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This study examines concentration of pollutants that can contaminate soil, surface water and 
groundwater in the Bongor Basin. The analysis of thirty soil samples from six oil sites: Koudalwa, 
Ronier, Ndoubadana, Narenang, Croisement Baobab and Croisement Ridina was carried out using 
standard laboratory testing methods of chemical elements and pollutants. Results reveal that Nickel has 
a maximum concentration above the acceptable threshold of INERIS standard of France (2-60 mg/kg). 
Copper present concentrations above the Cameroonian standard of SONARA site (10 - 30 mg/kg), 
Cadmium has a content above the INERIS standard of France (0.2-0.7 mg/Kg) and Cameroonian 
standard of SONARA site (1 - 2 mg/kg). Phenol was present in all samples with very high concentration 
values compared to Canadian class A and B standards (0.1-1 mg/kg) and Cameroonian standard of 
SONARA site (0.2-1 mg/kg).   
 
Keywords: Oil installations, pollutants, groundwater resources, basin, Bongor. 

 
 
INTRODUCTION 
 
Soil and water contamination by hydrocarbons is of 
concern because of the toxic nature of hydrocarbons for 
all forms of life. Hydrocarbons, metals and other chemical 
compound associated with oil development and facilities 
detected in soil and environment come from water 
produced during hydrocarbon production. This water 
consists of reservoir water brought to the surface with 
hydrocarbons, as well as condensation and reinjection 
water for pressure maintenance and production 
optimization (UNEP, 1997). Thus, all chemical elements 
associated with  hydrocarbons and  those  contributing  to 

its exploitation might be dispersed on the ground, and 
dissolved in water or float freely on the surface of the 
water. These chemical elements are real problems for the 
environment (Aniefiok et al., 2016). In the history of 
hydrocarbon development, several cases of oil and 
chemical spills have been recorded (Jacqueline and 
Emilio, 2017). Increased land pressure, urbanization, the 
development of oil and industrial facilities, and the 
dramatic deterioration of the environment associated with 
various spills are often source of conflict between 
residents, operating companies and existing governments 
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(Bruno and Pascale, 2000). In Chad, companies recorded 
several cases of oil and chemical spills in oil fields 
(Anonymous 1, 2018). Other research also raised concern 
about oil spill problems in the Doba Basin (ECMG, 2009). 
Concerning Bongor Basin, according to the Initiative for 
Transparency in Extractive Industries in Chad (ITIE, 
2014), environmental disputes have been an arm 
wrestling between the government and oil companies. 
These disputes are due to flagrant violation of 
environmental standards by intentional spills of crude oil 
into open pits and trenches in the Koudalwa Region 
(Croset, 2015).  Despite various notifications, these bad 
practices influencing the environment of these localities 
have not stopped. Buried crude oil spilled during 
exploitation in pits and on the ground might likely result in 
soil, surface water and groundwater contamination. In 
view of reports on oil spills, chemicals, and all oil 
practices, the receptacle for all kinds of waste generated 
by oil activities in this environment is the soil. It plays a 
decisive role in the flow or dispersion of these harmful 
substances and is the main point of dispersal of 
environmental pollutants (Wilcke, 2000). In order to know 
the state of the environment in Bongor Basin, this 
research carried out focuses on the determination of 
concentration of pollutants that could contaminate soil, 
surface water and groundwater. Samples were taken 
from six oil sites in Bongor Basin. 

 
 
MATERIALS AND METHODS 

 
Area of study  

 
Bongor Basin is located southeast of N'Djamena (Chad), between 
15.15 and 17.50° East longitude and between 9 and 11.25° North 
latitude with surface area of about 105767 km2. It is located 180 km 
from the starting point of Komé pipeline. It is located in a transition 
zone between the humid tropical climate and the dry tropical 
Sahelian climate, marked by an alternation between wet and dry 
seasons. Rains begin with some precipitation in April and last until 
October with maximums precipitation in July, August and September 
(PANA, 2009; Atlas TCHAD, 2013; Anonymous 3, 2017). The 
average lowest temperature is in January (24.6 degrees), the 
average and maximum temperature is 40 and 47 degrees, 
respectively. We observe peak temperature in April. The minimum 
temperature ranges from 10 to 20 degrees in December (ATLAS 
TCHAD, 2013; Anonymous 3, 2017).  

This zone is highly dependent on physical and chemical 
phenomena, linked to changes in temperatures and the amount of 
rain that can trigger altered and mineralized reactions (Anonymous 
2, 2017). Soils that predominate in this area are tropical ferruginous 
soils formed on silica sands or clay sands (Anonymous 2 and 3, 
2017). They are associated in some parts with halomorphic soils 
and in other places with hydromorphic soils. Vertisols or 
hydromorphic soils have poor internal drainage. They are flooded 
during the rainy season for several months (Nadjiam, 2013; 
Anonymous 3, 2017). Bongor Basin Oil Fields are located north of 
the Chari River and south of the Logone River. These two rivers are 
the main permanent rivers in CHAD. Chari River which is near the 
study area has an average annual flow rate of 1230 m3/s, the 
maximum netflow rate measured to be 5160 m3/s, and the  average   

 
 
 
 
annual runoff is about 38.8 billion m3 (Anonymous 2 and 3, 2017).  
This river has its origin from Central African Republic, fed by 
Baminguiand then Bangoro streams.  Its main tributaries are Barh 
Aouk, Barh Keita and Barh Salamat on the right bank; Bahr Sara 
and Ba Illi on the left bank (PANA, 2009; ATLAS TCHAD, 2013; 
Anonymous 3, 2017). 

The vegetation of the site is a Sudanese Savanna tree supported 
by sandy-textured soils. Forest formations are more or less dense 
to combretaceous (Anonymous 3, 2017). There are also clear 
forests, shrub savanna, fallows, grasslands and gallery forests 
along temporary streams (PANA, 2009; ATLAS TCHAD, 2013; 
Anonymous 3, 2017). The geology of Chad dominated by the Lake 
Chad Basin is a sedimentary basin forming in Mesozoic times and 
filled, in depth, with tertiary-age sandstone and clay sands from the 
continental terminal; superimposed by the Pliocene-quaternary 
sandy age/clay deltaic sediments and lacustrine sediments.  
Bongor Basin is within the lower end of base Oligo-Miocene at 
Neogene located in large parts of southern Chad. It consists of 
alternating layers of sandstone, clay sand and clay generally at 
depths of 400 to 700 m, below the quaternary-Pliocene formation 
shown on the geological map in Figure 1 (Ngatcha et al., 2008; 
UNICEF, 2010). Aquifers in this area include three main aquifers: 
an upper, unconsolidated Quaternary/Pliocene aquifer of lacustrine 
and deltaic deposits (the Chad Formation); a Tertiary sequence 
underlying this (the Continental Terminal formation) (GWP, 2013).  

 
 
Sampling method 
 
The approach used for sampling is the hypothetical approach, with 
a control sample that amounts to a subjective selection of sampling 
points based on on-site visual recognition. The type of sampling is 
punctual and redesigned (ISO, PART 2, 1993). The collection 
points are under oil wells, manifolds, pipelines (Plates 1 to 3), on a 
space of 30 × 30 m2 of oil facilities. To ensure good 
representativeness of samples, fields and or sites are crossed in 
zig-zag by taking random sub-samples throughout the field area. 
Each sub-sample consisted of 200g obtained from a 25 cm high 
stainless steel cylindrical tube core and 50 mm in diameter (ISO, 
PART 1, 1993). A sample consists of several sub-samples from a 
collection site and put together. At each locality site, five (05) 
samples were collected, including a control sample, and 4 samples 
from the targeted areas or parts of the fields with quite different 
ground-looking colour. Each sub-sample was stored in a resistant 
polyethylene bag. The set of sub-samples by site or oil fields put 
together in a larger plastic bag, placed in a wooden case, and 
transported to Water and Environment (LABEN) Laboratory at the 
Faculty of Exact and Applied Sciences at University of N'Djamena 
in Chad. 30 samples were collected from 72 points visited and 
identified; 5 samples per oil field or site (Figure 3) are taken from six 
localities in Bongor Basin (Figure 2): Koudalwa, Ranger, 
Ndoubadana, Narenang, Croisement Baobab and Croisement 
Ridina.  
 
 
Soil samples processing  

 
Soil samples taken from the target points in oil sites were air-dried 
at room temperature. A follow-up mixture of sub-sample quartage 
was made, and then a quantity was crushed using a porcelain 
mortar and pestle; it was sieved using a 100-mesh sieve. 250 g of 
the soil sieved was stored in suitable polyethylene plastic and 
numbered according to codes defining their origin. 10 g of 
previously treated soil sample was diluted in 100 ml distilled water 
volume, and filtered by the WAH filtration device (2008-2012). 
Filtrates obtained from samples are stored for laboratory analysis 
(Plates 1 to 3). 
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Figure 1. Geology of Bongor basin. 
Source: developed from USGS map by Persits et al. (2002). 

 
 
 

 
 

Plate 1. Oil spill at Croisement Ridina. (b)Well-near sampling points, (a), (c) and (d) drain 
points. 
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Plate 2. (a) Sampling points close to pipelines, (b) crude oil gathering stations and processing 
centre facilities in Koudalwa. 

 
 
 

 
 

Plate 3. (a) Sample points close to manifolds, (b) newly drilled wells, (c) and (d) abandoned 
wells at Croisement Ridina. 

 
 
 
Chemical analysis methods  
 
Chemical  parameters   determination   methods   are  presented  in  
 
 

Table 1.Concentrations values obtained in mg/L are then converted  
in mg/Kg of dry matter, according to these formulas:  

 
 

 
 

 

 [Metal or chemical element  mg/Kg =
metal  concentration  (mg /L) x sample  volume  (mL )] 

[sample  weight  (kg ) x 1000]
 

[Metal or chemical element  mg/Kg ] =
[metal concentration  mg/L x final volume (mL)] 

[initial sample weight (g)]
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Figure 2. Bongor Oil Basin localization and the six oil sites localities of the study area. 

 
 
 

 
 

Figure 3. Soil sampling sites in Bongor basin oil fields. 
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Table 1. Pollutants sought, methods and devices used. 
 

Chemical 
parameter 

Methods et devices used References 

pH pH-meter EcoScan Ion 5/6 and Cyberscan PH110 WAH (2008-2012) 

Heavy metals and metal trace elements  

Chrome (Cr) WAH Method 8024 (2008-2012). Spectrophotometer UV DR/2400. 

WAH (2008-2012) 

Zinc (Zn) 8009 method (USEPA Zincon Method Spectrophotometer UV DR/2400. 

Nikel (Ni) 
WATANABE's adapted 1-(2-Pyridylazo) -2Naphtol (PAN) method, TALANTA, 
21,295 (1974). Spectrophotometer UV DR/2400.   

Copper (Cu)  
ISH and KOH method, BUNSEKI KAGAKU, 28,473. Spectrophotometer UV 
DR/2400. 

Cadmium 
UV/VIS-1700PC spectrophotometer (SHIMADZU). The method used is the 
spectrophotometric determination of toxic elements (cadmium). 

Other chemical elements  

Sulphur 
Methylene blue method (USEPA 376.2 and Method 4500-S2-D for 
wastewater). UV DR/2400 Spectrophotometer (0-0.70 mg/l S) adapted from 
Standard Methods for the Examination of Water and Wastewater  WAH(2008-2012). 

Total nitrogen 
UV Spectrophotometer DR/2400 by persulfate digestion with the 10071Test N 
Tube method 

Toxic chemical elements  

Mercury 
10065 method or Cold Vapor Mercury Concentration Method. UVDR/2400 
Spectrophotometer 

WAH (2008-2012) 

Phenol 
Accepted 8047 method used by USEPA, 4-Aminoantipyrine Method 
(distillation required), the procedure is equivalent to USEPA's 420.1 method 
for wastewater. The UV DR/2400 Spectrophotometer 

Total 
hydrocarbon 

Gas phase chromatography coupled with a flame ionization detector 
(CPG/FID) Emerson's 700XA gas phase chromatograph is used. 

NF EN ISO 9377-2 (Ranking 
Index: T 90-150), NF EN 
14039 and (X 30-405 ranking 
index) and MA. 400 - 
C10C50 1.0. 400 - C10C50 
1.0.  

 
 
 
The results obtained, are analyzed based on control samples by 
site and standards; it is also in comparison with the maximum, 
average and minimum values. The pH scale (Figure 4), which gives 
acidic solutions with a pH of less than  7 and basic or alkaline 
solutions with a pH greater than 7 (Nutrient Manager, 1996), has 
been used to measure the acidity and alkalinity of the soil solution. 
Soil pH is influenced by acidic and basic soil cations (Brady and 
Weil 1999). 

 
 
RESULTS AND DISCUSSION  
 
Hydrogen potential 
 
The pH measurements of samples from the different 
localities of Bongor Basin range from 4 to 9 with an 
average of 7.39. The average and maximum pH values 
are within the pH range of alkaline soil, and the minimum 
value of 4.8 is in the range of acid soil content (Figure 4). 
Values of pH close to 8 and above, within the alkaline soil 
range (Figure 4), are obtained from Koudalwa locality 
(BBS01 and BBS03), Ronier (BBS06 and BBS08),  
Ndoubadana  (BBS11),  Narenang  (BBS17), Croisement 

Baobab (BBS22 and BBS23) and Croisement Ridina 
(BBS26 and BBS30). While the samples with pH values 
within acid pH interval are from Croisement Ridina 
locality (BBS27).   
 
 

Concentration of heavy metals in soils samples from 
oil field sites 
 
Chromium 
 
The concentration of soil samples from various oil sites or 
near oil facilities ranges from 0.2 to 9.5 mg/kg with an 
average of 4.07 mg/kg, a standard deviation of 2.32 and 
a coefficient of variation of 0.57. These concentrations 
are within the range of standard values. Sample BBS08 
from Ronier locality has low concentration (0.2mg/kg) of 
chromium (Figure 5). This concentration is as low as that 
of control sample BBCS10 from the same locality, which 
has a value of 1.5 mg/kg. The high chromium 
concentration value (9.5 mg/kg) is from sample BBS26 of 
Croisement  Ridina  locality.  This   concentration  is  very  
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Figure 4.pHscale (Nutrient Manager, 1996. Focus on pH and lime). 
 
 
 

 
 

Figure 5. Concentration of Chromium in the soil of oil fields and facilities. BBCS – Bongor Basin Soil sample from oil 
site or fields, BBCS- Bongor Basin Control Soil sample. 

 

 
 

high compared to the control sample BBCS30 (3.50 
mg/kg) of the same locality (Figure 5). 
 
 
Nickel 
 
Concentration level of Nikel in soil samples  from  various  

oil sites or installations ranges from 0.5 to 102 mg/kg, 
with an average of 25.67 mg/kg, a standard deviation of 
24.57 mg/kg and a coefficient of variation of 0.96, 
pointing out high  levels of  Nikel concentration in these 
oil sites or localities. Some Nikel content values are not 
within the range of INERIS standard of France (2 -60 
mg/kg)  and  Cameroonian  standards  of  SONARA  site,  
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Figure 6. Nickel concentrations in the soil of oil fields and facilities. BBS – Bongor Basin Soil sample from oil site or 
fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 
background content (≤15 mg/kg) and low contamination 
(15-30 mg/Kg). Concentrations of samples BBS07 and 
BBCS10 of Ronier locality, sample BBS13 in Ndoubadana 
locality and sample BBS17 in Narenang locality (Figure 
6) have Nikel content values below INERIS standards of 
France. On the other hand, samples BBS06 from the 
locality of Ronier, BBS22 and BBS23 from Croisement 
Baobab locality have values above this standard. 
Compared to low contamination of Cameroonian 
standards of SONARA sites, sample BBS03 from 
Koudalwa locality, sample BBS06 from Ronier, sample 
BBS16 from Narenang, samples BBS22 and BBS23 from 
Croisement Baobab locality and samples BBS26 and 
BBS29 from Croisement Ridina have higher values 
(Figure 6).  
 
 
Copper 
 
Copper concentration in the study area ranges from 12.5 
to 52 mg/Kg, with an average of 30.91 mg/Kg. The 
coefficient of variation is 0.34 with the high standard 
deviation of 10.59 mg/Kg, indicating high presence of 
copper in these different localities (Figure 7).  Copper 
concentrations of all samples are within the range of 
Canadian standards (40-500mg/kg) and INERIS 
standards of France (2-60 mg/Kg). Concentrations of 
copper within the range of low contamination of 
Cameroonian standards of SONARA site (10- 30 mg/kg) 
are observed from samples BBS06,  BBS07  and  BBS08 

of Ronier locality, sample BBS13 of Ndoubadana, 
samples BBS17 and BBS18 of Narenang, samples 
BBS21, BBS23 and BBS24 of Croisement Baobab 
locality (Figure7). However, it is observed from samples 
BBS01, BBS02, BBS03, BBS04 and BBS05 of Koudalwa 
locality, samples BBS11, BBS12 and BBS14 of 
Ndoubadana locality, sample BBS16 of Narenang, 
samples BBS26, BBS28 and BBS29 of Croisement 
Ridina, high values compared to low contamination level 
of Cameroonian standards of SONARA sites (10 - 30 
mg/kg). The control sample BBS30 is the only one of low 
concentration compared to samples from the same 
locality (Figure 7). 
 
 
Zinc 
 
Zinc concentration of all soil samples analyzed ranges 
from 0.5 to 42.7mg/kg with an average of 15.63mg/kg 
and a coefficient of variation of 0.77. All samples have 
concentrations which are within the interval of 
Cameroonian standards (of the low contamination) of 
SONARA site (15-50mg/kg); they are low and within the 
range of Canadian standards (110, 500 and 1000 mg/Kg) 
and INERIS of France (40 - 180 mg/kg). This wide gap 
and values of zinc concentration with extremely low 
values compared to Canadian standards might be from 
the nature of the soil environment and climate conditions. 
Results have shown that all values of zinc concentration 
in Koudalwa  locality  are  lower  than  that  of  the control 
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Figure 7.Copper concentration in the soil of oil fields and facilities. 
BBS – Bongor Basin Soil sample from oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 

 
 
Figure 8. Zinc concentration in the soil of oil fields and facilities. 
BBS – Bongor Basin Soil sample from oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 
sample BBCS05 of the same locality (Figure 8). In Ronier 
locality, zinc content of the control sample BBCS10 is 
lower than that of BBS06, BBS07 and BBS09 and higher 
than  that  of  BBS08.  For  samples  from  the  locality  of 

Ndoubadana, zinc content of the control sample BBCS15 
is below that of sample BBS11 and higher than that of 
samples BBS12, BBS13 and BBS14. Concerning the 
locality  of  Narenang,   zinc   concentrations  of  samples  
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Figure 9. Cadmium concentration in the soil of oil field and facility sites. 
BBS – Bongor Basin Soil sample from oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 
BBS16, BBS18 and BBS19 are higher than that of 
sample BBS17 and lower than the zinc content of control 
sample BBCS20. The zinc content of all samples at 
Croisement Baobab and Croisement Ridina are lower 
than that of control samples in these localities (BBS25 
and BBS30 respectively) (Figure 8).  
 
  
Cadmium 
 
Cadmium detected from soil samples gives 
concentrations values that vary from 0 to 3.3mg/Kg with 
an average of 0.535mg/Kg and a coefficient of variation 
of 1.77, indicating strong presence of cadmium in soil of 
these environments. The high concentration values 
observed from samples BBS01, BBS02 of Koudalwa 
locality, BBS13 from the locality of Ndoubadana and 
BBS26 in Croisement Ridina, exceed the acceptable 
thresholds values of INERIS standards of France (0.2 - 
0.7 mg/kg) and the low level of contamination of 
Cameroonian standards of SONARA site (1-2mg/kg) 
(Figure 9). These values of concentration are in the 
average contamination range of Cameroonian standards 
of SONARA site (>2 -≤5 mg/Kg). 
 

 
Other chemical elements 
 
The determination of the concentration of other elements 
such as Sulphur and Total Nitrogen samples has no 
significant results: 

Sulphur  
 
Sulphur content value of all samples in Bongor basin 
varies from 0.9 to 7mg/Kg; the average value is 
4.26mg/Kg with a coefficient of variation of 0.42; that is 
an indicator of sulphur detection in soil of these localities. 
All of these values are very low and below the acceptable 
thresholds of the Canadian (400-2000mg/kg) and 
Cameroonian (60-120 mg/kg) (Figure 10) standards. 
Comparing the control samples to other samples from 
each locality, control sample BBCS05 in Koudalwa 
locality has higher sulphur content than all samples in 
that locality. In Ronier locality, the control sample has 
higher sulphur concentration than BBS07 in that locality. 
The control sample BBCS 15 has higher sulphur content 
than BBS11, BBS12 and BBS13 from Ndoubadana. The 
sulphur concentration of the control sample BBCS20 from 
Narenang is slightly above that of BBS17 and BBS19 of 
the same locality (Figure10).  From the field observations, 
oil facilities have high standing ground to avoid stagnant 
water near theses installations therefore; drained oil spill 
and leakages by rain might lead to accumulation of oil 
content far from installations, where control samples are 
taken and making some of them to have high sulphur 
content. 
 
 
Total nitrogen 

 
Total nitrogen concentrations range from 0 to 56 mg/kg, 
the  average  value  is  10.85mg/Kg,  with  a coefficient of  
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Figure 10. Concentration of sulphur in the soil of oil fields and facilities. BBS – Bongor Basin Soil sample from oil 
site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 

 
 

Figure 11.Total Nitrogen Concentration in the soil of oilfield and facility sites. BBS – Bongor Basin Soil sample from 
oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 
1.42. This indicates remarkable presence of nitrogen in 
the soil of these localities.  All concentrations are below 
and within the Cameroonian standards of SONARA site 
(40-100 mg/kg).  Control samples from the localities of 
Koudalwa (BBCS5), Ndoubadana (BBCS15) and 
Narenang (BBCS20) have higher nitrogen levels than 
other samples from these environments respectively. 
This low nitrogen value is as a result of oil  content  found 

in oil sites of Bongor basin with weight percentage of 0.26 
W% (Anonymous 4, 2007). In addition, infiltration of 
nitrogen makes its content in soil relatively low in these 
areas.  The control sample from the locality of Ronier has 
higher nitrogen content than that of BBS06 and BBS09 
(Figure 11) sample. The control sample from Croisement 
Baobab is higher than that of BBS22. At Croisement 
Ridina,  the  control  sample  is  slightly higher and higher  
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Figure 12. Mercury concentration in the soil of field sites and oil facility. BBS – Bongor Basin Soil sample 
from oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 

than that of BBS26 and BBS29 respectively (Figure 11). 
 
 
Toxic chemical elements 
 
Mercury  
 
The value of concentration ranges from 0.01 to 0.09 
mg/Kg with the average value of 0.024 mg/Kg with the 
coefficient of variation of 0.79 which is underlining the 
presence of mercury in all soil samples from the different 
localities of Bongor oil zone. Individual mercury 
concentrations of samples are low and are within the 
concentration range value of the acceptable threshold of 
the INERIS standards of France (0.02-0.10 mg/Kg) and 
below the Canadian standard (0.2 - 10 mg/Kg) and 
Cameroonian standards of the SONARA site (0.5 - 2 
mg/Kg). 

The control sample from Koudalwa locality has the 
same concentration value as that of sample BBS02. At 
Ronier, mercury concentration of the control sample has 
similar value to that of samples BBS08 and BBS09 
(Figure 12). Mercury content of the control sample from 
Ndoubadana locality is higher compared to that of 
samples BBS11 and BBS12. In Narenang locality the 
control sample has the same concentration value as that 
of samples BBS18 and BBS19. In Croisement Baobab 
locality, the control sample has higher mercury content 
than that of other samples from the same locality. At 
Croisement Ridina control sample has the same 
concentration value as that of the BBS26 and BBS28 
(Figure 12) samples.  
 
 
Phenol 
 
Analysis of soil samples for  the determination  of  phenol  

concentration gives values that vary from 6.5 to 79mg/kg 
with an average of 26.23mg/kg and a coefficient of 
variation of 0.62, indicating strong presence of phenol in 
soil of these different localities. All samples have very 
high sample concentration values in comparison to 
Canadian Class A and B (0.1 - 1mg/kg) and Cameroonian 
SONARA site standards (0.2 -1mg/kg); however they are 
below the INERIS standard threshold (500mg/kg). 
Considering Canadian standards Class C (10mg/kg), one 
could observe low levels of concentration from samples 
BBS07and BBCS10 of Ronier locality and BBS17 of 
Narenang.  

The control sample from the locality of Koudalwa is 
greater than the concentration of all samples from the 
same locality. One can also observe higher content of 
phenol in the control sample of Ronier locality than that of 
sample BBS07 (Figure 13). It is equally shown that 
control sample from the locality of Ndoubadana is higher 
than that of BBS13 sample. The control sample from 
Narenang and Croisement Ridina has higher phenol 
concentration than that of samples BBS17 and BBS27. 
We have higher phenol content of control sample from 
Croisement Baobab locality than that of samples BBS21 
and BBS24 (Figure 13). This higher content of phenol in 
control samples is because of climatic conditions as 
mentioned earlier. 
 
 
Total hydrocarbons 
 
The concentration of total hydrocarbon of samples from 
different localities ranges from 2.4 to 22.6mg/kg, with an 
average value of 8.75mg/kg and a coefficient of variation 
of 0.51 expressing the presence of hydrocarbons in soil 
of these localities. We have low concentration values and 
are far below Canadian standards (300, 700 and 3500 
mg/kg),  INERIS   standard   of  France  (500 mg/kg)  and  
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Figure 13.Concentration of Phenol in the soil of field sites and oil facility. 
BBS – Bongor Basin Soil sample from oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 
Cameroonians standard of SONARA site (500 - 1000 
mg/kg).It is observed that concentration of control sample 
in Koudalwa locality has the same value with sample 
BBS01 and higher than that of samples BBS02 and 
BBS4. In Ndoubadana and Narenang localities, control 
samples have higher total hydrocarbon content than that 
of samples BBS13 and BBS17, respectively. This 
phenomenon is in relation to the morphology of the zone 
(humidity of the soil) which appears to have an important 
role in the absorption of contaminants (oil product) by the 
sediments along water drainage (from rainfall), to 
different parts of the fields. It is also observed that, 
control sample of Croisement Baobab locality has the 
same concentration value with sample BBS21 (Figure 
14). 
 
 
DISCUSSION 
 
Analysis of soil samples from Bongor oil sites for the 
determination of pollutants revealed the nature of 
contaminants that could disperse into surface water by 
runoff, alteration, erosion and then seep into groundwater.  

The determination of the Nickel content gives high 
values of concentrations above the Cameroonian 
standard of SONARA site. High concentrations are 
observed from samples BBS03 (38.5 mg/Kg) of 
Koudalwa locality, BBS06 (102 mg/Kg) of Ronier locality, 
BBS16 (54 mg/Kg) of Narenang, BBS26 (50 mg/Kg) and 
BBS29 (39.5 mg/Kg) of Croisement Ridina locality. This 
soil contaminant comes from the nature of  hydrocarbons, 

found in Bongor basin, which has 10g/g mass of 
constituents (Anonymous 4, 2007). These results 
obtained from Bongor Basin correspond with the one 
found in Bayelsa State, Nigeria, where the average nickel 
concentration (205 mg/kg) is above the permitted level 
(Okoro et al., 2020). Nickel is a metal heavily absorbed 
by soils but relatively mobile especially on acidic soils 
(Baize, 2000), so it is poorly accumulated by living 
organisms and seeps into groundwater (Bubb And 
Lester, 1996; Efsun and OlcayHüseyin 2015).  

 Considering  Copper content of the soil samples from 
different localities, 16 out of 30 samples have high copper 
content which are above Cameroonian standards of 
SONARA site. These results are in line with the work 
carried out on sediments at Saint-François and 
Massawippi rivers banks in south-central of Quebec, 
which revealed higher levels of contamination with high 
concentrations of unusual copper according to the 
MDDEP (2004). High concentrations of copper observed 
in Absheron oil fields are above the accepted permitted 
levels of Azerbaijan Republic (Khalilova, 2015). These 
high concentrations of Cu could be in particular due to its 
use as corrosion inhibitors (Economides et al., 1989) and 
in electrical and electronic equipment (electromagnets, 
relays, distribution bars, switches, circuit boards), 
cathode-ray tubes, lightning rods or electronic gadgets 
abandoned at oil sites; which is also the case in Bongor 
basin oil sites. Similar results are presented with 
extremely high concentrations of copper at electronic 
waste sites in China (Zhang et al., 2012).  

According to  Frischer  (2013),  copper  in  the  soil  has  
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Figure 14.Concentration of Hydrocarbons in the soil of field sites and oil installation. 
BBS – Bongor Basin Soil sample from oil site or fields, BBCS- Bongor Basin Control Soil sample. 

 
 
 
significant adsorption on iron oxides, manganese, clay 
and organic matter with low mobility. These insoluble 
significant adsorption on iron oxides, manganese, clay 
and organic matter with low mobility. These insoluble 
compounds are present in the form of immobile 
precipitates in soils; they are also likely to change in 
nature, depending on physicochemical conditions and the 
presence of suspended particles. According to Maleckiet 
al. (1982), copper toxicity depends on their speciation, 
and copper is more bioavailable in soils that are low in 
organic matter (Streit 1984; Donkin and Dusenbery, 
1993). 

In the case of cadmium content of the samples, 8 out of 
30 samples have concentrations above the acceptable 
threshold of INERIS standards of France and 4 out of 30 
samples above the Cameroonian standard of SONARA 
site. The results from the analyses showed concentrations 
as high as of those carried out on industrial and 
anthropogenic discharge deposits in the two ports city of 
Sfax and Gabès (Chouba and Mzoughi-aguir, 2006) with 
respectively 10.42 mg/kg and 26.34 mg/kg. In the study 
area, this high concentration is from the nature of 
hydrocarbons found in Bongor Basin, which have 4.9 
µg/g concentration of cadmium (Anonymous 4, 2007). 
The high content of Cadmum found might be from its 
mobility and its ability to accumulate in the upper 
horizons of the soil rich in organic matter (Onweremadu 
and Duruigbo, 2007). It could also come from alloys used 
for electrical conductors, fuses, coatings as anti-corrosion 
properties, which is unalterable in the air. 

Analysis of samples from oil sites in the various 
localities of Bongor basin indicates high phenol 
concentrations that range from 6.5 to 79 mg/Kg. These 
sample concentration values  are very  high  compared to 

Canadian standard Class A and B (0.1 -1mg/kg) and 
Cameroonian standards of SONARA site (0.2 – 1mg/kg), 
signifying high phenol soil contamination of these 
different localities in Bongor basin.  Similar on-site 
studies of abandoned refinery in China have shown high 
concentrations of phenol compounds ranging from 0.01 
to 232.96 mg/kg (Pei et al., 2012). Phenol was the main 
pollutant of oil shale semi-coke discharge leachates that 
contaminate surrounding soils in northeastern Estonia 
(Kahru et al., 2002). High concentration of phenol could 
be due to various surface water activities (treatment of 
large quantity of water produced from oil wells in Bongor 
basin), well stimulations and sand control techniques 
carried out in wells (Motta, 1993; API, 1991; Economides 
et al., 1989). Phenol is easily absorbed by clays once on 
the ground (Zhang and Spark, 1993). According to 
Howard (1989), phenol is mobile in the soil, soluble in 
water and moderately volatile; it can be easily leached 
from soils and contaminate groundwater by giving poor or 
bad water taste.  

Detected parameters such as Chrome, mercury, 
sulphur, total nitrogen and total hydrocarbons from the 
soil samples analyzed have low levels of concentration in 
different localities during this study. This scenario is that 
concentrations often depend on events associated with 
spills and environmental conditions, hydrological 
conditions, e.g. sedimentary and climatic conditions that 
favor its migration deep beneath the subsurface 
(Nikanorov and Stradomskaya, 2003).The presence of 
mercury was detected from soil samples in Bongor with 
low concentration (giving a maximum value of 9 g/l) 
compared to the low Cameroonian standard contamination 
threshold of SONANRA site. Even at low concentrations, 
mercury is a major danger to  microorganisms  and  other  



 
 
 
 
biota; these levels of concentrations might have adverse 
effects on the environment even at 5g/l (Boening, 1999, 
Orctet al., 2006). This low concentration of Hg in most 
soil samples taken from Bongor basin is the fact that, Hg 
easily evaporates as organo-mercury due to changes in 
climatic conditions (temperature) of the environment 
(Environmental Health - Safety Manual, 2000). The main 
sources of anthropogenic emissions of mercury, including 
other heavy metals (cadmium, lead, etc.) are thermal 
power plants (gas turbines from oil sites) and waste 
combustion industries (Vermillion et al., 2005). 

The pH determination of soil samples from the Bongor 
basin gives an average value of 7.39 and is within the 
range of arable soil pH value, a maximum value of 8.85 in 
the alkaline soil range and a minimum of 4.8 that is in the 
acid range (Figure 7). The minimum value, which is within 
acid range could come from the nature of matrix 
stimulation fluids with the use of acids such as 
hydrochloric and hydrofluoric acid (Motta, 1993). And 
values within the alkaline range could be related to 
drilling mud and completion fluids mixed with sodium 
chloride, ammonium chloride fluids additives and as well 
as formation water produced with hydrocarbons to the 
surface (European Commission, 2019). Acid pH 
influences the mobility of heavy metals in soil; an alkaline 
pH limits the passage of heavy metals from solid phase 
to liquid phase in soil and then its transfer to plants 
(Thornton, 1996).  

Compared to acid/base reactions, with a reduced pH, 
this enables most chemical elements transport, due to 
increase of their solubility; with acidic soil, this facilitates 
heavy metal elements dissolution contained in core 
mineral (Baize, 2000), therefore the transfer of these 
elements into deep aquifer formations.  

 
 
Conclusion 
 
Results from laboratory analyses revealed the nature of 
the pollutants in soil samples from various oil sites in 
Bongor basin, such as Ni, Cu, Cd, Hg and Phenol, which 
are indicators of soil contamination in these 
environments. Their values of concentration are 102, 52, 
3.3, 0.09 and 79mg/kg respectively and above 
Cameroonian standard of SONARA site, Canadian 
standard and INERIS standard of France (500mg/kg).  
The determination of pH made it possible to assess the 
acid/base reactions of these environments and its 
influence on the mobility of metals in the soil. For this 
purpose, soil samples taken from Bongor oil sites have a 
maximum pH value of 8.85 that is within the alkaline soil 
range, with the average pH value of 7.39 in the range of 
the pH value of the arable soil, and a minimum of 4.8 
within the range of acid soil content.  

An alkaline pH limits the passage of heavy metals from 
the solid phase to liquid phase in soil, and a reduced pH 
favours the transport of most chemical  elements  to deep  
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aquifer formations. The presence of these pollutants in 
soil taken from oil sites in Bongor basin whether low or 
high in concentration could be persistent in the 
environment and cause serious risks to environment and 
particularly to qualitative nature of ground water 
resources.  
 
 
Recommendations  
 
Further assessment of water pollution (pollutants) from 
surface waters (rivers and streams), traditional wells and 
human-motorized water boreholes in Bongor basins is 
needed. In addition, geochemical modelling studies of 
mechanisms governing mobility, infiltration or passage of 
pollutants from the soil to surface water and then 
groundwater in Bongor basin oil sites are very important 
in order to see the level of contaminations in the whole 
area. Results obtained will be valuable contributions for 
environmental protection measures and decisions. 
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