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Abstract

The adverse health effects associated with heavy metal pollution have become a subject of topical discussion. Using standard methods,
this study evaluated the accumulation and toxicological risks of heavy metal deposition on top soils of school playgrounds in Obio-
Akpor LGA. Results obtained from the top soils, sampled from 10 different schools showed that the concentration of heavy metals as-
sessed, followed the trend; Hg<As<Cd<Pb<Cu. Marginal differences between the test and control samples were observed for the geoac-
cumulation index of the heavy metals except for copper. For the contamination factor, FCUA had the least results for cadmium (0.31) but
highest in arsenic (0.016) while OPS, UDPS and RBPS recorded the highest contamination factor for lead, mercury, and copper respec-
tively. The results for the pollution load index and degree of contamination of the test sites showed that the sites were unpolluted and had
low contamination status, while the enrichment factors showed the deposition of only cadmium to be of a natural origin, and the rest of
the heavy metals resulted from anthropogenic sources. The trend from the hazard quotient was Pb>Hg>Cu>Cd>As while the highest
(0.0213) and least (0.0162) total hazard index value occurred at RBPS and MOM respectively. These values obtained for this study indi-

cate that the school playground's soils are still within the recommended heavy metal content safe levels.

Keywords: Geoaccumulation Index; Contamination Factor; Pollution Loads Index; Total Hazard Index; Hazard Quotient.

1. Introduction

Heavy metals are regarded as natural components of the earth
crust. Soils serve as a natural sink for heavy metals, and are re-
garded as a critical environment where water, air and rock inter-
face [20] [29]. In urban areas, dusts and top soils are natural indi-
cators of heavy-metal pollution whereas locations close to the road
are mostly affected by heavy-metal contamination as a result of
traffic [24] [62]. Some of the heavy metals that frequently occur in
contaminated soils and potentially cause health problems include
Fe, Cr, Cd, Zn, Cu, and Pb [7]. Others include As, Hg, Co, Ni,
Mn, Mg, etc. Sources like waste water in agricultural land, atmos-
pheric deposition, fertilizer application, waste disposal, industrial
sources, by product combustion, and traffic are the major sources
of anthropogenic input. In addition, properties such as soil classi-
fication, texture and mineralogy which condition the relative mo-
bility of these heavy metals, climatic conditions and state of the
parent materials all influence the distribution of these heavy met-
als [32]. Also, the availability and accumulation of these heavy
metals into the soil are equally affected by some of the physico-
chemical properties of the soil like pH and temperature [43]. The
distribution of heavy metals occurs in several ways that include
precipitation and complexation, ion exchange, adsorption, etc.
[45]. The contamination of heavy metals in top soils has posed
serious worldwide challenges, as reported by Alloway, [10] and
Nriagu, [36]. Some heavy metals at minute quantities found in
soils, water, dusts and air, play a crucial role in the functioning of
biological systems [28]. Due to their toxic effects and bioaccumu-

lation, and recalcitrance to biodegradation, they are noted as more
serious environmental contaminants. In organisms, accumulation
of these heavy metals occurs as a result of direct uptake from the
environment, food or from respiration [26]. Heavy metals exert
their toxic effects through the disruption of metabolic activities
that relates to growth, repair of tissues, oxygen consumption and
reproduction [14]. The occurrence of cadmium into the environ-
ment preempts an occupational and environmental concern [49]. It
is used for many industrial purposes like production of batteries,
pigments and alloys [89]. However, the main cadmium exposure
routes are by food ingestion, cigarette smoke, or inhalation [49].
Tchounwou et al., [49] reported that the circulatory system was
the main distribution route of calcium, whereas its toxicity is
mostly exerted on the blood vessels. Though the mechanism by
which cadmium exerts its toxic effects is poorly understood, it has
been suggested by Stohs, [47] that cadmium exerts its toxic effect
via the production of reactive oxygen species (ROS) that damages
the single-strand DNA, thus disrupting protein and nucleic acid
synthesis. Also, direct or systemic exposure to cadmium has been
reported by Waalkes and Rehm [59] to cause proliferatives lesions
like adenocarcinomas. Further, Singhal et al., [46] found that
chronic exposure to cadmium reduces the levels of acetylcholine,
serotonin, and norepinephrine, while Baselt and Cravey [13],
Akesson et al., [6], and Gallagher et al., [22], reported a relation-
ship between reduction in osteoporosis and bone mineral density,
and acute low-level exposure to exposure to cadmium. Several
symptoms are associated with acute ingestion of cadmium, and
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they include a 15minutes to 30-minute convulsion, vertigo, ab-
dominal pain, vomiting, and salivation [13].

Arsenic, an element that is found in several environmental matri-
ces at low concentrations [4] occur either in the organic form as
methylated metabolites or in inorganic forms as pentavalent or
trivalent arsenate. Tchounwu et al., [51], and Centeno et al., [15]
have reported that arsenic compounds form part of the therapy
used for the treatment of trypanosomiasis, syphilis, amoebic dys-
entery, and other parasitic diseases. A lot of factors like genetic
and nutritional factors, individual proneness, gender, age, and
biological species all influence arsenic toxicity. Tchounwu et al.,
[49] observed that trivalent arsenic can cause the loss of activity of
more than two hundred (200) enzymes by binding to their sulfhy-
dryl groups, and substitution of their phosphate groups. Wang and
Rossman, [61] also found that arsenic exerts its toxic effects by
disrupting cellular respiration through rendering mitochondrial
enzymes inactive, thereby impairing oxidative phosphorylation.
Many authors have proposed mechanisms for the carcinogenic
potency of arsenic. Arsenic has been found to cause the hypo-
methylation of DNA thus facilitating aberrant gene expression.
Trouba et al., [53] reported that the alterations in mitogenic signal
proteins resulting from acute long-term exposure to arsenic might
be responsible for arsenic induced carcinogenesis.

Some adverse health effects have been associated with the acute
exposure to lead, and they include gastrointestinal diseases, kidney
and brain damage, while some other studies have reported that
chronic exposure induces health defects related to blood and blood
pressure, cholecalciferol metabolism, and kidney [3], [2], [55],
[31], [12]. Specific mechanism of toxicity of lead centered on the
mimicry or inhibition of cadmium activities has been reported by
ATSDR, [3]. Lead can also bind to amide and sulfhydryl groups
of enzymes causing the alteration of their configuration and activi-
ties [49].

Humans come in contact with mercury through food contamina-
tion, accidents, medical practices, environmental pollution, dental
care, occupation-related operations, and agricultural and industrial
operations [41]. The mechanism of mercury toxicity centers on
oxidative stress [58]. Mercury has been observed to cause elevated
levels of ROS formation by disrupting the ubiquinone-cytochrome
b5-step during oxidative phosphorylation [37].

Copper is quite toxic to aquatic organisms. Impairment of zinc
homeostasis and antioxidant function has been reported to result
from excess amount of free copper in the system [40]. Curtis [17]
found that symptoms of acute ingestion of copper include hypo-
tension, hematemesis, gastrointestinal distress, coma, vomiting,
and jaundice. Also, it has been noted by Environmental Fact Sheet
[16] that kidney and liver damages have been caused by chronic
exposed to copper.

Elevated heavy-metal content in children has been associated with
various anthropogenic activities [9] [27]. Irrespective of the source
of heavy-metal contamination, i.e. anthropogenic or natural, their
deposition on children playground soils establishes potent toxic
tendency resulting from their bioaccumulative properties. In gen-
eral, the environmental characteristics of urban soils influence the
health status of its inhabitants, so people have become particularly
conscious of soil contamination around them. A few studies have
accounted for the heavy metals' content, and toxicities associated
with their contamination in some school playground soils in Nige-
ria. However, no study has been conducted yet for soil samples
from school children playground in Obio-Akpor LGA, Rivers
State. Hence, this study was carried out to evaluate the contents
and accumulation of heavy metals as well as assess the risk asso-
ciated with the level of deposition on these soil samples.

2. Materials and methods

2.1. Study area

Ten schools situated at Obio-Akpor LGA Rivers State Nigeria
were used for this study. Soil samples used for this study were

collected in two parts, representing the test and control samples.
The test soil samples were obtained at the respective playgrounds,
while the control soil samples were obtained 100m away from the
playgrounds. The schools used for this study include:

e  Choba State Primary School (CSPS)
Mother of mercy primary school (MOM)
Universal primary education model primary school (UPE)
Rock base primary school (RBPS)
Olobo primary school Choba (OPS)
Alekahia state primary school (ASPS)
University demonstration secondary school (UDSC)
State school Umuokpo-aluu (SCUA)
Foundation comprehensive school Umuokpo-aluu (FCUA)
University demonstration primary school (UDPS)

2.2. Sample collection and preparation

Soil samples obtained from the study sites during the dry season
were collected in triplicates. At each study site, the composite top
surface soil samples from the 0-15cm layer were randomly col-
lected using an Auger, and then transferred to a clean air tight
aluminum plastic container. After the manual removal of debris
from the samples, they were taken to the laboratory for further
preparations. At the laboratory, the soil samples were air dried at
room temperature for 3days, ground and sieved using a 2mm
stainless steel mesh.

2.3. Sample analysis

The content of heavy metals (Cadmium (Cd), Arsenic (As), Lead
(Pb), Mercury (Hg), and Copper (Cu) in the soil samples were
determined using an Atomic Absorption Spectrophotometer. One
(1) gram of soil sample was weighed out and transferred into an
empty 250ml beaker. To this soil sample, a mixture of 15 ml of
HNO3, H2SO4, and HCIOsin a ratio of 5:1:1 was added. The mix-
ture was gently stirred and placed on a heating mantle up to a
temperature of 80°C till a clear solution was obtained. The mixture
was cooled and made up to 30ml with 2% HNOz and filtered. The
concentrations of the heavy metals were obtained using an atomic
absorption spectrophotometer (Shimadzu AA-670, Japan) after the
preparation of a reference solution.

2.4. Geoaccumulation index (IGEO)

The index of geoaccumulation (Ige0) Was calculated using the fol-
lowing relationship:

Cn
1.5Bn

lgeo = Logz

Where,

Cn stands for the concentration of heavy metal in the school play-
grounds. Bn stands for standard background value of element n. In
this study, the standard background value was derived from the
average of three widely accepted baselines (average shale [54],
crustal average content and worldwide mean values for soils [30]).
The factor 1.5 is used for the possible variations of the background
data due to lithological variations. I-geo was classified into seven
grades: l-geo < 0 (grade 0), unpolluted; 0< I-geo <1 (grade 1),
slightly polluted; 1 < I-geo < 2 (grade 2), moderately polluted; 2<
I-geo <3 (grade 3), moderately severely polluted; 3< I-geo <4
(grade 4), severely polluted; 4< I-geo <5 (grade 5), severely ex-
tremely polluted; I-geo > 5 (grade 6), extremely polluted [34].

2.5. Contamination factor (C'f)

The contamination factor was calculated using the following rela-
tionship:

i= Cn
Cf—Bn
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Cn represents the measured concentration of heavy metal in the
school playgrounds. Bn stands for standard background value of
element n. In this study, the standard background value was de-
rived from the average of three widely accepted baselines (average
shale [54], crustal average content and worldwide mean values for
soils [30]. Cif values are classified into four categories: Cif < 1
represents low contamination factor indicating low contamination,
1 < Cif < 3 represents moderate contamination factor, 3 < Cif< 6
represents considerable contamination factor, and 6 < CIf repre-
sents very high contamination factor [25].

2.6. Estimation of enrichment factor (EF)

The enrichment factor was computed using the following relation-
ship:

EE = Heavy metal concentration in the soil at the playground

- Heavy metal concentration in the soils at the control site

The EF values < 1 or close to unity indicate a natural source or
crusted origin, and a possible mobilization or depletion of metals,
whereas EF>1.0 indicates that the element is of anthropogenic
origin [69].

Five further contamination categories are generally recognized on
the basis of the enrichment factor: EF<2, depletion to mineral
enrichment; 2<EF<5, moderate enrichment; S<EF<20, significant
enrichment; 20<EF<40, very high enrichment; and EF>40, ex-
tremely high enrichment [48].

2.7. Pollution load index (PLI)

The PLI is obtained as a concentration factor of each heavy metal
with respect to the background value in the soil. The PLI can give
an estimate of the metal contamination status and the necessary
action that should be taken. The pollution load index (PLI) was
proposed by Tomlinson et al., [52], for detecting pollution which
permits a comparison of pollution levels between sites and at dif-
ferent times. The PLI value of > 1 is polluted, whereas <1 indi-
cates no pollution. Pollution load index (PLI) is calculated using
the equation:

PLI=n v (CF1xCF2xCF3x...xCFn)

Where, CF represents the contamination factor, and n represents
number of metals.

The sum of contamination factors for all elements examined rep-
resents the contamination degree (Cdeg) Of the environment and

four classes are recognized [25]. Caeg < 8 low degree of contami-
nation 8 < Cdeg < 16 moderate degree of contamination 16 < Cdeg <
32 considerable degree of contamination 32 < Cueg Very high de-
gree of contamination

2.8. Health risk assessment

For the assessment of health risks through ingestion of the top
soils at the individual school playgrounds by children, the daily
intake of metal (DIM) (that estimates the total dose entering the
human body through oral ingestion of contaminated soil), and
systemic toxicity or non-carcinogenic hazard for each metal were
calculated using the following equations:

C xXIR XEF x ED

Daily oral intake of soil (DI) (mg/kg/day) = W AT

Where C represents concentration of the metal in the school play-
ground soils (mg/kg), IR represents ingestion rate (mg/kg), EF
represents exposure frequency (day/year), ED = exposure period
(year), AT represents average time for non-carcinogens and BW =
body weight (kg) [33]. This gives the total dose entering the hu-
man body through oral ingestion of contaminated soil.

The systemic toxicity or non-carcinogenic hazard for a single
element is expressed as the hazard quotient:

DI(mg/kg/day)

Non-cancer Hazard Quotient (HQ) = oRMd

Where DI represents the daily oral intake of soil ORfd represents
is oral reference dose for the element. In the case where ORfd is
not available for a particular metal, the ORfc (oral reference con-
centration) is utilized.

Total chronic hazard index which is the summation of all the indi-
vidual hazard quotients is represented as below:

Total Chronic Hazard Index (THI) = X.iL; HQ

The greater is the value of HQ and THI above 1, the greater is the
level of concern since the accepted standard is 1.0 at which there
will be no significant health hazard [23]. The probability of expe-
riencing long-term health hazard effects increases with the in-
creasing THI value [60].

3. Results

Table 1: Mean Content of Heavy Metals at Different School Study Sites at Obio-Akpor LGA Rivers State

CSPS MOM UPE RBPS OPS ASPS UDSC SCUA FCUA UDPS
Test 0.54+.045 056+0.13 0.74+0.10 0.52+0.09 0.67+0.16 0.66+0.03  0.66+0.20  0.67+0.15  0.49+0.13  0.73+0.08
e Control ~ 0.68+0.15 0.79+0.15 0.91+0.08 0.59+0.35 0.94+0.16  0.88+0.03  0.94+0.25 0.96+0.03  0.56+0.40  0.93+0.10
i:gnd- 156+1.36 1.56+1.36 156+1.36 156+1.36 1.56+1.36 1.56+1.36 1.56+1.36 1.56+1.36 1.56+1.36 1.56+1.36
As  Test 0.09+0.04 0.11+0.02  0.10+0.01  0.05£0.01  0.10£0.02  0.06+0.02  0.05+0.01  0.11+0.05 0.13+0.05 0.05+0.01
Control ~ 0.06£0.01  0.10£0.04  0.07+0.01  0.04+0.01  0.04+0.02  0.04+0.00  0.02+0.00  0.05+0.01  0.06+0.02  0.03+0.01
aSrtgnd- 8.33+10.3  8.33+10.3 8.33+10.3 8.33+#10.3 8.33+10.3 8.33+10.3 8.33+10.3 8.33+10.3 8.33+10.3 8.33+10.3
Pb  Test 6.62+0.41  5.23+0.23  7.26+0.12  6.94+0.08 8.34+0.23  7.05+0.37 5.88+#0.91 6.57+0.42 6.25+0.17 5.07+0.85
Control ~ 5.04+1.48 4.14+0.24 3.35+0.48 7.64+0.74 582+0.18 4.77+056 3.13+0.70 541+0.67 4.64x0.65 2.79+0.71
Stand- 19.66+5.5  19.66+5.5  19.66+5.5  19.66+#55  19.66#5.5 19.66+#5.5 19.66+5.5  19.66%5.5  19.66+5.5  19.66+5.5
ard 0 0 0 0 0 0 0 0 0 0
'g_| Test 0.05+0.01  0.04+0.00 0.05+0.00 0.09+0.00  0.06+0.02  0.06+0.01  0.07+0.00  0.04+0.02  0.05+0.00  0.11+0.03
Control ~ 0.05+0.02  0.05+0.01  0.03+0.00  0.06+0.00  0.02+0.00  0.02+0.00  0.04+0.01  0.03+0.00  0.03+0.01  0.06+0.00
irtgnd- 0.49+0.47  0.49+0.47  0.49+0.47 0.49+0.47 0.49+0.47 0.49+0.47 0.49+0.47 0.49+0.47  0.49+0.47  0.49+0.47
Cu  Test 13.81+0.5 15.04+19  14.98+0.7 15.96+1.8 14.05+1.7 12.74+04  13.78+0.8 14.51+#1.3 14.09+0.9 12.77+1.2
4 1 0 9 7 3 5 3 6 6
Control ~ 4.81+1.58  5.62+1.39  5.03+0.42 5.74+0.67 5.93+1.43 575+0.54 6.73x1.06 6.36+1.16 6.21+1.47 6.34+0.76
S 38.0+21.3 38.0+21.3 38.0+21.3 38.0+21.3 38.0+21.3 38.0+21.3  38.0+21.3 38.0+21.3 38.0+21.3  38.0+21.3

ard
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Fig. 1: Index of Geoaccumulation of Cadmium in Soil Samples at Obio-Akpor LGA.
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Fig. 2: Index of Geoaccumulation of Arsenic in Playgrounds at Obio-Akpor LGA.
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Fig. 3: Index of Geoaccumulation of Lead in Playgrounds at Obio-Akpor LGA.
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Fig. 4: Index of Geoaccumulation of Mercury in Playgrounds at Obio-Akpor LGA.
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Fig. 5: Index of Geoaccumulation of Copper in Playgrounds at Obio-Akpor LGA.

ETEST
H CONTROL

CSPS MOM UPE RBPS OPS ASPS UDSC SCUA FCUA UDPS

Fig. 6: Contamination Factor of Cadmium in Playgrounds at Obio-Akpor LGA.
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Fig. 7: Contamination Factor of Arsenic in Playgrounds at Obio-Akpor LGA.
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Fig. 8: Contamination Factor of Lead in Playgrounds at Obio-Akpor LGA.
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Fig. 9: Contamination Factor of Mercury in Playgrounds at Obio-Akpor LGA.
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Fig. 10: Contamination Factor of Copper in Playgrounds at Obio-Akpor LGA.
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Fig. 11: Pollution Load Index of School Playgrounds in Obio-Akpor LGA.
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Fig. 12: Degree of Contamination of Heavy Metals at School Playgrounds in Obio-Akpor LGA.
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Table 2: Enrichment Factor of Heavy Metals at School Playgrounds in Obio-Akpor LGA

Heavy Metals CSPS MOM UPE RBPS OPS ASPS UDSC SCUA FCUA UDPS
Cd 0.79 0.71 0.81 0.88 0.71 0.75 0.70 0.69 0.88 0.78
As 15 11 1.43 1.25 25 15 2.5 2.2 2.17 1.67
Pb 131 1.26 2.17 0.91 1.43 1.48 1.88 1.21 1.35 1.82
Hg 1.00 0.8 1.67 1.50 3.00 3.00 1.75 1.33 1.67 1.83
Cu 2.87 2.68 2.98 2.78 2.37 2.21 2.05 2.28 2.27 2.01

Table 3: Average Daily Intake of Heavy Metals at School Playgrounds in Obio-Akpor LGA

Heavy Metals CSPS MOM UPE RBPS OPS ASPS UDSC SCUA FCUA UDPS Reference mg/kg/day
x10°® x10°® x10°® x10°® x10°® x10°® x10® x10® x10® x10®

Cd 1.77 1.84 243 1.71 2.20 2.17 2.17 2.20 1.61 2.40 1 x10° (ORfD) [51]

As 0.30 0.36 0.33 0.16 0.33 0.20 0.16 0.36 0.42 0.16 3 x10* (ORfD) [53]

Pb 21.77 17.21 23.89 22.83 27.44 23.19 19.35 21.62 20.56 16.68 3.5 x10° (ORfD) [1]

Hg 0.16 0.13 0.16 0.29 0.20 0.20 0.23 0.13 0.16 0.36 4 x10® (ORfC) [53]

Cu 45.43 49.48 49.28 52.50 46.22 41.91 45,34 47.73 46.36 42.01 1 x102 (ORfD) [2]

*ORfD: Oral Reference Dose, ORfC: Oral Reference Concentration.

Table 4: Non Cancer Hazard Quotient and Total Hazard Index of Heavy Metals at School Playgrounds in Obio-Akpor LGA

Heavy Metals CSPS MOM UPE RBPS OPS ASPS UDSC SCUA FCUA UDPS
Cd x10° 1.77 1.84 243 171 2.20 2.17 2.17 2.20 1.61 2.40
As x107 0.10 0.12 0.11 0.0533 0.110 0.0667 0.0533 0.120 0.140 0.053
Pb x10° 6.22 4,92 6.83 6.52 7.84 6.63 553 6.18 5.87 4.77
Hg x10 0.040 0.0325 0.040 0.0725 0.050 0.050 0.0575 0.0325 0.040 0.090
Cu x10* 45.43 49.48 49.28 52.50 46.22 4191 45.34 47.73 46.36 42.01
THI 0.0175 0.0162 0.0193 0.0213 0.0207 0.0187 0.0185 0.0176 0.0175 0.0209

4. Discussion

The results of the heavy metal contents of the different soil sam-
ples are shown in Table 1. The mean cadmium content in the test
soil samples were lower than the values for the control samples
and baseline values shown in Table 1. The average cadmium con-
tent of the soil samples was relatively lower than the contents of
cadmium in sands from Rabka’s Zdr6j playgrounds [8].

The levels of arsenic for the playgrounds were found within the
range 0.05mg/kg+0.01 to 0.13mg/kg+0.05 which was below the
standard baseline values used for arsenic as shown in Table 1. The
arsenic content of the control values were slightly lower than the
values recorded for the playgrounds, and were also within the
baseline values. The playground soil sample at FCUA recorded
the highest arsenic content, and was observed greater than two of
the sampling sites at Rabka’s Zdrdj playgrounds reported by Al-
icja and Agnieszka, [8]. However, the mean contents of arsenic in
soil samples in urbanized area soils of Dongguan [65], and soils in
Beijing [66] were found to occur higher than the cadmium content
of soil samples reported in this study.

Similarly, the concentration of lead recorded in Table 1 for both
the test and control samples were found lower than the baseline
values. The lead content of minor roads within Suleja town, re-
ported by Yisa et al., [68] were higher than the lead contents of the
playground soil samples evaluated in this study. Also, the lead
content of most popular cities like Oslo [18], Hong Kong [67],
Shangai [44], and N. Zealand [21], were all found greater than the
concentration of lead in both test and control samples reported in
this study. The high levels of lead found in UPE and OPS might
have resulted from the falling off of paint chippings on the play-
ground soils due to diminished longevity of the paints on the walls
of these schools. Lead from house paints has been found to confer
a major influence on the blood levels of lead in cadmium between
the ages of 6-35 months [64].

The mercury content of playground soils at UDPS was found
greater than the remaining study sites. However, the amount of
mercury deposition on this site was still below the baseline values
as shown in Table 1. Mercury deposition on these soil samples
may have resulted from electrical materials such as thermostats,
switches, and some preservatives, on or around the study sites.
Mercury has been reported to induce neurotoxicity, nephrotoxici-
ty, and gastrointestinal toxicity [50]

The range of copper contents of the playground soil samples were
between 12.74mg/kg+0.43 to 15.96mg/kg+1.90 as shown in Table
1, and these values were within the baseline values for copper.
The copper content of the soil samples of four study sites reported

by Yisa et al., [68] were observed to be greater than the copper
content of the playground soils. However, the copper content of
Abdulahi Zuba road reported by Yisa et al., [68] were found lower
than the values of playground soils presented in this study but
were comparable to the values for the control samples.

Further, from the data presented in Fig. 1, the index of geoaccu-
mulation of cadmium in the test sites were lower than their corre-
sponding control sites, with the least cadmium contamination
occurring at FCUA and RBPS. There was an observable slightly
marginal difference in the geoaccumulation index of arsenic (Fig.
2), lead (Fig. 3), and mercury (Fig. 4), between the test and control
samples. Only the geoaccumulation index of copper at the play-
grounds conspicuously differed from the geoaccumulation index
of copper at the soil samples obtained 100m away (control) as
shown in Fig. 5. From the classification of Nriagu, [35] since none
of the evaluated soil samples in this study exceeded zero for the
geoaccumulation index, then both the test and control study sites
are regarded as unpolluted with the evaluated heavy metals.

The extent of contamination of these soil samples were evaluated
using the contamination and enrichment factors initially applied to
ascertain the source of elements found in seawaters, precipitation,
or atmosphere [19], but now used for the analysis of the extent of
contamination of soil sediments, tailings, lakes, and peats. The
contamination factors of the heavy metals at the different study
sites were shown in Fig. 6, Fig. 7, Fig. 8, Fig. 9, and Fig. 10. All
the contamination factors occurred below 1 implying that the
study sites had low contamination of these heavy metals.

The pollution load index for the study sites was shown in Fig. 11,
to ascertain the overall pollution status. The pollution load index
for all the study sites were less than 1, indicating that the study
sites were unpolluted with the heavy metals assessed. In addition,
the data presented in Fig. 12 shows that the degree of contamina-
tion of the study sites were below 2, meaning that the study sites
had a low degree of contamination with respect to the classifica-
tion of Hankanson, [25].

The enrichment factors of the heavy metals were presented in
Table 2. In addition to the application of enrichment factors for the
determination of the magnitude of contamination, they are equally
used to ascertain the source of the heavy metal contamination. The
enrichment factors for cadmium at all the study sites in this study
were less than 1. Then, from the classification of Zsefer et al., [69]
the source of deposition of cadmium on the top soils of all the
study sites was purely of natural or crusted origin. Further, the
enrichment factors of arsenic lead, mercury, and copper at all the
study sites were greater than 1, indicating that the source of depo-
sition of these heavy metals was purely of anthropogenic origin.
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Also, applying the classification of Sutherland [48], only the en-
richment factors of mercury in OPS and ASPS, and copper at all
the study sites had moderate enrichment, whereas all other heavy
metals at their respective study sites had depletion to mineral en-
richment.

The daily oral intakes of cadmium, arsenic, lead, mercury, and
copper are presented in Table 3. The cadmium and arsenic daily
intake levels were found lower than their respective oral reference
doses shown in Table 3. It is very imperative to have a daily intake
level of these heavy metals below their oral reference doses. Cad-
mium is a widely recognized metal that promotes different kinds
of reproductive toxicities. Rossman et al., [38] have observed the
alterations of male reproduction in mice at administration of
1mg/kg body weight of cadmium. Furthermore, some products of
arsenic have been reported to induce alterations of male leuko-
cytes [39], and in human lymphocytes [11]. In addition, the daily
intake levels of lead, mercury, and copper evaluated in this study
were observed to have occurred below their respective oral refer-
ence doses presented in Table 3. The non-carcinogenic quotient of
these heavy metals, and the total hazard index of the study sites
are presented in Table 4. The results of the hazard quotient pointed
out that lead in general, portends the greatest toxic hazards of oral
exposure to the school children. This could have resulted from the
common usage of lead batteries, metal products, paint coatings,
and pipes around the playgrounds. However, by the guide provid-
ed by Wang et al., [61] no heavy metal indicated any carcinogenic
risk as the entire hazard quotient values for the heavy metals was
less than 1.

5. Conclusion

In this study, the concentration of Cd, As, Pb, Hg, and Cu was
evaluated in top soils of children playgrounds at schools in Obio-
Akpor LGA Rivers State. Index analysis using enrichment, con-
tamination factor and degree, metal pollution and geoaccumula-
tion index, non-cancer and total hazard index were applied suc-
cessfully to assess the heavy-metal contamination of the top soils
at the study sites. In comparison with the standard baseline values,
the results in general showed that the sites were unpolluted and
had low contamination of the evaluated heavy metals. Conse-
quently, the risk assessment carried out showed no potent toxic
risks associated with the level of occurrence of these heavy metals
on the children’s playgrounds. Since anthropogenic activities were
found to be the major source of majority of the heavy metals on
the playground soils, it is recommended that the assessments of
the playgrounds for heavy metals be regularly undertaken.
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