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Abstract

Studies of heavy metals concentrations in soil samples and edible vegetables (Telfaiferia occientalis
and Vernonia amygdalina) were investigated in three core crude oil producing communities (Mkpanak,
Ukpenekang and Inuayet lkot) of Ibeno Local Government Area in Akwa Ibom State during the rainy and
dry seasons and the control sites at Etinan L G. Area. Each sample was replicated three times. The
levels of heavy metals in the samples collected were determined using Atomic Absorption
Spectrophotometer (AAS) Unicam 919 model. The concentrations of heavy metals in soil samples
during dry season were higher than those recorded in the rainy season in all the sample locations. The
concentrations of heavy metals observed in soil depth (0-15 cm) were significantly higher than those
recorded in (16-30cm) soil depth. The concentrations of heavy metals in edible vegetables (Telfaiferia
occientalis and Vernonia amygdalina) collected from the three core crude oil producing communities of
Ibeno exceeded the maximum permissible limits values of heavy metals for edible vegetable as
prescribed by FEPA and WHO. The soils and edible vegetables in the core oil producing communities of

Ibeno are contaminated and may pose serious adverse effect to humans and the environment.
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INTRODUCTION

Heavy metals are present in the environment and most
of them are essential for animals and plants. They are
natural constituents of rocks and sediments. Heavy
metals contamination of the environment is of major
concern because of their toxicity and threat to human life
and the environment (Anthwange et al., 2012). Heavy
metal pollution can affect all facets of the environment
but their effects are most long lasting in soils and plants
due to the relatively strong absorption of many metals
onto humic and clay colloids in soil and bioaccumulation
in plants (Alloway and Arye, 1994). The role of heavy
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metals in the ecosystem is increasingly becoming an
issue of global concern, especially as it constitutes a
crucial component of human life (Purves, 1990; Adekola
and Mitchell, 2011). Soil contamination with heavy
metals through the repeated use of untreated or poorly
treated waste from industries and oil exploration and
exploitation activities is one of the most severe
ecological problems in the core crude oil producing
communities in Akwa |bom State. Heavy metals
constitute a main group of soil pollutants that their
contamination in environment affects all ecosystem
components (Edem et al., 2008). Although heavy metals
are present as natural components of soils, toxic
contamination may frequently occurs at industrial
and mining sites (Das, 1999; Kuoet al., 2011). Heavy
metals such as Cu, Zn, Mn and Fe are essential for plant
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growth; many of them do not have any significant role in
the plant physiology. The uptake of these heavy metals
by plants is an avenue of their entry into the human food
chain with harmful effects on health (Abbas et al., 2010;
Basta et al., 2010). Crude oil contained various types of
hazardous wastes that are being discharged during oil
exploration, exploitation, storage and transportation
processes (lwegbue et al., 2009, Clevenger et al., 2001).
Consequently the wastes from crude oil exploration and
refining processes are disposed into drains, canals and
rivers without treatment and the wastes are dumped into
surrounding land or water bodies which contaminate the
soil or water with highly toxic inorganic or organic
pollutants. The continuous receiving of crude oil waste
especially by land poses a great threat to the soil and
plant in the core oil producing community (Wassay et al.,
2001). The harmful inorganic and organic substances in
the crude oil wastes degrade the soil and changing the
composition of existing heavy metals and other organic
constituents. As a result the plants and animals that
depend directly or indirectly on the polluted soil are
affected. When these plants are eaten by man, the
heavy metals become bioaccumulated and eventually
result in several ailments which may subsequently end
up in death (Odiette, 1999; Adriano, 2003). Plants can
accumulate some of these metals which are not injurious
to them, but may be poisonous to animals grazing on the
plants (Raven and Evert, 2006). Thus, this research work
aims at investigating the influence of heavy metals in soils
and edible crops grown within core crude oil producing
communities of Ibeno in Akwa Ibom State, Nigeria.

MATERIALS AND METHODS
Description of Study Site

The study area was on the pollution impact of crude oil
in core crude oil producing communities of Ibeno Local
Government Area of Akwa Ibom state. Ibeno, lies within
latitude 5° and 6° N and longitude 4° and 5° E. Ibeno
occupies the South- South part of Akwa Ibom State. It is
bounded on the North by Esit Eket Local Government
Area, on the West by Eket local government area and on
the South by Atlantic Ocean. The area experiences the
normal Niger Delta climatic conditions. The climate of
the area is basically that of the equatorial tropical rainfall
occurring almost through the year except in December,
January and February, which are not completely free
from rainfall in some years. The annual rainfall of the
area is about 2, 500mm (Bisong, 2011). Annual mean air
temperature is 31.3°C; the highest monthly mean
temperature was 29.7°C in (August), and the lowest
monthly mean temperature is 27.5°C in (January).
The major occupation of the people includes fishing
and agricultural activities in the area. The four major
oil companies operating in the area include
Ashiland Nigeria Limited, Mobil Producing Nigeria, Shell

development Company Nigeria and Nigeria Agip Oll
Producing Company.

Samples Collection

Soil and plant samples were collected during rainy and
dry seasons from the core oil producing communities of
Ibeno (Mkpanak, Ukpenekang and Inuayet lkot) Akwa
Ibom State. The soil samples were collected using a soil
auger from 0-15cm and 16-30cm soil depths. The
samples were put into polyethylene bags, labeled and
taken to the laboratory for pre-treatment and analysis.
Similarly, the leaf samples of pumpkin (Telfaiferia
occientalis) and bitter leaf (Vernonia amygdalina)
commonly used in making vegetable soup in the area
were obtained from the core oil producing communities
of lIbeno Akwa Ibom State and put into polyethylene
bags, labeled and taken to the laboratory for further
treatment and analysis. Samples of both soils and edible
vegetables were collected in triplicate. Control samples
were also collected at Etinan Local Government Area
where there is no oil processing activity.

Sample Treatment and Analysis

Soil samples were air-dried at ambient Ilaboratory
temperature. The soil samples were ground using mortar
and pestle and sieved to pass through 2 mm sieve and
stored for chemical analysis. Each soil sample (5g) was
placed in a Teflon beaker and digestion was carried out
using concentrated nitric (10 cm® and concentrated
perchloric (5cm?) acids in the ratio of 2:1 (Gokoglu and
Yerlikaya, 2003). This was allowed to cool before
leaching the residue with 5 cm?® of 20% HNOs. Di%ested
samples were filtered and made up to 50 cm” with
deionized water. A blank determination was treated in
the same method but without sample. Solution of
samples were then taken and aspirated into Atomic
Adsorption Spectrophotometer (Unicam Solaar A.A.S
969 model). Each plant sample was oven-dried at 50°C -
60°C. The dry sample was ground into powder and
stored. The powdered plant sample (2g) was weighed
into a crucible and ashed in a furnace at 500°C-700°C
for 4 hours. It was removed after ashing from the furnace
and cooled. The sample (ash) was leached with 5 cm® of
6 MHCI and was made to 50 cm® of volume of deionized
water. Blank determination was also carried out as in a
similar way as described above except for the omission
of the sample (AOAC, 1990). The solutions were
analyzed for metals using A. A. S (Unicam Solaar A.A.S
969 model).

RESULTS

Table 1 shows the concentrations of heavy metals



Table 1. Concentrations (mgkg™) of heavy metals in soils (dry and rainy season) in core crude oil producing communities in Ibeno L.

G Area, Akwa Ibom State

Etimetal. 3

Mkpanak Ukpeneikang Inua eyet lkot Etinan (Control)
Rainy Dry Rainy Dry Rainy Dry Rainy Dry

Fe 0 - 15cm 135.17  229.30 157.60  245.20 145.16 230.25 57.55 65.50
(mgkg™) 16- 30 cm 78.10 85.12 71.25 101.15 88.90 120.75 35.22 39.14
Pb 0-15cm 31.58 54.40 31.75 45.65 1.60 29.80 0.54 1.05
(mgkg™) 16-30cm 1.25 1.75 1.15 1.36 1.24 1.30 0.15 0.20
Cu 0-15cm 3.35 3.10 3.05 3.20 2.95 3.45 1.05 1.08
(mgkg™) 16-30cm 2.20 2.65 2.05 2.25 1.50 1.65 0.65 0.75
Cd 0-15cm 0.15 0.22 0.12 0.25 0.11 0.27 0.01 0.01
(mgkg™) 16-30cm 0.05 0.10 0.02 0.09 0.05 0.11 0.00 0.01
Zn 0-15cm 10.30 18.50 13.45 27.15 15.13 22.50 3.50 3.14
(mgkg™) 16-30cm 5.17 9.50 7.90 11.28 7.10 12.90 2.15 1.75
Mn 0-15cm 32.20 40.23 34.18 45.12 30.29 42.25 9.45 12.50
(mgkg™) 16-30cm 23.29 27.10 19.00 25.90 22.30 30.14 7.55 8.00

obtained from soil samples from core crude oil producing
communities (Mkpanak, Ukpenekang and Inuayet Ikot)
in Ibeno Local government Area of Akwa Ibom State in
the dry and rainy seasons. The concentrations of heavy
metals (Fe, Pb, Cu, Cd, Mn and Zn) in soils during dr%/
season were (229.30 mgkg™, 54.40 mgkg™, 3.10 mgkg™",
0.22 mgkg®, 18.50 mgkg" and 40.23 mgkg") in
Mkpanak  community  respectively.  While  the
concentrations of heavy metals (Fe, Pb, Cu, Cd, Mn and
Zn) in soils during rainy season were (135.17 mgkg’
!31.58 mgkg™, 3.35 mgkg™, 0.15 mgkg™, 10.30 mgkg™
and 32.20 mgkg™) in Mkpanak community respectively.
At Ukpeneikang community the concentrations of heavy
metals (Fe, Pb, Cu, Cd, Mn and Zn) in the soils durin
dry season were (245.20 mgkg', 45.30mgkg”,
3.30mgkg™, 0.25mgkg™, 27.12mgkg™ and 45.17mgkg™)
respectively” While the concentrations of heavy metals
(Fe, Pb, Cu, Cd, Mn and Zn) recorded in soil obtained
from Ukpeneikang community during rainy season were
(157.58mgkg™, 31.25mgkg™, 3.05mgkg”, 0.12mgkg™,
13.45mgkg” and 34.18mgkg™) respectively. Similar
variations were observed at the Inuaeyet Ikot
community. At Etinan L. G. Area (control site) the
concentration of heavy metals (Fe, Pb, Cu, Cd, Zn and
Mn) in soil during dry control season were (65.50 mgkg
! 1.05mgkg™, 1.08mgkg™, 0.01mgkg™, 3.14mgkg™ and
8.00mgkg™) respectively. The concentration of heavy
metals (Fe, Pb, Cu, Cd, Zn and Mn) in soils during rain%/
season were (57.55mgkg”, 0.54mgkg™, 1.05mgkg”,
0.01mgkg™, 3.50mgkg™ and 7.55mgkg™) respectively at
the control site. The concentrations of heavy metals
recorded in topsoil (0-15cm) soil depth were higher than
those recorded in subsoil (15-30cm) depth in all the
studied communities.

Table 2 shows the concentrations of heavy metals in
edible vegetables ((Telfaiferia occientalis and Vernonia
amygdalina) in each of the studied communities during
dry and rainy season. The concentration of heavy

metals (Fe, Pb, Cu, Cd, Mn and Zn) recorded in the
leaves of ((Telfaiferia occientalis) during rainy season
were (152.00 mgkg®’, 0.98mgkg”, 1.16mgkg™,
0.75mgkg™, 55.00mgkg™ and 20.43mgkg™) respectively
in Mkpanak oil producing community. While the
concentrations of heavy metals (Fe, Pb, Cu, Cd, Mn and
Zn) recorded in the leaves of ((Telfaiferia occientalis)
during dry season were (140.90mgkg™, 0.75 mgkg™,
1.05 mgkg™, 0.65 mgkg™, 4.20 mgkg™ and 18.25mgkg™)
respectively in Mkpanak community. The concentration
of heavy metals (Fe, Pb, Cu, Cd, Mn and Zn) in bitter
leaf (Vernonia amygdalina) recorded during rainy season
were (143.55 mgkg™, 1.00 mgkg™, 1.10 mgkg™, 0.68
mgkg™, 54.20 mgkg™ and 18.20 mgkg™) respectively in
Mkpanak community. While the concentration of heavy
metals (Fe, Pb, Cu, Cd, Mn and Zn) in bitter leaf
(Vernonia amygdalina) observed during dry season were
(137.15 00 mgkg™, 0.76 00 mgkg™, 0.95 00 mgkg™,
0.5900 mgkg™, 51.0100 mgkg™ and 17.00 00 mgkg™)
respectively in Mkpanak community. Similar trend of
heavy metals concentration were observed in
Ukpeneikang and Inua eyet Ilkot oil producing
communities. The concentrations of heavy metals
analyzed in the edible vegetables (fluted pumpkin and
bitter leaf) were higher during rainy season than the dry
season. At Etinan L. G. area (control site), the
concentrations of heavy metals (Fe, Pb, Cu, Cd, Mn and
Zn) recorded in ((Telfaiferia occientalis) during rainy
season were (64.40 mgkg™, 0.01 mgkg™, 0.12 mgkg™,
0.02mgkg™, 25.60 mgkg™, 10.20mgkg™) respectively.
While the concentration of heavy metals (Fe, Pb, Cu,
Cd, Mn and Zn) observed during dry season in pumpkin
leaves were (54.75 mgktig'l, 0.01 mgkg™, 0.01 mgkg™,
0.01 mgkg™, 22.12mgkg™ and 7.00mgkg™) respectively
in control site. The concentration of heavy metals (Fe,
Pb, Cu, Cd, Mn and Zn) recorded in bitter leaf (Vernonia
amygdalina) during rainy season were (60.10 mgkg™”,
0.02mgkg™, 0.10mgkg™, 0.01mgkg™, 24.75mgkg” and
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Table 2. Concentrations (mgkg™) of heavy metals in edible vegetables (dry and rainy season) in core crude oil producing communities in Ibeno, Akwa Ibom State

Fe (mgkg™) Pb_(mgkg™) Cu(mgkg™ Cd (mgkg™) Mn (mgkg™) Zn (mgkg™)
Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry
Mkpanak Fluted Pumpkin  152.10 140.90 0.98 0.75 1.16 1.05 0.75 0.65 55.10 45.20 20.43 18.24
Bitter leaf 143,55 137.15 1.00 0.76 1.10 0.95 0.68 0.59 54.20 51.01 19.20 17.00
Ukpeneikang Fluted Pumpkin  155.60 135.65 0.95 0.80 0.97 1.02 0.50 0.70 57.40 50.75 22.50 20.00
Bitter leaf 160.20 145.40 0.78 0.64 1.00 0.87 0.85 0.71 59.15 49.35 21.35 22.50
Inuaeyet Ikot Fluted Pumpkin  147.10 142.30 1.05 0.90 0.85 1.00 0.70 0.60 52.55 53.90 19.50 16.90
Bitter leaf 150.20 130.70 0.80 1.00 0.90 0.82 0.68 0.55 50.30 47.35 21.75 18.65
Etinan (Control) Fluted Pumpkin ~ 65.40 54.75 0.01 0.01 0.12 0.01 0.02 0.01 25.60 22.12 10.20 7.00
Bitter leaf 60.10 55.00 0.02 0.01 0.10 0.05 0.01 0.01 24.75 20.16 10.40 8.55

Table 3. Physico- chemical properties of

soils (dry and rainy season) from core crude oil producing communities in Ibeno L. G Area, Akwa

Ibom State

Mkpanak Ukpeneikang Inua eyet kot Etinan (Control)

Rainy Dry Rainy Dry Rainy Dry Rainy Dry

Sand (%) 0-15cm 80.30 82.21 80.50 81.16 83.20 85.19 76.15 78.90
16-30cm 76.5 76.7 76.4 76.8 73.13 79.25 71.30 77.18

Silk (%) 0-15cm 5.27 6.50 5.37 6.55 5.50 6.90 5.10 5.95
16-30cm 3.75 4.67 3.67 4.30 4.65 4.19 3.23 4.56

Clay (%) 0-15cm 131 115 12.54 13.50 11.50 12.19 13.00 13.11
16-30cm 19.6 20.7 11.42 13.20 11.76 12.55 11.65 12.75

pH 0-15cm 4.90 6.50 5.20 6.55 5.25 6.75 6.45 6.50
16-30cm 4.70 6.40 5.15 6.20 5.90 6.00 5.50 5.75

Organic matter (mg/l) 0-15cm 1.34 1.65 1.75 2.15 1.10 1.70 1.87 2.35
16-30cm 0.95 1.05 0.75 1.00 1.05 0.85 1.20 1.50

Organic carbon 0-15cm 1.28 1.15 1.94 2.05 1.45 1.89 2.10 1.99
(mgll) 16-30cm 0.45 0.75 1.10 1.22 1.04 0.86 1.00 1.40
N (%) 0-15cm 1.10 1.45 1.30 1.49 1.40 1.61 1.24 1.53
16-30cm 1.05 1.01 0.98 1.20 1.20 1.41 1.11 1.33

P (mgll) 0-15cm 0.45 0.76 1.00 1.10 1.02 1.15 1.16 1.09
16-30cm 0.15 0.12 0.25 0.75 0.54 0.67 0.50 0.85

K (mg/l) 0-15cm 0.35 0.65 0.74 0.95 0.92 1.00 1.00 0.90
16-30cm 0.25 0.27 0.45 0.35 0.50 0.78 0.55 0.75

Ca (mg/l) 0-15cm 4.43 5.52 3.55 5.97 5.10 6.00 5.10 5.55
16-30cm 3.05 3.12 2.90 4.52 4.00 5.15 3.90 4.55

Mg (mg/l) 0-15cm 4.15 4.45 4.10 5.11 4.00 4.75 4.65 5.00
16-30cm 2.54 3.10 3.85 4.25 3.30 3.55 4.20 4.30




10.45mgkg'l) respectively in the control site. while the
concentration of heavy metals (Fe, Pb, Cu, Cd, Mn and
Zn) observed in bitter leaf (Vernonia amygdalina) during
dry season were (55.00mgkg™, 0.01mgkg™, 0.05mgkg™,
0.01mgkg'1, 20.16 mgkg'land 8.88mgkg'l) respectively in
the control site. The physico chemical properties
measured in the soil showed ranges of pH, 4.70 -6.70,
Organic matter, 0.79 - 1.93%, Silt, 2.64 — 12.0%, Clay,
3.76 — 20.40%, Sand, 73.5 — 93.6% and textural class of
predominantly loamy sand at the spilled site and sand at
the control sites (Table 3).

DISCUSSIONS

The concentrations of the heavy metals during dry
season were higher than the concentrations of heavy
metals during the rainy season in all the soil samples.
Similarly, the topsoil (0-15cm) concentrations of the
heavy metals were higher than the subsoil (15-30cm)
concentrations. These observations are attributed to the
washing effect of rainfall during the rainy season which
reduces the concentrations of metals in the soil samples.
The higher concentrations of heavy metals recorded in
(0-15cm) soil depth may be attributed to oil exploration
and exploitation activities and other human activities in
the core oil producing communities of Akwa Ibom State.
The result was in line with the work of Ideria et al.,
(2013) who reported the higher concentration of heavy
metals in the top soil obtained from Niger Delta region of
Nigeria. The dry and rainy seasons soil samples showed
a significant difference (p<0.05) for all the metals
analyzed. Statistical analysis also showed that the
difference between the soil depths (0-15cm and 16-
30cm) concentrations of the heavy metals were
significant (p<0.05). The concentrations of heavy metals
recorded from the soil samples obtained from the core
oil producing communities in lbeno Local Government
Area of Akwa Ibom State where higher than those from
the control sites. The higher concentration of heavy
metals recorded in all the soils collected from core oil
producing communities may be attributed to the various
activities of oil companies in the communities. Also
responsible for the high concentration of heavy metals in
the soil samples obtained from core crude oil producing
communities may be due to frequent oil spills as a result
of oil exploration, exploitation and oil processing
activities. However, the lower values of heavy metals
observed at the control site (Etinan Local Government
Area ) in the soil samples may also be due to the fact
that there is no activity of crude oil exploration and
exploitation actives going on in the area.

The higher concentration of heavy metals observed
in top sol is attributed to tiling of the soil during
cultivation and abandoned metal parts buried in the
soil. The concentrations of the heavy metals in the
soil samples obtained from the core crude oil producing

Etimetal. 5

communities were higher than the FEPA (1991) and
WHO (2001) permissible limits. While the concentrations
of heavy metals recorded in the soil samples obtained
from the control site were within the permissible limits.
This implies that the soil samples obtained from core
crude oil producing communities in Ibeno L. G. Area of
Akwa |bom State are contaminated with metals and
pose serious environmental and health concern.

The edible vegetables ((Telfaiferia occientalis and
Vernonia amygdalina) obtained from core oil producing
communities of Ibeno Local Government Area recorded
the highest concentrations of heavy metals during rainy
season. The  concentrations of the metals in edible
vegetables obtained during rainy season were
significantly higher (p<0.05) than those obtained during
dry season in all the plant samples. The result was in
line with the work of Ekpo et al., (2014) who reported the
bioavailability of metals during rainy season. The
bioavailability of heavy metals in the core crude oil
producing communities may be attributed to the frequent
oil spills and improper disposal of wastes in the
community. The concentrations of heavy metals
recorded from the plant samples obtained from the core
oil producing communities where higher than those from
the control sites. The higher concentration of heavy
metals in plant samples collected from core oil producing
communities may be due to the incessant crude oil
spillage arising from the oil production activity in the
community. The situation is increasingly becoming a
concern to the people of the area as oil companies are
expanding and waste treatment facilities are either
inadequate or not available.

The results obtained from laboratory analysis
indicate that soils and edible vegetables obtained from
core oil producing communities of Ibeno Local
Government Area are contaminated with heavy metals.
Although, a number of heavy metals are essential for
biological systems, it deficiency symptoms are noted
with depletion or removal which disappear when the
elements are returned to the biological system.
However, essentials heavy metals become toxic when
their concentration level exceeds those required for
correct nutrition. According to Walter et al. (2005) metals
toxicity occurs when an organisms is unable to cope with
additional metal concentration by direct usage, storage
and excretion.

CONCLUSION

The concentrations of heavy metals recorded in soil and
edible vegetable samples obtained from core crude oil
producing communities of Ibeno Local Government
Area, Nigeria were higher than the FEPA and WHO
permissible limits. Therefore, edible vegetables grown in
core crude oil producing communities in Ibeno Local
Government Area pose health hazards for consumers.



6 Int. J. Environ. Sci. Toxic. Res.

REFERENCES

Abbas M, Pawoem Z, Igba S, Riazuddin LM, Ahmed M, Bhutto R
( 2010). Monitoring of toxic metals (Cd, Pb, As, Hg) in vegetable of
Sindh, Pakistan. Kuthmandu University of Science Engineering and
Technology, 16, 60-65

Adekola O, Mitchell G (2011). The Niger Delta wetlands threats to
ecosystem services, their importance to dependent communities
and possible management measures. International Journal of
Biodiversity Science, Economic Services and Management. 7 (91).
50-68

Adriano DC (2003). Trace Elements in Terrestrial Environments:
Biogeochemistry, Bioavailability and Risks of Metals, Springer, New
York, NY, USA, 2nd Edition

Alloway BJ, Arye DC (1994). Chemical principles of Environmental
Pollution. Blackie London pp. 101-200.

Anthwange BA, Aghaji EB, Gimba CE, Ajibola VO (2012). Seasonal
variations in trace metals contents of some vegetables grown on
irrigated farmlands along the bank of ricer Benue within Markurdi
metropolis. Journal of natural Sciences Research, 3 (20). 1-9

AOAC (1990). The Association of Official Analytical Chemists. Official
Methods of Analysis. 15th ed. Atomic Absorption Method for Fish”.
Washington, D.C.

Basta NT, Ryan JA, Chaney RL (2010). “Trace element chemistry in
residual — treated soil: Key concepts and metal bioavailability”,
Journal of Environmental Quality, vol. 34, no. 1, pp 49-64.

Bisong FE (2011). Natural Resources Use and Conservation Systems
for Sustainable Rural Development. BAAJ International Company,
Calabar, Cross River State, Nigeria. 9-18

Clevenger TE, Mullins W (1982). The Toxic extraction procedure for
hazardous wastes. In Trace substances in environmental health xvi.
Univ. of Missouri, Columbia, MO pp 77 — 82.

Das AK (1999) Metal ion induced toxicity and detoxification by
chelation therapy: In a text book medical aspect of bio-inorganic
chemistry 1st ed. CBS Dellus, 17-58

Edem PE, Udom SA, Anoka OA (2008), Levels of toxic elements in
soils of abandoned Waste dump site, African Journal
ofBiotechnology, 5(3), 1241-1243

Ekpo FE, Ukpong EJ, Udoumoh ID (2014). Bioaccumulations of Heavy
Metals on Soil and Arable Crops Grown in Abandoned Peacock
Paint Industry in Ikot Ekan, Etinan Local Government Area, Akwa
Ibom State, Nigeria. Universal Journal of Environmental Research
and Technology. Volume 4, Issue 1: 39-45

FEPA (1991) .Guidelines and standards for Environmental Pollution
Control in Nigeria. Federal Environmental Protection Agency
(FEPA), Lagos, Nigeria

Gokoglu N, Yerlikaya P (2003). Determinaton of proximate composition
and mineral contents of blue crab (Callinectes sapidus) and swim
crab (Portunus pelagicus) caught off the Gulf of Antalya. Food Chem
80(4):495-498

Ideria CA, Akpan B, Dosunmu MI (2008). A comparative assessment
of heavy metals and hydrocarbon accumulation in Sphyrena afra,
Orechromis niloticus and lops lacerta from Anantigha Beach market
in Calabar-Nigeria. Afr. J. Environ. Pollut. & Health, 6: 61-64.

lwegbue CM, Emuh FN, Isiimah NO, Egun AC (2007).
Fractionation, characterization and speciation of heavy metals in
composts and compost-amended soils. African Journal of
Biotechnology 6 (2) pp 067-078

Kuo SP, Heilman AH, Baker AS (1983). Distribution and forms of
Copper, Zinc, Cadmium, Iron, and manganese in soils near a
Copper smelter. Soil Sci. 135:101-109.

Odiette WO (1999). Environmental Physiology of Animals and
Pollution. Diversified Resources Ltd. Lagos. pp 171-185.

Purves DM (1985). Trace element contamination of the environment.
Elsevier, Amsterdam. 20-28.

Raven PH, Evert RF (2006). Biology of Plants. 2nd ed. Worth
Publishers, Inc. New York p. 544

Wassay SA, Parker WJ, Van Geel PJ (2001). Characterization of soil
contaminated by disposal of battery industry waste. Can. J. Civil
Eng., 28, 341-348.

WHO (2001). Food additives and Contaminants, Joint FAO/WHO
Standards Programme; ALINORM 01/02 A. pp1-289




