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Assessment of Concentrations of Heavy Metals in Soils around ESPRO Asphalt Production
and Quarry Site, Wasinmi, Osun State Southwest Nigeria

/\ —

Local Godrnw '
ABSTRACT TN '

This work examined the concentration of heavy metals in soﬂ samples around a=fuesry=siic
AR

>y

(éSPRO Asphalt Production and Quarry Sltei located in Wasmml, Irewole [«&A, Osun State. A

total of nine (9) soil samples were collected from three @ points with spatiat-vasiation distances
), owd 2Kmn
Okm 1km and 2kmy from the quarry 31te Atomlc Absorptlon Spectroscopy (AAS) was used to

determine the concentrations of heavy metals The results revealed that the mean values of the
f\

assessed metals contentd in the soil samples analyzed were in the ordery

Fe>Zn>Cu>Cr>Mn>Pb>Cd. The concentration of the heavy metals in the soil sampies were

.rew ond a3 an I
found to decrease as the soil depths ramging from 0-25cm increases as=well as—inerease-i-the

spatial vasiaian distances of the sampled locatlons from the quarry plant.
Shpovesd Hioh-
The study also revealed low concentrations of Lead (Pb) hawiag a mean concentration value of

witha
0.87ppm and Cadmium (Cd) k&@-a mean concentration value of 0.29ppm. It was also observed
that Tron (Fe) had the highest mean concentration value of 148.8ppm. The study concluded that
quarrying activities raised the soil heavy metalg content.up to the range of about 2km away from

the quarry site. This can be attributed to the number of years of mining and excavation activities
: awd Has
in the study area and accumulation of the heavy metal concentration” over time could be
Jo Heo 4 }.Q LA (0 Nt

dangerous 1 site espemally farmmg and groundwater exploratlon,a,d\\n heg
N

we Ho o -
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1. INTRODUCTION

Quarrying is necessary to provide mm@heet the materials used in traditional hard flooring such as

granite, limestone, marble, sandstone, slate and even @t clay to make ceramic tiles and other

application like alloying [1,3,4,11]. However, like many other man-made activities, quarrying

causes a significant impact on the environment which includes air pollution, noise pollution,
Qe

biodiversity damage, Quarry wastes and habitat destruction. This also causes the build-up in soils

of persistent toxic compounds, chemicals, salts, radioactive materials or disease_causing agents New

which have adverse effects on plant growth and animal health [13,18].\Due to increasing i
population growth, agriculture, industries and urban infrastructures in Nigeria, considerable

degradation of the environment is occurring. Heavy metals are being released to the soil as a ey

result of human activities, weathering and leaching @f from wasteg rocks dumpsto meet the é‘ﬂw@
everyday demand for life [5,7,15,21]. The occurrence of heavy metals in soil can be natural or as ey
a result of human activities. The human activities include mining, smelting, domestic wastes and
various industrial activities and they are the major source of soil toxin. The direct activities of
Sk extraction, processing for industrial and consumer use contributes to the mobilization of heavy
VW&M&IKMCM@ to [23] and [9], the-situation-f heavy metals pollution is more
worrisome in the developing countries where research efforts towards monitoring the
environment have not been given the desired attention by the stakeholders. Industrial scale

mining activity is comparatively low in Nigeria, yet at this level of mining, the nation is
; ‘Qv\\n}"{’{‘ N\Q(vxhvt

increasingly exposed to the unwanted eeedsgical effects of heavy metals [2,8]. Crushed rock
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aggregating from quarrying generates considerable volumes of quarry dust which significantly
leads to production of considerable amount of wastes harboring a number of Heavy metals

[6,14,22]. Interestingly, small amount of these heavy metals are common in our environment and

diet which are necessary for good health, but large amount of any of them may cause acute or
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chronic toxicity and poisoning [10,12,16,17,19,20]. This work was designed to detesmine the

concentration of heavy metals in ESPRO Asphalt Production and Quarry Site CompanssLisrited
and assess its impact on Surrounding soil and environment. The distributions and concentration
of heavy metals at varying distances (spatial variations) from the quarry site and its environment as weM

f-the variation of heavy metals with soil depth.wv;’f%& Shndied

2. MATERIALS AND METHODS

2.1 Sample G)llection and Treatment

Soil Samples were taken at intervals of 0 km, 0-1 km and 1-2 km in Southeast and southwest
directions of the quarry site. Two soil samples each were taken from the top layer 40-5cm and
two sub-layers of {5-10cm§ and €10-25cm). Control samples were also taken in the Southeast

direction where there is less pollution of heavy metals. The contro] samples were taken with the
wad e ak g
Same parameters (distance and depth) but one sample 18 obietned eaeh at different points. These
ansl

Soil samples were air dried and sieved using 2mm mesh size sieve to remove stonesx plant roots
anol p

in order to have soil of uniform particle size. The soil samples were collected in a polythene bag i}

ousl W20y W Ao placg

d labeled appropriately’\until analysis.

2.2 Sample Analysis

- pr
The soil samples were analyzed using Atomic Absorption Spectrophotometer'(l.O of soil) was

weighed into a digestion flask, 10mL of Nitric per Chloric acid (2:1) was added to the sample
and digested at 150°C for 1.5hours, SmL of HCI distilled water (1:1) was added. The temperature
was increased to 230°C and further digested for another 30minutes. It was removed from heat

and allowed to cool. It was washed into a standard 100mL volumetric flask and made up to the

mark with distilled water. The amount of heavy metals in the sample was determined by Atomic
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Absorption Spectrophotometer (PG.:990). The concentration of heavy metals was extrapolated |
from the calibration graph prepared.

2.3 Calculation of Metals Concentration
From the laboratory results, the elemental concentrations in parts per million (ppm) were
determined by:

ctdf

mc= ~ e (e = - e 1
w

where mc= Metals Concentration; c= Concentration; df= Dilution F. actor; w= Weight taken

3. RESULTS AND DISCUSSION

3.1. Results

The concentration of heavy metals in soil and their spatial variation with distance in the study
area is presented in Tables 1 and 2. The concentration of heavy metals in soil at a depth of 0-

25cm varied with distances (Okm, 1km and 2km) to the quarry site.

)
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Table 1: Heavy Metals Contamination in Soil Samples around the Quarry Site)

S/N Sample Distance Depth Concentration of heavy metals (ppm)
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No. From the (cm) Cu? Mn* Fe¥* Zn* ca* Pb* cr
‘(‘;:l‘)‘"’y (opm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

1 A 0 0-5 5.20 244 3232 T35 1.50 443 5.23
2 B 0 5-10 4.34 Y67 2o el S 1.10 341 3.42
3 C 0 10-25 236 0.83 1426 6.36 ND ND 1.05
4 D 1 0-5 2.10 0.81 1364 544 ND ND 0.78
5 E 1 5-10 1.23 080 1215, 426 ND ND 0.66
6 F 1 10-25 097 0.79 1004 225 ND ND 0.57
7 G 2 0-5 0.86 0.76 994 1.05 ND ND 0.03
8 H 2 5-10 0.75 0.60 84.5 0.25 ND ND ND

9 I 2 1025 067 022 564 ND ND ND

Note- ND=Not Detected, Cd= Cadmium, Cr= Chromium, Fe= Iron, Cu= Copper, Mn=
Manganese, Zn= Zinc, Pb= Lead

In m—fable 1, the heavy &Q@@Sconcenmtions in the soil samples at a depth of 0-5cm ranged
from 1.50ppm Cd to 323.2ppm Fe. At depth 5-10cm, the heavy metal concentrations values
ranged from 1.10ppm Cd to 275.2ppm Fe, also at the depth of 10-25cm, the heavy metals
concentration values ranged from 0.83ppm Mn to 142.6ppm Fe. The results revealed that as the
depth increases, the heavy metals concentration values decrease and contamination occurs as a
result of the quarry activities. Here, the order of contamination of the heavy metals in all depth in
the quarry site with distance 0 km is Fe>Zn>Cu>Cr>Pb>Mn>Cd.

Considering the spatial variation (distance) of about 1km from the quarry site, the heavy metal
concentration values in the soil sample at a depth of 0-5cm ranged from 0.81ppm Mn to
136.4ppm Fe. At 5-10cm, the heavy metal concentration values ranged from 0.66ppm Cr to
121.5ppm Fe, also the depth 10-25cm, the heavy metals ranged from 0.57ppm Cr to 100.4ppm
Fe. The results obtained revealed that the trend of decreasing level of contamination was

observed as the soil depth increases. The order of contamination in the heavy metals in all depth
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is Fe>Zn>Cu>Mn>Cr. The heavy metals not detected are Cd and Pb. The experimental results A
computed in the analysis of the spatial variation (distance) of about 2km from the quarry site
follows the regular pattern as the Okm and 1km distances from the quarry site. At depth 5--10cm,
the heavy metal concentrations values ranged from 0.25ppm Zn to 84.5ppm Fe and also at depth
10--25cm, the heavy metal levels ranged from 0.04ppm Zn to 56.4ppm Fe. The results revealed
that as the soil depth increases, the concentration of heavy metals decreases at 2km distance from
the quarry site. The order of contamination of heavy metals at 2km distance from the site is
Fe>Cu>Mn>Zn>Cr. Though the concentration of Cr detected was insignificant whereas Cd and

Pb were not detected.

!
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Table 2: Mean Concentrations of Heavy Metals in Soil Samples around the Quarry Site

-




S/N Heavy Mean L 0 S
Metals Concentrations

(ppm) B : gfqv\d(ﬁrc‘ L{w\'& 3
Cu 911 :
2 Mn 0.99
Fe 148.84
4 Zn 3.79
5 Cd 0.29 \
6 Pb 0.87 :
s Cr 1.30

¢ =

From fable 1, Cu decreases throughout the entire soil profile at all three locations A, B and C. It
was found in highest concentration at location A (quarry site), 0--5¢cm depth where it reaches
5.20ppm and the lowest concentration of 2.36ppm in the sub-soil region in the location A. It can
be deduced in the other two locations B and C, follow the same pattern as shown in thé statistical
approach which explains the decrease in the concentration of Copper as the depth of the soil
samples increases. Likewise, locations A and C have the concentration of Mn decreasing with
increasing soil depth while location B which is 2km away from the quarry site has relatively
stable values with slight variation ranging from 0.79-0.81 ppm. Location B also follows the same

pattern with depth of soil samples increasing.

Also, fromkheTable l)the quarry site being the location A is highly concentrated with Fe at the

topsoil (0-5cm) with a high sigrifieant concentration value of 323.2 ppm. The lowest values are
present at location C which is 2km away from the quarry site. Fe decreases throughout the entire
soil profile at the three (3) sampled locations. At close distances (locations B and C) from the
quarry site, the soil exhibits higher Fe values than further away from the quarry site, which can
e attributed to the fact that Fe concentration was found to be above 2006 WHO limits, which
e

may be due to the deposition of quarry dusts on the soﬂ The effect of quarry dust pollutxon on
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the available Fe in the soil is statistically significant as it decreases with the depth and an
increase in the distance or the spatial variation.

However, the (Z(;);lgentration of Zn ranged from 7.35ppm to 0.04ppm with an average
concentration value of 34.15ppm. The high content of Zn may be attributed to the deposition of
accumulated dust. In the absence of any major metal smelting operations, the primary source of
Zn in urban street is probably the attrition of vehicle tire rubber. Sewage sludge soils show
higher concentration of Zn and addition of fertilizers to the soil such as nitrate, phosphate and
ammonium nitrate increases the concentration of Zn. The result revealed that the soil samples
taken at locations A and B were highly polluted but the analyzed samples taken at location C
showed that the soil samples were slightly polluted st by Zn. This could be attributed to the
absence 91‘ minor smelting operation at ¢l location C which is about 2km away from the quarry
site. Cadmium, Cd was rarely observed with the highest concentration level of 1.50ppm at the
topsoil layer (0-5cm) and also has a concentration value of 1.10ppm at the sub-soil layer (5-
10cm) in the soil samples taken from location A. There was no detectable quantity of Cd in the
analyzed soil samples from the other two locations (B and C). Thﬁat;g% a1iso shows that the
concentration values of Pb in the soil samples wiseh indicated that Pb was concentrated in the
pollution source environment (location A) at the top soil layer (0-5cm) andvsub-soil layer (5-
10cm) with 4.43ppm and 3.41ppm concentration values respectively (I:g(ureﬁf It was

; e o

observable that the assessment of Pb follows the same pattern as Cd with respect to the non-
detectable level of contaminants in locations B and C. The concentration of Cr decreased with
increase in distance to the quarry site, with the least value (0.03ppm) at location C which is 2km
away from the quarry site while the highest value (5.23ppm) was observed in location A at 0-

Scm depth level. It was observed that at location C, the sub-soil layers (5-10cm) and (10-25¢m)

indicated the absence of chromium in the soil samples analyzed and this can be attributed to the

i
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distance to the quarry site which makes it less polluted at the top layer (0-5cm) with 0.03ppm

concentration value (Figure 7).

L}

8

In general, the result indicated that Fe eme:gsd—as the dominant heavy metal with a mean
Hee
concentration of 148.84ppm while Cd has the lowest mean concentration of 0.29 ppm in/\sampled
soils in all depth and spatial variations (distances). It was observed from the vicinity of quarrying
area soil that the mean concentration values of the assessed heavy metals followed the sequence
an S w B g &
Fe>Zn>Cu>Cr>Mn>Pb>Cd GFrgm/(-&) Although/Pb and Cd were rarely detected as the distance
He

increased}éF-i-gui-'@) Twh/s distributions of the assessed heavy metals with their deep soil profile

ranging from 0-25cm for the locations §A, B and C} are statistically illustrated as=by=the

folowing-graphs in Figures 1 to 7.
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3.2 Discussion

The assessment of the concentration of heavy metals in soils showed significant differences
between samples in different distances. Results of this study showed that there was a marked
decrease in concentration of Cd, Pb, Mn, Cr, Cu, Zn and Fe in soil as the sampling distance
increases (Figures 1-7). The highest value of Zn (7.35ppm) observed at the topsoil layer (0-5cm)
from the study site was higher than Zn (1.05ppm) recorded at the topsoil layer (0-5cm) in the soil
sample 2km away from the quarry site. Soils at a distance of 300m from the quarry plant site
were still contaminated, but the concentration decreased exponentially with the distance. Soil
samples collected between Okm and 1km appeared to show higher concentration of most heavy
metals than samples farther away probably because of their proximity to the exploration area and
leaching of metals from quarry tailing. The composition of Fe, Zn, Cu, Cr, Mn sampled at
deceasged with herealdR dn fromn Ut POy Tyt ap shovm S
e-deeredsi ge-easing distance’(Figures—t=d-ands). Though Pb and ' %
A AN
Cd from the experimental analysis were infinitesimal but still follow the regular pattern of

chisdotsd

decrease in concentrations as the spatial variation-(distanee) increased(Figures 5 and 6).

various distances 3

Hovyever, the concentration of heavy metals in soil in dry season were significantly (0.05) higher

than concentration of metals in wet season. This is in agreement with the findings of [23]. This

might be due to the run-off effect that is capable of removing heavy metals from the site and the

effect of rainfall which may facilitate the dilution of soil solution during the wet season and

intense evaporation in the dry season makes soil solution more concentrated. A Qihcentration of //
heavy metals in the soil samples vary considering the topography of the area, atmospheric
influence and farmland cultivation in the geﬁ’mmwgk .

Iron was found to be in high concentrations in most of the soil samples. This can be attributed to

the soil in the investigated areas being rich in Fe. The Mn content varies from 0.22-2.44ppm. The

concentration of the toxic heavy metal Cd in the results obtained from the analyzed soil samples
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was too low to be detected by the analytical technique used in this study as the distance from the
quarry site increases. The non-detectable level of Cd in the soil samples assessed indicated that

the soils around the quarry site were not contaminated with Cd.

ranged]

The elemental concentration of Cr in the results of the samples assessed ramgimg from 0.03-

5.23ppm. The highest concentration of Cr was recorded for the topsoil sample layer (0-5cm) in
Yt"m i ﬁ,s,v&qf
the quarry site with cemeentration value of 5.23 ppm W) Lower values of Cr in soil

samples in the quarry site with increase in th anee) were observed. Also the

/
results obtained indicated that the concentration of Pb ranged from 3.41-4.43ppm and it was

AA.S‘\"W"% \,,\,Ml)t ?—MJ'LL cimww\rj % o i o mt{a’\rd’( L ;

rarely detected as the spatia

4. CONCLUSION

The assessment of the concentration of heavy metals in soils around the quarry site showed that
the concentrations of heavy metals from soil samples were decreasing with increase in distance fHov~
Ao quavoy Gy i

(spatialvasiatiorf).It was also deduced that the concentrations of heavy metals in the soil samples
decreased as the soil depth u;esemg-l-y:q;se from 0—250m7(1t was noticeable that metals like Fe,
Mn, Cu, Zn and Cr were densely detected while metals like Pb and Cd were rarely detected as
the distance from the quarry site significantly increased from 0-2km. This may be due to the
landscape topography, soil chemical composition, regional and microclimatic effects on the study
area. However, the concentrations of heavy metals in the study area was observed to be lower
than the concentrations of metals in other quarrying/mining industrial sites such as the limestone
quarry in southwest (Ibadan), Nigeria. This can be attributed to the number of years the quarry
plant in the study area has been in operation.

From the results, the concentration of heavy metals still falls below the WHO limits but

: : . P e
accumulation over time could be dangerous ; therefore7there 1sﬂneed to carry out periodic

Environmental Inspection Assessment studies on industrial activities and their impact on the



environment. This will prevent and minimize the negative effects of quarrying operations on

g @Y

human health including the factory workers and the physical environment thereby protecting the

environment from hazardous pollutants.
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