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SUMMARY. The ability of Chromolaena odorata propagated by stem 
cuttings and grown for 50 days in the soil containing five (5) different 
concentrations of spent lubricating oil (SLO) in soil (0, 1, 3, 6, 9 and 12 % 
SLO), was investigated. The experiments were watered daily at 70% moisture 
field capacity. Parameters such as number leaves per plant, shoot length, plant 
height as well as nitrate reductase activities were measured. Shoot length as 
well as leaf number were significantly (p < 0.05) reduced, compared to the 
control treatment. Results also showed that nitrate reductase activities increased 
slightly with time. However, beyond 40 days, nitrate reductase activity was not 
detected in 3% - 12% w/w oil-in-soil treatments, respectively. Pollution indices 
such as Contamination factor and Hazard Quotient, used in the present study 
indicated significant reduction in contamination values upon sowing of C. 
Odorata. Values obtained from Bioaccumulation Quotients also indicated that 
the plant was able to significantly bioaccumulate elements such as Fe, Cu and 
Ni present in the SLO-polluted soil. 
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Introduction 
 
In a farming ecosystem, the soil is the furthermost prized component. 

However, environmental sustainability is principally subject to appropriate soil 
maintenance. Sustainable usage of this natural resource is unquestionably obligatory 
for better agricultural productivity. Soil pollution by crude oil, petroleum products, 
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or other waste petroleum materials is a major ecological concern in many third 
world countries, including Nigeria. The disposal of spent engine oil in the big cities 
has been persistently problematic since many automobile mechanics dispose these 
oils indiscriminately either in gutters or open lands. Nearby farms are affected directly 
or indirectly from run-offs during rainfall, when these oil materials are deposited 
therein. This practice adversely affects plants, soil microbes and other soil fauna 
(Adenipekun et al., 2008). 

Oil pollution in whatever form is toxic to plants and soil microorganisms 
(Adedokun and Ataga, 2007). In an era when most people clamour for organic 
foods, restoration of oil-polluted soils for purposes of farming may not necessarily 
be possible through the use of conventional methods like application chemical 
treatments or even the use of physical methods which may not remove the oil 
completely. A more cost-effective but slow method, known as phytoremediation, is 
currently making waves in environmental biorestoration science. 

It is however pertinent to note that the selection of phytoremediation methods is 
usually preceded by a knowledge of the plant’s physiology or growth response as 
well as phytoaccumulation capacities when exposed to the contaminant. One of such 
physiological response is its nitrate assimilatory capacity; a very important factor 
considering the role nitrogen plays in plant’s vegetative development. Nitrate reductase 
activity is one of several enzymatic systems that have significant correlation with 
nitrate assimilation. 

The nitrate assimilatory pathway is facilitated by two enzymes, nitrate 
reductase (EC 1.6.6.2) and nitrite reductase (EC 1.7.7.1). These enzymes catalyze 
the stepwise conversion of nitrate to nitrite (nitrate reductase), and nitrite to ammonia 
(nitrite reductase). Before they can be incorporated into amino acids, nitrate 
absorbed by plants must first be reduced to ammonium (Fan et al., 2002). The first 
step in the conversion of nitrate is catalyzed by nitrate reductase (NR). Lexa et al. 
(2002) described this substrate-inducible plant enzyme as essential in nitrogen 
assimilation. Activity of this enzyme is considered to be a limiting factor for 
growth and protein production in plants (Jackson et al., 2008).  

As many scientists use a plant’s capacity to assimilate nitrate nitrogen as one 
of several indicators of changes in the environment, NR activity measurements 
becomes a much more reliable choice (Mahan et al., 1998; Ghoulam et al., 2002). 
These authors have previously reported NR activity inhibition due to plant’s exposure to 
metals such as copper and salinity. Ghoulam et al. (2002), Mahan et al., 1998) also 
reported significant decreases in NR activity due to drought. In the present study 
therefore, phytoremediative capacities of the test plant, Chromolaena odorata is 
measured against NR activity for selected periods. The test plant was chosen because of 
previous reports of its capacity to survive oil contamination (Anoliefo et al., 2003, 
2006).  
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Materials and methods  
 
Garden soil was collected from an area measuring 10 m x 10 m marked on a 

land. Care was taken to ensure that soil was obtained from an area that had never 
been impacted with petroleum oil spill. Soil was analysed for selected chemical 
parameters before use (Table 1). Thereafter, 10 kg soil each was placed in large 
buckets. Spent lubricating oil (SLO) was obtained as pooled sample from an auto-
mechanic workshop.  

The emphasis on the study was the test plant’s capacity for heavy metal 
remediation in a polymetallic soil. The polymetallic soil environment in this study 
was created by contaminating soil with spent lubrication oil. The choice is based on 
the report of Whisman et al. (1974); Ikhajiagbe and Anoliefo (2012) that most 
heavy metals such as V, Pb, Mn, Cd, Cr,  Ni, and Fe were present in high quantities 
in spent lube. The soils in each bucket were then mixed thoroughly with SLO in 5 
different levels: 0, 1, 3, 6, 9 and 12 % w/w. The 100 g SLO measured 135.2 ml. 
The control was not contaminated with SLO. Treatments and control existed in 
replicates of 5. The entire set up was left in a well-ventilated screen house for 
1 month to attenuate, without mechanically disturbing the soil.  

Afterwards, fresh stem cuttings of Chromolaena odorata (girth, 1.89±0.42 cm; 
length 30.00±0.00 cm) were obtained for the study from a fallow area. These stem 
cuttings were obtained from midway through the plant axil. Care was taken to ensure 
that the stem was devoid of injury prior to use. Single stem-cuttings were sown per 
bucket at a depth of 10cm. the set up was observed for phytoremediative capabilities 
for 50 days as well as nitrate reductase activity. Total plant accumulated figures for 
HM were determined by atomic absorption spectrophotometry (model, Buck Scientific 
210 VGP), according to the methods of SSSA (1971) and AOAC (2005). Nitrate 
reductase activity (NRA) of root sample was determined according to Stewart et al., 
1972) with slight modifications from Ajakaiye (1987) and Cerqueira et al. (2009). 
Means were separated by using the Least Significant Difference p ≤  0.05 significant 
level. The Superior Performance Software System (SPSS) (version 16.0 for windows) 
package was used for statistical analyses. 

In order to compare remediative success of the test plant, residual metal 
contents were compared with standard benchmark (Efroymson et al., 1997a,b; Cal-
EPA, 2005). 

 
Contamination Factor (CF) 
CF expresses the ratio of the eventual concentrations of pollutant and its pre-

industrial concentration (Ikhajiagbe, 2010). 

CF = Concentration of pollutant at the specific date of concern  
         Background/Pre-industrial Concentration, before pollution 

If CF > 1, the implication is that the inherent contamination due to that 
particular pollutant is as a result of the amendment by the researcher.  



G. O. ANOLIEFO, B. IKHAJIAGBE, E. S. OMOREGIE, R. A. AIMIEBENOMOR, P. C. OKOYE 
 
 

 
100 

Bioaccumulation Quotient (BQ) 
BQ expresses the possibility of the contaminant being significantly accumulated 

in plant parts, thereby posing health threats (Ikhajiagbe and Anoliefo, 2012). The 
Bioaccumulation Quotient is expressed 

  

BQ = Concentration of accumulated pollutant in the accumulant 
       Concentration of accumulated pollutant in Soil (Source) 

 

When BQ > 1= Significant accumulation in of the pollutant is implied. 
When BQ < 1= Bioaccumulation is not of significant effect. 

 
 
Results and discussion 
 
The chemical parameters of the garden soil used for the study has been 

presented on Table 1. As provided, when CF > 1, the implication is that the inherent 
contamination due to that particular pollutant is as a result of the amendment by the 
researcher. Contamination factor after 50 days of plant exposure to polymetallic oil-
polluted soil showed higher than unit values for Mn and Cu in soils due to SLO 
pollution. The meaning is that remediation may not have been entire after 50 days 
exposure (Table 2). Heavy metal accumulation in whole C. odorata plant at 50 days 
after sowing has been presented on Table 3. Accumulations in SLO-polluted soils 
significantly differed from those in the control soil thus indicating the capacity of 
C. odorata to accumulate metals in polymetallic soils. Accumulated Mn ranged from 
1.2 – 5.8 mg kg-1 per dry wt. of whole plant. Accumulation of Cd in Chromolaena 
plants was below detection in both polluted and control soils. Results showed 
significant accumulation of Cu in plant parts of Chromolaena odorata (Table 4). 
Significant bioaccumulation quotient values were also recorded for Fe and Ni in 
polluted soils. Significant accumulation in of the pollutant is implied when BQ > 1. 

The toxic impact of spent lubricating oil on soil fauna and flora relies basically 
on its hydrocarbon and heavy metal composition. Although most heavy metals may 
not be necessarily present in unused lubricating oils, however after they have been 
used in motor vehicles and other heavy machines, under very high temperatures, 
heavy metals such as V, Pb, Al, Ni, and Fe, which were below detection in unused 
engine oil, eventually give high mg kg-1 values in used oil (Whisman et al., 1974). 

The occurrence of these heavy metals in soil, especially in high concentrations 
is very distressing, particularly in their relationships with plant growth. Not only 
these metals, but hydrocarbons which have, in previous studies shown significant 
phytotoxic effects, in most cases, leading to plant death (Ikhajiagbe, 2010). The 
bioavailability of these contaminants to plants in the polluted soils is the starting 
point to a resultant phytoxic impact on the growing plant population inn affected 
soil. Metals, whether absorbed in very low quantities or not, are capable of 
replacement of essential metals in pigments or enzymes, thereby unsettling their 
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function (Henry, 2000). However, plant resistance to these environmental pollutants 
has been demonstrated in previous studies (Wong and Chu, 1985; Vwioko and 
Fashemi, 2005). Plant tolerance to these contaminants is majorly a factor of its 
capability for selective absorption from soil solution by its roots. Contaminants, like 
metals may be bound to exterior exchange sites on the root and not actually taken up 
(Efroymson et al., 1997a,b). In some other cases, when absorbed by plants, they are 
stored in bio-unavailable forms in harvestable plant parts (phytoextraction).  

Table 1. 
Chemical parameters of garden soil used in the study 

 

Parameters Soil (per Dry wt.) 

Ph 5.62 
Electric conductivity (µs cm-1) 237.24 
Total organic carbon (%) 0.49 
Total Nitrogen (%) 0.11 
Exchangeable acidity (meq.100-1g-1) 0.23 
Fe (mg kg-1) 212.32 
Cu  (mg kg-1) 2.90 
Cd  (mg kg-1) ND  
Mn (mg kg-1) 12.76 
V (mg kg-1) 0.08 
Pb  (mg kg-1) 0.03 
Ni  (mg kg-1) 1.02 
Total hydrocarbon content  (mg kg-1) 191.02 

 
Table 2. 

Contamination factor for heavy metal composition of oil  
polluted soil 50 days after sowing C. odorata. 

 

Treatments Mn Fe Cu Pb V Ni Cd 
Background concentration (mg kg-1)* 

 12.76 212.32 2.90 0.03 0.08 1.02 ND 
Contamination factors (units) 

0%  0.92b 0.96a 0.74c 0.00c 0.00d 0.00d 0.00c 
1%  1.42b** 0.06b 0.47c 0.14bc 0.13cd 0.06cd 0.00c 
3%  1.90ab** 0.10b 0.78c 0.22bc 0.28bc 0.07bcd 0.00c 
6%  2.01a** 0.12b 1.42bc** 0.39ab 0.34b 0.09abc 0.05b 
9%  2.28a** 0.14b 3.30ab** 0.53ab 0.53a 0.14abc 0.08a

b 
12% 2.81a** 0.17b 4.28a** 0.66a 0.63a 0.16a 0.12a 
        
LSD (0.05) 1.06 0.26 1.13 0.38 0.18 0.08 0.04 

*Background concentration here refers to the natural concentration of the elements in the soil 
prior to contamination with SLO. (See Table 1) 
**If CF > 1, Contamination is due SLO application to soil. 
Means of the same column with similar alphabetic superscripts do not differ from each other 
(p>0.05) 
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Nitrate reductase activity (NRA) in developing C. odorata plants was 
reported in 20, 30, 40 and 50 days (Table 5). After 20 days, NRA was 0.311 µMhr-1g-1 

in the control, compared to 0.157 – 0.287 µMhr-1g-1 in pants exposed to oil-polluted soil. 
This decrease in NRA is in accordance with increasing oil concentration in the soil. 
This was similar for the 30th, 40th and 50th days respectively. NRA increased with 
the age of plants. However, NRA was undetected for plants in 12% oil-in-soil treatments 
on the 50th day. This was probably because plants did not survive at 50 days.  

 
Table 3. 

Heavy metal accumulation in whole C. odorata plant at 50 days after sowing 

Heavy 
metals 

1% 3% 6% 9% 12% Control LSD (0.05) 
Metal conc. in soil (mg kg-1) 

Mn2+ 3.8a 4.2a 4.7a 5.3a 5.8a 1.2b 2.3 
Fe3+ 164.2de 191.4cd 253.1bc 299.0ab 341.3a 100.2e 86.3 
Pb2+ NDc NDc 0.049bc 0.103ab 0.185a NDc 0.094 
Cu2+ 1.54ab 1.93ab 2.30a 2.78a 2.24a 0.63b 1.38 
V2+ NDc 0.06c 0.14bc 0.29ab 0.40a NDc 0.22 
Ni2+ NDc 0.27c 1.43b 1.95ab 2.65a NDc 0.98 
Cd2+ NDa NDa NDa NDa NDa NDa 0.001 

Means of the same row with similar alphabetic superscripts do not differ from each other 
(p>0.05). NA not available. Means of the same column with similar alphabetic superscripts do not 
differ from each other (p>0.05). ND not detected (<0.0001 mg kg-1) 

 
Table 4. 

Bioaccumulation quotient for heavy metals accumulated in whole  
C. odorata plant at 50 days after sowing 

Heavy metals Cu  Pb Cd Fe Ni 
Benchmark* (mg kg-1) 

 0.20 5.00 0.01 5.00 0.20 
Bioaccumulation quotient 

0%  3.15b** 0.00b 0.00a 4.80d** 0.00c 
1%  7.70ab** 0.00b 0.00a 32.80c** 0.00c 
3%  9.65ab** 0.00b 0.00a 38.20bc** 1.35c** 
6%  11.50a** 0.01ab 0.00a 50.80ab** 7.15b** 
9%  11.20a** 0.02ab 0.00a 59.80ab** 9.75ab** 
12% 13.90a** 0.04a 0.00a 68.20a** 13.25a** 
      
LSD (0.05) 6.92 0.03 0.001 22.64 5.35 

*Benchmark given is FAO recommended Maximum concentration of trace elements for crops 
(FAO, 1985). 
** Significant accumulation in of the pollutant is implied. 
Means of the same column with similar alphabetic superscripts do not differ from each other 
(p>0.05) 
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Plant survival under conditions of stress relies greatly on its nitrogen assimilation 
capacities. One of numerous biochemical explanations on improved nitrogen utilization by 
plants is dependent on an understanding of its nitrate reductase (NR) activities. NRs, 
which are molybdoenzymes, reduce nitrate to nitrite (Solomonson et al., 1990). 
This reduction reaction is critical for the assembly of protein in most plants, as 
nitrate is the predominant source of nitrogen in fertilized soils (Marschner and 
Petra, 2012). The nitrate uptake system in plants must be versatile and robust because 
plants have to transport sufficient nitrate to satisfy total demand for nitrogen in the face 
of environmental stress. This is very important for metabolic processes including 
chlorophyll synthesis, photosynthesis, as well as antioxidative defences. 

NR is found largely in the cytosols of root epidermal and cortical cells as well as 
in shoot mesophyll cells (Rufty et al., 1986; Vaughn and Campbell, 1988; Fedorova 
et al., 1994). Incidentally, these are also sites of heavy metal bioconcentration. The 
possibility of direct impact on NR activity therefore suffices. This study showed that 
waste oil contamination (heavy metals and hydrocarbons) negatively affected NR 
activity of the test plant. Increased time of exposure as well as concentration were 
two important factors to recon in their phytotoxic effects. 

Table 5. 

Nitrate reductase activity in developing plants 

Nitrate reductase 
activity 

(µM hr-1 g-1) 

Number of days after sowing 

20 30 40 50 

Control 0.311a 0.434a 0.587a 2.086a 
1 %  0.287a 0.415ab 0.531ab 0.957b 
3 %  0.283a 0.323bc 0.385abcd 0.142c 
6 %  0.198b 0.304c 0.312bcd 0.103c 
9 %  0.146c 0.196d 0.229cd 0.093c 
12%  0.157c 0.178d 0.174d NDc 

     
LSD (0.05) 0.032 0.103 0.209 0.242 

ND= Not Detected (below value of 0.0001). Means of the same column with similar alphabetic 
superscripts do not differ from each other (p>0.05) 

 
As earlier reported, the inhibitory effect of the used oil could partly be 

attributed to the toxic nature of some of its constituents on this enzyme. It has been 
reported that polycyclic aromatic hydrocarbons (PAH) is a toxic and recalcitrant 
portion of used engine oil (Wang et al., 2000). Heavy metals affect the activities of 
a wide range of enzymes. A number of metals, like Pb have been reported to interfere 
with the free  –SH groups of plant enzymes, others block the –COOH group. 
Burzynski (1987) reported significant decreases in nitrogen assimilation and enzyme 
activity due to heavy metal contamination. 
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NR activity in the study was only investigated in the first 50 days of the 
plant life. During this period, it was observed that NR activity increased steadily. 
This however does not provide the adequate information required for ascertaining 
impact of plant age on NR activity. 
 
 

Conclusions 
 
The capability for bioconcentration of heavy metals Chromolaena odorata 

has been reported in this study. Although the test plant may have been reported in 
earlier studies to be resilient to used oil contamination; the study showed that this 
depends on the concentration of the contaminant. Having survived in concentrations 
of as much as 12%, it is suggested that more phytotoxicity studies be conducted on 
the plant upon exposure to oil concentrations above 12% so as to be able to place a 
peg on possible benchmark concentration for survival.   
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