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ABSTRACT

This study evaluates the physico-chemical parameters and heavy metals in water, sediments and
Tympanotonus fuscatus obtained from three sample sites along lko River in Eastern Obolo LGA,
Akwalbom State. The heavy metal analysis results on Pb, Cd and Ni in sediments and
Tympanotonus fuscatus were used to estimate the human health and ecological risk assessment
of the study area. The human health risk assessment tools utilized in this study were estimated
dietary intake (EDI), total hazard quotient (THQ) and hazard index (HI) while sediment pollution
parameters evaluated were contamination factor (CF), contamination degree (CD), pollution load
index (PLI) and geoaccumulation index (lge,). Results obtained showed that EDI of Cd in periwinkle
in the study sites ranged from 0.2 — 6.4 pg/kg-bw/day and exceeded the provisional tolerable
dietary intake (PTDI), while EDI for Pb (0.0004 — 2.6 pg/kg-bw/day) and Ni (0.32 — 2 ug/kg-bw/day)
was within the limit for all sites, except Ni in site Il (34 pg/kg-bw/day) which was higher than the
PTDI of 5 pg/kg-bw/day. The THQ of Cd in all sites was greater than 1, while Pb and Ni generally
recorded THQ < 1. The hazard index (HI) was as follows: site | (2.36), sites Il (24.44) and site IlI
(6.5), highlighting a potential hazardous effect to humans as a result of the consumption of
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for human consumption.

Tympanotonus fuscatus obtained from site |l and Ill. The sediment pollution assessment revealed
that the contamination factor (CF) and geoaccumulation index, I, of Cd were far above the
permissible limits while Pb and Ni were mostly within limits. The estimated contamination degree
(CD) and pollution load index (PLI) showed a high degree of pollution, which can be mainly
attributed to the high degree of Cd contamination in the sediment. Therefore, the area under
investigation is highly polluted and the periwinkle obtained from Iko river in the study area is unfit

Keywords: Heavy metals;
contamination; pollution.

1. INTRODUCTION

Marine pollution is a critical environmental issue
of concern across the globe. As human
population increases, the intensity of
anthropogenic threat exerted on the environment
increases as a result of industrialization and
agricultural activities [1]. Water, sediments and
biota are generally metal reservoirs in aquatic
environment. Researchers have revealed that
nearly all metal content in aquatic environment
reside in water sediments [2]. Bower [3] noted
that sediments are the major depository of
metals, in some cases holding up to 99% of the
total amount in the system. The level of harmful
and toxic substances is usually higher in river
sediments and biological tissues than in the
water itself. Aquatic ecosystem is the ultimate
recipient of almost everything including heavy
metals. This has long been recognized as a
serious pollution problem [4]. Previous studies
have shown that 30-90% of heavy metals in
rivers are transported in sediments associated
form [5]. Sediments are regarded as any
particulate matter that can be transported by fluid
flow and which eventually is deposited as a layer
of solid particles on the bed or bottom of body of
water or other liquid. The contamination of
aquatic system by heavy metals, especially in
sediments has become one of the most
challenging pollution issues owing to its toxicity,
abundance, persistence and subsequent bio-
accumulation in benthic organisms [6]. When
discharged into aquatic ecosystems, heavy
metals can be absorbed by suspended solids,
then strongly accumulate in sediments and bio-
magnify along aquatic food chains. Thus,
sediments act as sink and a major source of
heavy metals to aquatic flora and fauna. Many
aquatic organisms, like Tympanotonus fuscatus
(periwinkle), have the ability to accumulate and
bio-magnify contaminants like heavy metals,
polycyclic aromatic hydrocarbons and
polychlorinated biphenyls in the environment [7].

Tympanotonus fuscatus;
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risk assessment; total hazard quotient;

2. MATERIALS AND METHODS
2.1 Study Area

The study was conducted at designated sites
along lko River, Eastern Obolo L.G.A
inAkwalbom State, Nigeria. IkoRiver is located in
the eastern part of the Niger Delta between
latitude 4°30 N and 4°45”N and longitude 7°35"E
and 7°40°E, the river has a shallow depth
ranging from 1.0 meter to 7.0 meters at flood and
ebb tide and an average width of 16metres.
IkoRiver takes its rise from the Qua Ibo River
catchment and drains directly into the Atlantic
Ocean at the bight of bonny. lkoRiver has many
adjoining tributaries and creeks, and part of it
also drains into Imo River estuary, which opens
into the Atlantic Ocean at the bight of bonny.

2.2 Sampling Techniques

Water, Tympanotonus fuscatus and sediment
were collected at three different sampling
stations along the study site (lkoRiver) between
the months of May and August in 2018. At each
of the sampling points, six samples each of
water, sediments and Tympanotonus fuscatus
were collected. Water samples were obtained at
the depth of 20 cm below the surface using an
acid prewashed 1litre polyethylene bottles; the
water samples were then transported to the
laboratory for analysis. Sediment samples were
collected at a depth of 10 cm using soil augur,
kept in a polythene bag and transported to the
laboratory for analysis.

2.3 Samples Preservation and Pre-

treatment

The water samples were placed in pre-cleaned
plastic bottles and nitric acid was immediately
added to prevent any microbial action on the
water. They were then taken to the laboratory for
digestion. Sediment sample was weighed and
then air dried in the oven. After air-drying, the



dried sediments was then meshed, pounded and
sieved to fine powdered particles.

The Tympanotonus fuscatus samples were
washed thoroughly to clean and remove dirt and
mud particles. The soft periwinkle tissues were
removed from the shells with a clean sterilized
steel needle. The periwinkle tissue was air dried
in the oven. After air drying for three days the
samples were collected and pounded into
powdered form and then taken for digestion.

2.4 Analysis

2.4.1 Determination of total metal content in
water

EPA method 3005A was used in water digestion.
100 mL aliquot of well-mixed water sample was
transferred to a beaker. Thereafter, concentrated
HNO; (2 mL) and concentrated HCI(35 mL) was
added to the sample. The sample was covered
with a ribbed watch glass and heated, without
boiling, on a hot plate at 90 to 95°C until the
volume was reduced to 15 mL.The beaker was
removed from the hotplate; the digestate was
allowed to cool and centrifuged to remove
silicates and other insoluble material that could
clog the AAS nebulizer. Heavy metal
concentration was analysed with FAAS (Buck
scientific model 210 VGP-Variable Giant Pulse).

2.4.2 Determination of total metal content in
sediments

Nitric—perchloric acid digestion, with procedure
outlined by AOAC [8], was performed on the
sediment samples. 1 g of sample was placed in a
100 ml digestion tube and concentrated HNO;
(10 mL) was added. The mixture was boiled
gently for 30 min. to facilitate the oxidization of all
easily oxidizable matter in the sample. After
cooling, 70% HCIO4 (5 mL) was added and the
mixture was boiled cautiously until dense white
fumes appeared. After cooling, 20 ml of distilled
water was added and the mixture was boiled
further to no fumes were released. The solution
was cooled, filtered through Whatman No. 42
filter paper, transferred quantitatively to a 25 ml
volumetric flask and diluted to mark with distilled
water.

2.4.3 Determination of total metal content in
Tympanotonus fuscatus

0.5 g of each sample was digested with 10ml
aqua regia (3:1 v/v HCI/HNO3) and 1 ml HCIO,.
The mixture was heated on a hot plate to near
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dryness and the digestate was cooled, diluted
with 25 ml distilled water and filtered with
Whatman No. 42 filter paper into a 100 ml
volumetric flask. Heavy metal concentrations in
the digestate were measured with flame atomic
absorption spectrophotometer

2.4.4 Determination  of
parameters

physico-chemical

The parameters assessed were Salinity, TDS,
Temperature, Conductivity, Current, and pH
respectively. Water samples for the
physicochemical analyses were done. Total
dissolved solids (mg/l), Conductivity (us/cm), and
water temperature (°C), were conducted using
the conductivity meter (DDST-3084) and salinity
(%), current (nA) and dissolved oxygen were
conducted using the DO oxygen meter DC
analyzer JPS-605.

2.5 Human Health Risk Assessment

Human risk assessment utilizes some tools in
evaluating the risk posed by potentially
hazardous agents to human health. The United
States Environmental Agency (USEPA) models
[9,10] were employed in this study.

2.5.1 Estimated Daily Intake (EDI)

The EDI of heavy metals in the periwinkle
consumed by the exposed populace was
estimated using the formula,

EF X EDX MI xMC
ORD XBW x AT

EDI (ug/kg-bw/day) =

EF is the exposure frequency (365 days/year),
ED is the exposure duration (51.86 yrs), which is
the estimated average life span of a Nigerian
[11], MC is the metal concentration in perewinkle
(ug/kg), MI is the mass of periwinkle ingested.
According to WHO [11], the per capital
consumption of fish and shellfish in Nigeria for
human food is averaged 9.0 kg, which is
equivalent to 24.7 g (0.0247 kg) per day; average
adult body weight (BW) is considered to be 60
kg; AT is the average exposure time for non-
carcinogens (EFx ED, 365 days/year x 51.86

yrs).
2.5.2 Non-carcinogenic health effect
2.5.2.1 Target hazard quotient

Non-carcinogenic risk estimation of heavy metals
consumption was determined using THQ values.



THQ is a ratio of the determined dose of a
toxicant to a reference dose considered harmful.
If the ratio is equal to or greater than 1, an
exposed population is at risk.

EDI
THQ = SRD
where EDI is the estimated daily intake of heavy
metals through consumption of periwinkle (as
described in the previous equation); ORD is the
Oral Reference Dose which is the daily dose of
the metals that is likely to pose no appreciable
risk of deleterious effects during a life time as
recommended by USEPA, WHO and FAO. The
following reference doses were used (Cd =0.001
mg/kg/day, Ni = 0.02 mg/kg/day, Pb = 0.0035
mg/kg/day) [9,10,11].

2.5.2.2 Hazard index

Hazard index is used to evaluate the potential
risk to human health when more than one heavy
metal is involved. Hazard index was calculated
as the sum of hazard quotients (HQs). Since
different pollutants can cause similar adverse
health effects, it is often appropriate to combine
HQs associated with different substances.

HI=ZTHQ;

where >THQ; is the sum total of THQ of
individual metals in the perewinkles and i is the
distinct heavy metal in consideration.

2.6 Sediment Pollution Indices and
Ecological Risk Assessment

The following pollution indices were adopted to
estimate heavy metal pollution of sediment
samples obtained from the study area: (i) degree
of contamination (CD) (ii) contamination factor
(CF) (iii) pollution index (PI) (iv) geoaccumulation
index (lgeo)

Contamination factor (CF) is estimated as, [MMC ]
bkg

Where M. is the mean concentration of individual
metal and My, is the background value of
individual metal. The gradation of CF is as
follows: low (CF < 1), moderate (1 < CF < 3),
considerable (3 < CF < 6) and high (CF = 6)

Contamination degree is estimated to give a
holistic impact of multimetals on the environment
[12,13]. In this study CD was calculated using the
formula developed by Hakanson [14], which
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states that CD is the sum total of CF of the
individual metals

CD=YCF

The degree of contamination is categorized into
low (CD < 6), moderate (6 < CD =< 12),
considerable (12 < CD < 24), and very high (CD
> 24)

Pollution Load index is calculated using
Tomlison’s method [15] and is expressed as the
nth root of the product of n CF
PLI = [CF; x CFy x .... x CF,]""

Where n corresponds to the number of metals
and CF,is the contamination factor of metal n.
PLI is categorized as follows: background
concentration (PLI = 0), unpolluted (0 < PLI £ 1),
unpolluted to moderately polluted (1 < PLI £ 2),
moderately polluted (2 < PLI < 3), moderately to
highly polluted (3 < PLI < 4), highly polluted (4 <
PLI < 5) and very highly polluted (PLI > 5).

Geoaccumulation index (lge,) is usually employed
to estimate metals enrichment above baseline
concentration of sediments and soil. In this study,
the lg, was calculated using the method
developed by Muller [16].

oo = log: (557)

Where C, is the concentration of metal (n) in the
sediment sample and B,is the geochemical
background, which corresponds to metal (n)
concentration in average shale. In this study the
background sediment concentrations of Pb, Cd
and Ni used were 20, 0.3 and 68 mg/kg
respectively [17]. According to Muller (1969), the
correlation between Iy, and degree of metal
pollution are classified as follows: unpolluted
(Igeo= 0), unpolluted to moderately polluted (0
<lgeoe< 1), moderately polluted (1 <lgeo < 2),
moderately to heavily polluted (2 <lgos 3),
heavily polluted (3 <lge, < 4), heavily to extremely
polluted (4 <lge, < 5), or extremely polluted (lgeo™>
5).

3. RESULTS AND DISCUSSION
3.1 Water Analysis

The results of the physico-chemical and heavy
metals analysis of the water samples in the study
and control sites are presented in Tables 1 and 2
respectively.
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Table 1. Physico-chemical parameters of water sample

Site | Site Il Site lll
Salinity 0.08% 0.01% 0.03%
TDS (mg/l) 762 134.8 324
Temperature (C) 271 26.8 271
Conductivity (us/cm) 1529 269 645
Current | (nA) 1343 1132 1295
pH 6.5 6.6 6.9
DO(Dissolved Oxygen) 52.1 52.2 46.7
Table 2. Heavy metals in water sample (mg/l)
Site Pb Cd Ni
I 9.865 + 0.001 4.17410.002 0.985+0.001
Il 15.413+0.001 11.929+0.0012 1.645+0.002
Il 12.107+0.001 8.649+0.043 1.126+0.001
Table 3. Heavy metals in Tympanotonus fuscatus and Sediment (mg/kg)
Sample Site Pb Cd Ni
Perewinkle I <0.001 5.43+0.1 0.77+0.3
Il 6.2310.2 54.4+0.2 83.610.2
i <0.001 15.6+0.2 4.8+0.5
Sediment I <0.001 4.57+0.1 2.42+0.3
Il 5.410.2 31.8+0.5 91.6+0.2
0l <0.001 23.25+0.1 17.3+0.2

Table 4. Estimated Dietary Intake (EDI) and Estimated Weekly Intake (EWI) of metals in
T. fuscatus (ug/kg-bw/day and week)

Sample ID Pb Cd Ni

EDI EWI EDI EWI EDI EWI
I 4.1 x10" 29x10° 22 15.4 0.32 2.24
I 2.6 18 22 154 34 238
11 4.1 x10" 29x10° 6.4 448 2.0 14
Guidelines PTDI PTWI PTDI PTWI PTDI PTWI
WHO 1993 3.57 249 - - - -
JECFA 2010 - - 0.829 5.8 - -
WHO 1997 - - - - 5 35

Physico-chemical parameters: Table 1 shows
that the salinity of sampling sites |, Il and Ill were
0.08%, 0.01% and 0.03% respectively. This can
be attributed to the proximity of the sampling
sites to the river source, the Atlantic Ocean,
which is a saline water body. Site | was the
closest to the ocean, followed by site Il while site
Il was farthest from the ocean. The salinity
parameter also correlates with other physico-
chemical parameters namely total dissolved solid
(TDS), conductivity and current, which gave the
trend as follows: | > Ill > II. Table 1 indicates that
dissolved oxygen was least in site Ill, which can
be attributed to higher eutrophication process
due to the presence of phosphates and nitrates,
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especially since this area is closest to human
settlements and farmlands. Dissolved oxygen
concentration and the pH of water bodies are
important parameters that determine the spatial
and temporal distribution of aquatic organisms,
particularly the fish fauna [18]. Dissolved oxygen
is required for respiration by most aquatic
animals. Apart from this, dissolved oxygen
combines with other important elements such as
carbon, sulphur, nitrogen and phosphorous to
form carbonates, sulphates, nitrates and
phosphates, respectively, which constitute the
required compounds for the survival of aquatic
organisms. In the absence of adequate oxygen
levels, the above elements, among others, could



form compounds which are toxic to the aquatic
biota [19].

Lead: Lead concentration in water sample varied
between 9.86+0.001, 15.413+0.001 and
12.107£0.001 mg/l in sites I, 1l and |l
respectively (Table 2). The lead content was
observed to be highest in water samples
obtained from site Il, which was the downward
region and closest to an illegal oil bunkering
area. This indicates that Pb pollution was
much higher in this region than the upwind
regions. Generally, the mean lead content for
the water samples were above the permissible
limit set by WHO [20] at 0.001 mg/l, NSDWQ
at 0.01 mg/l and FMENV at 0.05 mg/l and
the values were above stipulated limits
respectively.

Cadmium: The mean Cd concentration varied
from 4.17+0.001 (Site I), 8.65+0.04 (Site Ill) and
11.93+0.001 (Site Il). The Cd concentration was
found to be highest in site II, which is closest to a
suspected illegal bunkering site. Furthermore,
the mean cadmium concentration for the water
samples were above the permissible limit set by
WHO (0.003 mg/l), NSDWQ (0.003 mg/l) and
FMENV at (1.0 mg/l), making it unsafe for
humans.

Nickel: Table 2 indicates that the nickel
concentration in the water samples ranged from
the lowest in site |1 (0.9940.001 mg/l) to the
highest value in site Il (1.64+0.002 mg/l). It was
observed that Ni concentrations were lowest,
when compared to Cd and Pb.
3.2Heavy Metals in Sediment and
Tympanotonus fuscatus

Lead: The Pb concentration in Tympanotonus
fuscatus and sediment obtained in sites | and Il
were very minimal and below permissible limit,
indicating low geo-accumulation and bio-
accumulation in the sediment and T. fuscatus
respectively. Meanwhile, Pb concentration of
T. fuscatus and sediment in site |l were 6.23+0.2
mg/l and 5.41£0.2 mg/l respectively, indicating a
high bio-accumulation of this toxic metal in the T.
fuscatus, which is an important delicacy of the
populace and exposing them to numerous health
hazards. Chronic exposure to high levels of lead
may cause weakness, anemia, kidney and brain
damage and even death. It has been reported
that lead can cross the placental barrier, implying
that pregnant women exposed to Pb may result
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in defects (like brain damage) to the unborn
foetus [21].

Cadmium: Cd concentration in T. fuscatus at the
three study sites were as follows: Site | (5.43 £
0.1 mg/kg), Site Il (54.4 £ 0.1 mg/kg) and Site IlI
(15.6 £ 0.1 mg/kg) while Cd in sediments ranged
from 4.57+0.1 mg/kg in Site | to 31.8+0.5 mg/kg
in Site Il. Generally, it was found that site Il
recorded the highest Cd levels in both sediments
and T. fuscatus. Sediments are the ultimate sink
of pollutants in the aquatic system, which implies
that the metals in the water will ultimately end up
in the sediments, which are taken up by bottom
feeders like T. fuscatus. International Agency for
Research on Cancer (IARC) has introduced
cadmium as a carcinogenic agent which is a
major cause of kidney dysfunction [22].

Nickel: Ni in Tympanotonus fuscatus ranged
from 0.77+0.3 mg/kg (Site 1) to 83.6+0.2 mg/kg
(Site II) and in sediment, Ni ranged from
2.42+0.3 mg/kg (Site 1) to 91.6+0.2 mg/kg (Site
I). It can be observed from table 3 that the Ni
concentrations in sediments were generally
higher than in T. fuscatus. The presence of Ni in
the study sites may be attributed to industrial
activities around the area, which generate
polluted waste that is discharged into the river.
The most common harmful health effect of nickel
in humans is an allergic reaction. For example,
eczema and asthma can result from nickel
exposure through inhalation.  Other serious
harmful health effects from nickel exposure
include chronic bronchitis, reduced lung function,
and cancer of the lung and nasal sinus.
According to ASTDR [23], oral exposure of
humans to high levels of soluble nickel
compounds through the environment is
extremely unlikely. However, eating or drinking
levels of nickel much greater than the levels
normally found in food and water have been
reported to produce lung disease in dogs and
rats and to affect the stomach, blood, liver,
kidneys, and immune system in rats and mice,
as well as their reproduction and development
[23].

Generally, it is observed that metal
bio/geoaccumulation was higher in low salinity
aquatic system (Site IlI) than in high salinity
system (Site I). This observation correlates with
the finding of Pierron et al. [24], who stated that
at low salinity, bioavailability of Cd in shrimp
Palaemonlongirostris is increased. Fritioff et al.
[25] also opined that metal concentration at low



salinity aquatic system was twice higher than in
high salinity water.

3.3 Human Health Risk Assessment

Estimated Dietary Intake (EDI): EDI of Pb, Cd
and Ni in Tympanotonus fuscatus in the study
area are shown in Table 4 and intake estimates
are expressed in mg/kg-bw/day or weekly. These
values are compared with the recommended
guidelines as stipulated by environmental safety
institutions. The joint FAO/WHO Expert
Committee on Food Additives (JECFA) stipulated
a Provisional Tolerable Daily Intake (PTDI) of
3.57 pg/kg body weight for lead [22] and 0.83
pug/kg body weight for cadmium [26]. These
translate to 214.2 ug/ day lead for a 60 kg adult
while for cadmium, it is 49.8 pg/day for a 60 kg
adult. WHO [27] has given a Tolerable Daily
Intake (TDI) of Ni to be 5 pg/kg body weight,
which translates to 300 pg/day for a 60kg adult.
The daily lead intakes for an adult, due to the
consumption of periwinkle obtained in this study
sites were: | (4.1 x 10™ pg/kg/day), Il (2.6
pug/kg/day), I (4.1 % 10 pg/kg/day) which
indicates that the EDI or lead in the three sample
sites were below the recommended PTDI (3.57
pg/kg-bw/day) for lead; EDI for Cd in the sites
were as follows; | (2.2 pg/kg/day), Il (22
ug/kg/day), 1l (6.4 pg/kg/day) which all exceed
the PTDI of cadmium (0.829 ug/kg/day). The EDI
(EWI) for Ni were 0.32 ug/kg/day (22
pug/kg/week) in Site |; 34 pg/kg/day (238
pg/kg/week) in site Il and 2.0 upg/kg/day (14
pug/kg/week) in  site  lll.  The estimated
dietary/weekly intake of Ni in site | and Il were
lower than the provisional tolerable daily intake of
5ug/kg-bw/day, suggesting no potential adverse
effects to the exposed populace from Ni
contamination. However, EDI and EWI of
cadmium were higher than the recommended
PTDI and PTWI indicating hazardous potential
for the consumption of the Tympanotonus
fuscatus. In the subsequent section, the hazard
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posed by the heavy metals to humans will be
quantified using the total hazard quotient and
hazard index parameters.

Target Hazard Quotient (THQ) and Hazard
Index (HI): This parameter assesses the non-
carcinogenic health risk posed by the metal
exposure from the consumption of
Tympanotonus fuscatus in lko River, as
presented in table 5. The THQ of metals in
periwinkle are in the order Cd > Ni >Pb with
values in site | (2.2, 0.16, 0), site Il (22, 1.7,
0.74)and site Il (6.4, 0.1, 0). With the exception
of Cd, the THQ for the metals were generally
below 1. Cadmium gave a very high THQ
indicating extreme pollution and health risk to
exposed populace; THQ of Cd contributed to
over 90% of the hazard index in all the study
sites. Hazard index (HI) is the combined effects
of the heavy metals assessed in the study sites
and it was found in this study that sites |, Il and Il
recorded HI of 2.36, 24.44 and 6.5 respectively,
which is above the maximum acceptable limit of
1 and implies that the Tympanotonus fuscatus
obtained in these location are not fit for human
consumption. In all three sites investigated, Cd
contributed to over 90% of the recorded HI while
Ni and Pb gave minimal contributions to the
hazard index of the periwinkle obtained from the
sites.

3.4 Sediment Pollution Indices and

Ecological Risk Assessment

The contamination factor values calculated for
metals in the sediment were in the following
order: Cd (77.5, 106.0, 14.9) > Ni (0.04, 1.35,
0.25) >Pb (0, 0, 0.27); generally, site Il had the
highest contamination factor while site lll had the
least. CF for Ni and Pb were mostly below 1
which indicates low degree of contamination,
according to Hanson (1980); while the CF for Cd
at all sites exceeded 6 which implies a very high
degree of contamination. The high amount of

Table 5. Target Hazard Quotient (THQ) and Hazard Index (HI) for metal intake (consumption of

24.7 g/day)
Sample ID Total Hazard Quotient (THQ) Hazard Index (HI)
Pb Cd Ni
I 0 22 0.16 2.36
(%) HI - 93.2 6.8
Il 0.74 22 1.7 24.44
(%) HI 3.03 90.02 6.96
Il 0 6.4 0.1 6.5
(%) HI - 98.46 1.54

% HI = Percent (%) contribution of each metal to the hazard index

44
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Table 6. Contamination factor (CF), Contamination degree (CD) and Pollution load index (PLI)
of heavy metals in sediment

Sample ID Contamination factor (CF) CD PLI
Pb Cd Ni

I 0 14.9 0.04 14.94 0.7720

Il 0.27 106.0 1.35 107.62 3.3807

1l 0 775 0.25 77.75 4.4017

Table 7. Geoaccumulation index (lge,) values for heavy metal concentration obtained in
sediment samples

Sample ID Pb Cd Ni

I 0 3.0568 0.00714
Il 0.05418 21.271 0.27031
Il 0 15.5519 0.05105

cadmium in the sediments may have been due to
discharges from the illegal bunkering and other
industrial activities into the river. This pollutant is
subsequently deposited on the river sediments,
which acts as a pollutant sink, and are taken up
by benthic organisms. Cadmium is a well known
carcinogen that has harmful effects to human
lungs, bones and kidney. The contamination
degree (CD) of the metals at the sampling sites
was as follows: Site | (14.94), Site Il (107.62),
Site (77.75) which were all above 24 and implies
a very high degree of contamination, according
to the formula developed by Hakanson [14]. The
high contamination degree in all sample sites
may be attributed to the high degree of cadmium
contamination in the sampling area. Table 6
shows that the pollution load Index (PLI) of site |
is 0.7720, which according to Tomlison [15],
infers no pollution; site Il — 3.38, implying
moderately to high pollution; site Il — 4.47,
indicating high pollution of the sediment obtained
at the sample site.

Table 7 shows the result of the estimated
geoaccumulation index, lge, values of Pb, Cd and
Ni in sediment samples in the sites under
investigation. The lge, values for Pb and Ni were
within 0 <lg, < 1 implying that the sediment
samples were unpolluted to moderately polluted.
The calculated lge, values of Cd for the sites I, Il
and Il were 3.0568, 21.271 and 15.552,
respectively. These values are higher 5, implying
that the sites are extremely polluted with Cd [16].
The extreme cadmium pollution is likely from
anthropogenic sources and it poses a problem
for the ecosystem, since cadmium has adverse
effects on both flora and fauna.

4. CONCLUSION

The human and ecological risk assessment of
the study area has revealed an alarming degree
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of pollution of the study sites. The estimated
dietary intake of Cd in Tympanotonus fuscatus
obtained sites I, II, Ill and Ni in site || exceeded
the provisional tolerable dietary intake, while EDI
for Pb was within the limit for all sites. The total
hazard quotient of Cd in all sites was much
higher than 1, while THQ for Pb and Ni were less
than 1. The hazard index (HI) of consuming T.
fuscatus in sites | (2.36), Il (24.44) and site Il
(6.5) were higher than 1, highlighting a potential
hazardous effect from the consumption of T.
fuscatus obtained from these sites. The
ecological risk assessment of sediment samples
showed that the contamination factor (CF) and
geoaccumulation index, lye, of Cd were far above
the permissible limits while Pb and Ni were
mostly within limits. Due to the high degree of Cd
pollution in the sediment, the estimation of
contamination degree (CD) and pollution load
index (PLI) revealed a high pollution of the
sampling sites, which followed the order: Site Il >
Site Ill > Site |I. Therefore, the area under
investigation is highly polluted and the T.
fuscatus obtained from lko River is unfit for
human consumption.
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