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Accumulation of Heavy Metals from Battery Waste in Topsoil,
Surface Water, and Garden Grown Maize at Omilende Area,

Olodo, Nigeria

Adedotun Onoyinka Afolayan

Land pollution is a threat to sustainable agricultural development and food
security in developing countries. Consumption of farm products from con-
taminated areas can generate health hazards to the diverse consumers along
the food chain through the different pollutants in the products. This study is
designed to determine the accumulation of Pb, Cd, and Fe in topsoil, surface
water, and maize leaf, stem, grains, and root, cultivated in a garden nearby
Ori-lle battery waste dumpsite, Omilende Area, Olodo, Nigeria. Soil samples,
garden maize parts, and surface water samples are collected from the study
area using standard procedures. Corresponding reference samples are collected
from Moor Plantation, Ibadan. All collected samples are analysed for Pb, Cd, and
Fe concentrations. Mean Pb, Cd, and Fe concentrations in topsoil are found to
be significantly higher than 157.0 + 39.8, 2.2 + 1.2, and 976.3 + 353.9 mg kg™,
respectively, which are obtained from reference soil and National Environmental
Standards and Regulations Enforcement Agency limits (Pb: 164 mg kg™' and
Cd: 50 mg kg™"). The soil contamination factor values obtained are greater

than 6, indicating severe pollution. Downstream has the highest Pb, Cd, and

Fe concentrations. In maize parts, the root has the highest concentration of Pb
(40.95 + 1.98 mg L") and Cd (2.84 + 0.19 mg L"), which are significantly higher
(p < 0.05) than those from the reference site. A high concentration of heavy
metals found in topsoil further bio-accumulates in maize parts. Consequently,

developing countries.”!’ Numerous indus-
trial activities, including automobile bat-
tery production, have often resulted in
the accumulation of noxious metals in
the environment,37! and the discharge
of heavy metals as a by-product of these
activities has been accompanied by large-
scale soil pollution.”®! Heavy metals tend
to persist in the environment indefinitely!”!
and get accumulated over time in soils,
water sediments, and plants. Hence, they
could have a negative influence on physi-
ological activities of plants, determining
the reductions in plant growth, dry matter
accumulation, and yield.') Excessive accu-
mulation of heavy metals in agricultural
soils often leads to elevated heavy metal
uptake by crops, and thus affects food
quality and safety.'!l Food chain contami-
nation is one of the important pathways
for the entry of toxic pollutants into the
human body,"?! and the consumption of
heavy-metal-contaminated food can seri-
ously deplete some essential nutrients in

this garden maize is unfit for consumption.

1. Introduction

Uncontrolled open dumping on the peripheries of many cities
has resulted in the degradation of valuable land resources and
the creation of long-term environmental and human health
problems.l!! Land contamination and degradation are a threat
to sustainable agricultural development and food security in
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the body which are further responsible

for decreasing immunological defenses,

intrauterine growth retardation, impaired

psychosocial faculties, disabilities associ-

ated with malnutrition, and high prevalence of upper gastroin-
testinal cancer rates.'>'l Heavy metal accumulation in plants
depends upon plant species, and the efficiency of different
plants in absorbing metals is evaluated by either plant uptake
or soilto-plant transfer factors (TFs) of the metals.'>] Some of
the heavy metals such as Pb and Cd are toxic to plants and ani-
mals, even in trace concentrations,'®l and exposure to some of
them is normally chronic due to food chain transfer.'”? Pb and
Cd have been found to inhibit plant growth, disturb ion uptake
and transport, as well as inhibit enzyme activation and photo-
synthesis.'®1°] Fe is essential for many plant functionsi?! but is
toxic when it accumulates to high levels. Excess Fe can result in
dark green foliage, stunted growth of tops and roots, dark brown
to purple leaves in some plants.?% Emissions of heavy metals to
the environment occur via a wide range of processes and path-
ways, including air, surface water, and soil, and subsequently,
ground water and crops.2! Surface water can be polluted by con-
taminants that are washed into it from a nearby polluted site.?
Remediation of soil contamination by conventional engi-
neering techniques is often a very expensive procedure. This is
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often the reason why the cleanup of contaminated areas has not
been taking place at a first level. However, bioremediation tech-
niques, especially those that involve the use of metal hyperaccu-
mulating plant species, are well known and adopted remediation
alternatives nowadays. Certain plants can flourish in soil polluted
to levels that are often orders of magnitude higher than current
regulatory limits, which are often set relatively independent of
plants’ tolerance limits and are most often derived from human
health and aquatic toxicology end points.??l These metal hyperac-
cumulating plants have a great diversity of genetic adaptations,
which they employ in handling potentially toxic levels of metals
and other pollutants that occur in the environment. Phytoreme-
diation takes advantage of plants’ nutrient utilization processes
to take in water and nutrients through roots, transpire water
through leaves, and act as a transformation system to metabolize
organic compounds, such as oil and pesticides. Alternately, they
may absorb and bioaccumulate toxic trace elements including the
heavy metals.?*l One of such crops is maize or corn. It is a cereal
crop with fast-growing property and hyperaccumulating ability.

Omilende suburb is part of Ikumapaiyi area of Olodo, Ibadan,
Nigeria, and it has a portion that has been named “Ori-Ile,”
which is one of the several areas used as open dump by the waste
contractors of the now closed-down lead acid battery manufac-
turing company. The allocation of these previously used open
waste dumps for housing development has presented a series
of environmental challenges to the inhabitants.?* The residents
of Ori-lle Olodo predominantly grow maize for both human
and animal consumption while some of them utilize their
harvested maize seeds for constituting feed for their domestic
animals.?!l Maize is an important staple crop!?® consumed by
the population of Nigeria in large amount.?’l Maize ranks third
in the world production of cereal following wheat and rice.l?’]
It is used as feed for livestock and a principal raw material
for many industrial products.??’] Maize, classified as Zea
mays, is the common name for the cereal grass in the Poaceae,
which is known to be a good accumulator of contaminants.[®]
The uptake, metabolism, and negative effects of heavy metals
on different plants including maize have been documented in
literature.?3% However, the mechanism of accumulation of
these heavy metals is still not completely understood?! espe-
cially since Pb and Cd are the most widespread no-nutrient
heavy metals.?'While the study conducted by Olusoga and
Osibanjo?*! at Olodo Ibadan touched on the concentration of
lead and cadmium in the whole maize plants, the present study
is designed to determine the accumulation of three selected
heavy metals, namely lead (Pb), cadmium (Cd), and iron (Fe)
in topsoil, surface water, and maize grown in gardens around
Ori-Ile battery waste dumpsite, Omilende Area, Olodo, Ibadan
Nigeria, by analyzing their concentration within the topsoil
and surface water samples alongside the selected maize parts
namely leaf, stem, grains, and root.

2. Results and Discussion

2.1. Pb, Cd, and Fe Concentrations in Soil Samples

In the topsoil samples collected from the waste dumpsite (Rd
sample) and the distances sampled along the experimental
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garden direction from the edge of the waste dumpsite (E), a
wide range of soil Pb, Cd, and Fe concentrations were observed
(Table 1; Figures 1-3). In Rd and E soils, Pb, Cd, and Fe con-
centrations were significantly higher (p < 0.05) compared with
the reference soils (C). The results indicated that Pb and Cd
concentrations exceeded the Environmental Quality Standards
set by National Environmental Standards and Regulations
Enforcement Agency (NESREA) for soils in Nigeria (Table 1).
However, there was significant accumulation of Pb, Cd, and Fe
in the waste dumpsite soils and those toward the experimental
garden direction compared to the reference soils. The contami-
nation factor (CF) and pollution load indices (PLI), respectively,
using the reference soil concentrations of this study, were sig-
nificantly very high (Rd: Pb = 27.22 and 9.45; Cd = 117.27 and
15.38; Fe = 8.10 and 6.31; E: Pb = 24.81 and 9.16; Cd = 94.32
and 14.31; Fe = 8.05 and 6.30). Overall, Rd topsoil had the
highest CF. All the soil PLI values were above 1, and this fur-
ther indicated significant heavy metal accumulation and pollu-
tion in soil from the study site.

This study has revealed that Pb, Cd, and Fe concentrations
in the topsoil of the waste dumpsite (Rd) and those of distances
0-25 m along the experimental garden direction (E) from the
edge of the waste dumpsite were significantly higher than the
values obtained from the reference site topsoil. Also, Pb, Cd,
and Fe concentrations in the Rd topsoil were significantly
higher than those in the distance toward E and decreased with
increased distance from Rd. Pb and Cd concentrations obtained
were several folds higher than the maximum permissible limit
of 164 and 50 mg kg~! by NESREA.B?

According to Onilll and Chirenje et al.,®3 Pb occurs naturally
in all soils and has concentrations ranging from 1 to 200 mg kg™!
with a mean of 15 mg kg™, but the values obtained in this study
for Rd topsoil and those of distances 0-25 m along the E direction
from the edge of the waste dumpsite were several times beyond
this range. World Health Organization (WHO)B* reported that
normal concentrations of Pb in soil range from 15 to 30 mg kg!
but in this study Pb values were much higher than this value. Pb
concentrations obtained were very high than the maximum tol-
erable levels proposed for agricultural soils, 90-300 mg kg™".3>3¢l
This shows a very high level of Pb contamination in the topsoil
of the study site. Onianwa and Fakayode,”! in their study on lead
contamination of the topsoil in the vicinity of a battery factory in

Table 1. Mean concentrations of Pb, Cd, and Fe (mg kg™) in soils of
waste dumpsite (Rd) and along experimental garden direction (E). (Each
value is expressed as mean + standard deviation. Rd: Waste dumpsite
soil sample; E: Experimental garden soil sample; C: Reference site soil
sample; and N.A.: Not available).

Sampling point and Pb Ccd Fe
distance [mg kg™ [mg kg™ [mg kg™

Rd 4273.8 £1436.7 258.38 £123.1 7910.00 £791.5
EO 4351.3+1068.2 248.21+£92.7 8130.00 + 808.4
E10 4186.7 £762.0 224.29+£60.8 7805.41 + 808.7
E20 3775.8 £527.8 193.62 + 40.4 7769.59 +398.4
E25 3265.8£517.8 163.96 £23.2 7712.90 +£473.8
C 157.0£39.8 221+£1.2 976.3 £353.9
NESREA 164 50 N.A.
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Figure 1. Bimonthly concentration of lead in soils of waste dumpsite (Rd) and along experimental garden direction. Key: *, significant; each bar, sam-
pling months; successive colors, collection points’ lead content (C: reference soil, Rd: waste dumpsite soil, and E: experimental garden direction soil).

Nigeria, reported a mean lead level of 50-2000 mg kg~!. However,
in this study, Pb values exceeded the range reported. In the study of
Adie and Osibanjol®® on soil polluted by slag from an automobile
battery manufacturing plant in Nigeria, a range of 243-126 000 mg
kg was reported for Pb concentration. The mean values obtained
for all these samples on and within the vicinity of the dumpsite
were within this range, and thus compare significantly with
the result reported. A range of 419.54-10 630.04 mg kg’
was reported in the studies conducted by Oyediran and Alade-
jana?Y on impact assessment and safety status of the excavated
waste site at Olodo, Ibadan, Nigeria. This also corroborates the
values obtained in this study.

WHOB reported that the median Cd concentration of soil in
areas not known to be polluted ranges from 0.2 to 0.4 mg kg™'.
The cadmium concentrations obtained in this study were far
higher than these stated values. The range of 1.95-32.83 mg kg ™},
obtained by Oyediran and Aladejana®! in their studies on
battery waste polluted areas, was much less than the values
obtained for Cd concentration in this study.
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According to Eddy et al.,*% the background level of Fe in
natural soils was stated to range widely between 3000 and
500 000 mg kg™! on elemental composition of soil in some
dumpsites in Nigeria. The values obtained for iron concen-
trations of soil in this study fall within the range reported by
Eddy et al.*% as the background level of iron in natural soils.
Oyediran and Aladejanal¥l reported the range of 32 900.08-71
250.17 mg kg™! for Fe concentrations in their studies on battery
waste polluted areas. The Fe concentrations obtained in this
study were several folds lower than those reported.

All soil contamination factors (CF > 6) and pollution load
indices (PLI > 1) were significantly high. This confirmed high
pollution in the waste dumpsite and its surroundings along the
direction of the experimental garden. From the contamination
factor and pollution load index values obtained, Cd was the
highest contaminant among all the topsoils sampled at the study
site, followed by Pb and Fe. The CF and PLI values for Pb, Cd
and Fe in samples collected from the waste dumpsite indicated
that the topsoil on the waste dumpsite had the highest pollution,
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Figure 2. Bimonthly concentration of cadmium in soils of waste dumpsite (Rd) and along experimental garden direction. Key: *, significant; each bar,
sampling months; successive colors, collection points’ cadmium content (C: reference soil, Rd: waste dumpsite soil, E: experimental garden direction soil).
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Figure 3. Bimonthly concentration of iron in soils of waste dumpsite (Rd) and along experimental garden direction. Key: *, significant; each bar,
sampling months; successive colors, collection points’ iron content (C: reference soil, Rd: waste dumpsite soil, E: experimental garden direction soil).

followed by the topsoil along the experimental garden directions
in that order.

2.2. Pb, Cd, and Fe Concentrations in Surface Water Samples

The mean concentrations of Pb, Cd, and Fe in the surface
water in the south gradient point of the waste dumpsite, col-
lected from March 2008 to July 2009, were compared with the
standard NESREA values and reference point (control) (Table 2).
Zero was taken as the concentration where the sample metal
level was below the detection limit of the instrument. The results
of the bimonthly analysis of surface water samples taken from
three points (upstream, midstream, and downstream) showed
that lead and cadmium concentrations in the upstream were
0.000 mg L' throughout the sampling months while midstream
lead concentration ranged from 0.000 mg L' (March 2008 to
March 2009) to 0.035 (July 2009) with a mean and standard
deviation of 0.024 + 0.002 mg L% and midstream cadmium
concentration ranged from 0.000 mg L' (March—July 2008 and
March-May 2009) to 0.007 (September 2008) with a mean and
standard deviation of 0.002 + 0.0003 mg L' The downstream
lead concentration ranged from 0.000 mg L' (March 2008 to
March 2009) to 2.150 (May 2009) with a mean and standard devia-
tion of 0.28 + 0.01 mg L' and downstream cadmium concen-
tration ranged from 0.000 mg L' (March-May 2008 and March
2009) to 0.171 (May 2009) with a mean and standard deviation
of 0.025 + 0.001 mg L7!. The results obtained showed that the
concentration of lead and cadmium in the control stream was
0.000 mg L throughout the sampling months. Overall, down-
stream had the highest mean lead concentration (0.275 mg L)
and mean cadmium concentration (0.025 mg L7!), which was
significantly higher than control (p < 0.05) and NESREA standard
limits (Pb = 0.01 mg L™; Cd = 0.005 mg L), while the upstream
had the lowest mean lead and cadmium concentrations (0 mg L™),
and this was the same as control (p < 0.05) and significantly lower
than NESREA standard limit (0.01 and 0.005 mg L), respectively.

The results obtained showed that iron concentration in the
upstream ranged from 0.000 mg L~ (March-May 2008, Sep-
tember 2008, and January—March 2009) to 0.055 (May 2009)
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with a mean and standard deviation of 0.125 + 0.0018 mg L.
The midstream iron concentration ranged from 0.000 mg L'
(May 2008) to 0.055 (May 2009) with a mean and standard devia-
tion of 0.263 £ 0.0053 mg L~!. The downstream iron concentra-
tion ranged from 0.100 mg L~ (March 2008) to 1.290 mg L~! (May
2008) with a mean and standard deviation of 0.586 £0.016 mg L.
The results obtained showed that iron concentration in the con-
trol stream was 0.0163 mg L', Overall, downstream had the
highest mean iron concentration (0.586 mg L7!), which was
significantly higher than control (p < 0.05) but less than the
NESREA standard limit (1.0 mg L), while the upstream had
the lowest mean iron concentration (0.125 mg L) and this was
significantly lower than control (p < 0.05) and NESREA standard
limit (0.005 mg L7Y). The analysis of variance (ANOVA) results
showed that the differences in mean lead concentration in the
surface water samples were significant at p = 0.05 only in May
2009 and July 2009 while that of cadmium and iron concentra-
tions in the surface water samples were significant at p < 0.05
except in March 2008, May 2008, and March 2009 for cadmium,
and in March 2008 and May 2008 for iron.

The results of the studied concentration of lead and cad-
mium in Omilende stream water showed that downstream had
the highest value followed by the midstream. However, lead
and cadmium were not detected in the upstream location of
the study and the control sites. The values obtained for the con-
centrations of lead and cadmium in the downstream were very
much higher than the NESREA standard but those in the mid-
stream were less than NESREA standard. This result is in agree-
ment with the observation of Adeagbo*!l that the concentrations
of lead and cadmium exceeded the maximum permissible level
in surface waters of Olodo, Ikumapaiyi, and Arubiewe. Leachate
from the waste batteries and accumulators’ dumpsites that came
in contact with surface water was considered to be responsible
for the high values of the metals. The location of the midstream
at the base of the waste dumpsite and the downstream away
from the dumpsite following the direction of the water flow
makes the pattern observed in the results of this study similar
to that obtained by Adeagbo.*!l] One of the greatest problems
of water supply and usage, especially in the developing areas
such as Omilende Olodo, is the condition of the water. Often
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Table 2. Mean Concentration of lead (Pb), cadmium (Cd), and iron (Fe) in the Ori-lle stream water samples. (Means with the same letter (for each
month) are not significantly different at p < 0.05. WHO-L: WHO limit; NESREA-L: NESREA limit; SD: Standard deviation).

Heavy metals Sampling March 2008 May 2008 July 2008 September  January 2009  March 2009 May 2009 July 2009 Overall mean
points 2008
Pb [mg L] Downstream 0% 02 02 02 0? 0? 2.1500+£0.07  0.0550+  0.275+0.0096
0.0072
Midstream 0% 02 02 02 02 0? 0.1550 + 0.0350 + 0.0238 +
0.007% 0.007% 0.0018
Upstream 0% 0 0 0 0? 0? 09 09 0.0000
WHO-L 0.0100% 0.0100° 0.0100%b) 0.0100° 0.0100%?) 0.01009 0.0100? 0.0100? 0.0100
NESREA-L 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
Control 0.0000? 0.0000 0.0000%) 0.0000%) 0.00002) 0.00002) 0.0000°) 0.0000°) 0.0000
Mean 0 0 0 0 0 0 0.7683 0.0300 0.0998
SD 0 0 0 0 0 0 1.0729 0.0253 0.1373
Mean? 0.0000™ 0.0000™ 0.0000 0.0000" 0.0000" 0.0000" 2.8755% 0.0016% -
Cd [mg L] Downstream 0°) 0°) 0.0075 + 0.0100°) 0.0065 + 0° 0.1710+ 0.0065 + 0.0252 +
0.002% 0.00072) 0.004% 0.00072) 0.0009
Midstream o) 0° (o) 0.0070 + 0.0055 + o> 09 0.0050 + 0.0022 +
0.001°) 0.00072) 0.001% 0.0003
Upstream (o) (o) (o) 09 (o) (o) 09 0o°) 0.0000
WHO-L 0.0030? 0.0030? 0.0030%b) 0.00302) 0.00302) 0.00302) 0.0030° 0.0030%) 0.0030
NESREA-L 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100
Control 0.0000% 0.0000° 0.0000°) 0.00009 0.0000°) 0.0000°) 0.0000) 0.0000%) 0.0000
Mean 0 0 0.0025 0.0057 0.0040 0 0.0570 0.0038 0.0091
SD 0 0 0.0040 0.0046 0.0032 0 0.0883 0.0031 0.0129
Mean? 0.0000™ 0.0000™ 0.000038*  0.000053*  0.000025% 0.0000" 0.0195%* 0.000023%* -
Fe [mg L] Downstream 0.100 £ 0.014% 12.900 + 0.07%) 0.450+ 0.007°  0.300°  0.750 +0.007") 0.400 + 0.014% 0.650 £ 0.007%) 0.750 £ 0.007Y) ~ 2.0375 +
0.0158
Midstream 0.0100 + (0] 0.350+0.007  0.1009  0.450+0.0079  0.0200°9  0.550 £ 0.007*) 0.350+0.0079  0.2625 +
0.014°) 0.0053
Upstream 0 o> 0.250 £ 0.007°) 09 09 09 0.550 +£0.007°)  0.2009  0.125+0.0018
WHO-L 0.3000? 0.3000%) 0.3000) 0.3000°) 0.3000%) 0.3000%) 0.30002) 0.3000) 0.3
NESREA-L 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Control 0.0163 0.0163 0.01635°) 0.01635¢) 0.01639) 0.0163%°) 0.01639 0.01639 0.0163
Mean 0.0067 0.4300 0.0350 0.0133 0.0400 0.0200 0.0583 0.0433 0.080825
SD 0.0103 0.6669 0.0105 0.0137 0.0341 0.0190 0.0075 0.0258 0.098475
Mean? 0.000067 1.1094% 0.0002 0.00047% 0.0029% 0.0008% 0.000067 0.0016% -

AMeans with the same letter (for each month) are not significantly different at p < 0.05; ®WHO-L: WHO limit; “NESREA-L: NESREA limit; 9SD: Standard deviation;

nd = not detected (values less than 0.001 were not detected during AAS analysis); Analysis of variance (Mean? values) with * are significant at p < 0.05.

times, water runoff, a nonpoint source of pollution, carries toxic
pollutants from land areas into streams and rivers, thus causing
serious aquatic pollution. Similarly, according to WHO,* con-
tamination of drinking water is a significant concern for public
health throughout the world because chemicals in water sup-
plies can cause serious health problems, whether the chemicals
are naturally occurring or derived from sources of pollution.
Thus, lead and cadmium, along with other heavy metals in the
wastes, were eroded from the topsoil by rain water and were
deposited into the stream. This is of considerable health and
environmental concerns due to their toxicity and bioaccumu-
lative behavior.*>*] According to Blacksmith Institute,*®l this
polluted source of water supplies when used for domestic and
agricultural purposes could serve as a route through which

Global Challenges 2018, 2, 1700090 1700090 (5 of 12)

these toxic metals enter into the food chain. The general popula-
tion may get exposed to lead and cadmium, through the con-
sumption of the contaminated Omi stream water, and this could
result in acute toxicity over time through the process of bioaccu-
mulation. Additionally, the exposure of Ori-Ile residents could
occur through the consumption of food grown in gardens that
were irrigated with the polluted Omi stream water, and this may
eventually lead to serious health challenges in these residents.

2.3. Pb, Cd, and Fe Concentrations in Maize Parts

The concentrations of Pb, Cd, and Fe measured in the different
parts of the cultivated maize namely roots, stems, leaves, and

© 2018 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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grains were compared to values obtained
from reference site maize.

Pb Concentrations: The result obtained
showed a significant difference among the
mean Pb concentration of the different maize
parts, and Student’s t-test results showed that
the differences in mean values for the dif-
ferent maize parts were significant at p < 0.05.
The cultivated maize root had the highest Pb
concentration than the other maize parts.

Cd Concentrations: The result obtained
showed a significant difference among the
mean Cd concentration of the different maize
parts. The Student’s t-test results showed that
the differences in mean values for the dif
ferent maize parts were significant at p < 0.05.
The cultivated maize root had the highest Cd
concentration than the other maize parts.

Fe Concentrations: The result obtained
showed a significant difference among the
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Figure 4. Lead, cadmium, and iron in cultivated maize parts and control. Key: Each bar repre-
sent maize parts; successive colors represents parts’ heavy metal concentrations; DS, dump-
site area; Control: reference soil.

mean Fe concentration of the different maize
parts. The Student’s t-test results showed that
the differences in mean values for the different maize parts
were significant at p < 0.05. The cultivated maize leaf had the
highest Fe concentration than the other maize parts.

From the results obtained, the TF in all maize-parts was less
than 1 for all the three heavy metals. However, the maize root
had the highest TF (TF,o0¢ > TFiear > TFgpain > TFgem) (Figure 4
and Table 3). Only the PLI values for Cd were above 1, which
indicated that there was higher uptake and accumulation of Cd
in the maize plant from the polluted soil of the garden around
the waste dumpsite while Pb and Fe levels were at the baseline.

Plants have evolved detoxification mechanisms,*’! and the
efficiency of these processes might result in the tolerance of the
natural heavy metals.*8! Cereals such as maize are known to be
good accumulators of contaminants.?*3% Lead and cadmium
are the most widespread no-nutrient heavy metals.?!l Results
obtained in this study showed high concentrations of Pb,
Cd, and Fe in the roots, stems, leaves, and grains of the maize
plants when compared with levels in the same parts in refer-
ence site samples. The concentrations of Pb, Cd, and Fe found
in the Ori-Ile maize grain were considerably high, but the
Pb and Cd levels in the Ori-Ile maize root were the highest.
According to Goldsbrough et al.,[*) uptake of toxic metals in
plants along with vital elements occurs primarily through the
root system. This corroborates the results obtain from the
maize root and further clarifies why the concentration found in
the root of the Ori-Ile maize was significantly high.

The highest concentration of Fe was found in the Ori-Ile
maize leaf. According to Aliu et al.,’% maize leaf is an active
site for photosynthetic activities and the primary location of
food production. This explains why Fe concentration in the
leaf area was high since Fe is essentially required for photo-
synthesis. Fe is an essential plant nutrient and it functions to
accept and donate electrons; it also plays important roles in the
electron-transport chains of photosynthesis and respiration.l>%
However, Fe is toxic when it accumulates to high levels and can
act catalytically via the Fenton reaction to generate hydroxyl rad-
icals, which can damage lipids, proteins, and DNA.%
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High levels of Pb, Cd, and Fe in Ori-Ile maize parts could
only be attributed to contamination of the soil on which the
maize plants were grown. Cunningham and Ow!?% stated that
plants can thrive in soil contaminated to levels that are often
orders of magnitude higher than the standard regulatory limits.
Olusoga and Osibanjol?3l obtained similar Pb and Cd concen-
trations in their study on metals in plant species found in the
dumpsite at Olodo area (Pb (32.6-295.3 mg Pb kg™! dry weight),
Cd (0.93-56.14 mg Cd kg dry weight)) and those found in
farmland (Pb (31.8-88.75 mg Pb kg™! dry weight), Cd (Not
Detected (N.D). to 29.40 mg Cd kg™! dry weight)). Their results
showed that the concentrations exceeded normal range of Pb
and Cd in plants, though, the range they reported fall within
critical concentrations of these two metals in plants.’'=>3
The results obtained in this study are compared well with the
results reported by Olusoga and Osibanjol?}! for Cd while Pb
level in this study was slightly higher.

Heavy metals like Pb and Cd have been shown to affect
plant growth and production in a multiple way especially by

Table 3. Transfer factors and pollution load indices for lead, cadmium,
and iron in the cultivated maize parts. (TF/PLI <1 = low; TF/PLI > 1 =
high).

Calculated Maize parts Pb Cd Fe
indices
Transfer factor TF maize grains 0.0096 0.1803 0.0048
(TF)
TF maize stem 0.0094 0.1755 0.0046
TF maize root 0.0105 0.1973 0.0052
TF maize leaf 0.0100 0.1881 0.0050
Pollution load  PLI maize grains 0.668 1.766 0.530
index (PLI)
PLI maize stem 0.663 1.760 0.523
PLI maize root 0.688 1.830 0.545
PLI maize leaf 0.677 1.801 0.537
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MAP OF (BADAN SHOWSG SANPLING PONTS

Figure 5. Map of Ibadan showing A) the Ori-lle waste dumpsite and B) reference site. (Source: GIS Konsult, Bodija, Ibadan).
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Figure 6. Map of Olodo showing the Ori-lle waste dumpsite (Source: GIS Konsult, Bodija, Ibadan).
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inhibiting a number of physiological processes in plants.?%

Wallace et al.’ and Barcelo et al.’®! reported that Pb and Cd
are among the heavy metals that cause disturbance in plants’
ion balance as well as in plants’ water balance. They further
stated that this could eventually result in interference with
protein metabolism by influencing nitrate and sulfate reduc-
tion.P®57] Pb has also being said to inhibit chlorophyll synthesis
by causing impaired uptake of essential elements by plants,>®!
and high Pb content could lead to reduced vascular tissues.l>’)
Therefore, the uptake of Pb by the Ori Ile maize plant could be
detrimental as it hinders the uptake of the essential mineral ele-
ments needed by this plant. Aliu et al.3% studied the exposure
of maize seedlings to Pb, Cd, and Hg, and observed that the leaf
area had the highest values of the heavy metals with a value of
82.01%. Though the result obtained in this study indicated that
the root had the highest concentration for lead and cadmium,
the concentration found in the leaf was also significantly high.

Malecka et al.l® indicated that Pb concentration in the
exposed plant increased as its concentration in the soil
increased. However, the results of this study affirmed maize as
a significant accumulator for Pb, Cd, and Fe. Results obtained
in this study likewise showed that the concentration of Cd is
relatively low compared to the concentration of Pb. Fe concen-
tration was found significantly less than the level of Fe in the
reference site. According to Spectrum Analytic,?% toxicity of Fe
is primarily pH related and its visual symptoms are likely to be
the deficiency of other nutrient(s). The pH value obtained in
soils of Ori-Ile dumpsite environment was acidic (pH < 6) and
it could be due to the fact that the maize plants had easy access
to Fe and as such absorbed significant concentration from the
soil.

3. Conclusion

The dispersal of the heavy metal components of wastes to other
parts of the community was also confirmed by the concentra-
tions found in surface water. The result obtained showed signif-
icant concentration of the metals in the water body. This further
showed that these metals were gradually washed via erosion or
leached into the water sources from the soil which had high
concentration of the metals. This calls for urgent attention
because lead and cadmium are bioaccumulative in nature, and
their continual exposure through the water sources could be
detrimental to the residents’ health as well as to their animals.
Furthermore, heavy metal accumulation in soils and plants
is of growing concern due to the potential risks to human
health.%61 This eventually often leads to food chain contam-
ination which is one of the important pathways for the entry
of these toxic pollutants into the human body.°>%3 Therefore,
according to Muchuweti et al.,['!] the extreme buildup of heavy
metals in soils can lead to higher heavy metal uptake by plants,
and this can affect the quality and safety of food. Consequently,
as the analyzed heavy metals’ concentration in the most con-
sumed parts of the experimental maize was high, there is a
tendency of these metals being transferred to both animals and
humans who consume contaminated maize parts regularly.
This may result in several unpleasant health effects, if bioac-
cumulated. Thus, while the remediation of the polluted soils
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of Ori-Ile battery waste dumpsite is highly recommended, the
garden maize is unfit for consumption.

4. Experimental Section

Study Area: The study area was a semiurban residential and agricultural
area located on latitudes 7°24'28.1”N, longitudes 4°00°52.2"E,
and elevation 176 m, respectively. It contained a waste dumpsite
located at Omilende village in Ikumapaiyi Area of Olodo community,
northwest of Egbeda Local Government Area, lbadan, Oyo-State. It
is popularly referred to as Ori-lle Waste Dumpsite. Figures 5 and 6
show the map of Ibadan with the location of the study site and the map
of the study area (Olodo). The study site was a large and bare expanse of
land of about 2 hectares, characterized with scanty vegetation. The most
abundant groups of vegetation on and around the waste dumpsite were
grasses, some of which included Panicum clandestinum (corn grass),
Muhlenbergia emersleyi (bull grass), and Echinopogon ovatus (hedgehog
grass). P. clandestinum was most abundant in areas surrounding the
study site. The area has a bimodal rainfall pattern which peaks in June
and September. The site was used as an unapproved waste dumpsite for
battery wastes from the now closed-down company called West African
Battery Industry, who used to produce the battery known as “Exide
Battery.” It was also used as an informal lead recovery site by informal
and local Used Lead Acid Battery operators.

The area surrounding the waste dumpsite is inhabited by people who
are mostly peasant farmers and traders. Some of the residents have
gardens in their yard. Among the plants found in these gardens were
Z. mays, Carica papaya (Pawpaw), Lycopersicon esculentum (Cocoyam),
Discorea sp (Yam), etc. Domestic animals are raised by residents living
around the study area. Some of them are Gallus gallus domesticus (both
local and broiler chicken) and Capra aegagrus hircus (Nigerian Dwarf
Dairy Goat). The reference site was located at National Center for
Genetic Resources and Biotechnology, Moor Plantation, Ibadan, latitude
7°23’31.5”N and longitude 3°50°46.5”E.

Sampling Procedure and Analysis—Soil: Forty top soil samples were
obtained from the study site in 2008 (March, May, July, and September)
and 2009 (January, March, May, and July). The guidelines provided by US
Environmental Protection Agencyl® were employed during sampling.
The soil samples were taken at the top region only (0-15 cm deep);
along a straight line from A to B with midpoint M and bulked together to
form a composite sample. Geographical Positioning System (GPS) was
employed in acquiring location information on specific points of sample
collection during each visit (Table 4).

The soil samples were collected from the waste dumpsite and along
the direction of the experimental garden at 5 m intervals from its edge
with the aid of a soil auger and a hand trowel in clean, well-labeled
polythene sampling bags. The sampling bags were sealed to prevent
contamination during transportation to the laboratory and were then
taken to the laboratory for processing and analysis. The digestion of the
samples was carried out according to the method adopted by Adie and
Osibanjo.8 Air-dried soil samples (=1 g each) were accurately weighed
into a series of 100 mL beakers, and 10 mL of 2 v HNO; was measured
with a 10 mL pipette and added into each of the beakers (with watch glass
covers) containing the soil samples. These beakers were shaken properly
and placed on a water bath, which was boiled at 100 + 30 °C, and these
beakers with their contents were intermittently shaken after every 20 min.
Acid-extractable Pb, Cd, and Fe samples were leached for 2 h. The contents
were filtered through Whatman'’s No.1 filter paper, and the filtrate of the
digested samples was made up to a final volume of 100 mL by diluting
it with deionized water depending on the suspected level of the metals.
The metals, Pb, Cd, and Fe, were then analyzed by using a Perkin Elmer
Analyst 200 Flame Atomic Absorption Spectrophotometer (2003 model).
A reagent blank sample was taken through the method, analyzed, and
subtracted from the samples to correct for reagent impurities and other
sources of errors from the environment. The procedure was repeated for
all the samples and their replicates. Reference soils were also collected
and subjected to the same procedural analysis.
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Table 4. GPS data of the soil sampling points of waste dumpsite and reference site.

Sampling area Sampling distance [m] No. of samples per visit

Sampling points

GPS coordinates

Elevation [m] North East

Experimental garden 0 One composite sample AEO 174 07°24'29.3” 004°0052.6”
direction (E) (EO)

ME O 172 07°2429.4” 004°0053.5”

BE O 171 07°2429.2” 004°00754.4”

10 One composite sample AE 10 174 07°2429.7” 004°00'52.6”
(E10)

ME 10 171 07°24'29.6” 004°00°53.6”

BE 10 172 07°24729.5” 004°00754.5”

20 One composite sample AE 20 171 07°24’30.0” 004°00'52.6”
(E20)

ME 20 166 07°2429.9” 004°00753.8”

BE 20 170 07°2429.7” 004°00754.4”

25 One composite sample AE 25 172 07°24’30.2” 004°00'52.8”
(E25)

ME 25 170 07°24730.1” 004°00'53.8”

BE 25 169 07°24729.9” 004°00'54.5”

Waste dumpsite sample Random One composite sample Rd 1 173 07°24'28.6” 004°00'53.0”
(Rd)

Rd 2 174 07°24'28.5” 004°00753.8”

Rd 3 175 07°2426.8” 004°00753.3”

Rd 4 175 07°2427.1” 004°00752.6”

Reference site (C) Random One composite sample 07°23'31.5” 003°50"46.5”

Sampling Procedure and Analysis—Surface Water: Surface water
samples were randomly collected at three representative points along
the stream (upstream, midstream, and downstream) (Figure 7). The
samples were collected in precleaned plastic bottles, and were labeled
upstream water which was a point far off from where the waste dumpsite
is located (latitude 07°24’31.7”N, longitude 004°00°59.0”E), midstream
water which was the point perpendicular to the waste dumpsite location
(latitude 07°24’28.5”N, longitude 004°01°01.17E), and downstream
water which was a point further down beyond the location of the waste
dumpsite (latitude 07°24'25.8”N, longitude 004°00°57.3”E), respectively
(Figure 7). Control stream water was taken from Moor plantation stream
water (latitude 7°23’31.5”N and longitude 3°50'46.5”E) at National
Centre for Genetic Resources and Biotechnology, Moor Plantation,
Ibadan.

These samples were taken once every 2 months for 18 months. Few
drops of HNO; were added in order to prevent the loss of metals, and
bacterial and fungal growth. Temperature and pH of water samples were
also measured at the time of collection. The samples were taken to the
laboratory and kept frozen in the refrigerator until analysis.

Filtered acidified samples (using nitric acid) were analysed for
dissolved elements, and the whole samples were digested with nitric
acid (ISO 15587-2) to give the concentrations of Pb, Cd and Fe in
the surface water samples using a Perkin Elmer Analyst 200 Atomic
Absorption Spectrophotometer (2003 Model). The technique is
based on the measurement of specific isotopes of these elements.
Corrections were made for isobaric interferences and interferences
by polyatomics. Correction factors and correction equations were
evaluated during the run by analyzing a so-called interference check
solution.[66]

Sampling Procedure and Analysis—Maize: To determine the levels of
uptake and accumulation of Pb, Cd, and Fe in plants, maize was planted
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in a nearby house garden tagged “experimental garden.” The garden
was situated within 25 m away from the waste dumpsite. At maturity,
the root, stem, leaf, and grains were harvested. Reference maize
plants were also cultivated and the parts were also harvested
at maturity. All harvested maize parts were kept in well-labeled
polythene bags and taken to the laboratory for further analysis. At
the laboratory, each harvested maize part was washed with deionized
water to remove any debris prior to drying. Representative amounts
of the plant tissues were oven-dried at 65 °C to constant weights and
ground in a porcelain mortar. About 0.02-1 g of the ground samples
was weighed in Vitreosil crucibles and dry-ash in a muffle furnace
at 450-500 °C for 3 h. The ash was dissolved in 5 mL of hot 6 m
nitric acid and evaporated on a hotplate. After evaporation, T mL
of 6 m nitric acid was added followed by deionized water, and then
the sample solution was filtered. The filtered extract was poured
into a volumetric flask, made up to 25 mL with deionized water
and then stored in acid-washed plastic vials with screw caps prior
to analysis.[l”] Extracts of the plant samples were then analyzed
for lead, cadmium, and iron using a flame atomic absorption
spectrophotometer (Buck 200A).

Sampling Procedure and Analysis—Quality Control: Quality control of
metal analysis was performed by analyzing reference samples of both
plants and soil, and for reagents the quality assurance scheme included
blank reagents.

Sampling Procedure and Analysis—Calculated Factors: CF and TF were
determined for soil and maize, respectively, using the methods adopted
by Agunbiade and Fawalel®® and by Cui et al.5°!

1. CFis often used to access soil contamination through the comparison

of the concentrations in the surface layer to the background values. It
is calculated using the equation

© 2018 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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CF=Co-y/Ch Mm

where CF is the contamination factor, Cg_y) is the mean of concentrations
of individual metal from all test sites, C, is the baseline or background
concentration of individual concentration of metals at control site.

CF < 1: Low contamination factor,

1 < CF < 3: Moderate contamination factor,

3 < CF < 6: Considerable contamination factor,

CF > 6: Very high contamination factor.

2. TF is the concentration of each of the metal in the maize relative to
the level of the metal in the corresponding soil on dry weight basis,
respectively.

TF=C,/C, @

where C, is the concentration of the metal in the plant (maize) while C;
is the concentration of the metal in the corresponding soil:6°]

TF > 1: High level of accumulation of metal in the plant.

Statistical Analysis: The results of all the heavy metals in the soil
samples were grouped and analyzed using a factorial tool to compress
the data and identify patterns of relationship within them. The results of
the heavy metals in the maize parts were analyzed for level of significance
using the Student’s t-test with a significance level of p < 0.05.
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Figure 7. Satellite image of Omilende showing the Ori-lle waste dumpsite (red highlight) and surface water route (star highlight).

Acknowledgements

The author hereby certifies that no grant was given to support this
research work. The author appreciates all individuals that contributed in
one way or the other to the success of this study.

Conflict of Interest

The authors declare no conflict of interest.

Keywords

cadmium, heavy metals, lead, maize, waste dumpsite

Received: September 15, 2017
Revised: November 13, 2017
Published online: February 5, 2018

[11 A. A. Oni, Ph.D. Thesis, Department of Zoology, University of
Ibadan 2010.

[2] S. A. Adejumo, A. O. Togun, |. A. Adediran, M. B. Ogundiran, World
J. Agric. Sci. 2011, 7, 224.

© 2018 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



ADVANCED
SCIENCE NEWS

Global
Challenges

www.advancedsciencenews.com

[3] Environmental Protection Agency (EPA), Guidelines for Eco-
logical Risk Assessment (EPA/630/R-95/002F), Risk Assessment
Forum, Environmental Protection Agency, Washington, DC 1998,
pp. 9-1-9-66.

Environmental Protection Agency (EPA), Wastewater Technology

Sheet: Chemical Precipitation. United State Environmental Protection,

EPA 832-F-00-018,Risk Assessment Forum, Environmental Protec-

tion Agency, Washington, DC 2000, http://www.epa.Gov/own/mtb/

chemical_precipitation.pdf. (Accessed: July 2010).

[5] H. Hussein, S. Farag, K. Kandil, H. Moawad, Process Biochem. 2005,
40, 955.

[6] ). Gardea-Torresdey, ). Peraltavidea, G. Delarosa, ). G. Parsons,
Coord. Chem. Rev. 2005, 249, 1797.

[7] D. Kumar, ). Rai, J. P. Gaur,
202.

[8] L. Shivhare, S. Sharma, J. Environ. Anal. Toxicol. 2012, 2, 7.

[9] European Union, Heavy Metals in Wastes, European Commission
on Environment 2002, http://ec.europa.eu/environment/waste/
studies/pdf/heavy_metalsreport.pdf, (accessed: 20 November,
2016).

[10] J. A. Adegoke, T. O. Owoyokun, I. O. Amore, Pac. J. Sci. Technol.
2009, 70, 592.

[11] M. Muchuweti, ). W. Birkett, E. Chinyanga, R. Zvauya,
M. D. Scrimshaw, . N. Lister, Agri. Ecosys. Environ. 2006, 112, 41.

[12] S. Khan, Q. Cao, Y. M. Zheng, Y. Z. Huang, Y. G. Zhu, Chin. Environ.
Pollut. 2007, 6, 1.

[13] V. lyengar, P. Nair, Sci. Total Environ. 2000, 249, 331e346.

[14] M. K. Turkdogan, K. Fevzi, K. Kazim, T. llyas, U. Ismail, Environ.
Toxicol. Pharmacol. 2003, 13, 175e179.

[15] R. K. Rattan, S. P. Datta, P. K. Chhonkar, K. Suribabu, A. K. Singh,
Agric., Ecosyst. Environ. 2005, 109, 310.

[16] S. loan, C. Cosma, M. Todicd, S. D. Bolboacd, L. Jintschi,
Int. J. Mol. Sci. 2008, 9, 434.

[17] United States Department of Agriculture (USDA), Soil Quality —
Urban Technical Note 3, Natural Resources Conservation Service,
Auburn, AL 2000.

[18] A. Fargasova, Biol. Plantantarum 2001, 44, 471.

[19] W. Geebelen, J. Vangronsveld, D. C. Adriano, R. Carleer, H. Clijsters,
Water, Air, Soil Pollut. 2002, 140, 261.

[20] Spectrum Analytic, Inc., in Agronomic Library, Washington Court
House, OH, USA 2013, http://www.spectrumanalytic.com/support/
library/ff/Fe_Basics.htm (accessed: August, 2016).

[21] A. O. Ononuga, Ph.D. Thesis, Department of Zoology, University of
Ibadan 2016.

[22] S. D. Cunningham, D. W. Ow, Plant Physiol.
715.

[23] . O. Olusoga, O. O. Osibanjo, Eur. J. Sci. Res. 2007, 17,
6.

[24] I. A. Oyediran, ). A. Aladejana, in Proc. of the Environmental
Management Conf., Federal University of Agriculture, Abeokuta,
Nigeria 2011.

[25] I. U. Obi, Maize: Its Agronomy, Diseases, Pests and Food Values,
Optimal Computer Solutions Limited, Enugu, Nigeria 1991, p. 208.

[26] O. M. Agbogidi, P. G. Eruotor, S. O. Akparobi, G. U. Nnaji,
Int. J. Bot. 2007, 3, 385.

[27] Food and Agriculture Organization (FAO), The State of Food Insecurity
in the World, The Food and Agriculture Organization (FAO) of the
United Nations, Viale delle Terme di Caracalla, Italy 2002.

[28] H. Malgorzata, N. Andzej, Electron. J. Pol. Agric. Univ. 2005, 8,
1

[4

Bioresour. Technol. 2012, 104,

1996, 1710,

[29] E. Malkowski, R. Kurtyka, A. Kita, Pol. J. Environ. Stud. 2005, 14,
203.

[30] S. Aliu, B. Gashi, I. Rusinovci, S. Fetahu, R. Vataj, Am. J. Biochem.
Biotechnol. 2013, 9, 27.

[31] N. Mihailovic, Botanica Serbica 2010, 34, 15.

Global Challenges 2018, 2, 1700090 1700090 (11 of 12)

www.global-challenges.com

[32] National Environmental Standards and Regulations Enforcement
Agency (NESREA), National Environmental (Surface and Ground-
water Quality Control) Regulations.(S.I. 22 of 2011),FAO, Nigeria
2011.

[33] T. Chirenje, L. Ma, M. Reeves, M. Szulczewski, Geoderma 2004, 119,
113.

[34] World Health Organization (WHO), Heavy Metals — Environ-
mental Aspects. Environment Health Criteria. No. 85, WHO, Geneva,
Switzerland 1989.

[35] A. Kabata-Pendias, H. K. Pendias, Trace Elements in Soils and Plants,
2nd ed., CRC Press, Boca Raton, Ann Arbor 1984, pp. 10-20, 45-78.

[36] M. O. Atayese, A. I. Eigbadon, K. A. Oluwa, J. K. Adeosun, Afr. Crop
Sci. J. 2008, 16, 225.

[37] P. C. Onianwa, S. O. Fakayode, Environ. Geochem. Health 2000, 22,
211.

[38] G. U. Adie, O. Osibanjo, Afr. J. Environ. Sci. Technol. 2009, 3, 239.

[39] World Health Organization (WHO), Environ. Health Criter. 1992,
134, 13.

[40] N. O. Eddy, S. A. Odoemelem, A. Mbaba, EJEAFChe, Electron.
J. Environ., Agric. Food Chem. 2006, 5, 1349.

[41] O. A. Adeagbo, Global J. Pure Appl. Sci. 2011, 17, 2.

[42] Joint WHO/Convention Task Force on the Health Aspects of Air
Pollution, Health Risks of Heavy Metals from Long-Range
Transboundary Air Pollution, WHO Regional Office for Europe,
Copenhagen, Denmark 2007.

[43] J. A. Omgbu, M. A. Kokogbo, Environ. Int. 1993, 19, 611.

[44] V. O. Ajibola, I. Ozigis, J. Chem. Soc. Niger. 2005, 30, 62.

[45] U. B. Nsikak, Int. J. Soil Sci. 2006, 1, 140.

[46] Blacksmith Institute, in Blacksmith Institute, Annual Report 2011
(S. Page-Cook), New York, USA 2011, http://www.blacksmithinsti-
tute.org/files/FileUpload/files/Annual%20Reports /AnnualReport-
2011-Final-5.pdf, (accessed: September, 2016).

[47] S. ClemensPlanta 2001, 212, 475.

[48] D. E. Salt, M. Blaylock, P. B. A. Nanda Kumar, V. Dushenkov,
B. D. Ensley, I. Chet, I. Raskin, Biotechnology 1995, 13, 468.

[49] P. Goldsbrough, J. Zhou, J. Chen, I. Kovari, in Abstract Book:
Fourteenth Annual Symp. 1995 in Current Topics in Plant Biochemistry,
Physiology and Molecular Biology, University of Missouri, Columbia,
MO 1995, pp. 15-16.

[50] E. L. Connolly, M. L. Guerinot, Genome Biol. 2002, 3, 1024.

[51] H. Bowen, Trace Elements in Biochemistry, Academic Press, London
1966.

[52] K. McLean, A. Robinson, H. MacConnel, Commun. Soil Sci. Plant
Anal. 1987, 18, 1303.

[53] M. Holdgate, A Perspective of Environmental Pollution, Cambridge
University Press, Cambridge 1979.

[54] A. Wallace, G. A. Wallace, ). W. Cha, J. Plant Nutr. 1992, 15, 1589.

[55] J. Barcelo, C. Cabot, C. Poshenrieder, J. Plant Physiol. 1986,

125, 27.

[56] S. Nussbaum, D. Schmutz, C. Brunold, Plant Physiol. 1988, 88,
1407.

[57] L. E. Hernandez, A. Garate, R. Carpena-Ruiz, Plant Soil 1997, 189,
97.

[58] M. Burzynski, Acta Fac. Rerum Nat. Univ. Comenianae, Physiol.
Plant. 1987, 9, 229.

[59] D. M. Antosiewicz, Acta Soc. Bot. Pol. 1992, 61, 281.

[60] A. Malecka, A. Mensinger, A. Hanc, B. Danuta, B. Tomaszewska,
Pol. J. Environ. Stud. 2012, 6, 1721.

[61] B. P. Singh, B. J. Hatton, B. Singh, A. L. Cowie, A. Kathuria,
J. Environ. Qual. 2010, 39, 1.

[62] S. Khan, Q. Cao, Y. M. Zheng, Y. Z. Huang, Y. G Zhu, Chin. Environ.
Pollut. 2008, 152, 686.

[63] B. Wilson, F. B. Pyatt, Ecotoxicol. Environ. Saf. 2007, 66, 224e231.

[64] United States Environmental Protection Agency (USEPA), Data
Quality Objectives Process for Hazardous Waste Site Investigations,

© 2018 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim


http://www.epa.Gov/own/mtb/chemical_precipitation.pdf
http://www.epa.Gov/own/mtb/chemical_precipitation.pdf
http://ec.europa.eu/environment/waste/studies/pdf/heavy_metalsreport.pdf
http://ec.europa.eu/environment/waste/studies/pdf/heavy_metalsreport.pdf
http://www.spectrumanalytic.com/support/library/ff/Fe_Basics.htm
http://www.spectrumanalytic.com/support/library/ff/Fe_Basics.htm
http://www.blacksmithinstitute.org/files/FileUpload/files/Annual%20Reports/AnnualReport-2011-Final-5.pdf
http://www.blacksmithinstitute.org/files/FileUpload/files/Annual%20Reports/AnnualReport-2011-Final-5.pdf
http://www.blacksmithinstitute.org/files/FileUpload/files/Annual%20Reports/AnnualReport-2011-Final-5.pdf

ADVANCED
SCIENCE NEWS

Global
Challenges

www.advancedsciencenews.com

EPA QA/G-4HW Final, Office of Environmental Information
Washington, DC 2000, p. 20460.

[65] GIS Konsult (Geography Information System), Map Informations
and Geographical Mapping Opposite Awolowo Junction, Bodija,
Ibadan, Nigeria 2012, http://www.gisknigeria.com.

[66] J. Van de Wiel Henk, Determination of elements by ICP-AES and ICP-
MS. National Institute of Public Health and the Environment (RIVM),

Bilthoven, The Netherlands 2003, pp. 9-10.

Global Challenges 2018, 2, 1700090 1700090 (12 of 12)

www.global-challenges.com

[67] ). B. Jones Jr, B. Wolf, H. A. Mills, Plant Analysis Handbook.

A Practical Sampling,  Preparation, Analysis and Interpreta-
tion Guide, Micro-Macro Publishing, Athens, GA 1991,
pp. 213-220.

[68] F. O. Agunbiade, A. T. Fawale, Int. J. Environ. Sci. Technol. 2009, 6,
267.

[69] Y. ). Cui, Y. G. Zhu, R. Zhai, Y. Huang, Y. Qiu, J. Liang, Environ. Int.
2005, 31, 784e790.

© 2018 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim


http://www.gisknigeria.com

