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ABSTRACT 
This paper examines the seasonal variation of physicochemical parameters of surface water in OMA 
Field located in the shallow offshore waters of the Western Niger Delta region. Covering an area of 
about 1520 acres, the field is located about 55km northwest of the Escravos Terminal in a water 
depth of about 18 – 23ft. Using a comparative analytical data methodology of data obtained over a 3-
year period (2010 – 2013), initial data sets obtained acted as baseline data upon which subsequent 
data were compared. pH values ranged from 7.84 – 8.16 (av. = 8.16) and 8.10 – 8.25 (av. = 8.21) for 
the wet and dry seasons, indicating an alkaline environment. Wet season electrical conductivity 
varied from 24160 - 30120µS/cm (mean = 26692µS/cm) and 24500 - 25600µS/cm (mean = 
24738µS/cm) for dry season. Mean TDS levels varied from 14853mg/L to 13228mg/L in the wet and 
dry season respectively. Wet season DO levels ranged from of 5.7 - 7.24mg/L (Mean = 6.42mg/L), 
while dry season values ranged from 5.78 - 6.80mg/L (mean = 6.18mg/L). Mean seawater turbidity 
levels stood at 0.47 NTU and 0.02 NTU for the wet and dry seasons respectively. TSS levels ranged 
from 2.40 - 4.20mg/L and 1.00 - 4.00mg/L for wet and dry seasons respectively, while mean COD 
values of 8.13mg/L and 6.60mg/L were obtained during wet and dry seasons. TPH levels varied from 
0.52 - 1.67mg/L (av. = 1.11mg/L) and 0.45 - 1.89mg/L (av. = 1.05mg/L) for wet and dry seasons 
respectively. Wet season concentrations of 508.27mg/L, 1646mg/L, 140.66mg/L, 4665mg/L, and 
0.09mg/L was obtained for Ca2+, Mg2+, Na+, K+ and NH4+, while 78.21, 514.76, 165.23, 1919 and 
0.26mg/L was recorded as mean dry season concentrations. Chloride, sulphate, nitrate, carbonate 
and phosphate ion concentrations were 5849 - 7814mg/L (mean= 6852mg/L), 83.38 - 105.66mg/L 
(mean = 89.76mg/L), 0.04 - 2.48mg/L (mean = 0.76mg/L), <0.01mg/L and 0.006 - 0.056mg/L 
(mean= 0.03mg/L) respectively as the wet season values. Dry season concentrations ranges of 8118 - 
10954mg/L (mean = 8667mg/L), 88.95 - 107.60mg/L (mean = 102.93mg/L), 1.08 - 16.14mg/L 
(mean = 9.15mg/L), <0.01mg/L and 0.066 - 0.147mg/L (mean = 0.11mg/L). The evaluated physico-
chemical parameters of surface water from the OMA Field all fall within acceptable environmental 
limits and thus has shown that exploration and production activities in the area of study has not 
impacted the environment negatively. 

                                                   
 jmobo@yahoo.com,  

INTRODUCTION 
This study presents an Environmental 
Evaluation based on the seasonal variation of 
physicochemical characteristics of surface 
water in OMA Field in the shallow offshore of 
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. Oil exploration 
and production activities are commonly linked 
with environmental pollution and degradation. 
Main sources of pollution include discarded 
drill cutting mixed with drilling chemicals, 

brines from subsurface formations, oil 
spillages, etc. 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, 
which ultimately leads to ecosystem damage.   
Environmental evaluation study (EES) is a 
form of environmental audit and a control tool 
employed to assess the impacts of an existing 
industrial facility, project or an operation on 
the immediate environment. It reviews the 
impact of the facilities or operations, and 
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highlights changes in the environmental 
conditions that result from such facility’s 
operations over a specific time frame. EES 
also enables facility owners and the 
government to understand the state of 
polluted or impacted areas and develop 
strategies for remediation and restoration of 
the area. Therefore, this EES was carried out 
to identified, evaluated and documented the 
ecological status of the environment around 
OMA field exploration and production (E & P) 
operational area. Values of various 
parameters evaluated in this study are 
measured against minimum permissible 
standards set by various regulatory agencies 
such as the Department of Petroleum 
resources (DPR), Federal Ministry of 
Environment (FMEnv.), and the 
Environmental Guidelines and Standards for 
the Petroleum Industry in Nigeria (EGASPIN). 

Location Of Study Area 

The study location is an area 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 debouching their load 
onto the shallow inner neritic zone. The study 
area, located within the Bight of Benin is 
subjected to the influence of 
oceanic/atmospheric interactions. The area is 
geographically situated on Latitude N05° 
52’13.8’’ and Longitude E004°56’08’’ (Fig. 1). 
The main atmospheric features are the 
seasonal Sahara anticyclone; which promotes 
the north easterly trade winds and the 
anticyclone, which promotes the 
southwesterly 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 
sampling phase was the South-South-East 
(SSE) current with an average speed of 1.6 
knots. 

PHYSICAL ENVIRONMENT 

Climate/Meteorology 

The climate of the study area is characterized 
by hot and wet conditions associated with the 
movement of the Inter-Tropical Convergence 
Zone (ITCZ) north and south of the equator. 
ITCZ is the convergence of two air masses 
which are the Tropical Maritime (TM) and the 
Tropical Continental (TC). The former is 
associated with the moisture-laden south-

west winds (south westerlies) which blow 
from the Atlantic Ocean, while the latter is 
the dry and dusty north-east winds 
(easterlies) which blow from the Sahara 
Desert.  
Mean surface wind speed and directions 
depend on the seasons. In tropical regions 
two main air masses alternate with the 
seasons. During the dry season, the 
Northeast trade winds predominate while the 
Southwest trade 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 at night than during the day.  
The spatial and temporal rainfall distribution 
is the single most important factor in 
differentiating the seasons and climatic zones 
in Tropical West Africa. Rainfall occurrence 
and distribution are however dependent on 
the two air masses that prevail over the 
Nigeria. 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 the Niger Delta 
Coastline. Generally, in the southern part of 
the country, 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 composite 
relative humidity shows 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 with the 
highest values occurring within the months 
of July to August. This is when the influence 
of the moisture-laden South-Westerlies is 
greatest. In the dry season relative humidity 
drops to the high seventies.  
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Coastal Geomorphology of the Study Area 

The study area is located in the coastal 
reaches of southern Nigeria which 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 
(Figure 1): Barrier - Lagoon Coast, Mahin 
Transgressive Mud Coast, Arcuate Niger 
Delta and the Strand Coast.  

 

             Fig. 1: Map of Coastal Nigeria showing Main Geomorphic Units  
 
The area is influenced by the dominant west 
to east Guinea Current in the Atlantic. The 
Guinea Current joins the Equatorial Counter 
Current that transports warm saline waters 
formed along the southern edge of the North 
Atlantic. From the south, the cold saline 
Benguela current flows northwards becoming 
the South Equatorial Current. The Guinea 
Current attains a speed of 0.2 - 0.3 m/sec 
with periodic reversals. This could be very 
important for the transport and dispersal of 

suspended fines beyond the influence of wave 
and tide generated currents.  
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 prevailing 
wind systems. From the North the southward 
cold Canary current 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 
(Figure2).  
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             Figure 2: Surface Currents in West and Central Africa (IMCO-UNEP, 1982) 
 
 
This turns progressively eastward to join the 
Equatorial Counter Current that transports 
eastward the saline and warm waters formed 
along the southern edge of the North Atlantic 
eddy. The principal currents are almost 
constantly oriented but are subjected to the 
influence of various migrating water masses. 
Consequently they appear to generate 
seasonally rather unstable currents, which 
often induce a northward movement of warm 
waters. 

From the south, the cold Benguela 
Current flows northwards along the coast of 
Angola and extends in the Gulf of Guinea 
through the westward South-Equatorial 
Current. The warm current streams up near 
the equator till it hits the Bight of Bonny 
where it probably contributes to the reversals 
of the Guinea Current. The Equatorial 
Counter Current, which flows eastwards, is 
embedded between the North and South 
Equatorial Currents with its landward end 
contributing to the eastward flowing Guinea 
Current. The seasonal dynamics of the 
principal oceanic currents depend on the 
large-scale oceanic and climatic seasonal 
exchanges, which occur in the ocean.   

 
 

MATERIAL 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 be 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 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 physico-chemical analyses were 
collected and stored in appropriately labeled 
1-liter plastic cans while those for heavy 
metal analyses were collected in 120 ml 
plastic bottles. Samples for heavy metal 
analyses were preserved by acidification to 
pH of ≤ 2 using 1:1 tri-oxonitrate (V) acid 
(nitric acid) (HNO3). Samples for hydrocarbon 
analyses were collected in wide-mouth glass 
bottles and acidified with 1:1 tetra-
oxosulphate (VI) acid (sulphuric acid) (H2SO4) 
to a pH of ≤ 2. Samples for hydrocarbon 
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analysis were stored and transported in 
chilled condition (4oC) before analysis. The 
following in-situ measurements: pH, 
temperature, dissolved oxygen, total dissolved 
solutes, (TDS), Electrical conductivity and 
turbidity were carried out using portable field 
equipment.  

Physico-chemical Analysis 

Parameters such as Chemical Oxygen 
Demand (COD), Biochemical Oxygen Demand 
(BOD), pH, electrical conductivity (EC), and 
temperature were determined in-situ to 
ensure the accuracy of the measurement 
using water analyzer meter (Systronics, 
India).  Physico-chemical parameters such as 
Turbidity, Salinity, Total Suspended Solids, 
Nitrate, Sulphate, Total Petroleum 
Hydrocarbon and Phosphate were analyzed 
according to American Public Health 
Association (APHA) methods (Greenberg et al. 
1995). Results from Total Petroleum 
Hydrocarbon were compared with limits 
erected by the Department of Petroleum 
Resources (DPR). Nitrate was determined 
colorimetrically using Unicam UV/Visible 
spectrophotometer.  
 RESULTS  
Physico-chemical Characteristics 
The physico-chemical attributes of the 
seawater samples collected from eight (8) 
points within OMA field and three (3) controls 
are presented in Tables 1 and 2 for wet and 
dry seasons respectively. The pH levels within 
the study area indicated an alkaline 

environment, with values that varied from 
7.84 - 8.16, with an average of 8.16 and 8.10 
- 8.25 with an average value of 8.21 during 
the wet and dry season respectively. The 
mean pH levels were not at significant 
variance from the control mean values during 
both seasons. Electrical conductivity of the 
seawater within the project area varied from 
24160 - 30120µS/cm with a mean value of 
26692µS/cm (Wet season) and 24500 - 
25600µS/cm with an average value of 
24738µS/cm (dry season). Mean TDS levels 
were 14853mg/L and 13228mg/L in the wet 
and dry season respectively. Dissolved oxygen 
levels ranged from of 5.7 - 7.24mg/L (Mean = 
6.42mg/L) and 5.78 - 6.80mg/L with a mean 
value of 6.18mg/L in the wet and dry season 
periods respectively. Seawater turbidity levels 
in the area were generally less than 1.0 NTU 
during the wet (Mean = 0.47 NTU) and dry 
(0.02 NTU) seasons respectively. Similarly, 
total suspended solids’ (TSS) levels were 
generally low with values ranging from 2.40 - 
4.20mg/L and 1.00 - 4.00mg/L for wet and 
dry seasons respectively. Mean COD values of 
8.13mg/L and 6.60mg/L were obtained 
during wet and dry season periods of this 
study. Total petroleum hydrocarbon (TPH) 
levels of the seawater varied from 0.52 - 
1.67mg/L (mean value of 1.11mg/L) and 0.45 
- 1.89mg/L (mean value of 1.05mg/L) for wet 
and dry seasons respectively. 
 

 
Table 1:  Some Physico-chemical parameters of the surface water from the study area, compared 
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

pH 7.83 7.51 7.72 7.77 8.39 7.60 7.75 7.79 7.51 – 8.39 7.80 7.74 8.01 8.06 7.94 8.4 – 8.6

Electrical Conductivity 
µS/cm

24160 27210 28600 26110 25200 27220 24920 30120 24160 - 30120 26692 27410 49300 37000 37903 26700 - 34400

Total Suspended solid 
(TSS), mg/L

<1.00 <1.00 <1.00 <1.00 <1.00 4,20 4.00 2.40 2.4 – 4.2 3.53 <1.00 <1.00 1.00 1.00 1.10 – 2.50

Total dissolved solid 
(TDS0, mg/L

13800 15420 16160 14840 14360 14430 13200 16620 13200 - 16620 14853 14580 26130 19610 20107 17360 – 21200

Biochemical Oxygen 
Demand (BOD), mg /L

4.82 4.20 4.52 4.6 4.12 4.4 6.82 6.55 4.12 – 6.82 5.0 4.55 4.20 4.20 4.32 0.1 – 2.10

Chemical Oxygen demand 
(COD), mg/L

7.49 8.33 7.28 7.97 8.02 8.34 9.5 8.13 7.28 – 9.5 8.13 9.04 8.8 8.24 8.69 12.00 - 63.00

Dissolved Oxygen (DO), 
mg/L

5.7 6.44 6.06 5.99 6.46 6.55 7.24 6.94 5.7 – 7.24 6.42 6.20 6.84 6.64 6.56 5.60 – 7.60

Turbidity, NTU 0.90 0.60 0.90 0.70 1.00 0.77 0.62 0.94 0.6- 1.0 0.8 0.64 0.02 0.02 0.23 0.10 – 4.10

Total hardness, mg/L 1280 1360 1760 1040 1280 2240 2600 2320 1040 - 2600 1735 2560 5590 5000 4383 -

Total hydrocarbon content
(THC), mg/L

1.40 0.90 1.68 <0.01 1.31 1.00 0.53 1.00 0.53 – 1.68 1.12 0.05 0.03 0.07 0.04 18.03 – 46.22

Total petroleum 
hydrocarbon (TPH), mg/L

1.39 0.90 1.67 <0.01 1.29 0.99 0.52 1.00 0.52 – 1.67 1.11 0.003 0.01 <0.01 0.01 -
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Table 2:  Some Physico-chemical parameters of the surface water, compared with the control and 
Baseline Values, in the 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

pH 8.01 8.14 8.09 8.15 8.21 8.20 8.18 7.99 7.99 – 8.21 8.12 8.20 8.20 8.14 8.18 8.04 – 9.06

Electrical Conductivity 
µS/cm

2E+05 24900 24600 24700 24610 25000 25600 24200 24200 - 25600 24739 30500 32100 28400 30333 16200 – 31600

Total Suspended solid 
(TSS), mg/L

4 <1.00 <1.00 <1.00 <1.00 1.00 1.00 <1.00 1.00 – 4.00 2.00 <1.00 1.0 1.0 1.0 1.1 -3.10

Total dissolved solid 
(TDS0, mg/L

12879 13197 13038 13091 13980 13250 13568 12826 12826 - 13980 13228 16165 17013 15052 16076 8530 – 19350

Biochemical Oxygen 
Demand (BOD), mg/L

4.62 4.53 4.34 4.18 4.60 4.30 4.66 4.84 4.18 – 4.84 4.51 4.20 4.60 4.20 4.33 0.2 – 2.10

Chemical Oxygen demand 
(COD), mg/L

6.85 6.72 6.56 6.32 6.20 6.60 6.72 6.80 6.20 – 6.85 6.60 6.13 6.88 6.18 6.40 8.00 – 32.00

Dissolved Oxygen (DO), 
mg/L

5.96 6.01 6.25 6.45 6.80 6.20 5.98 5.78 5.78 – 6.80 6.18 6.30 5.90 6.30 6.17 7.10 – 8.10

Turbidity, NTU 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 – 0.02 0.02 0.02 0.01 0.01 0.01 0.02 – 3.70

Total hardness, mg/L 2840 3200 2880 3120 3290 3280 3040 3360 2480 - 3360 3126 4080 3960 5160 4400 -

Total hydrocarbon content
(THC), mg/L

1.28 0.98 1.53 0.90 0.85 0.76 0.65 0.47 0.47 – 1.53 0.93 <0.001 <0.001 0.002 0.002 0.204 – 0.476

Total petroleum 
hydrocarbon (TPH), mg/L

1.26 0.97 1.52 0.88 1.89 0.76 0.64 0.45 0.45 – 1.89 1.05 <0.001 <0.001 0.001 <0.001 -

 

Cations and Anions 

Cations determined were  Ca2+, Mg2+, K+ , Na 
and NH4+ (Table 3 and 4).  In the wet season, 
Ca2+, Mg2+, Na+, K+ and NH4+ recorded mean 
concentrations of 508.27mg/L,  1646mg/L, 
140.66mg/L, 4665mg/L,  and 0.09mg/L 
respectively. Mean concentrations of these 
ions in the dry season were 78.21, 514.76, 
165.23, 1919 and 0.26mg/L respectively.  

Anions (Table 3 and 4) investigated in the 
seawater were chloride, sulphate, nitrate, 
carbonate and phosphate ion. These are major 
components of total dissolved solids. Chloride, 
sulphate, nitrate, carbonate and phosphate 

ion concentrations were 5849 - 7814mg/L 
(Mean= 6852mg/L), 83.38 - 105.66mg/L 
(Mean = 89.76mg/L), 0.04 - 2.48mg/L (Mean = 
0.76mg/L), <0.01mg/L and 0.006 - 
0.056mg/L (Mean= 0.03mg/L) respectively in 
the wet season. Also, concentrations ranges of 
8118 - 10954mg/L (Mean = 8667mg/L), 88.95 
- 107.60mg/L (Mean = 102.93mg/L), 1.08 - 
16.14mg/L (Mean = 9.15mg/L), <0.01mg/L 
and 0.066 - 0.147mg/L (0.11mg/L), were 
recorded for chloride, sulphate, nitrate, 
carbonate and phosphate ions respectively in 
the dry season.  
 

 
Table 3:  Anions and cations concentrations in the surface water, compared 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

Anion, mg/L

Chloride 8720 8118 8295 8295 8118 8153 10954 8578 8118 - 10954 8653.88 9627 8234 8127 8662.67 8016 – 8327

Sulphate 105.5 105.6 105.6 104.6 105.6 107.6 101.3 104.3 101.3 – 107.6 105.01 104 106 105 105 102 – 109

Nitrate 1.008 <0.01 <0.01 0.407 <0.01 0.136 0.967 <0.01 <0.01 – 0.967 0.63 1.003 0.156 0.468 0.54 <0.01 – 1.00

Carbonate <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -

Phosphate  0.072 0.066 0.093 0.12 0.066 0.111 0.147 0.123 0.066 – 0.147 0.085 0.102 0.127 0.157 0.091 <0.01 – 2.56

Cations, mg/L

Calcium 82.05 84.79 83.42 85.21 84.79 89.83 61.37 58.88 58.88 – 89.83 78.79 77 83 94 84.67 -

Magnesium 429.2 490.8 493.4 426 490.8 502 597 637.7 426 – 637.7 508.36 401 527 458 462 -

Potassium 138.7 193.6 142.8 155 193.6 172 198 200.9 138.7 – 200.9 174.33 157.7 182 191 176.9 -

Sodium 1833 1784 1943 2011 1784 2134 1833 1764 1764 - 2134 1885.75 1824 1956 1804 1861 -

Ammonium 0.62 0.29 0.22 0.18 0.29 0.06 0.38 0.24 0.02 – 0.26 0.28 <0.01 <0.001 <0.001 <0.01 .
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Table 4:  Anions and cations concentrations in the surface water, compared with the control and 
baseline values, in the 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

Anion, mg/L

Chloride 8720 8118 8295 8295 8225 8153 10954 8578.9 8118 - 10954 8667 9111 111805 8508 9808 6250 - 16350

Sulphate 105.5 105.6 105.6 104.6 88.95 107.6 101.3 104.3 88.95 – 107.6 102.93 110.6 112.4 103.1 108.7 <0.01 – 2.10

Nitrate 1.08 <0.01 <0.01 15.42 <0.01 16.14 3.9 <0.01 1.08 – 16.14 9.15 2.05 <0.01 <0.01 2.05 <0.001

Carbonate <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -

Phosphate  0.072 0.066 0.093 0.12 0.144 0.111 0.147 0.123 0.066 – 0.147 0.11 0.27 0.036 0.045 0.12 <0.01 – 0.18

Cations, mg/L

Calcium 82.05 84.79 83.42 85.21 80.12 89.83 61.37 58.88 58.88 – 89.83 78.21 70.46 73.44 87.75 77.22 -

Magnesium 429.2 490.77 493.44 426 542 502 597 637.7 426 – 637.7 514.76 661 550 549.46 586.82 -

Potassium 138.69 193.59 142.83 155 120. 172 198 200 120 - 200 165.23 223.4 214 201.31 212.9 -

Sodium 1833 1784 1943 2011 2052 2134 1833 1763.9 1763 - 2134 1919 1495 1889 1837 1740 -

Ammonium 0.62 0.29 0.22 0.18 0.06 0.06 0.38 0.24 0.06 – 0.62 0.26 0.994 2.822 3.19 2.34 .

 
DISCUSSION 
Except for total petroleum hydrocarbon which 
has a DPR limit of 40.0mg/L, there were no 
available regulatory limits for other parameters 
investigated in this study. Petroleum 
hydrocarbon levels were obtained in traces 
and generally lower than the DPR limit and 
compared favorably with the value reported in 
the previous baseline study in the area. As 
reported in the initial baseline study, pH levels 
of the seawater were generally alkaline in 
nature. All values for physico-chemical 
parameters in the surface water (seawater) 
were typically characteristic of marine 
environment and not significantly different 
from values recorded in the control area.  
The conductivity of a medium depends on the 
presence of ions, total concentration, mobility, 
valence, relative concentration and the 
temperature of the system. The conductivity of 
an aqueous solution is dependent and roughly 
proportional to the concentration of dissolved 
solids it contains (Fig. 3). Thus conductivity is 
useful as an index of total dissolved solids in 
it. Electrical conductivity of the seawater 
within the project area ranged from, 24160 - 
30120µS/cm, with a mean value of 
26692µS/cm (wet season) and 24500 - 
25600µS/cm, and an average value of 
24738µS/cm, (dry season). The Mean TDS 
levels were 14853mg/L and 13228mg/L in the 
wet and dry season respectively. The wet 
season conductivity and TDS values are high 
than the dry season values. This trend is 
attributed to the increased volume of 
transported solutes from the hinter land by 

overland and fluvial systems which debouch 
their waters into the sea during the wet 
season. High dissolved solutes recorded are 
one of the characteristics of the seawater and 
conforms to values recorded during the 
baseline study. 
High seawater turbidity has serious sunlight 
penetrating interference effect, thus reduces 
seaweed photosynthetic reaction, (Canter and 
Hill, 1997). Seawater turbidity levels in the 
area were generally less than 1.0 NTU during 
the wet (Mean = 0.47 NTU) and dry (0.02 NTU) 
seasons respectively. Seasonal variation of this 
parameter in the area may be linked to high 
inland water discharged and increased sea 
bottom current prevalent during the wet 
season than the dry season.  Similarly, total 
suspended solid (TSS) levels were generally low 
with values ranging from 2.40 - 4.20mg/L and 
1.00 - 4.00mg/L for wet and dry seasons 
respectively.  Low turbidity and TSS levels 
obtained, as recorded during the baseline 
study, were indication that seawater in the 
area allowed sunlight penetration which 
encourages maximum photosynthetic activities 
in the euphotic zone of the study area. 
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Fig. 3: Comparative wet season Electrical 
Conductivities and Total dissolved solids of  
    surface water system of OMA field 
 
Dissolved Oxygen (DO) is an expression of the 
amount of oxygen dissolved in surface water 
and is an important parameter in aquatic life 
as it is required for metabolic activities of 
aerobic organisms and also influences 
inorganic reactions in the surface water. 
Oxygen is naturally present in open seawater 
but it is naturally removed from sub-surface 
water via respiration of aerobic organisms 
during the degradation of sinking organic 
matter (Emerson and Abell, 2001). Variations 
of dissolved oxygen in natural water occur 
seasonally and even over 24hrs periods in 
relations to temperature and other biological 
activity. Oxygen concentration below 5mg/L in 
natural water affects normal physiological 
functioning and survival of aquatic organisms 
and if below 2.0mg/L may lead to the death of 
most aquatic organisms especially fishes. 
Oxygen requirement varies with species and 
age of the fishes. Dissolved oxygen levels in the 
study area were in the concentrations range of 
5.7 - 7.24mg/L (Mean = 6.42mg/L) and 5.78 - 
6.80mg/L with a mean value of 6.18mg/L in 
the wet and dry season periods respectively. 
These values were lower than the baseline 
values recorded. The reduction in this value 
may be possibly linked either to reduction in 
photosynthetic seaweed, lower dissolution in 
atmospheric air, or presence of biodegradable 
organic loads in the seawater in the field. 
However, DO levels recorded in the area were 
slightly higher than the minimum 
concentration of 4.0mg/L recommended by 
McNeily, Neiman and Dryer (1979) for normal 
survival of the aquatic organisms which means 
the area is not ecologically stressed as high 
DO in this area may be an indicator of low 
organic load.  

In OMA Field, BOD fluctuated from 4.12 - 
6.82mg/L with a mean value of 5.0mg/L; and 
4.18 - 4.84mg/L with an average value of 
4.51mg/L for wet and dry season respectively. 
Biochemical Oxygen Demand reflects the 
amount of oxygen required by microbes for 
breaking down to simpler substances the 
decomposable organic matter present in any 
water, wastewater or treated effluent. This is 
another way of measuring the concentration of 
organic matter present in the surface water 
(Ademoroti, 1996). The current BOD values in 
OMA Field compared favorably with the wet 
season baseline values.   
 Mean COD values of 8.13mg/L and 6.60mg/L 
were obtained during wet and dry season 
periods of this study. The chemical oxygen 
demand, (COD) is the amount of oxygen 
required to decompose, via acid oxidation to 
CO2 and water of the organic matter present in 
water sample. The COD values were generally 
lower than the FMEnv/DPR maximum 
allowable limit of 10.0mg/L for surface water 
(EGASPIN 2002; FEPA, 1994). Mean COD 
values for both seasons were significantly 
lower than the mean value (18.06mg/L) for 
wet season and 11.63 for dry season recorded 
in the baseline study. 
Total petroleum hydrocarbon (TPH) levels of 
the seawater varied from 0.52 - 1.67mg/L 
(mean value of 1.11mg/L) and 0.45 - 
1.89mg/L (mean value of 1.05mg/L) for wet 
and dry seasons respectively. The petroleum 
hydrocarbon levels in the water were below the 
DPR limit of 40.00mg/L for marine 
environment. 

Cations present in the seawater within the 
area occur at moderate concentrations and not 
at significant variation from the control values. 
All values obtained fell within accepted 
regulatory standards. High cation levels are 
however, expected in a marine environment. 
Variation in mean concentration of each anion 
compared with its corresponding control value 
and is not significant and thus reflects that 
E&P activities in OMA Field has not adversely 
affected the inorganic nutrients of the 
seawater.   

CONCLUSION 
The three year environmental evaluation 
studies carried out on the OMA field, through 
the evaluation of physico-chemical parameters 
of surface water, has shown that exploration 
and production activities in the area of study 
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has not impacted the environment negatively. 
This is probably due to constant dilution of 
any foreign material that may have emanated 
from anthropogenic activity by prevalent 
circulating ocean current. The EES in essence 
is a satisfactory method for environmental 
assessment. 
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