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Quantification of toxic metals in cropland soil
using X-ray fluorescence

We aimed to assess toxic heavy metals in soil samples from cropland in Weenen (KwaZulu-Natal, South
Africa) using X-ray fluorescence (XRF) spectroscopy. The metal contents in the soil samples were
detected and quantified by wavelength dispersive XRF (WD-XRF) spectroscopy. On average, the values of
all elements (mg/kg) were: Al (91.4 + 6.9), Ba (0.488), Ca (16.8 + 5), Fe (39.3 + 0.8), K (15.7 + 0.04),
Mg (10.1 + 0.3), Mn (0.6), Na (8.0 + 1), P (1.3 + 0.4), Si (458 + 8) and Ti (5.6 + 0.3). Toxic metals such
as Hg, Cd, As, Pb, and Cr were not detected in the soil samples. The macronutrient P, which is capable
of causing eutrophication in water bodies, was present at a low level in soil samples. The metal contents
in both control and field samples were comparable, suggesting that the metals were mostly of lithogenic
origin and not entirely influenced by anthropogenic activities. The metal levels we detected were within the
limits reported to be safe by other studies.

Significance:

Although they are within the detection range, the toxic heavy metals mercury, cadmium, arsenic, lead
and chromium, which enter the environment through the use of fertilisers on agricultural land, were not
detected in this WDXRF spectrometry analysis. The remaining elements detected are lithogenic and non-
anthropogenic, as the field and control samples had comparable concentrations. Nitrogen was not quantified,
but phosphorus was present in a low concentration, so the field water run-off into the water bodies need not
directly lead to water pollution in the area studied.

Introduction

Soil is a product of weathering and decomposition of organic matter. The weathering process involves the
interaction of the lithosphere, atmosphere, and hydrosphere, and is driven by solar energy.! Weathering and
volcanic eruptions contribute to heavy metals in the environment.?5 Pollution contributes to health risks, as many
diseases are airborne or waterborne, and spread from soil to humans through food.® Worldwide, air pollution
causes about 3.1 million premature deaths.”® These pollutants enter the soil through atmospheric deposition'
and are subsequently absorbed by plants that are consumed by humans and other animals. Environmental impact
assessments and pollution controls should be routinely carried out to protect new developments from pollution.
The soil ecosystem can be damaged by high concentrations of toxic metals, so it is important to assess the
ecological and environmental risks from heavy metals."

Extensive use of fertilisers spreads heavy metals in the environment, as phosphate rock is heavily contaminated
with heavy metals'™'>" especially with the radioactive decay series 2U, 2?Th and “K. 238U, 22Th and “K are
ubiquitous in the earth’s crust'®' and are used by organisms in small amounts; they are considered essential
metals that can be naturally present in plants or can enter the soil through high concentrations. The distribution
of these metals in the soil depends on the region and the type of parent rock from which the soil originates.'® An
assessment of heavy metal contamination of soil is very important, as this contamination can enter the food chain,
causing toxicity in plants and animals. Soil contamination can spoil land for agricultural use'”'8, exacerbating
poverty worldwide. Food grown on contaminated soil can be toxic for human and animal consumption.

Micronutrients such as iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu)'® are essential for plant growth, but their
high content in plant tissues®, coupled with the presence of mercury (Hg), cadmium (Cd), arsenic (As), lead (Pb)
and chromium (Cr), have a toxic effect.?2 The heavy metals Cu, Zn, Pb, As and Cd®'0.8-2024 gre termed toxic metals
because gastrointestinal cancer and diseases of the skeletal, cardiovascular and nervous systems have been linked
with their excessive intake25. Exposure to excessive Cu is linked with cell damage in humans.?52” Ph is not only toxic
to the health of the soil ecosystem' but also poses a health risk to humans, causing brain damage and mental illness
as well as kidney damage in children.’®2324 Cd and As enter agricultural soils through the main pathways, i.e. volcanic
eruptions, soil erosion'® and fertiliser application. Plants take up Cd through their roots, and this is a pathway through
which non-smokers are exposed to this metal.® Phosphate deposits are divided into sedimentary and magmatic
deposits. A total of 80% of phosphate rock comes from sedimentary deposits®, from which phosphate fertilisers
are produced. They contribute the most Cd* to the environment, and waste disposal also contributes significantly.

The anthropogenic increase of nitrogen in water bodies directly threatens human and aquatic ecosystems. Water
bodies include streams, rivers, lakes, aquifers, and coastal waters, as well as groundwater. The accumulation of
some nitrates from the soil in water bodies can lead to water pollution known as eutrophication.?2%' Eutrophication
is a global problem® in which water bodies receive excess nutrients from wastewater and agricultural sources
based on, for example, nitrogen and phosphorus.® Eutrophication can have economic consequences as well as
effects on tourism, human health, and water quality.* Eutrophication leads to hypoxia in water bodies, resulting in
the death of plants and fish in the water and toxic algal blooms.?23! Eutrophication can occur in oligotrophic (low
nutrient levels), mesotrophic (moderate nutrient levels), eutrophic (good nutrient levels), and hypertrophic (very
good nutrient levels) water bodies. The South African Department of Water and Sanitation’s Eutrophication National
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Monitoring Programme (NEMP) has published data showing that about
28% of surface water samples are hypertrophic, 33% eutrophic, 37%
mesotrophic and only 3% oligotrophic.®

Cyanobacteria (blue-green algae) thrive in eutrophic water®, which can
pose a health risk in underdeveloped areas because people still use water
directly from the source for activities such as washing, drinking and
food preparation®3 and cyanobacteria produce cyanotoxins®. Aquatic
ecosystems can remove a significant amount of nitrogen enrichment,
but this capacity has limits and depends on the characteristics of
the ecosystem.®” Fresh water is a limited resource that needs to be
protected everywhere®*3 and South Africa is no exception. In southern
African regions, water is collected from springs in 20- to 25-litre plastic
containers, which can lead to disease-causing bacteria being transported
with the water or developing in the containers.

Soil samples are analysed for the presence of toxic metals using X-ray
fluorescence (XRF) spectroscopy. This technique has the advantage of
being multi-elemental, non-destructive, fast, accurate and precise.*%4
XRF can determine the chemical composition of all types of materials
and determine the thickness and composition of layers and coatings.*!
These X-rays have characteristic energies related to the atomic number
of an element, and each element, therefore, has a characteristic X-ray
spectrum. Similar methods include atomic absorption spectroscopy
(AAS), inductively coupled plasma atomic emission spectroscopy (ICP-
AES), particle-induced X-ray emission (PIXE), inductively coupled plasma
mass spectroscopy (ICP-MS) and inductively coupled plasma optical
emission spectroscopy (ICP-OES)."#> XRF is capable of determining
the broad content of elements in soil samples. The limitations are that
XRF is not able to quantify light elements smaller than sodium but it is
indeed fast and can process 1 million counts per second. Wavelength
dispersive X-ray fluorescence (WD-XRF) spectrometry is preferred for its
high-resolution applications (15-150eV)

ICP-MS is a highly sensitive method that gives quantitative results of
elements and various isotopes in samples at milligram to nanogram levels
per litreat a small per litre, but it is so expensive that many environmental
laboratories cannot afford it, and daily operation is also costly.* ICP-OES
quantification is based on the measurement of excited atoms and ions at
the wavelength characteristics of the specific elements being measured,
whereas ICP-MS measures the mass of an atom by mass spectrometry
(MS). Both ICP-MS and ICP-OES are suitable for determining element
concentrations in water, for testing water purity, and for use in materials
science.®® The problem again is affordability. The applications of all the
techniques mentioned above overlap, therefore, any technique that is
accessible to the researcher can be used for analysis.

PIXE, on the other hand, which measures elements from magnesium
onwards, is generally better suited for determining the content of toxic
metals and the portable unit costs about USD200. The cost of WD-XRF
instruments is high, depending on which instrument you prefer. ICP-MS
is a highly sensitive technique that provides quantitative results for
various elements and isotopes in samples ranging from milligrams
to nanograms per litre. On average, the initial cost of ICP-MS makes
it the most expensive system to purchase. SPECTRAU is Spectrum’s
(The Central Analytical Facility of the Faculty of Science, University
of Johannesburg) mission to provide state-of-the-art equipment and
expertise to solve analytical challenges in academic research. As these
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methods work on the same bases, the availability and easy accessibility
of WD-XRF at SPECTRAU made it the choice for this study.

In this study, we aimed to assess toxic heavy metals in soil samples
from cropland using XRF spectroscopy. The lack of a similar study in this
area was the reason for this work. Our results can serve as a basis for
future anthropogenic environmental impact assessments on agricultural
fields in Weenen and elsewhere in KwaZulu-Natal, South Africa.

Materials and methods

Study area and soil sampling

Batches of representative soil samples were collected randomly in
Weenen, KwaZulu-Natal, South Africa, in January 2017. These batches
consisted of a control sample spot (C17) and a field sample spot (A17).
Figure 1 below shows a Google Earth view of the site at which samples
were collected. Sample codes A1, A2, A3 and C18 (Control) represent
spots or crop fields where additional sampling took place in August
2018. Itis important to note that sample codes A17 and A1 represent the
same sampling site, but the sampling took place in different years and
seasons. Gontrol samples were collected about 200-250 m from the
crop field. Samples were collected at a depth of 15-20 cm and placed
in 2-litre plastic containers. The study area was located on a farm about
17 km northeast of Weenen. The small town of Estcourt, with factories,
a mine and businesses, is 57 km upstream.

Climate

The climate in the study area is semi-arid with an average maximum
temperature of about 27 °C and a wind direction from west to east.
January, like December, is a moderately hot summer month in Weenen,
with average temperatures ranging from a maximum of 27 °C to a
minimum of 14.7 °C. The last month of winter, August, is pleasant in
Weenen with an average temperature of 20.9 °C. There are about 128
days of rainfall and 409 mm of rainfall during the year.

Potatoes (Sofanum tuberosum), harvested in November and December,
and butternuts (Cucurbita moschata), harvested in April, are grown on
the farm. Sometimes maize is also grown on the farm as part of crop
rotation. The farm is not dependent on rain but it relies on an irrigation
system that diverts water from the nearby river to the cultivated areas.
Upstream, the river flows through the small town of Estcourt, which has
some factories, a quarry mine and businesses. The farm is far from
the mining and industrial areas. Most of the land is used for growing
agricultural produce.

Sample preparation

After collection, soil samples were oven dried at 105 °C at the SPECTRAU
facility at the main campus of the University of Johannesburg, where the
analysis of the samples took place. The dried samples were then crushed
and pulverised at the University of Johannesburg’s Mill Laboratory at
the Doornfontein Campus to obtain a uniform powder. XRF was used to
measure several elements that have a detection limit of about 0.05 mass
per cent. The XRF technique scans for most elements from sodium (Na)
tothose with higher atomic numbers. The scans are semi-quantitative. An
amount of 1 g of the dried sample was then burnt or ignited in the air at
930 °C for 30 min and then the loss on ignition (LOI) was measured. LOI
refers to the volatile content of the sample, such as organic compounds,

Figure 1:

Research Article
https://doi.org/10.17159/sajs.2023/15008

A Google Earth map showing the sites at which soil sampling took place.

2

Volume 119| Number 9/10
September/October 2023


https://www.sajs.co.za
https://dx.doi.org/10.17159/sajs.2023/15008

H,0 from hydrated phases and CO, from carbonates. The analysis was
performed on the remaining 0.700 g after ignition removed 0.300 g of
the 1.00 g soil sample.

Measurement technique and equations

When an atom is irradiated with the appropriate amount of energy, an
electron is ejected from the K shell. To fill the space, an electron falls
out of the outermost shell into a quantum empty state. This descent is
accompanied by the emission of an X-ray photon, which is determined
by its destination and origin. That is, the K and L lines are formed when
a hole is formed in the K and L layers. The electron jump leads to an
X-ray absorption jump. The wavelength corresponding to this transition
is called the absorption edge (band) of the respective element. An
absorption edge is a feature of each chemical element that is used
to uniquely identify the element based on its edge position.* When a
vacancy in the K shell is filled with an electron in the L or M shell, K_or
Kﬁ rays are emitted.

In this study, the wavelength dispersive XRF technique is used
to determine the elements in soil samples. X-rays are diffracted
through single crystal or multilayer optics to select specific
narrow wavelengths or energy ranges that often correspond to the
characteristic X-rays of the element of interest. This allows for high
specificity and sensitivity of the elements due to a high signal-to-
background ratio.*** The WD-XRF system physically separates the
rays according to their wavelengths. The WD-XRF system is suitable
for both major and trace elements.* Figure 2 shows the XRF system
used for analysing samples.*

WD-XRF spectroscopy measures X-ray intensity as a function of
wavelength. This is done by passing the radiation emitted by the sample
through an analysing diffraction crystal mounted on a 20-goniometer.
According to Bragg’s law, the angle between the sample and the detector
gives the wavelength of the radiation*:
2d sing = nA Equation 1
where d is the d-spacing of the analysis crystal, 0 is the half-angle
between the detector and the sample, and n is the diffraction order. The
elements in an unknown sample are identified by the energy they release
when their atoms make a transition from a high-energy to a low-energy
state. According to Bohr, the emission of radiation from the atom is
due to the transition of the atom from a higher energy state to a lower
energy state. In the simplest model of electronic transitions in hydrogen-
like atoms, an electron gives off energy in moving between states with
principal quantum numbers n, and n, and a photon with energy is
emitted. The energy of the emitted photon is given by Equation 2:

me*
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The integers n, and n, represent the angular momentum (units of h) of
the initial and final states of the electron, and Z is an integer, called the
atomic number, which represents the charge units of the nucleus. The
coefficient of 72 is simplified to R_, the Rydberg constant, and Reo
has the value 1.097 x 107 m. According to Moseley, the electrons
in the inner shells*” repel those in the outer orbits. He showed that the
frequencies of the characteristic X-rays emitted by chemical elements
are proportional to the square of the atomic number of the element.
According to Bohr’s theory of atomic structure®, the energy of an
electron in its orbit n is given by:

£ =-fmcZ Equation 3
n n

The K, X-ray emission is due to the transfer of an electron from the
L-shell (n = 2) to the K-shell (n = 1), in which a vacancy has been
created by the irradiation of the atom with X-rays before the transition.
The energy of the K photon is therefore*”-%;

3Rhcz2

E, RthZ( 1_ l) i

5~ 72 Equation 4
Moseley studied X-ray spectra at the same time as Bohr. He noticed that
not all lines pass through the origin when the square root of the energy is
plotted against Z, and to account for this fact he made E depend on (Z-6)?
instead of Z alone.*”*° This leads Equation 4 to become Equation 5:

E,=2hcR 2 o7

Equation 5
When E is small and Z is greater than 10, the typical photon energy is of
the order of 1 keV, and this photon represents an X-ray. In Equation 5,
hcR_ amounts to 13.605 eV.** Dividing Equation 5 by h on both sides,
we obtain an equation that establishes the relationship between the
frequency v and the atomic number Z. The wavelength of the K_X-rays
can be derived from Equation 5 and the result is given in Equation 6:

-4 _1 i
/IKM =3G9 Equation 6
The following equation shows the relationship between energy, E and
proton number, Z. Equation 7 represents the relationship between the
square energy of a photon and the atomic number. Moseley’s law
sayses0;

(Z—a

-

Equation 7

AE=F—f=_M€ (iz _ l2> 72 Equation 2 where E, = hcR_ = 13.6 eV. In measurements of Ka-X-rays for a
8me 2hic\n? n range of elements, a curve of the square root of energy versus Z
Analyzing crystal
Entrance = |
X-ray tube straight Exit straight
polycapillary polycapillary
/ /
“wy
Y
i
N
X-ray fluorescence
X-ray CCD
Sample detector
Source: Reproduced from Tsuji et al.*® with permission. ©2011 American Chemical Society
Figure 2: A typical XRF detection system for analysing samples.
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should be a straight line, where a slope gives the ionisation energy
of hydrogen and an intercept gives the screening factor o for 2—1
transition. With a screening factor known, the Ka X-ray can be used
to calculate the Z of an unknown sample. This is the principle that
the XRF technique uses to distinguish different elements in the
unknown sample.

The essential nutrients in columns 2 and 3 of Table 1 are required for
various biochemical and physiological processes® in plants. The roots
of plants often take up the macronutrients nitrogen (N), phosphorus (P),
and potassium (K) inlarge quantities, so applying NPK fertilisers improves
nutrient-poor soils and crop yields.”® N is essential for stem growth and
provides the rich green colour of plants. P is essential for root and flower
growth, and the natural P derives from organic phosphates released
when organic material in the soil decomposes. K derives from potash
and contributes to the building of plant tissues, supports the production
of chlorophyll and controls the opening and closing of stomata. After N,
K is the element that plants take up in higher quantities.®? Plants remove
N from the soil in the form of nitrates. Some N degrades microbially
through the denitrification process, in which N reduces to a gaseous
form that diffuses out of the soil into the atmosphere.?? K, P, calcium
(Ca), magnesium (Mg), sulfur (S), Na and chlorine (Cl) occur in living
organisms in trace and varying amounts® and are listed in Table 1 in
their categories. 9%

Mineral plant nutrients are divided into two broad groups. Macronutrients are
the ones needed in relatively large quantities by plants, while micronutrients
are the nutrients needed in relatively small quantities by plants.

Table 1:  Essential nutrients and non-nutrients required for plant growth

From air and water From soil and fertilisers

Non-nutrients Macronutrients Micronutrients

Quantification of toxic metals in cropland soil
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Results and discussion

The results of the 11 elements quantified in all soil samples are shown
in Table 2. The system could not measure the elements below neon
(Ne) as it measures from Na upwards. On average, the concentrations
(mg/kg) of the elements found in the field samples are: Al (91.4 + 7),
barium (Ba; 0.488 + 0.03), Ca (16.8 + 5), Fe (39.3 + 0.8), K (15.7 +
0.04), Mg (10.1 £ 0.3), Mn (0.64 + 0.04), Na (8.0 + 1), P (1.3 = 0.4),
silicon (Si; 458 =+ 8), and titanium (Ti; 5.6 + 0.3).

In all soils, the elements are usually present in the form of compounds or
other complex forms formed by previous oxidation or chemical reactions
or formations.'® Felsic rocks are usually supersaturated and contain free
quartz (Si0,). On average, felsic rocks contain high concentrations of
Si, K, Ba, Pb and U.>* These rocks contain minerals such as K-feldspar
(KAISi,0,) and mica (KALSi,AIO,, (OH),) which contain more than one
element in a complex compound.®

When these compounds decompose, their elements become available
in the soil and they are then detected in large quantities because of their
availability in the soil. It is important to note that the availability of a
mineral in large quantities in the soil does not mean that it is readily
available for plant uptake. A good example of this is iron oxides, which
are present in the soil as Fe**, which is not readily available for plant
uptake like Fe?*; the solubility of Fe3* in soil depends on pH. A high pH
impedes the availability of Fe to plants.

Comparability of potash (K,0) in control and field samples shows that
most of the K,0 is predominantly lithogenic. The small difference,
especially in field samples, could be because the roots of the crops
absorbed K,0 in soil water. On the other hand, rutile (Ti0,), which is very
common in soil in KwaZulu-Natal, is harmful to the environment only at
a very high content in the soil. There is a similarity between Ti control
and field sample values. Based on this similarity of values, Tiis of natural
origin. South Africa and Australia produced about 50% of the world’s
production in 2007.% Figure 3 shows the comparison of elements per
sample in mg/kg.

In Figure 3, the samples include a high concentration of Si0,, which
is found in enormous quantities in the earth’s crust but is not readily
available for plant absorption. Figure 3 shows the elemental composition
of the subsurface and nearby rocks from which the soils derive, i.e. Al,
Fe and Si oxides, and their complex compounds. Studies have shown
that the presence of Si in the soil increases the availability of nutrients
(N, P and K), but the extent of this increase is not precisely known.%
Therefore, it is not surprising that the P content in the samples is low and
the N content is not present at all. In the geological sense, Si, Mn, and K
are not trace elements, but major elements.

Field soil samples

Carbon (C) Nitrogen (N) Zinc (Zn)
Hydrogen (H) Phosphorus (P) Copper (Cu)
Oxygen (0) Potassium (K) Iron (Fe)
Sulfur (S) Manganese (Mn)
Calcium (Ca) Boron (B)
Magnesium (Mg) Molybdenum (Mo)
Chlorine (Cl) Cobalt (Co)
Table 2:  Concentration of heavy metals (in mg/kg) in soil samples in this study
Control soil samples
Elements
C17 c18 A17
ALO, 108 110 83.4
Ba0 0.440 0.450 0.470
Ca0 29.0 209 239
Fe,0, 45.2 55.8 38.8
K,0 15.0 12.5 15.4
MgO 14.3 13.2 10.1
MnO 0.680 0.840 0.620
Na,0 6.75 7.83 8.13
P,0, 1.33 0.570 1.53
Sio, 342 421 468
Tio, 5.33 7.03 5.43
Research Article
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A A2 A3 MV +o
99.5 941 88.5 9.4+7
0.480 0.480 0.52 0.488 + 0.03
13.2 14.5 15.8 16.8 +5
39.0 40.5 39.0 39.3+0.8
15.5 16.2 15.6 15.7 + 0.04
9.70 10.3 10.0 10.1+0.3
0.700 0.640 0.600 0.640 + 0.04
9.77 7.52 6.44 8.00 + 1
1.28 1.72 0.850 130+ 0.4
456 458 450 458 + 8
6.01 5.73 5.41 5.60 + 0.3
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Analysis of soil samples
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Figure 3:  Trace elements in soil samples.

The oxides Al0, Na0, K0, P,0, and Si0, are associated with
feldspathic clays and mafic volcanic rocks®, revealing the underlying
rocks’ mineral composition. Other metals present in large quantities are
Ca, K, and Mg. For the significant concentrations, the concentrations of
the metals in the soils ranged from low to high in the order Mg > K >
Ca > Fe > Al >Si. The metal concentrations, in this study, compared
with those reported in the literature are shown in Table 3.

As shown in Table 3, the Fe content found in this study is lower than
that in a previous study,” which is not a negative finding as Fe,0,
cannot have toxic levels in soil'” as it is not readily available for plant
uptake in this insoluble form. The content of Si0,, which is essential
for certain plants, was higher than that reported previously.* The high
content of Si also helps with the uptake of minerals like CaO and MnO
in soil. The interaction of Si and essential nutrients is plant-specific. The
application of Si releases the following elements for plant uptake: N, P,
K, Ca, Mg, S, Zn, and Mn. Plants take up these nutrients well due to
their availability resulting from the presence of Si in the soil.5® Soils with
neutral pH typically have a high K content. The K content is greater than
that reported previously.®*

Although the AL,0, content in the samples is high, it is below the certified
value of 116 mg/kg (16.62 wt.%). To counteract this, the availability of
ALO, is reduced to a tolerable level by increasing the pH of the soil.
K,0 is higher than the certified value of 4.90 mg/kg (0.70 wt.%). SiO,
is higher than the certified value of 318 mg/kg (45.42 wt.%). Na,0
is lower than the certified value of 25.55 mg/kg (3.65 wt.%). P,0; is
very low compared to the certified value of 18.2 mg/kg (0.26 wt.%).
The Ca0 content is also lower than the certified value of 76.51 mg/kg
(10.93 wt.%). Ca0 is a macronutrient and is taken up by crops in large
quantities; the field samples have a lower Ca0 content compared to the
control samples, which could also indicate a low pH in the field samples.
0On the other hand, a high Ca0 content in the soil is often associated with

Table 3: Comparison of results from the literature and those from this study
Concentration (mg/kg)
Elements
Present study Reported
Mn 0.64 +0.04 (167; 377.61-499.68)'7:%8
K 15.7 £ 0.04 (2.53)%
Fe 39.3+£0.8 (8773)"7
Al 91.4+7 (12.3; 1.0)%052
Si 458 + 8 (31)*
Research Article
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a high pH value. The certified values, used for comparisons, were found
in a study conducted at the University of Limpopo Experimental Farm.%

Both Mn and Fe contents were low compared to values reported in other
studies.'”* The Mn content was similar in the field and control samples,
but lower than the FAO/WHO recommended value of 437 mg/kg® and
lower than the range of 377.61-499.68 mg/kg reported in a study
conducted in Alice, in the Eastern Cape, South Africa®. The Al content is
higher than that reported previously*®%2, but lower than the certified value
of 116 mg/kg.%® At a lower pH in the soil, Al becomes soluble and the
amount of Al in the soil solution increases. Al is abundant in the earth’s
crustand tends to be toxic to some plants at concentrations of 2-3 mg/kg,
especially when the soil pH is lower than 5.5.% The BaO content is
similar in all samples but may be higher in the field samples than in the
control samples due to the moderate pH and the application of fertilisers
in the field soil samples. However, the BaO content is lower than the FAQ/
WHO recommended value of 100 mg/kg.

With the present technique, the toxic substances Hg, Cd, Pb, Cr,
Sn and As were not detected in the samples. It is possible that their
concentrations were below the limit of detection (LOD) and the limit of
quantitation (LOQ). Of the toxic metals, the system only detected and
quantified Fe and Mn.

Future prospects and conclusion

The results of this study indicate that toxic metal contamination of the
soils in the croplands investigated may not pose a significant risk. Al,
Ba, Ca, Fe, K, Mn, Mg, Na, P, Si, and Ti were detected and quantified
in the soil samples and they are largely related to the parent material
of the soils in the area, so their uptake by plants is unavoidable as they
are essential micronutrients for plants. However, some elements are not
readily available for plants’ uptake, regardless of how abundant they are
in the soil, while some may also inhibit other elements’ uptake.

Of the toxic elements Cd, Cu, Fe, Mn, Ni, Pb and Zn, only Fe and Mn
were detected. The other elements were not detected, although they
were within the detection range of the measuring system used. This
study provides geological information on the origin of the soil on the
croplands. The predominant elements such as Al,O,, Fe,0, and Si0,
are of lithogenic and non-anthropogenic origin, as the field and control
samples have comparable contents for these elements. The advantage
is that their availability to plants is pH-dependent. The high Si content
usually favours the availability of other nutrients such as N, B and K to
plants, which can lead to lower levels of these macronutrients in the
soil. The low P,0, content in the soil in all samples could mean that the
element was taken up by plants, run-off and erosion and leached into
the subsoil. At this low concentration of P,0, eutrophication is unlikely,
especially in moving water streams. The study shows that neither
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the small towns upstream through industrial waste nor the fertilisers
contribute to metal pollution in the soil and water.

The WD-XRF measurement technique could not detect most of the
toxic metals. This work should serve as a baseline for future studies
on toxic metals in this region. For future studies, using a different
technique to compare and confirm the results might be useful. The
use of a different technique could also help to verify whether the
measurement system failed to detect and quantify toxic metals
because they are not present in the soil or because their content is
below the LOD or LOQ.
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