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ArticleInfo ABSTRACT

Article history: The study was carried out in Avu Junction in OwdViest L.G.A. at graded
. distant from the tarred road with an average vdaicflow between 10,000

Received Jul 26, 2012 to 12,000 per day. Soil samples were taken at th@rd of 50m, 100m,

Revised Oct 26, 2012 150m and 200m respectively. And auger soil samplese taken at the

Accepted Nov 4, 2012 depths of 0-30 cm and 30-45 cm accordingly. Saitdia heavy metals and

microbial populations were investigated at gradesthdces. From the result

of soil factors, pH values indicated acidity wikcreased distant from the
Keyword:. tarred road ranging between 4.52 — 6.32, soiptgature on the topsoil was
higher than subsoil ranging between 19-%5and 18 — 22C and soil

Ag—:-ro;ol ical moisture increases with increased distant from tdmeed road ranging
\B/'oﬁ elmlca between 10.00 — 13.3. Heavy metal concentratiortkersoil increased with
ehicular

decreased distant in the order of Pb < Zn < Ni <<CQd. Overall results
Soil Factors and Heavy Metals revealed that Cd in the soil constitutes the dsgipercentage of 91.7%, Ni
90.9%, Cu 90.1%, Pb. 84.7% and Zn. 81.7%. Sigmiflgahigher fungi and
bacterial populations were recorded at increasstdmti from the tarred road.
This then called for proactive measures to check&mail contamination due
to pollutants from vehicular flows.
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1. INTRODUCTION

Roads form the main system of transportation ofréggon. Driving a car is the most air polluting
act an average citizens commits. Roadside soisnashow a high degree of contamination that can be
attributed to motor vehicles (Weckwerth ,2001) sTisi because car exhaust is toxic at ground Idvake
heavy metal contamination in the soils is a majmrcern because of their toxicity and the thrediuman
life and environment (Barbhuiyaet al, 2008) .This has led to the loss of forest cover and sgbsnt loss of
soil fertility. Heavy metals such as Cu, Cd, Niddb are potential soil and water pollutants ( Man1983;
Pagotto et al (2001) . Vehicular discharge of nwusrgaseous and trace metals contaminants due to
incomplete combustion of petroleum fuel adversdfgcts the microbial population and their actitian
soil. Contamination of litter and soil with metadan result in reduced rates of litter decompositiwil
respiration, nitrogen mineralization and soil eneyactivity (Tyler et al, 1989Moderate soil contamination
by metals has been shown to reduce the soil miar@ddmass and certain indices of its activity (@® et
al, 1986).

The interactions of chemical, physical and biocleinifactors are responsible for holding the
complex soil system in a dynamic equilibrium. Papioin dynamics of soil microorganisms is largely
regulated by vegetation and soil characteristiod. r8icro flora exerts considerable influence ol &ertility
and plant growth. Biochemical processes providgebegstimates of the functional attributes of the
microorganisms in an ecosystem. These are geneletymined by the estimation of the rate of bioicel
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processes involving microbial enzymes, and sotiiofi@c Enzymes in soil are biologically significaas they
are involved in cycling of nutrients and can infige the availability of nutrients to plants thuayphg an
important role in the initial phase of decompositiof organic matter (Joshi, 199T)opical and sub-
tropical soils have received less attention in relation to microbial dynamics as affected by disturbances
(Joshi et al, 1992; Barbhuiyat al, 2008).

The present study aims to understand the influefceoadside pollution caused by vehicular
flow/density on population and activity of microargsms and physicochemical properties of the soil i
Owerri West Local Government Area of Imo State.

2. MATERIALSAND METHODS
(@) Study Area

The research study is carried out in Owerri Westdl@&overnment Area of Imo State. It is located
in the southern part of the State within latitu@® B2’ E and 07 05’ E, longitude 0% 15’ N and 0834’ N of
the South East Zone of Nigeria. It comprises aliéuautonomous communities and share common boundary
with villages like Ohaji/Egbema, Mbaitoli, and theea has a total landmass of about 3,787 squard tken.
area is sandy-loamy and some sandy-clay loam thatntade the zone good for agriculture. It has mean
annual rainfall of about 2250 -3000mm that begamfithe months of March to October, and the tempezat
ranges from 3% — 37 C. It is situated within tropical rainforest tHaas evergreen broad leaves. Traffic
flow in this area is very slow coupled with theipelcheck point that retarded the flow and vehisjesnt 30
— 45 minutes with their engines steaming.

(b) Soil Samples Coallection Techniques:

The study site considered for the present studgs Wvu- Port Harcourt Roads with heavy
vehicular flow where soil samples were collectedraded distances of 50m, 100m, 150m and 200m away
from the road side, and two soil samples were ctdbkfrom each points at the depths of 0.30 and480n
respectively. Samples collected were analyzedh®ifallowing:

(1) Soil Factors such as soil pH, soil temperaturesaildmoisture
(2) Heavy Metals such as Lead (Pb), Cadmium (cd), Qofmpg, Zinc (zn), and Nickel (Ni) and ,
(3) Microbial Population to include fungal, and baceéri

(c) Laboratory Analytical Techniques:

For analyses in the laboratory, soil factor suckak pH, soil temperature (ST), and soil moistur
content (SMC), and bacterial counts (BC) were alserved.pH of sampled soils were determined from
supernatant obtained after 1:1 (w:v ) mixture & Hoil samples were made with sterile distilledatezed
water. The pH was further measured using a PYE WWMGnodel 291 mkz pH meter with a combined glass
electrode. The temperature of each soil sampledmessured using Mercury-in-glass thermometer tteet w
inserted into the affected soil for 20-30cm bendhéhsoil for 5minutes to stabilize for accuratadieg, and
was done onsite.

For the determination of soil moisture content aéte soil sampled, APHA (1985) was used for the
measurement. 10 grams of each soil sample wascheat hot air for 8-12 hours at 8 till constant
weight was obtained. The difference between thgirmal weight and the consistent final weight obéginvas
taken as the weight of the moisture content of ¢b# samples. Fungal populations were estimated by
Warcup’s soil plate method using rose bengal agatinm. The inoculated plates were incubated at 25+1
and colony forming units were enumerated afterysdBilution plate method was used to estimatedyaadt
populations developing on nutrient agar medium. ifbeulated plates were incubated at 30+1°C andngol
forming units were enumerated after 24 h from tlagepof higher dilutions (Prescot et al, 1988).

3. RESULTSAND DISCUSSION

The results of the study are presented in TablEable 4. From Table 1, the result shows that soil
factors such as pH, soil temperature and soil mastaried considerably. At the distant of 50mhwihe
depth of the soil within 0 - 45cm soil pH variectiveen 4.52 — 5.10, soil temperature 21 2@5 and 10 -
10.1 %. At 100cm, soil pH at the same depth rargsdeen 5.15 — 5.17, soil temperature 21 %C2and
soil moisture 10.01 -10.1%. At 150 cm and 200cnii,Blo ranged between 5.75 — 5.96, soil temperdtBre
19 °C, Soil moisture 10.6 — 11.1% and soil pH rangesvben 6.25 — 6.32, soil temperature 22 2Q4nd
soil moisture ranged between 13.1 -13.3% respdygtivde results further indicated that soil pH frahe
main road is more acidic than soil sampled awaynftbe main road that moves toward alkalinity, aimel t
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top soil at the depth of 89cm was also more acidic tt soil depth of 30 -45 cm Figure 1). At the same
depths, the top soil had an increased in temperdhan the si-soil and the surface temperature decre
with distant. The same trend is found in soil maistwhich is influenced by heat intensity frombient
temperature.

Tablel. Variations of Soil Factors at the Graded Diséanc

SN Sample Paints Depth (cm) pH Soil Temperature (°C) Soil Moisture
1 50 0-30 4.52 25 10.1
30-40 5.10 21 10.00
2 100 0-30 5.15 23 10.1
30-40 5.17 21 10.01
3 150 0-30 5.75 19 10.6
30-40 5.96 18 11.1
4 200 0-30 6.25 24 131
30-40 6.32 22 13.3

Sour ce: Fieldwork, 2010
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Figure 1.\Variation of Soil Factors at different Depths andtBn
Table 2 :Heavy Metal Concentrations in the Soil at Graded Distance
SIN SAMPLE POINT (m) Depth (Cm) Pb (Kg) Cd(Kg) Cu(Kg) Zn(Kg) _ Ni(Kg)
1 50 0-30 4.95 1.65 1.74 4.78 251
30-45 1.95 1.15 1.72 2.40 1.75
2 100 0-30 2.40 0.85 1.01 3.43 1.95
30-45 0.91 0.95 1.65 151 1.31
3 150 0-30 1.90 1.15 0.94 151 0.41
30-45 0.85 0.78 0.94 1.48 0.56
4 200 0-30 1.90 0.62 0.48 151 0.52
30-45 0.65 0.62 0.86 1.62 0.55
Total 15.51 7.74 9.34 18.24 9.10
Mean 1.94 0.94 1.17 2.28 1.14
STD 10.16 11.0 10.8 9.78 10.9
Codfficient 84.7% 91.7% 90.1% 81.6% 90.9%

Source: Fieldwork, 2010

From Table 2, the results shown that heavy metateatrations in the soil at gradedtances
varied from one point to the other. For instarb@&-200m with the soil depth of 30 cm, lead ranged ket
1.90 -4.95 kg, 30-45 0.6%.95 kg, cadmium 0.6— 1.65 kg and 0.62 %.15kg, copper 0.4— 1.74kg
and 0.86 -1.72 kg, zinc 1.544 78kg and 1.62 — 2.40kg, nickel 0.412:51 kg and 0.5 1.75kg
respectively. Above all, lead concentration in $lodl was found to have a total of 15 51 with me&i .84,
standard deviation of 10.16 with coefficient of B%. Cadmium had a total 7.74 with mean of 0.9
standard deviation of 11.0 with coefficient of 6. And cadmium comes mostly from diesel fuel (Disl
and Geiger, 1999). Copper had a total of 9.34 kth wimean of 1.17, standard deviation of 10.8 \
coefficient of 90.1%. Zincdd a total 18.24kg with mean of 2.28, standardatmn of 9.78 with coefficier
of 81.6% and zinc concentration in the roadsideless confirmed to be tires wear of vehicles Kriayfsak
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(1984) and nickel had a total concentration of Rgl@ith mean f 1.14, standard deviation of 10.9 ¢
coefficient of 90.9% respectively. And according Rarry et al (1981), Joshi et al (1991), me
concentrations in the roadsides like lead is caligelbaded gasoline, tire wear, lubricating oirease an
bearirng; zinc is caused by tire wear, motor oil, engiaets, brake emission; copper, cadmium and nialee
caused by bearing wears, fuel burning, batterieddatricating oil

From the results, it is further observed that heaeyal concentrations were her in the top soils at
the depths of B0cm and the concentrations decreased with disfaooethe road sideFigure 2). And these
then indicated soil being polluted by heavy vetacdlows. The results is further explained by aushike
Ihenyen (1992)Weckwerth (2001), who attributed high degree ofvigaaetal contamination in the soil d
to motor vehicles. Dierkes ar@eiger (1999) viewed that among the larger numlbéreavy metals, les,
cadmium and zinc are the most common metals thainaglatesin the roadsides soils. But, the ovel
results indicated that cadmium had the highestgmeagie of concentration in the soil followed bckel and
third copper.
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Figure 2.Variation of Heavy Metal Concentrations in the SuilGraded Distan
Table 3. Soil Bacterial at Graded Distant
Unit 50m 100m 150m 200m
SOIL BACTERIAL 0-30cm 0-30cm 0-30cm 0-30cm
1 Thermophillus Bacilli(TB) Cfulg 1.9 x18 1.6x 10 1.5x1€C 1.3x1d
2 Streptococcus Cremoris Cfulg 1.4x10 - - -
3 Streptococcus Spp Cfulg 1.6x16 - - -
4 Streptococcus Cremoris Cfulg 1.4x16 - 1.4x1¢ 1.3x10
5 Bacillus Spp Cfulg 1.3x10 - - -
6 Nitrosococuss nitrosus Cfulg - 8 x10 -
7 Clos tridilum Spp Cfulg - 1.2x16 -
8 Microecus Varians Cfulg - 1.2x18 - -
9 Pseudomonas Spp Cfulg - 1.0x10 1.4 x10: 1.5x16
10  Spirillium Spp Cfulg - 1.5x 10 12.2 x16 13 x 1d
11 Agrobacter Spp Cfulg - - 1.6x16¢ 1.9x 16
12 Bagcillius Thermoplilus Cfulg - - 1.7 x16 11x16
13 Nitrosomonas eunpae Cfulg - - - -

Source: Fieldwork, 2010

Table 3 refers to the bacterial population in tbé at the graded distant away from the roads
From the results, some bacterial populations shoaw increasing trend with decreasing distant from
roadside while some showed increasing trend witheising distant away from the roadside. For ir,
thermophillus Bacillibacterial population that can survive under andased temperature Pagotit al
(2001), indicating that at 50m with the soil depflD -30 cm, the TB was more in population, while at 29
with the soil depth of B0 cm the TB was lesFigure3). This trend was experienced in bacterial pojre
like Streptococcus Cremorishich is equally attributed to high temperature from thadside, and it coul
also survive at the lower temperature with the gmé®f organic matter or availability of organidstrates
in the soil away from the roadside (Mishra, 20
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Figure 3.Variations of Bacterial Population in the Soil willistance from the Roadsi

Conversely Streptococus Cremorisand, Bacillus Sppcould not survive lower temperatt
inversion in the soil this then lead to completérestion. Above all, others could not survive tinerieased il
temperature closed to the roadside, but surviveslyamith increased porgation. Genera likiNitrosomonas
eunpaewas completely not available in the soil attributedt susceptibility to environmental factors. T
results of this kind is in line with the report @f pollution on soil microbe by Brookes et al 69, who
observed 41.6 percent reduction in soil species qtyansi7.5 percent in species density, 69.5 per
reduction in dominance a@fribatida due to air rich in heavy metals. Williamson and is/§1973), Post et
(1996) observed a decrease in abundanceites due to the high level of inorganic lead in sod with the
increasing distance from the source of emissio® fEauction of microbial activity in the roadsidzl slue
to vehicular pollution has been confirmed by atgHdrookes et al (1986) .Rection of bacterial and fung;
community showed a significant decline from maiadpand the reduction was suggested to be the s
heavy metal concentrations in the soil at disthat tanged between -~ 200m. The result is consistent w
the findng of (Joshi et al, 199!

Table <« Soil Fungi Isolated at Graded Distance

Unit 50m 100m 150m 200m
SOIL FUNGAI ISOLATED 0-30cm 0-30cm 0.30cm 0.30cm
1 Aspergillus fumigatus Cfulg 2x° 2% - xE
2 Rhizopus _Strolnifer Cfulg X x8 - X2
3 Mucor _hiemalis Cfulg X X2 x° XK
4 Mucor miehei Cfulg X X3 X X
5 Penicillium _spp Cfulg X X3 X x°
6 Ailernaria_tennis Cfulg X - X
7 Themonye Cfulg X X2
8 Sporotrichum Cfulg - X -
9 Thermophillium Cfulg X x°
10 Asperallusniger Cfulg - x4 -
11 Hernicola grisea Cfulg x° X8
12 Emericella indulcha Cfulg X8 X2
13 Fursarium Spp Cfulg x? X3
14 Aspergillus Flerns Cfulg x4
15 Alternaira spp Cfulg -
16 Ascomyces spp Cfulg

Source: Fieldwork, 2010.

From Table 4,dngi population densities are higher in 200m, 1&@® H00m away from the roadsic
while there is decrease in fungi population at 58long the roadside. The decrease in number ol
microbes can be attributed to the effects of vdaicfiows that emit heavy metals and the wearing of 1
along the road side. The result is consistent Withfinding of (Acea and Carballa, 1985; Nwaugale
2005).The results also indicated that greater nurobenicrobes suclAspergillus fumigatt , Rhizopus
Strolnifer, Mucor hiemalis, Mucor miehei, Penicillium spplefaria tenniss,and Themonye were
isolated at 50m (Brookes, et al, 1986; Chessbrot§B7) stated that good spore formers can se
within harsh environmental conditions like in @msoil samples.
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4. SUMMARY AND CONCLUSION
From the results, it is observed that soil pH Veager at 50m from the roadside indicating acidity
in the soil which affect productivity of the sofi¢ reflected the stunted plant growth near the sidad Soll
temperature was also identified along the roaduiile decreased soil moisture at decreased distdst.
heavy metals were found closed to the main roadil&iy greater number of bacteria and fungal werend
in greater population at distance away from thé smmnples closed to the roadside. This has affeitted
activities of microorganisms the would have helgaddecomposition process for mineralization and
mobilization of soil nutrients. It is then conchdlthat since there is little or no human actidtygng the
roadside, heavy traffic has caused the declingdammicrobial population in the study area.
It is the recommended that, for sustainable saligumanagement for food production:
(1) Affected soil with low pH should be limed
(2) Ring - roads should be constructed to divertigaff Owerri west
(3) Maintenance of vehicles should be monitored by alebiinspection officers (VIO) to make sure that
vehicles are not smoked unnecessarily.
(4) Exaotic trees should be planted linearly for gasemhange for air quality
(5) The soil that is heavily contaminated with leadwdt not be used for growing of food crops but for
ornamentals trees.
(6) Farmers working on the contaminated soil shouldrngéaves and shoes to avoid self contamination
(7) And farmers should remove gloves and shoes at ttoewdy to avoid tracking soils indoors where
children play on the floor.
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