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ABSTRACT

Clay products in Tatiko village, Paikoro local gorment area in North central part of Nigeria
with coordinates 9°26l 6°38E / 9.433°N 6.633°E have been major instrumentsooking,
drinking of water, eating of meals, decorations angbortations for decades, thus the need to
ascertain the level of trace heavy elements. Sampieed clay sediments were taken at a
vertical depth of 150 cm and a horizontal depti@dcm beneath the earth surface at site 1, and
labeled Tat. Al. Also, Brown clay sediments welernaat a vertical depth 200 cm and
horizontal depth of 100cm beneath the earth surfatesite 2 and labeled Tat. B1. Clay
sediments products with sample identification: T&2, Tat. M2, Tat. F3 and Tat. M3 were
analyzed using Energy Dispersive X-Ray FluorescéBBDXRF) technique (mini pal 4 PW 4030
X-ray Spectrometer) for the determination of sirteeements of interest; Al, Ba, Ca, Cr, Cu, Fe,
Ga, K, Mn, Mo, P, Rb, Si, Ti, V, and Zn. The cotregion of Al, Si, and Fe which were the
major elements in the samples ranged from 6.56%1d%, 18.77 to 29.43% and 8.39 to
17.04% respectively for all the analyzed sampld$ie concentration of the following which
constitute the trace elements; Ba, Ni, V, Cu, GaliPand Zn were within the range of 0.15% to
0.47%, 0.011% to 0.0463%, 0.03% to 0.066%, 0.008%0.0567%, 0.0005 to 0.0896%,
0.1264% to 0.2005% , 0.6591% to 1.049% respectivVdlg concentrations of elements obtained
were outside the range of toxic and hazardous ssiflvie criteria recommended by Federal
Environmental Protection Agency (FEPA) of Nigeri9a.

Key Words: X-ray fluorescence (XRF) method, Si (Li) detect@lay sediments, Trace
Elements.

INTRODUCTION

Tatiko village in the North central part of Nigerglocated in Paikoro local government area of
coordinates 9°28l 6°38E / 9.433°N 6.633°E. The village is covered all owgh clay minerals

that were formed over long periods of time by thadgal chemical weathering of rocks, usually
silicate-bearing, by low concentrations of carbomied and other diluted solvents. The clays in
this village exhibit plasticity when mixed with veaitin certain proportions. When dry, they
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become firm and when fired in a kiln, permanentgitgl and chemical reactions occur [17].
These reactions, among other changes, cause thiodda converted into a ceramic material.

The X-ray fluorescence (XRF) method is fast, adeyraon-destructive, and usually requires
only a minimum of sample preparation [15]. Applioas are very broad and include the metal,
cement, oil, plastic food industries, along withnmg, mineralogy, and environmental analysis
of water and waste materials [16]. XRF is also iy wseful analysis technique in pharmaceutical
chemistry and material physics research. Tracelmétaavy elements, minor elements, micro
elements, or micronutrients) are sets of elemertktware required or exist in only small
amount in ordinary soil, water, air, plant and assn[3]. Trace metals are present in the
environment from both natural and anthropogenic n(maactivities) process [4]. The
accumulation of trace metals in both agricultunadduct and sea food causes various form of
pollution [5].

The term trace metals have been variously refexeass common pollutants, which are widely
distributed in the environment with source mainlgni the weathering of minerals and soil.
However, trace metals are define as those metd#iments, low in the periodic table with high
atomic number (weight) > 100, or a relative dengitgater than five [6].

Some traces metals may be important in the nutridoplant and animals or humans (e.g. Cu,
Cd, Zn, Mn, Ni, V), while others are known to passeirtually negative nutritional effect (e.g.
Pd, Cd, Hg). All these trace metals over largatteres and long time periods may cause gradual
damage of organisms which now necessitate carefi@dsament of their input. Thus, this work
seeks to analyze these groups of trace heavy nretatave to our health [7, 14].

Heavy metals normally occurring in nature are rariful to the environment. This is because
they are only present in small amounts. The heastal®m become pollution when they show up
in huge amounts primarily due to industrializati@ome heavy metals causing pollution are
Mercury, Arsenic, Copper, Lead and Zinc [9, 11, 13,

Within the framework of this study, the concentvat of heavy metals in the clay products
produced in Tatiko locality were analyzed. The imkents of this area used these products for
drinking of water, cooking of food, and even somegpmant women eat these products directly.

MATERIALSAND METHODS

20  SampleCollection
A total of six samples were selected as describeld table below:

Table 1: Samplesites D and descriptions

Sites Sample ID Description of sample sites

Red clay sediments obtained at a vertical depth56tm and horizontal depth of 100cm
1 Tat. Al :

called site 1

Brown clay sediments obtained at a vertical dedtli2@cm and horizontal depth of
2 Tat. B1 :

100cm called site 2
3 Tat. A2 Mixture of Red clay sediments with Browaylsediments with 1litre of water
4 Tat. M2 Mixed clay product during molding beforerig
5 Tat. M3 After firing of molded mixed clay produaté decorated with red coloured clay sediments
6 Tat. F3 Already finished black clay pot used inkiag for five decades (50years)

3.0 Experiment
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The Mini pal 4 version, model PW 4030 X-ray Specteter was used for the analysis. It is an
energy dispersive microprocessor controlled aredyinstrument designed for the detection and
measurement of elements in a sample (solids, peatet liquids), from sodium to uranium.

The six samples collected were dried at 110°C wotilstant weights were obtaine@he dried
clays were manually grinded, in a porcelain mortallpwed by sieving which was aimed at
homogenization in a turbulent mixer. The sample snaere[11.50Qy and pressure of about
10tons applied to produce pellets of the samplesamhalysis. The pellets were loaded into the
sample chamber of the spectrometer system.

The spectrometer was operated at a maximum votia86kV and a maximum current of 1mA
applied to produce the primary X-rays to excite pleflet. A preset time of 10 minutes (for each
of the samples) was employed and an inbuilt Si @déYector was used for counting the
secondary X-rays from the samples and the spediramm the samples were analysed by a PC
running the dedicated Mini pal analytical software.

The high intrinsic resolution (170eV at 5.9keV) aexicellent stability of the Si (Li) semi-
conductor detector permit a direct measuremenhefinitensity of the characteristic x-rays of
elements of interest with very little interferentem other excited or scattered radiation [10].
Thus, the concentration of the elements of intemeseach of the collected samples were
determined by used of simple comparative X-rayriisoence analysis technique which consist
of comparable fluorescence parameters of an ansdytgle to a second material designated as
standard material having accurate predeterminedcertration of the appropriate trace
element(s) of interest. The standards material edealources were manufactured by the
Innovative Research University Australia. The resof the trace elements of interest are shown
in Table 2.

RESULTSAND DISCUSSION

Results (Table 2) for red clay sediments (Tat Alijamed at a vertical depth of 150cm and
horizontal depth of 100cm called site 1 shows thatconcentration of Al, Si, and Fe was high
of 9.999, 22.98132 and 17.03674% respectively mbdevhe concentration of K, Ca, Ti, V,

Cr, Mn, , Ni, Cu, Zn, Ba, and Ga, were very low hiit the range of 0.032128% for Zn to
2.522896% for K. The following elements, Mo, P, &ldwhere below detection limits. Silicon,

which is the highest in concentration of 22.98138%hown graphically in Fig.1

The results (Table 2) of the brown clay sedimentd.(B1) obtained at a vertical depth of 200cm
and horizontal depth of 100 cm called site 2 shbwgh concentration of Al (10.5820%), Fe
(10.18550 %) and Si (27.0908%) shown in Fig. 2 vki| Ca, Ti, V, Cr, Mn, , Ni, Cu, Zn, and

Ga, ranged from 0.00580% for Ga to K (1.89217%)weler, Ba, Mo, P, and Rb were below
detection limit (BDL).

The mixture of red clay sediments with brown clagisments (Tat. A2) with llitre of water
showed that Rb (11.86330%), Al (6.560840%), Si{1840%), and Fe (16.31000%) were high
while Mo and P were BDL as seen in Fig. 3. The ioset of elements K, Ca, Ti, V, Cr, Mn, , Ni,
Cu, Zn, Ga, and Ba, were observed to be low witténrange 0.00414% (Ga) to 2.74697% (K).
For the mixed clay product (Tat. M2) during moldiagaiting firing, the concentration of Al
(11.1111%), Si (27.74570%), Fe (8.78392%) was highe K, Ca, Ti, V, Cr, Mn, , Ni, Cu, Zn,
and Ga, range from 0.01101% for Ni and 2.00836%Kforhe element Rb was BDL as shown
in Fig. 3.
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In the already finished black clay pot used in ¢ngKor five decades (50years) with sample ID
Tat. F3 shows Al (9.68253%), Si (29.42730%) and8&8392%) were high while Ba and Rb
were below detection limit. The elements K, Ca,\,iCr, Mn, , Ni, Cu, Zn, and Ga, were less
within 0.00803% for Cu and 2.18014% for Ca showifiable 2 and Fig. 5.

Finally in the case of the after firing of moldedixed clay product, decorated with red coloured
clay sediments (Tat. M3) Al (8.295230%), Si (25.82%) and Fe (14.898416%) were high
while Mo, P, and Rb were BDL. However, the othanatnts of interest K, Ca, Ti, V, Cr, Mn,
Ni, Cu, Zn, Ga, and Ba, ranged from 0.039071% fara@d 2.47820% for K as shown in Table 2
and Fig. 6.

Table 2: Concentration of Elements Deter mined in thiswork

S/IN Element TatAl TatBl TatA2 TatM2 TatF3 Tat. M3 Range

1 Al(%) 9.9999 10.582 6.5608 11.111 9.6825 8.0952 6.5608-11.111
2 Si(%) 22981 27.091 18.777 27.745 29.427 25.316 18.777-29.427
3 K(%) 25228 1.8921 2.7469 2.0083 1.0456 2.4482 1.0456-2.7469
4 Ca(%) 0.5461 1.2723 2.4231 1.4224 2.1801 2.0729 0.5461-2.4231
5 Ti(%) 1.0066 0.8508 1.0486 0.6591 0.5195 0.9407 0.6591-1.0486
6 V(%) 0.0659 0.0526 0.0559 0.0330 0.0300 0.0559 0.0300-0.0659
7 Cr (%) 0.0581 0.0328 0.0636 0.0266 0.0273 0.0526 0.0266-0.0581
8 Mn (%) 0.0774 0.1400 0.1780 0.0874 0.0897 0.1315 0.0774-0.1780
9 Fe (%) 17.036 10.188 16.3100 8.7839 8.3856 14.898 8.3856-17.036
10 Ni(%) 0.03852 0.0141 0.0463 0.0110 0.0135 0.0369 0.0110-0.0463
11 Cu (%) 0.05111 0.0167 0.0567 0.0175 0.0080 0.0503 0.0080-0.0567
12 Zn (%) 0.03212 0.0080 0.0626 0.0152 0.0592 0.0618 0.0080-0.0626
13 Ga (%) 0.04855 0.0005 0.0041 0.0177 0.0896 0.0390 0.0005-0.0896
14 Ba(%) 0.40324 BDL 0.4659 0.1523 BDL 0.3494 0.1523-0.4659
15 Mo (%) BDL BDL BDL 0.1667 0.1867 BDL 0.1667-0.1867
16 P (%) BDL BDL BDL 0.1264 0.2005 BDL  0.1264-0.2005
17 Rb (%) BDL BDL 11.883 BDL BDL BDL  0.0000-11.883

(BDL=Below detection limit)

From the overall results, the following elements Ba, Cu, Cr, Fe, Ga, Rb, K, P and S were
depleted after heat was applied, while Ca, Si, kad An were enriched after heat was applied.
The depleted elements may be due to the mixingeosamples or during the making of the clay
product. The results also show that Silicon hashighest percentage concentration in all the
samples analysed (Fig. 1-6), Ni, V and Cu do noy waall the sediments. Some are toxic while
others relatively harmless to all organisms. Frém teport of the committee on substances,
Federal Environmental Protection Agency, Nigeri@9g) it was observed that the elements
classified as toxic element As, Cr, Pb, and Seen@d classified as hazardous were not found in
the entire clay products sediments analyzed. Timesresults (Table 2 & 3) shows that the clay
sediments might not pose any hazards and are spittble for cooking, drinking and decoration
purposes.
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Table3: Permissible criteria of substancesto human health

S/N Substance Permissible criteria (ppm) Desirable criteria (ppm)
1 Arsenic (As)* 0.05 Absent

2 Calcium (Ca) 20 -

3 Cadmium (Cd)** 0.01 Absent

4 Chromium(Cr)* (hexavalent) 0.05 Absent

5 Copper (Cu) 15 Virtually absent
6 Iron (Total Fe) Less than 0.3 Virtually absent
7 Lead (Pb)* Less than 0.5 Absent

8 Magnesium (Mg) 150 150

9 Manganese (Mn) Less than 0.5 Absent

10  Mercury (Total Hg) 0.0001 Absent

11  Selenium (Se)* 0.01 Absent

12 Zinc (Zn) 15 5

* Highly Toxic, ** Hazardous to health
Source: Report of the committee on substances rédervironmental Protection Agency, Nigeria (1998)

The range of the concentration of the elementsReuZn, and Mn for all the samples were far
below the permissible criteria indicated in TableeBommended by FEPA 1998. Figure 1 shows
the percentage concentration of some of the heastalenof interest present in all the clay
samples. Al, Si and Fe have the highest percertageentration in the clay product production
processes which are not necessarily required byaharm large quantity but are all essential to
plants. The toxic elements; Ba, Cr, Ga, V and Zmeweelow the limit recommended by the
report of the committee on substances, Federal r&mviental Protection Agency (FEPA),
Nigeria (1998) for substance in relation to humaealti.

However, K was found within 1.0456-2.7469 % in thenic compounds which could undergo
increased leaching in acid soils and has an anistgoinfluence on its bioaccumulation by
plants. Fe in the clay sediments occurs within ea8§856-17.036% in residue form and could
be bound to organic matter. Fe has large sorptpacity for other metals. Organic compounds
increase mobility of Fe and its bioavailability fplants [17]. Mn concentration was within the
range 0.0774-0.1780% where it exists as a lardaente on anthropogenic activity. Mn also
forms its own oxides and hydroxides, bounds witgaaoic matter and decides about redox
reactions of other elements. Excessive pollutiorclaly sediments by Mn could occur after
fertilization with liquid manure as has been thagpice in this village for yam production. Zn is
an element which could be found mainly in resid@s Wetermined within the range of 0.0080-
0.0626% may have been introduced to the clay sedsrsuring pollution of the environment
with compounds of Zn. This could create stable lsow@th organic matter, strong compounds
with Fe and Mn oxides. The mobility increases vadtreasing pH [1], [17], but in alkaline soils
Zn could be mobile, because of its ability to ceeatineral-organic compounds and anion
complexes. Rb observed in Tat. A2 (11.883%) occainl in residue form in the mixed
sediment products which may be from areas of h@uon, like housing estates, parks, petrol
stations of Paikoro main town. Rb over variousticms depends on the origin of the clay saill,
the influence of anthropogenic activity (in clayilsdrom areas of high pollution Rb exists in
easy exchangeable form). Increasing Rb contentgamc matter fraction could be connected
with a large content of organic matter, its acidityd fertilization. Distribution depends on the
origin of the soil and the pH value. In the liglicasoils Rb is easy leachable while in alkaline
soils it could be initiated and bioaccumulated bgngs. However, Fe, Mn, Zn, and Rb in acid
clay soils are easily leachable and, worse: biaactated by plants. Their organic and mineral-
organic compounds are very important in soil-forgnprocesses and influence other elements.

374
Pelagia Research Library



NjingaR.L et al Adv. Appl. Sci. Res,, 2011, 2(6):370-378

Some of them have a good mobility in alkaline ctoyls because of their ability to create
mineral-organic compounds and anion complexes.

A large precipitation of carbonate and oxide fractcould be connected with acidity of used
reagent, which could cause releasing of metals fttay, which are then associated with other
fractions, like carbonates and oxides. Occurrerfciarger association of metals with humic
compounds could be connected with the presenceagf igh content and with advanced
processes of mineralization, forming humic compaunbh some clay sediments product
samples, a larger content of organic matter fractikas ascertained, which could be connected
with a high content of organic matter and with #ifsdity of some elements to create stable bonds
with organic compounds. However, occurrence of rgelaresidue in examined samples is
possible in mineral soils with high content of cleynere elements (Zn) have the ability to
penetrate crystal structure of silicates.
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Figure 1. Percentage Concentration of Elementsin thered Clay (Tat Al)
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Figure 2: Percentage Concentration of Elementsin the Brown Clay (Tat B1)
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Figure 3: Percentage Concentration of Elementsin the Mixed Clay sediments (Tat A2)
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Figure4: Percentage Concentration of Elementsin the Molded Clay sediments (Tat M 2)
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Figure5: Percentage Concentration of Elementsin the Black Clay Pot used for 50 years (Tat F3)
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Figure 6: Percentage Concentration of Elementsin the Clay Finished Product after firing (Tat M 3)
CONCLUSION

The obtained results have shown that applicatiothef XRF method gave an array of the
elemental composition of clay sediments productTatiko village, Paikoro local government

Area, Niger State-Nigeria. This work showed sevemtdifferent elements which were neither
toxic nor hazardous to humans as classified byeperts of the FEPA, Nigeria, [2]. This work

showed clearly that the toxic elements; Ba, Cr,\Gand Zn were below the limit recommended
by the report of the committee on substances iatioel to human health, by Federal
Environmental Protection Agency (FEPA), Nigeria.[ZThese results gave the information on
the main contents of the clay products, anthropmgactivities which influence clay sediments,

natural clay-forming processes and hazards, coedegith changes of elements chemical form
under environmental conditions and their influenndiving organisms.
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