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ABSTRACT

The speciation of metals in environmental sampkesai serious factor in appraising the potential
environmental impacts, before their disposal. Thxessep extraction procedure previously proposed by
Obasi et al., was used with modification to systirady study the speciation of Cd, Cu, Mn, Pb, Es,and
Cr. in a farm treated with the dumpsite soils. Epeciation study revealed higher distribution @& thetals

in the residual fractions except Pd. The resul® ahowed that there were low tendency of bioaiiia
and reactivity in the environment. The results loé thewly introduced extractants (BgeCmixture of
BeChL/BaCL and CaGINH,CI), revealed that these reagents could be usedth®rleaching of the
exchangeable fraction in speciation analysis. Be&iracted 0.6499mg/kg of the exchangeable Cd whéde
conventional MgGl extract 0.010mg/kg (Cd). The results also revedtet the mixture BeGIBaCh
extracted 0.4384mg/kg of Cd. The use of the mixafrBeCL/BaClL and CaG/NH,CI extractants leached
exchangeable Ni more than the conventional singltaetants. BeG| NH,Cl and the mixture of
BeCL/BaCk, reagents were better extractants for the exclangd®in in soil samples.

Keywords: Speciation, bioavailability, extractardampsite, heavy metals, exchangeable fraction.

INTRODUCTION

The presence of heavy metals in urban solid wasiges serious concern about the adverse
environmental impact as a result of the use dumssil as manure in agricultural lands. High ancessive

accumulation of heavy metals in the soil may evalhficontaminate both human and animal food chajn |
2]. It is widely recognized that to assess the remvhental impact of soil pollutignthe determination of
total heavy metals concentration does not provikful information about risk of bioavailability, xi@ity,

capacity for remobilization of heavy metals in #revironment and chemical forms of a metal in whiwdy

are available in the soil [3, 4,5]. Therefore,gao-environmental studies of risk assessment, adami
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partitioning among the various geochemical phasesdre useful than measurements of total heavylsneta
contents [6]. The chemical speciation of heavy isetlowed the assessment of heavy metal bioavkijab
and is related to the different natures of the feetheir bonding strength, and either in free ¢cofarm or
complexed by organic matter, or incorporated in theeral fraction of the sample [7, 8]. In addition
speciation will determine metal mobility and henpaetential contamination of ground water following
dumpsite soil application. Therefore, chemical sgtemn can be defined as the process of identifang

guantifying different species, forms or phasesgmes a material [9, 10].

Today, speciation science seeks to characterideaat some of the most important forms of an
element, in order to understand the transformabiemveen forms which can occur, and to infer frorohsu
information the likely consequences for exampleéeirms of risk assessment, toxicity or biologicaiaky
[11]. As such, it is a discipline which is of redce to scientists with many different backgrounds:
Chemists, toxicologists, biologists, soil and seshinscientists, physicists and specialists in variaspects

of nutrition and medicine; all require this typeinformation.

Selective sequential extraction procedures have beenmonly used for studying metal mobility and
availability in soils. Numerous extraction schen@ssoils and sediments have been described [1,214,3
15]. Despite uncertainties as to the selectivitythad various extractants and to possible probleoss td
readsorption, extraction procedures provide qualgaevidence regarding the forms of associatiohezvy

metals and ultimately, of their bioavailability [[L6

Therefore, the aim of this present study was tduata the chemical speciation of heavy metals in a
farm treated with urban solid wastes and to asesdeaching of the exchangeable fraction usingesom

reagents.

MATERIALSAND METHODS

Study Area
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The farm (Fland F2) in this study are located al2®@®m from Kuru Jantar dumpsite on longitude

08’ 53'E and latitude 090 42 N (Garmin GPS model ef@x See figure 1

Sample Collection and Treatment

Top soil samples were also collected randomly ftaenty different locations in the farms that used
manure from the dumpsites and control farm. Thessonples collected were air-dried, crushed andquhs

through a 2mm sieve. The sieved samples were kagallophone bags for laboratory analysis.

Total Heavy Metal Analysis

Triplicate samples (3.0g) of the sieved soil saaphere digested with 25ml of aqua regia (HCI +
HNOs, 3:1 v/v) at 126C on a water bath in a fume cupboard.  The digesamples were filleted into a
100ml volumetric flask and made up to the mark wiistilled/deionised water.[15, 16, 17] The
concentration of the metals in the digested saiha solutions were determined using Buck Sciantifi
model 210VGP atomic absorption spectrophotometevaaielengths and slits specific to each metal. The
metals analysed were lead (Pb), copper (Cu), chuongCr), nickel (Ni), zinc (Zn), iron (Fe), cadmiu@d)

and manganese (Mn).

Sequential Extraction of Metals
Exchangeable fractions[F1]

The exchangeable fraction was extracted using 1MAdH(instead of MgG)), pH7, in stoppered
polyethylene bottles at room temperature [6]. Tieetfon was also extracted using the new extmésta
(BeCh, MgSQ,, a mixture of BeGIBaCkL (1:1vv) and CaGINH,CI (1:1) following the same procedure
with stirring on a magnetic stirrer.

Acid Soluble (bound to carbonate fractions) [F2]



82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

The carbonate fraction was extracted from the wesiof [F1], using acetic acid, GEOOH, with
buffering by CHCOONa, pH5, in a stoppered polyethylene bottl@abr temperature [11, 18].

Easily reduciblefractions (bound to Fe-Mn Oxides) [F3]

Easily reducible fraction was extracted from thsidee of [F3] with a mixture of hydroxylamine
hydrochloride (NHOH. HCI) and 0.2M trioxonitrate (V) acid (HNfpand agitated at room temperature for 1
hour [18].

Reducible Fraction [F4]

Reducible fraction was extracted from the thirdides [F3] with a mixture of hydroxylamine
hydrochloride (NHOH. HCI) and 25% ethanoic acid (@EIOOH) and agitated at room temperature for 15
hours [19, 20].

Oxidizable (bound to Organic fractions) [F5]

The oxidizable fraction was extracted from theHaesidue [F4] with a mixture of 30%,68,/0.02M
HNO; at 85C on water bath for Shours [21].

The Residual fractions (bound to Silicates)[F6]

The residual fraction was extracted with 25ml ofimgegia (HCl + HN@ 3:1 v/v) at 126C on a
water bath in a fume cupboard [22, 23]. Metal Isviael each fraction were determined using the catidar
Buck Scientific model VGP 210).

Results and Discussion

The speciation study was conducted for a farm udingpsite soil as manure to ascertain the forms
of the heavy metals in soil. The findings of peestearchers had implicated mobility and bioavditgtof
metals for plants uptake with the form of the mé&gleciation) in the soil [9, 24, and 25]. Theutesof the
six chemical fractions [26] for seven heavy me{@s, Mn, Fe, Cd, Ni, and Zn & Pb) are presented in
Figure 1. The percent of each fraction associafi¢u the total extractable metal is also presemegigure

4.
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Figure1l: A Farm [F1] in Kuru Jantar using the Kuru Jantar Dumpsite Soil as manure

Figure2: A Farm [F2] in Kuru Jantar using the Kuru Jantar Dumpsite Soil as manure
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The results of the study showed that copper wasleteicted in the easily exchangeable and reducible
fractions. This could mean that copper does nist @x these forms in the soil analyzed or it wassent in
concentration below the detection limit of the AASed. Copper was associated predominantly with the
residual fraction with 92.39% of the total extrddéametal in the oil. The predominant associatiohs
copper with the residual fraction have been repoirtevaste soils [16, 26].  Similarly, [27] hakeported
copper in the residual fraction and oxidizable tiatbecause of its affinity to organic mattersn Qe other
hand, [28] reported that Cu was bound with redecdmd oxidizable fractions in the tannery sludgee T
high percentage of copper in thus fraction (non-ledipaction) suggests that it may not be readugikable
for plant uptake even though it was present insihié analyzed. The results showed that copper alss
associated with the acid soluble, easily reducinlé oxidizable fractions. The availability of thrsetal in

the sequentially extracted fractions follows theesr residual>easily reducible> oxidizable> acitlibte.

Figure 3: The Speciation of Heavy Metal in the Soil Samples Collected from the Farm
Using Manure from Kuru Dumpsite

Speciation of Metals in Soil from the
Farm
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Figure 4: Percent of Trace Metal Chemical Fractionation of Soil Samples Collected

from the Farm Using Manure from Kuru Dumpsite
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Manganese was found to be associated with allriatiéns with the residual and oxidizable fracti
dominating. The residual fraction d 46.05% while the xadizable fraction had 28.01% of the to
extractable metalThese results are comparable to thos[16] who reported Mnto be mostly associated
with the residual fractions. These findings could Imked to the preferential incorporation of Mrtai
silicate lattice. Also, the high Mn level in theganic matter bound fractions may be connectedd®#se o
complexation and peptizatidbetween the metal and natural organic matternikaic and fulvic acic [29].
Relatively high levels of manganese in this fratt@ave been report [1, 9]. The association of mangane

with residual fraction implies patitbning into crystalline oxies [9].



151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

In this analysis, the easily exchangeable fracéiod acid soluble accounted for 12.18% of the total
extractable manganese. The easily exchangeablgofragnd acid soluble fraction constitute the mebil
fractions that are readily available for plant ket430]. The presence of Mn in these fractionggests
that the metal could be bioaccumulated to somenéext@he availability of this metal in the sequatly
extracted fractions follows the order: residual>id@able> easily exchangeable> reducible> easily

reducible> acid soluble.

Iron was not also detected in the easily excharigeaid acid soluble fractions. Iron was however,
predominantly associated with the residual and gibdiel fractions having 38.93% and 29.54% respelstive
Such findings have been reported in previous rebg@l, 32]. The high percentage of iron in thadesl
fraction is also consistent with the results of g8l 34]. The residual fraction can be taken gsi@e to the
degree of pollution of the soil. The smaller theceatages of the metal present in this fractioa,greater
the pollution of the area [35]. The high perceptagn found in residual fraction in this studyas
important repository of iron in the soil. The daadility of iron in the sequentially extracted ftems

follows the order: residual> reducible> oxidizabkessily reducible.

Cadmium was predominantly associated with the hadlbactions (easily exchangeable and acid
soluble) with 70.18% and 29.82% respectively. Sanhyl [21] reported the association of cadmium wita
easily exchangeable and acid soluble in waste @&oiBort-Harcourt. The high percentage of theltota
extractable fraction in the mobile phase suggéstsdadmium in this soil was potentially more biaiéable
for plant uptake [36 and 37]. Contrary to thisutes[38] reported Cd in the unpolluted oasis goilbe
associated the residual fraction. Cadmium was at#atled in the easily reducible, reducible, oxidieaand

residual fractions which were the non mobile fraicsé of the metal.

Nickel was not detected in the easily exchangeauel soluble and easily reducible fractions but
nickel was predominantly bound to the residual aeducible fractions with 47.62% and 34.29%

respectively. Similarly, the predominance of Nitlve residual fraction has reported [39 and 40]e ®tder
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of Ni in the different fractions is: residual> remlole> oxidizable. The high association of Ni hetnon

mobile fraction may be attributed to the alkalitebdization of process of the soil [21].

The results of the sequential extractions of Zzmdhe farm soil showed that the mobile phase
contained 0.37% to 3.25%, indicating a slight alallty for plant uptake. Zinc was predominantly
associated with the residual fraction having ab@uB9% of the total extractable metal. The assiociaf
zinc with the residual fraction has been reporteddnd 42]. This result was also in agreement piigvious
findings by [10 and 43]ln the contrary, non-residual fraction has been reported the most abundant
fraction for zinc at Zaria across the seasons [44]. The order of zinc in the different fractions ofldoom

the farm is: residual> oxidizable> reducible> gasi#changeable> easily reducible> acid soluble.

Lead was not detected in the exchangeable and swiithle fractions but was predominantly
associated with the residual fraction with 68.99%e dominance of lead associated with this frachias
been reported by other researchers [3, 21]. Téidual fraction has been considered as the mdsesiass
reactive and less bioavailable [26]. This suggésas the leaching of the metal to the environmsmiot
possible from the studied samples sites [45]. Tikeroof the geochemical fractions of lead in thi iso

residual> reducible> easily reducible> oxidizable.

Generally all the metals except cadmium were agtat with the residual and oxidizable fractions
(non-mobile fraction). This agreed with the finglsnof other researchers [42 and 44]. The presehttes
metals in the residual fraction suggests that tle¢al® may not be readily bioaccumulated by thetplan
grown on the contaminated area [19, 20]. HoweWer goluble component of cadmium (70.18%) and
manganese (10.67%) in the soil samples are of ncajocern since they are known to biaccumulate eg th
journey through the environment and biological eyst[45]. There is therefore the need to pay more
attention to the level of hygienic sourcing and diang of such soil when used for agricultural pwses.

The risk associated with the presence of metadgiins the ability of their transfer in water dapts.
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The extractions or leaching of the metals boundthe exchangeable fraction using BgCl
BeChL/BaCkL mixture (1:1) and Ca@NH,CIl mixture (1:1) were investigated in this studyelresults of the
extraction efficiencies were compared with the @nional reagents MgéglCaCh, BaCh and NHCI,

reported by other researchers. The results aremexsin Figure 5.

The main goal of operational speciation is to contree metals bound in the solid phase into soluble
forms with the extractant used at each step. Hémeabilities of BeGl MgSQ,, a mixture of BeGIBaCk
and a mixture of Ca@NH,CI to leach the exchangeable fractions were assesse

BeCl, reagent: From the results, the newly tested extractirapemt BeCGl extracted 0.6499mg/kg
of the exchangeable cadmium (Cd) which was muchdrighan the conventional MgCI(0.010mg/kg),
CaCl (0.1010mg/kg) and Bag(0.5539mg/kg) extracts. Bef#xtracted 0.2952mg/kg of the exchangeable
nickel (Ni) which was very comparable to the coricaion in the conventional CaCivhich was
0.3221mg/kg, NEHCI was 0.1783mg/Kg and Baflvas 0.2488mg/kg. From the results in Figure 5, IBeC
extracted 0.4363mg/kg exchangeable fraction of Igdm) which was again higher than the conventional
extractants. For manganese (Mn), the mixture ofl&ach extracted the highest concentration in this
fraction which was 0.6667mg/kg. The result of Mntragt using BeGl had the concentration of
0.4245mg/kg, which was also higher than the coneeal extractant (MgGl= 0.0650, CaGl= 0.0272,
BaChk = 0.0401mg/kg, NECI = 0.3163mg/kg). The concentration of Zn in Be€ttract was 1.4032mg/kg
which was also very comparable with other leacheagents.

Mixture of BeCl,/BaCl, (1:1vv): A higher concentration was also observed with riigture of
BeCkL/BaCkL (0.4384mg/kg) than the conventional extractantepk@BaC} which was 0.5539mg/kg. The
concentration of nickel in the mixtures of BeBaCL was 0.4131mg/Kg which was higher than the
concentrations of MgGJ CaC}, BaCh and NHCI (see Figure 4). The concentration of Pb in thetume of
BeChL/BaCL was 0.3452mg/kg which was very comparable to tbecentration in BaGlwhich was
0.3581mg/Kg. The concentration of Mn in the mixtofeCaCh/NH,Cl was 0.5136mg/Kg which was still

higher than the conventional reagents (MgGi0.0650mg/Kg, CaGl = 0.0272mg/Kg, BaGl =
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0.0401mg/Kg). The result of the extraction of Zinwhkd that, the concentration of the exchangeableas
highest in the mixture of Be&BaCl with a concentration of 3.120mg/kg.

Mixture of CaClo/NH4CI (1:1vv): The concentration of Cd in the mixture of CARH4CI extract of
0.0574mg/kg was lower than Ca@0.1010mg/Kg) and Bag[0.5539mg/Kg) extracts. The concentration of
nickel in the mixtures of Ca@NH4CIl (0.4132mg/kg) was also higher with the concditungs of MgCh,
CaCl, BaCbh and NHCI (see Figure 4). Thus, the use of the mixturthefextractants leached exchangeable
Ni more than the single extractants. The conceotrah the mixture of CaGINH,Cl was 0.1218mg/Kg
which was also very comparable to the conventienraifacting reagent NACI (0.1948mg/Kg). The mixture
CaCbL/NH4CI extracted 0.1536mg/Kg of Mn which was higherntithe concentrations of Mg&£(0.0650
mg/Kg) CaC} (0.0272 mg/Kg) and Bagl(0.0401 mg/Kg). Thus, from the results, the samantjty of
BeCh NH4Cl and the mixture of Be@BaCh, (1:1) reagents were better extractants for trehaxgeable
Mn in soil samples. The concentration of Zn in thxture of CaC/NH4Cl extract was 1.4610mg/kg. The
result was very comparable to the value in Be&tract (1.4032mg/Kg). Thus, the concentrationgiot in
the newly introduced extractants were higher tih@conventional extractants (see Figure 4).

Generally, the newly introduced extractants havevgn to be good leaching agents of the
exchangeable fractions in speciation studies. Hewevthe chloride salts, apart from leaching the

exchangeable fraction, enhance the extractioraafition metals as a result of their complexingoadi46].
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Figure5: The Concentration of Metalsin the Exchangeable Fraction Using Different

Extractants
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Conclusion

Generally all the metals except cadmium were aasatiwith the residual and oxidizable fractionsnho
mobile fraction). The presence of the metals in rdmdual fraction suggests that the metals maybeot
readily bioaccumulated by the plants grown on thet@minated area. However the soluble component of
cadmium (70.18%) and manganese (10.67%) in thesambles are of major concern since they are known
to biaccumulate as they journey through the enwiremt and biological system. There is thereforented

to pay more attention to the level of hygienic $oug and handling of such soil when used for adfucal
purposes. The newly introduced extractants haveepgrdo be good leaching agents of the exchangeable

fractions in speciation studies.
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