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Aim: This study was conducted to assess the levels of lead (Pb), cadmium (Cd), copper (Cu), iron (Fe),
zinc (Zn), cobalt (Co), manganese (Mn), and magnesium (Mg) in plantain samples collected from 10
selected communities in Rivers State, aiming to estimate the potential health risk of heavy metal exposure.
Materials and Methods: The samples were washed, oven-dried, and digested using a mixture of nitric acid
and perchloric acid at a volume ratio of 4:1 at 150°C for 4 h. The samples were further analyzed using flame
atomic absorption spectrometer. Results: The concentration (mg/kg) range in decreasing order was Mg (285525) >Fe (60-345) >Cu (56.9-74.8) >Zn (5.48-96.0) >Mn (0.48-5.23) >Pb (0.78-2.0) >Co (0.23-1.28)
>Cd (0.16-0.72). The results from the study exceeded the permissible limit set by WHO/FAO. A wide range
of variation was observed in the estimated daily intake (EDI) of metals when compared with the tolerable daily
intake of different regulatory bodies. The calculated EDI values for Pb, Cd, Cu, Fe, Zn, Mn, Co and Mg in samples
from communities under study were highest in Etche, Nkpolu, Emohua, Emohua, Eleme, Eleme, Nkpolu, and
Rumuosi, respectively. Target hazard quotient (THQ) values >1 were recorded in some samples unZder study
indicating a health risk, whereas the hazard index (HI) for plantain samples from all the communities under
study was found to be >1. The average lifetime carcinogenic risk of Pb and Cd through the consumption of
plantain from selected communities in Rivers State ranged between 2.9E-05 – 5.6E-05 and 2.2E-04 – 9.1E04
for Pb and Cd, respectively. Conclusion: The overall study suggests that frequent consumption of plantain
from these selected communities may cause a potential health risk to the exposed population.
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INTRODUCTION
The Niger Delta region of Nigeria is well known for its
crude oil exploration activities. It is a region with abundant
natural resources including good weather and fertile land
for agriculture [1]. However, the negative impact of oil
exploration, which includes the destruction of wildlife, loss
of fertile soil, pollution of air and water, and damage to
ecosystem of the communities [2] could pose a risk to the
population in this area. Over the years, the boom in oil and
gas industries combined with the population explosion and
rapid urbanization in Rivers State could be a rich source of
various toxic metals finding their way into the environment
thereby contaminating food crops. The negative effects of
ubiquitous and nonbiodegradable heavy metals, persist for
several decades, and even longer [3]. These developments have
led to metal dispersion in the environment and consequently
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impaired health of the population by the consumption of
food contaminated by harmful elements [4]. Heavy metals
with adverse health effect in human metabolism such as lead
(Pb), cadmium (Cd), mercury (Hg), arsenic (As), copper (Cu),
nickel (Ni), zinc (Zn), and chromium (Cr) present obvious
concerns due to their documented potential for serious health
concerns [5]. The excessive ingestion of heavy metals can have
severe public health implications; therefore, monitoring of
these metals in seafood and food crops grown around the Niger
Delta of Nigeria is of utmost importance [6]. Reports have
shown that at low concentrations, elements such as Ni, Cd, Cr,
and Pb are harmful [7-9]. Although Zn, cobalt (Co), iron (Fe),
and Cu are essential elements, their excessive concentration
in food and feed plants are of great concern because of their
toxicity to humans and animals [10].
Plantain (Musa paradisiaca) is native to South East Asia and
India but is now extensively cultivated in Nigeria and many
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other parts of Africa where it serves as a major staple food. It
belongs to the family Musaceae and the genus Musa. It is also
locally known as Ogede agbagba’ (Yoruba), “Ayaba” (Hausa),
and “Ogadejioke” (Igbo). Although various scientists have
reported the ethnopharmacological relevance of plantain in
the management of several ailments [11-14]. There is a high
frequency of consumption of plantains among the natives
of the Niger Delta, especially the ijaws of Bayelsa and Rivers
States who prepare various delicacies using both unripe and
ripe plantain. Furthermore, in view of the high consumption
of plantain coupled with the high demand by diabetics who are
majorly placed on unripe plantain diets, this study was carried
out to determine the concentration of toxic and essential
metals, estimate the dietary daily intake, the target hazard
quotient (THQ), and general health risk assessment through
the consumption of plantain.

grown in the area. Only edible parts of the samples were used
for the analysis. Selected samples of plantain were washed with
clean water, peeled, sliced before being oven dried at 70°C for
72 h to constant weight. The samples were then pulverized
with a ceramic mortar and pestle to fine powder. About 0.5 g
of dried powdered sample was weighed and transferred into a
pyrex beaker and were subjected to wet digestion with 10 mL
HNO3:HClO4 (at a volume ratio of 4:1) at 150°C for 4 h.
Following this, samples were left to cool, filtered using a filter
paper, transferred into a 50 mL volumetric flask and a final
volume of 25 mL was made by adding deionized water. For each
of the samples, triplicate digestion was carried out together
with blank reagent and kept in refrigerator until analysis using
atomic absorption spectroscopy (AAS).

MATERIALS AND METHODS

For each of the metals, AAS was calibrated using standard of
the metals, which are given below as: Cr (λ) = 357.90 nm, Cd
(λ) = 228.80 nm, Pb (λ) = 283.30 nm, Zn (λ) = 213.9 nm, Mn
(λ) = 279.50 nm, and Fe (λ) = 248.3 nm. 5 g of the samples
was digested in 20ml 10% hydrochloric acid (HCl) on a heating
mantle to near dryness. Zn and Mn were analyzed using hollow
cathode lamp in a flame atomizer AAS. Cd and Pb were analyzed
using electrodeless discharge lamp in the flame atomizer AAS.
The extract was aspirated directly into the AAS machine. The
limit of detection for the heavy metals Cd, Cr, Cu, Pb, Zn, Fe,
Mn, magnesium (Mg), and Co were 0.001, 0.007, 0.005, 0.001,
0.01, 0.1, 0.2, 0.01, and 0.05 mg/L, respectively, with blank
values reading as 0.00 µg/g for the metals in deionized water
with an electrical conductivity value of <5 µS cm−1. Standard
quality control measures were carried out to reduce the risk of
contamination and assure reliability of the results.

Reagents
All reagents used in this study were of analytical grades with
high purity.

Sample Collection and Processing
Samples of plantain grown and sold in different parts of Rivers
state were either purchased from the open markets or collected
from farm lands in 10 different communities namely: Nkpolu,
Emohua, Elele, Choba, Rumukwurushi, Rumuosi, Etche,
Ogoni, Eleme, and Aluu [Figure 1] in January 2015 and kept in
plastic bags. The sources of plantain were authenticated from
the seller at the point of purchase to validate they were locally

AAS Analysis

Figure 1: Map of Rivers state showing study areas
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Heavy Metal Health-Risk Assessment
Estimated daily intake (EDI)
The health risks associated with the consumption of heavy metal
contaminated plantain were assessed based on the EDI of heavy
metals, THQ, and target carcinogenic risk (CR).
EDI =

Cmetal × Dfood intake
BWaverage

Where:
Cmetal is the metal concentration in plantain in mg/kg,
Dfood intake is the daily intake of food in kg person−1 and
BWaverage is average body weight in kg person−1.
An average daily consumption of 0.2 kg of plantain was assumed
in this study. This method was adopted because plantain is
widely consumed as a major part of the diet. Average adult body
weight was considered to be 60 kg.

Non-carcinogenic Health Effect

Non-CR estimation of Pb and Cd consumption was determined
using THQ values. THQ is a ratio of the determined dose of a
pollutant to a reference level considered harmful. THQ values
were determined based on the following formula [15].
Efr × ED × FIR × C
THQ =
RfDo × Baverage weight × ATn × 10−3
Where Efr is exposure frequency in 156 days year−1, ED
is exposure duration in 70 years (equivalent to an average
lifetime) [16], FIR is average daily consumption in Kg person−1
day−1, C is concentration of metal in food sample in mg/kg,
RfDo is reference dose in mg/kg day−1, and ATn is average
exposure time for non – carcinogens in days. The following
reference doses were used (Pb = 4.0 × 10-3, Cd = 0.001,
Cu = 0.04, Fe = 0.7, Zn = 0.3, Mn = 0.014, and Co = 0.043).
THQs were calculated according to the methodology described
by the Environmental Protection Agency (EPA) in the
USA [17]. Doses were calculated using the standard assumption
for an integrated risk analysis and an average adult body
weight of 65 kg [17,18]. In addition, based on EPA guidelines,
it was assumed that ingested doses were equal to absorbed
contaminant doses [17,19].

The HI has been developed to estimate the risk to human
health through more than one heavy metals [20]. It is the sum
of the hazard quotients for all heavy metals and calculated by
the equation below [21].
2017 ●

CR
Slope factor is used to assess cancer risk. A slope factor and
the accompanying weight-of-evidence determination are the
toxicity data most commonly used to evaluate potential human
CRs. In general, the slope factor is a plausible upper-bound
estimate of the probability of a response per unit of a chemical
over a lifetime. The slope factor is used in risk assessments to
estimate an upper-bound lifetime probability of an individual
developing cancer as a result of exposure to a particular level
of a potential carcinogen.
For carcinogen, which United States EPA (USEPA) identifies
by a weight-of-evidence classification of the chemical, the
estimated daily dose and the cancer slope factor are multiplied
together to find the lifetime cancer risk posed by the chemical.
Cancer slope factors are estimates of carcinogenic potency
and are used to relate estimate daily dose of a substance over a
lifetime exposure to the lifetime probability of excess tumors.

The ingestion cancer slope factors evaluate the probability
of an individual developing cancer from oral exposure to
contaminants levels over a lifetime. Ingestion cancer slope
factors are expressed in units of (mg/kg/day)-1.
Lifetime probability of contracting cancer due to exposure to
site-related chemicals is calculated as follows:
Lifetime probability of cancer, CR = EDI × CSFing
Where:
EDI is the estimated daily intake of each heavy metal
(mg/kg/day).
CSFing is ingestion cancer slope factor (mg/kg/day)−1.
The USEPA [22] states that 10 −6 (1 in 1,000,000) to
10−4 (1 in 10,000) represent a range of permissible predicted
lifetime risks for carcinogens. Chemical for which the risk factor
falls below 10−6 may be eliminated from further consideration as
a chemical of concern. The risk associated with the carcinogenic
effect of target metal is expressed as the excess probability of
contracting cancer over a lifetime of 70 years [Table 1].

RESULTS

Hazard Index (HI)

●

Carcinogenic Health Effect

Ingestion Cancer Slope Factors

Calculation of THQ
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The mean concentrations of Pb, Cd, Cu, Zn, Fe, Co, Mn, and Mg
levels (mg/kg) in plantain consumed in selected communities
under study are shown in Table 2. The concentration range of
various metals in plantain was 0.78-2.0, 0.158-0.723, 7.48-5.69,
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60-345, 5.48-33.9, 0.48-5.23, 0.13-1.28, and 283-525 mg/kg for
Pb, Cd, Cu, Zn, Fe, Co, Mn, and Mg, respectively. The EDI of
metals from the consumption of plantain is shown in Table 3.
The highest EDI for Pb was observed in samples from Etche
(0.0066) followed by Nkpolu (0.0058) and Rumukwurushi
(0.0055) community while the highest EDI value of Cd was
observed in samples from Nkpolu (0.0024) followed by samples
from Elele (0.0023). Highest EDI for Cu, Fe, Zn, Mn, Co,
and Mg was seen in Emohua (0.247), Emohua (1.14), Eleme
Table 1: Toxicological characteristics of the investigated
heavy metals
USDOE, 2011
USEPA, 2011
FAO/WHO, 1993

Ingestion reference dose

Ingestion carcinogenic
slope factor

RfDing
(mg kg‑1d‑1)

CSFing
(mg kg‑1d‑1)‑1

1.5
0.001
0.0035
0.14
0.3
0.8

0.5
0.38
0.0085
0
0
0

Symbol
Factor unit
Metals
Cr
Cd
Pb
Mn
Zn
Fe

(0.32), Eleme (0.017), Nkpolu (0.0042), and Rumuosi (1.73)
community, respectively. Figure 2 shows the THQ value from
exposure to heavy metals through consumption of plantain.
Pb (Nkpolu, Rumukwurushi, Rumuosi, Etche), Cd (Nkpolu,
Emohua, Elele, Choba), Fe (Emohua), and Zn (Eleme) all had
THQ values >1 while all other samples were <1. The result of
the HI values (the sum of all THQs) through the consumption of
plantain is shown in Figure 3. The HI for plantain samples from
all the communities under study was found to be >1. In general,
the HI of heavy metals from multiple consumption pathways is
in the decreasing order Nkpolu > Emohua > Elele > Etche >
Eleme > Rumukrushi > Rumuosi > Ogoni > Choba > Aluu.
The average lifetime CR of Pb and Cd through the consumption
of plantain from selected communities in Rivers State, in the
Niger Delta region of Nigeria, is shown in Table 4. The result
showed that average CR ranged between 2.9E-05 – 5.6E-05 and
2.2E-04 – 9.1E-04 for Pb and Cd, respectively.

DISCUSSION
The study investigated the potential hazard of exposure to
heavy metals through intake of M. paradisiaca (Plantain)
collected from selected communities in Rivers State; a Niger

Cr: Chromium, Cd: Cadmium, Pb: Lead, Mn: Manganesh, Zn: Zink,
Fe: Iron

Table 2: Mean concentration (mg/kg) of selected heavy metals
in plantain samples from selected communities in Rivers state
Nigeria
Samples
Nkpolu
Emohua
Elele
Choba
Rumukwurushi
Rumuosi
Etche
Ogoni
Eleme
Aluu
Permissible limit

Pb

Cd

1.75
1.15
1.08
1.05
1.68
1.53
2.00
1.18
0.95
0.78
0.31

0.723
0.348
0.683
0.305
0.278
0.260
0.175
0.195
0.240
0.158
0.21

Cu

Fe

72.9
180
74.8
345
73.8
60
72.4
85
56.9
170
73.9
100
71.5
193
71.6
152
71.6
112
74.2
158
73.31 30‑1502

Zn

Mn

Co

Mg

33.8
6.43
5.48
8.88
8.80
8.10
9.30
26.8
96.0
33.9
603

3.5
1.95
0.48
4.38
3.63
4.50
4.93
3.25
5.23
2.25
5004

1.28
0.45
0.18
0.23
0.53
0.13
0.85
0.23
0.38
0.35
‑

283
503
500
482
473
525
480
340
487
313
‑

Pd: Lead, Cd: Cadmium, Cu: Copper, Zn: Zinc, Fe: Iron, Mn: Manganese,
Co: Cobalt, Mg: Magnesium. 1FAO/WHO 2007, 2Demirezen and Uruc
2006, 3WHO 1982, 4CODEX 2001

Figure 2: Target hazard quotient calculated for heavy metals in plantain
samples collected from selected c communities in Rivers state, Nigeria

Table 3: Estimated daily intake of metals (mg/kg day‑1 Person‑1) for plantain in investigated communities for a 60 kg individual day‑1
Samples
Nkpolu
Emohua
Elele
Choba
Rumukwurushi
Rumuosi
Etche
Ogoni
Eleme
Aluu
TDI

Pb

Cd

Cu

Fe

Zn

Mn

Co

Mg

0.0058
0.0038
0.0036
0.0035
0.0055
0.0051
0.0066
0.0039
0.0031
0.0026
NIL

0.0024
0.0011
0.0023
0.00102
0.00092
0.00086
0.00058
0.00059
0.00079
0.00053
0.0011

0.241
0.247
0.244
0.239
0.188
0.244
0.236
0.236
0.236
0.245
0.041

0.59
1.14
0.19
0.28
0.56
0.33
0.64
0.50
0.37
0.52
0.831

0.11
0.021
0.018
0.029
0.029
0.027
0.031
0.088
0.32
0.11
0.3‑11

0.012
0.0064
0.0016
0.015
0.012
0.015
0.016
0.011
0.017
0.007
‑

0.0042
0.0015
0.0006
0.0008
0.0017
0.0004
0.0028
0.0008
0.0013
0.0012
0.00142

0.93
1.66
1.65
1.59
1.56
1.73
1.58
1.12
1.61
1.03
4.23

Joint Expert Committee on Food Additives=JECFA (1982, 1983, 2010), 2Dutch National Institute for Public health and the
environment=RIVM (2001), 3Science Committee on Food=SCF (2001). TDI: Tolerable Daily Intake. Pd: Lead, Cd: Cadmium, Cu: Copper, Zn: Zinc,
Fe: Iron, Mn: Manganese, Co: Cobalt, Mg: Magnesium
1
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Table 4: Lifetime cancer risk calculation
Communities
Nkpolu
Emohua
Elele
Choba
Rumukwurushi
Rumuosi
Etche
Ogoni
Eleme
Aluu

Pb

Cd

4.9E‑05
3.2E‑05
3.1E‑05
2.9E‑05
4.7E‑05
4.3E‑05
5.6E‑05
3.3E‑05
2.6E‑05
2.2E‑05

9.1E‑04
4.2E‑04
8.7E‑04
3.9E‑04
3.5E‑04
3.3E‑04
2.2E‑04
2.2E‑04
3.0E‑04
2.0E‑04

*(ILCR=10‑6) is the level of risk considered acceptable or
inconsequential. *(ILCR=10‑4) is considered serious and of great public
health concern. Pb: Lead, Cd: Cadmium

Figure 3: Hazard index of heavy metals in plantain samples collected
from Rivers state, Nigeria

Delta region of Nigeria. The levels of toxic metals (Pb, Cd)
and essential metals (Mg, Mn, Zn, Fe, Cu, and Co) were
investigated in line with the recommendation of European
Union regulation for hazardous metals [23]. The toxic metals
(Pb and Cd) detected in various plantain samples are known
to cause adverse effect to human health even at low levels [24].
Pb has been reported to be toxic at any concentration and also
appears not to be beneficial or necessary as no safe level has been
found [25]; hence, any concentration detected in food samples
is of potential public health concern considering the frequency
of exposure among the population. Pb and Cd are among the
most common heavy metals of public health concern because
they bio-accumulate in foods [26] and they are also readily
absorbed in the body [27]. The increase of toxic metals along
the food chain has been attributed to their nonbiodegradable
and persistent nature [28,29]. However, the concentration range
of Pb (0.78-2.0 mg/kg) and Cd (0.16-0.72 mg/kg) detected, in
our present study, was higher than values reported by Orisakwe
et al. [30] in 2012 for plantain grown in South-Eastern Nigeria,
and lower than those reported by Zango et al. and Bortey-Sam
et al. [31,32] all in Ghana. Although the European commission
and WHO/FAO set a permissible limit of 0.3 and 0.2 mg/kg for
Cd and Pb, respectively, there was a 100% and 40% violation,
respectively, when compared with results of the present study.
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In cases of clinical toxicity due to exposure to Cd, there is a
reduction in glutathione, distortion of protein structure due to
Cd binding to SH groups [33], these outcomes are exacerbated
by interaction with other toxic metals such as Pb and As [34].
This indicates that an exposed population could probably be
at risk of Pb and Cd related health diseases [35-37]. Among
possible effects of lead poisoning includes neurological disorders
in children and interstitial nephritis in adults, it can also lead
to high blood pressure and cardiovascular disease after longterm consumption [38]. Other possible toxicological risks from
long-term exposure to Cd includes Parkinson’s and Wilsons’s
diseases, impairment of Vitamin D metabolism in the kidney,
renal tubular dysfunction, anemia, and calcium malabsorption
[39,40]. Asides from cigarette smoke which is the most significant
source of human exposure to Cd, ingestion of contaminated
food is also a major route of exposure and could lead to longterm health effects [41]. In this study, Etche community had
the highest concentration of Pb (2 mg/kg), followed by Nkpolu
(1.75 mg/kg) and Rumukwurushi (1.68 mg/kg). The high levels
of these toxic elements detected in plantain samples may be
due to the presence of oil installations, vehicular activities
and sparse bioremediation of crude oil polluted soils in these
communities. Orisakwe et al. [42] reported high Blood Pb level
among unexposed workers in Nigeria; this suggests that the
major pathway of Pb exposure among Nigerians could be via
consumption of contaminated foods.
Cu is an essential trace element with multiple biological roles;
they act as a prosthetic group in several key enzymes [43].
Exposure to increased doses or frequent exposure to Cu can
lead to headaches, dizziness, nausea, and diarrhea [44]. The
levels of Cu in this study ranged between 56.9 and 74.8 mg/kg
with the highest level observed in Emohua which is higher than
the WHO permissible limit for Cu in food of 40 mg/kg [45].
The primary source of Fe exposure to humans is mainly
through dietary consumption and its deficiency is a generally
acknowledged problem due to its role as an essential metal for
the synthesis of blood pigments [46]. The concentration of Fe
in plantain ranged between 60-345 mg/kg and it is higher than
the allowable limit of Fe in food crops which is in the range of
30-150 mg/kg [26]. Concentration of heavy metals above the
permissible limits in food crops has been reported to be of serious
public health concern as exposure to very high concentrations
may induce oxidative stress for the exposed population [47].
The EDI levels of Fe in plantain varied from 0.19-1.14 mg/kg
bodyweight (bw)/day. Plantain sample from Emohua which had
the highest intake of Fe (1.14 mg/kg bw/day) was higher than
the TDI of 0.83 mg/kg bw/day as shown in Table 3.
Zn requirements change throughout lifetime with numerous
disorders associated with its deficiency resulting from
insufficient dietary intake, reduced absorption and excessive
elimination [47]. Ingestion of small amounts of Zn is essential
for normal body metabolism [48]. The concentration of Zn
in this study was below the WHO permissible limit of Zn in
foods. More so, calculated EDI values were below the TDI
of 0.3-1 mg/kg bw/day [46]. However, Zn can also induce
toxicity when consumed at a concentration higher than the
recommended dose [49].
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Mn acts as a cofactor in various enzymes and is also required
for normal mammalian physiological processes [50,51]. Over
exposure to this metal however can be toxic, though there has
never been any report of Mn toxicity from dietary exposure.
Intoxication in occupationally exposed welders, miners, smelters
and battery factory workers abound in literature [52-54].
The observable concentrations range of Mn in this study
(0.48-5.23 mg/kg) was below the permissible limit of 500 mg/kg
for Mn in food crops [55,56]. Furthermore, the calculated EDI
values cannot be compared with any known standard (TDI) due
to limitation in human data, and the EFSA in 2006 concluded
that an upper intake for Mn cannot be set.

samples violated the permissible limits set by WHO/FAO.
The levels of essential metals (Cu, Fe, Zn, Mn, Co, and Mg)
in this study were present in high concentrations as shown in
data from the study and the mean concentration was in the
decreasing order Mg > Fe > Cu > Zn > Mn > Co. The EDI
of the essential metals was observed to be mostly below the
Recommended Daily Intake as proposed by WHO and SCF.
The current study indicates that frequent consumption of
plantain (M. paradisiaca) collected from the vicinity of study
communities may be major sources of heavy metal exposure
among the population and could lead to adverse effect with
THQ value of >1 observed in Pb, Cd, Fe and Zn.

Co controls significant biological functions of few specific
cellular proteins [57,58]. The major pathway by which Co get
into the body is through the diet. The calculated EDI presented
higher intake in Nkpolu, Emohua, Rumukwurushi, and Etche
communities when compared with the TDI of 0.0014 mg/kg
bw/day for Co as set by the RIVM in 2001 [59]. Toxic outcomes
from excessive intake of this metal include overproduction of
erythrocytes and fibrosis [60]. However, deficiency of Co in the
diet is linked to Vitamin B12 synthesis which might cause anemia
and hypofunction of thyroid [61].
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