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ABSTRACT 

Detailed study of the physical and chemical quality analyses of water samples were carried out in an attempt to assess the 

potability of water in Forcados terminal area.  29 water samples was analysed  for the water quality and usability as well as the 

effect of Crude Oil Production Operations on the water quality in the study area. The water samples were collected from surface 

water, monitoring wells and potable waters sources, from the results of the analysis we observed that the concentration of iron is 

offensively high for all the water sources Cd, Pb, Mg, Cl and hydrocarbons indicates contamination in the water quality of the 

forcados terminal and its environs while others like Ca, S04, N03, Zn and so on are within the acceptable concentration of WHO 

limits. However, the overall water quality was unacceptable, and cannot be used for Agricultural, Industrial and Domestic 

purposes. The surface water and monitoring wells are most contaminated; this may be related to the crude oil production operation 

and saline water intrusion into the Forcados Terminal and its environs. 

Keywords — Water quality, Niger Delta, Potability, Forcados and Correlation. 

1. INTRODUCTION 

The Forcados Terminal, which is the focus of this study, has 

experienced several oil spills but the oil spillage on July 6, 

1979 remains the worst. In that spill, about 570,000 barrels 

crude oil was released to the environment. But only 20,000 

barrels were recovered, causing great environmental problems 

to human and the entire ecosystem (Ikporukpo1985). 

According to the official estimate of the Nigeria National 

Petroleum Cooperation (NNPC) approximately 2300m3 of oil 

was spilled in 300 separate incidents annually. However, as 

the oil company’s frequently under-estimate the quantity of oil 

spills and a large number of other spills go unreported, the 

total volume of oil involved may be ten times higher than the 

official figure given above. 

As reported by Powell (1994) oil spills had contaminated and 

killed some acres of mangroves swamp. Such adverse crude 

oil pollution effect over the years in the Niger Delta area had 

rendered many jobless and deprived them of their means of 

livelihood such as fishing, farming, timber cutting and canoe 

carving. 

Based on the above background, the need to evaluate and 

assess the pollution effect of crude oil and oil related products 

on the ground and surface water resources of Forcados 

Terminal and its environs form the basis of this present study. 

Aim and Objective: This research work aim to determine the 

quality of potable water in the study area and to determine the 

effect of crude oil pollution on both ground water and surface 

water quality and to recommend and appropriate measure to 

remediate the pollution effect and also combat the future re-

occurrence of the pollution. 

2. LOCATION AND ACCESSIBILITY 

The area covered by the present investigation is the Forcados 

Terminal situated between longitude 5°1’ to 5°3’ and latitude 

2°53’ to 2°54’ eluding the Ogulagha and Odimodi 

community’s area of Delta State of Nigeria. The study area is 

accessible by air (Helicopter and/or Sea plane) and water 

transport (Boat) it is 47km from the city of Warn, some 

villages and farm settlements within the area are 

interconnected by bush footpaths. There are also shuttle 
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bushes and small cars plying the Forcados Terminal, Ogulagha 

and Odimodi communities. 

Topography and Drainage The study area lies 2m above sea 

level (FTIP Draft Final FIA Report, 1994). It has a lot of water 

body to the immediate west. Apart from the four sand heaps 

which are 5m above sea level, the area is generally flat, 

interrupted occasionally by series of galloping depression, 

seasonal swamp and minor Creeks (FTIP Draft Final EIA 

Report, 1994). 

The drainage of the study area consists of the Forcados River, 

a few shallow Creeks, Canal Slots and Swamps. The Forcados 

River drains into the Ocean via the estuary while the Shell and 

Agip dredge slots, the minor Creeks and Canals all empty into 

the Farcados Rivers 

3. MATERIAL AND METHODS 

Hydrochemical sampling operation was focused on the 

following distinct water sources in the study area. 

(a) . Surface water from rivers, swamps, Effluent drain, and 

Borrow pit. 

(b). Monitoring wells (Borehole). 

(c)  Potable water, from tap, and hand dug wells from the 

villages. 

A total of 29 water samples were collected, during the 

sampling operation. The numerical distribution of samples is 

11 surface water samples, 13 monitoring wells samples and 5 

potable water samples. 

3.1  Materials Tefluo Tubing — 26 pieces of 6m each, a 

bucket of 25 litres capacity, 29 amber glass bottle of I litre 

capacity, 29 plastic of 1 litre, each, plastic can (250m1) 58 

glass vial (20m1) 58 with tefluo seals. Foot valve, sealing 

device, mettler toledo for pH and Redox potential Hanna 

instrument for TDS and meter tap. 

3.2 Sampling Techniques. The standing volume of the 

well was pumped and the well was allowed to recharge for 20 

— 25 minutes before water samples are collected All chemical 

analysis were carried out in the Global Environmental 

Consultancy Laboratory in the Forcados Terminal.  

3.3 Laboratory Analysis: Salinity as Chloride, Chemical 

Oxygen Demand (COD) Bicarbonate (HCO3) Ca
2+

 and 

Magnesium determinations were carried out by titrimetric 

methods, while heavy metals were analyzed in the laboratory 

using Atomic Absorption Spectrometry (A.A.S) method. SO4 

NO3 P04 and NH 4N were analyzed using UV 

spectrophotometry method while Benzene Toluene, Ethyl 

benzene and Xylene (BTEX) were analyzed with Gas 

Chromatophy with Headspace sampler. Total Petroleum 

Hydrocarbon (TPH) was analyzed using Fourier Transformed 

Infra-Red spectrometry (FTIR).  

4. RESULTS 

Table 1 shows the summary of physico-chemical analysis of 

water samples from Forcados Terminal and its environs 

covering surface water, monitoring wells and potable water 

sources with the World Health Organization (WHO) limits for 

drinking water quality. The chemical analysis of water 

samples from the various sources are evaluated and discussed 

with respect to their varying concentrations. These results 

indicate that some ions occur in higher concentration than 

others. C1, Mg2
+
 and Fe

2+
 have high concentration while Ca , 

NO3
-
 , Na

+
, SO4

2-
 and K

+
 occur in low concentration for all the 

water sources. The concentration of Mg
2+

 is higher for surface 

water and monitoring wells while it is lower in potable water, 

with mean values of 55.988 mg/i, 30.42 mg/i. and 9.56mg/i 

respectively. 

Also cr ranges from 172 — 2285mg/i, 29 — 3162mg/i and 14 

—101mg/I respectively with mean concentration of 583.1 

8mg/i, 642.154mg/i and 40.2mg/i  in surface water, 

monitoring wells and potable water respectively. Mg
2+

 for 

some of the surface water samples, when compared with the 

WHO standard, it is observed to be above the WHO 

acceptable limits in surface water, while for the monitoring 

wells and potable water, the Mg
2+

 concentration are within the 

acceptable limit of WHO standard. Also the C1 concentration 

for potable water was within the acceptable value of WHO 

standard (Table 1). 

5. DISCUSSION OF RESULTS 

The discussion and interpretation of the results is divided into 

three basic sections, which are surface water, monitoring wells 
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and potable water sources covering major Cations and Anions, 

Heavy metals Hydrocarbon content. 

5.1 Chemical Characteristics of Surface Water  

Calcium and Magnesium: The concentration of Ca
2+ 

varies  

10.42— 80.96mg/l with an average of 36.38mg/l while 

magnesium of 9.24 — 192.49mg/l with a mean of 55.988will, 

from the above concentration is observed that Mg
2+ 

concentration is quite higher than the WHO acceptable 

standard. The possible reason for the high concentration of 

Mg
2+

 and low Ca
2+

 concentration could be as a result of the 

effect of the saline seawater where the Mg
2+

 and C1 is high. 

5.1.1 Bicarbonate and Chloride: The concentration of HCO3 

and Cl
-
 varies from 48 — 1531mg/I and 172 — 2285mg/I with 

average concentration of 273.330mg/l and 583.18mg/l. The 

high concentration of Cl
-
 is due to the saline nature of the 

surface water in the study area. 

5.1.2 Sulphate and Nitrate: The concentration of S04
2-

 and 

N0
-
3 ranges from 2.069 — 153 — 496mg/l with mean 

concentration of 48.3 12mg/I and  NO3 have value of 0.00 3 

— 0.446mg/l with mean concentration of 0.1308mg/l. These 

values fall within the WHO limits. The major cations and 

anions are similar chemical characteristics. From the Scholler 

diagram, the water could be classified as Mg- (Na)-Cl water 

which indicates that the surface water is a saline water, due to 

intrusion of sea water to the surface water body in the study 

area. 

5.2  Chemical Characteristic Of Monitoring Well 

Water Samples  

Calcium and Magnesium: The concentration of Ca
2+

 and Mg
2+

 

varies from 5.61 — 84.94mg/I and 1.46 108.26mg/I with 

mean concentration of 27.86mg/I and 30.42mg/I respectively 

from Table 1. It was observed that the concentration of  Ca
2 

and Mg
2+

when compared with the WHO limits were below the 

maximum acceptable limits for both Ca2 and Mg2 in 

monitoring wells.. 

5.3 Chemical Characteristics of Potable Water 

5.3.1  Calcium and Magnesium: The concentration of Ca
2+

 

and Mg
2+

 ranges from 1283—76.95mg/land 5.35—11.67mg/I 

with ameanConCCflhlUtiG4l of 31.74 and 9.563mg/I 

respectively, when this is compared with the WHO standard it 

can be seen that Ca24 is slightly above the minimum 

permissible level in some cases while Mg2+ value is lower ( 

table 1) 

5.3.2 Potassium and Sodium: The concentration of K
+
 and 

Na
+
 range  from 10.36 — 28.14mg/I and 22.62 — 145.32mg/I 

with an average concentration of 16.648 and 65.193mg/l 

respectively and  within WHO standards. These are however, 

lower than value recorded for surface water and monitoring 

wells. 

5.3.3 Iron: The concentration of Fe
2+

 for potable water is 

given as 0.263 — 7.006mg/I with mean concentration of 

2.428mg/i. Comparing the potable water value with the WHO 

standard it was observed that the potable water used for 

consumption has relatively high Fe content. 

5.3.4 Bicarbonate and Chloride: The concentration of 

151.28 and 40.2mg/I for HCO3 and C1 respectively. From the 

above value it can be observed that HCO3 concentration is 

high compared to the chloride Sulphate and Nitrate: The 

concentration of S04
2-

 and N03 are 4.684 — 50.901 and 3.829 

—3.29 with an average concentration of 27.7925 and 

3.829mg/i respectively S04
2
 and N03 are within the WHO 

permissible limits. The major cations and anions are similarly 

for potable water, the schoeller diagram show that the water 

can be classified as Ca — HCO3 water which implies that it is 

a freshwater which is free from saline water. 

5.4 Heavy Metals Contents of Water Samples  

The mean concentration of heavy metals in the surface water 

follows the order Zn>Ni> Cu> Pb> Cd while in the 

monitoring wells Zn> Cd> Pb> Ni> Cu and in the potable 

water sources it is Zn> Pb> Ni>CiP Cd. 

5.4.1 Zinc: Zinc had mean concentrations of 0.1l mg/l, 

0.256mg/l. and 0.1 32mg/i in surface water, monitoring well 

and potable water respectively. However, the maximum WHO 

permissible limit for Zn is 3.0mg/l hence none of the water 

sources have any excess concentration of Zn in them. 
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5.4.2 Nickel: The mean concentration of Ni, in surface water 

is 0.10mg/l, 0.085mg/l and 0.293mg/l in surface water, 

monitoring wells and potable water respectively. 

5.4.3 Copper: The mean concentration for surface water is 

0.09mg/l and 0.026mg/i for surface water, monitoring wells 

and potable water respectively. However, the maximum WHO 

acceptable concentration of Cu is 1 .5mg/l this shows that Cu 

falls within the acceptable limits (Table 1). 

5.4.4 Cadmium: The concentration of Cd for surface water, 

monitoring wells and potable water are 0.008 — 0.071mg/i, 

0.007 — 0.221mg/l and 0.004 — 0.013mg/i with mean 

concentration of 0.03mg/I, 0.04mg/I and 0.007mg/i 

respectively. This maximum WHO acceptable limits for Cd is 

given as 0.005mg/l. This shows that, the concentration of Cd 

is most in the water samples is higher than the WHO 

acceptable standard (Table 1). 

5.4.5 Lead: The concentration of Pb for surface water, 

monitoring wells and potable water are as follows 0.014 — 

0.121mg/i 0.01 — 0.155mg/I and 0.017 — 0.098mg/i with 

mean concentration of 0.07mg/i, 0.08mg/i and 0.055mg/I. The 

presence of Pb at all in potable water is dangerous to health as 

Pb replaces Ca in bone leading to bone deformation and 

subsequently death both to man and animals. 

5.4.6 Hydrocarbon contents of water samples Total 

Petroleum Hydrocarbon (TPH): The concentration of TPH for 

surface water was 0.41 — 3.684mg/1 with mean value of 

1.34mg/i while monitoring wells it was 0.26 — 39.13mg/i 

with mean value of 9.46mg/I. From the variation plots of TPH, 

it is observed that the concentration of TPH is highest at 

location SW9 which coincides with the water from within the 

terminal where  crude oil is dehydrated and stored and in 

potable water it is equal  low except  for well 1, where a little 

higher than others, this was collected in Ogulagha village. 

TPH level was high in monitoring well 2 located along the 

slot. 

5.4.6 Total benzene toluene, ethylbenzene and xylene: The 

range and mean concentration of the BTEX in surface water, 

monitoring wells and potable e 0.005 — 7.702mg/l, 0.02 — 

0.1031mg/l and 0.009 — 0.032mg!; 0.74mg!, 0.0392mg/I and 

0.196mg/l respectively. It was observed that BTEX is higher 

in surface water while lower values are recorded for 

monitoring wells and potable water similarly BTEX 

concentration is similar to TPH and this can be explained by 

similar reasons deduced for the TPH. Hydrocarbons are not 

suppose to be found in water, from the above test, the 

hydrocarbons are mainly cyclic hydrocarbons, which are very 

stable and do not break up easily and this imply that they are 

possible water pollutants in the study area. 

Industrial uses  

The major industrial activities that take place in the study area 

are mainly crude oil production operation. The water used in 

these industries are produced and treated by Shell Petroleum 

Development Company, which is the major operating 

company in the area. The surface water and monitoring wells 

cannot be use for industrial activities  due its high toxic metal 

contents and even the so called potable water is not potable 

because of the high Fe
2+

 content present.  

Irrigation and livestock uses  

Table 3: shows classification of water suitable for irrigation 

purposes. Irrigation water quality dependents on the total 

soluble salts, relative proportion of sodium ions to cations, the 

type of plant, soil and climate.  The surface water have  high 

salinity hazard with just one sample falling within the medium 

salinity hazard region. Most of the potable water samples have 

low to medium salinity hazard. This is an indication that the 

potable waters source (see appendix for conversion factors for 

SAR hazard region with one sample in the low hazard and 

three samples within the medium salinity hazard region. 

However, all the water types have low sodium adsorption 

ratio. In terms of irrigation use, therefore, the water can be 

classified as having low sodium adsorption ration and medium 

to very high salinity hazard. The water though, thought to 

have low sodium adsorption ratio cannot be said to be good 

for irrigation purpose except for crops with high affinity for 

salt water. 

6. CONCLUSION 

The   result of physical chemical analysis carried out in the 

Forcados terminal and its environs were evaluated in order to 

excess possible effect of crude oil production operation on the 

water quality of the study area, the results shows that the water 
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is contaminated by heavy metals  and hydrocarbons. These 

have made the water unsaved for human consumption and 

detrimental to animals and aquatic lives. This pollution had 

also affected the soil, which had lead to reduction in crop yield 

especially of those with less affinity for salt water region. The 

hydrocarbon tested for are all cyclic hydrocarbon which are 

highly stable and cannot break up easily, so remain in the 

water and in the environment. Apart from the hydrocarbons, it 

was also observed that the trace elements are more in the 

surface water and the monitoring wells while the potable water 

have high concentration of iron, which means that the potable 

water itself is not fit for human consumption. 

 

RECOMMENDATION It is recommended that the act of 

disposal of crude oil and related products into the immediate 

environment should be discontinued  

 Water should be treated before disposal into streams and 

creeks. 

 Old and rusty pipes should be changed from time to time 

to avoid crude oil spillage.  

 Corroded or rusted steals should be remove form the 

area to avoid local concentration of iron in the potable 

water  

 The people of the Niger Delta should be given serious 

attention by the federal government and the oil 

companies, with the aim of protecting the environment 

and production of basic amenities for their wellbeing.  
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Table 1: Summary Results of Water Samples from Various Sources 

 

PARAMETERS 

SURFACE WATER  MONITORING 

WELLS 

POTABLE WATER  WHO 

STANDARD  

RANGE MEAN RANGE MEAN RANGE MEAN MW MAX 

Temp (°C) 33.3 - 27.8 28.6363 26.7 - 29.1 27.684 24.2 - 29.7 26.98   

EC(jiS) 431-17440 3930.8 1.522-

4180 

1262.12 141—903 376.8   

PH 6.69- 8.56 7.44) 6.1 - 7.92 7.082 7.2 - 8.6 7.744  8.5 

TDS (mgI!) 301.7 — 

8720 

2375.94 52.08 — 

3344 

859.37 84.6 — 

632.1 

249.5 6.5 1500 

Eh -60 — 27 -10.3636 -37 — 48 9 -27 — 6 -26.4 1000 1400 

COD (mg/i) 36.32—

6356 

976.746 18.16 —

3178 

146.104 27.24— 

27.24 

27.24   

Ca (mg/i) 10.42 — 

80.96 

36.38 5.61 - 

84.97 

27.86 12.83— 

76.95 

31.74 75.0 200 

Mg (mg/I) 9.24 - 

192.49 

55.988 1.46— 

108.26 

30.42 5.35 - 11.67 9.563 50 150 

Na (mg/i) 55.78- 

45.32 

83.244 20.36 - 

189.7 

92.95 22.62— 

145.32 

65.193  200 

K (mg/i) 10.89 — 

28.14 

17.08 4.06 — 

74.34 

17.22 10.36— 

28.14 

16.648   

Fe (mg/I) 0.449-. 

20.106 

7.01 7.471 -

57.469 

31.85 0.263— 

7.006 

2.428 0.3 1.3 

11C03( mg/I) 48— 1531 237.336 30.5 — 

6649 

1013.54 915 —219.6 151.28   

Cl (mg/i) 172—2285 583.18 29 — 

3162 

642.154 14 — 101 40.2 100 250 

S04 (mg/I) 2.069 - 

153.496 

48.3 12 3.396— 

199.64 

60.05 4.684 - 

50.901 

27.793 200 400 

 

Table 2: Correlation of Selected Parameters for Monitoring Wells Water Samples 

Parameters  PH EC 

(µs) 

TDS Eh COD Sal  Ca  Mg HC03 S04  N03 NH4 P04 Na K TPH 

pH                 

EC (µs) 0.41 

 

               

TDS -

0.55 

 

0.99               

EH -

0.96 

0.66 0.70              

COD NA NA NA NA             

SAL  -

0.09 

0.91 0.88 0.30 NA            

CA -

0.13 

0.92 0.87 0.35 NA 0.99           

MG -

0.99 

0.99 0.99 0.99 NA -

1.00 

-

1.00 

         

HC03 -

0.73 

0.92 0.92 0.87 NA 0.71 0.76 0.99         

S04 NA NA NA NA NA NA NA NA NA        

N03 NA NA NA NA NA NA NA NA NA NA       

NH4 NA NA NA NA NA NA NA NA NA NA NA      

P04 NA NA NA NA NA NA NA NA NA NA NA NA     

NA -

0.31 

0.97 0.96 0.49 NA 0.96 0.94 -

0.97 

0.81 NA NA NA NA    

K 0.66 0.98 0.99 0.80 NA 0.81 0.82 0.99 0.96 NA NA NA NA 0.91   

TPH NA NA NA NA NA NA NA NA NA NA NA NA NA NA   

BTEX  -

0.74 

0.77 0.83 0.84 NA 0.53 0.49 0.78 0.81 NA NA NA NA 0.72 0.84 NA 
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Table 3: Modified UNILCOX Quality Classification Of Irrigation Waters (Todd 1980) 

Water class  Na(%) E C (µm ohm/cm) Salinity  

Excellent  20 250 Low  

Good 20-40 250-750 Medium  

Permissible  40-60 750-2000 High  

Doubtful  60-80 2000-3000 Very high  

 


