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EFFECTS OF SOIL TREATMENT WITH ABATTOIR EFFLUENT ON 
MORPHOLOGICAL AND BIOCHEMICAL PROFILES OF COWPEA SEEDLINGS 

(V.UNGUICULATA) GROWN IN GASOLINE POLLUTED SOIL
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The effects of  abattoir wastewater treated soil on morphological and biochemical profiles of  cowpea seedlings 
(Vigna unguiculata) grown in gasoline polluted soil was studied. Percentage germination, shoot length, root length 
and leaf  area of  cowpea seedlings grown in gasoline treated soil decreased significantly (P < 0.05) when 
compared to the control. Moreover, gasoline contaminated soil significantly (p<0.05) decreased levels of  total 
sugar, total protein,  total amino acids, total chlorophyll, chlorophyll a and b, and β-carotene contents of  the 
leaves as well as significant (p<0.05) decrease in the activities of  α-amylase and starch phosphorylase in the 
cotyledon compared to seedlings in the control. Cowpea seedlings grown in gasoline contaminated soil also 
showed alterations in antioxidant enzymes when compared to the control. However, treatment of  gasoline 
contaminated soils with abattoir wastewater (AWW) substantially improved the growth parameters, chlorophyll 
and β-carotene contents of  the cowpea seedlings. The activities of  α-amylase and starch phosphorylase, in 
addition to the antioxidant enzymes were considerably enhanced by AWW treatment. These findings showed in 
clear terms that abattoir wastewater may be a suitable manorial material for remediating gasoline contaminated 
soils as well as mitigate toxic effects of  gasoline on exposed plants.
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INTRODUCTION
Gasoline, which is also called premium motor 
spirit (PMS),  is a complex mixture of  organic 
compounds obtained by the fractional distillation 
of  crude oil and further enhanced by a variety of  
additives and blending agents (Eyidogan et al., 
2010). The composition of  gasoline varies widely, 
depending on the crude oil used and the refining 
process adopted (IARC, 1989). Gasoline can 
contaminate the environment from various 
industrial operations as well as accidental spill 
from oil tankers due to bad roads and through 
improper disposal by mechanics (Tyczkowsk1, 
1993; Michalcewicz, 1995; Odjegba and Sadiq, 
2002; Adam et al., 2002; Nwaogu et al., 2008; Liu et 
al., 2009; Maliszewska-Kordybach et al., 2009). 

Soil polluted with petroleum hydrocarbons is 
devoid of  water and oxygen as well as shortage of  
available forms of  carbon, nitrogen and 
phosphorus (Wyszkowska and Kucharski, 2000; 
Wyszkowski and Ziolkowska, 2008). This reduces 
the ability of  the soil to support living organisms 
present in it as well as its inability to carry out 
biochemical activities (Agbogidi and Eshegbeyi, 
2006; Makoi and Ndakidemi, 2008; Achuba, 2014; 
Achuba and Okoh, 2014; Alrumman et al 2015). 

Petroleum hydrocarbons have been described as a 
phytochemical substance (Peretiemo-clarke and 
Achuba, 2007).  Previous studies indicated that 
p e t r o l e u m  i n d u c e d  c h a n g e s  i n  t h e  
macromolecular composition of  plants (Rowland 
et al., 1988; Schmeink and Wild, 1990; Anoliefo 
and Edegbai, 2000). These changes include 
increase in total soluble sugars (Achuba, 2006) and 
decrease in photosynthetic pigments such as 
chlorophyll a and b and carotenoids (Agrawal, 
1992; Keller and Lamprecht, 1995; Seklemora et 
al., 2001; Odjegba and Sadiq, 2002; Ye and Tam, 
2007; Adedokun and Ataga, 2007; Peretiemo-
Clarke and Achuba, 2007; Wang et al., 2011; Amal 
et al., 2012 ). Moreover petroleum pollution leads 
to alterations in plants morphological indices (Sun 
et al., 2004; Njoku et al., 2008a), reduction in the 
activities of  starch phosphorylase and α-amylase 
(Achuba, 2006; Achuba and Okoh, 2014) and 
alterations in oxidative stress indicators (Achuba, 
2014).

The degradation of  petroleum hydrocarbons is 
very slow in natural environment which is 
occasioned by nutritional imbalance created by oil 
spill (Ijah and Ndana, 2003). Earlier studies have 
employed different methods to restore gasoline 
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polluted soil by the addition of  microorganisms, 
organic and inorganic fertilizers and tilling 
(Ismailov, 1985; Bartha, 1986; Leahy and Colwell 
1990; Ijah and George, 1998; Ijah and Antai, 2003; 
Iquatt et al., 2006). However, inorganic fertilizers 
are very expensive; hence the use of  organic 
wastes (Leahy and Colwell, 1990; Adeleye, 1991; 
Ijah and Antai, 2003; Ukpaka and Edwin, 2013).  
Works that utilize abattoir wastewater as a suitable 
inexpensive tool in mitigating the toxic effect of  
gasoline on cowpea seedlings grown on gasoline 
contaminated soil has not been carried out.  
Cowpea is widely cultivated and it is one of  the 
staple foods of  the people of  the Niger delta area 
of  southern Nigeria whose farm lands are heavily 
polluted with petroleum hydrocarbon. Therefore 
this study investigated the morphological and 
metabolic indices of  cowpea seedlings grown on 
aba t to i r  was tewate r- t r ea ted  g aso l ine -
contaminated soil 

MATERIALS AND METHODS
 
Chemicals and Reagents 
The gasoline used for this study was obtained 
from Warri Refining and Petrochemical Company, 
Ekpan, Warri, Nigeria. The various chemicals 
(analytical grade) that were used for this study 
were products of  Randox Laboratories Ltd, 
Antrim, United Kingdom. 

Collection of  materials
Seeds of  Vigna unguiculata (L) (IT845-2246-4 
accession) were obtained from International 
Institute of  Tropical Agriculture (IITA) Ibadan, 
Nigeria. The Seeds were subjected to floatation in 
order to ascertain that the seeds were intact and 
potentially viable.  Seeds that did not float on 
water were assumed to be viable and were used for 
the experiment. The sandy loam soil of  known 
composition (Achuba and Okoh, 2014) was used 
for this study. The physicochemical parameter of  
the sun-dried and sieved soil was published earlier 
(Achuba and Okoh, 2014). The abattoir 
wastewater used was randomly collected from a 
local slaughterhouse in Obiaruku, Delta State, 
Nigeria using a 10 litre capacity container. The 
container drew part of  the wastewater running off  
the drainage system just as it was leaving the 
slaughter pavement. The physicochemical 
parameter of  the abattoir effluent was published 

previously (Achuba and Ekute, 2017)

Preliminary Assessment of  Abattoir 
Wastewater on Plant Growth
A pretreatment assessment was carried out which 
established that 40 ml of  abattoir wastewater used 
had a stimulating effect on plant growth 
parameters in cowpea seedlings when compared 
to other volumes of  abattoir wastewater 
treatments (10 ml, 20 ml, 30 ml, 50 ml, 60 ml, 80 ml 
and 100 ml) (Achuba and Ekute, 2017). 

Experimental Design
Sieved soil (1600.0g) was added to each of  the 100 
planting bags and divided into two experimental 
series. Series 'A' treated only with gasoline and 
Series 'B' treated with gasoline and abattoir 
effluent (40 ml each) as determined from a prior 
study. Each series was divided into seven groups 
with each group having five replicates. 

In series A, the soil in each bag (Groups 1 to 7) was 
treated with gasoline at these concentrations 
0.10%, 0.25%, 0.50%, 1.00%, 1.50% , 2.00%  and 
0.00 %(v/w) respectively. To prepare the first 
group, gasoline (1.6 ml) was added to the soil (1.6 
kg) and mixed well with hand. The procedure was 
used with appropriate volumes of  gasoline to 
prepare other treatments. The quantity of  soil 
commensurable to the size of  the planting 
polybag was earlier determined (Achuba and 
Okoh, 2014). Series B had same treatments and 
filtered abattoir effluent (40 ml) added to the soil 
in each bag. Five seeds of  the V. unguiculata were 
sown in each test bag at an approximate depth of  2 
.0 cm. Each bag was watered daily (morning and 
evening), to keep the soil wet and germination 
monitored every four days. After the 12th day, 
seeds which failed to germinate were regarded as 
not healthy (Achuba, 2006) 

Determination of  Growth Parameters
Germination was expressed in percentage. The 
equation used to calculate the germination 
percentage is: Germination percent = seed 
germinated/total seeds x 100 (Njoku et al., 2008a). 
Growth parameters (root length, shoot length) 
were measured with a metre rule. To determine the 
root length, each polybag was destroyed with soil 
intact. The soil containing the seedlings was then 
placed under slow- running tap water. This was to 
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avoid damage to the roots. The roots were then 
measured with a metre rule from the tip to the base 
of  the soil. The stems were measured from the 
base of  the soil to the apex of  the stem. The leaf  
area was calculated by measuring the longest and 
widest regions of  each leaf  used. The length and 
width of  the leaf  multiplied and standardized by 
multiplying with a correction factor
 
Determination of  Starch Degrading 
Enzymes.
The alpha-amylase assay was carried out by the 
method of  Gupta et al., (2003) using the 
supernatant obtained from the homogenization 
and subsequent centrifugation  (at 3000 g) of  
filtrate obtained from cowpea cotyledons ( 0.50 g) 
collected from the seedlings four days after 
planting The activity of  alpha- amylase was 
calculated using the formula proposed by Xiao et 
al., (2006). Singh and Steinnes (1976) method was 
used for the determination of  Starch 
Phosphorylase

Determination of  Total Sugar Content, 
Amino Acid and Total Protein 
After twelve days of  planting, leaves were 
collected and the leaf  homogenates were prepared 
as described by Achuba (2006)  The sugar content 
was determined as described by Tietz (1982).Total 
amino acid was determined using the ninhydrin 
procedure as earlier described ( Achuba 2006).  
Lowry et al., (1951) method was used for the 
determination total soluble protein.

Determination of  Photosynthetic Pigments 
The leaves (1.0g) of  twelve- day –old seedlings 
were taken into the mortar, followed by the 
addition of  96% methanol and homogenized with 
pestle. The homogenate was then centrifuged at 
2500 rpm for ten minutes. Chlorophylls were 
determined by the method of  Lichtenthaler 
(1987).The level of  carotenoid was determined 
according to Duxbury and Yentsch (1956). 

Evaluation of  Oxidative Stress Markers
Leaves were collected after twelve days of  planting 
for the determination of  oxidative stress markers. 
Lipid peroxidation was determined according to 
the method of  Heath and Packer (1968). 
Superoxide dismutase (SOD) activity was 
determined by the method of  Misra and Fredorich 

. 

(1972), which was based on the inhibitory effect 
of  SOD on epinephrine auto oxidation. MnSOD 
and Cu/ZnSOD activities were assayed according 
to the method of  Crapo et al (1978).  Catalase 
activity was measured according to Rani et al., 
(2004).The method outlined by Achuba (2010) 
was used to estimate xanthine oxidase activity. 

Statistical Analysis
Means were subjected to analysis of  variance 
(ANOVA) and post Hoc Fisher's test for multiple 
comparisons of  control and gasoline exposed 
seedlings as well as gasoline exposed seedling and 
seedlings grown in abattoir wastewater treated 
gasoline contaminated soils. This was done with 
the statistical package for social science (SPSS, 
version 20). Significance level was set at p values < 
0.05. The results were expressed as Mean ± SD.

RESULTS AND DISCUSSION
The present study showed that treatment of  soil 
with gasoline reduced the growth parameters of  
cowpea seedlings (Figure 1). This result agrees 
with previous report (Adedokun and Ataga, 
2007). Nevertheless, treatment of  contaminated 
soil with abattoir wastewater (AWW) significantly 
(p<0.05) increased the values of  the growth 
parameters when compared to seedlings grown in 
gasoline contaminated soil alone. This is 
consistent with previous report (Ekpo and Nya. 
2012) which indicated that poultry droppings 
improved the growth parameters of  various 
seedlings.  Abattoir wastewater like other organic 
wastes such as cow dung and poultry droppings is 
a good source of  organic manure and essential 
nutrients like nitrate and phosphate. Besides, 
abattoir wastewater contains hydrocarbon- 
utilizing micro-organisms (Umanu and Owoseni 
2013) whose activities increase soil fertility when 
carbon content in hydrocarbon is used as source 
of  energy .This may explain the basis for the 
improved performance of  cowpea seedlings 
exposed to soil co-treated with gasoline and 
abattoir wastewater.

Contamination of  soil with gasoline decreased the 
content of  protein, amino acids and sugar in the 
leaves of  exposed cowpea seedlings relative to the 
control (Table 1). This indicates environmentally- 
induced metabolic imbalances (Al-Hawas et al., 
2012; Olubodun and Eriyamremu, 2015). 
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Notwithstanding, treatment with abattoir 
wastewater (AWW) significantly increased the 
level of  these biomolecules when compared to the 
gasoline alone groups. Sivaraj et al (2014) had 

earlier reported that poultry droppings in diesel 
polluted soil improved the concentrations of  
macromolecules in sunflower seedlings.
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Figure 1: Effect of  abattoir waste water addition to gasoline-treated soil on morphological 
parameters of  cowpea seedlings grown on such soil

Table 1: Effect of  abattoir wastewater (AWW) addition to gasoline-treated soil on the level of  sugar, 
protein, and amino acid in the leaves of  cowpea seedlings grown on such soil

Gasoline concentration   
in soil (% v/w ml/g)

 

Total Sugar (mg/g) n=5  Total Protein(mg/g) n=5 Total Amino Acid(mg/g) n=5

PMS
       

PMS
 

+AWW
        

PMS
 

PMS+AWW PMS PMS+AWW
0.00 5.45  ± 0.01

 
6.05 ± 0.81

  
5.40 ± 0.25

   
5.60 ± 0.25 5.78 ± 0.15 5.80 ± 0.25

0.10

 
5.65 ±

 

5.70 ± 0.47a 5.50 ± 0.18a

 

6.03 ± 5.95 ± 5.97 ± 0.10ab 

0.25

 

6.02 ±

   

6.18 ± 0.92ab

  

6.12 ± 0.91ab

 

6.16 ± 6.20 ± 6.31 ± 0.06ab 

0.50

 

6.55 ±

   

6.90 ± 0.76ab

   

6.20 ± 0.49ab

 

6.30 ± 6.50 ±

0.21ab 

0.06ab 

0.06ab 7.10 ± 0.10ab 

1.00

 

5.95 ±

0.05a

0.03a

0.89ab

0.94a 6.25 ± 0.25ab 5.90 ± 0.61ab 6.17 ±

 

 

0.75ab

 

0.50ab

0.50ab 

0.70ab 5.30 ± 0.06 5.42 ± 0.15

1.50 5.30 ± 0.90 6.05 ± 0.35a 5.08 ± 0.67 5.19 ± 0.21 5.12 ± 0.06 5.25 ± 0.15

2.00 4.25  ± 0.65 5.31 ± 0.16 4.59 ± 0.70 4.67 ± 0.24 4.00 ± 0.06 4.10 ± 0.15

Results are expressed as mean + SD of  five determinations. a=values significantly higher than those 
of  control at P<0.05; b = values significantly higher than the corresponding gasoline treatment; 
n=number of  seedlings used per assay
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In this study exposure to gasoline treated soil 
decreased the levels of  chlorophylls and β-
carotene in V. unguiculata (Table 2). Similar results 
were reported by Achuba (2006) and Al-Hawas et 
al (2012). Again, treatment of  gasoline 
contaminated soil with abattoir wastewater 

significantly improved the concentrations of  the 
aforementioned molecules. Previous studies that 
employed both organic manure and inorganic 
fertilizer are in consonance with the present study 
(Njoku, et al., 2008b; Al-Hawas et al., 2012).
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Table 2: The effect of  abattoir wastewater addition to gasoline-treated soil on photosynthetic pigments 
in the leaves of  cowpea seedlings grown on such soil

Gasoline Conc. in soil 
(% v/w ml/g)

 

Total chlorophyll (mg/g)  Chlorophyll a (mg/g)  Chlorophyll b (mg/g) β-Carotene (mg/g)

 (PMS)

 
 (PMS) + AWW

 
 (PMS)

 
 (PMS) + AWW

 
 (PMS) (PMS) + AWW (PMS) (PMS) + AWW

 
0.00

 

 
288.33 ± 0.1

 

 
320.3 ± 0.8

 

 
2.40 ± 0.25

 

 
2.90 ± 0.25

 

239 ± 0.15 269 ± 0.25 3.40 ± 0.10 3.70 ± 0.27

0.10

 

221.33 ± 0.5a

 

284.0 ±0.4b

 

2.35 ± 0.10

 

a

 

2.83 ± 0.70 b

 

237 ± 0.21 a 257 ± 0.10 b 2.50 ± 0.20 a 2.73 ± 0.10b

0.25

 

207.13 ± 0.3a

 

264.6 ± 0.9b

 

2.21 ± 0.90

 

a

 

2.70 ± 0.50

 

b

 

226 ± 0.06 a 236 ± 0.06 b 2.47 ± 0.00 a 2.40 ± 0.00 b

0.50 201.54 ± 0.9a 256.7 ± 0.7b 2.10 ± 0.40 a 2.21 ± 0.50 b 229 ± 0.06 a 239 ± 0.10 b 4.70 ± 0.60 a 4.90 ± 0.11 b

1.00 192.67 ± 0.4 247.6 ± 0.2b 3.03 ± 0.60 a 3.30 ± 0.70 b 230 ± 0.06 239 ± 0.15 b 5.40 ± 0.00 5.57 ± 0.12 b

1.50 189.33 ± 0.9a 238.3 ± 0.3b 2.33 ± 0.60 a 2.81 ± 0.23 b 219 ± 0.06 a 225 ± 0.15 b 3.00 ± 0.62 a 2.89 ± 0.14 b

2.00 175.00 ± 0.5a 229.6 ± 0.1b 1.00 ± 0.70 a 1.50 ± 0.20 b 150 ± 0.06 a 200 ± 0.15 b 2.60 ± 0.63 a 2.66 ± 0.54 b

Values are expressed as mean + SD of  five determinations. a=values significantly lower than those of  
control at P<0.05; b = values significantly lower than the corresponding gasoline treatment; n=number 
of  seedlings used per assay.

The activities of  α-amylase and starch 
phosphorylase in the leaves of  cowpea seedlings 
grown in gasoline contaminated soil (Figure 2) 
decreased significantly (p<0.05) compared to 
seedlings in control group. The present finding 

agrees with the report of  Achuba (2006).  
Treatment of  gasoline contaminated soil with 
abattoir wastewater increased the activities of  α-
amylase and starch phosphorylase compared with 
seedlings exposed to gasoline alone groups.

Figure 2: Effect of  abattoir wastewater addition to gasoline treated-soil on the activities of  α-
amylase and starch phosphorylase in the leaves of  cowpea seedlings grown on such soil
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Environmental stress is associated with metabolic 
imbalances that can cause oxidative damage in 
plants (Olubodun and Eriyamremu, 2015). This is 
because stress in plants causes excessive 
generation of  reactive oxygen species (Al-Hawas 
et al  2012).  Achuba and Osakwe (2003) reported 
that excessive formation of  reactive oxygen 
species predisposes living organisms to lipid 
peroxidation.  Therefore, lipid peroxidation is a 
major consequence of  free radical generation 
(Achuba and Otuya, 2006). The present study 
shows that contamination of  soil with gasoline 
caused increase in lipid peroxidation in cowpea 
seedlings (Table 2). Higher levels of  lipid 
peroxidation have been reported in the radicle of  
germinating beans grown in soil contaminated 
with crude oil (Olubodun and Eriyamremu, 2015). 
Treatment of  gasoline polluted soil with abattoir 
wastewater significantly decreased lipid 
peroxidation in the hydrocarbon exposed cowpea 
seedlings.

Plants possess antioxidant enzymes such as 
superoxide dismutase (SOD) and catalase for 
protection against the damaging effects of  
reactive oxygen species (Asada, 1994). In this 
study (Figure 3) exposure to gasoline treated soil 
increased the activities of  SOD and catalase in 
cowpea seedlings at lower contamination levels.  
This corroborates the result of  the work done by 
Al-Hawas et al (2012). The initial increase in the 
activities of  these enzymes may be due to 
homeostatic adjustment by the cell to protect 
itself  against the increasing levels of  free radical 
toxicity (Achuba and Otuya, 2006).  However, at 
higher contamination levels, SOD and catalase 
activities decreased significantly as compared to 
the control. Olubodun and Eriyamremu (2015) 
had reported a decrease in the activity of  SOD in 
seedlings exposed to hydrocarbon treated soil. 
However, at higher concentrations, the capacity of  
the cell to deal with the increasing concentration 
of  ROS may have been compromised (Nwaogu 
and Onyeze, 2014) and this may account for the 
decrease observed at these contamination levels. 
Treatment with abattoir wastewater (AWW) 
counteracted the effect of  gasoline treatment of  
soil on the cowpea seedlings. However, it did not 
substantially restore the activity of  the antioxidant 
enzymes towards the control values.

.,

Gasoline treatment of  soil reduced xanthine 
oxidase activity. This agrees with the findings of  
Achuba (2008). Xanthine oxidase converts 
xanthine into uric acid. Therefore ,the reduction in 
xanthine oxidase activity  suggest the reduced 
ability of  the plant cell to deal with reactive oxygen 
species as uric acid is a known antioxidant 
(Achuba, 2008) .  Moreover, treatment with 
abattoir wastewater enhanced the activity of  
xanthine oxidase, though it did not restore the 
values obtained towards the control values 

CONCLUSION
Treatment of  gasoline contaminated soil with 
abattoir wastewater substantially improved the 
morphological and biochemical profiles of  
cowpea seedlings. This study demonstrated that 
abattoir wastewater could mitigate the adverse 
effects of  gasoline on exposed plants.
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