
Chapter 15
Physicochemical Properties and Heavy
Metals Accumulation in the Plant, Soil
and Water from Municipal Landfill
in Alice, South Africa

Nontobeko Gloria Maphuhla, Adebola O. Oyedeji, Francis Bayo Lewu,
Opeoluwa O. Oyedeji and Muinat Nike Lewu

Abstract Many places around the world are faced with environmental challenges
such as unacceptable waste disposal and pollution of water resources. Heavy metal
pollution of soil, water, and plants, and their health effect on people is a persistent
social issue. Numerous researches have highlighted the health risks of residents in
close proximity to open dumpsites. Dumpsites are sources of heavy metal impurity
and toxicity to the surrounding environment. This study aimed to investigate two sites
(site A and control site B) for their physicochemical properties and concentrations of
heavy metals in the soil, water and plants in and around these sites. Concentrations
of four heavy metals, namely: Cu, Hg, Mn and Pb in the plant, water, and soil
samples were measured using atomic absorption spectrophotometry (AAS) after
sample digestion. Soil pH for both sites ranged from slightly acidic (6.67) to neutral
(7.09), which falls within the normal range suggested byWHO.The physicochemical
parameters of soil and water were found to be within the normal range, except
electrical conductivity inwaterwhichwas above the permissible limits recommended
by WHO. Dumpsite soils (site A) had higher heavy metal concentrations compared
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to site B. A noteworthy observation was the fact that Hg concentrations were the
only one found to exceed the maximum permissible levels in soil (ranging from 1.08
to 8.45 mg/kg), Acacia karroo (1.71–13.27 mg/kg), and water (11.42–55.04 mg/L)
while Mn only exceeded this limit in water samples (ranging between 0.023 and
1.106 mg/L). High Hg concentration in this study is a thing of concern.

Keywords Acacia karroo · Heavy metals accumulation · Landfill sites · Soil
contamination · Water pollution

15.1 Introduction

One of the most valuable nation’s assets is soil and it is the characteristic resource
that determines the region’s wealth. In soil heavy metals pollution changes the com-
position and the activity of microbial soil communities. The bioactivity, richness and
microbial diversity decrease with the increase in the concentration of heavy metals
[1]. The soil is the main sink for heavy metals released into the environment by five
mentioned anthropogenic activities [2]. It is also the major source of metals in plants
and vegetables since they absorb pollutants in their soluble form through roots and
transfer them to other parts such as seeds and leaves [3].

Around the world, the heavy metals and metalloids cause a serious problem in
the environment [4]. Heavy metals are natural components of the Earth’s crust and
are determined to have a density higher than 5 g/cm3. The most common metals are
Cu, Cd, Fe, Zn, and Ni. Metals like Fe are important for a living when present in
a small required amount, while other elements like Hg are dangerous even at the
small amount due to their certain physical and chemical properties [5]. They are
non-biodegradable, persistent [6], and dangerous because they have a tendency to
bio-accumulate and enter the food chain through plants and animals [7].

Metals are introduced into the soil fromdifferent sources such as the use of fertiliz-
ers containing phosphates, pesticides, vehicle emissions, industrial waste, lead-acid
batteries, and from atmospheric deposition of metal and metalloids bearing particles
[4]. The solubility and bioavailability of metal ions in the soil usually change due to
the influence of factors such as soil pH, organic matter content and clay content [8].

Humans and animals are exposed directly and indirectly to these heavy metals
through three primary routes,which are: ingestion, inhalation and skin absorption [9].
Uncontrolled and unmanaged dumpsites exist in many developing countries because
they remain the cheapest method of waste disposal.

These open dumpsites can cause several years of human health risk [10]. Dump-
sites produce health hazards due to the unpleasant smell generated by degrading
activities of micro-organisms on organic waste. The unrestricted burning of munici-
pal solid waste also results in serious environmental pollution, due to the release of
thick, noxious smoke that pollutes the air [11].

Water pollution occurs as the result of human activities such as releases of efflu-
ents on water. A previous investigation revealed that many rural communities in
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Eastern Cape and across South Africa especially among the poor rural population
with limited investments in infrastructure suffer from lack of supply of healthy water
and sanitation facilities [12].

Acacia karroo is an average large, single-stemmed and deciduous tree with a
rounded crown, often broader than tall and it grows up to 12 meters high [13]. It
belongs to the plant family of Fabaceae, and subfamily ofMimosoideae. This plant
is known in many cultures, commonly known as Sweet thorn (English), Soetdor-
ing (Afrikaans), Mookana (North Sotho), Mooka (Tswana), or umuNga (Zulu or
Xhosa) [14]. The species consists of paired, greyish to white thorns, finely textured
dark green leaves, and produces yellow pompoms flowers with sweet smelling [13].
Unlike other most pioneer plants,Acacia karroo fixes nitrogen through the symbiotic
association with nitrogen-fixing microorganisms which increase the soil’s fertility
of the surrounding soil [15]. The aim of this study was to evaluate the influence of
anthropogenic activities on the metal levels and physicochemical properties of soil,
water and plants found in and around Alice landfill in order to document potential
environmental hazards and possible risk to public health due to these activities.

15.2 Materials and Methods

15.2.1 Study Area and Site Description

Alice landfill site (site A) where the study samples were collected is located in Alice
Township under Raymond Mhlaba Municipality in South Africa, and it is about
≈4 km from the Fort Hare University East campus in Alice, where the second site
(site B) which is the control site is located. Site A covered about 2 ha of land and the
entire dumpsite was full of natural vegetation which is indicative of either abundance
or deficiency of certain minerals.

Site A was divided into three portions: portion A (east side) had lots of broken
glasses; portion B (south side) was dominated by rusted tins and broken glasses with
evidence of burnt waste, and portion C was outside the fence of the dumpsite and
was only occupied by natural vegetation. However, site B is not a dumpsite but an
undisturbed piece of land with its soil surface covered by natural vegetation and
located near a mountain. The municipal water dam is located at about 200 m from
the dumpsite and is close to a cattle kraal (Fig. 15.1).

15.2.2 Plant, Soil and Water Sample Collections

To determine the influence of dumped materials in the study site on the accumulation
of heavy metals in plant tissues, leaf samples of Acacia karroo growing on the
dumpsite (site A), were collected randomlywith a stainless-steel knife. Plant samples
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Fig. 15.1 Map of Alice indicating the municipal dam and sites where plants, soils, and water
samples were collected. Image from Google Earth

were deposited in the herbariumof theDepartment of Botany, University of Fort Hare
and identified by Professor A. Maroyi and voucher specimen with specimen number
NG/01 [16]. Plant parts were separated, pre-cleaned with distilled water and dried to
a constant mass at 80 °C in an oven. Dried samples were crushed into a fine powder
using a laboratory grinder.

Milled samples were sieved through a 2 mm mesh to obtain a fine powder and
were stored in a plastic bag [17].

The soil samples were collected two times a week for a period of six weeks.
Samples were collected using a stainless-steel auger at the depth of 0–30 cm from
each of the 3 portions (A, B and C) of site A to have a total of three samples for site
A.

The fourth composite sample was collected from the control site B. The collected
dry soil samples were placed in clean labelled polyethylene bags and then transported
to the laboratory for further analysis.

Water samples were collected from the dam once a week for six weeks. Sterilized
plastic bottles were rinsed with distilled water, dried and were used to collect water
samples randomly below the water surface.

The samples were acidified using nitric acid to prevent further microbial activities
and kept in an ice bag at 4 °C [18].
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15.2.3 Determination of the Physicochemical Properties
of Soil

Using a mortar and pestle, soil samples were crushed and sieved in a 2 mm mesh to
remove coarse debris to obtain representative samples [19].

15.2.3.1 Moisture Content

Soil samples were added to a beaker of known mass and the combined mass of
soil and beaker was measured. The samples were oven dried at 105 °C for 24 h
until constant mass was obtained. Samples were cooled at room temperature and
transferred into a clean plastic bag for further analysis [19].

Calculation

%Mass =
(
Air dried − Oven dried

Oven dried

)
× 100%

15.2.3.2 pH

In a 100 ml beaker of known mass, 20 ml of calcium chloride solution was added to
20 g of sieved soil sample; the resulting mixture was stirred and allowed to stand for
30 min with occasional stirring. The determination of pH was done by immersing a
hand-held glass electrode pH meter into the partially settled solution, making sure
the electrode does not touch the walls of the beaker [20].

15.2.3.3 Organic Carbon (SOC)

A 1.0 g of soil sample was weighed into a 250 ml conical flask, 10 ml of K2Cr2O7

was added and the flask was gently swirled to dissolve the soil. Then 20 ml of conc.
H2SO4 was quickly added and mixed thoroughly and the flask was allowed to stand
on a fume hood for 30 min to cool down. Thereafter, 200 ml of water was added and
the formed suspension was filtered using a filter paper. About 3–5 drops of ferroin
indicator were added and the solution was titrated with FeSO4. The end point was
approached when the solution changed from dark green to blue to reddish brown
[21].
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Calculation

Organic carbon (%) =M ×
(

V1 − V2

Mass of soil

)
× 0.39

Organicmatter (%) =Organic carbon (%) × 1.724

whereM= concentration of FeSO4, V1= volume of blank, V2= volume of FeSO4,
0.39 = constant and 1.724 = constant.

15.2.3.4 Electrical Conductivity (Salinity)

A 10 ml of well-mixed water sample was added into a measuring cylinder. The
previously prepared soil sample was added to the water until the contents of the
container increased by 5 ml to bring the volume to 15 ml. More water was added to
the mixture to bring the total volume to 30 ml. The content was shaken intermittently
for 5 min and allowed to settle for 5 min. The EC probe was dipped into the solution
to measure the electrical conductivity [22].

15.2.4 Determination of the Physicochemical Properties
of Water

Analyticalmethods forwater physicochemical propertieswhich are temperature, pH,
and electrical conductivity were measured at the collection site (dam that is ≈200 m
from the dumpsite) using multi-parameter water quality instrument [18, 23].

15.2.4.1 Alkalinity

Two or three drops of phenolphthalein were added into 100 ml of collected water
samples. The appearance of a pink color in water indicates alkalinity. The solution
was titrated with 0.02 N H2SO4 until a clear solution was obtained [18].

15.2.4.2 Total Hardness

50 ml of water sample was mixed with 1–2 ml buffer of pH 10 and a few drops of
Eriochrome black-T indicator. The mixture was then titrated with 0.01 M EDTA till
the wine-red solution changed to blue [18].
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Calculation

Hardness (mg/L) = C × D × 1000

mLof sample

where C = ml of EDTA for titration, D = mg of CaCO3 equivalent to 1 ml of
ethylenediamine-tetra-acetic acid (EDTA).

15.2.4.3 Total Dissolved Solids (TDS)

The evaporating dish and filter paper were washed, dried and weighed. Then 50 ml
of the well-mixed water sample was pipetted and filtered usingWhatman filter paper.
The filtered sample was transferred into an evaporating dish and dried in an oven
at 180 °C. The cooled dried sample in the evaporating dish was measured to obtain
mass [23].

Calculation

Dissolved solids (mg/L) = (A − B) × 1000

mL of sample

where A = mass of dried residue + dish (mg), B = is the mass of the dish.

15.2.5 Determination of Heavy Metals in the Plant, Soil
and Water Samples

Acacia karroo samples: 2 g was weighed into a clean crucible, burnt to ashes at
450 °C and was then cooled in a desiccator. The ash was dissolved in 5 ml of 20%
HCl, placed in a 100 ml volumetric flask and the solution was made up to the mark
using deionized water [7].

Soil samples: 20 ml HNO3 was measured and added to 10 g of the prepared soil
sample in a 250 ml conical flask. The content in the flask was placed on a hot plate
until the solution was reduced to 5 ml, after which 20 ml of distilled water was added
until the suspension was reduced to 10ml.When digestion was complete, the residue
was allowed to cool to room temperature and was filtered usingWhatman filter paper
and the resulting solution was made up to 50 ml in a volumetric flask with distilled
water [5].

Water samples: 100 ml of water sample was measured and placed in a conical
flask containing 10ml of conc. HNO3. Themixture was heated gently and evaporated
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on a hot plate to a volume of 20 ml. The heating was continued with the addition
of necessary conc. HNO3 until digestion was complete as shown by a light colored
clear solution [18].

An atomic absorption spectrophotometer (AAS) was used to analyse copper (Cu),
lead (Pb), mercury (Hg) and manganese (Mn) in the digested samples [3].

15.2.5.1 Statistical Analysis

The data were analyzed using the Microsoft office Excel and Statistical Package
for the Social Sciences (SPSS). The data were subjected to analysis of variance
(ANOVA) and significant difference between means was determined at p ≤ 0.05.

15.3 Results and Discussion

15.3.1 Physicochemical Properties of Soil Samples

The results of the physicochemical properties of the soil samples in the dumpsite and
the control site are presented in Table 15.1.

pH: The mean hydrogen ion concentration (pH) in the dumpsite (site A) ranged
from 6.79 to 7.09, while in the control site (site B), the mean pH was 6.67 (see
Table 15.1). All these pH values are classified as neutral pH range for soil, as pH
range of 6.6–7.3 is indicative of a neutral pH. Soil pHmeasures soil acidity or basicity,
and directly influences nutrient bioavailability.

For most plants, the optimum range of soil pH for healthy plant growth is 7.0.
Some of the nutrients availability such as nitrogen, phosphorus, and potassium are
generally lowered as soil pH decreases [24]. The results of this study indicated that
all collected soil samples from both sites are within the standard pH range set by the
WHO. They also show that soil pH slightly differs among the portions of dumpsite
A.

The ANOVA results show that there was no statistical difference between two
portions of site A (A and B), while portion C of site A and site B were significantly
different compared to portions A and B of site A. The difference in pH may be
attributed to the wet climate which has great potential to encourage soil acidity due to
organicmatter decompositionwhich produces hydrogen ions [25, 26]. Themovement
and the availability of macro and micronutrients in the soil are affected by pH and
other soil components. The solubility of metallic contents of the soil increases as soil
pHdrops. These soluble ions become freely available in different fractions to increase
the acidity of the soil environment. An acidic soil environment can ultimately alter
the microbial population of the soil and therefore shift microbial growth in favour of
the fungi species with a potential for enhanced micro and macronutrient solubility
and mobility [25].
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Soil Moisture Content: The results in Table 15.1 showed that the average soil
moisture contents in site A ranged from 11.07 to 13.48% while the average of site B
was 10.16%. Soil moisture content is the amount of water present in the soil. The low
levels of moisture in both sites may be due to the nature of the topography of these
sites. Sites A and B were both located on hill slopes with site B hillier than site A.
There was no significant difference noted between all portions of site A and site B.
It is expected that this type of topography will encourage quick run-off of rainwater
during rainy days before the soil could absorb enough water and hence, the resulting
dry soils. The high temperature on sampling days is also a factor contributing to the
high rate of evaporation of soil moisture and the resultant dry soil observed in this
study. The combined effect of these two factors in addition to the natural vegetation
occupying the soil surface with their water demand for growth and transpiration
process is also seen as contributing factors [27] to the low moisture contents in the
sites investigated.

SoilOrganicCarbon (SOC)andSoilOrganicMatter (SOM): SOCshowsvariation
between sampling portions and ranged from 1.10 to 2.01% (see Table 15.1). Site A-
portion A recorded the lowest SOC while site B located outside dumpsite A had the
highest SOC. As expected, the SOM content of the soil samples followed the same
trend as the SOC recorded above and is found to be low for site A while at optimum
level at site B (Table 15.1). The ANOVA analysis shows a significant difference
between site A and site B for SOC, while for SOM portion B and portion C of site
A correlated significantly with the control site (site B).

SOC of about 2% (3.4% SOM) is widely suggested by several workers as the
threshold level for sustaining soil quality, below which deterioration may occur [28,
29]. The most significant factors controlling SOC dynamics are temperature and pre-
cipitation [30]. Overall, the percentage of organic carbon in site B is optimum while
that of site A is low. Low organic carbon and organic matter content in site A may be
attributed to warm temperatures which decreased SOC due to increased microbial
decomposition rate [31] of the organic materials in the dumpsite. Microbial activities
also generate heat during decomposition process to further hasten the breakdown of
organic materials in wastes. Decomposition is a biological process that includes the
physical breakdown and biochemical transformation of complex organic molecules
of dead material into simpler organic and inorganic molecules [32].

High decomposition rate aided by moisture and high temperature leads to an
increase in the level of organic matter in the soil and subsequently, increasing the rate
of metal ions absorption. Municipal wastes are known to have a high concentration
of metals and this is because SOM has a large sorption capacity towards metals [33].
However, any form of human intervention influences the activity of soil organisms.
When soil is disturbed through cultivation, tillage, burning of vegetation and so on,
the soil generally contains lower levels of SOM than comparable lands under natural
vegetation [34] whichmay be one of the reasons for the high SOM and SOC obtained
in this study for the control site B compared to site A. Return of plant residues or
organic wastes to the soil stimulates high microbial activity and increases SOM
decomposition.
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Electrical conductivity (EC): The EC of collected soil samples from site A were
generally higher than that of site B (see Table 15.1). For instance, the EC of site
A-portion A was more than four times higher than site B. Similarly, the EC in site
A-portions B and C was also more than three times the EC in site B. In general, the
values of EC in this investigation are well below the salinity threshold for soil. Soil
EC is a major indicator of soil salinity. It is a measure of the number of salts in the
soil but does not indicate the specific salt or ions that might be present. EC is a good
indicator of the presence of salts like sodium, potassium, chloride or sulfate [35].
Saline soils are those with salt levels (EC) above 4 dS/m [36]. In the present study, the
soil ECwas found to be lower than the saline level. However, a good soil EC level for
crop production will be somewhere between 200 and 1200 µS/cm (1.2 mS/cm). The
difference between the means is statistically significant between site A and control
site B. Soil EC that is lower than 200 µS/cm has insufficiently available nutrients for
the plants and could be an indication of a sterile soil with little microbial activity.

On the other hand, EC above 1200 µS/cm may be an indication of too much
dissolved salts (e.g. fertilizer) in the soil or a developing salinity problem from lack
of drainage [37]. Although site B had the highest SOC and SOM, the soil EC value
shows that the site has insufficiently available nutrients.

15.3.2 Physicochemical Properties of Water Samples

The physicochemical properties of the sampled water are presented in Table 15.2.
pH: Generally, the pH dynamics of thewater sampleswas erratic and changeswith

every sample collection. For instance, while the pH of water changed from slightly
acidic to slightly alkaline between week one and week two, it dropped significantly
to acidic state in the third week followed by a slight increase during the fourth week.
Thereafter, the pH of the sampled water progressively dropped to 5.41. The pH of
drinking water recommended by WHO is 6.5–8.5 [35]. The pH of water is a good
indicator of its quality and pollution extent. The pH values for all the collected
water samples are within allowable limits for surface water [38], except for samples
collected between week five and six which are both acidic with a mean value below
the recommended standard range as shown in Table 15.2.

The pH of water samples collected in week six (5.41) was more strongly acidic
than that of week five (6.39), and this might be caused by burning of waste and fossil
fuels which releases carbon dioxide (CO2) in air. When CO2 dissolves in water, it
creates weak acid such as carbonic acid. ANOVA results indicate that pH of samples
was significantly different. Acidic water can pose a threat to aquatic life and human
health [39].

At low pH, the acidic nature of the water may liberate toxic heavy metals like Ag,
Al, Cd, Co, Cu, Hg, Mg, Ni, Pb and Zn [40].

Water Temperature: This also varied with every sampling, progressively reducing
from 25.9 °C for week one to 14.05 °C in week six (Table 15.2). Variations in
water temperature may be associated with wind force, inland water flow, the influx
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of the rainwater and atmospheric temperature [41]. Water temperature may vary
with season and size of the water body, it may also vary on a daily basis. Water
temperature is often lowest during the night and early morning and increased from
mid to late afternoon [42], thus explaining the temperature variation observed in this
study during the cause of water collection for a consecutive 6 week period.

Electrical conductivity (EC): As shown in Table 15.2, the EC values ranged from
21.65 to 53.85 mS/cm, which are well above healthy level and considered not suit-
able for irrigation, human and livestock consumption. The WHO normal range for
electrical conductivity of water is 400–600 µS/cm [35]. In all the tested water sam-
ples, the values obtained for EC were higher than these permissible limits. There
was a statistical significant difference noted between the collected samples. High
EC level in the water may be indicative of the high amount of dissolved salts such
as Ca, Cl and Mg present in soil water as ions. Also, salinity may be influenced by
natural phenomena, like evapotranspiration and rainfall [43]. Evaporation of water
from the dam surface due to high temperatures can concentrate the dissolved solids
in the remaining water [44] while rainfall causes dilution.

Total Water Hardness: Water hardness ranges between 50.0 and 58.0 mg/L
(Table 15.2). Water hardness is caused by a variety of dissolved multivalent metallic
ions, predominantly calcium and magnesium cations. In this study, the water can be
categorized as soft since hardness falls below 60 mg/L of dissolved ions [45, 46] and
is, therefore, suitable for use as potable water. The analysis from ANOVA indicates
significant difference between the samples. However, depending on pH and alkalin-
ity, hardness above 200 mg/L can result in scale deposition, particularly on heating.
On the other hand, soft waters with a hardness of less than 100 mg/L have a low
buffering capacity and may be more corrosive to water pipes [47].

Total Dissolved Solids (TDS): The TDS of water ranged between 420 and
720 mg/L (Table 15.2). These values fall within the approved WHO standard for
drinking water and that of South African guidelines for domestic water use which
is in the range of 450–1000 mg/L [48]. The TDS results indicate the presence of
solutes (inorganic salts and little organic materials) in water [47, 49], and may be
attributed to the prevailing high rainfall, which causes significant dilution [50] of the
dam. The ANOVA results show that there was statistical significant difference for
TDS in water during the six weeks.

15.3.3 Concentration of Heavy Metals in Plant, Soil
and Water Samples

Results of the concentrations of heavy metals in the soils, water, and Acacia karroo
samples investigated in this study are presented in Table 15.3, Figs. 15.2 and 15.3
respectively.

Copper (Cu): Generally, values obtained for Cu in soil samples of site A were
significantly higher than that of site B (Table 15.3). Site A-portion B recorded the
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Fig. 15.2 Mean concentration of heavy metals in water from the dam

Fig. 15.3 Mean concentration of heavy metals in Acacia karroo from site A (dumpsite)

highest deposit of Cu with a significant (p < 0.05) increase in Cu deposit compared
with site A-portion C and site B.

The highest deposit of Cu (25.19 ppm) at dumpsite A was more than nine times
higher than the concentration in site B (2.67 ppm) while the lowest Cu deposit at site
A was more than four times the concentration recorded in site B. Despite the high
deposit of Cu in dumpsite A, there was no detectable trace of Cu in the water and
Acacia karroo samples (Figs. 15.2 and 15.3).

WHO recommended 10 mg/kg and 2 mg/L as the maximum permissible limits
of Cu for plants and drinking water respectively [51], while the permissible limit
recommended by Dutch standard for soil is 36 mg/kg [52]. However, Cu concen-
tration in soils of both study sites was much lower than the approved standard. In
human beings, a high concentration of Cu causes metal fumes fever, hair and skin
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decolorations, dermatitis, respiratory tract diseases, and some other fatal diseases
[53].

Mercury (Hg): Mean concentration of mercury (Hg) was significantly higher
(p < 0.05) in all the portions of site A compared to site B (Table 15.3). The deposit
of this metal was higher in site A-portion A than portion B by about 21%, and with
a significant (p < 0.05) 7.8 times more Hg deposit compared with site B. In addi-
tion, a significant high concentration of Hg was recorded in the water and Acacia
karroo samples (Figs. 15.2 and 15.3). The mean concentrations of Hg for all col-
lected soil, water, and Acacia karroo samples were found to be extremely above the
approved limit of WHO. For instance, the permissible limit of Hg recommended by
WHO for drinking water is 0.006 mg/L [45] which is much lower than the concen-
tration of Hg found in the dam water (11.420–55.035 mg/L) evaluated in this study.
WHO approved 1.0 and 0.03 mg/kg respectively as the maximum permissible limits
of Hg for soil and plants [54], whereas in South Africa, the soil permissible limit
for Hg is 0.93 mg/kg [55]. In our study, however, Hg concentrations ranged from
1.08 to 8.45 mg/kg in the dumpsites soils and 1.71–13.27 mg/kg in Acacia karroo
samples. High concentration of Hg in the soil, water, and plant studied in the cur-
rent investigation may be due to dumping and burning of industrial (municipal and
medicinal) wastes which have been produced with mercury on the dumpsites. Expo-
sure to disinfectants (like mercurochrome), antifungal agents, toiletries, creams and
organometallics may increase Hg concentration, hence waste generated from these
products may be a contributing factor to the high values obtained for these samples
[56].

Also, the emissions from coal-using power plants nearby might have contributed
significantly to the problem of high Hg levels in the soils of site A and the control
site B. The Acacia karroo plants growing in site A must have absorbed a significant
amount of Hg from the soil and transported this to other parts of the plants. Run-off
of Hg-contaminated rainwater during rainfall from the dumpsite to the dam may
have also elevated the concentration of Hg in the dam water. Mercury is a naturally
occurring metallic element found in trace amount in water, soil, and air, and is a
widespread environmental toxicant and pollutant which induces severe alterations in
the body tissues and causes a wide range of adverse health effects [57, 58]. All forms
of mercury are toxic and their effects include gastrointestinal toxicity, neurotoxicity,
and nephrotoxicity [58].

Manganese (Mn): This metal occurs naturally in water, soil, and plants. It is an
essential trace heavy metal required by plants and animals for normal growth. High
concentration ofMn causes hazardous effects on the lungs and brains of humans [59].
Mn deposit in soil was significantly (p < 0.05) higher at site A, recording about twice
the amount found in the site B (Table 15.3). Traces of Mn were also detected in the
dam water and tissue of the Acacia karroo species (Figs. 15.2 and 15.3). Maximum
permissible limit of Mn in plants recommended by WHO is 500 mg/kg and toxicity
occurs in plants if this level is exceeded [60, 61]. WHO recommended 0.4 mg/L [47]
in drinking water while 1 to 45 mg/kg was approved for soil [51].

Mean Mn concentrations for water samples in this study ranged from
0.023 ± 0.020 to 1.106 ± 0.780 mg/L and were all above the normal permissi-
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ble limit, except for the samples collected in the first week (0.023 ± 0.020 mg/L).
On the other hand, Acacia karroo samples recorded mean concentrations of Mn
(0.14 ± 0.10 to 0.55 ± 0.39 mg/kg) which are below the normal standard. Likewise,
the mean concentrations of Mn in all evaluated soil samples fall within the normal
range set by the WHO. Land disposal of manganese-containing wastes is the prin-
cipal source of manganese releases to the soil [61]. High values of Mn in the water
samples may be as a result of a natural occurrence of this metal in surface water and
groundwater, erosion of contaminated soils into the water as well as human activities
which might have caused Mn contamination [62]. High concentration levels of Mn
indicate that the potability of the dam water has been markedly impaired.

Lead (Pb): Deposition of Pb in the soil samples followed a similar trend observed
for Cu where Pb concentration in site A-portion B was significantly (p < 0.05)
higher than site A-portion C and site B, recording about 5.3 times more Pb deposit
than site B (Table 15.3). Traces of Pb were also found in the dam water and plant
tissue (Figs. 15.2 and 15.3). Dutch permissible limit for Pb in the soil is 85 mg/kg
while WHO limits of this metal for plants and drinking water are 2.0 mg/kg [52]
and 0.01 mg/L [47] respectively. High Pb concentration in the dumpsites soils com-
pared to control site B may be due to large deposits of used batteries, used plastics
(polyethylene) materials, lubrication oils and automobile exhaust fumes. Neverthe-
less, the lead concentrations in all the soil samples irrespective of the site were lower
than the approved limit. Pb concentrations in both water and Acacia karroowere also
found to be below the standard approved range. In water samples Pb concentration
ranged from 0.0011 ± 0.0010 to 0.0044 ± 0.0030 mg/L while 0.003 ± 0.002 to
0.009 ± 0.010 mg/kg were the Pb concentration range obtained for Acacia karroo
samples.

Lead has no biological importance [59] and is known for its harmful effects on
humans as well as causing chronic neurological disorders, especially in foetus and
children [63]. Lead poison causes a condition called plumbism or saturnism in a
human body [64]. Although lead occurs naturally in the environment, anthropogenic
activities such as fossil fuels burning, mining, and manufacturing contribute to its
release in high concentrations to the environment [58].

Heavymetal concentration in plants canbe causedby several factorswhich include
soil metal concentrations, soil pH, cation exchange capacity, organic matter content,
types and varieties of plants, and plant age. It is generally accepted that the metal
concentration in soil is the dominant factor [60, 65]. Heavy metal availability can
also be directly affected by the plant itself [66].

15.4 Conclusions

Generally, landfill site had a higher concentration ofmetals than control site probably
due to wastes dump. The concentration of Hg and Mn in water samples were above
the normal limits permitted byWHO and Hg was beyond the approved limits in both
soil and plant samples. At the moment, heavy metal concentrations in the dumpsite
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are not of a serious environmental problem according to WHO standard except Hg.
Continuous accumulation of metals should be avoided to prevent threat to human
health and the ecosystem in future. Specifically, the accumulation of Pb and Hg
should be of concern because the US Government Agency for Toxic Substances and
Disease Registry ranked these two metals among the three most toxic elements with
arsenic ranked first [67].

They are capable of causing serious adverse effects to human health [67, 68],
hence Pb and Hg should be well monitored. This study shows the need to sort wastes
dumped at the dumpsite and to encourage recycling of the materials. Surrounding
dams must be monitored to deliver less expensive quality municipal water. Modern
waste disposal facilities for appropriate waste processing are important as well as
community education to avoid indiscriminate disposal of wastes.
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