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Soils around a cement factory in Sagamu, South Wigstria were analyzed for their physicochemic#,(p
texture, exchangeable cations and organic mattarpnpeters and elemental contents to assess the
contamination level of the soils. Samples wereeotdld at twenty-two identified transects of thdssnear
the cement factory using standard analytical proesiduring dry and rain seasons. Elemental cantaint
the soils were determined using the bulk scienfificmic Absorption Spectroscopy (AAS) technique ihi
the physicochemical parameters were determinedgusbandard analytical techniques. In addition,
calculation of Enrichment Factors (EFs), Geoaccatm Index (§e), Pollution Indices (Pl) and Pearson
correlation matrices were performed on the elemeotmcentration data. Results indicated that the
physicochemical parameter values varied acrosgrémsects as well as in the seasons. Average kbil p
ranged from 5.8 to 7.2 (dry season) and 4.6 tqréié season) while organic matter contents weym 9.4

to 39.6 g/kg (dry) and 12.8 to 30.9 g/kg (rain)il $xture of the transects was dominated by saticture
with an average of 68 % (dry) and 57 % (rain). ®&ments (Ca, Pb, Zn, Mg, Fe, Cu, Co, As, Ni and Cr)
were analyzed and their concentrations values lestad. Average total elemental concentrations viere
the order of 2332 ug (0.3 km) > 1870 ug4(0.3 km to 1 km) > 1048 ug'gl kmto 5 km) > 671 ugh

(5 km to 10 km) > 322 pug'y(10 km to 20 km) > 406 pg'g(20km) and 509 pg(0.3 km to 1 km) > 596
Hg g* (1 km to 5 km) > 319 ugfy(5 km to 10 km) > 460 pgg(10 km to 20 km) > 119 ug'y=20 km) for

dry and rain seasons respectively. The elements wegjorly in the low EFs class while Igeo, Pls and
Pearson correlation results revealed that someegimmwere in the highly pollution class and strgngl
correlated. The study concluded that anthropogemissions from the cement factory posed great Hapar
nearby agricultural soils.

Chemical, concentrations, enrichment, geo-accuinlgheavy metal, pollution
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Introduction

Cement production is among key anthropogenic aigtsvit
leading to particulate matter emissions in Nigera
inventory of air pollutants in Nigeria classifiecroent

traces of heavy metals in plants and animals ar@axc
(De-vries et al, 2007). Conversely, Pb, Cd and Hg are
exceptions as they are toxic even at low conceoftrat
(Galas-Gorcher, 1991).

production as the highest source of atmospherid dusSagamu, (latitudes°85’'N to 715’S and longitudes°80’

emissions as it accounted fe22.4 million tonnes (Mt) of
emissions for the year 1988 (Adejurabal, 1994). The

E to £00" W) with topography of about 100 m above sea
level is located within the tropical rainforest tedf

chemistry of cement production involves emission ofNigeria and with an average rainfall of about 1,86Imm

particulate matter which could contain broad speutof
toxic elements and other gasous pollutants that naae
deleterious effect on human health and ecosysteihissa

per annum, characterized by distinct rain and @éasens
(Akinlolu et al, 2007). The sails in this area are classified
as the Ogun soil series which developed from heday

major sink for emitted dusts from cement productionalluvial materials and are acidic in nature (Akiolet al,
through direct dumping or atmospheric deposition 0r2007). The cement factory at Sagamu was built ii819

precipitation by rain (Ahiamadjiet al, 2011). Deposition

and currently in the process of increasing its capdo

of cement generated aerosols could have profoungheet the growing demands of local and exports ngrke

negative impacts on soil properties and could by be
transferred to food chain. Therefore, it becomegsairant
to study the role and impact of dusts generatedn fro
cement production on the physico-chemical propedied
elemental compositions of nearby agricultural soils
Heavy metals contamination in soil is a major conchue
to its toxicity and threat to human life as well tasthe
environment (Beguret al, 2009). Heavy metals and other
pollutants such as polycyclic aromatic hydrocarbans
major components of cement dusts. Heavy metalién t
soil could lead to geo-accumulation, bioaccumuramd
bio-magnifications and could have negative infliemn
physiological activities of plants such as photdkgais,
gaseous exchange and nutrient absorption (Seicial,
2008). Heavy metals get into plants via adsorptitrich

Therefore becomes imperative to study the distionstof
heavy metals as well as the physico-chemical ptigseon
agricultural soils around the neigborhood of thetday.

The aim of this work is to assess the impact oftglus
particles emitted from cement industry on the ptiysi
chemical properties and elemental compositions of
neighbouring agricultural soils around a cementafigcin
Sagamu, South Western Nigeria.

Materials and Methods

Soil sampling

Twenty-two sampling points (Fig. 1) covering30 kn?
land area were randomly identified and selected in
consideration of their distances (0.3, 1, 5, 5ap1D to 20
and> 20 km) from the cement factory. Soil sampling was

refers to binding of materials onto the surface ordone randomly on 10 m x 10 m plots using the Dutch

absorption which implies penetration of metals ithe

stainless steel Auger for top (0-15 cm) and sub3@&m)

inner matrix. However, both mechanisms can occurspils. Soil samples collected at site >20 km frome t

(Alloway & Aryes, 1997). In small concentrationgiet

cement factory were used as control (Asubiejoal.,
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1992). During dry season, Sagamu is predominantlySample collection, preparation and quantification
influenced by North East (NE) trade wind; therefsies  The sites were selected because they cut acrossrange
that are south west of the factory were classifistlown- of land use types as well as key directions frora th
wind while sites in the NE of the industry were wind. cement. Fig. 1 displayed the sample locations. The
Conversely, during rain season, South-western ($&det classification of sampling points with respect toedn
wind is predominant thus, sites located North Es&) of Trade Wind (MTW) directions during dry and rain seas
the factory becomes down-wind, while sites locatethe  are displayed in Table 1. During rain season, foime
South-west is up-wind. A total of seventy-six (8@mples and six sampling points were classified as downgvand
were collected during dry season (November, Decembe up-wind directions respectively while the reverseswlone
January and February) and rain season (April, Magpe, during the dry season sampling. Several factorsh @s
July, August and September) months in order tosurface temperatures, pressure gradient and frictmld
investigate the seasonal effect of cement dust tiver influence MTW directions over a city (Adejumet al,
area. Soil samples were prepared using the IAEA-1994).

TECDOC (1993) method.
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Fig. 1: Map of study sites
Table 1: Classification of sampling points per Meadrade Wind (MTW) direction
Seasons I\:N'thm Down-wind Up-wind Cross-wind Control
actory
Dry plp2 pl2, p13, p14, p15 p3, p4, p5, p6, p7pP8p10, p1l pl6, p17, p18, p19, p20, p21 p22
Rainy plp2 p3, p4, p5, p6, p7, p8, p9, p10, p11 2, p13, pl4, p15 p16, p17, p18, p19, p20, p21 p22

“p" = denotes points

Soil sampling within 0.3 km away from the cement

industry were not done during the Rainy seasonstdue Elemental analysis

local challenges. Prior to laboratory analyses, pfasn The soil samples were digested usirgua regia
were homogenized, pulverized, air dried for 7 days procedure of USEPA, (1995) and the elemental
order to stop all microbial activities and sievatbugh a2 concentrations of (Ca, Pb, Zn, Mg, Fe, Cu, Co, Asaii
mm stainless steel mesh. Soil fractions with méa@m €2  Cr) were determined using AAS at International gt
mm were used for the determination of the physico-of Tropical Agriculture (IITA), Ibadan Nigeria.
chemical properties and elemental compositions. Calibration Atomic Absorption Spectroscopy (AAS)
Determination of physicochemical parameters facility was done using mixed calibration standard
Soil samples were analyzed for the following par@m®e  solutions prepared from pure BDH Andlagrade salts
pH, particle size, organic matter and exchangeedtiens.  with know weights (10 mg kY of each element (Mn, Zn,
Soil pH was measured in 1:1 (soil/water) suspengBing K, Cu, Fe, Ni, Cr, and Pb). After calibration, perzge

a glass electrode pH meter (Henders#tadl, 1993) while  recovery of the elements ranged from 90 to 95. tiAd
particle size distribution was determined by theglassware and sample bottles were cleaned using the
hydrometer method using sodium hexametaphosphate gsocedure reported elsewhere (Laxen and Harrisgsi, )1
the dispersant (Bouyoucous, 1962). Soil organic enatt Statistical analyses

was determined using the Walkley and Black, (1934)The elemental concentrations of the samples wese al
method. Exchangeable bases in the soils were ¢adkrac subjected to statistical analysis to include Pearso
with ammonium acetate at pH of 7 and the Mg, CaaiNa  correlation (Szekelet al, 2007) matrix of the elements
K ions of the extracts were determined with a Jgnwa and show how they are correlated. This was calkedlat
flame photometer (Oyedeét al, 2008). using Statistical Package for Social Scientist (§P&nd
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correlation was considered significant at the O0l&gel
(two-tailed).

Results and Discussions

Physicochemical Compositions

The mean distribution of the soil properties (pHrtizle
size, organic matter and exchangeable cations)inauta
during the dry and rain seasons are summarizedeT2.
The soil pH differed from one season to the otleoss
the sites. Its average values ranged from 5.8 2oumiits
during the dry season and from 4.6 to 6.8 unitsnduthe
rain season. This indicates that the soils wereemaély
acidic to neutral and strongly acidic to neutratidg the

plant nutrients are readily available and microargms
are mostly active. The modification of the soilssome
sites from acidic to neutral during the dry seasould be
attributed to the deposition of liming materials CCand
Ca (OH),) which are often used for cement production.
An increase in soil pH (from 5.4 to 5.6) could ke &
result of soil amendment with low proportions ofremnt
(Oyedeleet al, 1990). During the rain season, the soils
across the sites were observed to be more aciiciththe
dry season. This may be attributed to the factttiere are
more hydrogen ions (due to rainfall) in the soilusion

during the rain season. The control site was maelgra

and strongly acidic during the dry and rain season

dry and rain seasons respectively. These value® wemrespectively, maintaining the pH status of soilSagamu

relatively higher compared to the pH value (5. #gorded
for the control site. Although, the pH of most saih the
tropics ranged from acidic to slightly neutral @Way &
Aryes, 1997). Akinloluet al. (2007) had observed that
soils of Sagamu are acidic in nature. Mclean & Bbeds

and conformed to the observation that the impadts o
cement dusts reduces with distance away from thet pl
Soil pH is an important parameter that directhfuahces
sorption/desorption, precipitation/dissolution,  qbex
formation and oxidation reduction reactions (Oyeds

(1992) reported that the optimum soil pH for plant al., 2008).

production is one that is slightly acidic. At acigiH soil

Table 2: Soil physicochemical properties

Dry Season Rain Season
S/N Disktance Sand Silt Clay )y, _K+ Na+ Ca*+ Mg* Sand Silt Clay OM, K+ Na+ Ca2+ Mg2+
(km) — pH (%) (g kg?) (c mol kgl pH (%) (91;(9 (c mol kg%
1 6.40 44.0049.00 7.00 9.40 0.310.12 16.00 4.05 NSC NSC NSC NSC NSC NSCNSC NSC NSC
2 6.9244.00 37.00 19.00 16.10 0.570.15 20.00 4.86 NSC NSC NSC NSC NSC NSCNSC NSC NsC
3 0.3 6.6570.00 13.00 17.00 25.20 0.320.12 17.50 5.67 NSC NSC NSC NSC NSC NSCNSC NSC NSsC
4 6.4084.00 5.00 11.00 12.10 0.160.06 3.40 5.27 NSCNSC NSC NSC NSC NSCNSC NSC NsC
5 6.2570.00 7.00 23.00 30.90 0.220.06 4.25 2.03 NSCNSC NSC NSC NSC NSCNSC NSC NsC
6 6.05 66.50 8.50 25.00 26.80 0.220.09 6.10 4.46 5.9570.00 9.00 21.0016.80 0.11 0.40 0.99 0.65
7 03101 6.65 31.00 13.00 56.00 22.80 0.270.07 5.30 6.08 5.4258.00 9.00 33.0016.10 0.15 0.45 0.70 0.89
8 6.0548.50 7.00 44.50 28.20 0.260.08 4.50 2.83 5.0459.00 7.00 35.0012.80 0.15 0.58 0.51 0.49
9 6.3257.00 8.00 35.00 16.10 0.210.07 4.80 2.82 6.3368.00 10.00 22.00 18.10 0.12 0.54 0.88 0.73
10 5.92 63.50 7.50 29.00 26.20 0.160.08 4.50 5.67 5.6969.00 6.00 26.0021.10 0.13 0.50 0.88 0.24
11 1105 5.89 62.50 5.50 32.00 11.40 0.150.08 3.30 3.24 6.1154.00 8.50 38.0019.50 0.08 0.47 1.09 0.81
12 7.0282.00 5.00 13.00 16.80 0.320.11 6.30 2.43 6.1883.00 5.00 12.0013.40 0.12 0.58 1.29 0.57
13 7.2068.50 8.50 23.00 24.20 0.260.11 22.50 2.43 6.2370.00 9.30 21.0013.40 0.34 0.61 1.24 0.66
14 6.25 69.00 4.50 26.50 39.60 0.290.07 4.20 4.05 5.1468.00 6.50 26.0016.80 0.12 0.58 0.47 1.70
15 510 10 6.2563.00 7.50 29.50 18.10 0.240.08 4.50 2.43 5.4265.00 8.00 27.0016.50 0.15 0.57 1.88 0.79
16 6.25 72.00 6.00 22.00 16.40 0.190.06 3.30 4.86 6.6058.00 13.00 30.00 26.20 0.17 0.65 2.15 0.65
17 6.40 75.00 3.00 22.00 18.10 0.160.07 4.00 2.82 6.8053.00 9.00 38.0014.40 0.17 0.60 0.98 0.73
18 6.98 64.00 9.00 27.00 28.20 0.270.08 8.50 3.24 5.3070.00 8.00 23.0018.80 0.08 0.60 1.19 0.89
19 1010 20 6.0070.00 9.00 21.00 17.50 0.150.07 4.10 2.43 6.2071.00 10.00 19.00 19.50 0.13 0.50 1.04 0.89
20 6.5472.00 8.00 20.00 21.50 0.140.07 4.35 2.43 5.4072.00 9.00 19.0030.90 0.14 0.48 1.42 0.89
21 6.6267.50 7.50 25.00 23.50 0.160.06 5.50 4.05 6.0067.00 7.00 27.0016.50 0.05 0.49 1.28 0.73
22 (Ciﬁ?rol) 5.75 68.00 7.50 24.50 10.10 0.170.07 2.50 2.03 4.6057.00 5.00 38.0022.80 0.10 0.44 0.61 0.73

“NSC” denotes “no sample collected”

The textural composition of the soils did not diffanong

concentrations of SOM at the control site indicateat it

sites and across the seasons. This is expecteailas scould support optimum plant growth than those e

texture is mainly inherited from the soil formingrpnt
materials. The average soil organic matter (SOMteat
ranged from 9.4 to 39.6 g Rg(dry season) and 12.8 to

closer to the cement plant.
The soil concentrations of exchangeable basesreliffe
between the seasons and across the sampled sibésg D

30.9 g kg (rain season) were in the low-to-very high and dry season mean value ranged frof(®&14 to 0.57 cmol

low-to-high soil fertility classes in Nigeria (Feadé
Ministry of Agriculture and Natural Resources, 199Me
relatively higher SOM content in the dry seasonld¢die
due to lower soil moisture in the soil. Thus, mhus
decompositions of organic matter are often retadiethg
the dry season. On the other end, soils in therabsite
revealed low (10.1 g kb and moderate (22.8 g Ky

kg?), Na (0.06 to 0.15 cmol kg, C&* (2.50 to 22.50
cmol kg') and Mg+ (2.03 to 6.08 cmol K. The
concentrations of exchangeable cations during Hie r
season ranged from*K0.05 to 0.34cmolkg?®), Na (0.40 to
0.65 cmol kd), C&* (0.47 to 2.15 cmol k§ and Md+ (0.24 to
1.70 cmol kg). Smyth & Montgomery (1962) reported'K
(0.33 to 2.12 cmol k), C&* (2.5 to 12.9 cmol k) and

concentrations of organic matter content. The lowMg* (0.75 to 5.40 cmol kY for Egbeda soil series in
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South Western Nigeria. Dry season concentrations ofeasons probably due to their proximity to cemdantp
exchangeable cations were slightly higher than we¢  (Mandal & Voutchkov, 2011).

season concentrations and may be attributed to higkor dry season soil sampling, the concentrationshef
rainfall and weathering as well as leaching an@r&t crustal elements (Ca and Fe) were more pronounced
translocations (Adegbenret al, 2013). It was observed compared to other elements. This could be as dtresu
further that the soil content of most of the exaeable their association with the raw materials (limestoday,
bases correspond to the clay and soil organic mattdaterite, sandstone, gypsum and so on) used foemem
content. This is probably because the cations arg@roduction (Akinlolu et al, 2007). Ca was the most
concentrated in exchange sites on the clay collaidsin  abundant element; it recorded an average conciemisatf
organic matter which on decomposition provide 13549 pg ¢ (0.3 km), 10555 pgf(1 km), 7254 g4 (5
continuous release of cations. Oyedeteal. (2008) had  km), 3332 ug g (5 to 10 km), 1536 pg (10 to 20 km)
observed that cation and anion exchange in the soénd 985 pg ¢ (>20 km). Ahiamadjieet al. (2011)
accounted for a great percentage of clay along S@. reported 14684 ug gfor Ca in soils around a cement
Elemental analyses industry in Aflao Ghana. Inadvertently, the concatidns
Tables 3 (dry) and 4 (rain) show the elementalof Fe in the Dry season were in the order 7239 608
concentrations of the soil samples with respedhéosite  km) >4531 ug g (1 km) >2595 pg g (5 to 10 km) >2521
distances away from the cement industry. Higherug g* (5 km) >1122 pg g (10 to 20 km) >1978 ug'y
elemental concentrations were observed in the sitser  (control).

to the premises of the cement factory at both dd/rainy

Table 3: Trace element concentrations (ug ) during dry season

Elements 0.3 km 0.3kmtolkm 1kmto5km 5kmotlOkm 10kmto20km >20km (Control)
Ca 13549 (111) 10555 (34) 7254 (82) 3332 (75) 1826 985 (28)
Pb 66 (5) 48 (9) 33 (10) 60 (7) 24 (4) 8 (1)
Zn 542 (44) 423 (29) 184 (13) 124 (9) 97 (8) 64 (6)
Mg 1739 (73) 1120 (37) 358 (27) 298 (18) 325 (19) 8317)
Fe 7239 (81) 4531 (41) 2521 (71) 2595 (42) 1123 (31 1978 (53)
Cu 54 (5) 52 (6) 32 (4) 256 (21) 21 (4) 15 (3)
Co 18 (2) 24 (1) 32(4) 11(3) 46 (5) 9(2)
As 17 (2) nd 5(2) 14 (5) 23 (9) 7(3)
Ni 84 (15) 44 (8) 28 (4) 3(1) 14 (4) nd
Cr 7(1) 33(2) 28 (2) 18 (3) 14 (5) nd

“nd” means “not detected”.

Table 4: Trace element concentrations (g during rain season

Elements 0.3 km 0.3kmto 1 km 1kmto5km 5 knot10 km 10 km to 20 km >20km (Control)
Ca NSC 2875 (53) 1874 (78) 968 (39) 1458 (78) 254 (
Pb NSC 24 (8) 9(1) 17 (5) 23 (7) 5(2)
Zn NSC 222 (29) 187(20) 89 (13) 42 (6) 28 (8)
Mg NSC 452 (42) 514 (35) 316 (28) 264 (9) 118 (18)
Fe NSC 1442 (66) 2733 (74) 1639 (41) 2737(63) 23 (
Cu NSC 18 (5) nd 78 (6) 34 (9) 14 (3)
Co NSC 14 (3) 19 (5) 9(7) 16 (5) 5(2)
As NSC 5(3) 5(2) 2(1) 11 (4) nd
Ni NSC 21 (11) 17 (7) 59 (8) 8 (3) 6 (5)
Cr NSC 12 (8) 93 13 (6) 9(4) nd

“NSC” means “no sample was collected”; “nd” meanet“detected”.

Though, Fe has been found to occur at high coratimtis  to the emissions from fossil fuels and vehiculaissions

in Nigerian soil (Adefemet al, 2007). The concentrations (tyre abrasions and wears) around the cement factor
of Fe obtained in this study were similar to valegzorted  (Asubiojoet al, 1992).

for Fe in soils around a cement factory in Riyadty,ci Table 4 show the elemental concentrations obtaitueithg
Saudi Arabia (Al-Oudet al, 2011). Lead (Pb) average the rain season. The elemental concentrations lwarer
concentrations varied along the sampling distan@8g1g than values obtained in the same location during dr
g! (0.3 km) >60 pg g (5 to 10 km) >48 ug§(0.3to 1  season probably due to rain induced heavy methiSatis
km) >33 (1 to 5 km) >24 pgg(10 to 20 km) >8 ugy  and leaching. This was observed in all the samgites as
(>20 km). Similarly, Cu Co, As and Cr average the concentrations of all the elements were loWwan their
concentrations also varied with sampling distandées.  corresponding values in the dry season. The average
instance, the highest concentrations; 256 f@u), 46  concentrations of Ca at sites located between 0.3okin

ng gt (Co), 23 pg @ (As) and 33 pg g (Cr) were  km away from cement industry during the dry and Rain
observed at 5 t010 km, 10 to 20 km and 1 to 5 kmseasons were 13549 and 2875 pg wespectively.
distances away from the cement industry respegtivel  Similarly, lowest Zn (28 pg4 control site) and Fe (195
the cement industries, the linings for the rotadestain g g control site) concentrations were recorded agains
Cr, Co and Cu which could be liberated to the enviemm Dry season concentrations of 64 p{ @ontrol site) and
by wears and frictions (Banat al, 2005). Interestingly, 1122 pg ¢ (10 to 20 km) respectively. The levels of Pb,
the average concentrations of Zn and Ni with respec Cr, Ni and Co higher than what Al-Ouet al., 2011
sampling distances followed similar order: 0.3 klh3>to  recorded in a similar study around a cement factory
1 km >1to 5 km >5 to 10 km >10 to 20 km >ContrdieT located at South of Riyadh City central of Saudi Aaab
mean concentrations of Ni, Zn and Pb could bebatttld  However, except for Mn and Cr, the concentrations
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recorded for other elements were similar to theueml uncontaminated;, 0 <gd, < 1 uncontaminated to
reported around the soils of Diamond Cement Factorymoderate contaminated; 1 <ed < 2 moderately
Ghana (Addceet al, 2012). contaminated; 2 <4l, < 3 = moderately to strongly
Generally, higher mean concentrations of heavy Isieta contaminated; 3 <g, < 4 = strongly contaminated; 4 <
were observed, though most of the average contiamsa |4, < 5 = strongly to extremely contaminated agd * 5
were found to be low when compared to the maximum= extremely contaminated.

allowable limits for heavy metals in soils from eth Each sampling site was evaluated for the extenmhetal
countries (Lacatusu, 2000). This may be as a resulie  pollution by employing the method based of pollntioad
mandatory use of dust precipitators by cement campa index (PLI) developed by Thomilsoet al. (1980) as
which have been enforced by the Federal Ministry offollows:

Environment in the last decade. The decrement @& th PLI = ”/(CFlXCFZ x CF,.x

concentration of heavy metals with respect to dista
away from the cement factory could responsiblenfietal ~ Where N is the number of metals that were analyzed
(eight in this study) andCF is the contamination factor

contamination in the nearby soils. The decreasmdgroin
defined  bYCF =C i/ Chackgrouns  The  PLI

the quantitative trend of the metal content conltidate a
certain measure of similarity between the differsets of

provides simple but comparative means for assesssitg
quality, where a value of PLI < 1denote perfectiBhj =

samples.
The assessment of soil enrichment enrichment f{Eti6y,
index of geo-accumulationgth) and Pollution Load Index 1 present that only baseline levels of pollutantsren
(PLI). Enrichment factors were calculated using [@8y  resent and PLI >1 would indicate deteriorationsité
(1964) .values for elemental composmons .of crustak quality (Addoet al, 2012). The EF, Igeo and PLI of the
and using the formula reported in Oluyeetial. (1994).  glements under study were computed for each radii
Iron was used as the normalizing element. The tiBe @S istance and direction relative to the backgroualtier of
a normalizing agent is quite appropriate; it isras@l  he element in continental crust average value hef t
element with ubiquitous nature being the fourth Mos glement. Tables 5 and 6 displayed a summary akthets
abundance elements in the earth crust. _ of EF, Igeo and PLI values obtained for both season

The e, values were obtained using the following according to Addoet al. (2012), EF values between 0.5

metal

computation: and 1.5 indicate that a metal is entirely from tals
material or natural processes, whereas EF valuestegr
n p Sil
geo — than 1.5 suggests that the sources are more likelye
1-5Bn anthropogenic. The result showed that during thg Dr

season, Mg was enriched at virtually in all thendexts;

.72 (0.3 km), 1.67 (1 km), 2.91 (5 km), 1.43 (D020

in the tested soil samples anB,, is the geochemical Km) and 4.47 (control site). Chromium was enriched a
sites within 0.3 km away from the cement factory.

background value (Taylor, 1964) values for elen’ientaSim”arly’ in the rain season, only Mg displayegnificant

compositions of crustal rock. The constant 1.5 WaSgpichments (Table 6). It recorded EF values 06 Z2to
introduced to minimize the effect of possible vaoias in 5 km); 2.15 (5 to 10 km) and 4.29 (10 to 20 km)

t_he ba_ckgroqno_l values which may be attributed torespectively.
lithologic variations. Addoet al, (2012) gave the
following lg4e, interpretation; doo < O practically

Where, C, is the measured concentration of the elemen

Table 5: Enrichment factor (EF), geo-accumulationndices (Igeo) and pollution indices (PLI) data dung dry season

Taylor 0.3 km 0.3to 1 km 1to5km 510 10 km 10 to 20 km >20 km (Control)
Ele. (&32‘1) EF Igeo PLI EF Igeo PLI EF Igeo PLI EF Igeo PLI EF Igeo PLI EF Igeo PLI
Ca 23600 0.22 -1.400.57 0.18 -1.740.45 0.15 -2.29 0.31 0.33 -3.410.14 0.31-4.53 0.07 0.84 -5.170.04
Pb 125 0.02 182 528 0.02 136 3.8102 082 264 0.01 168 480 0.00.36 1.92 0.05 -1.230.64
Zn 70 0.02 237 7.74 0.01 201 6.08.02 081 263 0.03 024 1.77 0.0D.11 1.39 0.04 -0.710.91
Mg 23300 1.72 -4.320.07 1.67 -5.060.05 2.91 -6.61 0.02 3.60 -6.870.01 1.43-6.75 0.01 4.47 -7.580.01
Fe 56300 1.00 -3.470.13 1.00 -4.320.08 1.00 -5.07 0.04 1.00 -5.020.05 1.00 -6.23 0.02 1.00 -5.420.04
Cu 55 0.13 -0.620.98 0.09 -0.670.95 0.08 -1.37 0.58 0.01 1.63 4.65 0.051.97 0.38 0.13 -2.460.27
Ni 75 0.11 -0421.12 0.14 -0.210.59 0.12 -2.01 0.37 1.15 -5.230.04 0.11-3.01 019 nd nd nd
Cr 100 1.84 -4.320.07 0.24 -2.180.33 0.16 -2.42 0.28 0.26 -3.060.18 0.14 -3.42 0.14 nd nd nd

Table 6: Enrichment factor (EF), geo-accumulationmdices (Igeo) and pollution indices (PLI) data dumg rain season

Taylor, 0.3to 1 km 1to5km 510 10 km 10 to 20 km >20 km (Control)

Ele. (ﬁz?;) EF lgeo  PLI EF Igeo PLI EF Igeo PLI EF Igeo PLI EF lgeo  PLI

Ca 23600 0.21 -362 012 061 -424 0.08 0.71 -5.1™04 0.79 -460 0.06 0.14 -592 0.02
Pb 12.5 001 036 192 0.07 -1.06 0.72 0.02 -0.14361 0.03 029 184 0.01 -191 0.40
Zn 70 001 1.08 317 0.02 083 267 002 -024 12708 -132 060 0.01 -191 0.40
Mg 23300 132 -6.27 002 220 -6.09 0.02 215 -6.7001 429 -705 001 068 -8.21 0.01
Fe 56300 1.00 -587 003 100 -495 0.05 100 -5.6203 1.00 -495 0.05 1.00 -876 0.00
Cu 55 0.08 -220 0.33 nd nd nd 0.02 -0.08 142 0.08.28 0.62 nd -2.56 0.25
Ni 75 0.09 -242 028 021 -273 023 0.04 -0.93790. 046 -381 0.11 0.04 -423 0.08
Cr 100 021 -364 012 054 -406 0.09 0.22 -3.53130 054 -4.06 0.09 nd nd nd

The differences in the EF values may be due to thesoil or differences in the removal rate of eachan&bm
difference in the magnitude of input for each métathe  the soil. The pollution levels in the environmentder
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consideration were further expressed in terms af- ge (0.19) but displayed strong correlation (0.87, 0.8134
accumulation index. Theyd, result indicated that the Pb and 0.65) with Cu, Co, As and Cr, respectively. AgZin
and Zn were the only polluted metals at 0.3 km fritwe  displayed significant positive correlations (0.40.53,
factory. Similarly, Pb and Zn were also moderately0.81, 0.38 and 0.41 with Mg, Fe, Cu, Co and As whée

contaminated for samples collected within 0.3 tdmn
from the factory. Interestingly theg) values of the
samples collected at the control site were all tiegiathus
an indication that the impact of cement is moraiicant
in nearby agricultural soils around the factory.akyg in
the Rainy season, Zn is the only moderately pollatethl
according to Je.Classification at 0.3 to 1 km distance from
the cement factory.

To effectively compare whether the vicinity of tfaetory
is contaminated or not, the PLI described earlias wsed.
The PLI is aimed at providing a measure of the elegf
overall contamination at the sampling sites in terof
distance and direction. Based on the results predeant
Tables 5 and 6, the overall PLI during the dry emas
revealed that Pb and Zn were highly polluted (PL) >
except at the control site whose PLI is < 1. Copgea

correlated negatively with Cu (-0.62) and Co (-0.60).
Similarly, for rain season sampling (Table 8), ghements
showed both weak and strong correlations. Howefeev,
elements displayed strong correlations unlike ia tiry
season. This could be probably due to usual leashat
which is prevalent in the rain season. Ca regidtere
highest strong correlation of up t6= 0.83 with Fe. Other
elements with significant correlation include; ZndaNi
(0.58), Fe and Ni (0.58), As and Cr (0.61). Thug th
positive correlations found between metals coutticate

a common source or chemical similarities, whilse th
negative correlation could indicate that the metals
originated from different sources or different chegh
properties (Ezekt al, 2012).

Conclusion

Nickel also displayed high average PLI for samplesThe physicochemical parameters varied per distfnoce
collected at 5 to 10 km and 0.3 km from the factorythe factory during dry and rain seasons of whieghwhlues

respectively. The deterioration of the soils arouhé
cement factory by Pb and Zn is further noticednia PLI
results obtained during the rain season. As obdetivat
the PLI of Zn (3.17, 2.67 and 1.27) was higher thaity
at 0.3to 1 km, 1 to 5 km and 5 to 10 km, respetyivPb
concentrations displayed high PLI; 1.92, 1.36 a:@d for
0.3to 1 km, 5to 10 km and 10 to 20 km, respebtive
Similarly, Cu registered high PLI (1.42) at 5 to &t

were relatively higher compared to the averageesfor
the control site. The levels of metal distributions
considering distances and directions from the cémen
facility were of a complex pattern and many factsush

as atmospheric transports and local meteorologjdcdoe
responsible. EF results showed that the metals wete
enriched during both seasons; howeveg, bnd PLI
revealed that some elements were in the high patfiut

distance from the factory. The low EF, Igeo and PLiclass at most sites. The cement facility togethith ¥he

registered for samples collected at the contrel siuld be
an indication of the imact of the cement dust wehkpect
to distance.

Correlation analysis

The metals Ca to Cr in the dry season (Table 7) aimd r
season (Table 8) showed positive and
correlations. In order to determine which of theretation
is significant in the statistical sense, the caitimultiple

correlation coefficient{r?) was obtained at<0.05.

Table 7: Elemental correlation during dry season

Elements Ca Pb Zn Mg Fe Cu Co As Ni Cr
Ca 1.00
Pb 0.28 1.00
Zn 0.28 0.19 1.00
Mg 0.82 0.24 0.41 1.00
Fe 0.71 -0.22 0.53 0.65 1.00
Cu 0.36 0.87 0.81 0.58 -0.62 1.00
Co -0.76 0.41 0.38 0.57 -0.60 0.85 1.00
As -0.20 0.34 0.41 0.83 -0.58 0.61 0.61 1.00
Ni -0.44 -0.49 -0.41 -0.41 0.26 -0.17 -0.09 -0.41 1.00
Cr -0.27 0.65 -0.42 -0.37 0.09 0.11 0.28 -0.25 0.33 1.00

Table 8: Elemental correlation during rain season

Elements Ca Pb Zn Mg Fe Cu Co As Ni Cr
Ca 1.00
Pb -0.27 1.00
Zn 0.09 0.39 1.00
Mg 0.29 0.15 -0.32 1.00
Fe 0.83 0.44 0.24 0.26 1.00
Cu -0.25 0.07 -0.22 0.58 0.56 1.00
Co -0.20 0.12 0.47 -0.12 -0.03 0.14 1.00
As -0.68 -0.18 0.47 -0.12 0.03 0.46 -0.08 1.00
Ni -0.18 0.36 0.58 0.14 0.58 0.42 0.10 0.03 1.00
Cr 0.31 -0.14 0.20 0.19 0.21 0.45 0.22 0.61 -0.14 1.00

For dry season (Table 7), Ca correlated stronglix Mg
(0.82) and Fe (0.71) probably due to their assiociavith
the earth’s crust. Pb correlated strongly weaklthvidn

vehicular traffic emissions were implicated as oesible
for metal pollution in the area as higher conceiunaof
metals were found in the transects closer to thmeoe
factory.
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