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ABSTRACT

Eventual ecotoxicological risks associated with phesence of of hazardous metals depend on themitiig, their chemical forms of association in stiileir

concentrations relative to background levels, th@bility, and their bioavailabiltyBased on this understanding, determination of Hearical form of a metal
in soil is important. Sequential extraction wased to fractionate Cd, Cr Cu, Fe, Mn, Ni, @ndn soils from three different mechanic workskom Ikare
and Akungba Akoko, Ondo-Nigeria into seven operstily defined groups (exchangeable, carbonate,nieg®nQ,, FeQ-amorphous, Fegxrystalline, and
residual) to assess the potential mobility and \@dability of these metals in the soil profile$he residual fraction was the most abundant paohlioseven
metals examined. A significant amount of the metdth the exception of Zn were present in the ptédlg available fraction: non-residual fractionsguming

that the potential mobility and bioavailability tifese metals are related to their solubifityd geochemical forms, and that they decrieatdes order of
extraction sequence, the potential mobility aiwhailability for these seven metals in thalss were: Fe > Cr > Cd > Mn > Cu > Ni >Zn. In tliend of

fractions distribution, metal distributions in difent chemical fractions in these soils dependegpective total metal concentrations

.Key words: Fractionation, metal, soil, mobility, mechanic+kshop, environment, pollution.

INTRODUCTION

Environmental pollution remains one of the mostleimging burdens in the world as a result of indiemate disposal of waste through industrial psses and

her human population’s activities such as autorsolvéiste released into the soil in mechanical wanishEnvironmental pollution which used to be thi&ue
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problem of the industrialized countries has nowonee the problem of the developing countries ingfaeess of industrialization. Environmental pobutias a
result of the release of potentially hazardous fedtam automobile repair workshops has increasgiderably in most urban cities of Nigeria in freest two
decades due mainly to significant increases in rarmb automobiles coupled with boosted economitvitiets, as well as increased transportation atixigiin

the growing economy. Therefore, mechanic sites whie areas of open land used by automobile reyzakers for a wide range of automobile activities a
undertaken in the vicinity of urban centres. Thesposes the environment around these vicinitidgadscriminate disposal of materials like lubricagtiand
used oils, junked cars, tyres, automobile engirsresparts just to mention a few. A typical cityandeveloping country like Nigeria usually has sealde
number of mechanic workshops sites, in proportmitst population and activities. Apart from an argad assemblage of sites, some individual workslzop
also observed in some isolated areas of thess.chfart from auto-repair workshops, other sitks lnotor parks and highways are vulnerable to coimation

by metals such as lead Ph, cadmium Cd, copper i6e,Zn and nickel Ni, which often are used as majominor additives in gasoline and auto-lubricants
(Onianwa et al. 2001). With these, the increasitmumulation of metals in these environments cabeobver emphasized. Utmost disturbing is that, exsk
that are occupationally exposed to substancesioargaoxic metals are unaware of their side efeof which, high levels of some of these metaly deplete
antioxidants in the blood apart from other heatii anvironmental negative impacts (Arinola, andiBiku 2006).

Several studies have shown that heavy metals suétbaCd, Ni, manganese Mn and Cr amongst otherstitde adverse health concerns. They have been
acclaimed to directly impair mental and neurolobfoactions also they could be carcinogenic to hnsn@Hughes 1996). They are generally reportedfexiaf
numerous metabolic body processes. Systems in whidb metal elements can induce impairment anduthgsion include the blood and cardiovascular,
eliminative pathways (colon, liver, kidneys, skiahdocrine (hormonal), energy production pathwapgymatic, gastrointestinal, immune, nervous (@m@ind
peripheral), reproductive and urinary that havldeeffects on man and animals. These diseasasdm@bdominal pain, chronic bronchitis, kidney dge
pulmonary edema (accumulation of fluid in the lungsncer of the lung and nasal sinus ulcers, dsions, liver damage and even death (Hughes 1996).
Heavy metals, which could be generated from diffetgpes of work in mechanic workshops, have theemital of polluting the terrestrial, aquatic aretial
environments, and this has been of great concetheirlast decades because of their health hazardsah and other organisms when accumulated within
biological systems (Ash, and Lee 1980). Althougboréd that the two known sources of metal accutianian the environment are natural and anthropimgen
the natural sources which could be explained talle to geological activities which man absolutebesl not have control over, the anthropogenic can be
adequately studied by determining the level of aombation, remote causes and possible remediatidaru et al. 2013).

Quite a sizeable number of researches have beerdcaut on the contamination of some abiotic fexcto Nigeria which find their way into the food lwve

thereby finding their way into the biotic factorbthe ecosystem causing the various adverse effgotsght about by these various heavy metals. Thst m
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popularly reported was the lead poisoning of Zamfahich claimed a lot of lives (Oloye and Oluye#@13). Chukwu (2008) has also reported heavy metal
pollution in a study on the ground water pollutfoom abattoir waste in Minna state.

Also gradually gaining prominence is reported washsheavy metal pollution in Nigeria is on the veagenerated from activities of mechanic worksh@yber
studies which have revealed a life threateningdtrefipollution of the environment by mechanic aitiés in Nigerian cities are very conspicuous ie th
literature. lwegbue et al. (2006) studied the ls\al heavy metals (Cd, Cr, Cu, Pb, Ni and Zn) dff smfiles of some automobile mechanic waste duinps
Nigeria. They reported elevated levels of heavy metals asehsoil profiles which is well known could cong#t a serious threat to both surface and
groundwater. In their work, Tamunobereton-ari et(2011) studied the degree of pollution and thepiial impact on the environment of heavy metads w
determined by identify and quantify the distribatiof the different species and forms of metals, thed association with binding phases of partitlaaterials
(soil) form mechanic workshops and an abandoneddogabon exploration field camp and workshop sitpart of the Niger Delta-Nigeria. This further pes

to be more life threatening that even after decasioning, most of these sites still pose healthatiiz to the abiotic factors of that habitat. Inhars
communication, Abii (2008) investigated the lewélheavy metals available to plant produce in maithavorkshops in Umuahia metropolis through the
concurrent analysis of heavy metal content of aoil plants from the mechanic workshop and theirede@f correlation. Likewise, Adu, Aderinola, and
Kusemiju (2012) investigated in the soils, sterosts, and leaves of Waterleaf (Talinum triangulaxiefained from a filling station, mechanic workshamd
welding workshop in Lagos state. Adelekan, Abegufafd 1) determined the concentrations of heavy Is\eita soil and groundwater at automobile mechanic
villages located in lIbadan, Nigeria. Luter et &011) determined the chemical content of Cd, Cr, Blw and Ni in dumpsites soils within the two major
mechanic sites in Makurdi metropolis and their faterder to assess the human health and ecolagsesl associated with these waste dumpsites! theale,
contaminations of various degrees were observethein study Aruleba (2012) remediation focusedeliird on determination of the status of heavy rsetal
the peri-urban automobile workshop sites to undedstmodes of heavy metal contamination and to ftatewa strategy for safe and sustainable cropping i
such areas.

The aim of this study is to investigate the trend kevel of heavy metals enrichment of soil andrtf@@ms of existence in three automobile repairkshops in
Akoko land after several years of their practiaetigh chemical fractionation of these heavy mefgs could be a step towards providing informationthe
introduction of the concept of planning and managenior the setup of environmentally friendly megicaworkshops in the region and probably the first
environmental pollution assessment of automobipairevorkshops in this direction.

MATERIAL and METHODS

Study Area
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Akoko is a region in Ondo State, South-Western Négéig 1); it covers an area of about 1.5%rfihe mean annual rainfall is about 1300 mm andnmea
temperature of 27C (Duze, and Ojo 1982). It is made up of four logavernments, Ikare and Akungba been one of the pomilated towns in this two local
government, while Ikare is widely known for her aoercial activities, Akungba hosts the Educationatitution of the state and thus attract a lotagydation.

It is situated in rocky areas of Ondo state. Pradant traditional occupations of the community ud# large scale farming, teaching and many civilises.

There is a lot of vehicular traffic in this towrsalwithin these two towns pass a major highway ldeads to Federal Capital of Nigeria (FCT).

Study
Area

Figurel: Map of Ondo state showing study area

Experimental

This study was carried out with the prime aim teess the potential mobility of Cd, Cu, Cr, Ni, Rid&n from soils of mechanic workshops to immediate

localities in the vicinity. For this purpose, thede major mechanic workshops were selected irelaad Akungba Akoko, Nigeria. The surfaces (0 —1B6+



89 30 and 30 — 45 cm depth) soil samples were coligittan these villages. During the sampling, thesigld sampling sites were subdivided into grid20k 20

90 m and samples taken from the centre of each gadhBFain composite samples of each site, bulkinthatbwas employed to harmonize the samples. A ognni

91  and quartering method was applied repeatedly toceethe sample volume of each site (Jackson 198) eepresentative site sample was prepared bygnixi

92  one sample with the other replicates from differgnds of the same site to overcome spatial vditgbThe soil samples were air — dried, groundd areved

93  mechanically using 2 mm sieve. They were then dtorgolythene bags at room temperature. The $bivas measured in air — dried samples (1:10 w/jgus

94  digital pH meter. Organic matter content was deteech by loss on ignition; cation exchange capaf@#C) was done in a leaching tube with 1.0 mdl L

95  Ammonium ethanoate GBHOONH, Samples were saturated with {LHHOONH, by washing with 90 mL of 1 M C}£HOONH, buffered at pH 7. The

96  electrolyte was washed from the sample with ethaamad finally exchangeable NHwas displaced with NaCl solution. Displaced ;NMas determined with

97  the Kjeldahl method (Agbenin 1995). Textural anilysased on the proportions of different particke svas also carried out. The textural classifarativas in

98 accordance with the international systems of takiciassification (Allen 1974).

99  Quantification of total metallic content of digestsoil samples and blanks was carried out withatbenic absorption spectrometer (AAS) (AA6300, Siima

100 Japan) which was pre-calibrated using certifiecddiads. To ensure that atomic absorption specteynremained calibrated during the experimentation,
101 standards were analysed after every 10 runs. Soipkes were digested in accordance with the praeegsed by Francis (2004). One gram of finely gcbun
102  dried soil samples were mixed with 20%¢h:1) HCI/HNQ; acid mixtures and the content was heated untilesy. The residue was extracted using 2M HCl and
103  brought to 50crhwith distilled water, which was used for direcpiaation into an air — acetylene flame of AAS maehto obtain a metal profile in the soils. In
104  order to validate the digestion protocol of thd saimples, the quality assurance was conductedsasided by Uzairu et al. (2009) through spikingeximent,
105  which involves spike recoveries using multi-elemstandard solution (MESS). The amounts of spikethimeecovered after the digestion of the spikedpdes
106 were used to calculate percentage recoveries.Ifit@plicate digestion and analysis of the sarsgtegether with blank were carried out.
107 In order to gain an insight into potential releadethe heavy metals to localities in the vicinity,sequential extraction protocol (Table 1A) was
108 employed for partition of Cd, Cu, Cr, Fe, Ni, Mnda#n into seven operationally defined fractionseleangeable (EX), carbonates (CARB), organic matter
109 (OM), manganese oxide (MnOX), amorphous iron oXilEeOX), crystalline iron oxide (CFeOX), and resti(RES) fractions, which present characteristic
110 bonding of the metals to the soils. The sequeasitiiction protocol is summarised as follows:

111 Table 1A: Sequential extraction procedure

112  Fraction Solution sgjl/solution ratio ~ Condition

113 1. Exchang. 1 M Mg(Ng); 10:40 Shakie 2




114

115 2. carbonates 1 M NaOAC (pH 5.0, 10:40 Shake 5 h
116 CICOOH)

117

118 3. Organic Mat. 0.7 M NaOCI A0 30min in boiling
119 (pH 8.5) water HoaBtir
120 asonally.
121 Rep extraction
122

123 4. Mn oxides 0.1 M NJDH. HCI 5:50 Sh&@min
124 (pH 2, HND

125

126 5. Amorp. Fe 0.25 M NJOH.HCI + 5:50 Shake 30 min a
127 oxides 0.25 M HCI 8Q in water bath
128

129 6. Crystalline Fe 0.2 M (Nbh C,0, + 5:50 30 min in boiling
130 oxides 0.2 MJ48,0, (pH 3) + water batlir S
131 0.1 M ascorbic acid occasionally
132

133 7. Residual Conc. HF, Con. HGIO

134 and conc. HCl in sequenc

135

136

137 Method Validation

138

139 The mean percentage recoveries of metals usedk® @ soil sample are presented in Table 1B.fiban percentage recoveries from spiked soil safople
140 metals varied between 90.6 + 1.3 — 98.9 + 2.4, whie similar to the reported values in similarnimaty Awofolu et al. (2005). Therefore, the repuaibility
141 of the methods and the precision and accuracysoAtS machine were adjudged reliable, since acbéptacovery percentages were obtained in all cases
142

Table 1B. Means % recoveries (+ SD) of metal steshddded to pre-digested soil sample

Metals Spiked Conc. % recoveries
(mgL?)
Cd 1.0 90.6+1.3
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Cr 3.0 96.4+22

Cu 3.0 95.7 £3.5
Fe 3.0 98.9+24
Mn 3.0 93.9+19
Ni 3.0 94.8 +3.3
Zn 3.0 97.6+29

Values are mean of triplicate analyses, SD is tdwedsrd deviation.

RESULTS and DISCUSSION

Physico-chemical Characteristics of the Soils

The result of the physico-chemical characterisbicthe soils sampled from the mechanic workshopssapwn in Table 2. The study revealed that this goi
the workshops were slightly acidic in nature witteige values ranged from 5.6 + 0.2 to 6.9 + OHilewn the control area was between 5.3.1 and 6.4 0.1

. The organic matter was found to be at the rarige2i + 0.1 to 3.04 £ 0.1 %, but for the contred@was in the range between 4.8.2 and 7.2+ 0.4. The
cation exchange capacity (CEC) values determinethéyl.0 M CHCOONH, exchangeable cations were in the range of 3.2.2418 1.3 cmol/kg, which
varied with that of the control area that was foumthe range of 3.% 0.2 to 5.2+ 0.2 cmol/kg. The soils of both study and contr@ear were found to contain
abundant pool of sand, which consumed the higrersteptage varied from 552 to 71 + 4.

Table 2. Physicochemical parameters of the soil sgles

Specifications Soil Depth Soil 1 Soil 2 Soil 3 Control
(cm)

pH 0-15 6.8+0.2 6.9+0.1 6.5+0.2 6.7+0.1
15-30 6.7+0.1 6.7+0.1 6.4+0.1 57+0.1
30 -45 56+0.2 6.6 +0.2 6.2+0.2 57+0.1
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Organic Matter (%) 0-15 3.04+£0.1 267+01 212+01 7.21+04
15-30 2.82+0.2 127+03 0.28+0.1 527+0.3

30-45 1.31+0.1 069+0.1 021+01 451+0.2
CEC (cmol/kg) 0-15 10.74+£13 969+19 9.85+19 517%0.2
15-30 6.83+1.0 7.08+12 521+08 4.29+0.1
30-45 8.07+1.3 6.58+12 326+08 352+0.2
Particle Size Distribution Sand (%) 67 +3 63 £3 714 55+2
Clay (%) 24 +3 26+2 22+3 34+2

Silt (%) 09+2 11+3 09+3 11+2

Total metal concentrations in the soil profiles

The elemental analysis of soils sampled from meichaorkshops is presented in Table 3. The resntigated a general increase in the compositioneiais
in the soil of mechanic workshops. The concentrativere above the natural background concentratamsd from the control areas. This indicated that
soils in the mechanic workshops were grossly comated with the heavy metals. This may attributedhe wastes in mechanic workshops which eventually
end up in the soil. In terms of concentrationshef inetals in the soil layers, Fe generally hasipkest while Cd generally has the least and thderasbserved
for this study is Fe > Zn > Ni > Cu > Cr > Mn > Geurthermore as observed from the results regamdiépgh through the soil layers, the highest comatinhs
of the metals were recorded in the 0 to 15 cm |ayhte the least were recorded in the 30 to 45 €th@ soil in most cases except Zn (which may lsecated
with its chemical form of existence in that soiv@onment) and this shows a linear correlationeafuction with depth through the soil layers. THiservation
of higher concentration of the metals in the togeta of the soils suggests accumulation in surfacizons of the soils and therefore, the metals begrone to
migration or intrusion into the immediate locakitign the vicinity. The high concentration of iranthese sites might be attributed to metal constmiavorks,
welding of metals, iron bending which is commonagtice. Virtually in every auto repair workshop teeaare various sections that deal with other fillvfg

metals, welding of these metals and panelling dficle bodies. Iron fillings from metal works, oipilage of gasoline, diesel, engine oil and lubtiiog oil
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coupled with rusting results in high iron concetitna. The increase in the composition of the mefialmd in soil from mechanic workshops are in agreet
with results obtained by Ameh et al. (2011) ancekwt al. (2011), who carried out similar invedtigias in Zaria and Makurdi-Nigeria, respectivelyowever,
even though the levels found indicated high corredion, total content is less important in deteiimgnheavy metal lability and/or affinity, but seegly
suggests pollution plume in the study areas. Totatal content does not provide a definitive insightmetal fractions that are labile or not, hence a
methodology to separate the metal-bearing phasssaisa employed. Also it is impossible to consitter presence of metals and their compounds in the
environment and their potential release to the ystem without considering its geochemical formsdau et al. 2013). In addition, distribution of ateikéc
contaminant amongst different phases profoundlgcadfits transport (Sager 1992). Thus, to assespdtential release of these toxic metals to ltealin the
vicinity, a sequential extraction protocol was eoyeld, which could present characteristic bondinthefmetals to the soils.

Table 3. Total metal concentrations (mg/Kg) (mean £.D) in soil profiles

Soils Cd Cr Cu Fe Mn Ni Zn

0—15cm
Soil 1 65.3t06 74.6+05 336.3+10 4764.1+31 45.5+07 468.1+1805.4+23
Soil 2 67.4+02 79.7+05 399.1+11 4428.3329 41.2+08 692.3+2098.4+27
Soil 3 57.6+02 68.9+03 354.5+08 3487.9+27 50.1+05 651.7+1803.8+21
Control  2.23+02  9.2+04 131.2+03 1644.2+23 9.5+03 14.7+04 9.B8B16
15—30cm
Soil 1 49.3+03 59.2402 287.8+12 3679.6+35 34.7+06 227.91P942.3+26
Soil 2 53.8404 59.5+04 312.0+08 3149.3+26 34.6+09 272.8+2077.1+19
Soil 3 47.0+02 48.24¢03 297.4+10 3237.5+31 37.3t05 208.7+2766.4+24
Control  1.1+1 7.1+01 124.6+03 1082.2+28 7.2+02 13.4+06 B¥DL
30—45 cm
Soil 1 37.5+03 61.4+04 201.2+09 2482.7+28 27.8+03 144.2+2826.31+22
Soil 2 45.3+03 48.4104 195.5+10 2974.8+31 24.9+06 167.1+P581.2+23
Soil 3 39.7+03 46.9+04 163.6+09 2969.3+28 21.2+06 112.6+B824.5+19
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Control  0.7+02 3.2+02 120.7404 994.1+20 4.3#01 10.2+03 1D¥BEO

S.D: Standard deviation

Chemical fractionation and distribution of metals in soil profiles

The sequential extraction used in this study igulide indirectly assess the potential mobility gmussible bioavailability of trace metals in thélsoAssuring
that bioavailability is related solubility of theatals in the soil solution and thuse further assumed that metals in the non-resiftaations are more mobile
and bioavailable than metals associated with resilaction. The non-residual fraction is the suinalbfractions except the residual fraction.

Cadmium

Cadmium concentrations in all the soil samples oeclin the order of Residual > OM > FeOx (Amorpexch > FeOx (Crystall) > Carbonates > MnOx (Table
4). Overall, about 50% of the total Cu was pregeriie residual fraction. In the same vein, a valfiabout 50 % of the Cd was found to be associattddthe
residual fraction (Uzairu et al. 2009) . Among mesidual fractions, the fraction of organic occdrie the highest percentage with average valuegimgrirom

15 to 29 % of the total Cd. This indicated thatr@ay be associated through complexation or bioaatation process with various forms of organic miater

in the soil profiles.

Metallic pollutants associated with oxidizable phasre assumed to remain in the soil for longeiogerdue to formation of stable organic complexes
(Oluwatosin et al. 2008) but may be remobiliseddiegomposition processes (Kristo et al. 2002). Ilditamh, degradation of organic matter under oxiutisi
conditions can lead to a release of soluble traeglsmbound to this component. Therefore, Cd flo@sé soils could be released upon decompositiongafic
matter, which could easily be triggered by the imaigture of the soils coupled with the low amoofbrganic matter in the soils compared to the amhauthe
control area. The Cd associated with crystalline ddrdes was the least in the soil profiles, in casit to the data presented from different authat
hypothesised that these oxides are major heavyl miates (Kristo et al. 2002). Overall, about 45%0of Cd was mostly associated with the non-residual

fractions of the soils and reflects the greatedésicy of the metal release and become availatiteetommediate water sources in the communitiesdimity.

Chromium
Chromium distribution in all the soils followed tBequence Residual > OM > FeOx (Crystall) > FeOm@#p) > Exch > Carbonates > MnOx (Table 5). Most
of Cr was present in the non-residual fractionQ(%b), and among the fractions organic Cr was thetrabundant pool fraction with the percentage mamngi

from 10-21 % and MnOx fraction was the least with percentage varied between 1 and roughly 4Rérefore, the results revealed that only littleCofwas

10
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scavenged by MnOx being regarded as toxic elemeetllent scavengers (Uzairu et al. 2009). HenceCrasvas significantly in organic form may be
remobilized into the environment since soils weaturally acidic and thus, could result in contartiova in the localities around. Among the non-residu

fractions, Uzairu et al. (2009) had also found @hly associated with organic form fraction.

Copper

Like Cd and Cr, half percentage of the extractdtaletions of Cu was associated with the residualsph The distribution pattern of the fractiondofwkd the
sequence- Residual > OM > FeOx (Crystall) > Cartema FeOx (Amorp) > Exch > MnOx (Table 6). Sigrafit percentage of non-residual fractions was
recorded, among the phases organic was the domiRa@x (Crystall) and then followed by the carbesatfThe major association of Cu with the organic
fraction in these soils may be due to high formatonstants of organic-Cu complexes. The resultge wensistent with that of Ma and Rao (1997) whmtb
significant amount of Cu in soils associated with brganic fraction. As the acid soluble fract{oarbonates) is influenced by pH and the obserttdfihe
soils was in the acidic side, which could favowe telease of metals into the immediate localitiesfthis fraction. Cu from these soils could beaskd upon
decomposition of organic matter, which could eab#ytriggered by the acidic nature of the soilspite of the low contents. Thus, this suggestsmiateCu

mobility and possible bioavailability from the soarpoint of pollution.

Iron

The residual fraction with iron content varyingrfrglO to 56 % (Table 7) formed the predominant |eof iron in all the sites. This result is inegment with
a number of studies indicating that iron is instéuh this type of soil phase (Osakwe 2010). Theatséan the residual forms are not available tolitwga as it is
considered that the residual fraction representetilsithat are largely embedded in sedimentaryixnaftthe soils and may not be available for rentinhtion
except under very harsh conditions (Osakwe 2016 dext important fraction for iron is the orgametter fraction. The concentration of iron founctfie
organic fraction approximately ranged from 27 to%89The high percentage of iron in this fractioigreat concern, since the metal could be rernzalilinto
the environment upon degradation of organic mattat bound the metal. In addition, the relativecpatage of the metal in the FeOx (Amorp) phase has
medium mobility, and changes in redox condition rayse a release. Thus, the metal has the potential released into the localities in the nearbkie low
amount of iron found in the exchangeable and acidb$e (carbonates) fractions is probably due t fict that iron is easily absorbed and utilisedsby
organisms in the soil environment. The distributidriron in various fractions was in the order Riesil > OM > FeOx (Amorp) > FeOx (Crystal)Carbonates
> Exch > MnOx. This trend is similar to reportsi@kbue (2007) and Adaikpoh (2011).

11
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Table 4. Distribution of Cd fractions in soil profiles

Soils R F> F3 Fa Fs Fe F Total Ext
mg/kg %  mgl/kg %  mgl/kg %  mg/kg %  mgl/kg %  mgl/kg %  mgl/kg % >T
0—15cm
Soil 1 1.5 2.1 2.1 3 16.5 23.5 5.2 7.4 7.1 10.1 1.9 2.7 35.8 51.1 70.1
Soil 2 1.4 1.8 1.5 1.9 17.7 22.9 8.6 11.1 8.5 11 3.4 4.4 36.1 46.8 77.2
Soil 3 1.7 2.5 1.7 2.5 19.3 28.9 4.8 7.2 5.2 7.8 2.9 4.3 31.2 46.7 66.8
Control 0.1 3.1 0.2 6.3 0.5 15.6 0.3 9.4 0.3 9.4 0.3 9.4 15 46.9 3.2
15—30cm
Soil 1 2.1 3.8 1.7 3 15.2 27.1 0.6 1.1 4.6 8.2 1.7 3 30.1 53.8 56
Soil 2 2.7 4.6 2.9 4.9 12.1 20.6 0.6 1 6.1 10.4 1.6 2.7 32.7 55.7 58.7
Soil 3 2.9 5.5 1.3 2.5 15.4 29.1 0.5 0.9 4 7.6 1.7 3.2 27.1 51.2 52.9
Control nd nd nd nd 0.3 15 0.1 5 0.4 20 0.1 5 1.1 55 2
30—45cm
Soil 1 2.4 5.5 1.4 3.2 9.9 22.8 0.2 0.5 2.9 6.7 11 2.5 25.6 58.9 43.5
Soil 2 1.5 3.1 1 2.1 8.2 17.2 0.1 0.2 3.5 7.3 3.8 7.9 29.6 62.1 47.7
Soil 3 2 4.7 1.4 3.3 10.1 23.9 0.3 0.7 5.6 13.3 2.1 4.9 20.7 49.1 42.2
Control nd nd nd nd 0.1 16.7 nd nd 0.2 33.3 0.1 16.7 0.2 33.3 0.6

F 1 = Exchangeable; F , =Carbonates; F 3= Org; F 4 =MnOx; F 5 =FeOx(amorphous); F g=FeOx (crystalline); F ; =Residual
Table 5. Distribution of Cr fractions in soil profiles

Soils F_|_ F2 F3 F4 F5 Fs F7 Total Ext
mg/kg %  mg/kg %  mg/kg %  mg/kg %  mg/kg %  mg/kg %  mg/kg % ST
0—15cm
Soil 1 2.8 3.3 2.8 3.3 21.5 25.6 2.9 3.5 3.9 4.6 9.7 11.6 40.3 48 83.9
Soil 2 2.6 3.2 3.5 4.3 12.5 15.2 3.9 4.9 9.2 11.2 12.6 15.4 37.7 46 81.9
Soil 3 1.7 2.2 1.3 1.7 19.3 24.8 1.2 1.5 6.9 8.9 15.5 19.9 31.9 41 77.8
Control 0.5 3.5 1.1 8.5 1.4 10.9 0.1 0.9 1.2 9.3 2.2 17.1 6.5 50.4 12.9
15—30cm
Soil 1 2.6 3.8 3.8 5.5 17.3 25.2 1.6 2.3 45 6.6 5.4 7.9 33.5 48.8 68.7
Soil 2 4.8 7.2 1.4 2.2 18 27.9 1.2 1.9 3.5 5.4 5.6 8.7 30.1 46.6 64.6
Soil 3 3.8 6.6 1.8 3.1 12.8 221 1.2 2.1 8.5 14.7 7.3 12.6 22.6 38.9 58
Control 0.5 4.5 1.4 12.5 1.4 12.5 0.2 1.8 1.5 13.4 1 8.9 5.2 46.4 11.2
30—45cm
Soil 1 3.8 5.7 3.1 4.6 10.6 15.8 1.2 1.8 2.4 3.6 4.4 6.6 41.6 61.9 67.1
Soil 2 2.6 5.1 2.3 4.5 16.8 33.1 1.1 2.2 2.1 4.1 5.1 10.1 20.7 40.8 50.7
Soil 3 2.5 4.7 3.2 6 10.1 18.9 1.2 2.3 5.1 9.6 5 9.4 26.1 49.1 53.2
Control 0.3 5.6 0.3 5.6 0.9 16.7 0.1 1.9 0.6 11.1 1.5 27.8 1.7 31.5 5.4

F 1 = Exchangeable; F , =Carbonates; F 3= Org; F 4 =MnOx; F 5 =FeOx(amorphous); F g=FeOx (crystalline); F ; =Residual
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Table 6. Distribution of Cu fractions in soil profiles

Soils R F Fs Fas Fs Fe F; Total Ext
mg/kg %  mglkg %  mglkg %  mgl/kg %  mg/kg %  mg/kg %  mg/kg % >T

0—15cm

Soil 1 6.2 17 21.1 5.9 60.4 16.9 11 3.1 15.3 43 71.1 19.9 170.5 47.9 355.6

Soil 2 5.9 14 33.2 8 54.3 13.1 19.1 4.6 11.5 2.8 66 15.9 223.6 54.1 413.6

Soil 3 5.5 1.5 39.3 10.7 65.1 17.7 24.6 6.7 18.2 4.9 34.4 9.3 180.7 49.1 367.8

Control 2.1 13 13.2 8.4 25.5 16.1 3 1.9 6.4 4.1 26.1 16.5 81.6 51.7 157.9
15—30cm

Soil 1 12.3 4.1 16 53 58.6 19.4 4 13 24.4 8.1 35.3 11.7 151.6 50.2 302.2

Soil 2 8 23 22.3 6.5 64.1 18.8 33 0.9 221 6.5 43.4 12.7 178.2 52.2 341.4

Soil 3 14 4.4 27.3 8.5 55.8 17.4 9.6 2.9 12.6 3.9 43.7 13.6 157.4 49.1 320.4

Control 7.3 4.8 10.1 6.6 314 20.5 2.2 1.4 11.2 73 16.3 10.7 74.3 48.6 152.8
30—45cm

Soil 1 10.8 4.9 14.2 6.5 25.4 11.7 5.6 2.6 19.7 9.1 38 17.5 103.4 47.6 217.1

Soil 2 9.4 4.6 18.1 8.8 315 15.3 4.7 2.3 12.3 5.9 44.6 21.6 85.9 41.6 206.5

Soil 3 9.3 4.7 13.6 6 29.7 18.9 3.8 23 12.8 9.6 39.2 9.4 63.3 49.1 171.7

Control 9.1 7.1 12.6 9.8 16.3 12.9 6.8 5.3 10.4 8.1 11.2 8.7 62.4 48.4 128.8

F 1 = Exchangeable; F , =Carbonates; F 3= Org; F 4, =MnOx; F s =FeOx(amorphous); F ¢=FeOx (crystalline); F ; =Residual

Table 7. Distribution of Fe fractions in soil profies

Soils R F Fs Fas Fs Fe F; Total Ext

mg/kg %  mglkg %  mgl/kg %  mg/kg %  mg/kg %  mg/kg %  mg/kg % >T

0—15cm

Soil 1 284 0.6 1289 2.7 12797 26.8 315 0.7 134.1 2.8 513.6 10.7  2664.3 55.7  4780.5

Soil 2 23.4 0.5 134.2 3 14433 32,5 42 0.9 150.6 34 194.2 4.4 24482 55.2  4435.9

Soil 3 33.6 0.9 174.1 49 11249 322 26.4 0.8 258.2 7.4 133.7 38 1747.8 49.9 34987

Control 16.5 0.9 95.4 5.8 420.3 25.3 11.9 0.7 94.2 5.7 42.7 2.6 977.8 58.9  1658.8
15—30cm

Soil 1 24.9 0.7 240.2 6.5 1097.6 29.8 10.9 0.3 264.1 7.2 173.5 4.7 18764 50.9  3687.6

Soil 2 35 1.1 127.3 4 1002.5 317 238 0.8 201.7 6.4 121.6 3.8  1648.9 522 3160.9

Soil 3 25.2 0.8 160.4 49 11072 34.1 29.2 0.9 310.3 9.6 287.2 88 13285 40.9 3248

Control 10.4 4.8 76.1 6.6 204.5 20.5 15.6 1.4 92.4 73 237 10.7 665.4 48.6  1088.1
30—45cm

Soil 1 34.9 14 197.3 7.9 876.9 35.1 26.1 1 192.4 7.7 157.8 6.3 1014.5 40.6  2499.9

Soil 2 35.2 1.2 132.3 4.4 1162 38.8 12.4 0.4 157.2 5.3 215.4 72 12783 4.7  2992.8

Soil 3 24.7 0.8 222.8 75 10354 34.7 20.1 0.7 151.4 5.1 330.2 111 1196.8 40.1 29823

Control 12.5 1.2 104.1 10.3 2353 234 13.4 13 89.2 8.9 204 2 531.9 52.8  1006.8

F 1 = Exchangeable; F , =Carbonates; F 3= Org; F 4, =MnOx; F s =FeOx(amorphous); F ¢=FeOx (crystalline); F ; =Residual
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Manganese

The results of the percentage distribution betwenforms of Mn found in the soils are presented@able 8. Considerable quantities of extractablevivéme
found in residual, bound to organic matter andrém ioxides (Amorp), with percentages ranged appmateély from 38 to 51 %, 13 to 33 %, and 10 to 19 %,
respectively. t can be observed that in the fractiound to organic matter, the percentages of kdtaincreased with the profile depth, which magy due to
pH decrease along the soil profiles. In additiamjer the pH conditions around 6 the amount of Mspaokd by the organic matter is generally high ttede
are usually low contents of exchangeable formschvisigree with the results of this study (Shuman6lL9B the soil horizons, the sum of extractable Mn
obtained in exchangeable, carbonates, and orgaatiemwas higher than 20 %. This suggests thatriMhe surface horizons due to acidic nature ofsthiks’
environment may be released and highly availabtberprofiles. The distribution of the fractionsdléev the sequential order- Residual > OM > FeOx (Ap) >
Carbonates > FeOx (Crystall) > Exch > MnOXx.

Nickel

The residual fraction was by far the most importaaction for nickel. The values ranged approximateom 21 to 91 % (Table 9) (Osakwe 2012). Thetnex
important fraction for nickel is the organic framii having the percentage ranged approximately flome 41 %. The total percentage of nickel in the
exchangeable, carbonates and organic fractionsatedi that some little amount of nickel could beeptally released from these soils. It has beagssted
that the levels of nickel in Fe-Mn oxides fracticispends on how much Mn oxide is absorbed in smihbse Ni can substitute for surface manganese in
mixed valence Mn oxides. Therefore, as these phesested low percentages in these soils, it coddabduced that the manganese is possibly being

remobilised and released into the immediate enwent as earlier mentioned above.
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Table 8. Distribution of Mn fractions in soil profiles

Soils R F F3 Fy4 Fs Fs F Total Ext
mg/kg %  mg/kg %  mglkg %  mglkg %  mglkg %  mglkg %  mglkg % >T
0—15cm
Soil 1 0.9 1.9 2.7 5.7 7.3 15.4 1.2 2.5 7.3 15.4 3.4 7.2 24.5 51.8 47.3
Soil 2 0.7 1.5 1.4 3.1 8.5 18.7 0.8 1.8 8.8 19.4 3.2 7.1 22 48.5 45.4
Soil 3 0.5 0.9 2.6 4.8 7.1 13.2 1.6 2.9 8.5 15.8 4.9 9.1 28.5 53.1 53.7
Control 0.8 8.2 0.4 4.1 1.3 13.4 0.2 2.1 0.6 6.2 1 10.3 5.3 54.6 9.7
15—30cm
Soil 1 1.5 3.8 2.3 5.9 8.2 20.9 0.7 1.8 4 10.2 5.5 13.9 17.1 43.5 39.3
Soil 2 1.9 5.1 2.3 6.2 9.7 26 0.5 1.3 5.5 14.7 1 2.7 16.4 43.9 37.3
Soil 3 2 4.9 1.8 4.4 11 26.8 0.9 2.2 4.6 11.2 1.3 3.2 19.4 47.3 41
Control 0.3 5 0.5 8.3 0.4 6.7 BDL - 0.9 15 0.7 11.7 3.2 53.3 6
30—45cm
Soil 1 2.2 8.5 1 3.9 5.5 21.3 0.3 1.2 2.8 10.9 2.9 11.2 11.1 43 25.8
Soil 2 1 4.4 15 6.6 7.4 32.7 0.3 1.3 2.2 9.7 1.6 7.1 8.6 38.1 22.6
Soil 3 1.3 5.6 1 4.3 6.8 29.4 0.2 0.9 2.9 12.6 1.9 8.2 9 38.9 23.1
Control nd - 1 23.3 0.9 20.9 BDL - 0.5 11.6 BDL - 1.9 44.2 4.3

F ; = Exchangeable; F , =Carbonates; F 3= Org; F , =MnOx; F s =FeOx(amorphous); F s=FeOx (crystalline); F ; =Residual
Table 9. Distribution of Ni fractions in soil profiles

Soils E F2 F3 F4 F5 FG F7 Total Ext
mg/kg %  mglkg %  mg/kg %  mg/kg %  mg/kg %  mglkg %  mg/kg % >T
0—15cm
Soil 1 3 0.6 13.6 2.9 37.8 7.9 0.3 0.1 11.1 2.3 3.8 0.8 407 85.4 476.6
Soil 2 1.5 0.2 10.2 1.5 15.3 2.2 0.2 0.03 10.3 15 3.6 0.5 649.2 94 690.3
Soil 3 2 0.3 15.6 2.4 29.8 4.6 0.4 0.1 12 1.9 4.2 0.6 584.2 90.1 648.2
Control 1.3 7.9 0.5 3 1.5 9.1 0.2 1.2 2.5 15.2 1.1 6.7 9.3 56.7 16.4
15—30cm
Soil 1 2 0.9 10.2 4.4 94.5 40.9 0.4 0.2 9 3.9 1.9 0.8 112.7 48.9 230.7
Soil 2 2.6 0.9 12.6 45 41.7 14.8 0.6 0.2 8.8 3.1 2.1 0.8 212.8 75.7 281.2
Soil 3 3.1 1.5 13.8 6.7 64.4 31.2 0.8 0.4 8.3 4 2.7 1.3 113.5 54.9 206.6
Control 0.9 6.8 0.6 4.5 0.7 5.3 BDL - 1.3 9.8 1.5 11.3 8.3 62.4 13.3
30—45cm
Soil 1 1.4 0.9 11.2 7.6 24.9 16.9 1.6 1.1 10.9 7.4 2.8 1.9 94.1 64.1 146.9
Soil 2 1.3 0.8 15.4 8.9 18.1 10.5 1.5 0.9 11.4 6.6 3.2 1.9 121 70.5 172.8
Soil 3 6.6 5.7 7.4 6.4 36.3 31.3 17 15 11.6 10 2.5 2.2 49.7 429 115.8
Control 1.1 10.2 0.2 1.9 0.6 5.6 BDL - 0.3 2.8 2.2 20.4 6.4 59.3 10.8

F 1 = Exchangeable; F , =Carbonates; F 3= Org; F 4, =MnOx; F 5 =FeOx(amorphous); F ¢=FeOx (crystalline); F ; =Residual
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Zinc

Zinc was mostly concentrated in the residual foactivith very little present in other fractions (Tati0). The percentage of total Zn in the residtedtion
ranged from 88 to 96 %. The greater percentagenahZhe residual fraction probably reflects theajer tendency for Zn to become unavailable one@stin
soils except under harsh condition (Ma, and Rad71.9bhis is also coincided with the report that aheontents that fractionate in this phase aredfixethe
crystal lattice, have low mobility and can only &geilable after weathering or decomposition of ¢hestals (Adaikpoh 2011). Similar Zn results wesparted

for a soilnear the metallurgical plant (Kristo, Sallaku et2®02) and in soil profile in oil field (AdaikpoR011). The amount of Zn present in the non-residua
fractions ranged from 0.1 to 8.9 % (Table 10), agnahich organic had the highest percentage. Thergfoe amount of Zn present in the non-residaitions
was not appreciable from the standpoint of poté@tiamobility and possible bioavailability. In geag the association of Zn in these soils was endacreasing
order of Residual > OM > FeOx (Amorp) FeOx (Crystall) > MnOx > Exch Carbonates.

Table 10. Distribution of Zn fractions in soil profiles

Soils R F F3 Fy4 Fs Fs F Total Ext
mg/kg %  mg/kg %  mglkg %  mglkg %  mglkg %  mglkg %  mglkg % >T
0—15cm
Soil 1 2.8 0.2 3 0.2 135.6 7.5 16 0.9 12.8 0.7 21.1 12 1626.8 895 1818.1
Soil 2 1.6 0.1 2.7 0.1 126.7 6 11 0.5 30.1 1.4 25.7 12 19116 90.6  2109.4
Soil 3 1.4 0.1 2.3 0.2 127.2 8.5 17 1.1 18.3 1.2 9.2 0.6 1323 883  1498.4
Control 1.1 0.3 1.7 0.4 14.8 3.8 10 2.6 5.9 1.5 4.4 1.1 349.2 90.2 387.1
15—30cm
Soil 1 2.4 0.1 2.4 0.1 142.5 6.9 7 0.3 13 0.6 11.1 0.5 18773 913  2055.7
Soil 2 3 0.1 3.2 0.1 164.4 7.5 9 0.4 10.6 0.5 12.5 0.6 1982.7 90.7 2185.4
Soil 3 3.2 0.8 2.5 0.1 158.4 8.9 9 0.5 4.4 0.3 6.9 0.4  1596.2 89.6  1780.8
Control 2.5 0.3 1.4 0.1 28.6 2.9 2 0.2 4.2 0.4 2.7 0.3 940.4 95.8 981.8
30—45cm
Soil 1 33 0.1 5.4 0.2 105.8 4.5 4 0.2 13.8 0.6 14.1 0.6 21875 93.7 23339
Soil 2 16 0.1 3.7 0.1 97.6 3.9 5 0.2 4.3 0.2 15.1 0.6 24518 951  2579.1
Soil 3 2.1 0.1 3.8 0.1 88.1 2.6 4 0.1 18.2 0.5 11.5 0.3 33108 96.3 34385
Control 3.8 0.3 1.9 0.2 6.7 0.6 1 0.1 4.3 0.4 3.1 0.3 1069.1 98.1  1089.9

F ; = Exchangeable; F , =Carbonates; F 3= Org; F , =MnOx; F s =FeOx(amorphous); F s=FeOx (crystalline); F ; =Residual
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269 CONCLUSION

270 The sequential extraction procedure used to fraat@®Cd, Cr, Cu, Fe, Mn, Ni and Zn in three diffénmechanic workshop soils in this study were djmeand
271 gave a trend as regards the mobility of differexttibns. Different geochemical fractions are openaily defined by an extraction sequence that gelye
272 follows the order of decreasing solubility. Theidesl fraction was the most abundant pool fortadl inetals in the soils studied. However, in moghefsoils, a
273 significant percentage of extractable metals wlig éxception of Zn were associated with the noities fractions. This indicating that these metzdsild
274  potentially be remobilised into the soil soluticarsd then be leached down/out the soil profilesfiicther transportation to other environmental cortipants,
275 particularly ground-and-surface water environmefitserefore, they may pose as metal pollution sepaiets to immediate localities in the vicinity. énall,
276 the potential mobility and possible bioavailability these seven metals in the soils investigatetewFe > Cr > Cd > Mn > Cu > Ni >Zn. Hence, inartb
277 avoid metal ingestion by the ground-and-surfaceswvaburces in the nearby localities from these immHution source-points, mechanic repair workshop
278 should be setup very far away from the resideitiahs. Periodic assessments of these metals aogtamipto determine their levels and also furtherknas

279  regards the bioavailability needs to be done.
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