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Abstract

In this paper, the contamination level of thirteen dements (Si, Ca, K, V, Ti, Fe, Co.
Zn, Rb, Sr, Y, Zr and Nb) from soil samples of the Fadama areasin Zaria, Nigeria were
investigated with Energy Dispersive X-ray Fluorescence Technique (EDXRF) method.
Generally, EDXRF isone of thereliable tools for determining the concentration of trace
elements and heavy metals. I n this study, the soil contamination level of all heavy metals
and trace elements was compared to the range, mean, and median values of the World
soil as well as with other studies. The concentrations of Si (30.2%), K (1.98%), Ti
(0.49%), V (242 ppm), Zn (149 ppm), Y (50.6 ppm), Zr (884 ppm) and Nb (33.1ppm) are
relatively higher than those of the World mean values. Furthermore, comparison to
world range values for soil revealed that high concentration ranges are also observed
for Zn (56.23-664.53ppm) and Y (32.73-94.37ppm). However, contamination level of all
elementswas not evenly distributed in the studied area. For instance, the pollution levels
of V, Zn, Zr and Nb were higher in the study area. The contamination level of potassium
is everywhere lower than the average world value. The level of contamination is
determined with help of enrichment factors which gave high valuesfor K, Zn, Rb, Y, Zr,
and Nb.
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1.0  Introduction

The soil, a main part of the terrestrial ecosystisra, heterogeneous mixture of different organiant minerals, organic
and organo-mineral substances present in threeeghaslid, liquid and gas [1]. Theadama soil is one of the most
endangered components of Zaria environment opeotential contamination by a variety of differerdgllptants arising
from human activities such as industrial, agriadtuetc. [2]. Although the trace elements in so# very important for the
quality of soil and environment, excessive levetrate elements can cause pollution of water, tiyxin plants, foods and
ultimately in animals and humans that feed upomtfig-4]. As a result, the limits of metal depogitirates to soils should
take into account the general ecotoxicity, phytamity transfer to animals, and risk to the humamalth. The trace metal
concentrations in soils may be affected by the ditjpo of wastes released from various industraes] other related
establishments. The erosive weathering, lead-basdspfrom the outer walls of buildings, land treaht of sewage sludge
and natural sources of trace elements, e.g., windbldust, forest wildfires, sea salt emission ardetation may also
contribute to the soil trace metal elevation [5]nddntrolled development of industry, agriculturedanrbanization
accelerates the input of heavy metals into the fadenvironment in particular and the world in gah§t]. Heavy metals
have been the subject of particular attention beeand their long-standing toxicity, mobility in tleeosystems and transfer
into the food chains when specific thresholds hbgen exceeded [6]. An important background for il of work
requires the knowledge of geochemical baseline exnations of elements in the study area. The tedement pollution
depends on geochemical and biochemical properti@esgiven element .The need of measuring the backngl levels of
inorganic material in soils increases with time doethe increasing of man’s activities susceptiblecontaminating the
environment.

The geochemical baseline concentrations of metadsii for theFadama area are not available. The aim of the present
work is to assess the contamination level of thé samples taken at different points around thedwgtarea. The risk
assessment of the present study is based on theacison between the levels of contamination ingtuglied areas and the
established guidelines or screening values [7]addition, level of contamination in the soil sangpleas estimated by
comparing with the world average levels and theio#ipecified guidelines for the element in sotiss Imore likely that the
high content of some elements in the soils is alre$ human activities around the area.
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2. Materials and Methods

In order to study the validity of EDXRF, samplesrevgorepared from four reference materials namely§-AGV-
1(Analyzed Andasite), USGS-G@&ranite), NIS™-278(Obsidian Rock) and NISG88(Basalt Rock).The samples wi
analyzed usindhe EDXRF facility of CERT, A.B.U Zaria, Nigeria.t&dard reference materials powders were use
preparation of pellets for EDXRF analysis. Pellet20 mm diameter and constant thickness of 5 cmewébtained fron
standard samples.

The spectrometeonsists of a Si(Li) detector, a preamplifier, aifigel and a 4096 mul-channel analyzer(Fig 1).In tl
XRF spectrometer, the primary excitation result¢hi@ emission of the characteristi-Rays photons of various energi
These phains enter the depletion volume of the Si(Li) deteeind loose energies in photoelectric encountdrs.resulting
photoelectrons ionize the detector material, prodyelectror—holes pair whose number is proportional to the gnef the
absorbed phota The generated charge, collected by high voltage across the detector is converted to voltaggepuanc
amplified by charge sensitive Field Effect TrarmistFET), a preamplifier and a linear amplifier.eThmplitude of eac
pulse is proportionalotthe energy of the initial -Rays that produces the pulse. The process of gereia a pulse by .
photon and collection is accomplished in less tbaa micro second. The repetition of identical esenta measure ¢
specific radiation, relates to tisencentration of an element in the sample whichbeadetermined quantitatively.

In this work, X —Rays emanating from two sourc!®Cy, *°F) were used for the excitation of the charactessk —
lines of the analytes. The qualitativeR&y Andysis System (QXAS) Software was used for the aitjon of spectra, fitting
of photopeaks and calculation of final concentration. A sth-filter background model was used for fitting thesjpum of
the energy region of interest using the - linear kast square fitting programme called AXIL, contdine the QXAS
package.
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Fig. 1: Detection System for the EDXRF Techni

1. Dewar Ae-amplifier

2. Si (Li) Detector B. Higfoltage Suppl
3. Annular Source C. Ampli

4. Be Detector Window D.Mi-channel analyser
5. Sample Holder E. Comg

6. Sample F nRgi

3. Results and Discussions

The measured concentrations of Si, Ca, K, Ti, V, Fe, Zo,Rb, Sr, Y, Zr and Nb. in the soil samples with absolut
standard deviations and the World median valugh@tlements estimated by Bowen [8] are presentdable 5. In orde
to evaluate the acracy of this method, the concentration of théofeing elements: Si, Ca, K, Ti, V, Fe, Co, Zn, B, Y,
Zr and Nb were reinvestigated and the values comdpaith literature values of Reference Materiallse fuality assuranc
results (Table 1, 2, hd 4) shows that the determinations for most ofefleenents were in good agreement with the Star
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Reference Materials literature values. The valdekerelative errors ranged from 1 to 30% for nafste elements and this
is within the permissible limits [9].Only few elemts showed a very high deviation from their litaratvalues. This might
be from the uncertainty in literature values beeatle concentrations of the elements showing lalg@ation were
measured accurately in other standard referenceriaat For Co, with exception of the value obtdifier NIST- 688 our
results were far from the recommended values ofA|RE The relative errors for Co were 83% for UGSRGV -1, 73%
for NIST-278 and 133% for USGS — G — 2, but theyemgithin the values obtained by other researcj8drs

In Table 5 the mean concentrations, medians andatiges of concentrations in tRadama soils were compared with
that of the world soils. In almost all the samplid® lowest concentration is found except for V, Znand Nb which are
above the corresponding range of the world.

Table 1: Determination of elemental content of NI$ — 278 SRM (Values in %, otherwise in ppm).

Element| Literature valu¢ Thiswork Relative erfar
Si% 34 33.15 3
K% 3.44 3.49 1.5
Ca% 0.70 0.82 17
Ti% 0.15 <0.17 -
V% 15.0 ND -
Fe% 1.05 1.06 1
Co% 1.5 2.6 73
Zn% 55.0 <73.4 -

Rb 127 127.4 0.3
Sr 63.5 63.8 0.5
Y 41.0 41.3 0.7
Zr 295 295 0
Nb ND 16.8 -

Table 2: Determination of elemental content of USGS AGV-1 SRM (Values in %, otherwise in ppm).

Element| Literature value[2] This work Relative ero
Si% 27.4 25.1 8
K% 241 2.50 4
Ca% 3.53 3.71 5
Ti% 0.63 0.68 8
V% 121 140 16
Fe% 1.60 1.60 0
Co% 15.3 28.0 83
Zn% 88.0 86.7 1

Rb 67.3 51.1 24
Sr 662 651 2
Y 20.0 15.4 23
Zr 227 227 0
Nb 15.0 <25.5 -

Table 3: Determination of elemental content of USGS G-2 SRM (Values in %, otherwise in ppm).

Element| Literature value[2] This work Relative erd6
Si% 32.2 32.0 1
K% 3.71 3.58 4
Ca% 1.40 1.28 9
Ti% 0.28 0.20 29
V% 36.0 36.5 1
Fe% 1.60 1.11 31
Co% 4.60 10.7 133
n% 86.0 86.0 0

Rb 170 170 0
Sr 470 495 4
Y 11.0 12.2 11
Zr 309 309 0
Nb 12.0 12.0 0
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Table 4: Determination of elemental content of NIST 688 SRM (Values in % otherwise in ppm).

Element| Literature value[2] This work Relative erdé
Si% 22.5 26.5 18
K% 0.16 0.05 69
Ca% 8.68 8.35 4
Ti% 0.70 0.67 4
V% 250 223 11
Fe% 5.93 2.23 62
Co% 49.7 49.7 0
Zn% 58.0 79.6 37

Rb 191 ND -
Sr 169 162.5 4
Y 17.0 154 9
Zr 60.6 60.6 0
Nb ND 13.0 -

The application of EDXRF technique in this work Heeen successful in the determination of elemeawots the Fadama
soil. Most of the elements identified are heavyatsebdf environmental concern. The elements detexthimere: Si, Ca, K,
Ti, V, Fe, Co, Zn, Rb, Sr, Y, Zr and Nb. Only V,,keéo and Zn fell within the plants toxic limits eeported by Bowen [8].
However, the maximum values of most the elemente@xV, Zr and Zn are found to be below the givemlevrange. The
mean value of K is lower than that of the world.mwost cases the median values of the present experishow close
agreement with that of the world median [7]. Onaltiger hand, median values of measured elemenépeX; Zn and Zr are
below to the World median [8]. The concentratiohsnajor elements (major nutrients) such as K arthinrange of 1.26-
2.62%. On the regional scale, these soils areivelgtrich in several heavy metals such as potassuanadium and yttrium.
Vanadium is toxic to humans and other animals T8le concentration of V varies between 10.75- 124pdh which is
within the world mean range.

Table 5 Range, mean and median value for Fadama &and world soils. All values are in % otherwisén ppm.

Soil from Fadama area (n=10) World[1]
Element Range Mean *gp Median Range Mean Median
Mean
Si% 28.52-37.74 33.74 3.23 32.45 NA 7.13 7.
K% 1.92-2.62 2.36 0.22 2.46 NA 1.4 1.4
Ca% 0.29- 0.52 0.38 0.08 0.35 NA 1.37 15
Ti (%) 0.38-0.52 0.45 0.04 0.45 0.1-0.9 0.46 0.5
\Y 10.77-124.94 27.14 49.07 67.86 3-500 100 90
Fe (%) 1.03-1.53 1.16 0.08 1.14 NA 0.63 4
Co 8.20-22.70 12.89 3.75 12.61 NA 850 8
Zn 57.36-201.82 107.17 55.93 80.24 NA 0.63 90
Rb 97.42-129.16 117.17 12.69 113.67 NA 7 150
Sr 54.89-76.38 66.13 8.28 63.05 NA NA 250
Y 32.2-85.60 52.34 17.63 42.92 NA NA NA
Zr 821.68-1018.01 712.64 268.02 882.90 NA NA NA
Nb 25.78-34.32 28.15 6.95 29.65 NA NA NA

NA=NOT AVAILABLE
The lowest and highest concentrations of Ti ar8%.&nd 0.52% which is within the limiting valueswérld soil (0.1-0.9
%).
Table 6 Elemental Enrichment Factors

Eement Range Mean *gp Median
K 0.95-1.12 1.042 0.057 1.03
Ca 0.05-0.54 0.166 0.188 0.07
Ti 0.45-0.72 0.592 0.101 0.6
\Y 0.06-0.66 0.144 0.259 0.36
Fe 0.12-0.19 0.152 0.023 0.15
Co 0.2-0.72 0.444 0.182 0.44
Zn 0.56-2.19 1.176 0.663 0.76
Rb 0.93-1.43 1.228 0.175 1.38
Sr 0.11-0.18 0.138 0.027 0.12
Y 0.78-2.0 1.364 0.389 1.3
Zr 2.0-5.15 3.886 1.233 4.24
Nb 0.57-1.54 1.162 0.336 1.18
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The enrichment factors shown in Table6 are therohéted elements are calculated with the help ofdtlewing equation:

- [XIs/MSs

XIS

where [X]kis the concentration of element in the samplecX]the concentration of the element in the earttstcr]S]s
concentration of silicon in the sample angd8oncentration of silicon in the earth crust.

The values of the enrichment factors are showrainle 5. Elements that show enrichment are K, 2n,YR Zr, and
Nb. The other elements are depleted. A four aasseping of trace in soils according to their tatyiavas reported by Wood
[10]. Based on this classification, the enrichmeritthe element determined from thadama soils were plotted to show the
extent of soil enrichments (Fig2).

- DEPLATION ENRICHMENT -
A
Si
? Class A
Co Zn
Class B
Ti Nb Zr
Class C
\Y
Class D
Sr Y
Ca Fe K Rb
- A A A A,
- ] Y \j v ] -
0.1 0.5 1.0 5.0 6.0

Fig. 2: A schematic representation of the FadanieeBdchments.

4. Conclusion

The study clearly showed that in certain locatitwe soil samples have higher values of concentrgtieean, median
and range) compared to that of the world whichdatihg that the soils of these sites have beenaatinated by the
activities carried out around the study area. Tleasured results show that surface soils in thisonegre polluted to a
certain extent with several metals, for exampledbecentration of Si, K, Ti V, Y, Zr and Nb. Thentamination level is
relatively high for V. However, there are no avhitascientific studies that indicate the harmfdiefs of these pollutants on
the human population or other biological specidsl, #arge amounts of vegetables and fruits arevésted in the gardens
and farmlands by the people of the surrounding.dtea therefore, necessary to determine the tewélheavy metals and
other trace elements in soils, and uptake by véigataand other biological species and take appmt®psteps to protect the
people from the health hazard of the excessivddenfemetals. The degree of soil pollution arouneéFadama area poses a
risk to human health, because it may pollute tesHrwater sources that supply drinking water toZhea inhabitants and
the nearby areas. Further studies should be castietb understand the full-phase level of contatidm in the water and
vegetation of the nearby areas of Haglama area.

The degree of soil pollution around thadama area may indicate a risk for human health alsoonnection with
pollution of water sources supplying the city withinking water. Further studies should be carrietiin all areas where
excessive levels are shown in the surface soiksn évthe reason is a high natural content, in otdesee to what extent
growing of agricultural crops on these soils affeitte concentration of the heavy metals naturalgsent in thé=adama
soils.
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