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Abstract

Lead (Pb) contamination has been widely reported in Kabwe town soils due to mining activities. The bioavailability and exces-
sive amounts of Pb in soils are toxic to both plants and microorganisms. Manure and biochar have been reported to immobilize
heavy metals in soil. This study, thus evaluated the effects of chicken manure and chicken manure-derived biochar on the bio-
availability of Pb in the soil and its uptake by plants in polluted garden soils of Kabwe. Pots containing Pb contaminated soil
with five treatments of manure and biochar in the following proportions: CT (un-amended polluted soil, control); 2% and 4%
of CM (chicken manure); 2% of and 4% of CMB (chicken manure-derived biochar) were used in this study. The manure and
biochar were applied as percentage of total mass of soil in the pot. Brassica napus (rape) was planted and grown in the soils
under greenhouse conditions for nine weeks. After harvesting the rape, Brassica rapa (Chinese cabbage) was planted in the
same pots and grown for eight weeks. The planting of Chinese cabbage was done to ascertain the residual effects of the amend-
ments. Soil pH and bioavailable Pb was measured six times during the experiment and after the harvest, Pb concentration in
plant tissues were determined using Atomic Absorption Spectroscopy (AAS - Z series 2010).

Concentrations of bioavailable Pb were higher in the amended soils of 2 % and 4% CM (18.90+1.5; 21.18+2.3 mg Pb/kg), 2%
and 4% CMB (29.16+2.4; 41.15+2.6 mg Pb/kg) compared to CT (18.36%1.6 mg Pb/kg). Despite higher bioavailable Pb in the
manure and biochar amended soils; the concentration of Pb in both rape and Chinese cabbage tissues was lower than that in
un-amended polluted soil (CT). Concentration of Pb in rape from 2% and 4% CM were less than detection limit, 2 % and 4%
CMB were 12.79+2.49 mg Pb/kg and 8.4+0.20 mg Pb/kg while concentration of Pb in rape from CT was 35.13+13.72 mg Pb/
kg. In Chinese cabbage, all amendments had Pb concentrations in plant tissues less than detection limit while the value in CT
was 8.13+0.97 mg Pb/kg.

The experiment showed that, amendment application with increase in dose application results to reduced Pb uptake by the

plants and concentration, despite increased Pb mobilization in soil. It is recommended that these amendments can be used for
remediating Pb contaminated soils, as they seem to reduce Pb concentrations in plant tissues.

Keywords: Contaminated Lead (Pb) Soil, Bioavailability, Remediation, Amendments

Introduction

Globally, many studies have been conducted on the health risks
of Pb once consumed. Pb exposure to the environment can in-
fluence the neurologic system, kidneys, and blood circulation in
humans, especially in children, infants, and foetuses [1]. Other
studies have revealed that, elevated lead (Pb) in the environment
can result in decreased growth and reproduction in plants and
animals. In view of the aforesaid, growing of vegetables on con-
taminated soils with Pb has negative effects on human health.
The sources of lead (Pb) to ecosystems include direct discharge
of waste streams to water bodies and mining. This problem of
Pb pollution to the environment has affected even most African
countries and Zambia inclusively.
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Lead (Pb) pollution from the Mine in Kabwe town has resulted
in contamination of soils leading to most backyard gardeners
with no option but to grow their vegetable crops on the same
soils. Lead (Pb) polluted soils severely affect plant growth pa-
rameters by influencing physic-biochemical processes, oxida-
tive defense system, and nutritional quality. Several studies on
Kabwe have revealed that the area has been adversely affected
by previous mining activities. As a result, areas that are adjacent
to the old Zinc and Lead Mine show high levels of Pb contam-
ination in the soil samples [2]. Pb contamination poses health
risks through food consumption [3].

Chicken manure is used as an organic fertilizer, especially for
soils low in nitrogen [4]. Chicken manure is sometimes pel-
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letized before being used as a fertilizer. Biochar is a low-cost
porous pyrogenous substance produced by pyrolysis of organic
materials in oxygen-deficit conditions. It has been reported to
have high cation exchange capacity (CEC), a large surface area,
and higher porosity compared to other organic amendments [5].

Biochar and manure amendments can render heavy metals immo-
bile and non- bioavailable by various physico-chemical means,
which disrupt their pathway of exposure and reduce their health
risk [6, 7]. The application of these amendments to soils, from
a remedial point of view, is justified by their relatively low cost,
compared to ‘hard’ engineering solutions and by their prevalence
as wastes, which require other forms of disposal such as burial in
landfill, incineration among others. Therefore, the justification
for the addition of biochar and manure to the soil is that they
can save as sorbents for metals in solution, where they establish
new equilibrium levels between the concentrations of adsorbents
in the solution and that in the solution. The other justification
for the addition of biochar and manure is that they are readily
available and provide nutrients and habitat to organisms living
in the soil. Though other studies on the remediation options of
Pb in the soil has been done such as liming, phytoextraction,
phytoaccumulation among others, these remedial options are
expensive compared to biochar and manure use. Therefore, it
was in this regard this research was conducted to investigate on
the effects of chicken manure and chicken manure-derived bio-
char to minimize on the uptake of Pb by Brassica vegetables
(rape and Chinese cabbage). Brassica vegetables are crops and
vegetables for human consumption. They have greater ability to
accumulate heavy metals in their edible parts from contaminated
soils and mostly grown in the backyard gardens in Kabwe hence
chosen for this study [8].

The Main Objective of the Study was

To evaluate the effects of chicken manure and chicken manure —
derived biochar on the bioavailability and concentration of Pb in
two Brassica vegetables (B.napus and B. rapa).

In order to Achieve the Main Objective, the Study had the

Following Specific Objectives

1. To evaluate the effects of chicken manure and chicken ma-
nure — derived biochar on changing soil pH.

2. To evaluate the effect of chicken manure and chicken ma-
nure — derived biochar on the bioavailable Pb in polluted
soils.

3. To evaluate the effect of chicken manure and chicken ma-
nure — derived biochar on concentration of Pb in rape and
Chinese cabbage grown in polluted soil

Materials and Methods

Study Area

Kabwe town is located in the Central Province of Zambia about
136 km north of Lusaka, the capital of Zambia. The town is char-
acterized by Acrisols although Podsols and Vertisols are also
found. Vegetation is mainly characterised by Miombo wood-
lands [9]. Kasanda residential area was chosen for soil sample
collection because it is near and adjacent to Kabwe Zinc and
Lead Mine (Figure 1). Most studies also reveal that, Kasanda
residential area is highly contaminated with Pb from the mining
activities.
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Figure 1: Map showing the sampling Area (Kasanda) in Kabwe.
Map of Kabwe adapted from Mbuki and Mbewe (2017) [10]

Soil Collection and Characterization

Soil samples were collected at 0 — 20 cm depth using a Trowel
at 5 points and thoroughly mixed using plastic buckets. At each
point, soil samples from the 5 gardens were collected then soil
samples mixed to form one composite sample representative of
the whole sampling area.

The collected soil sample was air dried, and visible roots and
other debris were removed. The larger soil aggregates were
gently broken using fingers sieved through a 2.0 mm sieve and
mixed using a Trowel in plastic buckets thoroughly to prepare a
composite soil sample. The sieving of the composite soil sample
was done to make a homogeneous soil sample. The sieved soil
was characterized before setting up the pot experiment for soil
pH, total Pb concentration, electrical conductivity, ammonia,
and nitrates and phosphorous.

Amendments Collection, Preparations and Characterization
Chicken Manure

Chicken manure was collected from the University of Zambia,
School of Agricultural Sciences Field Station poultry house. It
was air-dried and sieved using a 2 mm sieve. The chicken ma-
nure collected was from broiler chickens and the bedding mate-
rial was sawdust. The chicken manure was characterized for pH,
total Pb concentration, electrical conductivity, organic carbon,
cation exchange capacity and some metalloids.

Chicken Manure — Derived Biochar

The chicken manure-derived biochar was made using the pit
method under limited oxygen conditions (Figure 2), and then,
the charred materials were ground using a mortar and pestle and
sieved through a 2 mm sieve. The chicken manure —derived bio-
char was equally characterized for pH, total Pb concentration,
electrical conductivity, organic carbon, cation exchange capacity
and some metalloids.
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Figure 2: Showing pit used for making chicken manure - derived
biochar (left) and chicken manure-derived biochar (right).
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Experimental Design and Treatments

The complete randomized design (CRD) was employed in this
study. A pot experiment was conducted in a greenhouse at the
University of Zambia. It was set up with 4 replications. The
amendments application rates were calculated as percentage of
mass of the soil in the pot. Chicken manure and Chicken ma-
nure-derived biochar were applied at rates of 2% and 4% of the
soil mass.

For the pot experiment 2500g soil was used and the manure
and biochar amendments were set up with a control, meaning,
CT- no amendment was applied, 2% of 2500g of soil of which
calculated 50g of Chicken manure and Chicken manure-de-
rived biochar was applied (CM2% and CMB2%), 4% of 2500g
of soil of which calculated 100g of chicken manure and chicken
manure-derived biochar was applied (CM4% and CMB4%) as
shown in Table 1 below. The treatments below were repeated
with 200g soil for destructive sampling with similar application
rates for analysis of soil pH and bioavailable Pb. All treatments
were replicated 4 times.

Table 1: Treatment set up showing application rates calcu-
lated by percentage of mass of the soil in the pots.

Treatment Mass of soil (g) | Mass of amend-
ment applied in
grams
Control (CT) 2500 0
CM2% 2500 50
CM4% 2500 100
CMB2% 2500 50
CMB4% 2500 100

CT is un-amended polluted soil; CM2% and CM4% are chick-
en manure treatments at 2% and 4% respectively; CMB2% and
CMB4% is chicken manure-derived biochar treatments at 2%
and 4 % respectively.

Planting, Irrigation and Crop Management

Five (5) seeds of each variety of vegetable, that is, rape (Bras-
sica napus) and Chinese cabbage (Brassica rapa) were planted.
After germination, two healthy seedlings per pot were main-
tained after thinning. Tap water was used to irrigate the treat-
ments as needed.

The rape (Brassica napus) was sown on 12th March, 2020 a day
after soil-amendments mixture preparations. It was then har-
vested on 13th May, 2020 (harvested after 9 weeks). Thereafter,
the pots were left for five weeks without any plant planted in
them. This soil incubation was done to determine the residue
effects of the amendments on bioavailable Pb in the soil. Incuba-
tion of soil samples is used to measure mineralization [11]. The
second crop plant, Chinese cabbage (Brassica rapa), was plant-
ed on 21st June, 2020 and was harvested on 11th August, 2020
(8 weeks after). Chinese cabbage was chosen as a second crop,
because it is also a Brassica vegetable. It has ability to accumu-
late Pb in its edible parts. It is equally most grown vegetable in
Kabwe town. Management practices were the same for both the
first and second crops.
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Soil and Amendment Analysis

Soil Analysis

During the experiment, soil samples were collected six times
for analysis of bioavailable Pb and soil pH. Bioavailable Pb was
extracted in DTPA — TEA (Diethylene Triamine Penta Acetic
Acid, Triethanolamine) buffered at pH 7.3 according to [12].
Ten grams of soil was weighed and 20 ml of DTPA-TEA solu-
tion added. The mixture was shaken for two hours using the
mechanical shaker. The suspensions were filtered by gravity
through the filter paper. Then filtrates were analyzed for Pb con-
centration using Flame Atomic absorption spectroscopy (FAAS
- Z series 2010). To determine soil pH, 25 ml of CaCl2 was
added to each ten grams of soil and shaken for thirty minutes
using the mechanical shaker. pH was determined using a soil
pH meter. The electrical conductivity for soil was determined
by adding 25 ml of deionized water to ten grams of each sam-
ple. The mixture shaken for one hour using mechanical shaker.
The filtrates analyzed for electrical conductivity using electrical
conductivity meter.

Organic carbon was determined by Walkley and Black method.
One gram of air-dry soil into a 250 cm3 conical flask to which
ten centimeters cubic of 1IN K2Cr207 (with a pipette) was add-
ed. Then rapidly 20 cm3 of concentrated H2SO4 was added and
was directed into the stream suspension (automatic pipette was
used).

Cation exchange capacity was determined using distillation
method. Ten milliliters of leached solution (25 ml IN NaCl
solution in a 50mls volumetric flask) was pipetted. Magnesium
oxide (MgO) was added as a catalyst. Distillation was done for
five minutes while collecting NH4+ in 20 ml boric acid indica-
tor. Thereafter, the indicator was titrated with 0.1 N HCI solu-
tion from green to purple and then, meq CEC/100 g soil was
calculated.

Ammonium and nitrate were extracted using 2M KCl. Ten
grams of soil sample was weighed into conical flask and added
to 100 ml 2M KCI solution. Then the mixture had shaken for 30
minutes. Thereafter, filtered the solution and the clear filtrate
taken for analysis within 24 hours.

The available phosphorous in the soil was determined using
0.5M NaHCO3 (pH 5.8) as extracting solution. The soil texture
of the soil sample was analyzed using Hydrometer method.

Amendments Analysis

The electrical conductivity for amendments (chicken manure
and chicken manure — derived biochar) was determined by add-
ing 25ml of deionized water to ten grams of each sample and
shaken for one hour. The filtrates analyzed for electrical con-
ductivity using electrical conductivity meter. To determine the
pH for amendments, 25 ml of deionized water was added to each
ten grams of amendments and shaken for thirty minutes using
the mechanical shaker. The pH reading was taken directly from
the suspensions of chicken manure and chicken manure-derived
biochar. At least 4 replicates were used for each analysis.

For the amendments, the organic carbon, cation exchange ca-
pacity and available phosphorous was determined using the
same methods outlined in soil analysis. While for the metallic
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elements in amendments, the samples were weighed 10 g each
and put into 250 cm3 Erlenmeyer flask. Fifty centimeters cu-
bic of NH40Oac, pH 7.0 was added. Shaken for 30 minutes on
a shaker. The suspension was filtered using number forty-two
filter paper, and then potassium, calcium, manganese and iron
among others were measured in the filtrate.

Lead (Pb) Determination in Soil and Plants

To determine total Pb concentrations in soils, 0.05g of soil was
weighed and placed in test tubes to which 5 ml 30% nitric acid
(HNO3) and 1 ml hydrogen peroxide (H202) were added. The
mixture was digested for 45 minutes using the Speed wave di-
gester (Berghof, Germany). Thereafter filled up to 15 ml with
deionized water in a 15 ml transparent bottle.

To determine Pb concentrations in the plants, the plants were
oven dried for 72 hours at 700C then ground with pestle and
mortar. Pb concentrations in plant samples was determined by
weighing 0.05g ground plant sample to which 5 ml 30% nitric
acid (HNO3) and 1 ml hydrogen peroxide (H202) were added.
The samples were then digested using the Speed wave digester
(Berghof, Germany) digester for 45 minutes. Thereafter filled
up to 10 ml with deionized water in a 15 ml transparent bottle.

Post-harvest soil was collected and bioavailable Pb determined
in 20 ml of DTPA — TEA as described in soil analysis. In both
plant and soil, Pb concentrations were analyzed using Flame
Atomic absorption spectroscopy (FAAS-Z series 2010).

Statistical Analysis

All experiments were conducted with four replicates. The
data were statistically analyzed using the one-way analysis of
variance (ANOVA) test using Graphpad Prism software 9.0.0.
Tukey’s multiple comparison tests were conducted at signifi-
cance level p<0.05 to separate the statistically significant treat-
ment means. Pearson correlation was used to determine the re-
lationship between soil pH and bioavailable Pb in soil. Other
calculations and graphs were prepared using Microsoft Excel
2010.

Results and Discussions

Soil and Amendment Properties

The texture of the soil used in the experiment was sand clay
loam and the soil was alkaline. The pH values of chicken ma-
nure and chicken manure—derived biochar was 7.37+0.07 and
10.26+0.01, respectively, which showed an increase in pH by
approximately 42.9% when chicken manure was pyrolyzed.
These results agree with the results of Chan et al. and Cely et
al. who reported an increase in pH after manure pyrolysis [13,
5]. Total lead Pb in the soil was 1849+246 mg Pb/kg which was
above the WHO recommended threshold of 100 mg/kg and the
FAO threshold of 150 mg/kg respectively [14, 15]. Generally,
the soil was contaminated with Pb as evidenced by the total Pb
of 1849+246 mg Pb/kg detected compared to recommended soil
concentration of 100 mg Pb/kg and 150 mg Pb/kg by WHO and
FAO, respectively.

Effects of Chicken Manure and Chicken Manure-Derived
Biochar on Soil pH

The chicken manure reduced the soil pH compared to the
control. The soil pH was observed to be lower in CM4% than
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CM2% (Figure 3). This could be attributed to less base-form-
ing ions released in the soil in the pot amended with CM4%,
this was also observed by McCauley et al in their study [16]. In
most cases, application of chicken manure to the soil results in
soil pH increase because of the presence of basic cations in the
chicken manure released upon microbial decarboxylation [17].
In this study, the pH for soil-chicken manure mixture was found
to be slightly neutral to alkaline which agrees with the results
by Dikinya and Mufwanzala [4].

However, the addition of chicken manure-derived biochar appli-
cation rates increased the pH of the soil (Figure 3). The increase
in soil pH in pots amended with chicken manure-derived bio-
char was attributed to free basic cations present in biochar such
as calcium (Ca), magnesium (Mg) and potassium (K) which are
readily released into the soil solution resulting in net increase of
soil pH as also observed in the study by Pocknee and Sumner
[18]. The substantial pH increases or response with increasing
application rate of chicken manure-derived biochar was also
observed in this study which agrees with other studies when
biochar is added to soil [19, 20]. The pH for soil-amendments
mixture was found to be alkaline.

The average pH values were 7.35+0.36, 7.13£0.23, 8.01+0.23,
8.27+0.14 and 7.72+0.29 for CM2%, CM4%, CMB2%, CMB4%
and CT treatments respectively. There was significance differ-
ence among mean soil pH values (P<0.05).
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Figure 3: pH of soil from different treatments over time. Data is
mean+SD (n=4). Error bars represents standard deviation

Effects of Chicken Manure and Chicken Manure-Derived
Biochar on Bioavailable Pb in the Soil

The mean bioavailable Pb concentration was highest in CMB4%
with concentration of 41.15+2.6 mg Pb/kg and followed by
CMB2% with 29.16+2.4 mg Pb/kg. The Pb concentration in
CM4% was 21.18+2.3 mg Pb/kg, 18.90+1.5 mg Pb/kg in CM2%
treatment compared to the un-amended control (CT) with
18.36+1.6 mg Pb/kg (Figure 4). Krol, et al. [21] observed that Pb
concentration in the soil was higher in alkaline conditions. This
agrees with results of the chicken-manure derived biochar treat-
ments in this study. The increase in bioavailable Pb in amended
soils could attributed to cation competition on adsorption sites
of chicken manure and chicken manure-derived biochar which
resulted to Pb ions being released into the soil solution as also
observed by Bloomfield [22]. Bloomfield, (1981) further stated
that, microbial action due to decomposition process result to
mobilization of Pb from carbonate and oxide forms by aerobic
decomposition as may be the case in this study. This led to more
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bioavailable Pb in the soil of the amended pots. Many studies
have revealed that low pH (acidic conditions) results to high
mobility and subsequently high concentrations of Pb in the soil
while high pH (alkaline conditions) results to low mobility and
low concentrations of Pb in the soil [23, 24].

However, the application of amendments to the soil influences
the formation of soluble complexes and can result in solubiliza-
tion and mobilization of Pb or soluble organo-metal complexes
which accounts for majority metal content in the solution [22,
25, 26]. Rieuwerts et al. explains that bioavailability of metals
in soils depends to a large extent on their distribution between
the solid and solution phases which results in mobilization of
metals [27].

50
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Figure 4: Mean concentration of bioavailable Pb in soil with
different treatments. Data is mean+SEM (n=4). Bars with dif-
ferent letters are significantly different (p<0.05) while those
with similar letters are statistically non-significant according to
Tukey’s multiple comparison tests.

Soil pH influences the bioavailability of heavy metals in the
soil, therefore, the current study evaluated the effect of pH
change after application of the chicken manure and chicken ma-
nure-derived biochar. Figure 5 shows that bioavailable Pb in the
soil decreased with increasing pH between soil pH 6.5 and 7.5
but after pH 7.5 the bioavailable Pb increased as the pH increas-
es, representing a “V-shape” relationship between soil pH and
bioavailable Pb concentrations. Similar results were observed
by Krol et al. and Joris et al. [21, 28]. The behavior of Pb in al-
kaline conditions in this study is related to amphoteric character
of heavy metals i.e. representing a “V-shape” and such behavior
is as the result of the formation of hydroxyl complexes [21]. Cui
et al. explains that Pb mobilization can occur in either acidic or
alkaline conditions but at pH 7 (neutral) very little Pb is likely
to be found in solution due to precipitation and sorption as ob-
served in this study [29].
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Figure 5: Graph showing distribution of bioavailable Pb as a
function of pH.
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Effects of Chicken Manure and Chicken Manure-Derived
Biochar on the Concentration of Pb in Rape and Chinese
Cabbage Tissues

The mean Pb concentration in rape tissues was 35.13+13.72 in
the CT, CMB2%-12.7942.49 and CMB4%-8.4+0.20 mg/kg, re-
spectively (Figure 6). The Pb concentration in rape tissues was
below detection in the manure-amended treatments (CM2%
and CM4%). It was also observed that increase in dose appli-
cation of chicken manure-derived biochar from 2% to 4% re-
sulted in the reduction of Pb concentration in rape tissues from
12.79+2.49 to 8.4+0.20 mg/kg. According to Rinklebe, the re-
duction in Pb concentration in plant tissues in pots amended
with CMB2% and CMB4% could be related to soil activities in
the soil in which increased complexing agents (amendments) re-
sulted to mobilization of adsorbed metals leading to more com-
plexation, cation exchange competition and Pb ion speciation in
soil solution [25]. These activities in the soil resulted in reduced
plant uptake by disrupting the pathway. Violate et al. observed
that mobility and plant uptake of metals depend not only on its
activity in the solution but also in the relation existing between
solution ions and solid phase, which may be the case in this
study [30].

The reduction in plant available Pb uptake in manure amended
pots compared to control was a result of complexation, pres-
ence and concentration of dissolved chicken manure, cation ex-
change competition, Pb ion speciation and distribution too in
the soil. Large number of studies found that biochar and manure
can decrease the mobility, leachability and availability of the
metals in contaminated soils, reduce plant uptake [31, 32].

Generally, reduction in plant uptake was observed with in-
creased dose application which is an indicator that with in-
creased dose application of chicken manure-derived biochar
amendments to the soil, Pb concentration in the plants can be
reduced equally.

| 5

CM B2% CM B3
Treatments

&0
55
50
45

(mg/kg)
cnbLhBRBEHLSE

CM 23 CM 43

Pb concentration inrape tissues

Figure 6: Pb concentration in rape tissues from different treat-
ments. Data presented as mean+=SEM, (n=4). Treatments with
different letters are significantly different (p<<0.05) according to
Tukey’s multiple comparison tests

In Chinese cabbage tissues, the concentration of Pb were below
the detection limit in pots with amended soils while in the CT it
was 8.13+0.97 mg Pb/kg (Figure 7). There was a reduction in Pb
concentration in Chinese cabbage tissues in the CT (8.13+0.97
mg Pb/kg) compared to rape tissues (35.13+13.72 mg Pb/kg).
This could be due to most of the bioavailable Pb were taken up by
rape as observed in the results presented and shown in Figure 6
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and 7. The other factor could be due to leaching of Pb in the pots.
The maximum permissible concentration of Pb in vegetables is
0.3 mg/kg (WHO/FAO), therefore the concentration of Pb in the
biochar amended treatments was higher than the permissible
not suitable for human consumption.

The low Pb concentration in Chinese cabbage tissues in pots
amended with manure and manure-derived biochar (Figure 7)
was the result of increased complexation and Pb speciation or
distribution processes in the soil overtime. This led to the reduc-
tion in uptake and concentration of Pb in Chinese cabbage tis-
sues. Further, the results observed in Chinese cabbage validates
or ascertains that both manure and biochar have significant role
in reducing Pb concentration in plants and this could depend on
the amount of amendments applied to the soil.

Lia
[=]

tA

[
=

=
[=]

cabbage tissues [ mg/fkg)
un tn

Pb concentration in chinese

| —

cT CMB2% CMBA%m CM2% CM a3
Treatments

=]

Figure 7: Pb concentration in Chinese cabbage tissues from dif-
ferent treatments. Data presented as mean+SEM. (n=4).

Generally, amendments increased bioavailable Pb in the soil but
reduced Pb concentration in the plant tissues. Similar results
were observed by Violate et al. [30]. According to Krol et al. and
Joris et al. under alkaline conditions Pb reacts with organic mat-
ter to form hydroxyl complexes which disrupts the movement
of Pb from soil to the plant [21, 28]. This could be the reason
for the observed contradicting results between the bioavailable
Pb in the soil and concentration of Pb in the plant tissues in this
current study. The results in this study are contradictory to other
studies that show the application of chicken manure and biochar
immobilizing Pb in the soil [31, 32].

Conclusion

Chicken manure and chicken manure — derived biochar appli-
cation to Pb contaminated soils led to increased bioavailable Pb
in the soil, but reduced the plant Pb concentration in plants. The
experiment showed that, amendment application with increase
in dose application results to reduced Pb concentration in plants,
despite increased Pb mobilization in soil.

Recommendation

Chicken manure and chicken manure-derived biochar applica-
tion might be recommended as a cheap management method
for remediating contaminated Pb soils because they reduced
plant uptake and concentration of Pb in plant tissues. Though
the WHO/FAO permissible vegetable Pb concentration is lower
than what was investigated in this study, still it has given the
indicator of the effects of amendments when applied to Pb pol-
luted soils.
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This research also observed the increase in Pb concentrations in
the soil when amendments were applied. More research must be
conducted on the scientific cause of this, because this research
was limited to evaluate the effects of amendments to minimize
the uptake and concentration of Pb in plant tissues and avoid
associated health risks.

In view of the aforesaid, the findings of this research will help
gardeners or farmers in surrounding areas of Zinc and Lead
Mine in Kabwe to use these amendments and grow their crops
on these polluted soils and reduce on the associated health risks.
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