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ABSTRACT 
 

Total hydrocarbon and  physicochemical parameters of water quality were investigated  in the Calabar river 
estuary from January to June. Total hydrocarbon (THC) in surface water was observed to be below 
detectable limit (0.00mg/l) throughout the study. THC in sediment varied between 15.8mg/g and 130mg/g 
with a highest mean value of 127.9±3.2mg/g during dry season and between 9.8mg/g and 122.2mg/g with 
45.3±66.6 as the highest mean during wet season, indicating a significant increase during the dry season 
(ANOVA, P < 0.05). THC values also increased significantly downstream from a mean concentration of 26.4 
±92mg/g in station 1 to 127.9± 2.3mg/g in station 4 in the dry season (P<0.05). Dissolved Oxygen (DO) 
ranged from 1.0mg/l to 7.1mg/l. DO showed significant (P<0.05) spatial variation during dry season. pH 
ranged between 5.94 and 7.34. Dry season values were significantly higher than wet season measurements 
(P<0.05). There were significant (P<0.05) spatial variations in the wet season, with station 1 being 
significantly lower than station 3 and 4. Salinity values were confined between 0.37mg/l and 5.90mg/l 
throughout the study. Dry season values were significantly higher than wet season values (P<0.05). There 
were significant spatial variations in the dry season. TDS varied from 280mg/l to 4220mg/l. TDS values 
were significantly higher in dry season than wet season. TDS levels increased significantly towards the sea 
during dry season. There was no significant spatial difference in the wet season. Water temperature ranged 
from 25.5oC to 31.4oC there were no significant seasonal or spatial variations. The implications of these 
findings for the water quality of Calabar River were also discussed. 
KEY WORDS: Total hydrocarbon, physicochemical parameters, water quality, oil exploitation, Calabar 

River. 
 

INTRODUCTION 
 

With the ever increasing population, man’s interaction with the environment becomes more and more 
critical. His quest to satisfy his needs and aspirations for better living conditions through resource exploitation has 
created an increasing number of environmental problems [1]. He exploit nature, and in so doing upset the natural 
equilibrium which in turn have been proved to be harmful to man himself. Following each use of water and the 
exploitation of land and water resources, various forms of pollution contributes to the degradation of the 
environmental quality.  

Coastal zones contains  a wide range of natural environment that man uses to provide varieties of goods 
and services – water for domestic and industrial purposes, fish, mangroves, oil and gas etc. 

Internationally, oil and gas is considered to be an all important product because of the revenue generation and 
socio-economic applications of its products. Since the first oil well was drilled in Pennsylvania in 1859, both off-shore 
and on-shore drilling have been carried out world over [2]. The enormous benefits of the oil industry notwithstanding, 
there are significant negative impact on human and the ecological environment [3]. The exploration and exploitation of 
oil involves a great deal of alteration to our environmental. Vegetation is cleared, sites for drilling rigs are built and 
drilling oils and mud may reach streams, surface water and land [1]. Marine pollution occasioned by oil spillage and 
discharge of effluent is one of the numerous unavoidable consequences of oil exploitation. An estimated 3.6-10 million 
tons of oil is spilled into the ocean annually across the globe [4], [5], [6] and [7].  

In Nigeria oil production started at Oloibirin in 1958. Today petroleum exploration and exploitation is 
carried out in the coastland extending from Niger-Delta to the Chart basin [8] and [1]. Petroleum has contributed 
immensely to the Nigerian economy. It has been the largest foreign exchange earner of the country since the most 
reliable sustainer of the country’s economy (Agriculture) was relegated to the background, contributing over 90% of 
the nation wealth. 
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Records of accidental oil spillage in Nigeria abound, with disastrous impact on the environment. Since the 
first oil spillage occurred in 1970 in Shell Bemu 2 BP oil field in Rivers State, incidence of oil spillage has escalated 
to an astonishing degree. Between 1976 and 1980 about seven hundred and eighty cases were recorded discharging 
over eight hundred and seventy one thousand nine hundred and forty barrels into the environment [9], and between 
1986 and, 2000, The Nigerian Petroleum Industry experienced about three hundred and forty four oil spill 
incidences which resulted in the loss of over 437,810 barrels of Oil into land, swamps, estuaries and coastal water 
[1]. Unreported oil spills resulting from accidents and carelessness at oil rigs, burst or ruptured pipelines, horse 
failure, petroleum in sewage, runoff, sabotage etc. occur on daily basis in the Niger Delta [10] and [11]. As oil enters 
the aquatic environment, the water soluble fractions are dissolved, the heavier fractions are precipitated, the volatile 
components are evaporated and the remaining forms oil in water suspension causing impairment of water quality - 
coloration of surface water, alteration of pH, increased turbidity, increased particulate load, and increased oxygen 
demand  leading to anoxic conditions, inhibition of primary production, extermination of aerobic organisms, release 
of obnoxious gases, contamination of  sea foods and   hindrance to marine activities. Consumption of poisoned sea 
foods results in health problems or even death [12]. Of all the contaminants associated with oil production, persistent 
organic pollutants pose the greatest risk to the environment and health. Crude oil contains up to 10 percent poly 
aromatic hydrocarbons (PAHs). Some of these compounds can cause mutation and cancer even at low concentration. 
Spilled petroleum products are the largest source of PAHs [13]. 

The Niger-Delta which is worst hit by environmental pollution arising from oil production in Nigeria is 
blessed with a network of streams, rivers, and tributaries. Tidal regimes have caused the wide spread distribution of 
oil spills to the length and breath of the network of adjourning rivers and creeks. Calabar River is one of such rivers. 

The present study was carried out on the Calabar River (fig. 1), one of the prominent tidal tributaries of the 
cross river estuary which originates from Oban hill and flow southwards through thick vegetation, changing from 
fresh water swamp ecology to mangrove swamp ecology towards the mouth of the estuary. The Climate of the basin 
is characterized by a dry season between November and March and wet season during the remaining part of the year 
[14], [15], and [16]. The study was carried out between January and June 2006. Shell, Agib, and Mobil Oil thermals 
are located in the coast land bordering cross river estuary. This study aims at ascertaining whether or not there is oil             
pollution in the Calabar River, and to what extent such pollution has affected the quality of the coastal waters. 

 

Key: 
1: Nigerian Port Authority Jetty 
2: Ashland Jetty 
3: Cross-lines Jetty 
4: Nsidung Beach 
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MATERIALS AND METHODS 
 

Water and sediment samples were collected between January and June. Samples were collected during 
ebbing tides between the hours of 10am and 12 noon Nigerian time, on monthly basis. This was to eliminate the 
influence of tide and time on the measured parameters. A total of forty eight samples were collected. Water sample 
were collected with Nansen reversible water sampler. Sediment samples were collected with hand trowel and stored 
in black polyethene bags. A total of four sampling stations were established as shown in Figure I. The sampling 
stations were (1) Nigerian Port Authority Jetty. (2) Ashland Jetty (3) Cross lines Jetty and (4) Nsidung Beach. 
Parameters investigated include physicochemical parameters and total hydrocarbon.  

Temperature was measured on site using HACH conductivity/TDS Meter (model 44600.00). PH was done 
on site electronically using Lutron pH 201. TDS was also determined on site using HACH conductivity/TDS meter 
(model 44600.00). Dissolved Oxygen (DO) was measured on site with Lutron DO- 0.5509 dissolved oxygen meter. 
Salinity was also measured on site using Atango hand refractometer sensitivity 0-100. Samples for THC were 
collected in glass bottles and preserved by adding 10ml of 4M H2SO4. 250ml of water was batch extracted with 
100ml of n-hexane (analar grade) using glass separator funnel. After complete phase separation the n-hexane phase 
was collected and total hydrocarbon determine spectrophotometrically at 450nm wave length [17]. 100g of air dried 
pulverized sediment sample was extracted using n-hexane (analar grade) by soxhlet method. Quantification was 
carried out spectrophotometrically at 450nm wave length [17]. 
 

Statistical analysis 
A two way analysis of variance tests was adopted. Rapid test of analysis of variance and multiple 

comparisons of means were carried out. Post use test were performed according to Link and Wallace. Statistical tests 
were also performed to test for spatial and seasonal difference in measured parameter. Statistical analyses were done 
using SPSS statistics. 

RESULTS AND DISCUSSION 
 

The result of physicochemical measurements and the levels of total hydrocarbon of Calabar River are 
presented as mean± SD and range in table I. Figures 2-7 shows the temporal (seasonal) and spatial variation in 
measured physicochemical parameter of water quality and THC levels of the river. 
 

 
  

Figure 2:  Spatio-seasonal trend of pH for dry and wet season across the sampling stations in Calabar River, Nigeria 
 

pH ranged from 6.58 – 7.34 during dry season and from 5.94-6.40 during wet season. pH values were 
significantly higher in the dry season than wet season (ANOVA, P<0.05). There were significant spatial variations 
between station 1 and station 3 during wet season, with station 1 being significantly lower than stations 3 and 4 
(figure 2). However, there was no spatial variation during dry season. The observed pH fluctuated in the accepted 
range (6-9) for unpolluted water [18]. This is in conformity with the pH ranges of 6.7 – 7.0 and 6.2 – 7.27 previously 
reported for the Calabar River by Asuquo [15] and Akpan[16] respctively. pH range of 6.0-8.5 was reported for the 
cross River system [19] and [20]. There was indication of slide alkalinity during dry season. The lower wet season 
value could be attributed to dilution of ionic concentration by rain water of low pH [14]. The pH of rain can be as 
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low as 5.6 due to dissolve carbon (IV) oxide [21]. The low pH values of Nigerian rivers during wet season was also 
be attributed to high content of decaying organic matter and humic acid [22]. The observed slide alkalinity during 
dry season could be due to low fresh water discharge into the river and the significant increase in pH from 5.97 in 
station 1 to 6.31 in station 4 could be attributed to salt water intrusion or to estuarine circulation characterized by 
mixing of fresh water and salt water. 
 
RESULTS OF THC AND PHYSICOCHEMICAL MEASUREMENT IN CALABAR RIVER, NIGERIA 
PARAMETER 
 
         STATIONS 

STATION 1 STATION 2 STATION 3 STATION 4 
DRY WET DRY WET DRY WET DRY WET 

pH 6.86±0.26 
(6.58–7.09) 

5.97±0.57 
(5.94-6.04) 

6.94±0.27 
(6.64-7.18) 

6.12±0.13 
(6.03-6.27) 

7.0±0.27 
(6.74-7.27) 

6.27±0.14 
(6.13-6.40) 

7.10±0.26 
(6.82-7.34) 

6.31±0.60 
(6.25-6.37) 

THC IN SEDIMENT 
(mg/l) 

26.4±9.2 
(15.8-32.6) 

32.1±2.1 
(29.8-33.8) 

32.2±1.1 
(26.4-47.8) 

16.4±2.24 
(14.8-16.4) 

59.1±3.06 
(55.6-61.4) 

26.1±12.5 
(16.8-40.4) 

127.9±2.32 
(125.4-130.0) 

45.3±66.6 
(9.8 122.2) 

THC IN WATER 
(mg/l) 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SALANITY (ppt) 4.2±0.27 
(4.02-4.50) 

1.7±1.4 
(0.37-3.2) 

4.5±0.41 
(4.13-4.91) 

1.8±1.8  
(0.38-3.8) 

5.1±0.45 
(4.82-5.62) 

2.2±2.0 
(0.44-4.4) 

5.6±0.31 
(5.31-5.90) 

2.4±2.15 
(0.64-4.8) 

DO (mg/l) 6.7±4.6  
(6.2-7.1) 

3.01±1.9 
(1.0-4.6) 

3.63±0.40 
(3.2-4.0) 

3.13±0.15 
(3.0-3.3) 

3.47±0.12 
(3.4-3.6) 

2.6±0.35 
(2.2-2.9) 

3.4±0.10  
(3.3-5.3) 

2.97±0.38 
(2.7-3.4) 

WATER 
TEMPERATURE (OC) 

29.5±1.4 
(27.9-30.4) 

28.8±1.4 
(27.2-30.8) 

29.8±1.3 
(28.3-30.8) 

28.4±1.1 
(27.2-29.3) 

30.3±1.4 
(28.8-31.4) 

29.2±0.5 
(28.7-29.5) 

30.2±1.7 
(28.7-31.4) 

28.72.4 (25.5-
31.0) 

TDS (mg/l) 3237±182 
(3090-3440) 

1273±1087 
(280-2440) 

3437±315 
(3180-3810) 

1286±1099 
(297-2470) 

3890±254 
(3710-4080) 

1705±1535 
(344-3370) 

4180±40 
(4140-4220) 

1748±1473 
(495-3371) 

 
Total hydrocarbon in sediment varied between 15.8mmg/g and 130mg/g during dry season. Except in 

station 1 THC levels were generally significantly higher during dry season (ANOVA, p < O.05). There were 
significant spatial variations during dry season, with station 4 being significantly higher than station 2 and station 1 
(Fig.3). THC in surface water was observed to be below detectable limit in all the stations throughout the study. 
 

 
Figure 3:  Spatio-seasonal trend of total hydrocarbon (THC) for dry and wet season across the sampling stations in 

Calabar River, Nigeria 
 

The observed seasonal variation in THC in sediment could be attributed rainfall dilution of concentration 
and poor sedimentation of THC input from land erosion during wet season. Thus concentration decreases with 
increasing rains. During dry season there is a reduction in water level resulting in low discharge of fresh water into 
the estuary. The river is thus more influenced by sea water in the dry season. The observed significant increase in 
the levels of THC towards the sea could be attributed to the persistent and continuous transportation of polluted 
sediment by the river and their deposition in downstream location. Stations 3 and station 4 are dominantly 
depositional areas. Stations 1 & 2 are erosional and regularly dredged to accommodate traffic. The stations are 
located at the eastern part of Calabar which is within the industrial area of the export processing zone, the free trade 
zone and the tanker loading depot of NNPC at Esuk Utan. Large amount of oil waste from non-point and point 
sources from the zone enter the Calabar River at station 1 and may account for the higher wet season values 
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compared to other stations. The THC level in sediment was quite high. Fish can bioaccumulate PAHs directly from 
sediment [13]. This could constitute serious health problems  to the public.  

The general THC monitoring in surface water reveals that the THC levels were very low (below detectable 
limit). The observed THC level is usual for unpolluted waters [18]. The THC level reported for the cross river 
system was 2.3mg/l [23] and 27.3 for Calabar River estuary [15]. Measurements made during this study were lower 
reflecting unpolluted environment. The fact that the THC level was undetectable even in the dry season is an 
indication that fresh hydrocarbon pollution in water may be very low. The anthropogenic input of hydrocarbon at the 
jetties are influenced by maritime activities of cargo vessels, oil tankers, outboard motorized boats, runoff from 
mechanic workshop and packing lots which are transported downstream at ebb tide. The contribution of occasional 
oil spills emanating from oil production activities prevalent in the Niger Delta on the Calabar River is reduced 
seriously at ebb tide since tidal movements assist in the distribution and dispersion of associated pollutant [24]. The 
low THC level may also be attributed to the dredging of the Calabar River by the Federal Government. Dredging 
facilitates the increase discharge of unpolluted water into the estuary such that the incoming sea water is diluted. 
THC levels above 10mg/l depict polluted water [18]. This study therefore shows that the total hydrocarbon 
concentration of the surface water of Calabar River is within the permissible limits of hydrocarbon concentration for 
inland waters as established by the Federal Environmental Protection Agency (FEPA). 

Salinity ranged between 4.02ppt and 5.90ppt during dry season and between 0.37ppt and 4.8ppt during wet 
season. Salinity was significantly higher in the dry season than wet season. There was no significant spatial variation 
during wet season (ANOVA, P> 0.05) there were significant spatial variations characterized by increase towards the 
sea during the dry season (Fig.4). 
 

 
Figure 4:  Spatio-seasonal trend of salinity for dry and wet season across the sampling stations in Calabar River, Nigeria 

 
The range of salinities observed was low and usual for estuaries with high riverine discharge [14]. Similar 

levels have been reported in the cross river [25]. A high salinity regime of up to 10ppt was recorded for the cross 
over system [23]. 8ppt and 7ppt were recorded for Calabar river system by Akpan [20] and [26] respectively. During 
the present study, reduction in salinity was observed (mean value 3.43ppt). The generally lower values compared to 
reports from Calabar River and Cross River is attributed to limitation of sampling only to ebb tide, which excludes 
the influence of sea water intrusion [14]. Asuquo [15], attributed the low salinity values to the dredging of the 
Calabar River. Dredging increases the rate of discharge of fresh water into the estuary such that the incoming sea 
water is diluted by the large volume of inland drainage. The lower wet season value could be attributed to increase 
discharge of fresh water into the estuary and increase precipitation (rain fall). The decline in salinity in the month of 
April and May, May therefore be due to the unset of the rains. These factors also account for the absence of 
significant spatial variation during wet season. During dry season, the rain resides, and discharges from most creeks 
ceases, so that the marine influence and salt water intrusion dominates leading to significant (P<0.05) increase in 
salinity towards the sea [16]. Increase in evaporation also account for the high salinity values during dry season. 
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Dissolved oxygen ranged from 3.2mg/l to 7.1mg/l during dry season and from 1.0mg/l to 4.6mg/l during 
wet season. DO was significantly higher in dry season than wet season (ANOVA P<0.05). Dissolved oxygen 
displayed a significant spatial variation during dry season. There was no significant variation during wet season 
(Figure 5). 

 
Figure 5:  Spatio-seasonal trend of dissolved oxygen (DO) for dry and wet season across the sampling stations in Calabar 

River, Nigeria 
 

The general overview of Dissolved Oxygen monitoring revealed DO levels below 8mg/l (80% saturation) 
that can support most natural life. This situation indicates that the Calabar River is polluted. The range of DO 
observed was similar to those previously reported for the river. Asuquo [15] and Akpan [16] reported DO ranges of 
2.4mg/l-7.0mg/ls and 1.3mg/l -5.7mg/l respectively for the Calabar River, with the highest values occurring during 
the dry season in conformity with the present study. The highest mean concentration was observed in the month of 
February. This corresponds to the peak of biological activities in the river [20]. The high intensity of the sun is used 
for increased photosynthetic activities. Phytoplankton reaches their annual peaks in Calabar River in the month of 
February [27]. At wet season the water is relatively turbid. This reduces light penetration which in turn affects 
productivity in the environment. The observed seasonal variation in DO level could therefore be attributed to 
increase biological activities in the dry season as well as riverine input of oxygen demanding waste during the wet 
season. This observation is also similar to that of Rieds & Woods [28].The DO present in surface water during the 
study was observed to be higher at station 1 and decreases significantly (P<0.05) downstream. The observed spatial 
variation is in conformity with Asuquo [15], and was attributed to utilization of oxygen to oxidize organic debris 
that drains from the mud floods and creeks into the river channels during ebb tide. Debris and domestic waste load 
increases downstream. 

 

 
Figure 6:  Spatio-seasonal trend of water temperature for dry and wet season across the sampling stations in Calabar 

River, Nigeria 
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Figure 7:  Spatio-seasonal trend of total dissolved solids (TDS) for dry and wet season across the sampling stations in 

Calabar River, Nigeria 
 

Temperature varied between 25.5 OC and 31.0OC during wet season. There was no significant spatial 
variation throughout the study (figure 6).  The observed temperature is usual for unpolluted waters [18]. Similar 
temperature ranges have been reported for the Calabar River and other rivers of Southern Nigerian. Water 
temperature ranging between 25 OC - 30 OC and 26.9 OC - 32.5 OC were previously reported for Calabar River [14] 
and [15] respectively.  A range of 27 OC - 32 OC was reported for the great Qua river [29] and 28 OC - 31 OC, 27.7 

OC - 31OC for the cross river system [26] and [19] respectively. The observed seasonal variation could be attributed 
to the climate of the study area which is characterized by hot dry season and cold wet season [19]. The highest mean 
temperature was observed in February. This was due to the high intensity of sun light which characterized the 
period.  The drop in temperature observed in the month of April could be attributed to frequent rain of the early part 
of the wet season.  The rain thinned out toward the end of May and a short drought was observed, consequently, 
temperature increased again. No significant seasonal or spatial variation in surface water temperature was observed.   
Water temperature above 40 OC depicts polluted water [18]. The water temperature of Calabar River is therefore 
within the permissible limit of water temperature for inland waters. 

Total dissolved solid (TDS) ranged from 3090mg/l to 4220mg/l during dry season and from 280mg/l to 
3371 mg/l during the wet season. TDS was significantly higher in dry season than wet season (P< 0.05). There was 
significant spatial variation in dry season. However, there was no significant spatial variation during wet season 
(Figure 7). Variation in TDS characterized by high values during dry season and low values during wet season 
(figure 7) was observed and is usual for tidal waters of southern Nigeria [23]. The highest mean TDS value was 
observed in the month of February (Peak of dry season). This may be due to high temperature observed during the 
period. Solubility increases with increase temperature. During the dry season fresh water discharges into the river is 
reduced. The estuary is more influenced by seawater which contains large amounts of dissolved salts. This is also 
responsible for increase in salinity during the dry season. The observed significant (P< 0.05) increases in TDS value 
downstream could be attributed to salt water intrusion. TDS value above 2000mg/l depicts polluted water [18]. The 
study therefore showed that TDS concentration of the surface water of Calabar River was above the permissible 
limit of TDS for inland waters [18]. 
 
Conclusion 
 

Investigation of the water quality status of Calabar River was carried out to ascertain the influence of oil 
exploration and exploitation in the Niger Delta on the river. The study revealed that the total hydrocarbon 
concentration of surface water was below detectable limit indicating that fresh hydrocarbon pollution in the water 
was very low. All the measured water quality parameters were within the permissible limit established by FEPA for 
inland waters, TDS and DO being the only exception. TDS was found to be above 2000mg/l (the maximum 
permissible limit) for inland waters and DO was below 8mg/l which can support most natural life. All measured 
parameters were significantly higher in dry season than wet season. There were also great fluctuations in water 
quality from one sampling station to the other.  
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