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ABSTRACT 

A three year seasonal assessment of heavy metal ions volume and variation in the shallow surface 

waters of OMA field, offshore western Niger Delta is presented in this study. Heavy metal ions in the 

seawater within the project area were generally low. Fe2+/Fe3+, Zn2+, Cr3+/Cr6+, Pb2+, Cu2+, Cd2+, 

Ni2+ and Ba2+ mean concentrations were 0.73mg/L, 0.22mg/L, 0.09mg/L, 0.02mg/L, 0.mg/L, 

0.04mg/L, <0.002mg/L and <0.005mg/L respectively in the wet season. Dry season mean 

concentration values of 0.69mg/L were recorded for Fe2+/Fe3+, 0.27mg/L for Zn2+, <0.001mg/L for 

Cr3+/Cr6+, <0.002mg/L for Pb2+/L, 0.29mg/L for Cu2+, 0.05mg/L for Cd2+, <0.001mg/L for Hg2+,  

0.06mg/L for Ni2+ and 0.10mg/L for Ba2+. However, Hg2+ and V2+ were practically absent at all 

sampled locations during the wet season. As recorded in the study carried out on the area,  all heavy 

metal ion levels occur in traces and complied with the baseline study except for Fe2+/Fe3+, Zn2+, Cu2+ 

and Cd2+. These values fell below the FEPA and DPR EGASPIN regulation limits of these substances 

in the natural environment. 
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INTRODUCTION 

The occurrence of heavy metals beyond 

certain limits in the environment can pose 

serious environmental and consequent heath 

challenges to man indirectly as humans 

depend on environmental resources that have 

the potential to bioaccumulate these 

substances. Oil exploration and production 

activities are commonly linked with 

environmental pollution. Main sources of 

pollution include discarded drill cutting mixed 

with drilling chemicals, brines from 

subsurface formations, spillages, e.t.c. These 

sources release environmentally harmful 

organic and inorganic chemicals such as 

heavy metal ionic species, polychlorinated 

biphenyls (PCBs), Polynuclear aromatic 

hydrocarbons (PAHs) all of which alter the 

natural physico-chemical characteristics of the 

aquatic environment, and ultimately leading to 

ecosystem damage.  

Heavy metals in the aquatic systems pose 

immediate and remote danger to marine 

ecosystem. The occurrence of toxic heavy 

metals in the marine environments affect the 

aquatic food chain that ultimate ends in the 

humans` food chain that depend on marine 

food sources for dietary requirements. 

Consumption of such aquatic food stuff 

enriched with toxic metals may cause serious 

health hazards through food-chain 

magnification (Khan et al. 2000)  

This study presents a seasonal variation of 

heavy metal concentration in surface water in 

OMA Field in the Western Niger Delta region. 

The field is located offshore about forty five 

kilometers northwest of the Escravos Terminal 

in a water depth ranging from 18 - 23ft. (5.5 – 

7m) covering an area of about 1520 acres. 

OMA Field was discovered in 1980 and is 

currently developed with 36 oil wells. 

Therefore in this study we identified, evaluated 

and documented the ecological status of 

surface water around OMA Field operational 

area based on heavy metal concentration and 

distribution in order to assess the impacts of 
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oil and gas exploration and production (E & P) 

activities on the immediate environment.   

STUDY AREA 

The area is situated on Latitude N05° 

52’13.8’’ and Longitude E004°56’08’’ (Figure 

1). The study location is an area of intense 

depositional activities where silt, sand and 

clay, brought in from the hinterland are 

deposited on the ocean floor by inland river 

systems. The study area, located within the 

Bight of Benin is subjected to the influence of 

oceanic and atmospheric interactions.  

The area is characterized by intense 

depositional activities where silt, sand and 

clay brought in from the hinterland are  

 

 

 

deposited on the ocean floor by inland river 

systems. The study area located within the 

Bight of Benin is subjected to the influence of 

oceanic and atmospheric interactions. The 

main atmospheric features are the seasonal 

Sahara anticyclone; which promotes the north 

easterly trade winds and the anticyclone, 

which promotes the south westerly trade 

winds. These constitute the inter-tropical 

front. The current influencing the study area 

consists of long-shore, tidal, rip and oceanic 

currents. The predominant water current 

during the data acquisition phase was the 

South-South-East (SSE) current with an 

average speed of 1.6 knots. 

 

OMAOMA FIELD

 
Fig. 1: Map of Coastal Nigeria Showing Location of OMA Field 
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PHYSICAL ENVIRONMENT 

Climate/Meteorology 

The Niger Delta region is characterized by a 

hot and wet climatic condition associated with 

the movement of the Inter-Tropical 

Convergence Zone (ITCZ). Mean surface wind 

speed and directions in the Niger Delta region 

depend on the seasons. Two main air masses 

alternate with the seasons in tropical 

equatorial regions. During the dry season, the 

Northeast winds predominate while the 

Southwest winds are dominant during the wet 

season (Folorunsho and Awosika, 1995).  The 

south-westerly (SW) is due to the hot humid 

tropical maritime air mass from the Atlantic 

Ocean while the north-easterly (NE) arises 

from the warm and dry air from the Sahara 

desert. Being in the coastal zone of the Gulf of 

Guinea, surface wind speed in the area is 

characterized by small diurnal variation and 

influenced by both land and sea breezes 

resulting from alternate warming of the land 

and sea.  It reaches maximum level during the 

night due to radiation cooling leading to 

instability in the surface layer. The wind 

speeds in this area are characteristically lower 

in the nights than during the days.  

The region is characterized by slight 

seasonal temperature variation; hence the 

spatial and temporal rainfall distribution is the 

single most important factor in differentiating 

the seasons. Rainfall occurrence and 

distribution are however dependent on the two 

air masses that prevail over the region. The 

Nigeria Climate Review 2010 noted that the 

southern part of the country, particularly the 

nearshore areas, experienced rainfall between 

3000 – 4500mm. As reported by Anderson, 

(1967), there is hardly any month without rain 

in Niger Delta Coastline. Generally, in the 

Niger Delta region, monthly averages are 

usually above 300mm from June to October 

but generally less than 50mm from December 

to March, during which time only about 4 % of 

the annual rain is recorded. 

 The annual daily average rainfall pattern 

for the Niger Delta shows a normal bimodal 

distribution, while the maximum daily rainfall 

can soar to 200 mm/day but the average 

hardly exceeds 10 to 12mm/day in the heart 

of the rainy season during 

June/July/September and is below 2 mm/day 

in the peak of dry season.  

 The composite relative humidity curves for 

the region show that mean monthly relative 

humidity is consistently high in the eighties 

with no month experiencing values greater 

than 88%. As expected, mean monthly relative 

humidity values are slightly high for the wet 

season months (approximately March to 

November) with the highest values occurring 

within the months of July to August. Dry 

season relative humidity drops to the high 

seventies.  

 
Coastal Geomorphology and Oceanographic 

Characteristics of The Study Area 

Nigeria is a maritime state  with a 

coastline of approximately 853km and lies 

between latitudes 4º10' and 6º20' N and 

longitudes 2º45' and 8º35' E. The Nigerian 

coastline stretches from the western border 

with the Republic of Benin to the eastern 

border with the Cameroon Republic. The 

physical characteristics of the Nigerian coastal 

zone, the coastal oceanography, coastal 

resources, socio-economic activities and 

environmental issues were reviewed by 

Dublin-Green et al., (1997). The authors 

classified the Nigerian coastal zone into four 

geomorphic units  1) Barrier - Lagoon Coast, 2) 

Mahin Transgressive Mud Coast, 3) Arcuate 

Niger Delta, 4) The Strand Coast. 

The continental shelf offshore the Niger 

Delta is narrow. Generally the continental 

shelf around the Bight of Benin widens 

progressively from 15 km off Lagos in the west 

to about 85 km off Calabar. Bathymetric 

undulations of sand ridges, the Avon, Mahin 

and Calabar canyons, gullies, dead Holocene 

coral banks at depths of 80 – 100m, deep 

seated and shallow fault structures occur as 

major geomorphic features of the shelf. 

Bottom sediments within the continental 

shelf generally consist of medium to fine sand 

in the nearshore. Farther offshore, the 

sediment grade from silt to mud with smooth 

surfaces except where the surfaces are rough 

due to coralline growths and indurated 

sediments (Awosika and Abe, 1998). The west 
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to east Guinea Current and the Equatorial 

Counter Current in the Atlantic are the 

dominant ocean currents along the Nigerian 

coastline. Prevailing southwesterly winds 

produce large powerful swell waves, which 

approach the coastline from the southwest 

direction. These waves break obliquely in the 

arcuate Niger delta, generating longshore 

currents characteristic of a high-energy 

environment. The currents sweep sediments 

along the Niger delta flanks away from the 

axis. Velocities of longshore currents as 

estimated by Allen (1964) range from 0.22 m/s 

to 1.0 m/s.  

Waves and tides affect the continental 

shelf offshore the Niger Delta area. The surface 

oceanic circulation systems in the Gulf of 

Guinea derive their origin from the two gyral 

currents of the North and South Atlantic, 

which are fuelled by the wind systems. From 

the North the southward cold current of 

Canary flows along the coasts of Mauritania 

and Senegal and progressively warms up and 

splits into a westward North Equatorial 

Current and the Guinea current which 

continues along the West African coast.   

 

MATERIALS AND METHODS 

 Sampling  

The method adapted for this study involves a 

comparative study of analytical data obtained 

over a three- year period (2010 – 2013). The 

initial sampling and analysis is used as a 

baseline data upon which subsequent data 

was compared. A two-season (wet and dry) 

sampling was carried out in the course of this 

study. A total of eleven samples made up of 

eight (8) samples within the study site and 

three samples outside the study site as control 

were obtained for the study. Water samples at 

each of the station were collected at three 

depths viz.: sub-surface, middle and near 

bottom which was eventually pooled together 

to form a composite sample. Samples for heavy 

metal analyses were collected in 120 ml plastic 

bottles and preserved by acidification to pH of 

≤ 2 using 1:1 tri-oxonitrate (V) acid (nitric acid) 

(HNO3). 
Heavy Metal analysis 

Heavy metals were determined in accordance 

with the American Public Health Association 

(APHA 3111B) methods (Greenberg et al. 

1995), using Atomic Absorption 

Spectrophotometer, Bulk Scientific, (VGS 210 

America, 2008) interfaced with CHEMSTATION 

analytical software. Mercury was determined 

using cold vapour technique. 

 

RESULTS AND DISCUSSION 

Heavy Metals 

Heavy metal (Table 1 and 2) ions in the 

seawater within the project area were generally 

low. Fe2+/Fe3+, Zn2+, Cr3+/Cr6+, Pb2+, Cu2+, 

Cd2+, Ni2+ and Ba2+ mean concentrations were 

0.73mg/L, 0.22mg/L, 0.09mg/L, 0.02mg/L, 

0.mg/L, 0.04mg/L, <0.002mg/L and 

<0.005mg/L in the wet season respectively. 

Also, in the dry season, mean concentration 

values of 0.69mg/L were recorded for 

Fe2+/Fe3+,  0.27mg/L for Zn2+, <0.001mg/L for 

Cr3+/Cr6+, <0.002mg/L for Pb2+L 0.29mg/L for 

Cu2+, 0.05mg/L for Cd2+, <0.001mg/L for Hg2+,  

0.06mg/L for Ni2+ and 0.10mg/L for Ba2+.  

However, Hg2+ and V2+ were practically absent 

at all sampled locations during the wet season. 

As recorded in the study carried out on the 

area, all heavy metal ion levels occur in traces 

and complied with the baseline study except 

for Fe2+/Fe3+, Zn2+, Cu2+ and Cd2+. Slight 

elevation in these metal ions concentrations 

could be linked with produced water 

discharged into the marine environment in the 

area as well as high siltation in the area. 
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Table 1: Heavy Metals Levels in the Study Area Surface water, Compare with the Control and 

Baseline Values, in the Wet Season 

Parameters Study Area Control Points
Base Line value 

(Range)OMA 
SW1

OMA 
SW2

OMA 
SW3

OMA 
SW4

OMA 
SW5

OMA 
SW6

OMA
SW7

OMA 
SW8

Range Mean WS 1 WS 2 WS 3 Mean 
value

Iron 0.828 0.614 0.592 0.938 0.622 0.574 0.888 0.806 0.574 – 0.938 0.73 0.65 0.94 0.587 0.73 0.039 – 1.814

Zinc 0.118 0.239 0.195 0.114 0.183 0.181 0.322 0.397 0.114 – 0.397 0.22 0.213 0.22 0.295 0.73 0.012 – 0.065

Chromium 0.073 0.051 0.075 0.085 <0.001 0.042 0.075 0.244 0.042 – 0.244 0.09 0.057 0.101 0.029 <0.001 0.026 – 0.149

Lead 0.015 0.021 0.025 0.015 <0.002 0.023 0.019 0.018 0.015 – 0.025 0.02 0.027 0.023 <0.002 0.03 0.116 – 0.823

Copper 0.334 0.274 0.411 0.34 0.342 0.18 0.098 0.099 0.098 – 0.411 0.26 0.355 0.017 0.142 <0.001 0.060 – 0.173

Cadmium 0.026 0.014 0.031 0.022 0.031 0.017 0.009 0.006 0.006 – 0.031 0.02 <0.001 0.002 0.044 0.02 0.004 – 0.018

Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Vanadium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Nickel 0.04 0.072 0.097 0.032 <0.002 0.04 0.072 0.097 0.032 – 0.097 0.06 0.032 0.002 0.23 <0.002 <0.01 – 0.01

Barium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.005 – 0.114 0.11 <0.005 <0.005 <0.005 <0.005 <0.001

 
Table 2: Heavy Metals Levels in the surface water, compared with the control and baseline 

values in dry season 

Parameters Study Area Control Points
Base Line value 

(Range)OMA 
SW1

OMA 
SW2

OMA 
SW3

OMA 
SW4

OMA 
SW5

OMA 
SW6

OMA
SW7

OMA 
SW8

Range Mean WS 1 WS 2 WS 3 Mean 
value

Iron 0.529 0.96 1.12 0.457 0.621 0.622 0.621 0.598 0.457 – 1.12 0.69 <0.001 0.914 0.521 0.72 0.02 – 0.18

Zinc 0.218 0.247 0.147 0.261 0.266 0.183 0.321 0.486 0.147 – 0.486 0.27 0.081 0.184 0.208 0.16 0.002 – 0.02

Chromium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 – 0.119

Lead <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.006 <0.002 0.01 0.093 – 0.658

Copper 0.384 0.352 0.299 0.409 0.183 0.342 0.184 0.201 0.183 – 0.409 0.29 <0.001 <0.001 <0.001 <0.001 0.07 – 0.158

Cadmium 0.033 0.029 0.064 0.088 0.045 0.031 0.032 0.064 0.029 - 0.088 0.05 <0.001 0.007 0.006 0.01 0.009 – 0.027

Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Vanadium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.057 – 0.359

Nickel 0.094 0.026 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 – 0.094 0.06 <0.002 <0.002 <0.002 <0.002 0.036 – 0.115

Barium 0.005 0.084 0.049 0.096 0.091 0.114 0.142 0.093 0.005 – 0.142 0.1 <0.005 <0.005 <0.005 <0.005 <0.001

 
 

The volume and seasonal distribution of heavy metal ions in the sea water in the OMA field area are 

generally lower than the FEPA and DPR EGASPIN environmental limits for these substances in both 

wet and dry seasons 
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