
INTRODUCTION

Soils are not only a medium for plants to
grow or a pool to dispose of undesirable materials,
but also a transmitter of many pollutants to surface
water, atmosphere and food. Therefore accumulated
pollutant in surface soil can be transported to different
environmental components. Soil pollutant may
threaten the human health not only on hygienic quality
food, but also on drinking water.  In recent years,
environmental problems such as heavy metal
pollution have become important issues1. Some heavy
metals are necessary to support life, but other heavy
metals form toxic chemical compounds can affect the
ecosystem2. The quality of life on earth is linked
undeniably to the overall quality of the environment3.
Pollution of the biosphere by heavy metals due to the
industrial, agricultural and domestic activities has
created a serious problem for safe and rational
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ABSTRACT

Discharges of zinc, copper, cadmium and lead from farmland were examined based on field
measurements conducted between May 18 and October 14, 2012 on poultry droppings and NPK
fertilizers. The study fields are located on 15 % slope gradient area where water body of a river was
contaminated with water drained from upstream farmlands. The area of the farmland is 10.7 ha, of
which 0.5 ha had been used for cassava cultivation under vetiver hedge management. The mean
level of Cu concentration on application of fertilizers was significantly high when compared with the
control (C) plot, leading to the conclusion that fertilizer application (organic or inorganic) affects Cu
level in a farmland (PD-5.66, NPK-5.82, C- 2.76). Also greater percent of this metal was easily
washed off during rainstorm into the stream (PD-5.90, NPK-6.06, C-4.70). Lead concentrations in
soil were 0.232, 0.211 and 0.145 mg/kg and in runoff water, 0.12, 0.25, 0.17 mg/kg for Poultry
droppings and NPK, amended soils and control respectively. The acidity level in runoff water and
soils was the same, whereas organic matter content was 300 % higher in the soil. This implied that
the organic matter was not easily removed from the soil during storms that resulted in overland flow.

Key words: Heavy metals, Runoff, Ecosystem, Farmland, Drained, Ikpa river, Poultry droppings.

utilization of soils. Agronomic application of fertilizers
and pesticides continue to contribute to metal
accumulation in the soil. The pollution of the
ecosystem by heavy metals is a real threat to the
environment because metals cannot be naturally
degraded like organic pollutants and persist in the
ecosystem having accumulated in different parts of
the food chain4. Fertilizer toxicity may affect all forms
of different organisms. Physical, chemical and
biological processes many combine under certain
circumstances to concentrate metals rather than
dilute them.

Zn, Cu, Cd and Pb are listed in the
environmental quality standard for soil and water
pollution in Nigeria5. These heavy metals have not
only drawn attention in terms of their listing as part
of the environmental standards, but it has also been
pointed out that there is some level of toxicity with
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regard to drinking water and aquatic life.  Since
lead inhibits the supply of metabolic products that
acts as electron acceptors, it tends to inhibit the
activity of nitrate reductase6. They also reported that
concentration of arsenic in surface water around
agricultural field is high. In this study, water and
sediments discharge of Zn, Cu, Cd, and Pb from
farm land were examined using field data of 2012
rainy season. In particular, the study focused on the
effect of fertilizer applications and rainfall runoff on
the discharge of heavy metal from farmland.

MATERIALS AND METHODS

The research was conducted in a
continuous cropped arable experimental plots
located at Faculty of Agriculture, University of Uyo
Teaching and Research Farm (FAUUTRF), Afaha-
Oku, Uyo, Nigeria. The area lies between latitudes
40 52’ and 50 3’N and longitudes 70 51’ and 80 20’ E
and altitude 65 m from the sea level. The area is
divided into two distinct seasons, the wet and dry
seasons. The wet or rainy season begins from April
and lasts till October. It is characterized by heavy
rainfall of about 2500-4000 mm per annum. The
rainfall intensity is very high and there is evidence
of high leaching and erosion associated with slope
and rainfall factors in the area [7]. In the area
measuring 0.5ha on a slope of 15 %, were prepared
12 plots; each 60 x 5 m2, separated from each other
by foot tracts.

Application of treatments
Poultry manure (Organic) of 20 t ha-1  and

inorganic  fertilizer  (NPK) 300 kg ha-1  [8] were
allocated to the experimental plots that were
replicated three times to measure heavy metal
concentration between fer tilizer types. The
experimental field was cleared and seed bed was
well prepared by ploughing and harrowing during
the season. The well-cured poultry manure was
applied at two weeks before planting by
broadcasting and completely worked into the soil.
While the inorganic fertilizer was applied 2 weeks
after planting. One Cassava cutting was sown at
1m interval during the cropping seasons giving a
total of 270 plants per plot and plant population of
3240 plants per 0.36 hectare planted area. A trench
measuring 1.5m high and 1.2m wide were dug
across each experimental plot to accommodate

runoff collecting tanks that were installed there.
There were three collecting tanks (90 cm high and
58cm in diameter) in each of the plots. The collecting
tanks were placed directly under the three PVC
pipes installed at the silled end of the weirs.   At the
bottom end of each collecting tank, just below 1cm
above the floor of the tank, was a tap installed,
through which the runoff water was discharged after
taking the measurement.

Sampling strategy
Soil sampling

A total of 36 soil samples (18 each) of
poultry and inorganic fertilizer applied soils
respectively from locations labeled P1, P2, P3,P4
P5 and N1, N2, N3, N4, N5 were collected from the
soil surface using stainless steel auger. In addition
these samples, control soil samples (C1, C2) were
collected from the farmland. The collected samples
were sieved through a 2 mm sieve and stored for
pre-washed polyethene plastic bags for
subsequent sample preparation and analysis.
Physico-chemical characteristics of the soils; pH,
organic matter, and heavy metal contents were
determined using the methods described by Gupta9.

Discharge carried by runoff water
The discharges from different treatments

carried by runoff water into the collecting tanks were
sampled from each tank after every storm for
determinations of heavy metals concentration from
the farm.   Before taking the aliquot from the tanks
into 50 cl bottle, the runoff water was thoroughly
stirred. The samples taken from each of the tanks
were taken to the laboratory and allowed to settle
for two to three days while the water in the tanks
was drained for further use.  The settled aliquot was
further filtered with Whatman’s filter paper (No 42)
and the sediment (residue) was put into a Petri-
dish and oven dried. The dried sample was weighed
and thereafter multiplied with the total runoff water
in the collecting device to obtain the total weight of
soil washed by runoff into the respective collecting
devices. This amount was then added to the dry
weight of the eroded soil collected from the ditch
and expressed in milligram per kilogram soil /litres
of water (mg*kg-1  and mg/l) . The samples were then
submitted for multi-element analysis in an
accredited laboratory (Lasunnex laboratory Ltd.
PHC).
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Heavy metal determination
Inorder to measure the available contents

of zinc, arsenic, cadmium and lead, a single
extraction method EDTA leaching test was
performed. This method is commonly used by
agronomists to evaluate the phyto-availability
fraction of metal from soils. Approximately, 0.2 g of
the soil sample was weighed and put in a 100 cm3

conical flask. Fifty cubic centimeter 50 cm3 of
disodium EDTA (0.05 M at pH 7.0) were added and
shaken 10 revolution per minute for an hour on the
shaker. The solutions were filtered through
Whatman’s 0.45 filter paper and the filtrates were
read for zinc, copper, cadmium and lead by Atomic
Absorption Spectroscopy (AAS)

It is worthy of note that, the extractable
fractions of these metals in soil are the possible
content which  can be taken up by the plant roots,
while the amount in the runoff often give an idea of
the size of pool that might be emptied into the water
body and caused eutrophication.

Since selected soil properties of pH and
organic matter play an important role in the retention
and release characteristics of heavy metals, soil
pH was measured in suspension (soil/water 1:2.5)
and organic matter was analysed by the Walkley-
Black method [10]

Statistical analysis of data
The concentrations of Zn, Cd, Cu, Pb and

pH and organic matter in agricultural soil were
analysed to assess an adequate distinction
between different cases. Contents in water and soil
were compared using the t-test. A significant
difference between any pair of means of sample
population is concluded when the probability has
a difference by 0.05. Multivariate statistical
techniques, ANOVA and discriminant analyses
were performed using SPSS for Windows (release
Ver. 11. Inc.Chicago).

RESULTS AND DISCUSSION

Exploratory data analysis
Tables 1 and 2 provides summary

statistics for the heavy metal, pH and organic matter
contents in soil sample and runoff water from soil
amended with poultry droppings and NPK fertilizer.

The mean total pH and organic matter and heavy
metals levels for both treatments are several orders
of magnitude greater than the typical soil samples.
The coefficients of skewness and kurtosis of the
variables are higher in poultry and NPK amended
soils in comparison with the coefficient of normal
distribution. Therefore the medians are lower than
the arithmetic means which is constant with high
skewness, showing that there are some unusual
high values. Also the negative skewness which is
typical of environmental concentration especially
in NPK amended soils indicate that 82 % of samples
(soil and runoff) contain heavy metal concentrations
which exceed the threshold value (5 mg/kg). The
relative high CVs indicate that there is high variability
at a local scale and that the variability is not
distributed evenly over the area. Therefore, the
variables under investigation illustrate two different
behavours.

Figure 1 Show the level of heavy metal
concentrations, pH and organic matter levels in
water and soil during the end of cropping season
in soils amended with fertilizers. The acidity level in
runoff water and soils was the same, whereas
organic matter content was 300 % higher in the soil
than in the runoff water. This implied that the organic
matter was not easily removed from the soil during
storms that resulted in overland flow. Zinc and
cadmium concentration tended to be high in soil,
while copper was observed to be more in runoff
water washed from the farmland. On the other hand,
lead was the only element with least concentration
after the application of poultry droppings and NPK
fertilizer.

Soil pH and organic matter
Organic matter and pH have been found

to be the most important factors that control the
retention mobility of heavy metals in soil. Both
parameters also influenced by landuse and
agricultural practices. Soil reaction which is given
in terms of pH value is a measure of the free
hydrogen ion (H+) concentration of soil solution. The
value of the free H+ concentration in a soil influences
the availability of nutrient elements and biochemical
reactions in the soil. Table 3 revealed that the acidity
level of this soil significantly increased to slightly
acidic when fertilizers were applied in the farm.
According to Akinrinde11, slightly acidity enhances
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basic cation uptake by plant roots as it does not
inhibit the activities of beneficial soil micro
organisms which are affected by soil reaction
(strong acidity). The pH of the soils ranged from
slightly acidic (amended soil) to moderately acidic
(control). Soil pH is often considered in terms of the
soil capability and suitability to support plant growth.
The pH of 4.8 is set as the lower limit for optimum
growth of plants, and conversely the pH of 9.5 is
regarded as the extreme upper limit of alkalinity at
which plants can still grow. Thus, the soils generally
can support plant growth.

Soil organic matter usually mixed up with
fine clay particles to form soil colloids. It is an

important soil fraction due to its binding properties
that enhanced most physical and chemical activities
in the soil. Thus, there is increased contact with
other colloids and with soil solution mostly poultry
droppings were added to the soil.   Organic matter
in poultry droppings amended soils ranged from
0.45 (plot 3) to 1.23 cmol/kg (plot 1) and 0.38 (plot
2) to 1.18 mg/l (Station 1) in the runoff water, with
average values of 4.858 cmol/kg. While in the NPK
organic matter level in runoff water was higher than
soil (12.8 mg/l). This control plots is low in organic
matter (0.705 cmol/kg). Already, this has shown in
the sparse cassava growth indicating low
productivity and unstable soils.

Table 3: Discriminant analyses results for two fertilizers use pattern in terms of heavy metal concentration

Test of Canonical Wilks’ Chi-square Degree of Significance Group cases
Function(s) Correlation Lambda freedom  correctly

classified (%)

Poultry dropping 0.893 0.073 14.419 12 0.275 34.5
NPK fertilizer 0.801 0.358 5.652 5 0.342 91.2

Table 4. Statistical Estimates of pH, organic matter and heavy metal content among
treatments in soil and water samples

Dependent Variable TRTS Soil sample Runoff/sediment samples Std. Error

pH PD 4.82 5.15 .178
NPK 4.75 4.66 .159

C 5.10 5.01 .390
ORG(%) PD 4.86 8.15 .665

NPK 2.11 0.80 .594
C 0.71 0.45 1.456

Zn (mg/kg)(mg/l) PD 578 488 .391
NPK 592 639 .350

C 451 198 .857
Cd(mg/kg)(mg/l) PD 3.83 5.90 .408

NPK 3.59 1.64 .365
C 1.02 1.22 .895

Cu(mg/kg)(mg/l) PD 5.66 5.90 .338
NPK 5.82 6.06 .302

C 2.76 4.70 .741
Pb(mg/kg)(mg/l) PD 0.23 0.12 .048

NPK 0.21 0.25 .043
C 0.15 0.17 .106

ORG = organic matter, PD = poultry dropping, NPK = blanket fertilizer, C = control, TRTS = treatments
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Heavy metal contents in the soil and water at the
end of farming season

The mineral element originates from soil
and dissolved in water for plant roots’ absorption
but those required in small quantity for optimum
performance are regarded as trace elements The
concentration of these metals can however be
increased to become potential pollutants if heavy
metals containing in agronomic activities are
introduced into the environment12.  Concern over
the presence of heavy metals in an environment
arises from the fact that they cannot be broken down
into non-toxic forms. Thus once aquatic ecosystems
are contaminated by heavy metals, they remain a
potential threat for many years.

The results obtained are presented in
Table 3. Clearly indicate that the two treatments
exhibit different concentrations of heavy metals. It
is evident that the two amendments had high
degree of variation of heavy metals level (canonical
correlation is 0.893 and 0.801) between soil and
runoff. Whereas the lower the degree of within-
group variation (Wilks’ lambda statistics), the
greater the within-group variation as a proportion
of the total variation. The statistically significant of
NPK results also demonstrate that the originally
grouped cases have very high percentage (91.2
%) of correct classification. For poultry droppings,
however, the degree of heavy metal concentration
is low both in soil and in runoff water, indicating that
this variable is not statistically significant (p > 0.05)
for discriminating the heavy metal concentration.

Thus only lead and cadmium were found to
discriminate in NPK amended soils.

All the samples analysed for zinc (Table
4) fell below the 1000 mg/kg level recorded for
normal soil content13. This relatively low level of Zn
could be the natural background level, and the
relatively higher concentration of Zn in soil and water
is attributed to the application of Zn containing
fertilizers which have the effect of increasing the Zn
levels of the soil.  Cadmium level was found to be
higher in soil and runoff water in both amended
soils. Its toxicity level is evident resulting from poultry
dropping (PD) and NPK fertilizer application.
Surprisingly, Cd level is high when Zn level is low.
This contradict the findings of Eggenberger and
Waber14. that cadmium is usually present in the
environment as minute impurities of Zn. Copper is
important for the reproductive growth and root
metabolism. A major property affecting the
availability is soil pH, a measure of soil acidity or
alkalinity. Cu tends to be less available in soils with
high pH15.  The mean level of Cu concentration on
application of fertilizers was significantly high when
compared with the control (C) plot, leading to the
conclusion that fertilizer application (organic or
inorganic) affects Cu level in a farmland (PD-5.66,
NPK-5.82, C- 2.76). Also greater percent of this
metal is easily washed off during rainstorm into the
stream (PD-5.90, NPK-6.06, C-4.70). Lead
concentrations in soil were 0.232, 0.211 and 0.145
mg/kg and  in runoff water, 0.12, 0.25, 0.17 mg/kg
for Poultry droppings and NPK, amended soils and
control respectively.

Fig. 1: Level of heavy metal concentrations, pH and organic
matter levels in water and soil in soils amended with fertilizers
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Fig. 2: Territorial Map of Canonical Discriminant Functions in
heavy metal contaminated farmland due to fertilizer applications
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Discriminant functions combined with the
structure matrix

The territorial map (Fig.2) revealed the
relationships between the groups and the
discriminant functions. Combined with the structure
matrix results, it gives a graphical representation of
the relationship between predictors (NPK and
Poultry fertilizers) and heavy metals. The first
function, shown on the horizontal axis, separates
heavy metals among the treatments. Since Level of
concentration is strongly positively correlated with
the first function (NPK), this suggests that NPK
amended soil is, in general, the most highly
contaminated with heavy metals. The second
function separates groups 1 and 3. pH and organic
matter tend to have been the determining factor of
heavy metal availability in the soil, although the
map suggests that they tend to be well concentrated
with a moderate amount of fertilizer application.

Only two discriminant functions are plotted, but since
the third function was found to be rather
insignificant, the territorial map offers a
comprehensive view of the discriminant model.

CONCLUSION

The results of the study revealed that the
topsoil of the study area is heavily contaminated
with heavy metals-; Zn, Cu, Cd and Pb when the
farmland is amended with fertilizers either organic
or inorganic. This suggests that water bodies in this
environments and crops, which absorbed nutrients
from the soil have high coefficient of heavy metal
concentration particularly Pb and Cd. Moreover, this
result point to the need to adopt precision
agriculture which can increase yield while
decreasing   environmental impacts by managing
fertilizer applications.
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