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The soils of an abandoned waste dumps sites which has been presently used for crop cultivation was investigated.
Three points on the location of the waste dump site were selected and three pits of 100 cm depth were dug at
selected points. Soils samples were collected at an interval of 10 cm from the three pits. The physico-chemical
properties and toxic heavy metal (As, Cd, Cr, Ni and Pb) levels were determined. The results of the study showed
that the mean percentage of sand, silt and clay were 75.01+2.31, 12.87+0.93 and 10.45%+1.47, respectively, while the
mean pH was 6.89+0.01. The mean percentage organic matter content were high and was 3.47+0.41. The mean
exchangeable Ca, Mg, K and Na in meg/100 g of soil were 4.20+0.42, 3.41+0.32, 0.31+0.004 and 0.4740.006,
respectively. The mean exchangeable acidity (EA) and exchangeable Al were 0.23+0.002 and 0.69+0.004,
respectively. Of all the five toxic elements studied, the highest mean concentration (mg/kg) of 133.74+10.60 was
recorded for Pb followed by Cr (22.27+3.03), Ni (8.14+0.33) and As (5.9740.32) in the soils while the least mean
concentration of 1.64+0.11 was recorded for Cd. The toxic elements were examined for dependency upon some soil
factors through the use of correlation analysis, sand, organic matter and effective cation exchange capacity (ECEC)
correlated significantly and positively with Cr and Pb indicating that these factors largely control the concentration
of these elements in the soils.
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INTRODUCTION

The soil is a primary recipient of solid wastes (Nyles and
Ray, 1999). Millions of tons of these wastes from a
variety of sources: industrial, domestic and agricultural,
find their way unto the soil. These wastes end up
interacting with the soil system thereby changing the
physical and chemical properties (Piccolo and Mbagwu,
1997). According to Anikwe (2000), waste amended soils
have high content of organic matter. Soil organic matter
influences the degree of aggregation and aggregate
stability (Mbagwu and Piccolo, 1990) and also can reduce
bulk density and increase total porosity) and hydraulic
conductivity in heavy clay soils, but the
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magnitude of increase depends on the rate of application
(Anikwe, 2000 and Mbagwu, 1989).

According to Anikwe and Nwobodo (2001), municipal
wastes increase the nitrogen, pH, cation exchange
capacity, percentage base saturation and organic matter.
Organic waste can provide nutrients for increased plant
growth, and such positive effect will likely encourage
continued land application of these wastes (Anikwe and
Nwobodo, 2001; Nyles and Ray 1999). However
excessive waste in soil may increase heavy metal
concentration in the soil and underground water. Heavy
metals may have harmful effects on soils, crop and
human health (Nyle and Ray 1999; Smith et al., 1996).

Many metals act as biological poisons even at parts per
billion (ppb) levels. The toxic elements accumulate in
organic matter in soils and sediments are taken up by
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Table 1.

Mean + SEM values of the physico-chemical properties of the abandoned waste dump soils with respect to the profiles.

Soil

P1

P2

P3

Mean

% Sand
66.80+
2.60°

78.62+
2.48%

79.62+
5.24°

75.01+
231

% Silt
17.90+
1.26%

10..33+
a
1.41
10.39+
0.76"

12.87+
0.93

% clay
15.30+
1.46°

11.33+
3.52%
4.99+

0.79"

10.45+
1.477

PH

(H20)
7.13+

0.01%

6.91+
0.14°
6.61+
0.01"

6.89+
0.01

OC (%)
1.02+
0.29°

1.97+
b
0.38
3.39+
0.24°

2.13+
0.25

oM
(%)
1.76+

0.50°

3.19+
b
0.69
5.46+
0.37°

3.47x
0.41

meq/100 g of soil TEB EA ECEC | BA (%)

Ca Mg K Na
2.60+ | 2.02¢ | 039+ | 046+ | 5.47+ | 0.17 | 5.64+ | 97.22+
060° | 0.15° | 0.102% | 0.006® | 0.65° |0.004%|059° |o0.38®
3.96+ | 3.34+ | 026+ | 034+ | 7.91+ | 0.25¢ | 8.15+ | 96.65+
052° | 057° | 004 | 0002° | 065° |0.003%|0.76” |057°
6.04+ | 486+ | 029+ | 061+ |11.80+ | 0.26 | 12.07+ | 97.77+
0.67° 0.45% | 0.006" 0.96° 0.97* |0.002% [ 0.97% | 0.30°
420+ | 3.41+ | 031+ | 047+ | 839+ | 0.23+ | 862+ |97.21+
0.42 0.32 | 0.004 0.00 0.66 | 0.002 | 0.67 0.26

Al
0.57+
0.004%

0.76+
0.007%
0.75+
0.11°

0.69+
0.004

3.23+
0.59°

7.62+
0.71°

10.81
0.51%

7.22+
0.67

Values are mean + SEM (mg/kg).

OC: Percentage Organic Carbon
OM: Percentage Organic Matter
TEB: Total Exchangeable Bases
EA: Exchangeable Acidity

BA: Base saturation

ECEC: Effective Cation Exchange Capacity
SEM: Standard Error of Mean

Simple Size of each soil (pit) = 10
Similar letters in a column indicates not statistically significant using Duncan Multiple Range test.




growing plants (Dara, 1993). The metals are not toxic as
the condensed free elements but are dangerous in the
form of cation and when bonded to short chains of carbon
atoms (Bairds, 1995). Most metals with important
commercial uses are toxic and hence undesirable for
indiscriminate release into the environment. Such metal
include copper, chromium and nickel, which are used in
electroplating as well as vanadium, nickel and mercury
are often the active ingredients in catalysts (Bunce, 1990)
It is the aim of this work, therefore to investigate the
physico-chemical properties and levels of some highly
toxic elements in the waste dump soils currently used for
cultivation of crops.

MATERIALS AND METHODS

The study was carried out on an abandoned waste dump site in
urban Umuahia, capital of Abia State in Southern Nigeria presently
used for cultivation of crops. Three points on the location of the
waste dump site were selected and three pits of 100 cm depth were
dug at selected points. Soils samples were collected at an interval
of 10 cm from each pit which were placed in labeled plastic bags.

The soil samples were air -dried and passed through 2 mm sieve.
Thereafter, 10 g of the 2 mm sieve soil samples were further
homogenized. Then 1 g of the homogenized soil sample was
weighed into a beaker (100 ml) and 10 ml nitric acid was added.
This was heated until dryness. Then 10 ml concentrated HNOs and
3 ml concentrated HCIO4 were added and the solution was heated
until fuming. The sample solution was obtained by processing the
residue with 4 ml of hot 6 M HCI which was then filtered and diluted
with water to 50 ml (MAFF, 1981). The toxic elements (As, Cd, Cr,
Ni and Pb) in these solutions were determined by Atomic
Absorption Spectrophotometer (AAS), UNICAM 919 model.

The physico- chemical properties of the soils were determine by
using standard methods: particle size distribution was determined
by the hydrometer method as described by Bauyocos (1951); soil
pH and organic matter were determined by methods described by
Ano (1994) and Walkley and Black (1934). Total exchangeable
bases (TEB) and exchange acidity (EA) in the soil were determined
by method described by Jackson (1958). And the effective cation
exchange capacity (ECEC) was then calculated as ECEC = TEB +
EA. The available phosphorus was determined by the method
described by Udo and Ogunwale (1978).

RESULTS AND DISCUSSION

The physico- chemical properties of the soils are shown
in Table 1. The sand is poorly sorted and the sand
fraction was generally high in all three soils profiled; pits

P1, P2 and P3. The poorly sorted nature of the various
particle size indicate that these soils were not formed
from the natural process of weathering of the underlying
parent material but rather from deposited wastes. The
clay fraction was low. According to Nyles and Ray (1999),
soils separate with high sand and low clay content have
high pollutant leaching potentials. It could therefore be
deduced that the underground water in this dump site
could suffer from pollution.

The pH of the soil in water were 7.13+ 0.01, 6.91+ 0.14
and 6.61+ 0.01 for P, P2, and p3 respectively. According

to Isirimah et al. (2003), most plant and soll
microorganisms thrive best in soils of pH between 6 and
7.5. The total mean percentage of organic matter of
3.47% 0.25% in soils could therefore be said to be high
based on the classification soil organic matter given by
Enwezor et al. (1988). The overall mean exchangeable
bases in meq/100 g of soils were record as to be 4.20+
0.42, 3.41+ 0.42, 0.31+ 0.004 and 0.47+ 00 for Ca, Mg, K
and Na, respectively. This followed the pattern reported
by Isirimah et al. (2003) for productive agricultural soil.
The high base saturation of the dump soils may be as a
result of increase release of Na, K, Ca and Mg by
decomposing waste. High percentage base saturation in
the soils is an indication of good yield. The exchangeable
acidity (EA) was generally low. This may be attributed to
the low acidity to neutral pH in water of the soils. The
overall mean concentration of 7.22+ 0.67 mg/kg was
recorded for phosphorus in the soil. This contributed to
good growth of plants as was observed.

The distribution of mean concentration elements
present in the soils is shown in Table 2. Lead (Pb) had
the highest concentration with a mean concentration
(mg/kg) of 133.74+10.60 mg/kg. Cadmium (Cd) had the
least mean concentration of 2.08+ 0.12 mg/kg. The mean
concentrations of 22.27+ 3.03 mg/kg was recorded for Cr.
This was followed by Ni which had the mean
concentration of 8.14+0.33 mg/kg. The mean value
recorded for As is 5.97+ 0.32 mg/kg.

However, when the levels of these toxic elements
obtained in this study were compared with values
reported in literature, (Pb) levels found to be within a
concentration range of 30-300 mg/kg reported by Kabata-
Pendias and Pendias (1984) and well above the
permissible level for soils recommended by USEPA
(1986). Nickel (Ni.), chromium (Cr), Cadmium (Cd) and
arsenic (As) were found to be below the critical
permissible concentration of 50, 400 (provisional), 3.0
and 50 mg/kg, respectively, as given by MAFF (1992)
and EC (1986). Even though these heavy metal
concentrations fell below the critical permissible
concentration level, it seems that their persistence in the
soils of the dump site may lead to increase uptake of
these heavy metal by plants. Klock et al. (1984) reported
that plants can also accumulate relatively large amounts
of these elements by foliar absorption.

The significant difference (at P=0.05) were examined
for the three profile pits to ascertain the difference in the
levels of toxic elements in each pits. This relationship was
also shown in Table 2. The toxic elements in these souls
were also examined for dependency upon some soil
factors through the use of correlation analysis (Table 3).
Sand organic matter and effective cation exchange
capacity (ECEC) correlated significantly and positively
with lead (Pb) and chromium (Cr) indicating that these
factors largely control the concentration of these
elements in the soils.



Table 2. Concentration of heavy metal in the soils of abandoned waste dump site.

Soil Pb Ni Cr Cd As
P1 96.45+8.05" 8.25+0.41%° 14.85+1.44° 2.09+0.20%° 5.71+0.45°
P2 147.70422.85% 7.23+0.35" 17.9540.11° 1.64+0.11" 5.61+0.61°
P3 157.09+16.19% 8.93+0.76% 34.00+7.62% 2.50+0.23° 6.58+0.61%
Mean 133.74+10.60 8.14+0.33 22.27+3.03 2.08+0.12 5.97+0.32

Values are mean + SEM (mg/kg).

Table 3. Correlation coefficient (r value) between heavy metals in soils and some soil factor.

Factor Pb Ni Cr Cd As Cu Zn

Clay -0.6988** -0.205 0.707** -0.350"° -0.373* -0.912% -0.895**
Sand 0.578* 0.168"™ 0.516** 0.358" 0.2182" 0.733* 0.561*
Silt -0.244™ 0.130™ -0.122™ -0.148"™ 0.075"° -0.360™ -0.104™
PH -0.523* -0.136"° -0.431* -0.107" -0.132" -0.682** -0.562%*
oM 0.461* 0.280™ 0.525* 0.296" 0.273"™ 0.689** 0.474%
ECEC 0.525** 0.204" 0.557* 0.357"™ 0.315™ 0.737* 0.441%

**Correlation is significant at the 0.01 level.
*Correlation is significant at the 0.05 level.

Ns: Correlation is not significant at the 0.05 level.
OM: Organic matter (%).

ECEC: Effective cation exchange capacity.
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