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ABSTRACT The effect of various concentrations (0%, 25%, 50%, 75% and
100%) of oilfield wastewater on soil quality and of soils planted with Zea
mays (Maize) Abelmoschus esculentus (Okra) Arachis hypogeal
(Groungnuts) and Telfairia occidentalis (Fluted pumpkin) commonly cultivated in the Niger Delta was investigated. This was achieved by the determination of the physico-chemical constituents including heavy metals (zinc,
lead, nickel, and cadmium) of the oilfield wastewater, of the experimental
soil, of soils treated with oilfield wastewater and planted with these plants
using standard methods of APHA and ASTM. Results of the physicochemical constituents of the oilfield wastewater showed, the pH was in the alkaline
range of 8.3, high electrical conductivity, Turbidity and Total Dissolved solids above the acceptable limit by FEPA. The values of the heavy metals
ranged from <0.001 to 0.391mg/l. With the exception of pH, there was a
progressive increase in the concentration of all the other constituents of the
soil with increasing concentration of oilfield wastewater. There was a steady
rise in values for the pH, EC, total hydrocarbon, Available P, and NO3-N
with increasing concentration in soils planted with A. occidentalis. However,
there were variations in the trend of the other parameters. The treated soils
planted with Z. mays showed that except in the Mg2+, NH4-H, NO3-H, THC
and EC all others parameters increased with increase in concentration of oilfield wastewater. The treated soils planted with A. hypogea showed that
though there was a steady increase in pH, Organic Carbon, Total Nitrogen,
and Available Phosphorus, all other parameters showed no regular pattern of
variation. Treated soils planted with A. esculentus showed that uptake of nutrients by the plant did not follow any definite pattern. A comparison of the
physico-chemical constituents of the soils after planting showed that each
plant responded differently to the initial nutrient level of the soils. A. esculentus elicited the least effect on the soil. Heavy metals in treated soils with
the various plants except T. occidentalis showed that generally, these soils
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exhibited increases in Zinc content between the control and 25%. Except at
50% concentration, soils planted with A. hypogea had Nickel values of
<0.001 and in control soils for all the plants. T. occidentalis and A. hypogea
had same values of Cadmium in all the 50% treatment. Values of Cadmium
were the same at 100% in all the soils. Zinc values for all the treatment were
highest in A. esculentus. However, the control of all the plants except Z.
mays had the highest values. Absorption of total hydrocarbon and other hazardous constituents of the oilfield wastewater by the plants which serve as
sources of food for humans pose a serious health hazard. The oilfield
wastewater has been shown to have serious deleterious effect on soil and
plants, leading to eco-toxicological and agro soil fertility problems that could
create an artificial food scarcity.
Keywords: Oilfield wastewater, soil quality, plants, nutrient uptake, heavy
metals, total hydrocarbon

Introduction
Soil quality is the sustainable capacity of the soil to produce a good yield of
high quality on basis of chemical, physical and biological quality factors,
maintain environmental quality and promote plant and animal health
(Solomon et al., 2008). Soil pollution has, in fact, been an issue for decades.
The soil serves as a temporary or permanent sink for any chemical substance
that hits its surface. The fate of the chemical is determined by the combination or relationships such as variations in sorption, desorption, transport and
permeability of soil water and soil air, and the properties of the given chemical (Torstensson et al., 1998).
Crude oil (including refined petroleum products) is not the only pollutant
of the environment from petroleum exploration and productive activities.
The oilfield wastewater resulting from crude oil exploration activities is one
of the major pollutants of both terrestrial and aquatic environments (Wills,
2000; Obire and Amusan, 2003). Produced water discharged on terrestrial
and or aquatic environments may be very devastating. The numerous inorganic and organic constituents dissolved in the produced water can be potentially or actually far more hazardous than the crude oil itself. All these components may act together to impact on soil properties (Wardley-Smith, 1979;
Scott et al., 2007). Perhaps the most ecologically damaging types of oilfield
related spills are those which involve releases of oilfield brines from buried
injection lines. Since there is often no petroleum-related sheen associated
with spills of these highly saline fluids, they can go unnoticed initially, becoming evident much later when overlying vegetation begins to show signs
of stress or dies (Bennmoussa and Achouch, 2005).
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It has been noted that onshore oil operations discharge produced water onto
the terrestrial environment usually within settlement ponds or pits as part of
their normal activities (Wills, 2000). However, due to faulty construction or
deterioration or absence of synthetic impermeable liners, a fault or crack
could develop in the wastewater stabilization ponds leading to soil contamination (Ream, 1983). Oilfield wastewater discharged onto terrestrial is very
devastating because this could lead to eco-toxicological and agro soil fertility
problems that would create an artificial food scarcity due to damage to vegetation (Odeigah et al., 1997).
The Niger Delta is home to several petroleum and petroleum related exploration activities and petroleum industries. The intense industrial activities
have attracted a lot of research interest especially in petroleum hydrocarbons
in soil and aquatic environments and in organisms. However, most of these
researches are classified information and as a result, there is little or no literature on the impact of oilfield wastewater on the environment that is available to the general public.
The Objectives of this study were to determine the effect of various concentration (0%, 25%, 50%, 75% and 100%) of oilfield wastewater on soil
quality (physicochemical parameters including heavy metals) of soils planted
with Arachis hypogeal L (Groundnut), Abelmoschus esculentus L (Okra),
Telfairia occidentals Hook F (Fluted pumpkin “Ugu”) and Zea mays L
(Maize). These plants were chosen because of their availability and the fact
that they are commonly grown, cultivated and consumed in the Niger Delta
region (FPDD, 1989; Akande et al., 2006). The study will therefore help to
unravel the retention properties of soils to chemical constituents of the oilfield wastewater; the impact of oilfield wastewater on soil fertility and on
agricultural productivity and to ascertain the phyto-remediation potential of
the various plants in oilfield wastewater polluted soils.
Materials and Methods
Collection of Oilfield Produced Water Samples
Freshly treated oilfield produced water samples were collected from the outlet of the separation/treatment plant of an oilfield flow station located at
Kwale Community in Ndokwa East Local Government Area of Delta State.
Sterile plastic Jerry cans were used to collect the produced water samples.
Prior to collection of the produced water, the interior of the nozzle of the outlet valve was flushed by allowing the produced water to flow to waste for 2
to 3 minutes after which the Jerry cans were filled from a gentle stream of
the produced water.
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Collection of Soil Samples
Soil Samples were collected from a depth of 0 - 15cm with the aid of a brand
new shovel sterilized with ethanol and bulked together to form a composite
sample. The composite soil was sieved through a 2mm sieve as to remove
debris that would otherwise absorb the treatment that will be experimentally
performed on the soil and plants. Thereafter, one Kilogramme (1kg) of the
sieved soil was weighed out using Analytical weighing balance (AL 2105
Germany) and put into a black polythene bag. A total of 120 polythene bags
with sieved soil samples were prepared and kept in a Green house.
Collection of Plant Seeds and Viability Test
The plant seeds of Arachis hypogeal L, Abelmoschus esculentus L, Telfairia
occidentalis L and Zea mays L were purchased from the Mile 3 market in
Diobu, Port Harcourt. The seeds were collected in sterile polythene bags and
transported to the laboratory. The viability test as described by Amakiri and
Onofeghara (1984) was used to ascertain the viability of the various seeds
before they were used for the study.
Preliminary Study on the Plants
A preliminary study of the effect of the different concentrations of oilfield
produced water on the plants was carried out to determine the duration of
study. The study showed that by the 10th week, most of the plants treated
with higher concentrations had died off. The 8th week was therefore taken as
the terminal age of plant at which collection and analysis were carried out.
Determination of Water Holding Capacity
The water-holding capacity of the soil was determined with reference to
Bouyoucos (1951).
The volume of each concentration of oilfield formation water used for the
treatment was 60% of the water holding capacity of the soil.
Experimental Design
The experimental design was the randomized complete block design
(RCBD). Twenty (20) bags from the 120 bags of sieved soil were allotted to
each of the four plant seeds making a total of 80 bags sowed with seeds.
Plant seeds were not sowed into the remaining 40 bags of sieved soil. However, 20 bags were also treated with oilfield wastewater and these served as
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control soils without plant seeds while the remaining 20 bags of sieved soil
were treated with the water used in the dilution of the oilfield wastewater and
these served as a second set of control. The five different concentrations of
the oilfield wastewater used as treatments for the study were [0% (control),
25%, 50%, 75%, and 100%]. The 0% treatment served as control for the
treated plants. All the treatments for each plant seed was replicated four
times (i.e. 5 × 4 = 20). Each experimental polythene bag was appropriately
labeled with the concentration of oilfield wastewater to be used as treatment.
Five (5) viable seeds were sown into each bag of soil and treatment with the
different concentrations of oilfield wastewater commenced two (2) weeks
after the seeds were sown. This was to allow the seeds to germinate before
the treatment. Treatment volumes of 60% water holding capacity were repeated at weekly intervals until after 8 weeks during which the soils were
collected at intervals for analysis.
Results
The mean values of physicochemical constituents of oilfield wastewater is as
follows; pH (8.3), Electrical Conductivity (9500 µmhos/cm), Turbidity (139
NTU), Salinity (5.2‰), Temperature (30.4 oC), Total Dissolved Solids
(6650.4 mg/l), Phosphate (0.06 mg/l), Nitrate (0.16 mg/l), Sulphate (24.26
mg/l), Chloride (2568.8 mg/l), Total Alkalinity [(CaCO3) 500 mg/l], Total
Hardness [(CaCO3) 134.4 mg/l], Calcium (46.08 mg/l), Magnesium (4.68
mg/l), Lead (0.001 mg/l), Nickel (0.001 mg/l), Zinc (0.391 mg/l), and Cadmium (0.001 mg/l). On the other hand, the mean values of physicochemical
constituents and textural class of the experimental control soil sample is as
follows; pH (6.99), Electrical Conductivity (176µmhos/cm), Salinity (0.0‰),
Total Hydrocarbon (4.74mg/kg), Organic Carbon (1.45%) Carbon/Nitrogen
ratio [(C : N) 2:1], NH4-N (21.0 mg/kg), NO3-N (70.0 mg/kg), Available
Phosphorus (42.11 mg/kg), K (0.22 mg/kg), Na (0.37 mg/kg), Ca (4.40 mg/
kg), Mg (2.20 mg/kg), Pb (0.014 mg/kg), Ni (0.346 mg/kg), Zn (1.412 mg/
kg), Cd (0.001 mg/kg), Sand 89.52%, Silt 6.00%, Clay 4.48%, Textural
Class is Sand.
The Physico-chemical constituent of soils planted with the various crops
and treated with different concentrations of oilfield wastewater is shown in
Figure 1. The heavy metal content of soils planted with the various crops and
treated with different concentrations of oilfield wastewater is shown in Figure 2.
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Fig.1: Constituent of soils planted with different crops and treated with
oilfield wastewater
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Fig.2: Heavy metals in soils planted with different crops and treated with oilfield wastewater
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Discussion
The present study has unraveled the concentrations of the physicochemical
constituents including heavy metals of oilfield wastewater and constituents
and textural class of soils treated with various concentrations of oilfield
wastewater. The study has also revealed the constituents of soils planted with
various crops and treated with various concentrations of oilfield wastewater
thereby unraveling the impact of the oilfield wastewater on the physicochemical constituents of the soils used in this study.
It was observed during this study that, on treatment of the control soils
with oilfield wastewaters of varying concentrations, there was a complete
change in the values of the physicochemical constituents of the soils.
Results of physicochemical constituents of the oilfield produced water
showed that values recorded for electrical conductivity, turbidity, salinity,
chloride, total alkalinity, total hardness and calcium were quite high when
compared to their corresponding values in the control soil samples. This result alone is an indication that when such oilfield wastewater is introduced
into the soil, the organisms (plants and animals) therein the soil will definitely be subjected to some form of stress conforming to the work of Amadi et
al., (1993). The concentration of zinc was higher than the concentration of
the other heavy metals. The values of the heavy metals except those of zinc
were within the permissible limit recommended for effluents before discharge (FEPA, 1991). However, heavy metal concentration was observed to
increase with increasing concentration of oilfield wastewater.
The calcium and magnesium values of the produced water were lower
than the permissible limit of 200mg/l allowed for effluent before discharge
(DPR, 1991). It is known that calcium and magnesium may cause hardness
in the produced water and this can cause undesirable effects (Onyeike and
Oseyi, 2003) especially when discharged into soil. The high electrical conductivity (EC) levels, total dissolved solids (TDS), Total hardness and total
alkalinity values are all indictors of the fact that the oilfield wastewater is not
suitable for use in irrigation or for plant growth. High salinity affects plant
growth either osmotically, by direct toxicity or by creating nutrient imbalance (Parrondo et al., 1978; Pezeshki et al., 1987) confirmed that a common
grass in freshwaters marshes (Panicum hemitomen), will die within four days
if exposed to one third the salinity of seawater .
The pH recorded for the oilfield produced water used in this study is in
the alkaline range and within the permissible range of 6.5 and 8.5. The pH of
6.99 is within the range that is suitable for plant growth (DPR, 1991). The
pH of the control soil is in the neutral range. However, the pH of the experimental soil that was within the neutral range became acidic following treatment with the various concentrations of the oilfield wastewater. The acidity
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was observed to increase with increasing concentration of the wastewater.
This must have been due to the interaction of other constituents of the oilfield wastewater with some constituents of the experimental soil.
Generally, except for the values of pH, the values of all other constituents
of treated soils were higher than those of the control soil. In addition values
were also observed to increase with increasing concentration of the
wastewater. These increased values of the constituents have been reported to
have negative effects on plant growth (Clemente et al., 2003). The soil quality is known to reduce with oil pollution.
The physico-chemical constituents and textural class of treated soils
planted with Telfairia occidentalis showed that there was a steady rise in
values for the pH, EC, THC, Available P and NO3-N with increasing concentration of oilfield wastewater. However, there were variations in the trend of
the other parameters. Plant nutrients such as phosphorus, nitrate nitrogen,
ammonia were higher in the treated soils planted. This is an indication that
the plants in such soils were stressed in their uptake of these plant nutrients.
Soils planted with Zea mays showed that except with Mg2+, NH4-H, NO3H, THC and EC all others parameters analyzed in soils planted with Z. mays
increased with increase in concentration of oilfield wastewater. However,
plant nutrients such as nitrate nitrogen, ammonia in treated soils planted with
Zea mays did not follow this trend with the 25% and 50% treated soils
(Amadi et al., 1993). This is an indication that Zea mays were not stressed in
the uptake of these nutrients at these concentrations of oilfield wastewater.
This is a proof that different plant species can respond differently to different
concentrations of a particular pollutant or contaminant (Akande et al., 2006).
The treated soils planted with Arachis hypogea showed that although
there was a steady increase in parameters such as pH, Organic Carbon, Total
Nitrogen, Available Phosphorus, all the other parameters showed no regular
pattern of variation. The pH of the soils became more alkaline with increasing concentration of the wastewater. This can be attributed to the increasing
concentration of total nitrogen, nitrate nitrogen and ammonia due to the inability of the plant to absorb these nutrients. This resulted in their accumulation in the soils which in turn resulted in the soils becoming more alkaline.
The observed decrease in these nutrients at 25% is also attributed to the fact
that Arachis hypogea was able to fix nitrogen which resulted in the decreased
values observed for total nitrogen and nitrate nitrogen at the 25% concentration. This showed that Arachis hypogea were not stressed in the uptake of
these nutrients and available phosphorus at the 25% concentration.
The treated soils planted with Abelmoschus esculentus showed that the
uptake of nutrients by the plant did not follow any definite pattern. However,
organic carbon and total nitrogen decreased at 25% concentration. An indication that their uptake was not stressed as the 25% concentration. A comparison of the physico-chemical constituents and textural class of control soils
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planted with the various plants showed that each plant responded differently
to the initial nutrient level of the soils. Abelmoschus esculentus elicited the
least effect on the soil. The soils planted with Abelmoschus esculentus also
became more alkaline (7.30) than those of other plants.
A. hypogea showed increase in pH of the treated soil with increase in concentration of oilfield wastewater. An alkaline soil is detrimental to plant
growth (Clemente et al., 2003) and root establishment. Odeigah et al., (1997)
showed that root lengths decrease with increasing concentration of
wastewater. Generally, there was an increase in Nitrogen constituents of the
soil with Arachis hypogea which can be explained to be because of the leguminous nature of the plant (Fashina et al., 2002).
Electrical conductivity values for treated soils with A. hypogea were
higher than in the control. The values at 75% concentration were above all
other concentration. This agrees with the work of Pezeshki et al., (1987) that
increase in salinity can affect the adsorption proportion of the roots. There
was a general variation between the control and soil of the various concentrations in this study. Wardley-Smith (1979) reported that organic constituents
dissolved in the produced water can be potentially or actually for more hazardous than the crude oil itself. Electrical conductivity value of less than
3,000µs/cm was reported during this study. This was also reported by
(Mcfarlane et al., 2002).
The values for the micronutrients of the treated soils varied from those of
the control in this investigation. This could be as a result of the pollution
with the oilfield wastewater which has been made unavailable for the plant
uptake. A change in the textural class of the soil after treatment to increased
clay proportions showed a decrease in soil fertility (Bernal et al., 2007).
Plant roots modified the chemical and physical properties of the soil around
them by way of root exudates, ramification and physical presence and thus
influence the bioavailability of some chemical elements (Tortennson et al.,
1998). The control soil remained the most fertile with its silt constituent being the highest. Added to sandy soil, the waters holding capacity is increased
(Isirimah et al., 2003).
The pH values were consistently lower in the control soil planted with A.
esculentus except at 50%. A. esculentus was able to reduce the EC values of
lower than the control except at the 100% concentration of oilfield
wastewater. A. esculentus was able to take up some of the toxic substances in
soil thus increasing fertility of soil (Tedesco et al., 2003). The deviation in
response at 25% oilfield concentration agrees with the works of Amakiri and
Onofeghara (1984) which states that sub lethal doses of pollutant can sometimes elicit remarkable effects. A. esculentus was consistently, the plant that
was least affected by the physicochemical constituents of the oilfield
wastewater.
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The physico-chemical constituents and textural class of 25% treated soils
planted with the various plants showed that the pH values for soils of all the
plants were 7.27 except that of Z. mays which was higher at 7.45. T. occidentalis had a high E.C value of 355 µs/cm while the THC of soils of A. esculentus was the highest at 536.73. Most of the constituents of soils planted
with A. esculentus recorded higher values than soils of the other plants.
The Physico-chemical constituents of 75% treated soils planted with the
various plants showed that soils planted with Z. mays had the lowest values
for K+. Available phosphorus was highest in soils planted with A. esculentus.
Results gave an overall view of the nutrient requirement of each plant type.
The physico-chemical constituents and textural class of 100% treated
soils planted with the various plants showed that they were all in the alkaline
range (pH 7.15 – 8.37). The EC values were found to be between 401 –
572.00µs/cm. The total hydrocarbon (THC) content ranged from 111.37 –
285.54. The highest THC concentration was recorded in the soils planted
with Zea mays while the lowest was recorded in soils planted with Abelmoschus esculentus. Fertility of the soil was also most affected by A. esculentus which eventually left the textural class of the soil as clay (Isirimah et
al., 2003).
The heavy metals in 50%, 75% and 100% treated soils planted with the
various plants showed that Nickel ranged from 0.571–0.818mg/g and Cadmium <0.001 – 0.008mg/g. Zinc content of soils planted with T. occidentalis
was high at 13.254 while values for the other plants ranged between 6.735 –
6.991mg/g in 75% soils planted with the various plants. Values of Lead in
the various treated soils were within the range 0.008 – 0.091mg/g. Cadmium
was present in trace levels in 100% soils planted with the various plants.
The concentrations of Zinc, Lead, Nickel and Cadmium in treated soils
with the various plants showed that generally, all the treated soils exhibited
increases in Zinc contents between the control and 25% except T. occidentalis. All treated soils for the various plants recorded lower lead values in the
100% concentration than the control. Except at 50% concentration, soils
planted with A. hypogea had Nickel values less than 0.001; control soils for
all the plants had Nickel <0.001. Treated soils planted with T. occidentalis
and A. hypogea had same values of Cadmium in all the 50% levels of concentration. In all the treated soils, Cadmium values were the same at 100%.
The heavy metals in soils treated with different concentrations of oilfield
wastewater planted with Arachis hypogea showed a reduction in zinc with
increasing concentration of treatment ranging from 6.443 – 9.074. Lead followed almost same pattern. This reduction in zinc and lead with increasing
concentration showed that there was an active uptake of these heavy metals
which is detrimental to the plants and human health through bioaccumulation
and ingestion (Alloway, 1995; Biran et al., 2000 and Briuns et al., 2000).
Nickel was insignificant except at the 50% concentration where a value of
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0.818 was recorded. The heavy metals in soils treated with different concentrations of oilfield wastewater planted with Telfairia occidentalis showed no
regular pattern. Their concentration ranged from <0.001 – 13.254.
The heavy metals in Control soils and 25% treated soils planted with the
various plants are as showed that the soils of A. esculentus extracted the
more Zinc from the soil. Nickel and Cadmium had values of <0.001 for all
the soils. While values for Nickel in all the soils with various plants ranged
between <0.001 and 1.393 and Cadmium <0.002 and 0.004 in 25% soils
planted with the various plants.
The values of Zinc, Lead, Nickel, and Cadmium in the leaf extracts of the
various plants with the various treatments showed that Zinc was highest in A.
esculentus. However, for all the plant except Z. mays the control had the
highest values. Except in A. esculentus, lead was highest in the control.
Nickel was found to be high at 100% concentration for A. esculentus with a
value of 3.564. The values of nickel were the same at all levels of concentration and plant types except for A. esculentus at 100% and A. hypogea at 25%.
However, there was generally no definite trend in the values of Cadmium in
leaf extracts of the various plants for all treatment (Aletor et al., 2002).
The heavy metals in leaf extracts from the treated soils planted with the
various plants also showed that Zinc values were high for all the plants. The
heavy metals were highest in A. esculentus than in any other plant. However,
the values for Nickel were the same for all plant types except in A. hypogea.
An overall view showed A. esculentus to have the highest values for heavy
metal at 25% level of concentration and treatment. Generally, the value of
Nickel was the same for all the plant types Z. mays had the lowest value of
0.036 for Cadmium in leaf extracts from 50% planted with the various plant.
At 75% treatment of the plants, T. occidentalis has the lowest values for all
the heavy metals. There was generally, heavy metal accumulation in leaf extract from 100% concentration
Heavy metals in leaf extracts of Zea mays, Abelmoschus esculentus, Arachis hypogea, and Telfairia occidentalis from soils treated with different
concentrations of oilfield wastewater showed that Zinc levels was highest at
the 100% concentration the control had the highest values for Lead and Cadmium (Kaschl et al., 2002). The levels of Nickel were highest at the 100%
concentration. The highest value was recorded for Zinc in the control for
Abelmoschus esculentus. Lead and Zinc values were highest in the control
except at the 25% concentration of oilfield wastewaters, the values of Nickel
remained the same for all other concentrations for Arachis hypogea. The values of all the heavy metals under study were highest in the control (Ghosh
and Singh, 2005). Values for Nickel were same for all the concentrations for
Telfairia occidentalis. The heavy metals in soils treated with different concentration of oilfield wastewater and planted with various plants showed that
the cadmium content of soils was quite low. Zinc and Nickel ranged as hav190
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ing the higher values of the four heavy metals under study. Generally there
was an increase in uptake of the heavy metals with increase in concentration
of oilfield wastewater. The values in the control soils were lower than those
of all treated plants. This agrees with reports from the other workers that reported that heavy metal movement is small (Prasad et al., 2001). The extent
of toxicity of the heavy metal in the relation to the concentration and the time
of exposure Lead values for the various plants soils recorded lower values at
the 100% concentration than the control. This is because under extreme
stress conditions and high concentration of heavy metals, the plants take up
more of the heavy metals. The results of heavy metals have shown that different plants respond differently to the uptake of different heavy metals.
Conclusion
The oilfield wastewater used in the study has been proven to be a pollutant to
the soil. The oilfield wastewater had a very high electrical conductivity
which makes it unsuitable for plant growth. The amount of total dissolved
solids, 6650.4mg/l found in the oilfield wastewater was above the acceptable
limit by FEPA and detrimental to plants. Calcium level of 46.08mg/l was
high. An indication of the hardness of the wastewater in which is bound to
reduce plant growth. Bioavailability of the important plant nutrients, N2, P
and K were affected by treatment with oilfield wastewater. The textural class
of the soil was also affected by treatment with oilfield wastewater thus reducing the fertility (soil quality) of the soils. Treatment with oilfield
wastewater reduced the Total Nitrogen in soil while increasing the Ca2+ and
Mg2+ ions and as a result, causing reduction in fertility of the soil. Through
none of the plants could be recommended for serious phytoremediation processes, A. hypogea and A. esculentus were more effective in phytoremediation as they were observed to bioaccumulate more heavy metals (zinc, nickel, lead and cadmium) than the other plants. Absorption of total hydrocarbon
content by the plants which serve as sources of food for humans poses a serious health hazard. The discharge of oilfield wastewater into the terrestrial
environment has been shown to have serious deleterious effect on soil and
plants, leading to eco-toxicological and agro soil fertility problems that could
create an artificial food scarcity due to damage to vegetation and soil organisms. Oilfield wastewater is known to contain some carcinogenic chemicals.
Pollution of agricultural soils with toxic substances such as oilfield
wastewater is a frequent problem of oil exploration and exploitation. The
hazardous components/constituents of the oilfield wastewater are taken up
by the plants which in turn are eaten by humans. This poses a serious health
hazard.
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Recommendations
Based on the findings from the study, it is recommended that the Federal
Government should acquire improved technology for on-site removal of oil
from the oilfield wastewater for reduction of the concentrations of organic
and inorganic constituents. To avoid bioaccumulation of the toxic constituents of the oilfield wastewater, there should be a continuous evaluation of the
soils at the points of discharge. Oil companies must be consistently reminded
of the potential eco-toxicological problems that may arise with persistent
discharge of oilfield wastewater onto soil and aquatic environments. That
phytoremediation of polluted soils be encouraged with use of appropriate and
suitable plants; and that appropriate government agencies should put in place
appropriate legislations to avoid the indiscriminate discharge of oilfield produced water onto terrestrial and into aquatic environment with the statutory
responsibility of overall protection of the environment.
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