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Short Research Article
EVALUATION OF HEAVY METALS IN ROAD DEPOSITED SOIL

DUST IN JOS, PLATEAU STATE, NIGERIA.

ABSTRACT
A study of heavy metals in roadside soils is critical in assessing the potential environmental
impacts of automobile emission on the soil.The soil samples were collected from different
locations in Jos metropolis and analyzed for the levels of Pb, Zn, Mn, Cu, Co, Cd and Fe using
Atomic absorption spectrophotometer (AAS). Results indicated the decreasing order of the mean
total metal content for the studied metals as follows: Fe>Mn>Zn>Cu>Pb>Co>Cd. The absence
of Cd indicate no pollution due to the metal.
Key Words: Heavy Metals; Environmental Impacts; Automobile Emission; Atomic Absorption
Spectrophotometer; Mean Total Metal Content; Pollution.

INTRODUCTION
Increasing levels of pollutants in the environment, largely due to rapid urbanization and growth
in the emission of vehicular transportation are in recent times a major cause of concern [1].
Pollution of the natural environment by heavy metals has become a universal problem in recent
time because these metals are indestructible and most of them have toxic effects on living
organisms when they exceed the permissible concentration levels.
The urban environment receives various deposits of pollutants from several sources such as
vehicle emissions, domestic heating, industrial discharges, wastes incinerations, anthropogenic
activities amongst a host of others[2].
According to Adefolalu [3] and Mabogunje [4], in developing countries like Nigeria, improved
road accessibility creates a variety of ancillary employment which range from vehicle repairs,
vulcanizer and welders to auto-electricians, battery chargers and dealers in other facilitators of
motor transportations. All these activities releases trace metals into the immediate environment
which eventually return back into the soil surface and could be absorbed by the plants on such
soils.
Trace metals in the soil can also generate air borne particles and dusts, which may affect the air

quality [5].
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Road dust represents complex chemical composition originating from the interaction of solid,
liquid and gaseous materials produced from different sources and activities [6]. According to
Singh et al. [7], dust is a complex mixture of pollutants and contaminates derived from an
extensive range of urban and industrial sources and processes. Road dusts have the potentials of
carrying a high load of pollutants such as heavy metals and organic substances [8].

According to Lagrewerff and Specht [9], while many studies have been done on lead, not much
attention has been given to the contamination of other trace metals in the roadside
environment.Although, considerable number of studies had been done on the concentrations of
heavy metals in roadside dust, vast majority have been carried out in developed countries with a
long histories of industrialization and extensive use of leaded gasoline since 1935 [10].Very few
studies were carried out in developing countries like Nigeria and data on pollutant metal
concentrations and distribution in these countries is very limited.

Hence this research work was carried out to assess the heavy metal concentrations roadside soils

of major roads of Jos metropolis.

MATERIALS AND METHOD

Sampling Description

The chosen sampling locations span through a wide range of traffic density. This is to give a
good geographical coverage in the Jos environment.

Sample Collection

Dust samples were obtained using brush and plastic scoop by gently sweeping the top surface of
the soil along the streets.

A total of ten street dust samples were obtained from the sampling sites within the area of study
and this was done during the dry season to avoid rain washing out the heavy metals.

Sample preparation

The collected soil samples were carefully transferred into clean polyethylene bags. The samples
were air-dried in the laboratory for one week and then grinded in an acid pre-washed mortar and
pestle before being screened through a 90um sieve fraction [11].Table 1 represents the samples

and sampling sites accordingly:
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Table 1: Samples and Sampling Sites in Jos, Nigeria

S/N SAMPLE SAMPLING SITE
1. A Terminus main market
2. B Joseph D Golmwalk Way
3. C Federal Government college, Zaria
Road
4. D Bauchi Road
5. E Murtala Mohammed Way
6. F Ahmadu Bello Way
7. G Katako Market, Laranto
8. H Chobe junction
9. I University of Jos
10. J Enugu road

Sample digestion

All the reagents used were of analytical grade. The method of Ho and Tai[11] was used in the
digestion of the samples.lg of the 90um sieved fraction of the sample was accurately weighed
and treated with 10 mls aliquots of high purity conc. HNO;3; .The mixture was kept to almost
dryness on the hot plate. On cooling, the procedure was repeated with another 10mls conc. HNO3
followedby 10 ml of 2M HCL digested soil samples were then warmed in 20 ml of 2M HCL to
re-dissolve the metal salts. The extract was filtered through filter papers and the volume was
made up to 25 ml with distilled water. The digested samples were then analyzed for heavy metals
using UNICAM SOLAR Data station V7.15 AAS

RESULT AND DISCUSSION

Fe had the highest concentration followed by Mn, Zinc, Cu, Pb, Co, and Cd in the ten different

sampling sites.

In Figure 1, the high value of lead observed in the roadside soil ranging from 2.2-90.5ug/g is not
unusual bearing in mind the generally high traffic density of sites C, D and F. in fact it is lower
than the values of 154.5ug/g observed by Schmitt [12]and Harrison [2]. The high mean value of

the concentrations affirms the overall high level of the contamination of the roadside soil by this



81
82
83
84
85
86
87
88

89

90
91
92
93
94
95
96
97
98
99
100

metal. This observed result is in agreement with that of Lagrewerff and Specht [9]. The high
concentrations of lead observed could be attributed to lead particulates from gasoline combustion
which settles along the roadsides as dust. The high values observed in sites C, D and F could be
attributed to the heavy traffic volume in that area coupled with heavy traffic jam. This agrees
with the report of Francek [13]that traffic junction and cross roads records a higher level of the
metal.Conversely the lowest lead value observed in site G (22.0ug/g) is expected due to the
relatively low vehicular activities in the area. Other sources of lead contamination could be from

paints, gasoline additives, pesticides, lead pipes and other materials [14].
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Figurel:Concentration (pg/g) of Lead, Copper and Zinc across the sampling site.
Although the high mean level of lead observed in the roadside soil confirms that the environment
is generally lead enriched. The observed mean lead level is far lower than that reported by Ho
and Tai[11] and Francek|[13].

Zinc ranged from 217.0 - 490.3ug/g. In this study, the Pb /Zn ratio in soil was less than unity
which is contrary to report that soil lead pollution may be caused by automobiles [14]. However,
some other reports also found a ratio of less than unity, which was related to the local conditions
[15]. Since no major smelting operations or similar industry exists in the study area, we may
assume that the primary sources of Zn in the study area are probably the attrition of motor
vehicle tyre rubber exacerbated by poor road surfaces, and the lubricating oil in which Zn is

found as part of many additives like Zinc dithiophosphates.
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Furthermore, the mobility of the metal depends on the soil pH, organic matter and granulometric
composition of the soil. An acidic pH makes easier the solublization of the Zinc compounds even
though the soils in this study are alkaline, an indication that Zn and other metals remain in soils

for a longer period of time.

The Jos city roadside Copper level ranges from 41.1 — 108.5ug/g with higher values obtained
from sites A, C, D and F. The values are somewhat high compared to reports in other studies [16;
17; 18]. The high values obtained in this area could be as a result of the associated ancillary

vehicle workshops located along it.

Cadmium in roadside soil of Jos metropolis was not detected in any of the ten sites sampled.The
level of Cobalt as shown in Figure 2 is relatively low, which implies that the contamination

of the soil by this metal is quite mild. This is similar to the findings of Albasel [19].

Co
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Figure

Figure2:Concentration of Cobalt across the sampling site

The Jos metropolis soil samples contained much higher levels of Manganeseand Iron as shown in
Figures 3 and 4respectively, than the other six elements analyzed. Both Mnand Fe form the
composition of soil in Northern Nigeria. There availability may be attributed to metal
construction works, iron bending and welding of metals, which is a common practice along the

street of Jos.
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121 Figure 3:Concentration of Manganese across the sampling site
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123
124 Figure 4:Concentration of Ironacross the sampling site
125

126 CONCLUSION

127  The results in this study has shown that the roadside soil of Jos is relatively contaminated with
128  heavy metals. From the observations, it is evident that roads with a rather high values of the

129  metals are of high traffic density. Automobile emissions and metal construction works could be
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responsible for the buildup of the heavy metals in the roadside soil through the emission of

particulates.

The high values iron observed in all the ten sites could be attributed to the nature of the soil
parent rock; biotite granite, which is very rich in iron and other accessory minerals associated

cassiterite (Tin ore).

A few of the sampled areas with relatively high values are within areas of domestic activities,
were food debris and other element containing materials are being carelessly thrown into the

environment.

Finally, results obtained from this research work would now provide significant reference value

for future studies of heavy metals in soil from these areas and other regions in Plateau state.
REFERENCE

1. Addo M.A, Darko E.O, Gordon C, Nyarko B.J.B, Gbadago J.K (2012); Heavy metal
concentrations in road deposited dust at Ketu-South District, Ghana ; International
Journal of Science and Technology; 2; 28-39

2. Harrison R.M, Laxen D.P.H, Wilson S.J (1981); Chemical association of lead, cadmium,
copper and zinc in street dust and roadside soils. Environ. Sci. Tech. 15: 1378-1383.

3. Adefolalu A.A (1980). Transport and rural integrated development In: proceedings of the
National Conference on: Integrated Rural Dev. Women Dev., 1: 294-299.

4. Mabogunje AL (1980). “Development process-a spatial perspective” Hutchinson and Co
publishers Ltd. pp. 234-244.

5. Gray , C.W, Mclaren, R.G., Robert, A.H.C., (2003); Atmospheric Accessions of Heavy
Metals to some New Zealand Pastorial Soil, Scienc Total Environment Journal; 305; 105
- 115

6. Akhter, M. S. and Madany, L. M. (1993) “Heavy metals in street and house dust in
Bahrain” Journal of Water, Air and soil Pollution, 66, 111-119

7. Singh, K. P., Malik, A., Singh, S., Singh, V. K. and Murphy, R. C. (2005) “Estimation of
source of heavy metal contamination in sediments of Gomti River (India) using principal

component analysis”, Journal of Water, Soil and Air Pollution, 166, 321-241



158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

10.

1.

12.

13

14.

15.

16.

17.

18.

19.

Lu,X., Wang,L., Lei, K., Huang, J. and Zhai, Y(2009).Contamination assesement of
copper, Lead,Zinc,Manganese and Nickel in street dust of Boaji, N.W.China; Journal of
harzardous Materials,16: 1058 -1062

Lagerwerff, J.V., Specht, AW (1970). Contamination of roadside soil and vegetation
with Cadmium, Nickel, Lead and Zinc. Environ. Sci.Tech. 14, 583-6

Otte M.L, Bestebroar S.J, Linden Vander J.M, Rozema J, Broeckman RA (1991). A
survey of zinc, copper and cadmium concentrations in salt marsh plants along the Dutch
coast. Environ. Pollut Journal, 72: 175-189.

Ho L. B. and Tai K. M. (1988). “Elevated levels of lead and other Metals in Roadside Soil
and Grass and their use to monitor Aerial metal Depositions in Hong Kong. Environ
Pollut. Journal, Vol. 49, pp. 37-51.

Schmitt, W.H.(1976). Surface soil as a potential source of lead exposure for young

children. Canadian Medical Association Journal, No. 121: 1474-8.

. Francek M.A (1992). Soil Lead Levels in a Small Environment: ACase Study from Mt.

Pleasant, Michigan. Environmental Pollution Journal, 76: 251-257.

Young SR (1971). Chemical Analysis in Extractive metallurgy; charley and pickers gill
Ltd. Leeds Pp188

Jaradat, Q. M. and Momani, K. A. (1999). “Contamination of Roadside Soil, Plants, and
Air With Heavy Metals in Jordan, A Comparative Study”, Turkey Journal of Chemistry;
23:209-220

Davies B.E (1984); Distance Decline Patterns in Heavy Metals Contamination of Soils
and Plants in Birmingham, England;Journal of Urban Ecology; 6: 285-294

Hewitt C. N. and Candy G. B. (1990);Soil and street dust heavy metal concentrations in
and around Cuenca, Equador;Journal of EnvironmentalPollution;63: 129-136.
NdiokwereC. L. (1984); A study of Heavy Metal Pollution from Motor Vehicle Emission
and its Effect on Vegetation and Crops in Nigeria; Journal of EnvironmentalPollution;
57:35

Albasel, N and Cottenie, A (1985); Heavy Metal contamination Near Highways,
Industrial And Urban Areas in Belgian Grassland; Journal of Water, Air, Soil Pollution;

24:103 - 109



