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Abstract

The enrichment of potentially harmful elements (PHEs) in stream sediments (SS) and floodplain soils (FS) poses great
environmental hazards to water bodies and other parts of the ecosystem. The aim of this research was to evaluate the
distribution pattern of selected PHEs (Cu, Pb, Zn, Co, Mn, As, Cd, V, Cr, Ni, Th, Sr and La) in SS of selected rivers that drain
lle-Ife area and their adjacent FS, to ascertain the pollution status of these elements in the study area. Sixty samples (40
SS and 20 FS) were purposely collected for this study; the samples were analysed with ultra-trace inductively coupled
plasma mass spectrometry method (ICP-MS). The PHEs results showed decreasing trend of average contents of PHEs
studied; Mn>Zn >V >Cr>Pb>La>Sr>Cu>Ni>Co>Th>As>Cd for both SS and FS. Also, PHEs concentration in the
studied geo media showed a significant level of enrichment as observed from the results. Elemental association showed
positive correlation for topsoil, Pb/Zn=R?, 0.85 and negative correlation for topsoil Cr/Zn= R? 0.02 among the other
PHEs. Source apportionment showed that the studied metal enrichment is largely anthropogenic rather than geogenic.
Geoaccumulation and metal ratio indexes indicated that FS and SS studied have received significant PHEs of between

moderately to strongly polluted, which implies significant environmental implications in the study area.
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1 Introduction

Stream sediments and floodplain soils are important part
of the ecosystem that may serve as sink for pollutant such
as potentially harmful elements (PHEs). According to [5],
PHEs are described as group of metals and metalloids that
are associated with pollution and toxicity. Of these PHEs,
living organisms need some tolerable quantity (amounts),
which are referred to as essential metals for body metabo-
lisms and nutrients, [16, 35]. These metals include Co, Cu,
Fe, Mn, Zn among others, [5]. In some cases, they can alter-
nately be referred to as trace elements, [5, 15]. In this study,
the PHEs that were determined include copper (Cu), lead
(Pb), zinc (Zn), nickel (Ni), cobalt (Co), manganese (Mn),
arsenic (As), thorium (Th), strontium (Sr), cadmium (Cd),

vanadium (V), lanthanum (La) and chromium (Cr). These
pollutants can reach an enrichment level that may pose
serious environmental health risk to man and the biota
[32, 45]. Due to expansion of urban settlements, as well
as rapid climate changes, there have been increased and
frequent flooding, which lead to mobilisation and redis-
tribution of some pollutants in river system and some are
deposited along with the sediments flow in the floodplain
transfers and storage, causing metal enrichment that may
attain pollution status, [13, 18, 19, 21]. Also, activities such
as increased use of herbicides, insecticides, building and
housing development, vehicular activities, gasoline con-
sumption, hospital consumables, poor waste (domestic
and industrial) disposal, acid mine drainage, among oth-
ers, contribute in no small ways to the enrichment level of
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PHEs in these geo -media (stream sediments and flood-
plain soils), [9, 25, 26, 29, 49, 50, 54]. Evidently for some
time now data collections relating to effect of urban devel-
opment to the immediate environment such as soils and
sediments have received considerable concern, owning to
the fact that enrichment of PHEs have been found in these
geo-media and their corresponding health effect have
been scientifically found to have correlation to anthropo-
genic activities rather than geogenic activities, (Jayaraju
et.al. 2011; [32, 40].

Stream sediments and floodplain soils reflect and rep-
resent derived materials that weathered from the rocks
in the surrounding watershed, which geochemically may
be a function of a variety of factors including the geol-
ogy of the catchment area, flow dynamics, redox potential
and landuse pattern [36, 42, 47, 48]. This makes stream
sediments and floodplain soils veritable part of the envi-
ronment for pollution impact assessment, [6], Lebreton-
Anberre’e et al. 2016; [2, 10].

On global assessments, several works have been car-
ried out on the possible influence of urban expansion and
its attendant effect on the relative enrichment of PHEs on
these very important part of the ecosystem, that is stream
sediments and floodplain soils, using scientific indexes
methods such as ecological, environmental risk, contami-
nation factors, Pollution load indexes among others, [3,
15, 27, 45, 46, 48-51]. It was observed that the stream
sediments and adjacent soils showed varying degree of
between very high to extremely high toxicity risk, respec-
tively, in these geo-media. Hence there is need for periodic
and continuous assessment to mitigate environmental
and human health impact.

In Nigeria, several works have been carried out both
on soils and stream sediments in both urban and sub-
urban environments particularly with emphases on the
distribution pattern and pollution status of potentially
harmful elements in these geologic media [33], Lapworth
et al. 2012; [9, 14, 321. In their findings, it was observed
that there is considerable increase in the concentration
of PHEs and attributed the sources of enrichment to be
associated to urbanisation and its attendant effects.
Studies have also been conducted to assess the selective
mobility characteristics of trace elements in both soils and
sediments of densely populated towns that are underlain
by sedimentary formations, using five-step sequential
extraction methods, [4, 8]. In the results obtained, there
is a considerable increase in trace elements such as Pb,
Zn, Cd, As, Cu and Cr in both soils and sediments, and the
possible uptake potentials of As and Pb in relatively low
pH environment was high. This necessitated the need for
continuous monitoring of the environments. Also, these
PHEs were found to have been enriched in these geo-
logic media by anthropogenic activities such as increase
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vehicular activities, uncontrolled waste (domestic and
industrial), and use of leaded gasoline, among others. This
research paper showed the relative spatial variation status
of potentially harmful elements in the stream sediments
of selected rivers that drain the study area and their adja-
cent floodplain soils. In this study area, there is a dearth
of information on the geochemistry of stream sediments
and floodplain soils. Some published works have studied
the physico-chemical parameters and the geochemistry
in nearby towns and cities such as Ibadan, [31], Ikire, [36],
Ikorodu coastal rivers, in Lagos, [32], stream sediments and
soils in Abuja, [38] among others, with less attention to
this particular study area. Hence, it is important to carry
out study on the spatial distribution of PHEs in the study
area, particularly trying to make comparative assessment
between the stream sediments and the floodplains soils
that are close by.

The aim of this research is to evaluate the distribution
characteristics and pollution status of potentially harmful
elements in the stream sediments of rivers that drain lle-Ife
area and the adjacent floodplains soils.

The study areas include the rivers that drain the lle-Ife
city, particularly the Opa river, and the adjacent floodplain
soils (Overbank sediments) close to the rivers. These rivers
drain in dendritic pattern and have been dammed, at the
premises of Obafemi Awolowo University (OAU), lle-Ife,
known as the Opa dam. This dam serves as a major source
of water supply to communities around, particularly the
staff housing estate and students’ hostels of OAU and
some parts of Ife town. The rivers and the floodplain are
very important part of the ecosystem that promotes agri-
cultural (crops and livestock’s) activities. The area is char-
acterized by undulating topography, Fig. 1, which allow for
free flow of runoff water and the deposition of sediments
at the floodplain when the flow rate reduces.

The south-west of Nigeria generally is characterized
by the tropical rainforest in the south and tropical guinea
savanna in the north. The climate of the region is strongly
influenced by the moisture-laden tropical maritime
(mT) and dust-laden tropical continental (cT) air masses
[37]. Minimum temperature over the region variation is
between 21.1 and 22.9 °C, while maximum temperature
varied between 30.9 and 32.2 °C, and mean temperature
was from 26.2 to 28.1 °C. Dew point temperature values
that varied from 21.3 to 24.4 °C, [1].

Ile-Ife and environs falls within the humid tropical part
of Nigeria [1] and has relatively high temperature and rain-
fall typical of the tropical regions, having wet and dry sea-
sons. The wet season apparently starts from around April
to November. The annual rainfall variability ranges from
90 and 120% per year. The dry season, as the name goes,
is characterized by relatively high temperature, with an
average temperature of between 23 and 27 °C (Adejuwon
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Fig. 1 Sample location map with digital elevation model (DEM). Modified after (Federal Survey, Nigeria Sheet 263 1964)

1979). The relative humidity is very high between 67 and
88%. The dry season most times starts from October to
March, which has duration of four months.

1.1 Local Geology of the Study Area

The study area is underlain by the Precambrian basement
complex rocks of south-western Nigeria, [44], which rep-
resents the southern part of the Trans- Saharan mobile
belt, according to [11, 12]. It comprises of undifferenti-
ated amphibolite schist, with pegmatite complex, biotite
schist, metadiorite and granite gneiss rocks, (NGSA [30]),
Fig. 2. These rocks are typical of the Nigerian south-west
basement complex.

2 Methodology
2.1 Sampling

Stream sediment samples were collected from Esinmirin,
Ogbogun and Opa Rivers in Ife town (n=40), and flood-
plain soils (topsoil and subsoil) (n=20) were collected from
the adjacent floodplain of these rivers. For the stream sedi-
ments samples, at every sample location, three (3) subsam-
ples were collected with an interval of two (2) meters up
front and back ward. These three subsamples are mixed
together and made to represent one sample. The interval
for the sampling from one location to the other was taken
to be 150 m; all sediment samples were collected at the
bed of the streams. After the stream sediments were taken,

they were sieved right inside the stream using > 65-um
mesh, and passage of the clay fraction was aided with
the running stream water [32]. Similarly, floodplain soil
samples were taken at a depth of 0-100 cm, for both the
topsoil (0-20 cm) and subsoil (>20-100 cm), with the aid
of sampling auger. Two subsamples were taken at close
range of four (4) meters and mixed together after sampling
and taken as representative samples for a particular loca-
tion, (Kiss and Sandor 2009; [29, 46]. These quality con-
trol measures were adopted for all the sample location in
the cause of the exercise. All samples collected were well
labelled in polythene plastic bottles.

The collected stream sediments and soil samples were
air-dried at a room temperature (26 °C), pulverized using
porcelain mortar and pestle after drying. The pulverized
samples were sieved using >65-um mesh and stored in
polythene bags for geochemical analyses. The samples
collected were accurately georeferenced using the global
positioning system (GPS).

2.2 Elemental analyses

The air-dried stream sediment and soil samples (0.5 g)
were digested using modified aqua regia digestion
method (1:1:1 HNO;:HCI:H,0), which is otherwise called
partial digestion method, before the elements were ana-
lysed for using ultra-trace inductively coupled plasma
mass spectrometry method (ICP-ES) code AQ300, as
numbered at the brochure of ACME laboratory, Canada,
(https://www.acmelabs.com). Duplicate and blank sam-
ples analyses, together with certified reference materials,
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Fig.2 Geological map of the study area, Nigeria Geologic Survey Agency (NGSA 2006)

were also analysed prior to and during the analyses of the  Statistical Package for Social Sciences (SPSS 17, of 2008).
pulp samples, for quality control measures. The results for ~ The elemental concentration distribution were georefer-
the quality control are presented in Table 1. enced using ARCGIS software, and the relative pollution

The geochemical data acquired were subjected to  status of the elements in the study area were evaluated
inference statistical analyses using Grapher 9 and IBM

Table 1 Quality control data for trace elements for stream sediments and floodplain soil

Analyte Cu Pb Zn Ni Co Mn As Th Sr Ccd Vv La Cr

Unit ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

MDL 1 3 1 1 1 2 2 2 1 0.5 1 1 1
IFSS60 Sediment Pulp 77 61 329 31 35 1503 4 4 35 <05 203 36 139
IFSS60 REP 75 58 318 29 33 1468 5 4 34 <05 197 34 136
IFFP36 Sediment Pulp 926 83 509 30 28 1666 3 5 56 <0.5 201 31 149
IFFP36 REP 94 79 500 30 27 1637 3 5 56 <05 199 31 148
STD OREAS45EA  STD 722 12 33 425 53 411 17 8 4 <0.5 321 7 912
STD DS11 STD 145 137 345 76 13 1008 45 7 66 22 48 16 57
STD OREAS45EA  STD 688 1 31 413 51 397 13 7 4 <05 314 8 892
STD DS11 STD 145 139 341 76 13 1016 43 7 68 22 49 17 58
BLK BLK <1 <3 <1 <1 <1 <2 <2 <2 <1 <05 <1 <1 <1
BLK BLK <1 <3 <1 <1 <1 <2 <2 <2 <1 <05 <1 <1 <1

STD, standard; BLK, blank samples; MDL, minimum detection limit; Rep, repeated
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using geochemical indices such as metal ratio and geo-
accumulation index.

The pollution status of PHEs in the floodplain soils and
stream sediments in the study area was assessed using
Geo-accumulation index (I-geo) equation [28];

| —geo =Log2 Cn/1.5Bn

where |-geo =geo-accumulation index, Ch=measured

concentration of the element in the geo media, Bn=repre-
sent the background average. Here in this work, the aver-
age shale concentration by [55] was used 1.5 =constant
in the equation, which is background matrix correction.

I-geo is classified into 7 groups, 1= <0 is practically
unpolluted; 0 <l-geo < 1 is unpolluted to moderately pol-
luted; 1<l-geo< 1 is moderately polluted; 2 <I-geo < 3:
moderately to strongly polluted; 3 <l-geo < 4: strongly
polluted; 4 <I-geo < 5: strongly to extremely polluted and
5 <I-geo: extremely polluted [28, 53].

Metal ratio (MR), it is an environmental impact assess-
ment index that is calculated by comparing the observed
elements concentration with calculated background val-
ues or with average shale content (ASC). The outcome will
be used to know if there is relative enrichment or deple-
tion in the concentration of elements analysed in the study
area.The graduation is such that when MR is < 1, it indicate
low metal enrichment which can also imply ideal concen-
tration of elements while when the ratio is > 1 is suggest
elevated metal concentration

In the study (Olatuniji et al. [34]),

MR = Cn/ASC

where Cn=Concentration of the PHE; ASC=Average
Shale Concentration, according to (Turekian and Wede-
pohl [52]).

3 Results and discussion

The concentration of potentially harmful elements (PHEs)
in floodplain soils and stream sediments (Cu, Pb, Zn, Ni,
Co, Mn, As, Th, Sr, Cd, V, La and Cr) in the study area is pre-
sented in Table 2. From the results of the floodplain top-
soil in ppm, Cu is in the range 10.0-180.0; mean, 71.1, Pb,
17.1-255.0; 93.5, Zn, 83.0-3122.2; 826.0, Ni, 8.0-45.0; 25.3,
Co, 7.0-48.0; 24.6, Mn, 245.0-3051.0; 1322.8, As, 2.1-4.0;
3.1,Th, 2.0-8.0; 4.3, Sr, 9.0-88.0; 32.9, Cd 0.5-6.0; 1.42,V,
28.0-204.0; 142.6, La, 22.0-38.0, 32.2 and Cr, 22.0-187.0.
Also, the results for the floodplain sub-soils shown that Cu
range from 30.0-203.1; mean of 76.6, Pb, 16.0-214.0; 77.9,
Zn, 59.1-2351.0; 622.3, Ni, 13,0-46.2; 27.2, Co, 10.0-46.0,
28.7, Mn, 491.0-1894.0; 1190, As, 2.0-5.0; 3.4, Th, 3.0-6.0;
4.5, Sr, 12.0-73.0, 30.6, Cd, 0.5-6.1; 1.28, V, 35.0-232.0;
165.5, La, 20.0-42.0; 34.0, and Cr, 34.0-216.0; 128.5.. Simi-
larly, the results for the stream sediments in the study area,
shown that, Cu, 22.1-257.0; 70.3, Pb, 15.0-172.0; 67.3, Zn,
65.0-1285.0; 357.8, Ni, 15.1-36.0; 24.9, Co, 9.1-69.0; 29.3,
Mn, 199.0-6023.0; 2138.4, As, 2.0-6.0; 3.3 Th, 3.0-18.0; 5.9,
Sr, 13.0-216.0; 53.4, Cd, 0.5-3.0; 0.7, V, 64.0-257.0; 161.7,
La, 16.0-62.1; 31.6 and Cr, 60.0-394.1; 132.8. These results
showed that there were relative variations in the distri-
bution pattern of these PHEs in the topsoil, subsoil and
stream sediments from one sampling site to the other.
Generally, for the floodplain soils (top and sub) and the
stream sediments, it was observed that the decreasing
trend of average contents of PHEs studied showed that
Mn>Zn>V>Cr>Pb>La>Sr>Cu>Ni>Co>Th>As>Cd.

Considering the floodplain soils, the results of Cu in
(ppm) showed the highest concentration of Cu was found
in location IFFP7A (180.0) while the lowest concentra-
tion was found in IFFP10B (10.0). Other locations in the

Table2 Summary results of

Topsoils (n=10,
potentially harmful elements P ( )

Subsoils (n=10) Stream Sediments (n=40)

in floodplain soils and stream Min  Max Mean SD Min  Max Mean SD Min  Max Mean SD

sediments
Cu 10.0 180.0 71.1 426 300 203.1 76.6 469 221 2570 70.3 418
Pb 17.1  255.0 93.5 87.1 160 214.0 779 598 150 1720 67.3 46.6
Zn 83.0 31222 8260 11456 59.1 2351.0 6223 7786 650 12850 357.8 288.1
Ni 8.0 45.0 253 94 13.0 46.2 27.2 89 151 36.0 249 55
Co 7.0 48.0 24.6 13.8 100 46.0 28.7 12.2 9.1 69.0 293 13.2
Mn 2450 3051.0 13228 864.6 491.0 1894.0 1190 585.1 199.0 6023.0 21384 1425.5
As 2.1 4.0 3.1 0.7 20 50 34 0.8 20 6.0 33 1.0
Th 2.0 8.0 4.3 1.9 3.0 6.0 4.5 1.2 3.0 18.0 59 24
Sr 9.0 88.0 329 225 120 73.0 30.6 170 13.0 216.0 534 39.8
Cd 0.5 6.0 1.42 20 0.5 6.1 1.28 1.8 0.5 3.0 0.7 0.5
\ 28.0 2040 1426 650 350 2320 1655 619 64.0 2570 1617 48.5
La 22.0 38.0 322 59 20.0 42.0 340 57 16.0 62.1 31.6 7.5
Cr 220 187.0 108.8 468 340 2160 1285 463 600 3941 1328 52.8
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floodplain with relatively higher concentration of Cu were
IFFP9A (80.0) and IFFP3A (68.0), as compared to other loca-
tion with, relatively, low concentration in ppm, IFFP10A
(10.0) and IFFP10B (11.5). Pb (ppm) concentration showed
varying concentrations, with locations IFFP1A (255.0),
IFFP7A (219.0) and IFFP7B (214.0), respectively, exhibiting
relatively higher concentration among other locations.
Locations IFFP9A (39.0) and IFFP6B (19.0) were found to
be of low concentration. Zn (ppm) showed varying con-
centration, with locations such as IFFP1A (3122.0), IFFP7A
(2824.0) and IFFP7B (2351.0) showing areas of higher con-
centration of Zn. While locations IFFP2B (59.0) and IFFP7B
(2351.0) exhibited relatively lower concentration of Zn.
Similar variation in spatial distribution where found in the
other PHEs analysed in the floodplain soils.

The concentration of PHEs in stream sediments in the
study area also showed spatial variations from one loca-
tion to the other. Locations with relatively higher con-
centration for Cu (ppm) include: IFSS13 (257.0), IFSS28
(168.0) and IFSS21 (152.0), while locations with relatively
low concentrations were IFSS17 (22.0), IFSS7 (28.0) and
IFSS23 (31.0). Pb (ppm) in the stream sediments exhibits
relatively higher concentrations in locations IFSS36 (172.0),
IFSS13 (168.0), IFSS2 (167.0) and IFSS15 (162.0) among
other locations. While relatively lower concentrations of
Pb were found in locations IFSS30 (15.0), IFSS18 (20.0) and
IFSS4 (21.0). Zn in the stream sediments showed relatively
higher concentration in locations IFSS13 (1285.0), IFSS21
(1232.0), IFSS28 (765.0), IFSS2 (665.0) and IFSS16 (553.0)
among other locations. While relatively lower concentra-
tion of Zn were found in locations IFSS30 (65.0), IFSS29
(68.0) and IFSS26 (76.0). These variations in spatial distribu-
tions of PHEs were exhibited by all other PHEs analysed, as
summarily seen in Table 2.

3.1 Spatial distribution of potentially harmful
elements in floodplain soils

The results of the analysed elements were presented in
geospatial maps, using Arc-GIS 10.0 software, Fig. 3a-m
to express visually the spatial distribution of PHEs in the
floodplain soils (top and sub) in the study area. The con-
centrations were plotted as bi-pie chart points to repre-
sent both the results for topsoil and subsoils, and a mean
boundary was established to reduce over generalisation of
errors in the study area. There was significant enrichment
of Cu (ppm) in the main river floodplain that drain the city
centre and other developed parts of the town relative to
the outskirt of the town, which suggest influence of urban
activities on the enrichment of Cu in the study area. Also,
it was observed that in many of the locations, the concen-
tration in ppm for Cu in subsoils was slightly higher than
the topsoils results, suggesting that Cu in the floodplain is
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significantly enriched in both the topsoil and the subsoil.
Whereas in some other locations, there were presences of
higher concentration in the topsoil compare to the subsoil.

Similarly, there were variations in the spatial distri-
bution of Pb from one location to the other. Significant
enrichment of Pb was found also in the river that drains
the urban core areas relative to the outskirt of the town.
Also, the result for the topsoil in many of the locations was
found to be higher in concentration as observed in loca-
tions IFFP1A (255.0) and IFFP1B (17.0), IFFP4A (128.0) and
IFFP4B (97.0) among other locations compare to the con-
centration of Pb (ppm) in the subsoil, except in locations
IFFP9A (39.0) and IFFP9B (60.0), IFFP2A (23.0) and IFFP2B
(25.0) where the subsoils Pb concentration was higher that
the topsoil. These suggest the influence of urban activities
on the enrichment of Pb in the area. Significant amount of
enrichment of Zn, Ni, Co, Mn, As, Th, Cd, V, La and Cr was
spatially found to be high in the floodplain soil around the
core urban area where concentration reduces as one move
out of the urban area. Higher concentrations of these PHEs
were found in the topsoil in many of the locations relative
to the subsoil, Fig. 3a-m. The relative variation and higher
concentration of these elements in the topsoil compared
to the subsoil is of concern, as it poses health risk due to
the easy bio-uptake of biologic materials such as agricul-
tural plants and grassing animals which derive its nutrients
from the topsoil relative to the subsoil.

3.2 Spatial distribution of potentially harmful
elements in stream sediments

The results for the stream sediments elemental analyses
were also presented in geospatial maps, Fig. 4a-m for
visual spatial distribution interpretation. The concentra-
tions were plotted in a five step gradation points to rep-
resent varying concentration pattern from one location
to the other. It was observed that Cu, Pb, Zn, Ni, As, Sr, V
and Cr exhibit similar pattern of enrichment as seen in the
geospatial plots, suggesting that the enrichment of these
elements may have been influenced by anthropogenic
activities that are in high attendant measures in urban
environment. However, Co, Mn, Th and La exhibit slightly
different patterns in the geospatial distribution map. These
may have been attributed to localized sources enrichment
in the stream sediments in the study area. Cu (ppm), loca-
tion IFFP13 (257.0), IFFP28 (168.0), IFFP21 (152.0) IFFP15
(99.0) and IFFP36 (87.0) among other locations exhibits
similar pattern of elemental enrichment with Pb, IFFP13
(168), IFFP21 (124.0), IFFP15 (162.0), IFFP28 (135.0) and
IFFP36 (176.0); Zn, IFFP13 (1285.0), IFFP21 (1232.0), IFFP15
(722.0), IFFP28 (765.0) and IFFP36 (564.0), As, IFFP13 (6.0),
IFFP21 (4.0), IFFP15 (3.0), IFFP28 (4.0) and IFFP36 (5.0). The
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Fig. 3 a-m Potentially harmful elements distribution pattern of floodplain soils in the study area. Please note PHEs such as CuA represent
topsoils result while CuB represents subsoils. This is represented in the other potentially harmful elements
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Fig.3 (continued)

other elements (Ni, Sr, V and Cr) also exhibits similar trend
of enrichment, Fig. 4a-m.

The analysed PHEs for the floodplain soils (topsoil and
subsoil) and stream sediments were further subjected to
inter elemental association, using coefficient of determi-
nation (R?), Pearson correlation (PC) and principal com-
ponent analysis (PCA). Effort was made to compare the
coefficient of determination among the floodplain soils
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(topsoil and subsoil) and stream sediment in the study
area, Fig. 5a-d. For Pb/Zn, topsoil (R?>=0.85) subsoil
(R*=0.68) and stream sediments (R*=0.53), Cr/Zn, top-
soil (R*=0.02) subsoil (R*=0.0006) and stream sediments
(R?=0.37), Co/Mn, topsoil (R?=0.25) subsoil (R*=0.2) and
stream sediments (R>=0.77) and V/Cr, topsoil (R?=0.34)
subsoil (R”2=0.10) and stream sediments (R2=0.61). It
was observed that strong to very strong correlation were
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Fig. 4 a-m Potentially harmful elements distribution pattern of stream sediments
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Fig.4 (continued)

observed for topsoil, subsoil and stream sediments in
the study area for Pb/Zn. Relatively weak R? were found
in Cr/Zn for topsoil and subsoil while fairly strong R? was
found in stream sediments. Similarly, weak R? were found
in topsoil and subsoil for Co/Mn as against stream sedi-
ments. Also, for V/Cr, weak R*> were found in topsoil and
subsoil relative to strong correlation for stream sediments.
This implies that elements with strong correlation may
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have been enriched in the geo-media by similar source
where the weakly correlated elements may not have been
enriched in the environment by similar source(s).

The correlation coefficient matrix for the floodplain top-
soil, subsoil and stream sediments elements are presented
inTables 3,4 and 5. There are wide variations in the correla-
tion coefficient (Rsq) between elements pairs. The r read-
ings range from — 0.01 to 0.98 for topsoil, — 0.01 to 0.82
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Fig. 5 a-d Bivariate plots of selected potentially harmful elements in the geo-media studied
Table3 Correlation Cu Pb Zn N C Mn As Th S cd V Lla Cr
coefficients of elements in the
topsoils Cu 1.00
Pb 0.61 1.00
Zn 0.66 0.92 1.00
Ni  0.87 0.33 0.40 1.00
Co 025 -031 -0.22 0.68 1.00
Mn 0.14 -0.20 -0.19 0.55 0.88 1.00
As 0.63 0.44 0.36 049 -0.02 0.01 1.00
Th 045 0.05 0.01 0.61 0.57 0.39 0.36 1.00
Sr  0.85 0.45 0.40 0.78 0.21 0.15 0.68 0.63 1.00
Cd 0.54 0.87 098 033 -0.19 -0.16 0.21 -0.08 0.23 1.00
\Y 037 -0.37 -0.34 0.61 0.70 048 0.27 0.38 0.33 -0.39 1.00
la 027 -044 -034 046 0.66 0.54 -0.21 0.23 0.19 -0.37 0.68 1.00
Cr 073 0.06 0.02 0.84 0.55 0.38 0.60 0.66 0.82 -0.11 0.78 048 1.00

for subsoil and — 0.01-0.87 for stream sediments in the
study area. For the topsoil, fairly strong to very strong posi-
tive correlation were found among Zn and Cd (Rsq=0.98),
Pb and Zn (Rsq=0.92), Co and Mn (Rsq=0.88), Cu and
Pb (Rsq=0.61) among others, Table 3, also for subsoil,
Pb and Sr (Rsq=0.82), Cu and Sr (Rsq=0.90), Zn and Cd
(Rsq=0.80), Ni and Cu (Rsq=0.82), AsandV (Rsq=0.81), Cr

and Cu (Rsq=0.82) and V and Cr (Rsq=0.59) and similarly
for stream sediments, Zn and Cu (Rsq=0.87), Pb and Zn
(Rsq=0.82), Zn and Sr (Rsq=0.87), Zn and Cd (Rsq=0.78)
Srand Cd (Rsq=0.86), As and Cr (Rsq=0.61) and Co and
Mn (Rsq=0.51). The relative fairly strong to very strong
correlation coefficient of these elements as represented
in bold values, as presented in Tables 3, 4 and 5, suggests
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Table4 Correlation Cu Pb  Zn Ni Co Mn As Th S o VvV Lla Cr
coefficients of elements in the
subsoils Cu 1.00
Pb 0.78 1.00
Zn  0.61 0.73 1.00
Ni 0.82 0.41 0.24 1.00
Co 022 -031 -034 0.69 1.00
Mn 0.49 045 0.1 0.68 048 1.00
As 048 0.08 -0.13 0.53 037 0.5 1.00
Th 044 0.27 0.06 060 044 045 034 1.00
Sr 0.90 082 056 0.74 006 048 0.31 0.38 1.00
Cd 0.05 0.25 0.80 —0.24 -044 -0.22 -046 —-0.25 -0.02 1.00
vV 035 -0.13 -043 058 0.72 034 081 029 0.12 -0.68 1.00
La 004 -020 -0.07 0.19 048 026 —-0.09 —-0.08 —0.21 0.06 0.27 1.00
Cr 0.82 048 0.15 0.80 033 033 0.74 045 0.81 -0420.59 -0.151.00
Table 5 Correlation coefficients of elements in the stream sediments
Elements Cu Pb Zn Ni Co Mn As Th Sr cd \" La Cr
Cu 1
Pb 0.68 1.00
Zn 0.87 0.82 1.00
Ni 0.36 -0.11 0.18 1.00
Co -0.24 —0.46 -043 0.55 1.00
Mn -0.29 -0.22 -0.21 0.03 0.51 1.00
As 0.53 0.31 0.47 0.30 -0.04 0.03 1.00
Th -0.35 -0.29 —-0.40 -0.39 -0.14 -0.11 -0.17 1.00
Sr 0.77 0.64 0.87 0.21 -0.37 -0.20 0.39 —-0.38 1.00
(@] 0.76 0.46 0.78 0.33 -0.24 -0.22 0.37 -0.30 0.86 1.00
Vv 0.21 -0.18 -0.04 0.41 0.40 0.00 0.35 -0.18 0.00 —-0.08 1.00
La —-0.58 -0.58 -0.64 -0.18 0.15 0.08 -0.35 0.79 -0.61 —-0.53 0.01 1.00
Cr 0.76 0.39 0.58 0.44 0.04 —0.05 0.61 -0.32 0.43 048 044 -047 1

that these elements may have been enriched in the geo-
media by similar sources.

In the same vein, the PHEs analysed were subjected
to PCA for further assessment of association of these ele-
ments, Tables 6 and 7. The factor analyses for the stream
sediments exhibit four groups of PHEs, Table 6; the first
group comprises Cu, Pb, Zn, As, Sr, Cd and Cr, account-
ing for 44.12% total variance of eigen value. These groups
of elements suggest that they might have been enriched
by same sources, such as input from leaded gasoline,
domestic waste disposal, batteries, waste steel, traffic
activities, hospital chemicals, pesticides and the used
herbicides close by. The presence Pb, As and Cd in the
stream sediments are of great concern, owning to the
fact that these elements are very hazardous to the envi-
ronment and are regarded as high priority toxic elements,
[35, 45]. The second group is made of Ni, V and Co, which
account for 19.46% total variance of eigen value. These
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elements might have enriched in the stream sediment by
washout from automobile activities and other iron steel
works, which correspond to the findings of [4, 32]. The
third group of elements, Th and La, account for 10.15%
total variance of eigen value. These two element, though
not significantly much in the stream sediments, may have
been enriched in the stream sediment by weathered
granite-rich rock that underlain the study area. The fourth
group, which is Mn, accounted for 7.10% of eigen value.
Its presence in the stream sediments may have been as
a result of similar sources of elemental enrichment like
leachate from rusty iron materials and lateritic soil. This
element though constitutes the highest concentration
among other elements, its abundance nevertheless may
be harmful to biologic materials in the environment.
Factor analyses for floodplain soils showed four groups
of elemental association; the first group, Cu, Ni, Co, Mn, As,
Sr,V and Cr accounted for 41.51% of total variance of eigen
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Table 6 Principal component analyses of PHE in stream sediments

1 2 3 4
Cu 0.927 0.043 0.208 -0.016
Pb 0.745 —0.391 —-0.103 0.234
Zn 0.940 —0.203 -0.014 0.08
Ni 0.338 0.741 0.055 -0.393
Co —-0.296 0.844 —-0.185 —-0.04
Mn -0.242 0.42 —0.498 0.604
As 0.581 0.307 0.322 0.466
Th —0.531 -0.342 0.629 0.193
Sr 0.875 -0.17 —0.045 —-0.084
cd 0.821 —-0.084 0.015 —-0.202
Vv 0.123 0.7 0.415 —0.006
La -0.763 —-0.034 0.483 0.045
Cr 0.72 04 0.271 0.192
Total 5.735 2.53 1.32 0.923
% of Variance 44117 19.465 10.154 7.101
Cumulative % 44117 63.582 73.736 80.837

Table 7 Principal component analyses of PHE in both topsoil and
subsoils of floodplains

1 2 3 4

Cu 0.852 0.444 0.008 0.176
Pb 0.315 0.878 0.028 —-0.057
Zn 0.218 0.926 0.248 0.111
Ni 0.962 0.055 0.166 0.030
Co 0.638 —-0.581 0.369 —-0.044
Mn 0.552 —-0.307 0.514 -0.314
As 0.640 0.073 —0.593 0.182
Th 0.674 —-0.093 —0.008 —0.565
Sr 0.791 0.407 -0.131 -0.14
Cd -0.071 0.816 0.43 0.164
\ 0.681 —0.581 -0.175 0.302
La 0.328 -0.504 0.537 0.432
Cr 0.904 —0.062 -0.315 0.061
Total 5.396 3.703 1.461 0.829
% of variance 41.51 28.482 11.236 6.375
Cumulative % 41.51 69.992 81.228 87.603

value. Like for the stream sediments, these elements may
have been enriched by urban activities such as domestic
waste lechates, automobile waste and the use of pesti-
cides because the floodplain is a repository for all kinds of
mismanage waste disposal in the urban areas. The second
group of elements, Pb, Zn and Cd, accounted for 28.48%
of eigen value. These elements may have been enriched
in the floodplain soils by automobile washout, domestic
and industrial waste. The third group includes Mn and La.
These elements accounted for 11.24% of eigen value in

the factor analyses. It can be said these elements may have
enriched by the underlining rock that is granitic in origin.
The fourth group, which is just La, accounted for 6.38%
of eigen value. This element may have been enriched by
weathered basement rocks that underline the study area.

Comparison of the mean concentration of potentially
harmful elements in floodplain soils, stream sediments
with other referenced studied works, within Nigeria and
outside the world, was done in order to ascertain the
level of enrichment of these elements with these areas,
Table 8. The results showed that for Cu, there were con-
siderably higher concentration (ppm) in the floodplain
subsoil (FPT2) relative to the floodplain topsoil (FPT1) and
stream sediments (SS) but were higher than the average
shale concentration [55]. Similarly, the mean concentra-
tion of Cu (ppm) in this study area (FPT1, FPT2 and SS)
was found to be higher than the mean concentration for
almost all the referenced studied works but lower than
Alapere wetland [35], Apomu lkire stream sediments
[36] and lkorodu streams, [32]. The mean Pb concentra-
tion (ppm) for floodplain topsoil (93.5) was found to be
higher than floodplain subsoil (77.9), as well as for stream
sediments (67.3), but were generally higher than the mean
concentration of Pb in Apomu lkire [36], Akure floodplain
topsoil [6], Akure floodplain subsoil [6], Lagos lagoon [33],
Average Shale Concentration [55], Tupilipalem Coast Sedi-
ment, India, [20] and Ikorodu streams, Lagos [32] with a
mean Pb (ppm) concentration of 65.52, 58.95, 56.33, 20.27,
20.00, 5.67 and 9.73, respectively, but were slightly lower
than the mean concentration of Pb in Ondo Stream sedi-
ments [7], Ndemilli river [8] and Xiangjiang River, Hunan
Province, [41]. This suggests that Pb in this present study
area is significantly enriched to a status that may pose
environmental health risk. This is particularly so because
of the high priority toxicity of lead to the biota. Results
for the other elements in the study area were found to be
considerably higher in this study than the results of the
average shale concentration except for Ni, Th, Srand La. In
some instances, the average concentrations of these ele-
ments in this present study area were found to be two- to
fourfold higher than the average shale value as seen in
As, Cd, Zn and Pb, Table 8. Similarly comparing the results
of this study with the other elements in other referenced
areas, it was observed that there is significant enrichment
of PHEs more than some the referenced areas. The implica-
tion of this is that the stream sediments and floodplain soil
under investigation have received significant enrichment
of PHEs.

The I-geo index result for higher-priority PHEs (Pb,
Zn, Mn, As, Cd and Cr) in the floodplain soils and stream
sediments are presented in Fig. 6. Pb ranges from unpol-
luted to strongly polluted, with over 50% of the samples
falling on strongly polluted status. Pb also ranges from
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Table 8 Comparison of floodplain soils and stream sediments of the study area with other study areas

FPT1 Mean FPT2Mean SSMean (A) (B) (@] (D) (E) (F) (G) (H) (i) () (K)

Cu 71.1 76.6 70.3 78.14 36,5 2743 2124 36.04 50 213 64.4 3829 355 9.99
Pb 93.5 77.9 67.3 65.52 78.7 5895 56.33 20.27 20 557 1069 96.84 5.67 9.73
Zn 826 622.3 357.8 42995 490 2231 149.1 7233 90 1863 4822 2272 142 95.21
Ni 253 27.2 24.9 - 8.9 1486 1376 1266 80 49 1873 2948 6.43 3.30
Co 24.6 28.7 29.3 - 5.4 2429 2396 9.52 20 - 7.19 1576 - 293
Mn 1323 1190 2138 1831.2 520 983.3 8064 495 850 - 282.2 1300 548 126.1

As 3.1 3.4 33 - - - - 2.99 1.8 - 5.02 - - 0.99
Th 4.3 45 5.9 - 10.2 1443 1748 3.29 12 - - 1934 - 2.16
Sr 329 30.6 534 - 436 - - 3143 400 - - - - 11.94
Cd 1.42 1.28 0.7 0.43 0.7 - - 0.27 0.3 - 0.57 5.89 0.71 0.18
\' 142.6 165.5 161.7 - 59.2 73.05 68.71 3364 130 41 - 83.18 - 10.98
La 32.2 34 31.6 - 30.1 56.76 61 2697 40 - - 4524 - 5.91
Cr 108.8 128.5 132.8 83.75 366 4043 3538 3152 100 61 5462 7326 9.25 12.55

(A), Apomu Ikire [36]; (B), Ondo Stream sediments [7]; (C), Akure floodplain topsoil [6]; (D), Akure floodplain subsoil [6]; (E), Lagos lagoon [33];
(F), Average Shale Concentration [55]; (G), Alapere wetland [35]; (H), Ndemilli river [8]; (I), Xiangjiang River, Hunan Province, [41]; (J), Tupili-
palem Coast Sediment, India, [20]; (K), Ikorodu streams, Lagos [32]; FPT1 Mean, floodplain topsoil (This study); FPT2 mean, floodplain subsoil

(This study); SS, Stream sediment (This study)

Fig.6 Geo accumulation index 6 —
box plot of selected poten-
tially harmful elements in the
geo-media (floodplain soils
and Stream Sediments) of the
study area

Igeo Range
N

-

Pb lgeo

unpolluted to extremely polluted. Zn ranges from unpol-
luted to strongly polluted, and significant number over
50% fall over index of strongly polluted to extremely pol-
luted. The I-geo index for Cd ranges from moderately
polluted to strongly polluted, indicating that there is
high degree of pollution of Cd in the floodplain soil and
stream sediments in the study area. The other elements
also exhibit vary level of pollution status in the study
area.
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Similarly, selected PHEs (Pb, Zn, Mn, As, Cd and Cr) were
further subjected to metal ratio index assessment and the
result is presented in Fig. 7. From the results, it was found
that some locations exhibits metal ratio < 1.0 as seen in
Fig. 7, which suggest that such locations have reached
relatively high pollution status that call for environmental
concern, activities such as automobile washout, indiscrimi-
nate waste disposal (domestic and industrial), hospital
waste disposal among others.
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Fig. 7 Metal ratio index box 40 —
plot of selected potentially
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and Stream Sediments) of the
study area
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4 Conclusion

Sixty (60) samples of floodplain soils (topsoil and sub-
soil) and stream sediments in lle-Ife and environs were
analysed for total elemental concentration to know the
enrichment status, distribution pattern and potential
environmental hazard. There results showed that there is
a considerable level of PHEs in the samples analysed in the
study area, with a decreasing trend of average contents of
PHEs studied showing that Mn>Zn>V>Cr>Pb>La>Sr>
Cu>Ni>Co>Th>As>Cd.

The average metal content of Cu in subsoil (76.5) was
found to be slightly higher than topsoil (71.1) and stream
sediments (70.3), suggesting similar level of Cu enrichment
in the study area. This was also observed in Ni, Co and As
among other elements in the geo-media. Their mean con-
centrations are of close range of enrichment. However, the
mean concentration of Pb, Zn and Cd are significantly at
variance among topsoil, subsoil and stream sediment. Cd
in topsoil and subsoil are 4 folds higher than the stream
sediments, suggesting significant level of enrichment in
the topsoil and subsoil in the study area relative to the
stream sediments. This suggests that the floodplain soil
has received significant load of Cd, a high-priority toxic
element in the floodplain soil. The implication of this is

' W = | T
| |

MR Zn

MR Mn MR As MR Cd
Metal Ratio of Selected Elements

MR Cr

that the floodplain is a repository for the enrichment of
PHEs in the urban environment, which should be of great
concern, because Cd is a high priority trace element of the
PHEs in the environment.

Spatial distribution map revealed elevated concentra-
tion of PHEs in the study area were largely influenced by
urban activities. Comparing the results of the floodplain
soils and stream sediments with average shale concen-
tration (ASQ), it showed that Cu, Pb, Zn, Co, Mn, As, Cd, V
and Cr were found to be higher than ASC. This suggests
that these PHEs may have reached considerable enrich-
ment level that can pose environmental health risk to the
ecosystem, such as the soil for agricultural activities, water
bodies such as the rivers, the dam that is very essential
for use by the inhabitant/ residence of the OAU campus
and in some instances atmospheric particulates that come
from loosed soil particles in the urban area. However Ni,
Th, Sr and La are found to be lower than the average shale
concentrations which suggest that these other PHEs are
relatively not at a risk level of enrichment in the environ-
mental media.

Results of pollution indexes such as geoaccumulation
and metal ratio revealed that high-priority PHEs which
include Pb, Zn, Mn, As, Cd and Cr have reached signifi-
cant pollution status in the floodplain soils and stream
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sediments in lle-Ife area which calls for concern. These ele-
ments assessments range from slightly polluted in some
locations to strongly polluted as observed in the quan-
tification assessment with Igeo index. Similar result was
found for metal ratio evaluation, where Pb, Zn, Mn, As, Cd
and Crare> 1 in the results.

The enrichment of PHEs in the floodplain soils and
stream sediments may have been caused by external
factors such as indiscriminate refuse disposal, industrial
waste mismanagement and agricultural runoff that pos-
sibly contain herbicides, inorganic fertilizer and generally
anthropogenic inputs. Based on this study, it is important
for relevant environmental agencies and regulators to
monitor effectively and regulate the input of anthropo-
genic sources of PHEs enrichment in the floodplain soils
and stream sediments so as to reduce anthropogenic
input in these geo-media. In the same vein, effort should
be made to carry out further works on lead (Pb) isotope
analysis as well as sequential analyses of the PHEs in this
study area in other to track accurately the main source(s)
of Pb and associated elements and ascertain the potential
bioavailability/ mobility of these PHEs in the biota such as
plant and animals in the study area
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