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The purpose of this study was to investigate and quantify trace metal concentrations in Commelina africana L. and psammitic
sandflats from an intertidal coastal ecosystem in Niger Delta, Nigeria, and to evaluate their spatial distribution, degree of
contamination, and source apportionment. The environmental risks associated with soil contamination were elaborately assessed
using potential ecological risk index, sediment quality guidelines, and enrichment relative to background levels. The mean
concentrations of Cd, Cr, Ni, Pb, and Zn in sandflat soil samples are 0.76 + 9.0 X 1072, 7.39 + 8.7 x 107}, 2.28 + 0.35,
0.024 + 4.0 x 107, and 74.51 + 2.55 mg/kg, respectively. Metal levels indicate strong variability with sampling sites. The order
of trace metal concentrations in the Commelina africana L. samples is Zn > Ni > Cr > Pb > Cd. The concentrations varied with
the sample locations; and the levels of Pb (0.05 to 0.08 mg/kg) at all locations are found to be significantly below permissible level
of 0.3 mg/kg. Potential sources of metal loadings may be associated with localised or diffused anthropogenic activities. The average
carcinogenic risks are below 1.0 x 107® threshold values, and the sandflat soils are not considered to pose significant health effects
to children and adult males and females. However, the carcinogenicity and noncarcinogenicity risks ranking decrease following the
order children > adult males > adult females. Comparatively, the hazard quotient and hazard index indicate that the psammitic

sandflats might pose a health risk to children in future.

1. Introduction

Pollution investigations in coastal ecosystems of Niger Delta
have revealed that human mediated activities can adversely
alter the ecological integrity of fragile aquatic systems in the
region, resulting in bioaccumulation of chemical contami-
nants by zoobenthos [1-4], sediment enrichment [5], and
impact on species abundance and biomass [6, 7]. Most equa-
torial wetlands and ultisol systems in the Niger Delta serve
as primary recipients of petroleum exploration-exploitation
wastes and domestic and industrial wastes generated by
multinational oil companies that are found in the region.
Studies have indicated enhanced levels of trace metals in soil,
surface water, sediments, and biota from aquatic ecosystems
in the area [8-11]. In the wetlands and soil environment,

trace metals are naturally ubiquitous [12, 13]. Although some
trace metals are present as natural nutrient components
of the soil environment, introduced through weathering
processes, most, however, originate from a variety of human
mediated activities [14-18]. In the Niger Delta, crude oil
pollution and petrochemical activities have been identified
as major anthropogenic activities that significantly promote
the introduction of trace metals into both the terrestrial and
aquatic environments [5, 19, 20].

Wetland soils act as both sinks and carriers for trace
metals and could provide valuable information on the pol-
lution pattern and history of such ecosystems [21, 22]. Trace
metals present in the soil are capable of undergoing chem-
ical transformation from solids to ionic species or through
biomethylation into organometallic moieties [23]. Also, they
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FIGURE 1: Qua Iboe Estuary mangrove ecosystem showing the sampling location along Douglas Creek. Insert: map of Nigeria showing the

location of the study area.

could be released in both particulate and dissolved forms and
are known to have high affinities for fine-grained sediment
and soil particulates [24-27]. However, the fate, transport,
and pollution characteristics of trace metals in the wetland
soils have become an important problem due to their toxic
effects, accumulation, and bioconcentration through the food
chain [28, 29].

Trace metals introduced into the environment are capable
of having toxicological implications on terrestrial inver-
tebrates, humans, and the natural environment [30-32].
Adverse health effects, such as lung and skin cancer, prostatic
proliferative lesions, peripheral neuropathy, kidney dysfunc-
tion, dermal lesions, and peripheral vascular disease, have
been attributed to trace metals pollution. However, metal
toxicity mainly depends on the metal speciation and bioavail-
ability, as well as on the means of uptake, accumulation, and
excretion rates of the organisms [24, 28, 33-35]. Therefore,
elucidating the potential sources, ionic forms, ecosystem vari-
ability, pollution status, and environmental risks, assessment
of trace metals in wetland soil environment is a critical
tool in understanding the contamination characteristics of
such ecosystems. It also provides expository information for
environmental pollution prevention and control.

The present study was initiated with the following objec-
tives: (a) to determine the levels of trace metals accumulation
and distribution in coastal sandflats, flora, and fauna from an
estuarine ecosystem, (b) to evaluate potential ecological risks
from metal pollution using different indices such as metal
pollution index (MPI) and transfer factors (TFs); (c) to assess
the degree of trace metal pollution using contamination
indices such as pollution load index (PLI), contamination

factor (Cf), modified contamination degree (mCD), and
geoaccumulation index (Igeo); (d) to evaluate the coastal
soil quality and environmental risks of investigated trace
metals by comparison with soil quality guidelines (SQGs);
(e) to identify the possible sources of trace metal pollution
and to assess their ecotoxicological significance; and (f) to
assess potential noncarcinogenic and carcinogenic risks due
to inhalation, dermal contact, and oral ingestion exposure
pathways.

2. Materials and Methods

2.1. Study Area. The Douglas Creek is a major tributary of
Qua Iboe Estuary (Figure 1). The estuary is characterized by
shallow intertidal mudflats that are surrounded by mangroves
and is perennially subjected to sediment deposition from
Qua Iboe River and marine sand from the Atlantic Ocean.
It is located close to several coastline settlements within an
oil producing area in Southeastern Nigeria. The Qua Iboe
Estuary and Douglas Creek lie within latitude 4730’ to 4°45'N
and longitude 7°30' to 8°00'E. It serves as the receiving
water body for residential, agricultural, and petrochemical
wastes generated from multinational oil companies located in
the oil producing communities. The estuary is characterized
by fine sandy beaches fringed with mangrove swamps and
tidal mudflats on which Nypa palm vegetation dominates.
The study area is characterized by a humid tropical climate
with an annual rainfall of about 4021 mm, average humidity
of 80%, and mean minimum and maximum temperatures
of 22°C and 30°C, respectively. There are two predominant
seasons, dry and wet seasons. The wet season begins in March
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TABLE 1: Reference (SRM 8704) concentration values, analytical results, and percentage recovery.

Metals SRM 8704 reference values AAS results Accuracy (% recovery)
(mg/kg) (mg/kg) (n = 3)

Cadmium 2.94 +0.29 3.03+0.04 102.96

Chromium 121.90 + 3.80 119.47 + 1.64 98.01

Nickel 42.90 + 3.70 40.86 + 0.18 95.23

Lead 150.00 + 17.00 156.04 + 6.95 104.23

Zinc 408.00 +15.00 398.60 +10.54 97.67

or April and is usually characterized by heavy storms of short
duration. The dry season, which normally lasts 3-5 months, is
comparatively short, beginning in November and extending
to February. Tidal currents are strong especially during the
wet seasons along estuary upper reaches and creek and this
plays an important role in sedimentation, biota distribution,
trace metal laden, waste transportation, and industrial and
domestic waste transportation.

2.2. Sampling. A total of 30 plant and soil samples were
each collected from the study area along a marked transect.
Plant and soil samples were collected during two separate
trips from five designated grids: DC-V, DC-W, DC-X, DC-
Y, and DC-Z mapped out along the stretch of Douglas Creek
extending into Qua Iboe Estuary. At each sampling station,
triplicates of the plants and soil samples were obtained and
carefully transferred into clean polyethylene glass containers.
A short core sampler was used to collect the soil from the
top 0 to 15cm of the soil surface and homogenized and
the subsamples were stored in labeled black polythene bags.
Plant samples were also handpicked along the tidal shores of
Douglas Creek and thoroughly cleaned with fresh water to get
rid of soil before transferring them into labeled aluminium
foil. The samples were all stored in ice-packed coolers and
transported to the laboratory. They were further refrigerated
in the laboratory at 4°C to inhibit microbial activities and
preserve the integrity of the samples prior to analysis.

2.3. Analytical Procedures for Sample Pretreatment and Chem-
ical Analysis. The soil samples were air-dried by exposure
to ambient air for 48 hours and manually sorted to remove
stones, sticks, organic matter, and shells from the air-dried
samples, pulverized using porcelain pestle and mortar, and
sieved through a 2mm mesh and sieved to collect less
than 63 ym grain sizes. 2.0 g of each sample was digested
with a solution of concentrated HCl (6.0mL) and HNO,
(0.3mL) to near dryness and allowed to cool before 20 mL
of 5.0 M HNO; solution was added. The digested soil sample
solution was allowed to stay for about 12 hours before they
were filtered. The filtrates were subsequently transferred into
100 mL volumetric flask and made up to the mark with
0.5 M HNO, prior to elemental analysis. A reagent blank was
also prepared using a mixture of HCl and HNO; following
the stepwise analytical procedure described for the sample
preparation.

On the other hand, the plant samples were oven dried
at 80°C for 24 hours to prevent microbial decomposition,

pulverized into fine powder, and stored in well-labeled Ziploc
bags. Precisely 1.0g of each plant sample was accurately
weighed into 10 mL conical flask and 1 mL HCIO, and 7 mL
of 40% HF were added and digested slowly for 2 hours using
a modified method of Vanék et al. [36]. After digestion, they
were allowed to cool and later were heated and the content
was evaporated until fumes of HCIO, appeared. The residue
was allowed to cool and 1mL H,SO, added and heated
again to drive off HCIO,. After cooling, all samples were
diluted with a little water and filtered into 25 mL volumetric
flasks fitted with a glass funnel and Whatman number 1
filter paper. The filtrates were later made up to 25 mL mark
with distilled water. Also blanks were prepared following the
above procedure, with all reagents excluding the sample. The
solutions were used for the determination of trace metals.
Acid eluates desorbed from the filter, and 30 digested soil
and plant sample solutions and the reagent blanks were
analysed for the concentrations of Zn, Pb, Cd, Ni, and Cr
using an atomic absorption spectrometer (S Series S4 AA
System, Thermo Electron Corporation). In order to evaluate
the precision of each method of digestion for soil and plant
samples, the trace metal analyses were run in duplicates.

2.4. Quality Assurance. Buffalo River Sediment Reference
Material (SRM 8704), sourced from National Institute of
Standards and Technology (US), intended primarily for use
in the analysis of sediments, soils, or materials of a similar
matrix was analysed with the soil samples for quality assur-
ance purposes. Reference values and the analytical results for
the concentrations of five trace metals are given in Table 1.
The recoveries of the AAS analytical results for Cd, Cr,
Ni, Pb, and Zn ranged between 97.67 and 104.23%. The
concentrations of certified materials SRM 8704 indicated
results within the range of the reference values. Therefore, the
method employed for this work is reliable and reproducible.
Blanks were also monitored throughout the analysis of the
soil samples and blank subtractions were employed to correct
metal concentrations obtained for soil samples.

2.5. Statistical Analysis. The data were analysed using the
XLSTAT-Pro software (AddinSoft, Inc., NY, USA). Pearson’s
correlation analysis and factor analysis were employed to
explore the interrelationship among trace metals in soil
samples and also attempt to identify their probable origin.
The various statistical analyses were performed with a 95%
confidence interval (significance p < 0.05).



2.6. Pollution Indicators. On the basis of observed data, the
relative gradation of contamination levels by trace metals in
ultisols can be achieved using pollution indices (PIs) and
efficient risks assessment approaches. However, the evalua-
tion of pollution loading status and the estimation of impacts
associated with human induced events on coastal wetland
soils could be attained through geochemical approaches such
as geoaccumulation index and enrichment factor [16, 37].

2.7. Soil Contamination Indices and Potential Ecological Risks.
The under listed contamination indices were adopted to eval-
uate trace metals contamination assessment in soil samples
collected from the study area: (i) degree of contamination
(CD); (ii) modified contamination degree (mCD); (iii) con-
tamination factor (Cf); (iv) pollution load index (PLI); (v)
pollution index (PI) and Nemerow integrated pollution index
(NIPI); and (vi) geoaccumulation index (Igeo) [37]. The single
metal and multimetal potential ecological risk indices were
also calculated for Cd, Cr, Ni, Pb, and Zn.

The CD was calculated to assess the holistic impact
of multimetals on the environment [22, 38]. The formula
developed by Hékanson [39] was used for the calculation of
CD:

CD = ZCf,‘, (1)
i=1
Ci
Cfi — miconc (2)
Cbkg

i

where Cf; is contamination factor of metal i, C,___
concentration, and Cf)kg is background value of individual
metal. The degree of contamination is classified into low
degree of contamination (CD < 6), moderate degree of
contamination (6 < CD < 12), considerable degree of
contamination (12 < CD < 24), and very high degree of
contamination (CD > 24). The Cf is derived by dividing
the concentration of selected trace metal by the background
value. The gradation of Cf is as follows: Cf < 1 indicates
low degree of contamination; 1 < Cf < 3 indicates
moderate contamination; 3 < Cf < 6 indicates considerable
contamination; and Cf > 6 shows very high degree of
contamination.

The mCD is an empirical assessment of the overall degree
of contamination by pollutants in a designated ecosystem and
is mathematically expressed as follows:

is mean

— Zi:I Cfi, (3)
n

mCD

where Cf is contamination factor, 7 is the number of analysed
trace metals, and i is ith metal.

The following classifications and descriptions are avail-
able for modified degree of contamination in soil: mCD <
1.5 refers to nil to very low degree of contamination; 1.5 <
mCD < 2 indicates low degree of contamination; 2 < mCD <
4 implies moderate degree of contamination; 4 < mCD < 8
indicates high degree of contamination; 8 < mCD < 16
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means very high degree of contamination; 16 < mCD < 32
implies extremely high degree of contamination; and mCD >
32 refers to ultrahigh degree of contamination.

PLI was evaluated using Tomlinson’s pollution load index
(PLI) [40] and is expressed as the nth root of the product of
n Cf as

PLI = [Cf, x Cf, x --- x Cf,]""", (4)

where 7 is the number of metals and Cf, is the Cf value
of metal n. PLI is classified as follows according to the
contamination degree: background concentration (PLI = 0),
unpolluted (0 < PLI < 1), unpolluted to moderately polluted
(I < PLI < 2), moderately polluted (2 < PLI < 3),
moderately to highly polluted (3 < PLI < 4), highly polluted
(4 < PLI £ 5), or very highly polluted (PLI > 5) [16, 41].

Additionally, the pollution index (PI) was used to eval-
uate soil pollution by comparing the metal concentrations
obtained in this study with Dutch soil guidelines [42].
According to Lee et al. [37], P1 is expressed as

C
Pl= 2,
T, ©)

n

where C,, is the concentration of an individual trace metal and
T, is the corresponding target concentration of Dutch soil
guidelines, which consider different land-use types and are
based on extensive studies of both the human and ecotoxico-
logical effects of soil contaminants [43]. Nemerow integrated
pollution index (NIPI) was also employed for the assessment
of the overall pollution integrity of the investigated ecosystem
[44]. The NIPI was calculated using the following equation:

NIPL = [05 x (B, + 120)] (6)
where I, is the mean value of all pollution indices of the
metals considered and I, is the maximum value. According
to Cheng et al. [45], the classification of NIPI is as follows: safe
(NIPI < 0.7), precaution (0.7 < NIPI < 1), slightly polluted
(I < NIPI < 2), moderately polluted (2 < NIPI < 3), or
heavily polluted (NIPI > 3).

The index of geoaccumulation (I,) is a common
approach employed to estimate metals enrichment above
background or baseline concentrations in soil or sediment.

The I, values for the studied trace metals were calculated
using the following equation developed by Miiller [46]:
C
Iy =log, (152 ). ”

where C, is the measured concentration of selected metal
(n) in the soil sample and B, is the geochemical background
in average shale of metal (). In this study, the geochemical
background soil concentrations of Cd, Cr, Ni, Pb, and Zn were
0.3, 90, 68, 20, and 95 mg/kg, respectively, and were used in
calculating the I, values [47]. The coefficient 1.5 is used to
detect variations in the background data due to lithogenic
[48, 49] and anthropogenic influences [50]. I,., consists of
seven grades. According to Miiller [46], L, consists of 7

classes. The corresponding relationships between I, and
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TABLE 2: Summary statistics of trace metal concentrations (mg/kg) in sandflats and Commelina africana L. from the sandy beaches of Douglas

Creek.
Trace metals Min. Max. Mean Std. deviation CV%
Zn 71.43 77.850 74.51 2.553 3.42
Pb 0.019 0.030 0.024 0.004 16.67
Soil Cd 0.695 0.900 0.759 0.090 11.84
Ni 1.750 2.600 2.278 0.346 14.91
Cr 6.100 8.120 7.392 0.875 11.77
Zn 225.90 252.2 239.26 11.801 4.93
Pb 0.050 0.080 0.058 0.013 22.41
C. africana L. Cd 0.150 0.750 0.304 0.250 82.24
Ni 10.65 26.750 19.152 7.289 38.07
Cr 7.879 13.824 9.642 2.383 24.69

the degree of metal pollution level are as follows: unpolluted
(Igeo < 0), unpolluted to moderately polluted (0 < L, < 1),
moderately polluted (1 < I,., < 2), moderately to heavily
polluted (2 < I, < 3), heavily polluted (3 < L., < 4),
heavily to extremely polluted (4 < L., < 5), or extremely
polluted (I, > 5).

The overall toxicity and potential ecological hazards
posed by metals in soil were assessed using a method
proposed by Hakanson [39]. The potential ecological risk
index (PERI) primarily evaluates the probable degree of trace
metal contamination taking into consideration the relative
toxicity of the overall metals and the short-to-long-term
response of the environment. The risk index (R;) is calculated
based on the following equation:

; i Co
4-3n(2)
R =Y EY,

where R; is the sum of individual risk factors for all trace
metals; E} is the monomial PERI for individual metal;

(8)

C. and C! are the observed and background values of
concentrations of metals, respectively; and T; is the toxic
response factor for a single trace metal. T for Cd, Cr, Ni, Pb,
and Zn are 30, 2, 5, 5, and 1, respectively [39, 51]. The potential
ecological risk R; is classified as follows: R; < 95 low risk;
95 < R; < 190 moderate risk; 190 < R; < 380 high risk;
and R; > 380 very high risk, while the potential ecological
risk index associated with an individual metal E'f is ranked

as follows: E'f < 40 low risk; 40 < E’f < 80 moderate risk;
80 < E} < 160 considerable risk; 160 < E} < 320 high risk;
and E'; > 320 very high risk [18, 52].

2.8. Assessment of Pollution and Bioaccumulation Index in
Commelina africana L. Bioaccumulation index can be used
to provide a relative evaluation of the degree of contamination
through uptake or exposure. This is sometimes referred to
as a plant uptake factor or transfer factors (TFs) of heavy

metals from soil to plants. In this study, the transfer factor
was determined using

TF, = =, 9)

where C; is the i metal concentration in the plant material

(dry weight basis) and C' is the total concentration of the i
metal in the soil (dry weight basis) [53, 54]. In addition, metal
pollution index (MPI) was employed as a means of comparing
the total metal concentration of Commelina africana L. with
the respective sampling sites. MPI is expressed according to
the following equation [55, 56]:

MPI = [C, x C, x Cy x--- x C, ], (10)

where 7 is the number of metals and C,, is the concentration
of metal n in Commelina africana L. on dry weight basis.

3. Results and Discussion

3.1. Trace Metal Content. Metal levels in the Commelina
africana L. and soil samples have been assessed for zinc (Zn),
lead (Pb), cadmium (Cd), nickel (Ni), and chromium (Cr),
and the results are presented in Table 2. The results show
that mean concentration of most trace metals in the coastal
sandflats exceeded the recommended guideline values. The
mean concentrations of Cd, Cr, Ni, Pb, and Zn in sandflat
soil samples were 0.76 + 9.0 x 102,739 + 8.7 x 1074, 2.28 +
0.35,0.024 + 4.0 x 10>, and 74.51 + 2.55 mg/kg, respectively.
Notably, the metal levels indicate strong variability with
sampling sites. The observed variability and enhanced metal
levels could have been influenced by changes in transport and
sedimentation modes from surrounding intertidal ecosys-
tem. Additionally, these variations may be attributed to
differences in the rates of metal solubility in soils which is
predominantly controlled by pH, amount of metals cations
exchange capacity, organic carbon content, and oxidation
state of the system [57]. The order of mean concentrations
in the C. africana L. samples was Zn > Ni > Cr >
Pb > Cd. However, Cd level (0.75mg/kg) in C. africana L.



TABLE 3: Pollution indicators for trace metals in sandflats from
Douglas Creek.

Pollution indices Sample sites

DC-V DC-W DC-X DC-Y DC-Z

Zn 077 0.78 0.82 0.80 0.75

Pb 0.001 0.001 0.001 0.001 0.001

Ct Cd 234 2.33 2.31 2.67 3.00

Ni  0.03 0.03 0.04 0.03 0.04
Cr 0.09 0.08 0.07 0.09 0.07

Zn 0512 0520 0.546 0.535 0.508
Pb  0.001 0.001 0.001 0.001 0.001
e Cd 1558 1556 1544 1778  2.000
Ni 0.017 0021 0.025 0.023 0.025
Cr 0.059 0.059 0.051 0.060 0.045
cd 3219 3234 3251 3595 3.859
mCD 0.644 0.647 0.650 0719 0.772

from location DC-W was far above FAO/WHO maximum
level of 0.2 mg/kg [58].

Although there is no authoritative reference detailing the
regulated background values of trace metals in Nigeria, it
is obvious that observed metal levels except Cd in sandflat
soil samples did not exceed background values or regulatory
standards of heavy metals from other parts of the world
[59, 60]. Trace metals in soils have been shown to be
very useful indicators of environmental pollution [61-63].
Thus, the environmental quality of this sandflat soil raises
serious health concerns especially considering its usage as a
recreational area, where people come into direct contact with
contaminant soil and dust particles. Some of the dominant
sources of trace metal loadings to the sandflat soil may be due
to wastes deposited from localised or diffused sources such as
crude oil spill, fuel combustion (gas flaring), wastes disposal,
traffic emission, petrochemicals, fertilizers, and pesticides.

3.2. Evaluation of Soil Pollution Indices. The contamination
factor values were calculated using (2) and are listed in
Table 3. The mean Cf values calculated for studied trace
metals in psammitic sandflat soil samples were in the fol-
lowing order: Cd (2.53) > Zn (0.78) > Cr (0.08) > Ni (0.03)
> Pb (0.001) (Figure2). Cf values less than 1 (one) and
those between 1 and three are considered to pose low and
moderate degree of contamination, respectively. Therefore,
the results of the present study at the various sites showed
that the soil samples taken from the beach of Douglas Creek
were moderately contaminated by Cd whereas Cr, Ni, Pb,
and Zn indicated low degree of contamination. Cadmium
could be introduced to soil, air, and aquatic environment
through anthropogenic inputs such as fossil fuel combustion,
application of phosphate fertilizers, and waste dumping
and incineration [43, 64]. Cd is a known carcinogen that
can potentially cause adverse effects to human kidneys,
lungs, and bones. Thus, the relatively high Cf value of Cd
indicating moderate contamination is significant. However,
considerable contamination is likely through uncontrolled
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FIGURE 2: Individual ecological risk index and mean Cf/I, values
of trace metals for sandflats soil samples of Douglas Creek.

fossil fuel combustion (excessive gas flaring) and untreated
waste disposal, and carcinogenic risk associated with Cd is
potentially of health and environmental concerns.

The degree of contamination (CD) and modified degree
of contamination (mCD) were calculated using (1) and
(3), respectively, and the derived contamination values are
presented in Table 3. Results indicate that the CD and mCD
at all sites generally showed low degree of contamination.
Interestingly, both values did not exhibit correlative variabil-
ity with the selected sites and may be considered to be in the
range of unperturbed variability. This might be a function
of the hydrodynamic conditions of the aquatic ecosystem
at the period of obtaining the soil samples. However, the
contamination ranking of trace metals on the basis of percent
contribution to CD and mCD is Cd > Zn > Cr > Ni > Pb.

Table 3 shows the results of the calculated I, values and
Figure 2 presents the mean I, values for each trace metal
in the sandflats soil samples of the investigated sites. The I,
values for Cr, Ni, Pb, and Zn indicated less variability among
the sampling sites and were within 0 < I, < 1 implying
that the soil samples were unpolluted to moderately polluted.
The calculated I, values for Cd showed that the soil samples
were moderately polluted (1 < I, < 2) at all sites. It is
imperative to emphasize that the average I ., values for Cd
were relatively higher than other trace metals, suggesting that
the soil samples from the Douglas sandy beach must have
been contaminated by Cd due to anthropogenic activities.

The pollution load index provides an integrated con-
tamination assessment based on the Cf of each trace metal.
The PLI values for Cd, Cr, Ni, Pb, and Zn are presented in
Figure 3 and ranged between 0.086 and 0.097 at DC-W and
DC-Z sites, respectively. As indicated by these PLI values,
the sandflat samples of the present study are unpolluted,
with PLI values between zero and one for all sites. However,
it must be noted that the present day PLI values obtained
for soil samples were dominated by individual contributions
of Cd and Zn. The calculated pollution index (PI) and the
Nemerow integrated pollution index (NIPI) values of trace
metals in foreshore psammitic soil samples of Douglas Creek
are presented in Table 4. Results indicate that the sandy beach
of this aquatic ecosystem was not polluted but contamination
ranking is precautionary (0.7 < NIPI < 1).
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TaBLE 4: Comparison of pollution indices (PIs) of trace metals in sandflat soils of Douglas Creek and other studies.
cd Cr Ni Pb Zn Lo I NIPI
Mean 0.76 7.39 2.28 0.02 74.51
Target value® 0.8 100 35 85 140
This study 0.95 0.074 0.065 0.0003 0.53 0.32 0.95 0.71
Odewande and Abimbola [76] 0.2 0.6 0.5 0.6 0.7 0.5 0.9 0.7
Dutch soil guidelines [42]°.
TABLE 5: Soil-to-plant transfer factors of studied trace metals. 0.1 4
Sample ID Cd Cr Ni Pb Zn 9 XX
DC-V 0.29 110 13.26 2.00 3.13 "ié 0095
DC-W 1.07 1.09 10.85 2.63 3.05 .'g
DC-X 0.30 133 10.57 2.61 3.09 2 0094
=}
DC-Y 0.26 0.97 4.47 2.00 3.31 g=
DC-Z 0.17 2.27 4.63 2.67 3.48 E 0.085 A
0.08 T T T T |
DC-V DC-W DC-X DC-Y DC-Z

3.3. Evaluation of Pollution and Bioaccumulation Index. MPI
results indicated that the calculated values varied with sam-
pling sites and were a function of the total concentration of
individual trace metals. The highest MPI value (4.42) was
obtained at DC-W site followed by 3.75 at DC-X and then
3.46 at DC-Z site. The lowest MPI value of 2.95 for Commelina
africana L. was recorded at downstream of the creek at DC-
Y site. Moreover, transfer factor is one way through which
the mobility of metal by plants can be assessed. The soil-
to-plant transfer factor (TF) values recorded for different
samples sites are presented in Table 5. The results revealed
that Ni (13.26) in DC-V and Zn (3.48) in DC-Z soil had the
highest transfer factor value while Cd (0.17) and Cr (0.97) in
soils from DC-Z and DC-Y stations, respectively, reported
the lowest transfer factor value in the study area. The metal
bioavailability from soil to the plant as indicated by the
transfer factor values for the five sample stations decreased
in the order: TFy; > TF,, > TFp, > TEs, > TFq4. A higher
value of transfer factor implies the tendency of more mobile
and available metals [53]. Generally, Ni element exhibited
higher valves of TF at all the sampling sites as shown on the
table when compared with the results of other trace metals
under investigation.

3.4. Evaluation of Potential Ecological Risks. The potential
ecological risks assessment of trace metals in sandflat soil
samples of the investigated ecosystem were calculated based
on (8). Results of average potential ecological risk index of
each trace metal are presented in Figure 2. Calculated E'
values for Cr (0.16), Ni (0.17), Pb (0.006), and Zn (0.78)
indicated low degree of risk, while Cd E’f value indicated

moderate risk (40 < E’f < 80). This result again highlights
possible contamination concerns associated with Cd, which
is likely due to fossil fuel burning in the region over the
years. Interestingly, other researchers have reported that
Cd contribution to potential ecological risk index of the
environment is very significant [61, 65]. The contamination

Sampling sites

FIGURE 3: Pollution load index of metals at sampling sites of Douglas
Creek.

ranking of trace metals in line with the mean PERIs for
individual metal stressors is Cd > Zn > Ni > Cr > Pb.
However, on the basis of the calculated R; value (R; = 77), a
low ecological risk (R; < 95 low risk) was indicated for the
multielements considered in this study.

3.5. Principal Component Analysis (PCA). The principal
component analysis (PCA) of variables was performed to
extract significant principal components (PCs). The results of
n-Pearson PCA performed further explored the relationships
between the trace metals and also clarify their possible
sources. Table 6 summarises the factor loadings of trace
metals for sandflat and Commelina africana L., grouped into
three principal component models. The loading plots of the
PCs are presented in Figure 4. The Eigen values of PCl
and PC2 associated with sandflat soil were greater than 1
and in general accounted for 86.63% of the variability in
concentrations of trace metals. PCI indicated that 59.88% of
the total variance was positively related to Cd, Pb, and Nij,
with Cd and Pb showing relatively high factor loadings, while
Cr indicated a strong negative relationship. On the other
hand, PC2, which explained 26.76% of the total variance,
indicated strong positive interrelationships for Ni and Zn.

It is worthy of note that the positive loading of Cd, Ni,
and Pb with PCI could possibly suggest that contamination
of the sandflat soil samples might have been influenced by
anthropogenic pollution sources. The Eigen values of PCl and
PC2 derived for Commelina africana L. samples indicate they
were greater than 1and accounted for 83.32% of the variability
in trace metal levels. PCl was the most significant principal
component and was dominated by Cd, Cr, Ni, Pb, and Zn,



TABLE 6: PCA factor loadings of the concentrations of trace metals
for sandflat soil and C. africana L. samples.

Factor components

F1 F2 F3

Zn -0.477 0.830 0.207

Pb 0.880 -0.223 0.212

Cd 0.923 -0.107 0.308

Sandflat Ni 0.663 0.724 0.038
Cr -0.837 —-0.251 0.475

Eigenvalue 2.994 1.338 0.410

Variability (%) 59.879 26.755 8.207

Cumulative % 59.879 86.634 94.841

Zn 0.833 -0.470 0.037

Pb 0.849 0.516 -0.021

Cd -0.690 0.304 0.637
C. africana L. Ni -0.724 0.430 -0.500
Cr 0.791 0.600 0.083

Eigenvalue 3.042 1.124 0.664

Variability (%) 60.838 22.483 13.285

Cumulative % 60.838 83.321 96.606

High factor loadings for each principle component are highlighted with bold
type.

which accounted for 60.84% of the total variance. A very
high loading of Cr (0.791), Pb (0.849), and Zn (0.833) in the
PC1 component and the investigated trace metals indicated a
significantly positive interrelationship. Additionally, the high
loading of Cd (0.690) and Ni (0.724) on the first principal
component indicated strong negative correlation.

3.6. Potential Health Risk Assessment. The health effects
that might be attributed to noncarcinogenic trace metals in
soil/sand/dust could be evaluated by comparing an exposure
via oral ingestion over a specified time period with a reference
dose (RfD) for each metal over a similar exposure period.
This noncancer risk assessment ratio is termed target hazard
quotient (THQ) [66]. The RfD is the toxicity threshold value,
which is specific for each chemical contaminant. However, in
order to evaluate the overall exposure potential for combined
chronic effects caused by all the metal contaminants, a hazard
index (HI) approach was adopted. The HI is equal to the
arithmetic sum of individual metal THQs [66]. The estimated
daily dose exposure through oral ingestion (EDDj,,,), dermal
(EDD¢sman) and inhalation absorption (EDD,;,), THQ, and
HI is determined by the following equations, respectively
[66-68]:

Cretal X EF x ED X IR,
Bw x AT x PEF

EDD,,, =

>

EDD. = Crnetal X EF X ED X IRy,

x 1078,
ing Bw x AT
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Conetal X AF X EF x ED x SA x ABS

EDDdermal = Bw x AT
x 107,
EDI
o[ 21].
" | RfD;
n
HI = ) THQ,

i=1

(11)

where C,., is the concentration (mg/kg) of trace metal in
sandflat sample; EF is the exposure frequency (365 d/year);
ED is the exposure duration equal to 6 y and 18 y for children
aged between 1 and 6 years and 6 and 18 years, respectively,
and 52.4 years for adults (World Bank 2013 estimate for
average life expectancy in Nigeria) [69]; IR, is the ingestion
rate (100 and 50 mg/day for children and adults, resp.); IR;,;,
is inhalation rate [70]; Bw is the average body weight (70, 48,
and 19 kg for adults and children, resp.) and AT is the average
exposure time for noncarcinogens (2190d, age 1-6y; 6570d,
age 6-18y; 19162.5d, adults); PEF is the particulate emission
factor (m3/kg) =1.36 x10%; SA is the exposed skin surface area
(cm?); AF is the adherence factor (kg/cmz—day); ABS is the
dermal absorption factor; and RfD is the oral reference dose
(mgkg ™" day™'). The variable i denotes the ith trace metal.
The RfDs for Cd, Cr, Ni, Pb, and Zn are 0.001, 0.003, 0.02,
0.0035,and 0.3 mgkg ™" d', respectively [71]. However, target
hazard quotient or hazard index < 1 indicates that potential
adverse health impacts from ingestion are unlikely, while
THQ or HI > 1 suggests that adverse chronic effects are
likely from direct oral ingestion of contaminated sandflats soil
[66]. Moreover, to assess the carcinogenic effects, the average
daily dose is multiplied by the corresponding slope factor
(SF) to produce a level of cancer risk [16, 72]. However, the
aggregate carcinogenic risk was evaluated as a summation of
the individual cancer risk across inhalation exposure pathway
as

Risk = ) EDD; x SF,. 12)

Tables 7 and 8 present the calculated results for noncar-
cinogenic hazard index for children and adults (males and
females) in Nigeria, assessed by considering the exposure
to trace metal contaminated sandflat soils via ingestion,
inhalation, and dermal contact pathways. The potential risks
in terms of the minimum, maximum, and average hazard
indices of trace metals in sandflat soil samples for children
and adult males and females were less than 1. Thus, these
populations are unlikely to face any potential health risks [73].

Aspresented in Table 8, Cd, Cr, and Ni may pose relatively
significant noncarcinogenic health risks to the selected pop-
ulation compared to Pb and Zn. For instance, considering the
total hazard quotients (THQs) for inhalation of sandflat soils
in children, Cd, Cr, and Ni accounted for 33.55%, 32.67%,
and 33.56% of the calculated hazard index, respectively, while
Pb and Zn contributed the relatively insignificant 0.22%.



Applied and Environmental Soil Science 9
TaBLE 7: Noncarcinogenic effects due to oral ingestion exposure to sandflat soil trace metals.
Cd Cr Ni Pb Zn
Estimated daily dose (EDD,,,)
Min. 0.0035 0.0307 0.0088 0.0001 0.3756
Children (1-6 years) Max. 0.0045 0.041 0.0131 0.0002 0.3929
Mean 0.0038 0.0373 0.0115 0.0003 0.3761
Min. 0.0014 0.0122 0.0035 0.00004 0.1487
Children (6-18 years) Max. 0.0018 0.0162 0.0052 0.00006 0.1555
Mean 0.0015 0.0148 0.0046 0.00005 0.1489
Min. 0.0004 0.0043 0.0012 0.00001 0.0524
Adults Max. 0.0006 0.0057 0.0018 0.00002 0.0548
Mean 0.0005 0.0052 0.0016 0.00002 0.0525
Target hazard quotient (THQ)
Min. 0.0035 0.0103 0.0004 0.00002 0.0012
Children (1-6 years) Max. 0.0045 0.0137 0.0007 0.00004 0.0013
Mean 0.0038 0.0124 0.0006 0.00003 0.0012
Min. 0.0014 0.0041 0.0002 0.00001 0.0004
Children (6-18 years) Max. 0.0018 0.0054 0.0003 0.00002 0.0005
Mean 0.0015 0.0049 0.0002 0.00001 0.0004
Min. 0.0005 0.0014 0.00006 0.000003 0.0002
Adults Max. 0.0006 0.0019 0.00009 6.00E - 06 0.0002
Mean 0.0005 0.0017 0.00008 4.00E - 06 0.0002
Hazard index (HI) Min. Max Mean
1-6 years 0.015 0.02 0.018
6-18 years 0.006 0.008 0.007
Adults 0.002 0.003 0.003
0.6 Sandflat soil (F1 and F2: 86.63%) 1 C. africana L. (F1 and F2: 83.32%)
0.4 0.8
0.2 o ] Pb 0.6 . ] Crpb
Ao......%'.CdA“ S '
X X
5 o § 0.2 Cd
) (]
& -04 &l
-0.2
-0.6 _04
-0.8 Zn Ni 06 Zn
-1 -0.8
-1.2 -0.8 -0.4 0 0.4 0.8 1.2 -1.2 -0.8 -0.4 0 0.4 0.8 1.2

F1 (59.88%)

F1 (60.84%)

FIGURE 4: Factor loadings of principal components 1 and 2 for trace metals concentration in sandflat and C. africana L. samples showing the

total variance explained by each component.

Results for potential exposure through dermal contact in
children showed that Cd and Cr concentrations accounted
for 73.31% and 25.49%, respectively, towards the total hazard
index value, while Ni, Pb, and Zn represent about 1.19%. Pre-
vious studies on health risks assessment of soil trace metals
indicated that Cd, Cr, and Ni exposure could pose relatively

higher noncarcinogenic effects on children and adults due
to their low RfD values or enhanced concentrations in soils
[16]. Similarly, in adult females, the THQs of Cd and Cr
represented 73.31% and 25.49% of the total hazard index
(HI,,,) value for exposure due to inhalation, while both trace
metals accounted for about 98.81% of the HI,, value for risks
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associated with dermal contact. The total hazard quotients of
Cd and Cr indicated a relatively high percentage contribution
of 89.72% and 98.81% of the overall HI,, for adult males
exposed to sandflat soils via inhalation and dermal contact
pathways, respectively. However, the THQs of trace metals
for children, adult males, and adult females decreased in the
order of Cd > Cr > Ni > Zn > Pb for exposure due to
dermal contact, while the risks ranking following inhalation
pathway decreased in the order Cr > Cd > Ni > Zn > Pb
and Cd > Ni > Cr > Zn > Pb for adult (males and
females) and children, respectively. In general, the probability
that noncarcinogenic effect may likely occur varied according
to the three groups considered in this study. The ranking
followed the decreasing order children > adult males > adult
females, indicating that children are the most vulnerable
group to noncarcinogenic risks. Comparatively, the hazard
quotient and hazard index indicated that the sandflats might
pose a health risk to children. Similar conclusion by Olawoyin
etal. [11] on the vulnerability of Niger Delta children has been
reported.

In this study, the carcinogenic risks associated with oral
ingestion and dermal contact exposures were not considered
due to unavailability of corresponding carcinogenicity slope
factors for Cd, Cr, Ni, Pb, and Zn. However, the carcinogenic
risks for Cd, Cr, and Ni were estimated only through
inhalation pathways, while Pb and Zn were not considered
due to lack of unit risk values [74]. Results for the average
carcinogenic risk values were 8.98 x 1078, 5.01 x 1078, and
3.61 x 10~ for children, adult males, and adult females,
respectively. The 25% percentile of carcinogenic risks for
children, adult males, and adult female was 7.42 x 1078, 4.14 x
1078, and 2.98 x 1078, respectively, while the 75% percentile
of cancer risk values for children, adult males, and adult
females was estimated as 9.88 x 1078, 5.52 x 1078, and 3.97
x 1078, respectively. According to Hu et al. [75], estimated
carcinogenic risk values less than 1.0 x 10~ are not considered
as capable of posing adverse health effects, and risks above
1.0 x 107 are identified as unacceptable. In this study, the
calculated carcinogenic risks were below 1.0 x 107°, and the
sandflat soils are not considered to pose significant health
effects to the three groups. However, the carcinogenicity
ranking obtained in the present study decreased following the
order children > adult males > adult females.

4. Conclusion

The present study confirms the occurrence and variability in
the levels of carcinogenic trace metals in sandflat soils and
C. africana L. of an important coastal ecosystem in Niger
Delta, Nigeria. Results provide qualitative information on the
pollution status of Cd, Cr, Pb, Ni, and Zn using pollution
indices and ecological and health risks approaches. Based
on the pollution indicators employed, the trace metals were
considered to pose low to moderate degree of contamination.
Available assessments indicate that anthropogenic activities
such as petrochemical operations, fuel combustion, and
industrial wastes dump are very likely sources of metal
burden to the C. africana L. and sandflat soils. Results of
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the present study confirmed the dominant role of Cd in
potential toxicity and in potential ecological risk. Noncar-
cinogenic and carcinogenic health risks assessments of soil
trace metals may pose no adverse effects to children and
adults. However, long-term health risks to children, being
the most vulnerable population in the region, raise a lot of
concern. Therefore, stringent measures should be putin place
to limit children exposure risks to trace metals. In addition,
frequent monitoring study by relevant government agencies,
independent researchers, and health safety and environment
departments of multinational oil companies operating in the
Niger Delta region is recommended. Also, safe disposal of
domestic sewage and industrial effluents should be practiced
and where possible recycled to minimize the level of metals
introduced into coastal water ecosystems.
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