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Abstract 
The distribution of carcinogenic metals in stem, root and leaf of seashore plants Paspalum vaginatum and 
Philoxerus vermiculeris found along Ibeno Atlantic Coastline Niger Delta-Nigeria were evaluated during dry 
and wet seasons using Atomic Absorption Spectroscopy and the bioconcentration factor was calculated. 
The findings showed predominance of Zn in both species during dry and wet season. The decreasing order 
of carcinogenic metals levels in P. vaginatum during dry season followed the trend Zn>Cd>Cu>Pb>Cr while 
Ni was not detected. During wet season, Cr was absent while Ni was only detected in leaf sample of  
P. vaginatum giving the decreasing order of metals to be Zn>Pb>Cu>Cd>Ni. Zn predominated followed by 
Pb, Cu and Cd in P. vermiculeris during dry season. In wet season, Cd and Cr were absent. 
The bioconcentration factor confirmed P. Vermiculeris as a good bioindicator of Pb and Cu in both dry and 
wet season while P. vaginatum is an excellent indicator of Cu, Cd, Pb and Cr. 
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Introduction 
Sea plants are known for their economic importance and 
have provided fundamental nourishment in the food 
chain. Indeed, the survival of sea animals depends  
95% on sea plant existence. They support all higher 
saline water life. The decomposition of sea plant in 
marine sediments reveals evolutionary, paleoclimatic, 
paleoecological and paleoenvironmental history  
(Umoh, 2014). Previous report shows that Paspalum 
vaginatum are used to control erosion in sandy coastal 
areas and uptake heavy metals and it also acts as 
candidate as a buffer or filter strip plant for 
phytoremediation of such substances (USDA, 2015). 
It has been shown to survive pollution with crude oil. 
Umoh et al. (2014b) reported that rapid industrialization 
in coastal environs has developed concern on the 
contamination of coastal resources by heavy metals. 
However, there is no gain saying that anthropogenic 
factors have generally dampened natural ecosystem. 
Wars, mining activities, oil exploitation and fertilization of 
farmland to name but few are posing a serious threat to 
our marine environment (Umoh et al., 2014b). 
Meanwhile, Philoxerus vermiculeris are used locally for 
medicinal purposes and animal feed (Personal 
comment). Bioaccumulation is an absorption process of 
chemical compound from the environment by organism 
through respiratory surface and dietary uptake and 
chemical elimination process through respiratory 
exchange, fecal egestion, chemical parent substance 
biotransformation and increase of tissue volume (Arnot 
and Gobas, 2006). 

Bioaccumulation can be used for environmental pollution 
monitoring since, there was a correlation between 
bioaccumulation capacity with polluted environment 
or waste concentration. Both biosorption and 
bioaccumulation can be applied to reduce contaminant 
from the effluent (Chojnacka, 2009). When sea plants 
are exposed to pollutants such as carcinogenic metals, 
petroleum fractions, dispersants used to clean up oil 
spills, polycyclic aromatic hydrocarbons, POPs etc., the 
sea plants themselves are directly affected and in most 
cases destroyed. In addition, the marine animals that 
depend on these plants for food and shelter are also 
affected and the pollutants probably get to man through 
food chain. The presence of these carcinogenic metals in 
human from food web is capable of causing cancer.  
In view of the above facts, this study explored the 
bioaccumulation of cancer causing metals in roots, stems 
and leaves of Paspalum vaginatum and Philoxerus 
vermiculeris found along Ibeno Atlantic coastline during 
dry and wet seasons. 
 
Materials and methods 
Study area: Ibeno coastline (Fig. 1) is a sandy beach 
located in Akwa Ibom State that attracts thousands of 
tourists worldwide annually. The major river in the study 
area is Qua Iboe River which empties into the Atlantic 
Ocean (Umoh et al., 2014a,b). The study area is in a 
tropically humid climatic region characterized by distinct 
dry and wet seasons. The wet season, which sometimes 
begins in March or April to October, is always 
characterized by heavy storms of short duration. 
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The dry season which normally lasts 3-5 months is 
comparatively short beginning in November and 
extending to February. The mean annual rainfall ranges 
from 2,000 to 3,200 mm for the study area. The mean 
annual temperature in the study area is fairly constant 
and averages about 28C. Relative humidity is 
comparatively uniform over the area with mean value of 
80% for October and 60% for dry season. It varies 
depending on the heaviness of the rains (Udosen et al., 
2012). The main activities of the people are boat 
construction, fishing and sand mining (Uwah et al., 2013)  
with offshore oil drilling activities by Mobil-Exxon Nigeria 
unlimited (Umoh et al., 2014a,b). 

 
Fig. 1. Map of the study area. 

 
 
Plant collection: Paspalum vaginatum and Philoxerus 
vermiculeris were found growing over sandy substrates 
of the intertidal zone. All plant samples were collected at 
low tide in two seasons (dry and wet) from the study 
area. Collected whole plants (50-100 g, fresh weight) 
were placed in polyethylene bags rinsed with doubled 
distilled water to eliminate salts and foreign particles. 
All samples were preserved in a cooler immediately after 
sampling at temperature of 4C and were transported to 
the laboratory prior to further treatments and analysis. 
 
Sample treatment and preparation: Prior to treatment, 
samples were identified in the Dept. of Botany, University 
of Calabar. Tissues samples for metal analysis were 
obtained from the leaves, stem and roots of the  
species, since these parts are essentials to analysis. 
Samples were dried overnight in an oven at a constant 
temperature of 60C. Dried samples were ground and 
stored in plastics bags prior to digestion process. 
 
Sample digestion: About 2 g of dried samples were 
poured into digestion flask and 20 mL conc. H2SO4,  
10 mL conc. HNO3, 16 g Na2SO3 and anti-bombing 
granules were added and mixed. The mixture was 
heated until a clear solution was observed. The beaker 
was then removed from the hot plate, cooled and 
transferred into 100 mL volumetric flask. The content of 

the flask was then diluted and made up to the mark with 
distilled water and stored in sample bottles until required. 
 
Heavy metal analysis: For the determination of 
carcinogenic metals, 10 mL aliquot from the stock 
samples was taken and volume was adjusted to 100 cm3 
with distilled water (Umoh et al., 2014a,b). The treated 
samples were then taken for the analysis of Cu, Cd, Cr, 
Ni, Pb and Zn metals using atomic absorption 
spectroscopy.   
 
Results and discussion 
Table 1 shows the bioconcentration factor of the present 
study calculated using Uwah et al. (2013). Meanwhile 
Fig. 2 and 3 shows the concentration of carcinogenic 
metals in roots, stems and leaves of P. vaginatum and 
P. vermiculeris during dry and wet seasons respectively. 
From the data presented in Fig. 2, it is observed that, 
during dry season, Cu concentration ranged from  
1.28 mg/g leaf of P. vaginatum to 2.6 mg/g (stem) with 
the mean value of 1.86 mg/g. Ni was absent in  
P. vaginatum while, Cd ranged from 1.08 mg/g 
maximizing in stem and minimizing in leaf. Unlike Cd, 
Cr concentration varied from 0.3 mg/g to 0.78 mg/g with 
the mean value of 0.51 mg/g maximizing in root and 
minimizing in stem. Zn and Pb concentration in 
P. vaginatum during dry season showed maximum 
concentration in stem with the mean value of 3.07 mg/g 
and 0.89 mg/g respectively. It has been reported that 
concentrations of chemical elements in sea plants are 
generally low in the warmer months, i.e. the time of the 
highest algae metabolic activity resulting in dilution of the 
accumulated metals whereas in winter after slowing 
down of metabolic processes, the element content is 
higher (Bojanowski, 1973; Brix and Lyngby, 1983; Malea, 
1994, Hou and Yan, 1998; Villares et al., 2002; Karthick 
et al., 2012). Moreover, they have regulated the uptake 
of these metals and hence it does not accumulate them 
to such a great extent (Sudharsan et al., 2012).  

Table 1. Bioconcentration factor of metals in P. vermiculeris 
and P. vaginatum during dry and wet seasons. 

Philoxerus vermiculeris 

Metals Concentration (mg/g) 
Dry season Wet season 

Copper (Cu) 8.56 9.14 
Cadmium (Cd) 3.13 NA 
Chromium (Cr) NA NA 
Nickel (Ni) NA 0.005 
Lead (Pb) 14.88 14.14 
Zinc (Zn) 0.66 0.76 

Paspalum vaginatum 
Copper (Cu) 20.67 11.57 
Cadmium (Cd) 24.5 0.14 
Chromium (Cr) 5.1 NA 
Nickel (Ni) NA 0.005 
Lead (Pb) 11.13 13.93 
Zinc (Zn) 0.41 1.06 
NA-Not Applicable 
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The decreasing order of carcinogenic metals levels in  
P. vaginatum during dry season follow the trend 
Zn>Cd>Cu>Pb>Cr. Ni was not detected. Philoxerus 
vermiculeris showed distinctive concentration of 
carcinogenic metals during dry season (Fig. 2). Cr and Ni 
were absent while Cd was detected only in leaf sample. 
Pb was absent in stem of the same species, meanwhile, 
Zn predominated followed by Pb, Cu and Cd. During wet 
season, Zn recorded the maximum concentration in root 
of 10.08 mg/g with stem and leaf showing remarkable 
concentrations of 6.03 and 4.43 mg/g respectively in 
P. vaginatum (Fig. 3).  

 
 

 
 

However, Eisler (1993) reported that Zn bioavailability 
and toxicity to aquatic organisms are highest under 
conditions of low pH, low alkalinity, low dissolved oxygen 
and elevated temperatures. Cr was absent while Ni was 
only detected in leaf sample of P. vaginatum giving the 
decreasing order of metals to be Zn>Pb>Cu>Cd>Ni. In 
Philoxerus vermiculeris, Cd and Cr were absent during 
wet season, while Zn predominated with maximum value 
observed in root (6.45 mg/g) (Fig. 3). Pb also showed 
remarkable concentration of 1.33 and 1.18 mg/g in stem 
and root respectively during wet season.  
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Fig. 2. Concentration of metals in roots, stems and leaves of P. vaginatum and P. vermiculeris during dry season. 

Fig. 3. Concentration of metals in roots, stems and leaves of P. vaginatum and P. vermiculeris during wet season. 
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This report not only confirmed the report of Eisler (1993) 
that zinc diminishes or negates the toxic effects of Cd but 
also establish the fact, that the absence Cr in the present 
study is attributed to high zinc content. Cu showed a 
concentration of 1 mg/g in leaf with the mean value of 
0.64 mg/g. In general, Zn was found to have higher 
concentration follow by Pb, similar to the report of Umoh 
et al. (2014b) in Commenlina benghalensis and Ipomoea 
pes-caprae along the same study area and Qari et al. 
(2009) in seaweed (Rhodophyceae) along Karachi coast, 
India. 
 
Bioconcentration factor (BCF) is the concentration of  
a particular chemical in a biological tissue per 
concentration of that chemical in the surrounding 
environment. Philoxerus vermiculeris exhibited a BCF 
value of 14.88 for Pb, 8.56 for Cu and 3.13 for Cd during 
dry season. Also in wet season, the BCF value of Pb and 
Cu were 14.14 and 9.14 respectively confirming that 
P. vermiculeris is a good bioindicator of Pb and Cu in 
both dry and wet season. Although P. vermiculeris 
showed a remarkable BCF value for Cd during dry 
season, but cannot be confirmed to be an excellent 
bioindicator (Table 1). More so, P. vaginatum showed 
BCF value of 24.5 for Cd, 20.67 for Cu, 11.13 for Pb and 
5.1 for Cr during dry season. Pb and Cu showed the BCF 
value of 13.93 and 11.57 respectively (Table 1) 
confirming that P. vaginatum is a good indicator of Cu, 
Cd, Pb and Cr although Cd and Cr did not show a 
remarkable BCF value during wet season in Paspalum 
vaginatum. 
 
Conclusion 
The distribution of carcinogenic metals in stem, root and 
leaf of Paspalum vaginatum and Philoxerus vermiculeris 
found along Ibeno Atlantic Coastline were evaluated 
using atomic absorption spectroscopy. The findings 
showed remarkable concentration of metals during dry 
and wet season. The decreasing order of carcinogenic 
metal levels in P. vaginatum during dry season follow the 
trend Zn>Cd>Cu>Pb>Cr. Ni was not detected. During 
wet season, Cr was absent, while Ni was only detected 
in leaf sample of P. vaginatum giving the decreasing 
order of metals to be Zn>Pb>Cu>Cd>Ni. On the other 
hand, Cr and Ni were absent while Cd was detected only 
in leaf sample of P. vermiculeris. Pb was absent in stem 
of the same species. Meanwhile, Zn predominated 
followed by Pb, Cu and Cd during dry season. In wet 
season, Cd and Cr were absent. The bioconcentration 
factor showed Philoxerus vermiculeris as a good 
bioindicator of Pb and Cu in both dry and wet season, 
meanwhile Paspalum vaginatum is an excellent indicator 
of Cu, Cd, Pb and Cr. 
 

 

 

References 
1. Arnot, J.A. and Gobas, F.A.P.C. 2006. A review of 

bioconcentration factor (BCF) and bioaccumulation factor 
(BAF) assessments for organic chemicals in aquatic 
organisms. Environ. Rev. 14: 257-297.  

2. Bojanowski, R. 1973. The occurrence of major and minor 
chemical elements in the more common Baltic seaweed. 
Oceanol. 2: 81-152. 

3. Brix, H. and Lyngby, J.E. 1983. The distribution of some 
metallic elements in eelgrass Zostera marina and sediment 
in the Limfjord, Denmark. Estuarine Coastal Shelf Sci. 16: 
455-467. 

4. Chojnacka, K. 2009. Biosorption and bioaccumulation in 
practice, Nova Science Publishers, Inc., New York, p.149. 

5. Eisler, R. 1993. Zinc Hazards to Fish, Wildlife, and 
Invertebrates: A Synoptic Review. U.S. Department of the 
interior fish and wildlife service patuxent wildlife Research 
Center Laurel Maryland. 26(10): 106. 

6. Hou, X. and Yan, X. 1998. Study on the concentration and 
seasonal variation of inorganic elements in 35 species of 
marine algae. Sci. Total Environ. 222: 141-156. 

7. Karthick, P., Sankar, R.S., Kaviarasan, T. and Mohanraju, 
R. 2012. Ecological implications of trace metals in 
seaweeds: Bio-indication potential for metal contamination 
in Wandoor, South Andaman Island. Egypt. J. Aquatic Res. 
38(4): 227-231. 

8. Sudharsan, S., Seedevi, P., Ramasamy, P., Subhapradha, 
N. Vairamani, S. and Shanmugam, A. 2012. Heavy metal 
accumulation in seaweeds and sea grasses along 
southeast coast of India. J. Chem. Pharm. Res. 4:  
4240-4244. 

9. Udosen, E.D., Ukpong, M.E. and Etim, E.E. 2012. 
Concentrations of heavy metals in soil samples with in 
Mkpanak in Ibeno Coastal Area of AkwaIbom State, 
Nigeria. Int. J. Modern Chem. 3(2): 74-81. 

10. Umoh, U.U. 2014. Vertical distribution of natural and 
anthropogenic biomarkars in recent sediment cores of Imo 
River, South Eastern Nigeria. (M.Sc. thesis carried out in 
the Department of Pure and Applied Chemistry, University 
of Calabar, Calabar, Nigeria). Unpublished. 

11. Umoh, U.U., Dan, S.F. and Etim, I.N. 2014a. Mineral iron 
content of Commelina benghalensis, Paspalum vaginatum, 
Ipomoea pes-caprae and Philoxerus vermiculeris found 
along Ibeno Coastline, Nigeria. J. Acad. Indus. Res. 3(4): 
198-201. 

12. Umoh, U.U., Dan, S.F. and Okon, E.E. 2014b. Commelina 
benghalensis and Ipomoea pes-caprae as indicators of 
heavy metals contamination along Mobil Terminal 
Operational Base, Niger Delta Nigeria. J. Acad. Indus. Res. 
3(5): 225-228. 

13. USDA. 2015. Fact sheet. Retrieved January 17, 2015 From 
Http://plants.usda.gov/factsheet/pdf/fspava.pdf. 

14. Uwah, I.E., Dan, S.F., Etiuma, R.A. and Umoh, U.U. 2013. 
Evaluation of status of heavy metals pollution of sediments 
in Qua Iboe River and associated creeks, South-Eastern 
Nigeria. Environ. Pollut. 2(4): 110-122. 

15. Villares, R., Puente, X. and Carballeira, A. 2012. Seasonal 
variation and background levels of heavy metals in two 
green seaweeds. Environ. Pollut. 119: 79-90. 

 
 

 


