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Abstract

Concentration and human health risks of heavy metals (Pb, Cu, Cr, Cd, As, Ni) in water, sediment, crab (Tympanotonus
fuscatus) and periwinkle (Callinectes amnicola) were assayed in New Calabar River, Nigeria. Results revealed that con-
centration (mg/L) of the metals in water in the two seasons studied, ranged from 1.1E-2 + 1.0E-3...for Cd to 2.90+0.03...
for Cu. In sediment, the concentration (mg/kg) ranged from 1.1E-2 + 1.0E-3...for As to 5.17 +£0.04... for Ni. In biota, the
concentration (mg/kg) ranged from 0.01...for As in crab to 19.22...for Cu also in crab. Estimated human health risk from
the metals contamination due to consumption of biota gave each of HQ and HI as < 1, indicating no risk except at Agip’s
sample location where HI was > 1. Estimated human health risk due to dermal absorption through swimming, indicated no

risk as each of HQ and HI was < 1. These make the river unpolluted except at Agip’s sample location.
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Industrial and municipal wastes are indiscriminately dis-
posed into surface water bodies in many developing coun-
tries including those in Sub-Saharan Africa because of weak
environmental regulations (Arukwe et al. 2012; Inam et al.
2019). Hazardous chemicals may become enriched and bio-
magnified through the food chain, posing risks to aquatic
organisms. In addition, when fish and other animals from
such water are used for human consumption, periodic moni-
toring is needed to protect the health of those who consumed
such fish and animals (Inam et al. 2019). The common envi-
ronmental contaminants include toxic heavy metals, radio-
nuclide, endocrine disrupting chemicals, toxic gases, plant
nutrients and various oxygen consuming wastes (Inam et al.
2015). The sources of these contaminants include agricul-
tural chemicals such as fertilizers, pesticides, and herbicides,
atmospheric emissions from industries and households, lea-
chates from waste dumps, community sewage, treated and
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untreated industrial effluents (Horsfall and Spiff 2013). Envi-
ronmental pollution which used to be a peculiar problem of
industrialised countries is now the problem of developing
countries because of weak enforcement of environmental
pollution control laws and regulations (Oketola and Fagbe-
migun 2013).

Heavy metals are some of the major chemical pollutants
that have lasting effects on the natural balance in aquatic sys-
tem. They are serious environmental problems in the marine
environment, and sediment is the ultimate sink of these con-
taminants (Huang et al. 2009; Emara et al. 2015). These
chemical pollutants are not biodegradable, so they can affect
the environment adversely for a long time. Biodegradability
means the ability for the pollutants to be removed from the
environment through natural biological processes (Travizani
et al. 2016). In the aquatic system, heavy metals tend to
accumulate in the bottom sediment and become concen-
trated by biota. The process of accumulation of heavy met-
als by fish and aquatic animals through non dietary routes is
called bioconcentration (Travizani et al. 2016). The toxicity
of heavy metals can result in reduced mental and central
nervous system functions, reduction in energy, damage to
blood compositions, the lungs, kidneys, liver, and other vital
organs (Onwali et al. 2014). There is every need to screen
for these contaminants in aquatic environment in order to
promote environmental protection.
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The city of Port Harcourt is the major hub for oil and
gas exploration, refining and related activities in Nigeria
with an estimated population of about two million people
(Inam et al. 2019). The city has witnessed rapid economic
growth, development, urbanization, and exponential popu-
lation growth. The New Calabar River which runs across
the city of Port Harcourt receives all kinds of wastes dis-
charged from point and non-point sources of industrial,
domestic, trading and agricultural activities. This makes
the river a dump for treated and untreated wastes (Inam
et al. 2019). The wastes dumped in the river could lead
to accumulation of toxic elements in the river. This could
pose human health risks to the consumers who consume
fish and other animals from the river and those who use the
river for recreational and domestic purposes.

There are data and information on the concentration
levels of some heavy metals in the New Calabar River and
other rivers in the Niger Delta region. For example, Davies
et al. (2006) reported the concentration levels of Cr, Pb
and Cd in water, periwinkle (7. fuscatus) and sediment
from Elechi Creek. They noted that the metals concen-
tration levels were higher in sediment than in water and
higher in periwinkle than in sediment. Similarly, Wokoma
(2014) in his study on heavy metal burden in water, sedi-
ment and crab from Sombreiro River, reported that the
concentration levels of the investigated metals (Cr, Cu, Ni
and Zn) were higher in sediment than in water, with the
concentration levels ranging from 0.02 +0.01 mg/kg Cr
to 340.6 +106.21 mg/kg Zn in sediment, and 0.01 mg/L
Crt0 0.99+0.104 mg/L Zn in water. Accordingly, Onwali
et al. (2014) investigated the concentration level of Pb in
periwinkle and sediment samples from the Eagle Island
River in Port Harcourt using atomic absorption spectro-
photometer (AAS). They noted that the concentration level
of Pb in the periwinkle and sediment was 0.91 +0.54 and
0.22 +0.19 mg/kg, respectively. However, data and infor-
mation on the human health risk assessment of the heavy
metal contamination are either insufficient or absent in the
area. There is therefore every need to assess the human
health risk of these heavy metals contamination in the New
Calabar River.

The objectives of this study are to quantify the con-
centration levels of some heavy metals (Pb, Cu, Cr, Cd,
As, Ni) in water, sediment, crab (Tympanotonus fuscatus)
and periwinkle (Callinectes amnicola) from New Cala-
bar River and to assess the human health risks associated
with consumption of the biota and swimming in the river.
The expected results shall provide adequate data on the
concentrations of these heavy metals in the river system.
The results shall also provide adequate information on
the degree of pollution and human health risks associated
with the consumption of the biota and dermal absorption
through swimming.
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Materials and Methods

The New Calabar River is located on the eastern flank of the
Niger Delta River system. It lies between latitudes 4° 45’ and
5° 00" N and longitudes 6° 50" and 7° O0'E. The river rises
from Elele-Alimini where it is freshwater and non-tidal. At
Aluu, the New Calabar River is freshwater and tidal where
it is joined by a smaller river tributary which rises from
Isiokpo and then empties into some creeks and lagoon bor-
dering the Atlantic Ocean. Between Choba and Qgbogoro, a
little distance downstream, the river turns brackish. It is part
of the major river networks in the Niger Delta and has been
routinely studied because of its vulnerability to contami-
nation from domestic, industrial, agricultural, and natural
runoffs from the densely populated and industrialized city
of Port Harcourt (Horsfall and Spiff 2002; Onojake et al.
2017; Inam et al. 2019).

Water, sediment, crab (Tympanotonus fuscatus) and
periwinkle (Callinectes amnicola) samples were collected
in August 2016 and March 2017 representing wet and dry
seasons, respectively. Samples were collected in five loca-
tions along the river course, between the entrance into the
Greater Port Harcourt area (Abonema Wharf) and its exit
from the urban area at Aluu. The sampling points were cho-
sen based on their accessibility. The coordinates of the sam-
pling points were recorded using global positioning system
(GPS). The coordinates are as presented in Table 1. Water
samples (500 mL per sampling point) were collected at a
depth of 1 cm below the water surface in HNO; pre-rinsed
(1L) containers and 5 mL of concentrated HNO; added
immediately to minimize chemisorption. Five (5) water
samples were randomly collected per each sample location,
making 25 samples for the five locations and 50 for both the
wet and dry seasons. Sediment samples were collected with
the aid of a plastic trowel during low tide at 10-15 cm depth.
Samples were randomly collected from five different points
in each sample location and pooled together to obtain one
composite sample per location, making five composite sedi-
ment samples for the five locations and ten for both the wet
and dry seasons. Crab samples were caught directly from
the river during low tide through a basket. Periwinkles were

Table 1 The GPS coordinates of the different sampling points

Sampling points Location

Longitude Latitude
Aluu 06°53'48.3"E 04°54'42.1”"N
Choba 06°90'42.0”E 04°86'44.0”"N
Iwofe 06°55'42.0"E 04°48'32.7”"N
Agip 06°58'13.7"E 04°48'05.3”N
Abonnema Wharf 04°46'30.6"E 07°00'15.9”N
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handpicked along the river bank, washed immediately with
the river water to remove mud and algae. Each of the crab
and periwinkle samples was randomly collected from five
points per sample location and pooled together to obtain
one composite sample (each of the crab and periwinkle) per
sample location and five for the five locations. That is ten
composite samples (each of the crab and periwinkle) were
collected for both the wet and dry seasons. In each case,
samples were properly labelled and kept in clean plastic con-
tainers and stored at 20 °C before taking to the laboratory
for analyses.

Levels of the investigated heavy metals in the analysed
samples were determined using UNICAM solar 969, AAS.
A plot of absorbance of the working standards versus con-
centration of the metals gave the concentration of the test
element from the equation:

Clest = <Atest X %> X <&C>

A Wt
where C,,,= concentration of the test element, A,,,,= absorb-
ance of the sample, C,,; = concentration of standard, A, =
absorbance of standard, Df = dilution factor, Wt = weight
of sample used.

For water sample from each location, 100 mL were fil-
tered and acidified with 10 mL HNO; and 10 mL 50% HCI
solutions and evaporated to near dryness. This was trans-
ferred to a 100 mL volumetric flask and made up to the
mark with deionised water and then aspirated into the flame
of the AAS.

For sediment, 1 g was taken in a 250 mL conical flask,
15 mL of the mixture of perchloric, nitric and sulphuric
acids in the ratio of 1:2:2 were added and heated in a fume
chamber until dense white fumes appeared. The flask was
allowed to cool and the content filtered into a 50 mL volu-
metric flask and made up to the mark with distilled water
and then aspirated into the AAS.

Each of the biota was dried in an oven at 80 °C for 24 h
and homogenised to powder form. Two (2) g of the pow-
dered sample were taken in a beaker; 6 mL HNO;, 2 mL
perchloric acid and 30 mL distilled water added and stirred.
The beaker was heated, allowed to cool, the content filtered
and made up to 50 mL with distilled water and then aspirated
into the AAS.

Quality control of the AAS was guaranteed through the
implementation of laboratory quality assurance and labora-
tory methods, including the use of standard operating proce-
dures, calibrations with standards and analyses with reagent
blanks. Samples were analysed in triplicates, all chemicals
and reagents used were of analytical grade. The detection
limit of the AAS for all the metals investigated in all media
was 1.0 x 10~ mg/L for water and 1.0 x 10~* mg/kg for sedi-
ment and biota.

The exposure assessment refers to the determination
of the magnitude, frequency, duration and route of expo-
sure with respect to the chemical contaminants in question
(USEPA 1992). A commonly applied exposure scenario in
this case is the dermal absorbed dose (DAD). As noted by
USEPA (2000) and Kang et al. (2006), the DAD values were
obtained with the equation given below.

Cy X SA X Kp X ABS;, X ET X EF x ED x CF
(BW X AT)

DAD(mgkg’] day™ ) =

where DAD =dermal absorbed dose, Cy, _ average con-
centration of heavy metal in water, SA =exposed skin
area, Kp=skin adherence factor, ABS;, = dermal absorp-
tion factor, ET =exposure time, EF =exposure frequency,
ED =exposure duration, CF =unit conversion factor for
water, BW = average adult body weight, and AT =average
time. The magnitude of the toxic effects was estimated in
terms of hazard quotient (HQ) (Sharma 2009). This is the
ratio of the single substance exposure level over a specified
period to a reference dose for that substance derived from
a single exposure period. This was evaluated by using the
equation given below as described by USEPA (2000).

DAD
RfD Dermal

DAD =dermal absorbed dose (mg kg~! day™)), RDprmai
= dermal reference dose (mg kg‘l day_'). HQ below one (1)
implies that the level of exposure is not likely to cause any
obvious adverse effects (USEPA 2000; Wang and Gardinal
2013). The HQ for each sample were summed up to obtain
overall toxic risk, the hazard index (HI) as indicated in the
equation below.

HQ =

HI = SHQ, i= l.n

where i=the number of trace metals. If the calculated HI
is less than one, then the non-carcinogenic adverse effect
due to the exposure pathway or toxicant was assumed to be
negligible.

The exposure assessment for ingestion of the biota (peri-
winkle and crab) was evaluated from the equations given
below:

- _ CF X IR X FI X EF X ED
Intake(B,-om)(mgkg 'day 1) = BW X AT)
HQ _ Intake(Biota)
RD,

where CF = concentration (mg/kg) of the determined heavy
metal in the sea animal, IR =ingestion rate (kg/day), FI=the
fraction ingested (unit less), EF =exposure frequency
(365 days/year), ED =exposure duration, BW =body weight,
and AT =the averaging time (period over which exposure is
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average in days). RfD, = oral reference doses of the heavy
metals. The actual risk was characterised using HQ as
detailed in the second equation. HQ below one (1) implies
that the level of exposure is not likely to cause any obvious
adverse effects (USEPA 2000; Ijeoma et al. 2015).

The statistical analyses were performed using the Statisti-
cal Package for Social Sciences (SPSS) version 20.0 (SPSS
Inc., Chicago, USA). Student’s #- test was used to determine
the differences between the concentration levels of each of
the analysed element in water as well as in sediment samples
in the dry and wet seasons. P < 0.05 was considered the level
of statistical significance.

Results and Discussion

The concentration levels of the heavy metals in water
and sediment determined in this study are presented in
Tables 2 and 3, respectively. In Table 2, the concentra-
tion levels of the heavy metals in water were in the order:
Ni>Cu>Pb>Cr>Cd> As, while in sediment (Table 3),
the order was: Ni> Cr> Cu>Pb> Cd > As. The results of
t — test at p < 0.05 revealed that the concentration levels of
most of the metals in water as well as in sediment samples
from all locations were significantly higher in the dry season
than in the wet season. This could probably be attributed to

Table 2 Concentration levels (mg/L) of heavy metals in surface water for wet and dry seasons

Location Season Pb Ni Cu Cr Cd As
Aluu Wet 0.13*+£0.01  026°+0.03  0.06°+0.02  0.03*+0.00 1.9E-2°+1.0E-3  1.3E-3'+1.0E-4
Dry 0.14*+0.03  031*+0.01  0.12°+0.02  0.04*+0.02 1.7E-3°+1.0E-3  1.9E-3°+1.0E-4
Choba Wet 149°+0.06  1.15°+0.02  1.03*+0.01  0.02*°+0.01 BDL 1.8E-3*+0.00
Dry 1.56°+0.03  1.26°+0.02  1.31°+£0.02  0.01*+0.00 1.0E-3+ 1.0E-3 3.8E-3°+2.0E-3
Iwofa Wet 127°£001  274°+001  2.56°+£0.00  0.25*°+0.01 1.1E-2°+1.0E-3  4.3E-3*+4.0E-4
Dry 0.16"+0.01  290°+0.03  229°+0.01  0.33°+0.01 3.0E-3’+2.0E-3  52E-3*+0.00
Agip Wet 0.98°+0.02  2.60°+0.02  1.71°+0.01  0.24°+0.02 2.0E-3*+0.001 1.6E-3*+ 1.0E-4
Dry 126°+0.02  1.81°+0.02  028°+0.02  2.1E-3*+0.00 2.2E-3*+0.00 3.8E-3°+3.0E-3
Abonema Wharf ~ Wet 129°40.02  257°+0.05  0.02*°+0.01 1.65E-2°+0.00  4.0E-3*+3.0E-3  2.2E-3'+2.0E-4
Dry 1.32°+0.02 271’4001  251°+0.03  0.03°+0.01 3.0E-2° +20E-3 5.1E-3°+3.0E-4
Mean Wet 1.03*+0.02  1.86°+0.03  1.08+0.01  0.11*+0.01 1.0E-2°+1.1E2  2.2E-3*+1.0E-3
Dry 0.09°+0.02  1.80°+0.02  1.10°+0.02  0.18°+0.01 22E-2°+12E-1  3.9E-3°+2.0E-3

Above are means of triplicate analyses. Within column, different letters show significant difference between the seasons at p <0.05
BDL below detection limit
Detection limit of the AAS for all the metals in water=1.0x 10~* mg/L

Table 3 Concentration levels (mg/kg) of heavy metals in sediment for wet and dry seasons

Location Season Pb Ni Cu Cr Cd As
Aluu Wet 2.61*+0.01 2.07*+0.02 3.15°+0.03 2.49°+0.00 BDL BDL
Dry 2.49*+0.02 2.31°+0.02 1.43°+0.01 2.02°+0.03 0.04+0.02 1.2E-2+0.01
Choba Wet 2.11*+0.07 2.57*+0.03 2.26*+0.04 3.56*+0.01 0.11°+0.01 4.9E-3"+3.0E-3
Dry 2.16*+0.03 1.19°+0.05 3.86°+0.13 1.57°+0.04 0.03°+0.01 1.2E-2°+0.001
Iwofa Wet 4.79°+0.01 3.60*+0.00 3.71°+0.16 2.54*+0.04 0.02*+0.01 1.2E-2*+ 1.0E-3
Dry 4.92°+0.03 5.17°+0.04 2.61°+0.03 2.78°+0.02 0.06*+0.01 1.1E-2*+ 1.0E-3
Agip Wet 2.84%+0.22 5.17*+0.04 4.01*+0.01 5.11°+0.01 2.2E-2*+0.01 1.21E-1*+3.0E-3
Dry 3.27°+0.01 1.21°+0.00 2.15°+0.03 1.97°+0.02 0.03°+£0.02 2.19E-2°+ 1.0E-3
Abonema Wharf ~ Wet 3.75*+0.04 4.42*+0.06 4.47*+0.06 4.76*+0.02 0.03*+0.01 2.1E-2*+2.0E-3
Dry 4.12°+0.15 5.03°+0.02 4.90°+0.02 4.59°+0.02 0.04*+0.03 2.2E-2*+0.01
Mean Wet 3.281+0.07 3.57*+0.03 3.52°+0.05 3.69°+0.02 0.04*+0.01 2.3E-2*+2.0E-3
Dry 3.39°+0.05 2.95°+0.03 2.99,+0.04 2.59°+0.01 0.04*+0.02 1.6E-2*+2.0E-3

Above are means of triplicate analyses

Within column, different letters show significant difference between the seasons at p <0.05

BDL below detection limit. Detection limit of the AAS for all the metals in sediment = 1.0 x 10™* mg/kg
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decrease in the volume of the river during the dry season as
a result of evaporation.

The mean concentration level of Pb reported in water in
each of the two seasons in this study (Table 2) was above the
Nigerian Industrial Standard (NIS) limit of 0.01 mg/L Pb in
water reported by SON (2007) and 0.05 mg/L Pb in water
reported by USEPA (1992). The Pb concentration level in
water recorded in this study was also above the value of
0.01 mg/L reported by Ideriah et al. (2012). This could be
attributed to increased commercial and industrial activities
around the river bank and the continuous inflow of domes-
tic wastes into the river. The Pb level recorded in sediment
samples from each sample location in this study was lower
than the range (11.5 to 72.0 mg/L) reported by Iwegbue et al.
(2018). It was above the recommended value of 2.2 mg/kg
reported by WHO (2006). Pb is a cumulative poison that
is associated with several health hazards like anemia and
reproductive defects (Moore 1988). The highest desirable
limit of Pb in drinking water specification is 0.01 mg/L.

From Table 2, Ni concentration level in water from each
of the sample location recorded in this study was equally
higher than the NIS and WHO recommended standards
of 0.02 mg/L (SON 2007) and 0.07 mg/L (USEPA 1992),
respectively. The high level of Ni observed in water at Choba
study location might be due to the dredging activities there,
while the lower level observed at Aluu may be attributed to
low or no activity in the area. The Ni level in sediment from
each sample location in this study was higher than those
reported by Wokoma (2014).

Cu is essential for metabolism. High levels of Cu in
human system are toxic and may cause liver damage. The
mean concentration level of Cu in the water samples inves-
tigated in this study (Table 2) was lower than 21 mg/L
reported by Ijeoma et al. (2015) and higher than 0.08 mg/L
recorded by Ideriah et al. (2012). It was also higher than
the maximum allowable limit of 1 mg/L recommended by
NIS for aquatic medium (SON 2007). Dumping of indus-
trial and municipal wastes indiscriminately into the water
bodies in many developing countries including those in
Sub-Saharan Africa because of weak environmental regu-
lations (Arukwe et al. 2012; Inam et al. 2019), dumping
of domestic wastes as well as washing of agrochemical
fertilizers from agricultural farmlands into the water bod-
ies by runoffs water when it rains, could be the potential
sources of Cu in the studied river. This is because Cu is
widely used in houses for piping water and as electrical
conductor. In addition Cu is used in corrosion resistant
and decorating painting. Besides, the compounds of Cu are
used as chemical catalysts, wood preservatives, fungicides,
antifungal paints, disinfectants, nutritional supplements,
in fertilizers, in feeds, in petroleum refining as well as in
printing inks and dyes. Indeed, large amounts of copper

wire are used in telephones as well as in television sets,
motors and generators (Locks et al. 2007).

In each of the seasons, Cr concentration level in water
from Aluu as well as Choba sample locations recorded in
this study (Table 2) was lower than the USEPA and NIS
standards given as 0.05 mg/L (USEPA 1992; SON 2007).
However, the Cr level in water recorded in Iwofa as well as
the overall mean level for each of the season was higher.
This could be due to anthropogenic inputs via industrial
activities and domestic wastes. Cr in its hexavalent form is
known as a carcinogen and implicated in many health effects
in animals. The mean Cr level in water samples recorded in
this study for each of the season is close to the range of 0.06
to 0.31 mg/L reported by Ideriah et al. (2012).

In the sediment, the Cr level recorded at Agip’s study
location was as high as 5.11 +0.11 mg/kg during the wet
season (Table 3). This study location is known for its high
boating activities where illegally refined petroleum products
are traded. In addition, there is a huge gutter in the Agip area
where domestic wastes and sewage from the city are washed
into the river during the wet season, thus increasing the Cr
level. However, Cr level in sediment at Iwofe study location
was higher during the dry the season than the wet season
(Table 3). This could probably be attributed to decrease in
the volume of the river due to evaporation as well as boating
and other commercial activities prevalent at Iwofe during the
dry season. In general, Cr level recorded in sediment sam-
ples from each of the sampling point in this study (Table 3),
was lower than the range of 3.1 to 14.9 mg/kg reported by
Iwegbue et al. (2018) and exceeded the WHO recommended
standard of 0.5 mg/kg (WHO 2006).

The mean Cd concentration level in water recorded in this
study was in agreement with the one reported by Wokoma
(2014). The Cd level in water (Table 2) was also in close
range with the NIS and WHO standards given as 0.003 mg/L
(SON 2007) and 0.005 mg/L, respectively. Cd is a cumula-
tive poison. It is very toxic to the human system. It is not
an essential element in any biological processes (Manoj
and Avinash 2012). Cd is believed to promote renal arte-
rial hypertension. Elevated level may cause liver and kid-
ney damages, or even anaemia, retarded growth, and death
(Waalkes 2000). Cd level in sediment recorded in this study
was in close agreement to those reported by Ideriah et al.
(2012) and Wokoma (2014).

The mean Arsenic (As) concentration level in water
recorded in this study was below the WHO prescribed pro-
visional guideline and NIS standard for As in drinking water.
The maximum permissible limit of As in water is 0.01 mg/L
(WHO 2006; SON 2007). The As level recorded in sediment
in this study was within the NIS recommended permissible
limit of 0.01 mg/kg given by SON (2007).

The mean concentration levels of heavy metals in peri-
winkle (Callinectes amnicola) and crab (Tympanotonus
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fuscatus) samples determined in this study are as pre-
sented in Figs. 1 and 2, respectively. The levels of heavy
metals recorded in this study for the periwinkle and crab
samples varied across the two seasons. The concentra-
tion levels were in the order: Cu>Ni> Cr>Pb> As>Cd
and Cu> Ni>Pb> Cr> Cd > As for periwinkle and crab,
respectively. In Fig. 1, the mean concentration level of
each of the investigated heavy metals in periwinkle ranged
from 0.002 mg/kg Cd to 16.30 mg/kg Cu in the dry season
and from 0.002 mg/kg Cd to 12.40 mg/kg Cu in the wet
season. That is from Fig. 1, the mean concentration level
of Cd in periwinkle was 0.002 mg/kg in the dry season as
well as in the wet season. The mean concentration level of
As was 0.012 mg/kg in the dry season and 0.006 mg/kg in
the wet season. Ni level in the dry season was 5.63 mg/kg
and 7.48 mg/kg in the wet season. Pb level was 6.88 mg/
kg in the dry season and 7.49 mg/kg in the wet season. In
the dry season, the mean concentration level of Cr in peri-
winkle was 7.37 mg/kg and 5.54 mg/kg in the wet season,
while that of Cu was 16.30 mg/kg in the dry season and
12.40 mg/kg in the wet season. As presented in Fig. 2, the
mean concentration level of each of the investigated heavy
metals in crab ranged from 0.02 mg/kg Cd to 20.50 mg/kg
Cu in the dry season and from 0.01 mg/kg As to 14.70 mg/
kg Cu in the wet season. That is from Fig. 2, the mean
concentration level of Cd in crab was 0.02 mg/kg in the
dry season and 0.17 mg/kg in the wet season. The level of
As was 0.28 mg/kg in the dry season and 0.01 mg/kg in
the wet season. Ni was 9.10 mg/kg in the dry season and
7.24 mg/kg in the wet season. Pb was 7.34 mg/kg in the
dry season and 8.16 mg/kg in the wet season. In the dry
season, the mean concentration level of Cr in crab was
11.00 mg/kg and 9.36 mg/kg in the wet season, while that
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Fig.2 Mean concentration levels of heavy metals in crab (Tympa-
notonus fuscatus) from all locations for ten composites wet and dry
seasons samples

of Cu was 20.50 mg/kg in the dry season and 14.70 mg/
kg in the wet season.

The concentration levels of most of the metals in both
periwinkle and crab were higher in the dry season than in the
wet season. This could probably be attributed to decrease in
the volume of the river during the dry season as a result of
evaporation. The mean concentration levels of Cr in each of
the two animals recorded in this study were higher than those
reported by Davis et al. (2006) and Chindah et al. (2009).
The concentration level (0.002 mg/kg) of Cd in periwinkle
recorded in this study for both the dry and wet seasons was
in close agreement to those reported by Davis et al. (2006),
Chindah et al. (2009) and Wokoma (2014).
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The estimated human health risks due to dermal exposure
to heavy metals in water through swimming are as presented
in Table 4. From the table, the HQ of each of the metals in
samples from each of the locations was less than one (< 1) in
the two seasons. This implies that the level of exposure is not
likely to cause any obvious adverse effects (USEPA 2000;
Wang and Gardinal 2013). Accordingly, the HI of each sam-
ple was < 1, implying that non-carcinogenic adverse effect
due to dermal exposure is negligible. However, gradual
increases in cumulated HQ were observed in the sections of
the river with increased human activities. These imply that
human health risks could arise in the near future if action is
not taken to curb the trend.

The estimated human health risks of the heavy metals
due to consumption of the periwinkle (Callinectes amnicola)
and the crab (Tympanotonus fuscatus) from the New Calabar
River are as presented in Table 5. From the table, the HQ
of each of the metals in the two animals from the two loca-
tions considered was < 1 in the two seasons. This implies
that consumption of the two animals from the studied river
is not likely to portray any toxic risk (USEPA 2000; Wang
and Gardinal 2013). However, as seen in Table 5, the HI of
crab from Agip sample location was greater than one (> 1) in
the two seasons, while the HI of the crab from Iwofe was< 1

in the two seasons. Although the HI of crab from Iwofe
was < 1, it was actually approaching one. Similarly, although
the HI of periwinkle from the two respective sample loca-
tions of Agip and Iwofe was < 1, it was actually approaching
one in the two seasons. This implies high contamination and
long term bioaccumulation of the investigated heavy metals
in the river (Inam et al. 2019). It could also be stated that,
since the HI approaches 1, chronic human health risk cannot
be ruled out.

From the results, it could be concluded that the investi-
gated heavy metals occurred at varied concentration levels
in the water, sediment, periwinkle and crab. In general, the
concentration levels of the metals in the analysed samples
were in the order: Ni> Cr>Cu>Pb>Cd > As. Pb, Ni and
Cr levels in the water, periwinkle and crab were above their
WHO permissible limits (WHO 2006). Cu level in water was
equally above its WHO permissible limit. The human health
risk assessment classifies the river as safe with regards to
dermal exposure to the heavy metals through swimming
as each of HQ and HI was < 1. Estimated human health
risk from the metals contamination due to consumption of
the two sea animals gave each of HQ and HI as < 1, indicat-
ing no risk except in Agip sample location where HI was > 1
in the two seasons. Further human health risk assessment

Table 4 Estimated human health risks (in terms of HQ) due to dermal exposure to heavy metals in water

HM RfDpprma™ ~ Wet season Dry season
Aluu Choba Iwofe Agip Abone Aluu Choba Iwofe Agip Abone
Pb 5.25E-4 1.71E-6  1.88E-5 1.61E-5 1.24E-5 1.62E-5 1.82E-6 196E-5 198E-6 1.60E-5 1.66E-5
Ni 5.40E-3 6.41E-7 281E-6 6.72E-6 6.37E-6  6.30E-6 7.69E-7 3.11E-6 7.11E-6 443E-6 6.63E-6
Cu 1.20E-2 3.72E-7 5.66E-6  142E-5 9.42E-6 130E-5 6.88E-7 7.25E-6 127E-5 7.58E-6 1.38E-5
Cr 6.00E-5 342E-5 1.87E-5 2.72E-4 2.75E-4 238E-5 4.60E-5 1.87E-5 3.60E-4 3.17E-5 3.58E-5
Cd 1.00E-5 1.26E-5 6.61E-6  7.08E-5 1.92E-4 1.09E-4 1.12E-5 6.61E-6 205E-5 1.39E-5 231E-5
As 1.23E-4 6.99E-7 9.67E-7 231E-6  8.62E-7 2.04E-6 1.02E-6 2.04E-6 2.80E-6 1.18E-6 2.80E-6
Hazard Index (HI) 5.34E-5 5.67E-5 3.88E-4 5.00E-4 1.73E-4 6.46E-5 6.11E-5 4.09E-4 7.79E-5 1.02E-4
HQ Hazard quotient, HM Heavy metal, RfDp,,...* Dermal reference doses Abone Abonema wharf
Table 5 Estimated human
HM R H et HQ (dr
health risks (HQ) of heavy D, Q (wet Q (dry)
metals due to consumption of Agip Iwofe Agip Iwofe
periwinkle (C. amnicola) and - - - —
crab (T. fuscatus) Crab Periw Crab Periw Crab Periw Crab Periwi
Pb 3E-2  0.140 0.131 0.131 0.107 0.176 0.143 0.155 0.092
Ni 2E-2  0.260 0.161 0.149 0.199 0.320 0.214 0.207 0.240
Cu 4E-2  0.293 0.234 0.249 0.283 0.348 0.177 0.209 0.305
Cr 3E-2  0.210 0.140 0.149 0.153 0.154 0.105 0.178 0.114
Cd 1E-2  1.34E-3 9.14E-5 6.15E4 9.14E-5 9.83E-4 1.20E-4 1.15E-3 4.11E4
As 3E-4  0.537 0.024 0.025 0.015 0.057 0.012 0.021 0.012
HI 1.451 0.697 0.709 0.763 1.067 0.655 0.780 0.775

HQ hazard quotient, Periw periwinkle, HM heavy metals, RfD, oral reference doses of the heavy metals

@ Springer



324

Bulletin of Environmental Contamination and Toxicology (2020) 105:317-324

of these and other heavy metals in other rivers in Nigeria’s
Niger Delta is recommended to protect aquatic ecosystems
and biodiversity in the area.
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