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ABSTRACT: Samples of soil and vegetation were analyzed far treavy metal contents using
standard methods. Samples were collected arouste@ rolling mill along Ikirun, Osogbo
road, Osun State. Results of vegetation revealgtest iron concentration (17305.00mg/kg),
highest chromium concentration (1088.00mg/kg), ésgmickel concentration (303.40mg/kg),
and highest lead concentration (38.88mg/kg) at V.GS@il analysis showed highest iron
concentration at SS3 (29895 mg/kg), highest cotiaicentration at SS6 (510 mg/kg), highest
nickel concentration at SS6 (882 mg/kg), highestl leoncentration at SS7 (2525 mg/kg) and
highest chromium concentration at SS6 (2935 mg/kigls suggests that the area was grossly
contaminated mostly with iron, chromium, lead artkel especially in soil. Plant concentration
factor was in the range 0.03 — 0.63 for iron, 0-10.62 for cobalt, 0.01 -0.76 for nickel, 0.00002
— 0.02 for lead and 0.09 — 0.95 for chromium. Plabsorption of heavy metals from soil was in
the order Cr>Ni>Fe>Co>Pb. Integrated pollution indeof soil showed low to extreme high
level of pollution. Statistical significant differees were observed between means of heavy
metals in study area and control site. Strong pesitorrelations were observed between pairs
of metal in vegetation and pairs of metal in sdilter-element correlations were however
observed to be weak between the two media. Lelvaistals in control sample were not as high
as levels obtained at the steel rolling mill.

Keywords: Soil, Vegetation, Integrated pollution index, Plambncentration factor,
Heavymetals.

INTRODUCTION

Pollution is one of the most important problemsuaid the world today in which thousands of
millions of world inhabitants suffer health problenmelated to industry and atmospheric
pollutants (Martinezt al, 2001). Recent years have witnessed significiniion being paid to
the problems of environmental contamination by wideety of chemical pollutants including
heavy metals. (El-Demerdash and Elagamy, 1999).

Heavy metals enter into our environment from batural and anthropogenic sources (Kabata-
Pendias, 1986). They contaminate food source aaghadate in both agriculture products and
seafood through water, air and soil pollution (kinal, 2004). All heavy metals are toxic at soil
concentration above normal level. Addition of heawetals to soil may affect microbial
proliferation and enzymatic activities, possiblyadeng to a decrease in the rates of the
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biochemical process in the soil environment. Wortliwincreasing level of industrialization and
urbanization has lead to environmental pollutioiteit et al, 2003).

Industries have largely been reported to be resplensor discharging pollutants containing
heavy metals such as zinc, copper, manganese, wamickel, mercury, lead, chromium, iron
and cobalt into our environments (Chen and Che®lR0OHeavy metal mobilization in the
biosphere by human activities has become an impiopEcess in the geochemical cycling of
these metals (Chegt al, 2005). This is evident in industrial areas whetaionary and mobile
sources release large quantities of heavy metdts time atmosphere, soil and vegetation
exceeding the natural emission levels. (Nriagu9i®88oset al, 2001).

Metal distribution between soil and vegetation leg issue in assessing environmental effect of
metals in the environment (Abulude and Adesoje 6208eavy metal toxicity has an inhibitory
effect on plants growth, enzymatic activity, phgtatbetic activity and accumulation of other
nutrient elements, and also damages the root sy&emeet al, 2004).

Soil is not only a medium for plant growth or peoldispose of undesirable materials, but also a
transmitter of many pollutants to surface wateougdwater, atmosphere and food (Cleeml,
1997). Therefore, soil pollution may threaten hurh@alth through its effects on the hygiene
quality of food and drinking water.

Nadal et al (2004) and Ondeet al (2007) have observed that the most economicdl an
reasonable method for monitoring heavy metals enatmosphere is using soil and vegetation
samples and have been widely used as cumulativecesif long and short term exposure
respectively to environmental pollutants .

In Nigeria, manufacturing industries constitute ajon source of environmental pollution. Some
discharge their wastes into rivers and streamsatgd. There has been report of contamination
of Nigerian environment by petroleum (Kakulu andib@sjo, 1992). Olayiwola (2011)
investigated the effect of heavy metal pollutiorsoil by various allied artisans in the vicinity of
auto-mechanic workshop (Osun State, Nigeria). Ywsufl (2003) reported the impact of
industrial development on the environment of Lagdy and observed that they range from
stench and colouration of water bodies to the ajgpea of surface films.

Literature indicates that studies have been coeduah pollution of some areas in southwestern
Nigeria, but nothing of such has been monitoredtten heavy metal levels emanating from

industrial area in Ikirun, southwestern Nigeria dmeir possible effects on the quality of soil and

vegetation. Therefore, it is important to investigahe level of heavy metals in soil and

vegetation around this steel processing industry.

METHODOLOGY

Study Area
The study area is located in Osun State, in théhs@stern part of Nigeria. Ikirun is about
longitude 439.929'E and latitude 7.88B99'N. There are no other industrial developments
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within the area. The steel rolling mill plays arsfgcant role in the economy of Nigeria. Scrap
and unused iron materials are brought from allgpaftNigeria to this factory which invariably
creates a source of income to some of the inhdbitdime factory was established around 2009
and located very close to the main road. It hasraumy seasons with the major rains in April to
July, and minor rains between September and Novendiyee factory’s surrounding area is
essentially rural with minor agricultural activéiessome distance away. Settlements include a
cafeteria for those that brought the sc iropetol station and a market some kilometers
away.
/ Factory Stack

INDUSTRY/ /

1)
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Figure 1: Study area showing sampling points

Sample collection

The sampling sites were selected in such a mamneover the entire vicinity in front of the
factory. To provide a satisfactory environmentgbresentation of the study area, distances
between Om, 100m, 200, 300m, 400m, and 500m arthenthain stack of the factory was taken
into consideration. The west, east and south dinestwere used. Three plantmfperata
cylindrica) samples were randomly collected at each samgoigt and combined to form a
composite, making a total of 7 composite samplegplaht. The plant was selected as an
important representative species of the annual tagge of the area and was collected
simultaneously with the soil at the same point wtée plants occur. Soil specimens were taken
with a small plastic shovel from upper 5cm of thé and scrapped into a labeled polythene bag.
Large stones and irons scraps were removed. lialiogatory, the soil was sieved to obtain more
homogenous distribution, which further enabled tbeoval of small stones, roots and large
organic residues. The soil sample was kept in pelyg bag for further analysis. The plant
samples were oven dried in an oven at a temperafué€® C after which they were crushed,
sieved and kept in polythene bag until analysie @tntrol sample for soil and plant were taken
at the Osun State Polytechnic, Iree Central Mosque.

Sampleanalysis
Both the soil and the plant materials were analymadg Atomic Absorption Spectrophotometer.
0.5 g of plant mperata cylindrica (2.0g of soil) was weighed into a digestion flagR mL of

27



Global Journal of Pure and Applied Chemistry Resear
Vol.1, No.1 pp.25-34, June 2013

Published by European Centre for Research TraiiugDevelopment UK (www.ea-journals.org)

nitric perchloric acid (2:1) was added to the samid digested at 1%D for 1 % hours. 2 mL of
HClI-distilled water (1:1) was added. The tempematwas increased to 2%D and further
digested for another 30 minutes, removed from hedtallowed to cool. It was washed into a
standard 50 mL volumetric flask and made up torttaek with distilled water. The amount of
heavy metals in the sample was determined by Atdkbisorption Spectrophotometer (BUCK
210 VGP). The concentration of heavy metal wasapdiated from the calibration graph
prepared.

Statistical analysis
Statistical analyses such as mean, standard deviafearson correlation, t-tests, plant
concentration factor, and integrated pollution kdsing NCSS were used.

RESULTSAND DISCUSSION

Tables 1 and 2 summarize the concentration of limavy metals respectively in 7 soil and 7
plant {mperata cylindrica samples collected in the vicinity of the stedling mill. All the five
elements displayed presence in all the soil anat glamples used for the study.

Table 1: Heavy metal concentration in plant samptakected in the neighbourhood of a steel
rolling mill

Metal Heavy metal concentration (mg/| Control | Accumulation
Min Max Mear | Stc sample | factor

Fe 876 (VG 6 1735 (VG 7) | 6874 | 6307 68C 10.1

Ca 38.92 (VG 1 86.45 (VG4 | 62.z |21.2 34.6¢ 1.7¢

Ni 131 (VG 5 303 (VG 7 212 67 1.8¢€ 11F

Pk 0.05 (all except VG " | 38.85 (VG 7 | 5.5¢ 14.7 0.0t 112

Cr 223 (VG 5 1088 (VG 7 | 63C 334 3.74 16¢

Metal levels in the plant samples collected arshasvn in Table 1. The highest level correspond
to Fe (VG 7), C (VG 7) followed by Ni (VG 7) and ©Q4G 4). The lowest corresponds to

Pb (all sites except VG 7). A close look at Tablehbws that the variability in the range of all
the metal distribution in the plant samples as caneg to their means respectively is an
indication of over contamination with the metal sonThe issue of over contamination is
supported by the fact that most metals exceedad ¢htcal value in the plants samples. For
instance, the critical levels of Cr in plants arel6 pg/g (Cicek and Koparala, 2004) and 0.06 —
18 pg/g (Shankest al, 2005) indicating that the results in the invgestied area runs a risk of Cr
pollution in the plant samples. Mobility of cob&kement has been found to be slow in plant
(Robsonet al, 1997) and toxic level is about 0.05 pg/g (Kak¢mdias and Piotrowska, 1984).
The present level of 62.2 mg/kg is a clear indarabf potential pollution. According to Ondetr

al. (2007), the acceptable Pb limit level is 3 pgigdlant: however, the maximum Pb level in
VG 7 and the mean concentration (5.59 mg/kg) faresu study is an indication of over
contamination. All other sites of the sampling aceatained low Pb level. The decreasing order
of elemental concentrations in the plants is indrger Fe>Cr> Ni> Co>Pb. The levels of these
metals in the control sample were observed to keedacompared to the study area with Cr
having the highest factor of accumulation (169).
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The levels of these metals in soil are as showhaible 2. The highest level correspond to Fe
(SS3) and Cr (SS6) followed by Pb (SS7). The loiestls of metal were Co (SS6) and Ni
(SS6). Studies on soil have implicated these metslseaching or exceeding toxicity levels.
Bergmann (1992) has shown that the toxic levelSrah soil is around 2 -50 pg/g and this when
compared to Cr level for this study is too high.eTtritical levels of Ni in soil have been
investigated by many researchers (Bergmann, 19%iefnet al, 2002 ; Guneet al, 2004)
and estimated to be in the range of 2 -50 pg/gpthsent study shows Ni range to be 227- 882
mg/kg which is alarming suggesting that Ni pollatis critical in the investigated area. These
metals can be carried away or blown by wind to Imgaiver used by man to carry out their
activities. The elemental concentrations in soimgkes are in the decreasing order of
Fe>Cr>Pb>Ni>Co. The levels of metals in soil ofdstiarea were found to be higher compared
to the control area with Co having the highest audation factor (5.62).

Table 2: Heavy metal concentration in soil samfieg/kg)

Heavy metal concentration (mg/kg) Control | Accumulation
Metal . | factor
Min Max Mean Std | sample
Fe 13770 (SS2) | 29895 (SS3) 23,524 6610 13,9086¢
Co 132 (SS2) 510 (SS6) 267 136| 47.5| 5.62
Ni 227 (SS2) 882 (SS6) 495 266| 138 |1.8¢
Pt 95.0 (SS2) 2525 (SS7) 1387 1017  0.05| 1.3¢
Cr 753 (SS1) 2935 (SS6) 1674 827| 700 2.0z

The decreasing order in the quantitative trendhefrhetal content in both the vegetation and soil
samples indicate a certain measure of similaritveen the different sets of samples. This
similarity is expected since heavy metals from smiter plants primarily through the root
system. The similarities in the trend suggest stevel of relationship in the plants uptake of
elements from soil (Bell, 1992). In an attempt tederstand this relationship, the Pearson
correlation coefficient, r, was used to establisé telationship between the concentrations of
corresponding metals evaluated from the soil aadtgamples. Tables 3 and Table 4 show the
correlation coefficient between pairs of metalail and pairs of metal in plant and inter-element
correlation between metals in soil/plant.
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Table 3: Pearson correlation coefficient betwegméirs of heavy metals in soil and pairs of
metals in plant samples.

Correlation between met; r value

Correlation in plar Ni/Fe +0.94

Cr/Co +0.93

Fe/Cr +0.75

Ni/Cr +0.87

Correlation in so Fe/Cr +0.85

Co/Cr +0.85

Pb/Co +0.82

Table 4: Inter-element correlation between soil plaghit samples

Correlation between met: r value
Ni veg/Fe so + 0.25¢
Cr veg/Co so - 0.29¢
Fe veg/Cr sa -0.281

Ni veg/ Cr soi - 0.34(
Pb veg/ Co sc - 0.08(

A significant correlation could be seen in TablBmetal pairs. This implies that these metals
originate from the same polluting source. Tableodvéver showed a negative correlation for
metal pairs except for Ni veg./Fe soil. The negatorrelation results give a strong suspicion to
the fact that some elements might be assimilatezligih other organs of the plants other than
their roots or some plants may have high affinityassimilation of some elements directly from
atmospheric deposition. Another good reason migtdiue to the fact that only the upper layer

(a soil horizon) of soil was sampled. It is impaitéo note that no other industrial facility exist
in the study area, however, the irregular distidoubf metals in samples could be due to traffic
of vehicles and specially trucks, operating withie proximity of the steel rolling mill. The
trucks operating around the factory include thedig¢s own which transport materials to be
used for producing steel and trucks that transpistarded metal materials to the factory that
indiscriminately around the factory. In the causeperations of these vehicles around the steel
rolling mill, metal distribution into the soil aratmosphere may come about through the spread
of metal chippings on the soil and plant, exhaustds from vehicles and stack of the factory
chimney are not left out from this pollution saga.

The soil and plant data obtained were used in @dptasources of environmental contamination
of heavy metals. The plant concentration factocudated as

Plant concentration factor (PCF) = C plant/C saskording to Cuet al (2005),
Where,

C plant is the concentration of thet@hin plant

C sall is the concentration of the metal iil.so
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The PCF for this study is as shown in Figure 2. Figure explains the absorption of heavy
metals in soil by plants to be in the order Cr>Ni>Eo>Pb.

1 -
0.8 - =¢=—Fe
0.6 - == Co
04 - Ni
0.2 - =>=Pb
0 . . : —— . ¢ == Cr
VG1/SS1 VG2/SS2 VG3/SS3 VG4/SS4 VG5/SS5 VG6/SS6 VG7/SS7

Figure 2: Plant concentration factor for metalstidy area

This signifies that the plant absorbs a higher eatration of Cr from the soil compared to other
metals and Pb is the least absorbed and this @Egaes with Table 1.

The integrated pollution index of heavy metals @il svas calculated using IPIn = Cn/ Bn
according to Cheat al (2005) and Weet al. (2009) as shown in Table 5.

Where Cn = concentration of element in the enviremnim
Bn= background value according to CEP295)
IPI was classified as:
IPI<1 low level of pollution; 1<IPI< 2 moderate kvof pollution; 2<IPI<5 high level of
pollution; IPI> 5 extreme high level of pollutio€lenet al, 2005; Weiet al, 2009).

Table 5: Integrated pollution index of soil of sjuatea

Sampling point| Ni Pb Cr

SS 4.70 (high) 0.81 (low) 3.76 (high)

SS- 4.54 (high) 0.32 (low) 4.04 (high)

SSt 8.90 (extreme high) | 2.90 (high) 8.63 (extreme high)
SS/ 8.44 (extreme high) | 7.12 (extreme high)  7.04 (em&digh)
SSst 17.64 ( extreme high) 4.69 (high) 12.2 (extremdnhig
SSt 8.20 ( extreme high) 8.12 (extreme high)  7.55 (eaxe high)
SSi 2.75 (high) 8.42 (extreme high)  3.50 (high)

The IPI shows that Ni, Pb and Cr showed high toezwé high level of pollution except some
sites where Pb was found to be low (SS1 and SS®&rtts the gate of the factory and beside the
fence. The IPI helps to understand the degree laftmpm of each metal at a specific sit studied.

31



Global Journal of Pure and Applied Chemistry Resear
Vol.1, No.1 pp.25-34, June 2013

Published by European Centre for Research TraiiugDevelopment UK (www.ea-journals.org)

Table 6 illustrates the level of significant di#eice observed in the means of metals obtained for
plants and soil of the study area and the contitel §-tests showed statistical significant
differences in their means except lead that wasigoificant in plant.

Table 6: T-tests for metals in plants/soil samplé eontrol site (p< 0.05)

Metal t-tes | P value | Leve
Plan
Fe 9.143" 0.00000: Significant
Ca 3.422( 0.005: Significan
Ni 8.346¢ 0.00000: Significan
Pk 1.000: 0.337( Not significan
Cr 4.391( 0.00¢ Significan
Soil
Fe 3.848¢ 0.002: Significan
Ca 4.258( 0.01] Significan
Ni 3.552¢ 0.004( Significan
Pk 3.609: 0.003¢ Significan
Cr 3.116¢ 0.008¢ Significan

RESEARCH IMPLICATIONS

The data generated can be used as base line foroBEmental Impact Assessment since the
industry just began operation. The soil of thisuisidly is grossly polluted with nickel, lead and
chromium which will invariably have a negative ingp@n nearby farmlands and river network
around the vicinity. Motorists passing through trosite are exposed to heavy fumes of these
metals especially during production.

CONCLUSION

The identification and quantification of heavy nietaurces as well as contamination status are
important environmental scientific issues. Evalmatiof soil and plant contamination was
possible through the use of correlation analydmntpconcentration factor, integrated pollution
index and t-tests. The high concentrations of teisd metals clearly indicate that the major
source of pollution comes from the activities ocmg in the steel rolling mill and were
anthropogenic. It is advisable that future stedustries should be sited far away from the major
roads where many passers-by will inhale these faoits. The human body is of a complex
structure; therefore, the accumulation of metals cause toxic effects, which can influence
different mechanisms on the body. It is therefaleisable that:

1. There is need for replacing periodic studies (ev&rg years) on the effect that the
facility of the industry will have on the environnte

2. Monthly evaluation of the health status of thedag workers

3. Monitoring by state environmental agencies so ahéxk their operations and to protect
the environment from hazardous pollutants.
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