and biomagnification of filter-feeding bivalves. Forests. 11: 1-15. 2020.

Yi Y, Yang Z, Zhang SH: Ecological risk assessment of heavy metals in sediment and human health risk assessment of
heavy metals in fishes in the middle and lower reaches of the Yangtze River basin. Environ Pollut, 159: 2575-2585.
2011.

140





