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ABSTRACT

A pot experiment was conducted in screen house of Faculty of Agriculture, Nasarawa State
University Lafia, Nigeria during the dry season of 2014 to assess the presence of heavy metals and
the effect of biochar on the concentration of these heavy metals in dumpsite soil and their uptake by
Amaranthus (Amaranthus cruentus). Five kilogram of dumpsite soil was filled into 27 plastic
buckets. The experimental design used was completely randomized design (CRD) and the
treatments consisted of three levels of both sawdust and rice husk biochars: 0, 60, 120 g, factorially
combined to form 9 treatments and laid out in the screen house. The result revealed that the
dumpsite soil was contaminated with heavy metals and their concentration in ascending order in the
soil is as follows: Pb< Cd< Ni < Zn< Mn. Only Cadmium (3.7 mgkg™) was above FEPA allowable
limit of 3 mgkg'l. There was a significant (p< 0.05) decreased in soil cadmium, nickel and
manganese when both biochars were incorporated into the dumpsite soil. Application of 120 g of
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rice husk biochars reduced the concentration of cadmium (0.27 mgkg™), nickel (0.53 mgkg™) and
manganese (0.66 mgkg™); but increased the concentration of lead (1.79 mgkg™) and zinc (6.82
mgkg™) in the soil. Also, 120 g of saw dust biochar reduced the concentration of cadmium (0.27
mgkg™), nickel (0.55 mgkg™) and manganese (0.71 mgkg™). Both rice husk and sawdust biochars
rates applied in dumpsite soil significantly (p< 0.05) reduced the quantities of manganese uptake by
amaranthus plant. However, the uptakes of cadmium, zinc, lead and nickel by amaranthus were not
significantly (p< 0.05) affected by the application of different rates of both rice husk and sawdust
biochars; but an increased in both biochars applied on dumpsite soil resulted to a gradual decrease
in the entire heavy metals uptake by amaranthus plant. The combined effect of rice husk and
sawdust biochar did not showed any significant effect on the concentration of heavy metals in
dumpsite soil and subsequent uptake by Amaranthus.
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1. INTRODUCTION

Heavy metals are naturally present in the soil,
but geological and anthropogenic activities
increase the concentration of these elements to
amounts that are harmful to both plants and
animals [1]. Some of these anthropogenic
activities include mining and smelting of metals,
burning of fossil fuels, use of fertilizers and
pesticides in agriculture, production of batteries
and other metal products in industries, sewage
sludge, and municipal waste disposal [2]. Heavy
metals like iron, tin, copper, manganese and
vanadium occur naturally in the environment and
could serve as plant micro-nutrients depending
on their concentrations. However, mercury, lead,
cadmium, silver, chromium and many others that
are indirectly distributed as a result of human
activities could be very toxic even at low
concentrations [3]. Some heavy metals like As,
Cd, Hg and Pb are particularly hazardous to
plants, animals and humans [4]. Municipal waste
contains such heavy metals as As, Cd, Cu, Fe,
Hg, Mn, Pb, Ni and Zn which end up in the soil
when they are leached out from the dumpsites
[5]. The incorporation of dumpsite soils on farm
land to improve the quality of the soil for
vegetable production is a common practice in
urban and sub-urban centers in Nigeria because
of the fact that decayed and composted wastes
enhance soil fertility [5]. Small holder farmers in
Nigeria cultivate a variety of crops in some
temporarily abandoned sections of the dumpsite
and some times, they collect these “soils” from
the dumpsite and incorporate them as compost
on the farms. This is because of the general
belief that the native fertility of soil from a waste
dumpsite is high [6]. However, many fall victim of
heavy metal contamination on their farm land
due to lack of adequate information on the status
of heavy metals in dumpsites soils. Plants grown
on a soil polluted with heavy metals may absorb

these heavy metals inform of mobile ions present
in the soil through their roots. These absorbed
metals get bioacumulated in the roots, stems,
fruits, grains and leaves of plants [7].

Remediation of these hazardous soils by
conventional practices, which include excavation
and land filling is not feasible on large scale
because these techniques are cost-prohibitive
and environmentally disruptive [8]. Therefore,
biochar is one organic material that is currently
being exploited for its potential in the
management of heavy metals polluted soils [9].
Reduction in the availability of heavy metals
when polluted soil was amended with biochar
which brought about reduction in absorption of
these metals by plants was reported by [10]. The
ability of biochar to increase soil pH unlike most
other organic amendments may have increased
sorption of these metals by biochar, thus
reducing their bioavailability in the soil for plant
uptake. Also, [11] reported that, the large surface
area of biochar and their high cation exchange
capacities enhanced the sorption of both organic
and inorganic contaminants to their surfaces,
reducing pollutant mobility in contaminated soils.
Several results of the works of [12-14] showed
that the addition of biochar in the soil help to
reduce the availability of heavy metals. For these
reasons, the application of biochar has recently
been advocated as a sustainable means to
promote the restoration of contaminated soils
[15].

Therefore, this research is aimed at assessing
the presence of heavy metals and the suitability
of using biochars locally produced from rice husk
and sawdust in reducing heavy metal
concentration in dumpsite soil and also
determines the amount of heavy metal uptake by
Amaranthus crentus growing in contaminated
soil.



2. MATERIALS AND METHODS

The experiment was conducted during the dry
season of 2015 at the screen house of Nasarawa
State University Keffi, Faculty of Agriculture
Shabu Lafia. The study area falls within southern
guinea savanna agroecological zone of Nigeria.
Rainfall period is usually from March — October
and the average monthly rainfall figures range
from 40 mm-350 mm. The months of July and
August usually record heavy rainfall. The daily
maximum temperature ranges from 20.0C-
38.5C and daily minimum ranges between
18.7C-28.2<C. The months of February to early
April are the months that have the highest
maximum  temperature  while the lowest
maximum  temperature are recorded in
December and January because of the prevailing
cold harmattan wind from the northern part of the
country at this period. The relative humidity rises
from April to a maximum of about 75- 90 percent
in July [16].

2.1 Plant and Soil Sample Collection and
Pot Experiment

Dumpsite soil sample was collected from one of
the biggest dumpsites at Doma for pot
experiment. The dumpsite soil was prepared for
analysis of heavy metals before planting. Then
5kg of the soil were filled into 9 plastic buckets
which is equal to the number of treatment and
replicated three times to produced 27 plastic
buckets. The experimental design used was
completely randomized design (CRD) and the
treatments consisted of three levels of sawdust
and rice husk biochar: 0, 60, 120 g per pot;
factorially combined to form 9 treatments and laid
out in the screen house. After filling the pots with
soil, water was also applied in the pots and
allowed to stay for one week, two amaranthus
seedlings were transplanted into each pot as the
test crop. 35 g of NPK 15:15:15 fertilizer was
applied in each pot and other agronomic
practices were carried out. The following
parameters were taken after five weeks of
transplanting: plant height, number of leaves,
fresh and dry biomass weight, amaranthus from
each plastic bucket were harvested and oven
dried at 45°% for tissues analysis. Finally, soil
samples were taken for post-harvest laboratory
soil analysis of heavy metals.

2.2 Laboratory Analyses

The dump site soil sample was air-dried,
mechanically ground using a stainless steel roller
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and sieved to obtain < 2 mm fraction. A 30 g
samples was taken from the original bulk
dumpsite soil for analysis of heavy metals. The <
2 mm fraction sieved soil sample was used to
determine pH (1: 5) soil/water extract. Soil and
oven dry plant tissues were digested in a mixture
of concentrated nitric acid (HNO3), concentrated
hydrochloric acid (HCI) and 27.5% hydrogen
peroxide (H,O,) according to the USEPA method
3050B for the analysis of heavy metals [17]. The
extracts were analyzed by atomic absorption
spectrophotometer (Perkin Elmer, Model No.
2380).

2.3 Heavy Metal Uptake

The heavy metal uptake was determined by
metal concentration in the plant tissue multiply by
total plant dry matter [7].

2.4 Data Analysis

The data collected were subjected to analysis of
variance using GENSTAT, and where there is a
significant difference; the means were separated
using F-LSD at 5% probability level.

3. RESULTS

The study revealed that the dumpsite soil was
contaminated with heavy metals (Table 1). These
metal increases in ascending order in the soil as
follows: Pb< Cd< Ni < Zn< Mn. All these heavy
metals were present in lower quantities in
dumpsite soil except Cadmium (3.7mg/kg) which
was high and above the European Union, United
State of America and Federal Environmental
Protection Agency (FEPA) of Nigeria allowable
limit of 3 mgkg™ Cadmium in the soil.

The chemical properties of sawdust and rice
husk biochars used for soil amendment are
presented in (Table 2). The pH of rice husk
biochars used was almost neutral (7.14) and
sawdust biochar was strongly alkaline (9.33).
Rice husk biochar had higher quantities of total
nitrogen of 4.25 gkg'l, organic carbon 6.87 gkg'l
compared with the sawdust biochar. However,
the saw dust biochar had higher quantities of
ashes (15.78 gkg™) compared to the rice husk
biochar. The C/N ratio of rice husk biochar was
1.44 gkg'*; while the C/N ratio of sawdust biochar
was 1.76 gkg™. The cation exchange capacities
of both saw dust and rice husk biochar were very
low; but the percentage base saturation of both
biochars were very high (88% saw dust biochar
and 96% rice husk biochar).
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Table 1. Heavy metal concentration in dumpsite soil before incorporating biochar

Heavy Values before  Allowable limit Allowable limit  Allowable limit by FEPA
metal incorporation  in European soils in USA soils (mgkg™)
(mgkg™) (mgkg™) (mgkg™)
Zn 6.4 200 200-300 300
Pb 1.6 70 100 230
Mn 16.6 - - -
Ni 6.0 50 50 -
Cd 3.7 3 3 3

Sources: Ndors’ field work (2015) and W.H.O (1996)

There was a significant (p< 0.05) decreased in
soil Cadmium, Nickel and Manganese when both
rice husk and sawdust biochars were
incorporated into the dumpsite soil (Table 3).
However, the concentration of Lead and Zinc in
the soil significantly (p< 0.05) increased when
rice husk and saw dust biochar were applied on
the dumpsite soil. Application of 120 g of rice
husk biochars reduced the concentration of
cadmium (0.27 mgkg'l), nickel (0.53 mgkg'l) and
manganese (0.66 mgkg™); but increased the
concentration of lead (1.79 mgkg'l) and zinc
(6.82 mgkg'l) in the soil. Also, 120 g of saw dust
biochar reduced the concentration of cadmium
(0.27 mgkg™h), nickel (0.55 mgkg?) and
manganese (0.71 mgkg™); but the concentration
of lead and zinc increase to 1.80 mgkg' and
6.81 mgkg” respectively. Interaction between
rice husk and saw dust biochar did not showed
any significant effect on the heavy metals
concentration in dumpsite soil.

Application of both sawdust and rice husk
biochar rates did not showed any significant
(p< 0.05) increase on the growth parameters (no.
leaves, plant height and biomass weight) of
Amaranthus crentus (Table 4). Also, the
interaction between sawdust and rice husk
biochar did not produce any significant effect on

the number of leaves, plant height and biomass
weight of Amaranthus.

Table 2. Chemical properties of biochar used
for the trials

Chemical Saw dust Rice husk
composition

pH(H,0) 9.33 7.14
pH(KCI) 9.07 7.03
Ashes(gkg™) 15.78 13.56
T N(gkg™) 3.85 4.25
OC(gkg™) 6.13 6.78
CIN(gkg™) 1.76 1.44
Av. P(mgkg™) 8.01 6.01
K(cmolkg™) 0.32 0.31
Mg(cmolkg™) 1.28 1.34
Ca(cmolkg™) 3.68 3.01
Na(cmolkg™) 0.69 0.52
Exch. A(cmolkg™) 0.70 0.20
CEC(cmolkg™) 5.97 5.18
%Base Saturation 88 96

Rice husk and sawdust biochar rates applied on
contaminated dumpsite soil significantly (p<
0.05) reduced the quantities of Manganese
uptake by amaranthus plant (Table 5). However,
the uptake of Cadmium, Zinc, Lead and Nickel by
amaranthus were not significantly (p< 0.05)
affected by the application of different rates of

Table 3. Effect of biochar on heavy metal concentration in dumpsite soil

Treatments Cd Ni Mn Pb Zn
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Rice Husk (g)
0 0.28 0.60 0.79 1.68 6.74
60 0.28 0.58 0.75 1.74 6.80
120 0.27 0.53 0.66 1.79 6.82
LSD (0.05) 0.003 0.003 0.005 0.001 0.003
Sawdust (g)
0 0.28 0.60 0.77 1.71 6.77
60 0.28 0.56 0.72 1.71 6.78
120 0.27 0.55 0.71 1.80 6.81
LSD(0.05) 0.003 0.003 0.005 0.001 0.003
Interaction
RH & SD NS NS NS NS NS

RH= Rice husk biochar; SD= Sawdust biochar; NS= No significant



both rice husk and sawdust biochar. Although, an
increase in both rice husk and sawdust biochar
applied on contaminated soil resulted to a
gradual decrease in the entire heavy metals
uptake by amaranthus plant. Therefore,
amaranthus that were planted in control pots of
both rice husk and sawdust biochar, absorbed
the highest quantities of cadmium (0.31 mgkg'1
and 0.32 mgkg'l) zinc (6.83 mgkg'1 and 6.82
mgkg™) lead (1.83 mgkg™® and 1.81 mgkg™)
nickel (0.57 mgkg® and 0.56 mgkg') and
manganese (0.63 mgkg™ and 0.62 mgkg™).

Table 4. Effect of biochar Soil amendment on
growth parameters of Amaranthus at 4 weeks
after transplanting

Biochar No. of Plant Biomass
leaves height weight

(cm) (g/plant)

Rice Husk (g)

0 17.00 37.56 27.22

60 17.67 38.11 27.78

120 17.78 39.00 27.78

LSD (0.05) 1.683  3.980 3.725

Sawdust (g)

0 17.78 38.44 27.56

60 17.00 38.67 27.67

120 17.67 37.56 27.56

LSD(0.05) 1.683 3.980 3.725

Interaction

RH & SD NS NS NS

RH= Rice husk biochar; SD= Sawdust biochar; NS= No

significant

4. DISCUSSION

The study revealed that the dumpsite soil contain
heavy metals in increasing order of Pb< Cd< Ni <
Zn< Mn. This finding is in consonance with the
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result obtained by [18]. The saw dust biochar
contained higher quantities of carbon and carbon
/nitrogen ratio than rice husk biochar (Table 5).
This signified that the decomposition of the saw
dust biochar materials may continue at higher
rates than that of rice husk and higher nitrogen
amount may be released for use by crops and
other micro-organism in the soil [19]. This
corroborates the finding of [20], who worked with
biochar of poultry materials for soil amendment.
Also, amendment of dumpsite soil with biochars
resulted to gradual reduction in heavy metals
concentration in the soil. This may be attributed
to the ability of biochar to increase soil pH which
may have increase sorption of these heavy
metals by biochar surfaces, thus reducing their
bioavailability in the soil for plant uptake. This
assertion is in tandem with the findings of [11]
who reported that, the large surface area of
biochar and their high cation exchange
capacities enhanced the sorption of both organic
and inorganic contaminants to their surfaces;
thereby  reducing pollutant  mobility in
contaminated soils. [21] reported retention of
heavy metals on biochar surfaces and also
proved that sorption of these metals were
produced at the biochar surface and that this
process was not immediately reversible. Biochar
might also immobilize heavy metals by
transforming the readily available fractions to
geochemically more stable residual fractions,
resulting in reducing the mobilty and
bioavailability of heavy metals [22]. Also, due to
biochars’ unique characteristics, it has been
suggested by [10], that biochar is more suitable
than other materials to remediate different
organic and inorganic contaminants in the soil.
The non significant effect of biochar on the
growth parameters of Amaranthus crentus in this

Table 5. Effect of biochar on heavy metal uptake of Amaranthus crentus

Biochar Cd mgkg™ Zn mgkg™ Pb mgkg™ Ni mgkg™ Mn mgkg™
(g/pot)

Rice husk

0 0.31 6.83 1.83 0.57 0.63
60 0.29 6.78 1.76 0.56 0.59
120 0.28 6.74 1.70 0.55 0.51
LSD(0.05) 0.12 0.22 0.18 0.18 0.11
Sawdust

0 0.32 6.82 1.81 0.56 0.62
60 0.27 6.79 1.74 0.56 0.57
120 0.27 6.67 1.72 0.56 0.50
LSD(0.05) 0.12 0.22 0.18 0.18 0.11
Interaction

RH X SD NS NS NS NS NS

RH= Rice husk biochar; SD= Sawdust biochar; NS= No significant



study may be attributed to the high native fertility
status of the dumpsite soil and when amaranthus
was transplanted the growth was also
spontaneous. This agrees with the findings of [6]
who worked on the characteristics of dumpsites
soils and their uptake by plants. The uptake of
these heavy metals especially Mn by amaranthus
was significantly reduced when different rates of
both rice husk and sawdust biochar were applied
compare to control treatment. Increased in both
rice husk and sawdust biochar incorporated in
the contaminated soil resulted to a gradual
decrease in the entire heavy metals uptake by
amaranthus plant. The reductions in the
concentration of heavy metals in amaranthus in
biochar-amended contaminated soil can be
attributed to the immobilization of available
metals [11].

5. CONCLUSION

In conclusions, this study revealed that the
dumpsite soil contained heavy metals (Pb, Cd,
Zn, Ni and Mn) and soil amendment with rice
husk and sawdust biochar at the rate of 120
g/pot (equivalent of 53.81t ha™) reduced
the concentration of these heavy metals in both
the dumpsite soil and Amaranthus crentus
tissues.
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