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Abstract Soil samples were collected from three asphalt hot mix stations and examined for heavy metals using
standard procedures. The results obtained showed that the concentrations of the heavy metals occurred in the order;
iron (Fe)>zinc (Zn)>chromium (Cr)>lead (Pb)>copper (Cu)>nickel (Ni)>arsenic (As)>cobalt (Co)> cadmium (Cd).
All the metals examined in the soil were lower than the reference value stipulated by DPR except As and Cd and Co
in stations 2 (JADAC HMX) and 3 (H & H (HMA) respectively. Contamination factor studies on the concentrations
of the heavy metals in the soil showed various degrees of contamination by the heavy metals except As and Cd and
Cu in station 3and cobalt in stations 2 and 3 that have stretched to pollution status in the soil. Pollution index
analysis showed that the soils from the various asphalt plant stations were slightly polluted with the heavy metals.
Contamination factor evaluation of metals varied from considerable contamination degree to high contamination
degree in the stations. Modified contamination degree analysis revealed that all the stations were at a level of
moderate degree of contamination by the heavy metals. Geo-accumulation findings revealed a variation between
non-contaminations to extreme contamination of the soil with individual heavy metals. Ecological risk assessment of
the soils suggested varying degrees of risks posed by each metal to the environment. Enrichment factor analysis
revealed serious anthropogenic influence on the metal content of the soil. The results obtained from the stations in
this study coupled with the different analytical assessments showed that human activities are the major contributors
of the heavy metals in the examined soils.
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Introduction

The effect of human activities has substantively amplified the presence of heavy metals content in the environment.
These metals, though may be produced or released at very small scale, yet they produce effects that affects the
ecological environment at the long run. The effects of heavy metals on ecological atmosphere is noticed more
especially when the natural structure and characteristics or functions of both biological and non-biological
environment has been destroyed or negatively affected [1]. In the immediate past decades, the pollution of the
environment with heavy metals and the management of pollution based issues by the relevant agencies all over the
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world has attracted a lot of politicking, thus leading to more devastating effects of degrading the important uses of
the different constituents of the environment [2].

Metals are naturally found in the earth’s crust, but their concentrations can be increased in the soil and other
atmospheric cycles from weathering of rocks. The natural or background levels or values of metals can be altered as
a result of anthropogenic activities [3]. Some heavy metals are needed for proper plant growth in very small amount,
but at high concentrations are lethal and deadly due to quite a number of health issues associated with their intake
and presence in human body [4].

The contamination of soil and different landforms have serious environmental consequences on ecological
habitation and habitats [5]. Despite the fact that heavy metals are natural constituents of the soil (the natural sink for
pollutants), they are considered as contaminants when they have exceeded the required concentrations, have
widespread occurrence, cause both acute and chronic toxicity [6].

One of the major factors responsible for heavy metals introduction into the soil is through the application of metal
based pesticides on arable farms, discharge of industrial wastewater, metal production processes, traffic congestion
and home discharged wastes [7].

In urban and city settlements, the issue of road construction is very vital. It is accompanied with the use of high
powered machineries, which produce the surfacing materials so that vehicles can move conveniently and others used
to convey materials in and out of the industrial premises. Some of these materials contain heavy metals which either
in the processes of production or storage can be transported to the soil within the immediate environment and can
cause pollution depending on the amount discharged. Therefore, this study was undertaken to examine the
concentrations of some heavy metals in soils within the immediate vicinity of selected asphalt hot mixed plants in
Port Harcourt, Rivers State, Nigeria.

Materials and Methods

Soil samples were obtained from three asphalt hot mix plant stations within Port Harcourt using soil auger. The
samples were randomly collected 3 metres apart from five points within each station. The samples were mixed
together to form a representative sample. Three representative samples were obtained altogether in each station.

The samples were put into plastic bags previously washed and soaked in very dilute concentrated nitric acid solution
and dried. The samples were transferred to the laboratory and allowed to dry by exposure to free air. After a constant
weight of the soil samples had been recorded in three successive weighing, the samples were homogenized in a
mortar with a pestle. The homogenized soil samples were sieved with a 2 mm mesh and subsequently stored in a
fine plastic bottles. A well determined mass of 2 g of soil was taken from each of the samples and digested in mixed
acid solution in a steam bath [8-9].

The digested mixture was decanted into a filter paper (Whatman size 2) already put in place and filtered into sample
bottles. The bottles containing the filtrate were refrigerated and maintained at 4 °C. The filtrates or digests were then
transported to the JAROS base Scientific Laboratory for quantitative metals analysis using the atomic absorption
spectrophotometer.

The observed concentrations of the individual heavy metals in the soil were subjected to contamination factor (CF)
[10], pollution load index (PLI) [11], contamination degree (CD) [12], modified contamination degree (mCD) [12],
geo-accumulation index (I-geo) [13], ecological risk assessment (ERA) and enrichment factor (EF) [14] analysis.
These pollution and ecological indices were applied on the concentrations to enable a proper perspective of
interpretation of the effect and consequences and sources of the examined heavy metals.

Results and Discussion

The concentrations of the heavy metals in the soil samples obtained from the different asphalt hot mix stations is
given in Table 1. The general observation on the concentrations of the heavy metals present in the soil from the
different stations differed extensively. This implies that either the differences may be due to ecological location or
other influences from anthropogenic and natural based activities [15]. These differences can further be explained on
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the basis of the affinity that may have existed between heavy metals, soil inorganic components and biological
matter [16].

Manganese (Mn)

The concentrations of Mn in the stations varied from 8.41 + 2.72 to 15.92 + 4.72 mg/Kg. This is lower than the DPR
target value of 850 mg/Kg in soil and sediment. Different concentrations of Mn has been observed in other studies
on soil where different anthropogenic activities took place [17-29]. In their observations, Mn was observed to be of
higher value in the experimental stations when compared to the control. They attributed the increase in Mn
concentrations in the studied areas to human influences as opposed to those of the control samples. The values of
Mn in the present work are lower than the values observed in soils from beneath some plants in parts of Malaysia
[19] and in soils heavily exposed to crude oil spills in different communities in the Niger Delta [17].

Arsenic (As) concentrations in the asphalt hot mix stations varied from 17.71 + 5.68 t022.82 + 6.64 mg/Kg. These
values are higher than the DPR [20] target value for As. The values of As observed in the present work are higher
than the values observed in soils from farms collected from Umuebulu community, Etche in Rivers State, Nigeria
[21], the values observed in soils contaminated with petroleum hydrocarbons due to artisanal refining in some
communities in Niger Delta, Nigeria [22] and also higher than those observed in soil from the Raoyanghe Wetland
region of China [23].

Cadmium (Cd) concentrations in the asphalt hot mix stations varied from 3.54 + 2.26t05.84 + 3.78mg/Kg. These
values are higher than the DPR [20] target value for Cd. the observed values of Cd in the soils examined were within
the range observed in different contaminated soils from the Korle Lagoon area in Accra, Ghana except at one of the
stations where concentration of Cd was very high to the level of 103.66 mg/Kg [24], generally lower than the
observed concentrations of Cd in soil from a Pb-Zn mines where mining activities has stopped in Yelu, Bauchi
State, Nigeria [25], but higher than the values reported in soil from the Raoyanghe Swamp, China [23].

Lead (Pb) concentrations in the asphalt hot mix stations varied from 13.42 + 4.71- 62.49 + 11.16mg/Kg. These
values are higher than the DPR [20]target value for Pbh. The determined concentrations of Pb in the asphalt stations
were lower than the reported values observed in soils from Umuebulu in Etche, Rivers State [21], but within the
range of values of Pb concentrations reported in Korle Lagoon, Accra, Ghana except in few stations where higher
than this present work values were reported [24] and lower than the reported values of Sanusi et al. [25], in a non-
functioning mine site in Yelu, Bauchi State.

Copper (Cu) concentrations in the asphalt hot mix stations varied from 26.71 + 6.32 to 39.18 + 6.12 mg/Kg. These
values in stations 1(AUC HM) and 2 (JADAC HMX) were lower than the DPR value, while station 3 (H & H
(HMA\) is higher than the DPR [20] target value for Cu. The observed concentrations of Cu in the present study is in
agreement with the observation of Perunovi¢ et al., [26], who reported values ranging from16.76 to 81.44 mg/Kg in
soil from Kremna Basin, Serbia, contaminated by anthropogenic activities and also within the range of values
observed in soils from abandoned iron mine in Morocco, where concentrations of Cu were reported to fall between
18.55 + 3.16 and 48.98 £30.09 mg/Kg [27]. However, the values are higher than those of Edori and Kpee [28], in
soils around abattoirs in port Harcourt, Nigeria and slightly lower than the values of Marcus et al., [29], in soils
contaminated with dumpsite leachates in Port Harcourt, Nigeria.

Nickel (Ni) concentrations in the asphalt hot mix stations varied from 11.81 + 3.63 t018.74 + 2.11 mg/Kg. These
values are lower than the DPR [20] target value for Ni. The asphalt soil content of Ni observed in this study are
lower than those of Njoku et al. [22], in soils impacted by petroleum products discharges from unapproved refining
sites in Bodo, Gokana, Nigeria and also those of Perunovi¢ et al., [26], in soil contaminated soils from Kremna
Basin in Serbia. However, they are higher than the reported values of Mmolawa et al. [30], in soils from roadsides in
Botswana.

Iron (Fe) concentrations in the asphalt hot mix stations varied from 101.91 + 21.64 to 124.81 + 16.72 mg/Kg. These
values are lower than the DPR [20] target value for Fe. The Fe content of the soils from the asphalt stations were
lower than the values of Fe observed in two different mechanic workshops in port Harcourt, Nigeria [8], also lower
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than the values observed in leachate contaminated soils within Port Harcourt metropolis [29] and those [27] in soils
previously used for the mining of Fe in Morocco.
Chromium (Cr) concentrations in the asphalt hot mix stations varied from 69.52 + 12.89 t092.81 + 18.48 mg/Kg.
These values are slightly lower than the DPR [20] target value for Cr. The concentrations of Cr observed in the
present research is higher than the values of Marcus et al. [29] dumpsite leachate contaminated soils, Hind et al.
[19], in soils from some cultivated areas of Malaysia and those of Njoku et al. [22], in selected soils from the forest
of Bodo Community where artisanal refining of crude oil to different fractions were in place.
Zinc (Zn) concentrations in the asphalt hot mix stations varied from 80.60 + 10.34 - 98.71 + 13.85mg/Kg. These
values are lower than the DPR [20] target value for Zn. The content of Zn in the examined soils are higher than the
values of Njoku et al. [22], in soils from contaminated soils in Gokana Rivers State and those of Hind et al. [19], in
soils collected from different agricultural farms in Malaysia. However, these values from the asphalt sites were
within the range of values reported in dumpsites soils contaminated with leachates [29] and those of [27] in soils
from used Fe mine sites in Morocco.
Cobalt (Co) concentrations in the asphalt hot mix stations varied from 80.60 + 10.34 to 98.71 + 13.85 mg/Kg. The
values observed in station 1 (AUC HM) is lower than the DPR [20] target value for Co, while the values of stations
2 (JADAC HMX) and 3 (H & H HMA) were higher than the DPR value. Cobalt (Co) concentrations in the present
work is higher than those of Njoku et al., [22], in Niger Delta Region, where the levels of Co were in the range of
0.0027 and 0.0037 mg/Kg and those of Mmolawa et al. [30], in roadside soil from Botswana.

Table 1: Concentrations of heavy metals in soils from different hot mix asphalt plant stations

Heavy Stations DPR (2002)
Metals AUC HM JADAC HMX H & H (HMA) Target Values
(mg/Kg) (mg/Kg) [20]
Mn 11.42 £3.16 8.41+2.72 15.92 +4.72 850

As 17.71 £5.68 12.81 £5.69 22.82 +6.64 1.0

Cd 473+1.84 3.54 £ 2.26 5.84 +3.78 0.8

Pb 62.49 + 11.16 13.42+4.71 41.91 +6.68 85

Cu 26.71+£6.32 31.41+8.36 39.18 +6.12 36

Ni 18.74 +2.11 15.81 + 3.62 11.81 +3.63 35

Fe 137.81 £ 13.72 101.91 + 21.64 124.81 +16.72 38000

Cr 92.81+18.48 69.52 + 12.89 88.10+ 11.36 100

Zn 98.71+ 13.85 91.69 + 24.63 80.60 + 10.34 140

Co 15.38 £ 4.62 31.41+13.86 39.18+12.88 20

The value of the contamination factor, pollution index, contamination degree and modified contamination degree are
given in Table 2. The contamination factor values in the examined stations showed the following variation; Mn
(0.010 -0.019), As (12.810 — 22.820), Cd (4.425 - 7.300), Pb (0.158 — 0.735), Cu (0.742 — 1.088), Ni (0.337 —
0.524), Fe (0.003 — 0.004), Cr (0.695 — 0.928), Zn (0.576 — 0.705) and Co (0.769 — 1.959). Explaining the
contamination factor values based on the different classes and their interpretations [10] showed that each of the
asphalt mix stations fall into different classes of contamination/pollution by the individual heavy metals. The results
showed that the soils were not contaminated with Mn in any of the stations. For As results, soils from JADAC HMX
station were at the stage of very severe pollution, while AUC HM and H & H (HMA) stations were extremely
polluted with As. The results for Cd in the sampled stations showed that the soils from the three sampled stations
were severely polluted by Cd. The contamination factor values for Pb indicated that stations 2 (JADAC HMX) was
at the stage of minor contamination by Pb, station3 (H & H (HMA) fall within the category of reasonable
contamination by Pb and station 1 (AUC HM) values suggested that the soil was severely contaminated by Ph. The
values for Cu showed that soil from station 1 (AUC HM) was severely contaminated by the Cu metal, station 2
(JADAC HMX) was very severely contaminated and station 3 (H & H (HMA) was slightly polluted by Cu.

The results of contamination factor for Ni in this study suggested that in all the stations, the soils were at different
stages of contamination which ranged from reasonable contamination to severe contamination. Iron (Fe) values
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showed non-contamination of the soil by Fe metal in all the examined asphalt stations. The values of Contamination
factor for Cr in the stations were classified into severe contamination in station 2 (JADAC HMX) and very severe
contamination in stations 1 (H & H (HMA) and 3 (H & H (HMA).The values observed for Zn in the soils when
interpreted on the basis of intervals of contamination and or pollution showed that the soils from the stations were at
the level of severe contamination by Zn. Cobalt (Co) contamination factor values suggested that soil from station 1
(AUC HM) was severely contaminated with Co, while soils from stations 2 (JADAC HMX) and 3 (H & H (HMA)
were at the stage of being slightly polluted with Co.

The pollution index values of the heavy metals in the stations varied from 1.360 to 1.429. These results from the
stations when compared with the charts on different categories of contamination and pollution showed that the soils
were slightly polluted with the heavy metals. Contamination degree (CD) values ranged from 21.652 to 35.476 in
the stations. These results suggested that stations 1 (AUC HM) and 2 (JADAC HMX) were at the stages of
considerable contamination degrees by the heavy metals, while station 3 (H & H (HMA) was in the category of very
high contamination degree. Modified contamination degree (MCD) varied from 2.165 t03.548 in the stations. All the
stations values fall into the class of moderate degree of contamination by the assessed heavy metals.

Table 2: Contamination factor, pollution index, Contamination degree and modified contamination degree of soils
from the different hot mix asphalt plant stations

Heavy Contamination Factors

Metals AUC HM JADAC HMX H & H (HMA)
(mg/Kg)

Mn 0.013 0.010 0.019
As 17.710 12.810 22.820
Cd 5.913 4.425 7.300
Pb 0.735 0.158 0.493
Cu 0.742 0.873 1.088
Ni 0.524 0.452 0.337
Fe 0.004 0.003 0.003
Cr 0.928 0.695 0.881
Zn 0.705 0.655 0.576
Co 0.769 1.571 1.959
Pl 1.396 1.360 1.429
CD 28.043 21.652 35.476
mCD 2.804 2.165 3.548

The results of the geo-accumulation index of the heavy metals in the asphalt mix stations are given in Table 3. The
values showed the following range in the stations; Mn (0.007 — 0.013), As (8.540 — 15.213), Cd (2.950 — 4.867), Pb
(0.105 — 0.490), Cu (0.495 — 0.873), Ni (0.225 — 0.357), Fe (0.002 — 0.003), Cr (0.464 — 0.619), Zn (0.384 — 0.470)
and Co (0.513 — 1.306). The results of geo-accumulation index of the heavy metals examined when compared with
the classification of intervals of contamination (Muller, 1981) suggested the soils were practically uncontaminated
with Mn and Fe, extremely contaminated by As in all the stations, moderately to heavily contaminated by Cd in
station 2 (JADAC HMX), heavily contaminated in station 1 (AUC HM) and heavily to extremely contaminated in
station 3 (H & H (HMA). The soils were uncontaminated to moderately contaminated by Pb, Cu, Ni, Cr and Zn in
all the stations, but was at the level of uncontaminated to moderately contaminated in station 1 (AUC HM) and
moderately contaminated in station 2 (JADAC HMX) and 3 (H & H (HMA). The inferences that could be drawn
from the geo-accumulation results is that As, Cd and to a little extent Co are more of anthropogenic input into the
soil than natural sources, while the other metals were within the natural causes.
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Table 3: Geo-accumulation index of heavy metal in soils from the different hot mix asphalt plant stations

Heavy Metals Stations

(mg/Kg) AUC HM JADAC HMX H&H (HMA)
Mn 0.009 0.007 0.013
As 11.807 8.540 15.213
Cd 3.942 2.950 4.867
Pb 0.490 0.105 0.329
Cu 0.495 0.873 0.726
Ni 0.357 0.311 0.225
Fe 0.003 0.002 0.002
Cr 0.619 0.464 0.568
Zn 0.470 0.437 0.384
Co 0.513 1.047 1.306

The results of the ecological risk of the heavy metals in the asphalt mix stations are given in Table 4. The values
showed the following variation range in the stations; Mn (0.01- 0.019), As (128.100 — 228.200), Cd (132.750 —
219.000), Pb (0.789 — 3.676), Cu (3.710 — 6.544), Ni (1.125 — 1.785), Cr (0.928 — 1.238), Zn (0.576 — 0.705) and Co
(2.565 — 6.530). The ecological risk assessment of the examined heavy metals showed that Mn, Pb, Cu, Ni, Cr, Zn,
and Co in the soil do not pose risk to the ecological environment, but As and Cd in the soil at station 2 (JADAC
HMX) are at the level of considerable ecological risk to the environment and are athigh risk levelsin stations 1 AUC
HM and 3 H & H (HMA).
Table 4: Ecological risk Assessment of heavy metals in soilsfrom the different hot mix asphalt plant stations

Heavy Metals (mg/Kg) Stations Toxic Response Factor
AUCHM JADAC HMX H &H (HMA)

Mn 0.014 0.010 0.019 1
As 177.101 128.100 228.200 10
Cd 177.375 132.750 219.000 30
Pb 3.676 0.789 2.465 5
Cu 3.710 6.544 5.442 5
Ni 1.785 1.555 1.125 5
Cr 1.238 0.928 1.136 2
Zn 0.705 0.655 0.576 1
Co 2.565 5.235 6.530 5

The results of the enrichment factor of the heavy metals in the asphalt mix stations are given in Table 5. The values
showed the following variation ranges in the stations; Mn (3.698 - 5.702), As (4776.566 — 6947.838), Cd (1630.327
— 2222.582), Pb (58.871 — 202.719), Cu (205.585 — 331.357), Ni (102.734 — 168.434), Cr (255.916 — 268.232), Zn
(175.284 — 243.409) and Co (212.046 — 596.443). The enrichment factor analysis of the results as interpreted on the
basis of the terminologies suggested by Sutherland et al. [31], showed that Mn was moderately enriched in the soil
of stations 1(AUC HM) and 2 (JADAC HMX), but all the other metals examined in the soils from the stations were
at the stage of extremely high enrichment. The order of enrichment of the metals in the soil is as follows; As > Cd >
Cr > Co > Cu >Zn >Ni >Pb > Mn. The enrichment factor (EF) figures obtained in the present work when interpreted
on the basis of geochemical origins of the metals in Asphalt stations showed that the origin and sources of the heavy
metals in the soil is due to anthropogenic spread in the examined environment [32], which in this case are the three
stations occupied by the asphalt hot mix companies.
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Table 5: Enrichment factor Assessment of heavy metals in soils from the different hot mix asphalt plant stations

Heavy Metals (mg/Kg) Stations
AUC HM JADAC HMX H & H (HMA)
Mn 3.705 3.689 5.702
As 4883.388  4776.566 6947.838
Cd 1630.327  1649.988 2222.582
Pb 202.719 58.871 150.118
Cu 204.585 325.336 331.357
Ni 147.640 168.434 102.734
Cr 255.916 259.225 268.232
Zn 194.418 243.409 175.284
Co 212.046 585.605 596.443

Conclusion

The spread pattern of heavy metals (Mn, As, Cd, Pb, Cu, Ni, Cr, Zn and Co) in soils collected from different asphalt
plant stations in Port Harcourt Rivers State, Nigeria point out that these soils have been affected severely by the
asphalt plants cited within the area. Arsenic (As) and Cadmium (Cd) were the metals in the soils greatly influenced
by the asphalt activity. Pollution indices assessments indicated varying degrees of contamination to pollution by the
heavy metals. Geo-accumulation index, ecological risk assessment and enrichment factor analysis implicated human
induced heavy metal presence in the soils. Effort should be put in place to curtail further increase in the
concentrations of heavy metals in the examined soils even though asphalt production and mixing activities cannot
altogether be taken away.
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