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Introduction
Fish and other seafood are an
important source of human protein.
In addition to the high protein
content, the high omega-3 fatty
acids, vitamins, essential mineral
and the low saturated fat contents are
known to contribute to good health.
The American Heart Association
recommends individuals eat fish at
least twice a week in order to meet the
recommended daily intake of omega-3
fatty acid.1 Fish have been recognized
as good accumulators of organic and
inorganic contaminants in the aquatic
environment. Among different aquatic
organisms, shellfish (eg. periwinkle
(Tympanotonus fuscatus) and clam
(Egeria radiata)) accumulate large
quantities of contaminants from their
habitat due to their feeding habits
and the nature of their habitats. They
are found in muddy fresh water, the
inter-tidal zone of brackish water,
creeks and estuaries.2 Habitats
1

Background. As water flows through habitats associated with estuaries, such as mud flats, salt
marshes, sea grass and mangrove forests, pollutants such as heavy metals are filtered. The fine
sediment dominant in intertidal and subtidal estuarine systems is an important sink for these
contaminants. Periwinkle, which inhabit estuarine ecosystems, are known to bioaccumulate
large quantities of contaminants.
Objectives. In view of the widespread consumption of periwinkle in the Niger Delta, Nigeria,
this study was designed to assess the concentration and potential human health hazards of
heavy metals due to the consumption of this rich, inexpensive and readily available source of
protein in Calabar, Nigeria.
Methods. Lead (Pb), cadmium (Cd), chromium (Cr) and nickel (Ni) content of edible tissues
of periwinkles obtained from major markets in Calabar were determined using Shimadzu
atomic absorption spectrophotometer (Model AA-6800, Japan) after wet digestion.
Results. The ranges of concentration (mg/kg dry weight) were Pb (0.011-0.056), Cd (0.0080.032), Cr (0.014-0.157) and Ni (0.053-0.261) for Watt Market and Pb (0.009-0.052), Cd
(0.011-0.032), Cr (0.012-0.052) and Ni (0.012-0.322) for Mariam Market. Concentrations of
all the metals were below Food and Agricultural Organization (FAO), FAO/World Health
Organization (WHO) and Commission of European Communities maximum permissible
limits. The estimated daily intake (EDI) of Pb and Cd were slightly higher compared to the
recommended daily intake for the metals. The EDI of all metals under study were lower than
the upper tolerable daily intake. The target hazard quotients (THQ) computed to estimate
the human health risk posed by each metal were above the safe limits of unity, except for Cr.
The hazard index (HI) for a typical adult of 60.7 kg body weight was found to be 9.7 for Watt
Market and the relative contributions to the aggregated risk were 24.66%, 54.51%, 0.0001%
and 20.70% for Pb, Cd, Cr and Ni, respectively. The HI for Marian Market was 10.7 and the
relative contributions to the aggregated risk were 22.31%, 57.55%, 0.06% and 20.09% for Pb,
Cd, Cr and Ni, respectively.
Conclusions. Consumption of periwinkles purchased from major markets in Calabar poses
toxicological risk with respect to Pb, Cd and Ni poisoning.
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associated with estuaries, such as
salt marshes, mudflats, sea grass and
mangrove forests act like enormous
filters. As water flows through these
habitats, pollutants such as herbicides,
pesticides, heavy metals and plastics
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are filtered.3 The fine sediment
dominant in intertidal and subtidal
estuarine systems is an important
short-term and long-term sink for
these contaminants and therefore
estuaries are one of the most polluted
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ecosystems.3
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ANOVA
bw

Analysis of variance
Body weight

EDI

Estimated dietary intake

FAO

Food and Agricultural
Organization

is capable of causing significant health
challenges. Metals such as lead (Pb),
cadmium (Cd) and mercury have no
known significant biological role in
the human body. They elicit extreme
toxicity even at low concentrations
and have been regarded as a serious
threat to life. There is no limit below
which these metals are said to be
safe.7 Determining the health risk
of seafood obtained from the Niger
Delta estuaries is therefore of utmost
importance to public health.
The periwinkle species Tympanotonus
fuscatus is a deposit feeder,
feeding on mud and digesting the
detritus and other organic matter
in highly productive and in most
cases extremely polluted estuarine
ecosystems. The organism is very
sensitive to pollutants and has been
previously used as a bio-indicator
of aquatic pollution.2 Tympanotonus
fuscatus is one of the most widely
distributed species of periwinkles in
the estuarine mud flats of southern
Nigeria. The species is a delicacy
in most riverine communities as
they provide a relatively cheap
source of animal protein especially
for low-income earners and are
often recommended for pregnant
women and those who are protein
deficient. The shells are used as a
source of calcium in animal feeds
and for construction purposes.

HI
THQ

Hazard index
Target hazard quotient

USEPA

United States Environmental
Protection Agency

WHO

World Health Organization
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Heavy metal pollution of aquatic
ecosystems is an environmental
problem of global concern, partly
because they are ubiquitous in nature
and particularly due to their potential
toxicity, non-biodegradability and
persistence. Aquatic organisms are
sensitive to heavy metals in water,
sediments and food.4 Some heavy
metals may bioaccumulate in certain
food chains. Invertebrates such as
shellfish, crabs and shrimps have
been reported to bioaccumulate more
heavy metals than fin fish because
of differences in their evolutionary
phylum-specific coping strategies.5
The two main ways through which
heavy metals gain entry into the
food chain are direct ingestion of
water/food through the digestive
track and non-dietary routes across
the semi permeable membranes
of the organism’s tissues.5 Humans
are at risk due to bioaccumulation
and biomagnification of these toxic
substances along the food chain.
The rates of bioaccumulation and
biomagnification of metals in aquatic
organisms differ from one organism
to another and depend on the type of
metal concerned, chemical form of
the metal and concentration in water/
sediment.4 It follows that heavy metal
concentrations measured in these
organisms are a direct reflection of the
concentrations in the medium from
which they are sourced.6 The science
of inferring the ecological condition
of a given ecosystem by examining the
organism inhabiting it (biomonitoring)
is fast gaining attention as an indirect
way of assessing human exposure to
extraneous substances.4 At certain
concentrations referred to as allowable
limits, essential metals play vital roles
in the human body as some of them
form an integral part of enzymes that
work for the proper functioning of
the human system. Above allowable
limits, even the most essential metal
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They are also painted and used as
ornaments for decorations, forming
an important industry in the Niger
Delta region of Nigeria.8 The Niger
Delta is continuously exposed to
environmental pollution arising from
oil exploration, exploitation, and
its associated processing activities.
Oil spills routinely occur in the oil
rich region as part of the oil and gas
exploration and exploitation process.
An estimated 3.1 million barrels of
crude oil enriched in manganese
(Mn), iron (Fe), copper (Cu), zinc
(Zn), Pb, nickel (Ni), cobalt, Cd and
chromium (Cr) have been spilled
between 1976 and 2014 in the region.9
Aquatic systems are the ultimate
repositories of these contaminants
given that over 90% of oil in Nigeria is
drilled offshore. Elevated levels of Pb,
Cd, Cr and Ni have been previously
reported in the water column in the
area.9 Tidal regimes have caused
extensive distribution of pollutants
across the length and breadth of
the network of adjourning rivers,
creeks and estuaries. In view of the
wide consumption of periwinkle,
this study was designed to assess the
heavy metals content of this rich,
cheap and readily available source of
protein sold in the two major markets
(Watt Market and Marian Market)
in Calabar metropolis. Contaminant
levels in food items can exceed the
allowable limits set by regulatory
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authorities but may not present a
significant risk to human health,
probably due to the antagonistic
effects of other contaminants. At other
times, contaminant levels lower than
allowable limits present significant
deleterious effects due to synergy
between different contaminants.
Therefore, estimated dietary intake
(EDI), target hazard quotient (THQ)
and hazard index (HI) were used to
evaluate potential health implications
for consumers in order to safeguard
public health.

Methods
Calabar Metropolis is the capital city
of Cross River state (one of nine states
3

in the oil rich Niger Delta region) of
Nigeria with a population of 579,000
as of the year 2020.10 The city, although
urbanized, does not have adequate
waste management facilities.11
Municipal wastes and effluents are
largely disposed of in open dumps and
drains, most of which ends up in the
adjoining rivers and swamps during
the characteristic torrential rains.
The city is drained by the Calabar
River to the west and the Great Kwa
River to the east, both of which
discharge into the Cross River Estuary,
which subsequently flows into the
Atlantic Ocean at the Gulf of Guinea.
Both rivers maintain a network of
tributaries and creeks. The Cross River
Estuary and its systems support a rich
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mangrove swamp ecosystem with
extensive mud flats and swamps, rich
in shell fishes, including periwinkles.
Tympanotonus fuscatus is one of the
commercially important periwinkle
species harvested from this mangrove
swamp and sold widely within and
outside Cross River state.
Sample collection
Fresh periwinkles were purchased
from Watt and Marian markets
within Calabar Metropolis. Three
lines of vendors in the periwinkle
section of each market were selected
for the study. One cup of periwinkle
containing between 75 and 90
individuals (depending on size) was
Udiba, Udofia, Akpan
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Figure 1 — Map of study area showing typical periwinkle habitat
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Sample preparation
The weights of the periwinkles from
each sampling point per month
were measured. Only fully matured
periwinkle with weights ranging
between 5.5 g to 7.5 g were used for
the sampling station for that month
to minimize the variations in metal
concentrations in relation to body size.
The concentration of metals in bivalve
mollusks could vary with body size.12
The edible parts of the periwinkle
from each sampling point per month
were obtained by cracking the shells.
The soft tissues (edible part) of the
periwinkle were extracted, dried in the
oven (heat drying oven, model DHG)
at 80oC for 72 hours to a constant
weight and ground into powder. A
total of 5 g of the ground sample was
placed in a beaker and digested with
20 ml of concentrated nitric acid/perchloric acid mixture in the ratio 3:1 on
a hot plate. Concentrated nitric acid
was added as necessary until digestion
was completed, as shown by a clear
solution. The digest was then filtered
into 50 ml volumetric flask and made
up to the mark with distilled deionized
water.

Udiba, Udofia, Akpan

Metal analysis
The metal concentration in the digests
was determined by atomic absorption
spectrophotometry (Shimadzu,
model AAS-6800, Japan) equipped
with Zeeman background correction
and graphite furnace at the National
Research Institute for Chemical
Technology, Zaria. The calibration
curve was prepared by running different
concentrations of the standard solutions.
Analytical quality assurance
Appropriate quality assurance
procedures and precautions were
taken to ensure the authenticity of
the results. Samples were carefully
handled to avoid cross-contamination.
Glassware was properly cleaned
and distilled deionized water was
used throughout the study. Reagents
used – nitric acid (Riedel-de Haen,
Germany) and perchloric acid (British
Drug Houses Chemicals Limited,
England) were of analytical grade.
In order to check the reliability of
the analytical method employed for
metal determination, one blank and
combined standards were run with
every batch of samples to detect
background contamination and
monitor consistency between batches.
The results of the analysis were
validated by digesting and analyzing
standard reference materials (animal
blood coded IAEA-A-13) following the
same procedure. The analyzed values
and the certified reference values
of the elements determined were
compared to ascertain the reliability of
the analytical method employed.
Statistical analysis
Test for normality was carried out
using the Shapiro–Wilks test and the
Z-score test was used to check for
outliers. Having passed the test for
normality and outliers, data collected
were subjected to statistical test of

significance. Independent t-test was
used to compare metal concentrations
in Tympanotonus fuscatus between
the two markets. Probabilities less
than 0.05 (P < 0.05) were considered
statistically significant. Analysis of
variance (ANOVA) test was used to
assess significant variation in metal
concentration between the sampling
months. Probabilities less than 0.05
(P < 0.05) were to be considered
statistically significant. The Duncan
multiple test or Donnette T was
adopted for multiple comparison
between sampling months depending
on whether the homogeneity test was
greater or less than 0.05.
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purchased from each of five randomly
selected vendors on a periwinkle line
(every 5th vendor on a line of between
25 and 29 vendors). The five samples
from each line were pooled together
and designated sampling point 1, 2
and 3 for line 1, 2 and 3, respectively.
The samples were transported in
polyethylene bags to the Zoology and
Environmental Biology Laboratory,
University of Calabar, Calabar, Nigeria.
Six samples were therefore obtained
each month (one from each of the
three sampling points in each of the
markets). Sampling was conducted
once monthly for three months from
June to August, 2019, bringing the
total number samples to eighteen
(obtained from 90 vendors).

Heavy Metals in Periwinkle in Calabar, Nigeria

Estimated daily intake
The EDI of metals from edible tissues
of Tympanotonus fuscatus in this study
was determined using the method by
Ado et al., expressed in Equation 1.13
Equation 1
EDI = (EF× ED × FIR x Cm)/
(BAW × AT)
where, EF is the exposure frequency
(365 days/year), ED is exposure
duration (adopted from Oguguah
et al, 201714 as 54.5 years equivalent
to average life time expectancy
for a Nigerian adult), FIR is the
fish ingestion rate (the FIR for
Nigerians of 0.02 kg/person/day
was also adopted from Oguguah
et al., and used for edible tissues of
Tympanotonus fuscatus), Cm is the
concentration of metal in edible tissues
of Tympanotonus fuscatus (mg/kg),
BAW is the average body weight for an
adult (60.7 kg) and AT is the average
exposure time-age (EF x ED).14
The fish ingestion rate (0.02 kg/
person/day) applied to fresh fish, the
concentrations of metals measured
in this study referring to dry weight
were recalculated to fresh weight

Journal of Health & Pollution Vol. 10, No. 28 — December 2020

4

Research

based on the available information
on the mean moisture content of
periwinkle from the area, to ensure
consistency between the unit used
for fish ingestion rate and measured
concentration data. This was
done following the United States
Environmental Protection Agency
(USEPA), Office of Research and
Development, National Centre for
Environmental Assessment’s guidance
and risk assessments for intake of
fish and shell fish.15 The conversion of
metal concentrations measured in dry
weight to wet weight was done using a
moisture content percentage of 13.458
according to Equation 2.15

where, RfD is the oral reference dose
for metal (mg/kg body weight per day)
and RfD is an estimate of daily oral
exposure for the human population
which does not cause harmful or
damaging effects during a lifetime.16
The methodology for estimation of
THQ was adopted from the USEPA
Regional Screening Levels (RSLs) –
Generic tables, 2020.17 The value of
RfD for Pb (0.0035 mg/kg per day)
was obtained from the literature.18-21
The RfD values for Cd (0.001 mg/kg
per day), Cr (1.5 mg/kg per day) and
Ni (0.02 mg/kg per day) were taken
from the USEPA’s integrated risk
information system.22

Equation 2

Hazard index

Cww = Cdw [(100-W) / 100]

The HI was computed as the sum of
the THQ of the heavy metals under
study as described in Equation 4.16

where, Cww is the wet weight
concentration, Cdw is the dry weight
concentration and W is the moisture
content.
Target hazard quotient
Estimation of potential hazard to
human health (THQ) through the
consumption of edible tissues of
Tympanotonus fuscatus was computed
using Equation 3.
Equation 3
THQ = (EF × ED × FIR × Cm) /
(RfD × WAB × AT)
5

Equation 4
HI = ΣTHQ = THQPb + THQCd +
THQCr + THQNi

Results
To evaluate the accuracy and precision
of the employed analytical procedure,
standard reference materials of animal
blood coded IAEA-A-13 were analyzed
in a like manner to our samples. The
analyzed values and the certified
reference values of the elements
determined were very close, suggesting
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the reliability of the method employed
(Table 1).
Metal concentrations in edible
tissues of Tympanotonus fuscatus
Results obtained from the
determination of heavy metal contents
of edible tissues of Tympanotonus
fuscatus purchased from the two major
markets (Watt Market and Marian
Market) in Calabar Metropolis for
June, July and August are presented in
Table 2.
The lead concentration of edible tissues
of T. fuscatus from Watt Market ranged
from 0.011 to 0.056 mg/kg. The lowest
value was observed in July and the
highest value in June. Statistical analysis
revealed no statistically significant
(ANOVA, P > 0.05) difference in Pb
concentration for T. fuscatus from Watt
Market across the three months in the
present study. On the other hand, Pb
concentration of edible tissues of T.
fuscatus from Marian Market ranged
from 0.009 to 0.052 mg/kg. The lowest
value was observed in August and the
highest value in June. The difference
in Pb content of T. fuscatus across
the three months was statistically
significant (ANOVA, P < 0.05), with
the Pb concentration measured in the
month of June significantly higher than
August. The difference between June
and July, and between July and August
was not significant at a 95% confidence
level.
Udiba, Udofia, Akpan
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Table 1 — Results of Analysis of Reference Material (Animal Blood IAEA-A-13) Compared to the Certified Reference Value (mg/kg)
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Table 2 — Metal Concentration (mg/kg dw) in Edible Tissues of Tympanotonus fuscatus Obtained from Watt Market
and Marian Market, Calabar Metropolis, Nigeria

The cadmium concentration of edible
tissues of T. fuscatus from Watt Market
ranged from 0.008 to 0.032 mg/kg,
with the lowest value observed in
August and the highest value in June.
Statistical analysis revealed that the
difference in Cd concentration of
edible tissues of T. fuscatus from Watt
Market across the three months was
statistically significance (ANOVA,
P<0.05), with June significantly higher
than August. The differences between
June and July and between July and
August were not significant. Cadmium
concentrations in edible tissues of T.
fuscatus from Marian Market ranged
from 0.011 to 0.032 mg/kg. The lowest
value was observed in July and the
highest in June. The difference in Cd
concentration of edible tissues of T.
Udiba, Udofia, Akpan

fuscatus from Marian Market between
the three months was not statistically
significant (ANOVA, P > 0.05).
The chromium concentration of
edible tissues of T. fuscatus from Watt
Market ranged between 0.014 and
0.157 mg/kg. The lowest value was
observed in August and the highest
concentration in June. The difference
in Cr concentration across the three
months was not statistically significant
(ANOVA, P > 0.05). The chromium
content of edible tissues of T. fuscatus
from Marian Market ranged between
0.012 and 0.052 mg/kg. The lowest
value was observed in August and
the highest concentration in July. The
difference in Cr concentration of T.
fuscatus from Marian Market across

the three months was significant
(ANOVA, P < 0.05), with the Cr
concentration in the month of June
significantly higher than August. The
chromium concentration in July was
also significantly higher than August,
but the difference between June and
July was not significant.
The nickel concentration of edible
tissues of T. fuscatus from Watt Market
ranged between 0.053 mg/kg and
0.261 mg/kg. The lowest value was
observed in August and the highest
concentration in June. The difference
in Ni concentration of T. fuscatus from
Watt Market between the three months
was significant (ANOVA, P < 0.05),
with the Ni concentration in June
being significantly higher than August.
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Table 4 — Target Hazard Quotient of Metals in Edible Tissues of Tympanotonus fuscatus Purchased from Watt Market
and Marian Market, Calabar Metropolis

The nickel concentration in July was
also significantly higher than August.
The nickel concentration of edible
tissues of Tympanotonus fuscatus
from Marian Market ranged between
0.012 and 0.322 mg/kg. The lowest
value was also observed in August
and the highest concentration in June.
The difference in Ni concentration of
Tympanotonus fuscatus from Marian
Market across the three months
studied was not statistically significant
(ANOVA, P > 0.05).
7

Estimated daily intake
In order to assess the health risk of any
pollutant, it is necessary to estimate
the level of exposure. One very
significant aspect of such estimation is
the evaluation of daily intake. Average
values of EDI (mg/kg body weight
(bw)/day) recorded for Watt Market
were 0.009, 0.005, 0.018 and 0.045
for Pb, Cd, Cr and Ni, respectively.
Average values of EDI (mg/kg bw/
day) recorded for Marian Market were
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0.008, 0.006, 0.009 and 0.043 for Pb,
Cd, Cr and Ni, respectively (Table 3).
Target hazard quotient
The risk to human health by the intake
of metal-contaminated T. fuscatus was
also characterized using the THQ. The
THQ is the ratio between exposure
and the reference oral dose. Average
THQ values for Watt Market were
2.385, 5.272, 0.012 and 2.002 for Pb,
Cd, Cr and Ni, respectively. Average
Udiba, Udofia, Akpan
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Table 3 — Estimated Daily Intake of Metals in Edible Tissues of Tympanotonus fuscatus Purchased from Watt
and Marian Markets, Calabar Metropolis
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THQ values for Marian Market were
2.385, 6.151, 0.006 and 2.147 for Pb,
Cd, Cr and Ni, respectively (Table 4).
Hazard index

Discussion
There are many exposure pathways of
toxic heavy metals to humans and the
food chain is considered one of the
most important. Globally, the human
health risk due to the consumption
of food from aquatic ecosystems
contaminated with hazardous
chemicals including heavy metals has
increased.14 There is a possibility that
the level of these chemicals in seafoods
may not have significant adverse
effects on an individual organism, but
may still have devastating effects on
animals that consume them due to
bioaccumulation and biomagnification
arising from the food chain as a result
of the trophic transfer factor.23 Fish
are the most important single source
of high-quality protein contributing
over 17% of animal protein and 6.7%
of all protein consumed by the world’s
population. The consumption of fish
has increased significantly in recent
years due to potential nutritional and
therapeutic benefits.24 Consequently,
humans are potentially exposed to
heavy metals and other hazardous
chemicals that are non-biodegradable
and easily accumulated in fish. In
order to effectively assess potential
human health risk of Pb, Cd, Cr,
and Ni due to the consumption of
periwinkle obtained from major
markets in Calabar, it is necessary to
estimate levels of human exposure by
first quantifying the concentration
of these metals in edible tissue of the
Udiba, Udofia, Akpan

organism and then compare with
global regulatory standards.
The mean Pb levels for periwinkle
from Watt Market and Marian Market
(Table 2) were found to be below the
FAO/WHO maximum permissible
limits of 0.05 mg/kg.25 The mean
level measured in this study was also
below the Joint FAO/WHO Expert
Committee on Food Additives
recommended maximum levels;
the Commission of the European
Communities’ maximum levels (1.5
mg/kg) for bivalve mollusks; the
Codex Committee on Food Additives
and Contaminant maximum levels of
0.2 mg/kg.26,27 The implication of these
findings is that periwinkle obtained
from the two major markets in Calabar
do not pose significant adverse health
impact with respect to Pb poisoning,
but there is a serious cause for concern
considering the fact that in 2010
the WHO withdrew the provisional
tolerable weekly intake for Pb on “the
grounds that it is not possible to set
an intake value that is protective for
health”.28 Lead is a persistent metal
which has been characterized as a
priority hazardous substance. It is a
non-essential element, with no known
role in living organisms and exhibits
extreme toxicity even at very low
exposure levels. There is no known
safe exposure concentration for lead.
The toxicity has greater impact in
children than adults because children
absorb four to five times as much
ingested lead as adults.29 Health
effects include interference with the
development of a child’s brain and
central nervous system, reduction
of IQ, behavioral problems and
reduced cognitive development. Lead
induced increase in blood pressure,
cardiovascular diseases, liver and
kidney dysfunction is more common
in adults.30 A similar mean value (0.02
mg/kg Pb) was reported for periwinkle
obtained from the upper reaches
of the Bonny Estuary, Nigeria.31 In

addition, a similar range (0.003-0.032
mg/kg) was recorded for periwinkles
obtained from the Great Kwa River,
Nigeria.32 Lead values ranging from
0.02 to 0.21 mg/kg were recorded for
periwinkles obtained from Uta-Ewa
creek, Imo River Estuary, Nigeria.33
In a study of heavy metals in seafoods
and farm produce in Uyo, Nigeria, a
higher mean value (0.34 mg/kg) was
recorded for Pb in periwinkle.1 A
higher mean value of 55.88±14.28 was
also reported for periwinkle obtained
from the Benin River, Nigeria.34 Lower
values ranging from 0.001-0.004 were
recoded for periwinkle harvested
from a tropical mangrove forest in the
Niger Delta, Nigeria.35 The significant
difference in Pb concentration
observed between the months of June
and August could be attributed to
dilution. August was the peak of the
wet season in 2019. An increase in
water levels due to continuous rains
may have resulted in the dilution of
contaminant levels in the Niger Delta,
suggesting that periwinkle could be a
bioindicator of this metal.
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The HI was developed to evaluate the
potential risk to human health through
more than one heavy metal. The
hazard index in the present study was
determined to be 9.7 for Watt Market
and 10.7 for Marian Market.

Heavy Metals in Periwinkle in Calabar, Nigeria

The presence of Cd in seafood results
from the contamination of water. It
is known to accumulate in aquatic
organisms, particularly detritus
feeders such as mollusks.25 Cadmium
is also not an essential element and
the WHO/FAO have determined the
maximum tolerable daily intake to be
2 mg/person per day.36 The European
Commission maximum levels for
Cd in bivalve mollusks is 1.0 mg/
kg wet weight.37 In the current study,
Cd was below the permissible levels.
At its sixteenth meeting, the WHO
committee on food additives and
contaminant levels in food allocated
a provisional tolerable weekly intake
of 0.4-0.5 mg of Cd per person and
at its thirty-third meeting this value
was expressed in terms of intake per
kilogram body weight (0.007 mg/
kg bw).38 For an average adult body
weight (60.7 kg), the provisional
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Chromium is an essential element
that potentiates insulin action and
enhances carbohydrate, lipid and
protein metabolism at a maximum
intake level of 0.25 mg/day, equivalent
to 0.0041 mg/kg body weight per day
for an average adult of 60.7 kg.40, 41
9

However, exceeding this limit leads
to bioaccumulation and toxicity that
can result in hepatitis and ulcers.1
It is also assumed to cause cancer.42
The findings of this study indicate
that Cr concentration measured in
periwinkle was lower than the WHO
and European Food Safety Authority
(EFSA) safe limits. The values recorded
were lower than the mean value (1.07
mg/kg) noted in a similar study and
1.57 mg/kg reported for periwinkle
obtained from the upper reaches of
the Bonny River, but higher than
the 0.001-0.003 mg/kg found for
periwinkle harvested from a perturbed
tropical mangrove forest in the Niger
Delta.1,31,35 The concentration of Cr
recorded in this study was also higher
than the range of 0.013-0.157 mg/kg
reported for soft tissues of periwinkle
obtained from the Great Kwa River,
Nigeria.32
Nickel is an essential element in
animals, although its functional
importance in humans has not been
clearly demonstrated. It is present
in the pancreas and hence plays an
important role in the production of
insulin. A tolerable daily intake of 2.8
µg Ni/kg bw/day was derived by the
EFSA.43 For an average adult of 60.7
kg, the provisional tolerable daily
intake is 0.012 mg. The nickel level
recorded in this study was below the
allowable limit. The kidney is the
primary target organ for oral exposure
of Ni. Other target organs include
the cardiovascular system, immune
system and blood. Nickel is reported
to correlate with increased incidences
of cancer in humans.39 Values ranging
from 0.09-1.07 µg/g were reported
for Ni in periwinkle obtained within
Uyo metropolis, Nigeria.1 These values
agree with the findings of the present
study except for one sample that
recorded a value of 1.07 µg/g. A higher
mean value of 8.49±2.54 was reported
for Ni in periwinkle obtained from the
Benin River, southern Nigeria.34 The
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concentration of Ni recorded in the
present study was also higher than the
range of 0.000-0.012 mg/kg reported
for soft tissues of periwinkle obtained
from the Great Kwa River, Nigeria.32
Estimated daily intake
In assessing potential human
health risk caused by any chemical
contaminant over a prolonged
exposure, another very important
aspect of estimating level of exposure
is by evaluation of daily intake.
The EDI, which combines data
on contaminant concentrations
in foodstuffs and quantity of food
consumed on a daily basis is widely
used to describe safe levels of
contaminants consumed through
food.16,43 In the present study,
approximate Pb, Cd, Cr and Ni
intakes for people living in Calabar
metropolis through the consumption
of periwinkle purchased from two
major markets were estimated and
compared with the recommended
daily intake and the upper tolerable
daily intake for the metals (Table
3). The tolerable daily intake is an
estimate of the amount of a chemical
contaminant from all available sources
that can be taken in daily over a
lifetime without appreciable health
risk.16 The average EDI of Pb and Cd
for periwinkles obtained from both
Watt and Marian markets were slightly
above the recommended daily intake
for the metals, while Cr and Ni were
below this limit. The average EDI of
the four metals under study (Pb, Cd,
Cr and Ni) for periwinkles obtained
from both markets were below the
upper tolerable daily intake for the
metals (Table 3). The estimated daily
metal intake computed in this study
were expressed per kilogram body
weight per day (mg/kg bw/day) so
that for an average adult of 60.7 kg bw,
the average EDI of, for instance Pb
in periwinkle from Watt and Marian
markets (equivalent to 0.009 and 0.008,
Udiba, Udofia, Akpan
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tolerable weekly intake is 0.42 mg,
which is equal to 0.06 mg per day.
Considering the accumulative
property and long biological half-life
of Cd, the concentration measured
in this study is a serious cause for
concern. The toxic effects of Cd in
food are largely related to long-term
exposure to low doses.38 Low dietary
concentrations of Cd, Zn and Fe have
been shown to promote absorption of
Cd.38 Cadmium has been reported to
cause liver and kidney dysfunction as
well as softening of bones following
long-term exposure.14 Cadmium,
Cr and Ni belong to Group 1 of the
International Agency for Research
on Cancer (IARC) classification
system with sufficient evidence for
carcinogenicity in humans.39 The range
of Cd concentrations recorded in this
study was lower than the range of 0.590.93 mg/kg reported for periwinkles
obtained from Uta-Ewa creek, Imo
River Estuary, Nigeria.33 A mean value
of 0.02 mg/kg was reported for the
upper reaches of the Bonny Estuary,
Nigeria.31 Lower values (0.001-0.003
mg/kg) were reported for periwinkle
harvested from perturbed tropical
mangrove forests in the Niger Delta,
Nigeria.35 Lower values ranging from
0.002-0.015 mg/kg were also reported
for periwinkle obtained from the
Great Kwa River, Nigeria.32 A higher
mean value (1.00±0.6 mg/kg) was
recorded for periwinkle obtained
from the Benin River, Nigeria and
for Uyo, Nigeria (0.34 mg/kg).1,34
The significant difference in Cd
concentration observed between June
and August could also be attributed to
dilution due to high water volume at
the peak of the wet season.

Research

Target hazard quotient
The potential risk to human health
by the intake of Pb, Cd, Cr and Ni
due to the consumption of periwinkle
from major markets in Calabar was
also characterized using the target
hazard quotient. The THQ is a
dimensionless quantity and is defined
by the USEPA as the ratio between
exposure and reference oral dose.17,44
When the ratio is lower than one (1),
there is no obvious risk. The THQ
method employed in the present study
considered only exposure to the metals
under study through the consumption
of periwinkle purchased from Watt
and Marian markets, Calabar without
considering other exposure routes. The
average THQs of all metals studied
were found to be above 1, with Cr
being the only exception. This implies
that consumption of periwinkle
purchased from the two markets could
pose toxicological risk with respect to
Pb, Cd and Ni poisoning.
Hazard index
The hazard index expressed as the
sum of the target hazard quotient of
the metals under study was used to
evaluated potential health risk due to
all the metals combined.16,22 Hazard
index assumes that the severity of
adverse effect of metals poisoning
is proportional to the sum of the
multiple metals exposure. Significant
potential health risk is implied when
the HI is greater than 1.16 Even though
there was no apparent risk when each
metal was analyzed individually, the
Udiba, Udofia, Akpan

potential risk could be multiplied
when all metals are considered
together. The HI for a typical adult of
60.7 kg bw considered in this study
was found to be 9.7 for Watt market
and the relative contributions to the
aggregated risk were 24.66%, 54.51%,
0.0001% and 20.70% for Pb, Cd,
Cr and Ni, respectively. The hazard
index for Marian market was 10.7.
The relative contributions to the
aggregated risk were 22.31%, 57.55%,
0.06 and 20.09% for Pb, Cd, Cr and Ni,
respectively.

Conclusions
The high protein, omega-3 fatty
acids, vitamins, essential minerals
and low saturated fat contents
of fish and fishery products are
known to contribute to good health.
However, consumption of fishery
products with elevated metal levels
poses serious toxicological risk.
The findings of this study indicate
Pb, Cd, Cr and Ni content of edible
tissues of periwinkle obtained from
Watt and Marian markets in Calabar
metropolis were below FAO, FAO/
WHO and Commission of European
Communities maximum permissible
limits. The average EDI of Pb and Cd
were slightly higher compared to the
recommended daily intake for the
metals. The EDI of the four metals
under study (Pb, Cd, Cr and Ni) were
lower than the upper tolerable daily
intake. The THQ computed to estimate
human health risk posed by each metal
were above the safe limits of unity,
except for Cr. The HI for a typical
adult of 60.7 kg bw considered in this
study was found to be 9.7 for Watt
Market and the relative contributions
to the aggregated risk were 24.66%,
54.51%, 0.0001% and 20.70% for Pb,
Cd, Cr and Ni, respectively. The HI
for Marian Market was 10.7 and the
relative contributions to the aggregated
risk were 22.31%, 57.55%, 0.06% and
20.09% Pb, Cd, Cr and Ni, respectively.

The present study suggests that
consumption of periwinkle from the
major markets in Calabar, Nigeria
poses toxicological risk with respect to
Pb, Cd and Ni poisoning.
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respectively) multiplied by 60.7 is
equal to 0.546 and 0.486 mg per day,
respectively. The results obtained from
the EDI of Pb, Cd, Cr and Ni in this
study suggest that perennial intake of
periwinkle purchased from Watt and
Marian markets in Calabar is likely to
induce health risks with respect to Pb
and Cd intoxication.

Heavy Metals in Periwinkle in Calabar, Nigeria

Copyright Policy
This is an Open Access article
distributed in accordance with
Creative Commons Attribution
License (http://creativecommons.org/
licenses/by/3.0/).

References
1. Orisakwe OE, Mbagwu HO, Ajaezi GC, Edet
UW, Uwana PU. Heavy metals in seafood and
farm produce from Uyo, Nigeria: levels and health
implications. Sultan Qaboos Univ Med J. 2015
May;5(2);e275-82.
2. Adebayo-Tayo BC, Okpo MA. Microbiological,
proximate and heavy metal concentration in Penaeus
sp. (shrimp) and Calllinectes sp. (crab) from creeks in
Niger delta Nigeria. Afr J Food Agric Nutr Dev. 2010
Dec;l0(8):3047-64
3. Estuaries [Internet]. Silver Spring (MD):
National Oceanic and Atmospheric Administration;
2017 [cited 2020 Oct 10]. Available from: https://
oceanservice.noaa.gov/education/tutorial_estuaries/
est03_ecosystem.html
4. Udiba UU, Bashir I, Falalu S, Garko B, Fagge KA,
Ahmad Z. Biomonitoring of heavy metal in selected
biomarkers of Clarias gariepinus (Burchell, 1822),
a comparative study of River Galma, River Kubani
and fish farms in Zaria, Nigeria. Adv Appl Sci Res.
2014;5(6):198-206.
5. Rajeshkumar S, Li X. Bioaccumulation of heavy
metals in ﬁsh species from the Meiliang Bay, Taihu
Lake, China. Toxicol Rep [Internet]. 2018 [cited
2020 Sep 16];5;288-95. Available from: https://doi.
org/10.1016/j.toxrep.2018.01.007
6. Nhiwatiwa T, Barson M, Harrison AP, Utete B,
Cooper RG. Metal concentrations in water, sediment

Journal of Health & Pollution Vol. 10, No. 28 — December 2020

10

Research

NC, Canniatti-Brazaca SG. Heavy metals in

FAO/WHO expert committee on food additives

peri-urban rivers in the upper Manyame catchment,

vegetables and potential risk for human health. Sci

[Internet]. Geneva: World Health Organization; 2011

Zimbabwe. Afr J Aquat Sci [Internet]. 2011 [cited

Agricola. 2012 Jan/Feb;69(1):54-60.

[cited 2020 Sep 16]. 227 p. WHO Technical Report

2020 Sep 16];36(3):243-52. Available from: https://

17. United States Environmental Protection Agency

Series 960. Available from: https://apps.who.int/iris/

doi.org/10.2989/16085914.2011.636906 Subscription

(USEPA). Regional Screening Levels (RSLs) – Generic

handle/10665/44515

required to view.

Tables. USEPA. May 2020 [accessed 2020, Oct 26]:

26. Working document for information and use in

7. Yasmin N, Mughal S, Afzal F. Ahmad H, Akhtar

Available from: https://www.epa.gov/risk/regional-

discussions related to contaminants and toxins in the

NA. Portable water as a source of heavy metals in the

screening-levels-rsls-generic-tables

GSCTFF [Internet]. Joint FAO/WHO Food Standards

blood of heart patients of Karachi, Pakistan. J Qual

18. Guidelines for drinking-water quality [Internet].

Programme Codex Committee on Contaminants in

Technol Manag. 2010;6(11):1-15.

3rd ed. Vol. 1, Recommendations: incorporating

Foods, Fifth Session; 2011 Mar 21-25; The Hague,

8. Ogungbenle HN, Omowole BM. Chemical,

first and second addenda. Geneva: World Health

The Netherlands. Rome: Food and Agriculture

functional and amino acid composition of periwinkle

Organization; 2008 [cited 2020 Sep 16]. 668 p.

Organization; 2011 Mar [cited 2020 Sep 16]. 90 p.

(Tympanotonus Fuscatus Var Radula) meat. Int J

Available from: https://www.who.int/water_

Report No.: CF/5 INF/1. Available from: http://www.

Pharm Sci Rev Res. 2012 Mar-Apr;13(2):128-132.

sanitation_health/publications/gdwq3rev/en/

fao.org/tempref/codex/Meetings/CCCF/CCCF5/

9. Chinedu E, Chukwuemeka CK. Oil spillage and

19. Toxicological proﬁle for lead: draft for public

cf05_INF.pdf

heavy metals toxicity risk in the Niger Delta, Nigeria.

comment [Internet]. Atlanta (GA): Agency for Toxic

27. Commission Regulation (EU) 2015/1005 of 25

J Health Pollut [Internet]. 2018 Sep [cited 2020 Sep

Substances and Disease Registry; 2019 May. 561 p.

June 2015 amending Regulation (EC) No 1881/2006 as

16];8(19):Article 180905 [8 p.]. Available from: https://

20. Tepanosyan G, Sahakyan L, Kafyan M,

regards maximum levels of lead in certain foodstuffs

doi.org/10.5696/2156-9614-8.19.180905

Saghatelyan A. Geospatial mapping, source

(Text with EEA relevance).

10. Population Stat, Calabar, Nigeria population.

identification and human health risk assessment

28. Lead pollution and poisoning crisis:

Population Stat. [cited 2020 October 10]. Available

of heavy metals in soils of Gyumri (Armenia).

environmental emergency response mission Zamfara

from: https://populationstat.com/nigeria/calabar

15th International Conference on Environmental

State, Nigeria [Internet]. Geneva: Joint UNEP/OCHA

11. Udofia UU, Udiba UU, Udofia LE, Ezike NN,

Science and Technology; 2017 Aug 31-Sep 2; Rhodes,

Environment Unit; 2010 [cited 2020 Sep 16]. 51 p.

Udiba SU. Assessment of the impact of solid waste

Greece. Houston (TX): International Conference on

Available from: https://www.unocha.org/publication/

dumps on ground water quality, Calabar Municipality,

Environmental Science and Technology; 2017. 5 p.

lead-pollution-and-poisoning-crisis-environmental-

Nigeria. J Adv Res Biol Pharm Res. 2016;1(4):18-34.

21. Song D, Zhuang D, Jiang D, Fu J, Wang Q.

emergency-response-mission-zamfara

12. Kang SG, Wright DA, Koh CH. Baseline metal

Integrated health risk assessment of heavy metals

29. Mehri A. (2020). Trace Elements in Human

concentration in the Asian periwinkle Littorina

in Suxian County, South China. Int J Environ Res

Nutrition (II)—An Update. Int. J Prev. Med. 2020

brevicula employed as a biomonitor to assess metal

Public Health [Internet]. 2015 Jun 24 [cited 2020

[cited 2020 Oct 10]11(2): 1-10 Available from:

pollution in Korean coastal water. Sci Total Environ

Sep 16];12(7):7100-17. Available from: https://doi.

https://www.ijpvmjournal.net/article.asp?issn=2008-

[Internet]. 2000 Dec 18 [cited 2020 Sep 16];263(1-

org/10.3390/ijerph120707100

7802;year=2020;volume=11;issue=1;spage=2;epage=2

3):143-53. Available from: https://doi.org/10.1016/

22. Integrated risk information system: compare

;aulast=Mehri

S0048-9697(00)00695-1 Subscription required to view.

IRIS values. Washington, DC: US Environmental

30. Udiba UU, Ogabiela EE, Hammuel C, Magomya

13. Addo MA, Darko EO, Gordon C, Nyarko BJ.

Protection Agency; [cited 2020 Sep 16]. Available

AM, Yebpella GG, Ade-Ajayi AF, Odey MO, Gauje B.

Heavy metal contaminations in soil and cassava

from: https://cfpub.epa.gov/ncea/iris/compare.cfm

Post remediation assessment of contaminants levels in

harvested near a cement processing facility in the

23. Jakimska A, Konieczka P, Skora K, Namiesni

soil, Dareta Village, Zamfara, Nigeria. Trends Adv Sci

Volta Region Ghana: implications of health risk for

J. Bioaccumulation of metals in tissues of marine

Eng. 2012;4(1):70-9.

the population living in the vicinity. e-J Sci Technol.

animals, part I: the role and impact of heavy metals

31. Moslen M, Ekweozor IK, Nwoka ND. Assessment

2013;8(3):71-83.

on organisms. Pol J Environ Stud [Internet]. 2011

of heavy metals and bioaccumulation in periwinkle

14. Oguguah NM, Onyekachi M, Ikegwu J.

[cited 2020 Sep 16];(20)5:1117-25. Available from:

(Tympanotonus fuscatus var. radula (L.)) obtained

Concentration and human health implications of

http://www.pjoes.com/Bioaccumulation-of-Metals-in-

from the upper reaches of the Bonny Estuary,

trace metals in fish of economic importance in Lagos

Tissues-r-nof-Marine-Animals-Part-I-the-Role-and-

Nigeria. J Heavy Met Toxic Dis [Internet]. 2017 [cited

Lagoon, Nigeria. J Health Pollut [Internet]. 2017

Impact,88659,0,2.html

2020 Sep 16];2(2:3):1-5. Available from: http://doi.

Mar [cited 2020 Sep 16];7(13):66-72. Available from:

24. Ullah AK, Maksud MA, Khan SR, Lutfa LN,

org/10.21767/2473-6457.100018

https://doi.org/10.5696/2156-9614-7-13.66

Quraishi SB. Dietary intake of heavy metals from

32. Okorafor KA, Enyenihi UP, Ojukwu S.

15. Exposure factors handbook: 2011 edition

eight highly consumed species of cultured ﬁsh

Concentrations of some metals in sediment,

(final report). Washington, DC: US Environmental

and possible human health risk implications in

Macrobrachium macrobrachion, and Tympanotonus

Protection Agency; 2011 Sep [cited 2020 Sep 16].

Bangladesh. Toxicol Rep [Internet]. 2017 [cited

fuscatus obtained from the Great Kwa River, Calabar,

Report No.: EPA/600/R-09/052F. Available from:

2020 Sep 16];4:574-9. Available from: https://doi.

Nigeria. Biosci Res Today’s World [Internet]. 2015

https://cfpub.epa.gov/ncea/risk/recordisplay.

org/10.1016/j.toxrep.2017.10.002

[cited 2020 Sep 16];1:32-9. Available from: http://doi.

cfm?deid=236252

25. Evaluation of certain food additives and

org/10.5281/zenodo.216496

16. Guerra F, Trevizam AR, Muraoka T, Marcante

contaminants: seventy-third report of the joint

33. Abiaobo NO, Asuquo IA. Assessment of heavy

Journal of Health & Pollution Vol. 10, No. 28 — December 2020

Udiba, Udofia, Akpan

Downloaded from http://meridian.allenpress.com/jhp/article-pdf/10/28/201206/2677230/i2156-9614-10-28-201206.pdf by guest on 19 January 2021

11

and sharptooth catfish Clarias gariepinus from three

Research

Heavy Metals in Periwinkle in Calabar, Nigeria

Lagos Metropolis, Nigeria. J Appl Sci Environ Manag

fuscatus) samples from Uta-Ewa creek, Imo river

[Internet]. 2016 Sep [cited 2020 Sep 16];20(3):530-9.

estuary, Southeastern Nigeria. J Aquac Mar Biol.

Available from: http://doi.org/10.4314/jasem.v20i3.6

2020;9(2):32-5.

43. Scientific opinion on the risks to public health

34. Enuneku A, Omoruyi O, Tongo I, Ogbomida

related to the presence of nickel in food and drinking

E, Ogbeide O, Ezemonye L. Evaluating the potential

water: EFSA panel on contaminants in the food chain

health risks of heavy metal pollution in sediment

(CONTAM). EFSA J [Internet]. 2015 Feb [cited 2020

and selected benthic fauna of Benin River, Southern

Sep 16];13(2):Article 4002 [202 p.]. Available from:

Nigeria. Appl Water Sci [Internet]. 2018 [cited 2020

http://doi.org/10.2903/j.efsa.2015.4002

Sep 16];8:Article 224 [13 p.]. Available from: https://

44. Lanre-Iyanda TY, Adekunle IM. Assessment of

doi.org/10.1007/s13201-018-0873-9

heavy metals and their estimated daily intakes from

35. Freeman OE, Ovie OJ. Heavy metal

two commonly consumed foods (kulikuli and Robo)

bioaccumulation in periwinkle (Tympanostomus Spp)

found in Nigeria. Afr J Food Nutr Dev [Internet].

and blue crab (Callinectes amnicola) harvested from a

2012 May [cited 2020 Sep 16];12(3):6157-69. Available

perturbed tropical mangrove forest in the Niger Delta,

from: https://www.ajol.info/index.php/ajfand/article/

Nigeria. J Agric Ecol Res Int [Internet]. 2017 [cited

view/77096

Downloaded from http://meridian.allenpress.com/jhp/article-pdf/10/28/201206/2677230/i2156-9614-10-28-201206.pdf by guest on 19 January 2021

metal concentrations in periwinkle (Tympanotonus

2020 Sep 16];11(1):Article 31568 [12 p.]. Available
from: https://doi.org/10.9734/JAERI/2017/31568
36. Food and Agriculture Organization of the United
Nations/World Health Organization (FAO/WHO).
General standards for contaminants and toxins in
food and feed (CODEX STAN 193-1995). [accessed
2020 Oct 26] Available from: www.fao.org/input/
download/standards/17/CXS_193e_2015.pdf.
37. Commission Regulation (EU) No 488/2014 of 12
May 2014 amending Regulation (EC) No 1881/2006
as regards maximum levels of cadmium in foodstuffs
(Text with EEA relevance).
38. Bellinger D, Bolger M, Goyer R, Barraj L, Baines
J. WHO food additives series 46: cadmium [Internet].
Geneva: World Health Organization; [cited 2014 Oct].
[about 45 screens]. Available from: www.inchem.org/
documents/jecfa/jecmono/v46je11.htm
39. Ahmed MK, Baki MA, Kundu GK, Islam MS,
Islam MM, Hossain MM. Human health risks from
heavy metals in fish of Buriganga river, Bangladesh.
Springerplus. 2016;5(1):Article 1697 [12 p.].
40. Trace elements in human nutrition and health
[Internet]. Geneva: World Health Organization;
1996 [cited 2020 Sep 16]. 360 p. Available from:
https://www.who.int/nutrition/publications/
micronutrients/9241561734/en/
41. Scientific opinion on the risks to public health
related to the presence of chromium in food and
drinking water: EFSA panel on contaminants in the
food chain (CONTAM). EFSA J [Internet]. 2014
Mar [cited 2020 Sep 16];12(3):Article 3595 [261 p.].
Available from: http://doi.org/10.2903/j.efsa.2014.3595
42. Adedokun AH, Njoku KL, Akinola MO, Adesuyi
AA, Jolaoso AO. Potential human health risk
assessment of heavy metals intake via consumption of
some leafy vegetables obtained from four market in

Udiba, Udofia, Akpan

Journal of Health & Pollution Vol. 10, No. 28 — December 2020

12

