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Abstract: The impact of previous operations on the envirortmers assessed by determining heavy metal convé stsil
(topsoil, 0-15 cm and subsoil,15-30 cm) and plamgles taken at 0, 10, 15, 30, 60, 120 and 200om fin abandoned
granite quarry and compared to samples from a abfiiaseline) location. Fe was the most abundameht in the topsoil (O-
15 cm) and subsoil (15-30cm), Cd was below detéetdbvel while other elements were present in theeo
Mn>Cr>Pb>Ni>Cu>Co. Fe, Pb, Cu, Cr and Ni were hgjhet 0 m and decreased with distance from theryjsie. The
metals showed deficiency to moderate enrichmentlanwdto moderate contamination at some distancesninre in the
topsoil than in the subsoil such that the Pollutimad Index (PLI) was <1.0 at all points in thegojp. Fe and Mn were most
abundant in all the plants addpilia africana contained the highest Pb and Co while Ni was higreSynedrella nodiflora
andChromolaena odorata. The Transfer Factor, Shoot: Root Quotient and Extsa Coefficient exceeded 1.00 for most of the
heavy metals especially at 0 and 10 m. The potestti@hromolaena odorata for Fe accumulation was indicated justSida
scabrida would be an excluder of Cu.
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1. Introducti biotite-hornblende granite) and charnockite, gneiaad
- Introauction quartzite (Oyinloye and Obasi, 2006; Shitta, 2018)ge

Sustained investment in the development of thedsoli€conomic benefits can be derived from the sustained
mineral sector to diversify the revenue base fromde oil ~€XPloitation of these rocks and rock minerals tgftomodern
export is a major thrust in the economic transfdioma |2r9€-Scale quarrying operations. _
agenda of the Nigerian government and through witih A duarry is an open-pit mine from which rocks ocko
country will be one of the top 20 economies by y2a20 minerals are extracted through various processas rttay

(Mallo, 2012). The prospects lie in the diversddsatinerals cOmprise removal of the topsoil (overburden), o]
of 33 different types occurring in large quantitis 450 blasting with explosives and use of machinery tashrand

locations within the geological formations: pre-Gmifan 9rade rock materials and for transportation. Quagyas
igneous and metamorphic rocks of the basement @pl EVETY mining operation, is a destructive developnaetivity
and sedimentary rocks but which are in poor stages whose socio-economic benefits may be unable to eosgie

exploration and even poorer stages of exploitafimrexport 07 the overall detrimental effects on natural gstems.
(Odeyemi, 2001). Compaction by heavy machinery produces various @tgpa

Ekiti State is located in the western portion of th ON the air, water, soil, earth surface, flora andnf, and
basement complex in Nigeria. with characteristidang numan beings (Enger and Smith, 2002). As regamisais,
physiography (average >250 m elevation) and unihgat the alterations of nutrient dynamics, especiallyaNd P
topography of expansive ancient plains broken b vailability, increased soil acidity and introdwcti of toxic
intermittent steep-sided outcrops, dome-shapedibesgs N€avy metals can be localized or extend to nearby
and singular or ridge of residual hills whose majmzks are €C0Systems through the air and local hydrology.

granite (fine, medium and coarse-grained biotiage and Heavy metals are naturally present in agricultgils at
low concentrations as the products of biologicald an
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geochemical cycles but increase to high levels utino for the supply of rock aggregates needed for road
anthropogenic activities (Uwadt al., 2009). The persistent construction. The operational area for blastingnding and
nature and cumulative behaviour through which thdgin  loading of granite is about five hectares. Majomying
toxic levels with hazardous effects on plants amidhals and activities ceased when the road contracts wereleded but
so pose human health problems (B&al., 1997; Islanet al., the quarry was re-opened in 1996 and operated 201i8.
2006) have increased research interest on idemgifghe Surface (0-15 cm) and subsoil (15-30 cm) samplese we
sources of contamination. Rock and rock mineralatgiion  taken at the quarry site (0O m), 10, 30, 60, 120 200 m
activities are sources of additional heavy metalssoils. along the slope in the southern direction becatfigmssible
Blasting and crushing of rocks and use of explasamed heat contamination from dust, emissions and runoff. Atcol

to produce granite chips release particulate mattdrdust of (background) sample was taken at the Research éfalkiti
different metallic constituents from the machinsriand State Agricultural Development Programme, IkoletERihe
blasting processes. Heavy metals are non-biodelgiada most abundant plant species at each sampling peené
difficult to remove and on reaching the soil woulduprooted and taken to the Department of Plant Seiekiti
accumulate through bonding to clay and organicowmtdl State University for proper identification. The pis were
(Piccolo and Mbagwu, 1997). Plants growing in suchinsed in distilled water, separated into leavdems and
contaminated soils can also bio-accumulate the Imeth roots and oven-dried at 8D for 48 hours. The dried samples
concentrations high enough to cause clinical problsuch were milled to fine powder (<1 mm) in an agate @mowith
that understanding the presence in the soil-plgstem is an  pestle. Soil samples were air-dried and sieved (®R@and
important issue in current research on heavy metk analyzed for particle size distribution; pH in 1(\/v) soil-
assessment. water suspension, organic carbon, exchangeablensatind

Investigations continue on effective, low-cost andexchangeable acidity using standard laboratory ousth
environment-friendly methods which immobilize heavydescribed in [ITA (1979). Two (2) gf soil samples were
metals in the ecosystem and render them less biabhlea digested with 10 ml 30% HCI and 3.5 ml 65% HN@nh a
Plants contain heavy metals in relation to conegisin and Tecator Model 20 Digestor system at ¥G0for 1 hour 30
extent of availability in the soil, populations phrticular minutes before heating at Z8Dfor another 30 minutes. The
plant species and the plant parts and so vital tdigestion tubes were removed and allowed to coébrbe
phytoremediation- a method of decontamination inictvh washing the contents into 50 ml volumetric flask$e
plants accumulate the metals (phytoextraction) estrict digestion of 0.5 g plant samples was with 5 ml e fcid
their dissemination from the sources of pollutionmixture on a Tecator Model 40 system using the same
(phytostabilization) (Kumar et al., 1995). Based lmwavy procedure. The heavy metals in the digests werermeted
metal uptake, Whiting  (2000) identified four with Atomic Absorption Spectrophotometer (Buck Stific
chemotaxonomic groups of plants for phytoextraction205 Model with direct air-acetylene flame).
excluders transfer negligible amounts of metalsposh  Simple correlation coefficients were calculated the
content of indicators is a good measure of soillytioh relationships between soil properties and heavyalnen
while accumulators and hyper-accumulators have elargsoils and plants; among the heavy metals in thé awd
gquantities concentrated in the shoots in relatiam thetween the heavy metals in soils and plants. khene of
environmental factors which make the elements ptese heavy metal pollution at the specified distancethefquarry
available forms. Many studies have shown greatpaaty operations site was compared to the backgrounctr@oor
of some plants that grow naturally on contamindseui for baseline concentration) and indicators of heavy amet
heavy metal accumulation compared to levels nogmallenrichment calculated.
encountered in plants and uncontaminated soils|éBloah et (1) Enrichment Factor (EF) was calculated from the
al., 2006; Escarre et al., 2000) which suggestghah plants relationship previously used by Laial. (2005) as:
can be used to decontaminate heavily polluted .soils
Ogundiran and Osibanjo (2008) identified six plapecies
that classify as hyperaccumulators for Pb, Ni amdand B, (background)/B,¢(background)
three others as excluders in the vicinity of a drgttwaste
dumpsite in Nigeria.

This study determined the heavy metal content ils smd
plants in the immediate environment of a granitargiing
and stone crushing facility with which to assessbllution
threats and provide the information needed in damirf
appropriate land use strategies for the site.

C,(sample)/C.s(sample)

where
C, (sample) = concentration of metals in the sample,
Cret(sample) = concentration of the reference metahén
sample
B, (background) = -concentration of the metal in
background environment
Bt (background) = reference metal’'s concentratiothe
. background.
2. Materialsand Methods The reference metal in this study was Fe because it
abundance implied natural occurrence in soils (Adpohe

. Oy A Am 0mrs
The study site, located at Ikole-Ekiti"@5’ 44°N, 5°30 and Fawale, 2009). The EF interpretation is a®fgdt <2.0

407E) in EKkiti State, Nigeria is an old quarry oyl in 1976
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means deficiency of mineral enrichment; 2.0-5.0 msea concentration of individual heavy metal in the shoo

moderate enrichment and >5.0 high level of enrialtme compared to the concentration in the root with the
(2) Contamination FactdiCF) = C;“S]a{—mpled expression ¢/C; _

where Cmbackgroun (6) Extraction coefficient as the concentrations of the

heavy metals in the shoot divided by that in thié @®

Cn (sample) = mean of the concentrations of individua in the expression C.

metals from all distances
Cn, (background) = background or baseline concentratio
of individual metal 3. Results
The interpretation is in four categories of intéiesi on a
scale of 1-6 as follows: 0= none, 1= none-medium, 2
moderate, 3= moderate-strong, 4= strong, 5= stuang-
strong, 6= very strong (Esshaimi et al., 2012).

The means and ranges of soil properties at specific
distances from the granite quarry and control sangre
shown in Table 1. The soils were slightly acid lgasands to
. ~ sands in the topsoil and sandy loam to sands irstbsoil.
®) CP:O”%O” Load Index (PLI) = (k& x Cez X Cego-m-- Organic matter was 0.71-2.93% and 0.55-1.76% in the

Fr) topsoil and subsoil respectively. ECEC was 4.9%2-%hd

where . _ 4.64-9.47 cmol.kg for the 0-15 cm and 15-30 cm layers of
n= number of metals investigated soil

C= Concentration factor
= ratio of concentration of each metal in sampleéh#®  Taple 1. Means and ranges of some physical and chemical properties of soils

baseline soil in the vicinity of the granite quarry at Ikole-Ekiti
PLI val_ue below or close to 1 means b_aseline hm@al Topsoil (0-15 om) Subsoil (15-30 cm)
loads while >1 means heavy metal pollution or aadation Mean Range Mean Range
at the site Sand, % 80.4 72.2-86.2 742 62.2-84.2
(4) Transfer factor (TF) of the heavy metal into plants  Silt, % 10.7 6.6-146  13.4 8.6-22.6
determined using the expressiof@ Clay, % 2 lB2 Liz Tz
where Soil Textural Class LS SL-S LS SL-S
. _ pH (Water) 6.3 5.9-6.8 6.2 5.6-6.7
C, = concentration of the metal in plant sample Organic Matter, %  2.01 0.71-2.93 1.22 0.55-1.76
Cs = concentration of the metal in corresponding so ECEC, cmol.kg 6.69 4.95-9.12 6.10 4.64-9.47
sample

TE>1 hiah | | of h tal taminati Soil Textural Class: S= Sand; LS= Loamy sand; Sardy loam
means high level or heavy metal contaminalion  ecec- Effective Cation Exchange Capacity = Exchabie bases+

the plant Exchangeable acidity
(5) Shoot/root quotient was determined as the

Table 2. Means and ranges of heavy metal content in soils near a granite quarry at kol e-Ekiti

Topsoil (0-15 cm) Subsoil (15-30 cm)
Elements*

Mean Range Control Mean Range Control
Cd ND ND ND ND ND ND
Co 3.04 2.25-3.50 3.50 3.54 2.75-5.00 5.50
Cr 17.71 11.50-24.25 11.75 17.29 11.25-27.00 19.00
Cu 2.63 1.50-4.00 3.50 3.04 1.50-4.25 3.25
Fe** 0.61 0.36-1.07 0.75 0.88 0.47-1.62 1.49
Mn 136.75 85.75-155.50 142.25 135.83 79.50-156.75 148.00
Ni 3.54 2.25-4.25 4.75 3.67 2.50-5.75 5.50
Pb 11.92 7.75-16.75 10.00 12.25 10.25-17.75 13.50
Zn 7.01 3.50-14.55 8.00 7.00 4.00-12.50 9.50

ND= below detectable level
*Heavy metals in mg.kg
**Fe in %

Table 2 shows the means and ranges of heavy nietdis Table 3 shows the correlation coefficients of the
0-15 cm and 15-30 cm layers of soils at specifstadtices relationships between soil properties and heavy amet
from the granite quarry site and the control sampke was contents. The only significant correlations werensen clay
the most abundant and with the order heavy metailsgb and Zn (r=0.77**), pH and Cu (r=-0.69), ECEC and Zn
Fe>Mn>Cr>Pb>Ni>Cu>Co. Cd was below detectable levelr=0.56*) and Cr (r=-0.70**) while organic mattehaved
in the soils. The mean values with soil depth sltbd2.5% poor correlations with all the heavy metals. THatrenships
increase in Fe, slight increases in Co, Cu, Pb ldhdnd between the heavy metals in the soils (Table 4yvghat the
slight reduction in Mn, Zn and Cr. following pairs had significant correlations: Cu/Feu/Co;
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Mn/Cr; Pb/Fe, Pb/Co; Fe/Co, Fe/Ni and Co/Ni.

Table 3. Relationships between some soil properties and heavy metal
contentsin soils near the granite quarry at Ikole-Ekiti

Heavy Soil properties

Metals  pH Clay Organic carbon ECEC
Co -0.19 0.31 -0.20 0.29
Cr 0.29 -0.20 -0.24 -0.70**
Cu -0.69** 0.04 0.15 0.49
Fe -0.11 0.11 -0.09 0.27
Mn -0.02 0.33 -0.04 0.28
Ni -0.19 0.51 0.21 0.19
Pb -0.09 0.04 -0.08 0.20
n 0.14 0.77** 0.24 0.56*

Table 4. Correlation matrix of the relationships between heavy metal
contents of soilsin the vicinity of a granite quarry at Ikole-Ekiti

Co Cr Cu Fe Mn Ni Pb Zn

Co - -0.16 0.53* 0.82** 0.01 0.58* 0.55* 0.19
Cr - -0.35 0.09 -0.67** 0.14 0.13 -0.51
Cu - 0.56* -0.13 0.65* 0.28 0.11
Ee - -0.46 0.69** 0.78** -0.06
Mn - -0.48 -049 0.37
Ni - -0.27 0.14
Pb - -0.15
Zn =

Table 5. Enrichment Factors of heavy metals in the vicinity of a granite
quarry at Ikole-Ekiti

Distance Co Cr Cu Fe Mn Ni Pb Zn
Topsoil 0-15 cm

Om 0.70 155 097 164 062 0.87 149 0.59
10 m 224 328 123 034 3.00 126 299 1.98
30 m 161 242 159 046 218 1.73 217 4.04
60 m 1.83 241 313 034 293 201 180 223
120 m 157 496 135 033 3.02 184 273 1.38
200 m 085 088 1.01 085 1.19 092 130 1.11
Subsoil 15-30 cm

Om 072 142 081 228 044 091 0091 041
10 m 133 249 1.03 041 244 117 213 1.79
30m 120 170 128 057 177 114 156 281
60 m 169 170 249 043 235 170 198 231
120 m 1.18 265 127 057 176 1.04 1.65 0.89
200 m 0.77 051 084 148 0.68 051 2.04 0.61

Table 5 shows the Enrichment Factors of heavy métal
the soils and based on the interpretation crite¢hia, metals
showed moderate enrichment at some distances b imo
the surface layer (0-15 cm) than in the subsoit3@5m).
The pattern in the surface soil layer is as follo@s at 60 m;
Mn, Pb and Cr at 10-120 m range; Zn at 30 and 6Gorend
Ni at 10 and 60 m, respectively while values in tiher
distances indicate deficiency. Most of the metalsrev
deficient values in the subsoil while the enrichingras
moderate for Fe at 0 m, Cu at 60 m, Mn at 10 andh&or
Mn, Zn at 30 and 60 m, Pb at 10 m and Cr at 101&@dm.
The Contamination Factors shown in Table 6 weredbthe
various points from the quarry operational areahwtite
values at <1.0 in all surface locations for Co,a%d Zn but
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moderate (CF=1.0-3.0) at 10, 60 and 30 m, respalgtiThe
values of CF for Cr at 0-30 and 120 m; Mn at 10 &adn;

and Pb at 0, 10 and 200 m also indicated moderate
contamination. The contamination of Cu, Cr, Cu,Nteand

Pb at 0 m and Co, Cu, Fe and Pb at 200 m in theodulbas
moderate. The Pollution Load Index (PLI) was <1tOakh
points in the surface layer with highest value® and 30 m
(PLI=0.90) while only 200 m had PLI>1.0.

Table 6. Contamination Factors of heavy metals from granite quarrying
operations at |kole-Ekiti

Distance,

m Co Cr Cu Fe Mn Ni Pb  Zn PLI
Topsoil 0-15cm

Om 0.89 148 0.96 0.96 059 0.83 143 0.51 0.901
10m 1.04 1.14 044 035 1.03 0.44 1.04 0.63 0.695
30m 0.96 1.09 0.74 0.45 0.97 0.78 0.98 1.66 0.900
60 m 0.89 0.88 1.18 0.37 1.06 0.73 0.66 0.74 0.774
120 m 0.67 1.58 0.44 0.32 0.95 0.59 0.87 0.40 0.643
200 m 0.96 0.75 0.89 0.85 0.99 0.78 1.11 0.86 0.892
Mean 0.90 1.15 0.78 0.55 0.92 0.69 1.02 0.80
Subsoil 15-30 cm

0om 1.18 1.76 1.04 124 054 1.12 1.13 0.46 0.979
10 m 0.81 1.04 0.44 042 1.01 0.49 0.89 0.69 0.683
30m 0.89 0.94 0.74 0.56 0.98 0.63 0.87 1.43 0.848
60 m 1.04 0.78 1.18 0.46 1.07 0.78 0.92 0.97 0.870
120 m 0.89 150 0.74 0.57 0.98 0.59 0.94 0.46 0.783
200 m 148 0.73 126 145 098 0.73 151 0.80 1.069
Mean 1.05 1.12 090 0.78 0.93 0.72 1.04 0.80

PLI= Pollution Load Index

Table 7. Total heavy metal contents of plant species near a granite quarry at
Ikole-Ekiti, Nigeria

Sample Plant species Co Cu Fe Mn Ni Pb  Zn

Control MONa& o0 180 2500 980 20 14.0 6.0
diversifolia

Om  Sdascabrida 15.0 24.0 327.0 2580 11.0 20.0 55

1om Asilia 38.0 73.0 4480 2400 7.0 35.0 10.0
africana

30m Sdascabrida 22.0 0.0 1149.0 131.0 10.0 19.0 12.0

gom neddla o0 50 2050 1420 13.0 140 95
nodiflora

120m Chromolaena 4 656 94320 209.0 13.0 25.0 8.0
odorata

200im  LAM 105 6.0 4880 3050 9.0 11.0 105
triangulare

Table 7 shows the total heavy metal content in sprast
abundant plants within 200 m of the granite quaity. The
heavy metals varied between 0 mg:kgu in Sida scrabida
at 30 m to 9,432 mg.KgFe inChromolaena odorata at 120
m. The most abundant heavy metals in the plantepeeere
Fe and Mn. The highest heavy metal contents wetaira
as follows: Cu inChromolaena odorata at 120 m and\spilia
africana at 10 m; Fe inChromolaena odorata at 120 and
Sda scrabida at 30 m; Mn inSda scrabida at 0 m and
Talinum triangulare at 200 m; Co, Co and Pb iAspilia
africana at 10 m; Zn content iBida scrabida at 30 and 200
m; and Ni inSynedrella nodiflora andChromolaena odorata
at 60 and 120 m respectively. Cd and Cr were below
detectable levels in all the plants.
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Table 8. Transfer Factor, Shoot: Root Quotient and Extraction Ratio of
heavy metalsin the vicinity of a granite quarry at Ikole-Ekiti

r?]'sance’ Co Cu Fe Mn  Ni Pb  zn
a) TF

Control  7.14 554 003 068 042 140 0.75
om 500 7.39 003 301 259 119 1.22
10m 10.86 4867 012 159 311 286 1.87
30m 677 000 023 092 250 165 0.83
60 m 9.00 125 005 091 347 181 1.46
120 m 844 4333 264 150 433 244 229
200 m 323 200 005 209 225 085 140
b) SRQ

Control 178 500 209 308 2000 6.00 2.00
om 400 100 3270 562 175 186 2.67
10 m 217 161 101 300 250 250 1.00
30m 214 100 094 285 233 217 092
60 m 238 150 069 358 160 250 1.71
120 m 171 364 863 38 225 178 0.78
200 m 163 500 461 336 080 175 1.63
c) ER

Control 457 429 002 051 042 120 050
om 400 369 003 255 259 078 0.89
10m 743 3000 006 119 311 204 091
30m 462 000 011 068 250 113 041
60 m 633 075 002 071 347 154 092
120 m 533 3400 237 119 433 156 1.00
200 m 196 1.67 004 161 225 059 093

TF= Transfer Factor; SRQ= Shoot: Root Quotient; ERtraction Ratio

The values of Transfer Factor (TF), Shoot: Root ti@mo
(SRQ) and Extraction Coefficient (EC) calculated fbe
heavy metals are shown in Table 8. The TF valuesaded
1.00 for most of the heavy metals especially ah@ &40 m
where contamination was indicated in the plantsyamed to
the control. There was no Fe contamination excefgf@ m
with TF of 2.64 while the value of 0.00 for Cu & B was
due to its undetectable level in the plant. The SRues
exceeded 1.0 for most heavy metals except Fe ah@®0 m,
Zn at 30 m and Ni at 200 m. No value could be gif@rFe
which was below detectable level in the plant raat® m.
The EC values were highest at 30.00 and 34.00 foatCLO
and 120 m but lowest for Fe and Zn (<1.0) excedt2&t m
with a value of 2.37 and 1.00 respectively. Thaigalof Cu,
Mn, Ni, Pb and Zn indicated increased extractio®-40 m
compared to the control.

4. Discussion

The soil properties are typical of soils formed marent
materials derived from basement complex rocks, @ajhe
in soil reaction, coarse-textured surface layeartlg sand to
sand with mean 8.9% clay) overlying fine-texturedsoil
(sandy loam to sand with mean 12.2% clay) and dsorg
organic matter with soil depth. The higher clayteoin the
subsoil agrees with diagnostic criterion for theilic or
kandic B horizons in Alfisols and Ultisols formedder
warm, humid tropical conditions (Ogunkunle, 2009he
amount of heavy metals with depth was not condistsn
shown by slightly higher mean values of Cu, Pbahi Co
in the subsoil unlike the wider difference in Fevieen the

surface (6141.25 mg.Ky and subsoil (8753.67 mg.Xp
which was probably due to formation of large amsuwftFe
oxides and hydroxides as weathering products (Baaaty
Weil, 2002). Ayodele and Balogun (2013) had repbrtee
trend in distribution of the heavy metals in thiamjte quarry
as Fe, Pb, Cu, Cr and Ni being highest at 0 m audedsed
with distance. Bada and Fagbayigbo (2009) had wbder
similar decrease of heavy metal concentrations digtance
from a stone quarry which confirms this as the ptiae
source of soil contamination. This might be dueh&avy
metals emitted in particulate matter and whichlegttinder
gravity near the point source (Haygarth and Job@82). Pb,
Cr and Mn decreased with depth probably becaustheof
higher organic matter content of the topsoil whigbbably
ensures fixation of the heavy metals in soils (Ny@tabo
and Hamya, 1986). Usero et al. (2000) had obsethagdthe
decrease in heavy metal content with soil depthgssigd
anthropogenic sources of contamination.

The relationships with soil properties show thatycand
organic matter had little influence on the contesftheavy
metals in the soils. Clay has high correlationdwiib and Ni
but only the former is significant while the lowrecelations
with Fe and Mn are unexpected. The decrease of dviteat
with depth can explain the low correlation but mdtFe
which is usually associated with the clay comporemd it
also increased with depth. The correlations of hemetal
cations with pH were negative and positive with #réon
heavy metal- Cr, however only the correlation with was
significant. The significant positive correlations Fe with
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Cu, Pb, Co and Ni; and Co with Cu, Pb and Ni sugges
similar sources of enrichment whereas the significa

correlations of Cr with Mn and Zn were negative.

The pollution assessment indices show that contaioim
of the various points with heavy metals as indiddig most
EF and CF values within the class of moderate bnrént
and none-medium contamination respectively. Thos,use
of PLI which provides a simple comparative means
assessing the level of heavy metal pollution iftenindicates
that the level of pollution is low (PLI<1.0). Thaigry has

of

been closed for a decade and only subsistence level

collection and cracking of stones by women anddcéit

take place. Thus, the pollution effects of blastiagd

mechanized operations in stone crushing and tratajom

found where granite quarrying activities persisadB and
Fagbayigbo, 2009; Oguntoke et al., 2009) are nadon
obvious. Thus, even if the site had been pollutéti heavy

metals in the past, the time interval since actjuarrying

operations stopped and taking of samples was plylaig

enough to have worn off such pollution through acef
runoff by erosive agents.

Different plant species were found at the samppogts
from the quarry and so the correlation analysisveen soil
and plant heavy metal contents was not carriedHaivever,
based on total content irrespective of plant sgeéie content
was highest and followed by Mn while Zn and Ni wéine
least. With regards to the baseline (control) va|tleere were
elevated levels of Cu, Mn, Fe, Pb and Ni at 0 ehadnl Bada
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and Fagbayigbo (2009) had observed highest totarf@bNi
concentration in vegetation within quadrants takénl m
radius from a granite quarry and the values deetkagth
distance up to 500 m radius. The TF which quastitiee
relative efficiencies of the plant species in heawgtal
bioavailability and so the differences in theirdgoumulation
was based on the assumption of heavy metal uptakibeb
roots only and not through possible foliar absorptfrom
atmospheric metal deposits in the particulate méteode et
al., 2008). The control had lower TF values for treavy
metals than at 0 m, except Pb and Co, but whichtpoi
elevated concentrations in the plants above theldein the
soils. Thus, the highest transfers were: Cu, Pb @adin
Aspilia africana at 10 m, Mn inSda scrabida at 0 m and Fe,
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(Rotkittikhunet al., 2006) -for Fe but the plants qualify based
on SRQ and EC>1.00 for all or some of the heavyataeAll
the plant species are excluders of Gida scabrida,
Synedrella nodiflora and Talinum triangulare are excluders
of Cu while Talinum triangulare, Sda scabrida and
Chromolaena odorata are possible excluders of Co. The
extent of tolerance to high Fe b$hromolaena odorata
despite the low content in the soil is worthy ofeneuch that
after the accumulating ability has been establishes plant
can be recommended for decontamination of Fe-mallut
soils.
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