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Cow dung used as soil amendments and a sequential chemical speciation (six steps) procedure were 
used to predict the uptake of Cr, Cu and As by maize (Zea mays) plant in chromated copper arsenate 
(CCA) contaminated soil. A pot experiment containing the contaminated soil samples with different 
percentage levels of amendments and control (no amendment) was set up. The relative concentrations 
of the metals in the CCA contaminated soil were established as Cr 265.84 mg/kg, Cu 155.82 mg/kg and 
As 33.09 mg/kg. However, with the use of speciation and calculations based on mobility factor (Mf), the 
relative toxicity of the metals in the soil was established as As (60%) > Cr (19%) > Cu (8%). The 
amendment, rich in organic matter raised the pH level of the soil, demobilized the metals rendering them 
unavailable through bounding resulting into relatively lower uptake by plants in soils with amendment 
when compared with plants in the control pots.  
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INTRODUCTION 
 
The air we breathe, the water we drink, and the soil we 
rely on to grow plants for food are all being contaminated 
as a direct result of human activities. Metal-rich mine 
tailings, metal smelting, electroplating, gas exhausts, 
energy and fuel production, downwash from power lines, 
intensive agriculture, and sludge dumping are the most 
important human activities that contaminate soils with 
large quantities of toxic metals (Seward et al., 1990). Soil 
may also be contaminated by heavy metals such as 
arsenic, chromium, copper, lead and zinc due to improper 
waste disposal practices, and spillage of chemicals such 
as wood preserving agents and petroleum products 
(USEAP, 1997; Sun et al., 2001., Peters, 1991). 

Maize (Zea mays) native to tropical America is widely 
grown in Nigeria. It is a shallow rooted plant and 
possesses prop roots above the ground and fibrous roots 
underground. Maize may be classified into the followings: 
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1. Sweet maize (Z. mays sacharata). The grains are soft 
and sweet; contains more of sugar with little starch. 
2. Flint maize (Z. mays indurate). The grains consist of 
hard starch; used for making flour. 
3. Dent maize (Z. mays indentata). Used for making flour. 
 
Maize is harvested green12 - 14 weeks after planting or 
dry after 15 - 17 weeks. It can be eaten boiled, roasted or 
used as pap. Flour can be obtained from maize grains 
and it can be used for alcoholic drinks. The   yield of 
maize seed in Nigeria is 4.5 tons/ha for hybrid maize 
(Ekohwo, 2007). 

Phytoremediation is a method that utilizes plants to 
clean up pollutants in soil, water and air. An estimated 
350 species of plants naturally take up toxic materials. 
Sunflower plants have been found to effectively remove 
radioactive cesium and strontium from ponds at the 
Chernobyl nuclear power plant in Ukraine and water 
hyacinth has been used to remove arsenic from water 
supplies in Bangladesh, India (William and Michael, 
2009). Because high concentrations of pollutants often 
kill most plants, phytoremediation tends  to  work  best  at  
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low pollutant concentrations. The basis of phytorem-
ediation is pollutant uptake or bounding by plants. A 
phytoremediation of metal contaminated soil encom-
passes two different stratifies; phytostabilization and 
phytoextraction (Cunningham et al., 1995; Salt et al., 
1998).  

In earlier times, the energy used in the farm is derived 
from man through the use of human muscles. Later, 
animal power was employed. Animals, mostly pair of 
work bulls are used for tilling of grounds (Ekohwo, 2007). 
Another major benefit derived by farmers from this 
method is the fertilization of the farm from the animal’s 
wastes. These wastes go a long way to improve the 
physical condition of the soil and supplies N-P-K and 
other nutrients to plants.  The water holding capacity of 
the soil is also greatly increased. This old method of 
using animal waste is still employed today through the 
use of amendment.  

Amendment or fertilization also called nutrient enrich-
ment is a phytoremediation approach. This approach in 
which fertilizers are added to a contaminated soil to 
stimulate the growth of microorganisms that can degrade 
pollutants helps to sustain the life of the plant through 
nutrient enrichment of the soil, protection or curing of the 
plants against the toxic nature of pollutants. Also by 
adding amendment to the soil, microorganism replicates, 
increase in number, and grow rapidly and thus increase 
the rate of biodegradation of the pollutants (William and 
Michael, 2009). Some of the products of biodegradation 
are useful plant nutrient and organic matter. Thus the 
level of pollutant toxicity is reduced. Organic fertilizers do 
not destroy beneficial microorganisms and earthworms. 

Composting, a natural biological process is the 
controlled decay of organic matter in a warm moist 
environment by the action of bacteria, fungi and other 
organisms (Salvator and Sabee, 1995). The process can 
either be anaerobic or aerobic. Organic waste materials 
mainly of animal and plant origin are potential sources of 
organic matter and plant nutrient (Adeniran et al., 2003). 
Processing of organic waste by compost provide an 
opportunity to reduce bulk and oduor while increasing the 
nutritive values of the materials. Using compost as an 
organic soil amendment stimulates microorganisms to 
take nitrogen from the air and fix it in the soil where 
plants can use it. Also a plant rich in decomposing 
organic matter provides a much higher level of CO2 in the 
air just above the soil for the plant use.    

The aim of this work is to study the efficiency and 
effectiveness of cow dung manure as a soil amendment 
in the phytoremediation of CCA contaminated soil. 
 
 
MATERIALS AND METHODS 
 
Study site 
 
Our study site is the premises of Bendel Wood Factory, Benin City, 
Edo State, Nigeria. The factory is located along Ekenwan road in 
Benin City and was established in 1963. Their main  function  is  the  

 
 
 
 
treatment of wood used as poles for distributing electricity. The 
main chemical used by the factory is chromated copper arsenate 
(CCA). 
 
 
Sampling 
 
Soil 
 
Five soil samples were collected from areas of known 
contamination (Uwumarongie et al., 2008) in the premises of 
Bendel Wood Factory, Benin City, Edo state, Nigeria. Plastic spade 
was used to collect soil from a depth not deeper than topsoil (0 – 15 
cm) into polythene bags. A composite of all the samples was made, 
thoroughly mixed in a large polythene spread. It was then taken to 
the laboratory in two polythene bags. A laboratory sample of 20 g 
was taken from the composite sample, air dried, and crushed to 
pass through a 2 mm sieve and stored in a polythene bag. This was 
used for the various analyses. 
 
 
Cow dung  
 
The cow dung manure was collected with a plastic spade into a 
plastic bucket from a pen at Kwale, Delta State, Nigeria. All non 
compostable materials in the waste were sorted out and thrown 
away and not included in the compost preparation. Slurry of the 
cow dung was made by adding enough water into it, and properly 
stirred with hand using hand gloves. It was then spread out in a 
large polythene sheet in an aerated shade, occasionally turned and 
allowed to dry. A powder of the dry cake was made and stored in a 
polythene bag and used for the experiment. Strictly ambient 
condition was used for the compost.  
 
 
 Maize grain 
 
The maize grain used for the study was obtained from Edo State 
Ministry of Agriculture, Sapele Road, Benin City. 
 
 
Pot experiment/germination studies 
 
2 kg of CCA polluted soil containing 2, 5, 10 and 20% of cow dung 
amendment were placed in plastic pots. Mixed thoroughly, watered 
and left for 2 weeks to stabilize before maize was planted. Control 
was set up without amendment. Maize seedlings (Zea mays) were 
soaked in water for 5 h and the viable ones are sown in the plastic 
pots. Maintenance was carried out by watering using tap water 
when necessary. 
 
 
Total concentration of As, Cr and Cu in CCA contaminated soil 
 
5 ml of aqua regia and 1 ml of perchloric acid were added to 1 g of 
soil sample in a 150 ml digestion tube and digested on a heating 
digester until white fumes of perchloric acid appeared. The tube 
was cooled and the sides rinsed with distilled water and then 
filtered through a Whatman 1 filter paper into a 100 ml volumetric 
flask. The volume was made up with distilled water (Tessier et al., 
1979). The concentrations of the heavy metals in the various 
extracts were determined in a pre-calibrated AAS. 
 
 
Sequential chemical speciation (Salbu and Oughton, 1998) 
 
The extraction scheme used here is based on six operationally 
defined fractions (Salbu and Oughton, 1998). It is a  modification  of 



 
 
 
 
sequential extraction procedure (Tessier et al., 1979). 2 g of the 
prepared soil sample was weighed and placed in a 100 ml 
polypropylene bottle. The sequential extractions were made into six 
various fractions as shown below. 
 
 
Soluble fractions  
 
20 ml of distilled water was added to the soil sample in the 
polypropylene bottle and the mixture was shaken for 1 h. The 
mixture was then centrifuged at 1500 rpm for 15 min. The super-
natant was filtered into a polypropylene bottle for metal analysis, 
while the residue was used for the next extraction below. 
 
 
Exchangeable fractions  
 
20 M of 1 ml NH4OAC was added to the residue obtained from the 
soluble fractions obtained above and the pH adjusted to 7 with 
ammonium hydroxide solution and agitated for 2 h. The mixture 
was then centrifuged at 1500 rpm for 15 min. The supernatant was 
filtered into a polypropylene bottle for metal analysis, while the 
residue was used for the next extraction. 
 
 
Carbonate-bound fractions 
 
20 ml of 1 M NH4OAC was added to the residue obtained from the 
exchangeable fractions obtained above and adjusted to pH 5 with 
concentrated acetic acid and agitated for 2 h. The mixture was then 
centrifuged at 1500 rpm for 15 min. The supernatant was filtered 
into a polypropylene bottle for metal analysis, while the residue was 
used for the next extraction. 
 
 
Fe-Mn oxides bound fractions  
 
20 ml of 0.04 M NH2OH.HCl in 25% HOAC was added to the 
residue obtained from the carbonate bound fraction obtained above 
and placed in a water bath for 6 h at 60°C. The mixture was brought 
out and centrifuged at 1500 rpm for 15 min. The supernatant was 
filtered into a polypropylene bottle for metal analysis, while the 
residue was used for the next extraction. 
 
 
Organically bound fractions 
 
15 ml of 30% H2O2 adjusted with HNO3 to pH 2 was added to the 
residue obtained from the step above and heated for 5.5 h in a 
water bath at 80°C. After cooling, 5 ml of 3.2 MNH4OAC in 20% 
HNO3 was added; sample was shaken for 30 min and finally diluted 
to 20 ml with distilled water. The mixture was centrifuged at 1500 
rpm for 15 min. The supernatant was filtered into a polypropylene 
bottle for metal analysis, while the residue was used for the last 
stage. 
 
 
Residual fraction 
 
5 ml of nitric acid and 1 ml of perchloric acid were added to 1 g of 
residue obtained from the step above in a conical flask and heated 
on a hot plate at 60°C for 6 h. After evaporation, 1 ml of 2 M HNO3 
was added and the residue after dissolution was filtered through 
Whatman No 1 filter paper and into a 100 ml volumetric flask and 
diluted with distilled water to the mark. 
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Note: All the solid phases were washed with 10 ml distilled water 
before the next extraction step. The washings were filtered with 
Whatman No 1 filter paper and added to the previous supernatant 
fraction and analyzed.  
 
 
Uptake of As, Cr and Cu by maize 
 
Plants were uprooted 20 days after germination, rinsed with 
deionized water, cut into pieces, dried for two days at 80°C. It was 
then ashed in a Muffle furnace at 500°C for 6 h. The ash was 
dissolved in 20% nitric acid. The concentrations (mg/Kg) of the 
metals in the dry weight of plant samples were determined by AAS 
Bulk Scientific VGP 210.  
 
 
RESULT AND DISCUSSION 
 
Table 1 shows the physicochemical properties of the soils 
(control and soil with different percentage level of 
amendment). The pH and organic carbon increased with 
the level of amendment. The   use of amendment 
especially at 20% level raised the pH level of the soil 
sample from 6.20 to 6.60. It was established that near 
neutral pH generally results in micronutrient cations to be 
soluble enough to satisfy plant needs without becoming 
soluble enough as to be toxic (Nyle and Ray, 2005). The 
increase in pH brought about by the amendment helps to 
bound the metals. The nutrient content of the soil 
increased if values at control are compared with 20% 
amendment (Ca: 5.68 to6.09, K: 0.57 to 068P: 44.74 to 
908.74, N: 0.34to 0.45)  

Table 2 shows the total concentration of the metals in 
the soil as compared with their intervention values. 
Though total metal concentration do not necessarily 
correspond with metal availability and mobility, nations 
and corporate bodies around the world have placed 
standards for target and intervention levels based on total 
concentrations. Intervention values indicate that 
remediation action should be triggered, if soil metal 
concentration exceeds limit specified. From the values, it 
is clear that the soil is polluted with regard to the three 
metals under study as the concentration for chromium, 
copper, and arsenic are all higher than their intervention 
values. The equation shown below was used to calculate 
the intervention value for the soil (Department of 
Petroleum Resources guideline, Lagos, 1991).  
 

1025
%%

×+×+
×+×+×=

CBA
OMCCLAYBAIst

Ic                (1) 

 
Where:  
Ic = Intervention value applying for the soil being 
evaluated in mg/kg, Ist = Intervention value for standard 
soil [55mg/kg for As, 380 mg/kg for Cr and 190 mg/kg for 
Cu], %Clay = measured % clay in the soil being 
evaluated = 24.80% (Table 1), % Organic matter (OM) = 
Measured % organic matter in the soil being evaluated = 
2.18% (Table 1), A, B and C = Constants which depends 
on the substances, As, A = 15, B = 0.4 and C 0.4, Cr, A = 
50, B = 2 and C = 0.0, Cu, A = 15, B = 0.6 and C = 0.6.  
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Table 1.  Physicochemical properties of the soils. 
 

Parameter 
Control  

(no amendment) 
2% 

amendment 
5% 

amendment 
10% 

amendment 
20% 

amendment 

pH 6.20 ± 0.40 6.43 ± 0.80 6.48 ± 0.1.20 6.57 ± 1.10 6.60 ± 1.10 
OC% 1.26 ± 0.50 1.60 ± 0.70 2.12 ± 0.00 3.90 ± 0.90 5.70 ± 1.00 
OM% 2.18 ± 0.50 2.77 ± 0.70 3.67 ± 0.00 6.75 ± 0.90 9.86 ± 1.00 
Calcium(Meq/100g) 5.68 ± 0.40 5.72 ± 1.60 5.77 ± 1.30 5.86 ± 1.00 6.09 ± 1.70 
Magnesium (Meq/100g) 1.96 ± 0.30 1.96 ± 0.60 1.99 ± 0.40 2.05 ± 1.00 2.17 ± 1.00 
Sodium (Meq/100g) 0.19 ± 0.10 0.20 ± 0.00 0.22 ± 0.10 0.25 ± 0.00 0.31 ± 0.12 
Potassium (Meq/100g) 0.57 ± 0.10 0.58 ± 0.20 0.60 ± 0.10 0.63 ± 0.20 0.68 ± 0.20 
CEC (Meq/100g) 8.40 ± 0.20 8.46 ± 1.20 8.58 ± 0.60 8.79 ± 0.50 9.25 ± 0.90 
Phosphorus (mg/Kg) 44.74 ± 3.73 131.14 ± 27.00 260.74 ± 41.00 476.74 ± 30.00 908.74 ± 42.00 
Nitrogen % 0.34 ± 0.08 0.35 ± 0.14 0.37 ± 0.10 0.40 ± 0.16 0.45 ± 0.20 
Clay % 24.80     
Silt % 2.10     
Sand % 73.10     

 

OC = Organic carbon; OM = Organic matter; CEC = Cations exchange capacity. 
 
 
 

Table 2. Total concentration of the metals in soil sample/intervention values set by 
DPR 
 

Metals  Total concentration (mg/Kg) Intervention values  (mg/Kg) 
Chromium 265.84 ± 33.0 190.52 
Copper 155.82 ± 12.98 79.61 
Arsenic 32.09 ± 2.48 28.82 

 
 
 

Table 3. Extractants used in a six step sequential speciation (Salbu and Oughton, 
1998). A modified method Tessier et al. (91979).  
 

Step Soil phase Extractant Agitation time 
1 Soluble fractions 20 ml distilled water 1 h 20°C  
2 Exchangeable 20 ml NH4OAc (pH 7) 2 h 
3 Carbonate-bound 20 ml NH4OAc (pH5) 2 h 
4 Fe-Mn oxide bound 20 ml NH2OH. HCl 6 h at 60°C 

15 ml of 30% H2O2 (pH 2 HNO3) 

After cooling,  
5 ml3.2MNH4OAci 

5.5 h at 80° C 

In 20% HNO3 
5 Organic bound 

Then dilute 20 ml with water 
30 min 

5 ml HNO3+1 ml HClO  
6 Residual 

After cooling + 2 M HNO3 
6 h  

 
 
To calculate the intervention value for arsenic metal the 
figures should be computed as follows: 
 

104.0254.015
18.24.080.244.01555

×+×+
×+×+×=Ic    

 
From equation (1) 
 
When the above calculation is resolved, it  gives  a  value  

of 28.82 mg/kg  
Total concentration helps to estimate the effects and 

potential risks associated with elevated elemental con-
centrations. The concentrations of the metals in the soil 
under study need clean-up if intended for agricultural 
purposes. 

Table 3 summarizes the various chemical extractants 
used in the fractionation. From the perspective of risk 
assessment, the chemical forms  or  species,  in  which  a  
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Table 4. Geochemical forms of the metals in the CCA contaminated soil. 
 

As (mg/Kg) Cr (mg/Kg) Cu (mg/Kg) 
Fraction 

Mean Percent Mean Percent Mean Percent 
Water soluble (F1) 4.0 ± 0.3 12.9 13.1 ± 0.7 5.21 1.0 ± 0.1 0.66 
Exchangeable (F2) 9.75 ± 0.15 31.4 19.83 ± 0.28 7.9 3.48 ± 0.08 2.3 
Carbonate (F3) 5.0 ± 0.1 16.1 15.1 ± 0.5 6 8.8 ± 0.2 5.8 
Fe-Mn oxide (F4) 3.3 ± 0.2 10.63 8.5 ± 0.7 3.38 12.5 ± 0.3 8.24 
Organic (F5) 2.15 ± 0.25 6.92 38.8 ± 0.4 15.43 26.6 ± 0.3 17.54 
Residual (F6) 6.85 ± 0.35 22.1 156.18 ± 4.03 62.1 99.3 ± 0.4 65.47 
Total 31.05  251.57  151.68  

 
 
 

Table 5. Geochemical forms of arsenic metal in soil after 20 days phyto-remediation. 
 

Fractions Without 
amendment 

With 2% 
amendment 

With 5% 
amendment 

With 10% 
amendment 

With 20% 
amendment 

Water soluble 1.10 ± 0.30 1.20 ± 0.10 1.24 ± 0.00 1.30 ± 0.30 1.40 ± 0.30 
Exchangeable  1.85 ± 0.20 1.90 ± 0100 1.98 ± 0.00 2.10 ± 0.60 2.10 ± 0.60 
Carbonate  1.80 ± 0.40 1.90 ± 0.90 2.02 ± 0.00 2.10 ± 0.10 2.50 ± 1.00 
Fe-Mn oxide 4.40 ± 0.10 4.50 ± 0.40 4.65 ± 0.20 4.76 ± 0.00 4.90 ± 0.00 
Organic  3.40 ± 0.00 3.48 ± 0.40 3.54 ± 0.10 3.60 ± 0.30 3.70 ± 0.20 
Residual  9.60 ± 0.20 9.65 ± 0.20 9.70 ± 0.00 9.70 ± 0.60 9.80 ± 0.00 
Sum of fractions 22.15 22.63 23.13 23.51 24.40 
Total  26.03 ± 1.00 26.42 ± 1.20 26.65 ± 1.10 26.96 ± 1.60 25.20 ± 0.00 

 
 
 
metal is found in the environment, provides predictive 
insights on the bioavailability, mobility, and fate of the 
metal contaminant. In order to estimate effects and 
potential risk associated with elemental species and 
association, we must identify the fractions that are 
bioavailable for incorporation into biota 
(bioaccumulation). 

Table 4 above shows the geochemical forms of the 
metals in the CCA contaminated soil without amendment. 
Geochemical forms of heavy metals in soil affect their 
solubility which directly influences their bioavailability 
(Xian, 1987). Therefore, metals in water soluble and 
exchangeable fractions would be readily bioavailable to 
the environment, whereas the metals in the residual 
fraction are tightly bound and would not be expected to 
be released under natural conditions (Xian, 1989; 
Clevenger and Mullins, 1982). Metal species associated 
with organic, Fe-Mn oxide fractions are also not readily 
bioavailable. They are tightly held and bound. Their 
release into the soil solution depends on strong depletion 
of minerals content of the soil solution, decomposition 
and oxidation of organic matter. The identification and 
quantification of the forms in which a metal is present in 
soil helps to establish its potential and actual mobility and 
toxicity in the soil.  

Arsenic has its highest concentration in the exchange-
able phase (9.75 mg/kg). The exchangeable fraction is 
most likely to cause a release into the soil solution due to 
ion exchange.  When  exchanged  with  other  cations,  it  

goes into solution. It is then available for plant uptake 
through movement of element from soil solution to plant 
root. Thus arsenic can be bioavailable and mobile in the 
soil.  

The specie of As associated with organic matter is low 
(2 mg/kg or 7%). Metals associated with organic matter 
are either complex or adsorbed. Thus they are tightly 
held and their release into the soil solution is slow. Only 
7% of total arsenic is in this fraction and this means that 
most of the arsenic is in the form that can easily go into 
solution. Arsenic concentration in the residual fraction is 
6.85 mg/kg or 22%. At low pH this could be released. The 
pH of the CCA contaminated soil is 6.20 (Table 1). The 
specie of chromium that is associated with the soluble, 
exchangeable and Fe- Mn oxide fraction is low as shown 
in the Table 4. Thus they may not be readily available 
and mobile. The bulk of it is in residual 156 mg/kg or 62% 
and organic 38.8 mg/kg or 15%.  
Most species of copper like chromium are tied to the 
residual fractions (65%), and organic 18%. However 
copper is one of the essential micronutrients and are 
specifically needed by the plants. 

Tables 5, 6 and 7 shows the geochemical forms of 
arsenic, chromium and copper metals, respectively in the 
amended soil after 20 days of phytoremediation. A 
comparism of Table 4 with Tables 5, 6 and 7 indicate that 
after twenty days of germination, the species of the 
metals associated with soluble and exchangeable 
fractions in the amended soils reduced. These reductions
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Table 6. Geochemical forms of chromium metal in soil after 20 days phytoremediation. 
 

Fractions Without 
amendment 

With 2% 
amendment 

With 5% 
amendment 

With 10% 
amendment 

With 20% 
amendment 

Water soluble 9.50 ± 0.60 10.10 ± 0.70 10.55 ± 0.30 10.70 ± 0.40 10.90 ±0.00 
Exchangeable  14.70 ± 0.70 15.10 ± 0.50 15.60 ± 0.30 15.70 ± 0.90 15.80 ±0.70 
Carbonate  14.00 ± 0.60 14.20 ± 0.70 14.60 ± 0.50 14.80 ± 0.80 14.60 ±0.60 
Fe-Mn oxide 8.30 ± 0.20 8.30 ± 0.30 8.20 ± 0.70 8.60 ± 0.30 8.60 ± 0.4 
Organic  37.00 ± 1.00 35.20 ± 1.30 35.30 ± 1.50 35.80 ± 1.10 35.90 ±1.20 

Residual  154.70 ± 1.80 155.90 ± 2.10 155.80 ± 2.00 155.90 ± 2.10 
156.10 ± 1.70 156.90 ± 2.00 

Sum  239.30 240.05 240.05 240.20 241.70 
Total  252.60 ± 2.40 254.30 ± 3.90 254.78 ± 3.00 255.30 ± 1.30 255.91 ± 1.40 

 
 
 

Table 7. Geochemical forms of copper metal in soil after 20 days of phytoremediation. 
 

Copper (mg/kg)  Without 
amendment 

With 2% 
amendment 

With 5% 
amendment 

With 10% 
amendment 

With 20% 
amendment 

Water soluble 0.70 ± 0.30 0.80 ± 0.40 0.90 ± 0.00 1.00 ± 0.10 1.10 ± 0.50 
Exchangeable  2.50 ± 0.50 2.90 ± 0.40 3.00 ± 0.00 3.10 ± 0.50 3.20 ± 0.40 
Carbonate  3.90 ± 0.60 4.08 ± 0.60 4.10 ± 0.00 4.90 ± 0.60 5.40 ± 0.40 
Fe-Mn oxide 9.60 ± 1.20 9.90 ± 0.10 10.60 ± 0.00 10.70 ± 0.60 11.50 ± 1.60 
Organic  10.10 ±1.00 10.40 ± 1.00 12.20 ± 0.00 12.55 ± 0.80 12.50 ± 1.10 
Residual  82.80 ±1.60 84.30 ± 4.00 84.70 ± 1.40 84.60 ± 2.00 86.20 ± 2.00 
Sum  112.00 113.70 115.60 115.63 117.30 
Total  115.30 ± 1.10 120.70 ± 1.00 122.56 ± 1.90 123.80 ± 0.80 126.40 ± 1.00 

 
 
 

Table 8. Metal uptake by plants in cow dung amended soil after 20 days. 
 

Metal (mg/Kg) Control 2% amendment 5% amendment 10% amendment 20% amendment 
Arsenic  6.40 ± 1.30 3.34 ± 0.00 3.26 ± 1.00 3.03 ± 0.50 2.95 ± 0.60 
Chromium  8.80 ± 1.00 3.83 ± 0.40 3.18 ± 0.50 2.96 ± 0.80 2.10 ± 1.40 
Copper  40.50 ± 2.20 30.86 ± 0.50 27.90 ± 1.00 26.20 ± 0.00 23.90 ± 3.00 

 
 
 
are remarkable because these are the fractions that have 
positive influence on metal bioavailability. A significant 
point of note is that their rate of reduction increased as 
the percentage of amendment in the soil increased.  
Plant uptake is dependent on movement of element from 
the soil to the plant root through the soil solution; the 
limiting step for elemental concentration in soil is usually 
from the soil to the root. The relative mobility and 
bioavailability of trace metals associated with different 
fractions has a lot of influence on plant uptake of metals. 
These reductions are more noticeable with arsenic metal 
(Table 5). This reduction trend cannot be said of the Fe-
Mn, Organic and Residual fractions. As a matter of fact, 
there is an increase in the fractions (Tables 6 and 7), for 
arsenic, it is different (Table 5). This is easily expected 
because incorporation of carbon-rich composts into soils 
has been shown to increase arsenic metal solubility 
through formation  of  soluble  metal  organic  complexes 

(Zhou and Wong, 2001). It was established that near 
neutral pH generally results in the largest diverse bacteria 
population (Nyle and Ray, 2005). It was also established 
that pH and microbial activity are most important factors 
which affect arsenic mobility and bioavailability in soils 
(Turpeinen et al., 1999; Xu et al., 1991). The amendment 
apart from enriching the soil a key to effective phytoreme 
diation, especially phytoextraction, is to enhance pollutant 
phytoavailability and to sustain adequate pollutant 
concentrations in soil solution for plant uptake (Lombi et 
al., 2001). 

Table 8 shows the uptake of metals by plants. 
Generally more metals were consumed by plants in the 
control pots than in the pots with amendments. This is 
true for all the metals under investigation. Cationic trace 
elements normally react with certain organic molecules to 
form organometallic complexes called chelates. If these 
complexes are not soluble, the metals are tightly held and 
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Table 9. Total residual metals in soils after 20 days of phytoremediation. 
 

Metals  (mg/Kg) Control 
With 2% 

 amendment 
With 5%  

amendment 
With 10%  

amendment 
With 20% 

 amendment 
Arsenic  25.20 ± 0.00 26.96 ± 1.60 26.65 ± 1.10 26.42 ± 1.20 28.03 ± 1.00 
Chromium  252.60 ± 2.40 255.91 ± 3.90 254.78 ± 3.00 254.30 ± 1.30 255.18 ±1.40 
Copper  115.30 ± 1.10 120.70 ± 1.00 122.56 ± 1.90 123.80 ± 0.80 126.40 ±1.00 

 
 
 
bound. They are thus not bioavailable to plants. They 
could only be slowly released through decomposition. 
Apart from arsenic (Table 5) which recorded reductions in 
the organic fractions, the other metals recorded an 
increase in the value of organic fractions (Tables 5 and 
6). This indicates that the metals must have gone into 
reactions with organic materials in the amendment to 
form complexes which are not soluble rendering them 
unavailable for plant consumption. Bounding of metals is 
also a method of soil remediation. The slow release 
through decomposition of these toxic metals to plants 
also gives the plants a longer lease of life when 
compared with the control plants. The plants in the 
control pot experiment were dying before the expiration of 
the 20 days experimental period (pictures not shown). As 
a matter of fact, the 20 days experimental duration was 
adopted based on the life span of the plants in the control 
pots. 

Table 9 shows the residual metals in the soils after 20 
days of phytoremediation. More metals were remaining in 
pots with different levels of amendment than in control 
pots indicating that more metals were taken up by plants 
in control pots (no amendment). Plant growth in the 
control pots were generally retarded with stunted growth, 
yellowing of leaves, reduced leaf expansion and dying 
before the expiration of the 20 days duration when 
compared to the plants in pots with amendment (picture 
not shown). This is due to heavy consumption of the toxic 
metals, while those in the pots with amendment were still 
alive. The increase in the values of pH, CEC and OM 
especially at 20% amendment level (Table 1) occasioned 
by the addition of cow dung amendment did more to 
bound the metals than make them available for plant 
uptake. The metals bioavailability of soil depends to a 
large extent on their distribution between solid and 
solution phase, which in turn is dependent on soil 
processes like CEC, OM, and pH. The effect of organic 
matter amendments on heavy metal solubility depend 
greatly upon the degree of humification of their OM and 
their effect upon soil pH (Walker et al., 2003). In general, 
the concentration of an element in the soil solution is 
believed to depend on the equilibrium between the soil 
solution and solid phase, with pH playing the decisive 
role (Lindsay, WL 1979). The soil’s ability to immobilize 
heavy metals increases with rising pH and peaks under 
mildly alkaline conditions. Heavy metal mobility is related 
to their immobilization in the solid phase. (Fuller, WH 
1979), in discussing the relatively high  mobility  of  heavy 

metals with regard to pH, considered that in acid soils 
(pH 4.2 - 6.6), the elements Cd, Ni, and Zn are highly 
mobile, Cr is moderately mobile, and Cu and Pb 
practically immobile. Copper is especially tightly held by 
organic matter occasioned by the addition of amendment. 
Its availability is low. 
 
 
Mobility of arsenic, chromium and copper in the CCA 
contaminated soil 
 
The bioavailability/mobility of metals in soils is assessed 
on the basis of absolute and relative content of fractions 
weakly bound to soil components. The relative index of 
metal mobility was calculated as a “mobility factor” 
(Cezary and Bal, 2001) using the equation below: 
 

Mf =
654321

321

FFFFFF
FFF

+++++
++ X 

1
100                         (2) 

 
Where: Mf = Mobility factor, F1 = Soluble form, F2 = 
Exchangeable, F3 = Carbonate, F4 = Fe-Mn, F5 = 
Organic, F6 = Residual. 
 
F1, F2, F3, F4, F5, and F6 represents the percentage 
geochemical forms of the metals in the CCA 
contaminated soil but here corrected to the nearest whole 
numbers (Table 4).  Values from Table 4 when applied to 
Equation 2 above, assigned mobility factor (Mf) values of 
60 for arsenic, 19 for chromium and 8 for copper.    

Metal forms bound to carbonate fractions F3 are 
relatively less mobile and soluble than exchangeable 
fractions. 

The result shows that arsenic is potentially mobile and 
biologically available because of its high Mf value of 60. 
High Mf values are symptoms of relatively high liability 
and biological availability of heavy metals in soils 
(Ahumada et al., 1999; Karczewska, 1996). Chromium is 
relatively mobile with Mf value of 19 while the mobility of 
copper is low with an Mf value of 8. The high Mf. of As 
may be attributed to the low organic matter of the soil 
(Rahman et al., 2004). The organic matter of the soil is 
2.5%. The use of a modified Tessier et al. sequential 
extraction procedure by Salbu and Oughton (1998). (six 
steps) which partitioned the metals As, Cr and Cu among 
six operationally defined fractions: F1 (water soluble), F2 
(exchangeable), F3 (carbonate),  F4 (Fe-Mn),  F5  (organic) 
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Figure 1. Shows percentage uptake after 20 days of phytoremediation. 
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Figure 2. Shows the uptake of the metals by maize plant in both control and soil with 20% 
amendment. 

 
 
 
Equation 2 if calculated). This made it to be highly labile 
and bioavailable and consequently more dangerous than 
the other two metals. 

Figure 1 compares the percentage uptake of the metals 
in mg/kg after 20 days of cleanup between the control 
and soil with 20% amendment. More metals were taken 
up by plants in the control pots than in the pots with 20% 
amendment. This results in the plants in the control pots 
dying before the plants in the pots with amendment. 

Figure 2 compares the uptake of the different metals 
(As, Cr and Cu) after 20 days of phytoremediation in 
mg/kg between the control and soil with 20% amend-
ment.  In both the control pots and in pots with 20% 

amendment, copper had the highest uptake. This was 
followed by arsenic while chromium has the least uptake. 
 
 
Conclusion 
 
Our studies show that there is a relative advantage in the 
use of cow dung as soil amendment prior to phyto-
remediation of CCA contaminated soil as the plants in 
soils with amendment out lived those in soil without 
amendment. Consequently more clean up is expected 
from living plants than dead plants. Cu and Cr were 
present in appreciable quantities as organic and  residual  



 

 
 
 
 
based forms indicating that the availability of these 
metals to plants would be less than As. 

Cow dung amendment could be used to prolong the life 
of maize plants growing in soil polluted with As, Cr and 
Cu. The use of cow dung as amendment also provides a 
path way towards greener and cleaner planet.  
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