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Abstract

Local and exotic fruits are generally consumed for their high nutritive values however, they also contain high quantities
of harmful substances including trace metals. This work investigated the variations in the levels of Cd, Cu, Fe, Ni, Pb, and
Zn in the local Citurs sinensis, Persea americana, Citrus paradise, Malus domestica, and Citurs limon are their exotic
counterparts. The cancer and non-cancer health risks related to the consumption of both the local and exotic fruits were
also examined. The results obtained revealed higher levels of all the metals in the local fruits than in their exotic
counterparts however; the mean values of the metals were within their recommended limits by FAO/WHO. Multivariate
analysis indicated anthropogenic factor as the major source of trace metals in the studied fruits. The average daily intake
rates of the metals were generally lower than their provisional tolerable daily intake limits by FAO/WHO. The study
showed that the consumers of local fruits were more vulnerable to health hazard than those consuming the exotic ones.
Results for the cancer risk and total cancer risk were generally within the acceptable range of 10-¢ - 10-* by USEPA.
Though, the consumers of the locally sourced fruits were more exposed to carcinogens.
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1. Introduction

The persistent contamination of our environments has significant negative impact on the quality of our foods.
Contaminants in foods including metals affect both the nutritive value and the consumers health negatively [1, 2]. Fruits
are used for nutritive values and as cure for different ailments hence, insufficient consumption could result in serious
human health problems and death [3, 4]. Fruits are good sources of vitamins, protein, essential elements and minerals
to the human system however, they also accumulate high levels of toxic substances including trace metals from the
environment [5, 6]. Trace metals such as Mn, Fe, Ni, Cu, Zn, and Cr at their normal limits are necessary for normal
activities in organisms [7, 8]. Nevertheless, Pb, Cd, Hg, As, and Ag are not beneficial to any living cell including human
rather they are toxic even at a very low concentration [9, 10]. The essential metals are also toxic at concentrations higher
than what is required by the organism [11, 12]. Reports have shown that trace metals (both the essential and toxic ones) in
fruits are mostly from agrochemicals, wastewater, aerial deposition, vehicular emissions, and methods of processing them [13,
14,15, 16]. It has also been reported that plants have the potential of absorbing high level of metals from a contaminated
environment [17, 18, 19]. Thus, the intensive use of agrochemicals for the cultivation of fruits globally has impacted
negatively on their quality. In the developing Countries such as Nigeria, untreated wastewater is usually used for the
irrigation and it may result in the accumulation of trace metals in the edible plants [20, 21].

Trace metals including the essential ones can cause harmful effects to the human system [22, 23, 24, 25]. In Akwa Ibom
State, both the local and exotic fruits are widely consumed mainly for their nutritive values though, their trace metals
content are rarely examined. Consequently, the metal loads of these fruits have not been established and the associated
health consequences remain unabated. Invariably, the consumers might be ingesting toxic substances into the body as
fruits thus; some of the ailments today could be imported alongside the foreign fruits. The variations in trace metals
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loads between the locally sourced fruits and their exotic counterparts were investigated in this study. The non-cancer
and cancer risks associated with the consumption of these fruits were also examined. The source and the relationships
of these metals in the studied fruits were identified using the multivariate analysis. It is hoped that the results of this
study shall create awareness on the negative impact associated with the consumption of fruits harvested from a
contaminated environment which hitherto was unavailable in the study area. The results shall also serve as a deciding
factor for the consumers to rely either on the locally sourced fruits or their exotic counterparts. The negative impact of
some agrochemicals on the quality of soil and fruits cultivated there has also been identified.

2. Material and methods

2.1. Sample collection and preparation

Five local fruits and their exotic counterparts namely: Citrus sinensis (orange), Persea americana (Pear), Citrus paradise
(grape), Malus domestica (apple), and Citurs limon (lemon) were bought from supermarkets and Akpan Andem Market
both in Uyo Metropolis Akwa Ibom State, Nigeria. Akwa Ibom State is located in the Niger Delta Area of Nigeria and lies
between latitudes 4° 32’ and 5° 33’ North and longitudes 7° 25’ and 8° 25’ East. These fruits were carefully washed with
tap water first followed by deionized water to clear them of all contaminants adsorbed on the exocarp. The fruits were
cut into pieces and oven dried for 48 h at 100°C. The dried samples were pulverized with porcelain mortar and pestle
to a fine powder and sieved with a 1 mm sieve. The samples were properly labeled and stored in dry plastic containers
for digestion and analysis.

2.2. Digestion of samples and metal analysis

1 g of the dried sample was digested with a mixture of HNO3 and HCIO4 in a ratio of 5:1 until the solution was transparent
in nature [8, 26]. The solution was filtered, poured into a 25 ml flask and stored for metal analysis. An Agilent 710
Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) was used for the determination of Cd, Cu, Fe, Ni,
Pb, and Zn.

2.3. Health Risk Assessment

The possible health risks of trace metals associated with the consumption of the studied local and exotic fruits were
evaluated using daily intake rate of the metals [27], hazard quotient (HQ) [28], and hazard index (HI) [29].
Determination of daily Intake of Trace Metals (DIM) in the studied local and exotic fruits was computed using equation

(D).

Cmetal x Dfruit intake
DIM = (1)

Bw average

Where Cmetal represents the concentration (mgkg™) of trace metal in the studied fruits; Dfruit intake is the daily intake rate of
the studied fruits which in this study 300 g/kg/day was used [30]; Bw average stands for the average body weight of a Nigerian
which according to WHO [30] is 62 kg.

2.3.1. Determination of a non-carcinogenic risk index described as hazard quotient (HQ) was calculated using equation (2).

Where DIM signifies the daily intake rates of the trace metals via the consumption of the studied fruits and RfD stands
for the oral reference dose of the metals. The RfD values for Cd, Cu, Fe, Ni, Pb, and Zn are 0.001, 0.04, 0.7, 0.02, 0.004,
and 0.3 mg/kg/day, respectively [31].

2.3.2. Determination of hazard index (HI)

Hazard index (HI) is the sum of all the hazard quotients (HQs) for the entire trace metals, it was estimated using equation

(3).

HI =XHQ = HQCd + HQCu + HQFe + HQNi + HQPb + HQZMN------========mmmmmmmmmmmmmmmmeeooee (3)
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Where HI represents hazard index and HQ is the hazard quotient of the trace metals. According to Cao et al. [32] when
the value of HI is less than 1, the consumers of the studied fruits are safe but when HI is equal to or more than 1, then
the consumers are at risk.

2.3.3. Determination of cancer risk (CR) index

Cancer risk denotes the probability of a consumer developing cancer over a lifetime due the exposure to trace metals
(potential carcinogens) via the consumption of the studied fruits. The cancer risk (CR) associated with the exposure to
Cd, Ni, and Pb through the consumption of the studied fruits over lifetime was calculated using equation (4).

0 O ) 1 B (4)

Where CSF signifies the cancer slope factor and DIM is the daily intake rates of the trace metals. According to USEPA
[33] the values of CSF are 0.38, 1.7, and 0.0085 mg/kg/day for Cd, Ni, and Pb, respectively. There were no data for the
computation of CR for Cu, Fe, and Zn. The acceptable range of predicted lifetime risk for carcinogens by USEPA [34] is
10-4 (risk of developing cancer is 1 in 10,000) to 10-6 (risk of developing cancer over a lifetime is 1 in 1,000,000).
2.3.4. Determination of total cancer risk (TCR)

The probability of a consumer developing cancer when exposed to several trace metals (carcinogens) via the
consumption of a particular fruit was adopted, and the sum of the different trace metals increasing risk was computed
using equation (5).

Total cancer risk = X CR -m-mmmmmmm oo (5)
Where CR denotes the cancer risk.

2.4. Statistical analysis

The data obtained in this study were treated for the mean and standard deviation using IBM SPSS Statistics 20. The
principal component analysis (PCA) was done by calculating the data with Varimax Factor analysis. The cluster analysis
(CA) of metals determined was done by categorizing the results in Hierarchical Cluster Dendrogram plots with IBM SPSS
Statistics 20.

3. Results and discussion

Table 1 Level of Trace metals in Local fruits and Exotic fruits

Ccd Cu Fe Ni Pb Zn

Citrus Local 0.023 0.021 0.300 0.015 0.005 0.963
sinensis Exotic 0.032 0.030 0.221 0.005 0.002 1.248
Persea Local 0.056 0.035 0.218 0.023 0.002 1.633
americana Exotic 0.041 0.029 0.249 0.007 0.001 1.405
Citrus Local 0.026 0.040 0.257 0.020 0.004 1.817
paradise Exotic 0.038 0.019 0.189 0.010 0.003 1.742
Malus Local 0.091 0.017 0.193 0.017 0.003 0.952
domestica Exotic 0.084 0.037 0.186 0.006 0.002 1.059
Citrus limon Local 0.086 0.039 0.292 0.064 0.003 1.748

Exotic 0.075 0.019 0.323 0.008 0.005 0.893
Min 0.023 0.017 0.186 0.005 0.001 0.893
Max 0.091 0.040 0.323 0.064 0.005 1.817
SD 0.025 0.009 0.047 0.017 0.001 0.350
Mean 0.055 0.029 0.243 0.018 0.003 1.346
MRL 0.10 2.00 0.30 0.20 0.05 5.00

Min = Minimum; Max = Maximum; SD = Standard deviation; MRL = Maximum recommended limit by FAO/WHO [35].
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3.1. Trace metals in the studied fruits

Cadmium (Cd) in the studied fruits varied between 0.023 and 0.091 mgkg! in the local Citrus sinensis and Malus
domestica, respectively. This range is higher than 0.001 - 0.006 mgkg! obtained by Sobukola et al. [36] but lower than
0.01 to 0.362 mgkg! reported by Elbagermi et al. [23]. The results revealed higher levels of Cd in the local fruits than in
their exotic counterparts except in Citrus sinensis and Citrus paradise. This could be attributed to the class and quantity
of agrochemicals used by local farmers [16, 37]. The method of processing and handling of the local fruits could also
elevate their levels of trace metals [14, 38]. The mean value of Cd (0.055£0.025 mgkg1) is lower than the 0.10 mgkg!
recommended limit in fruits by FAO/WHO [35]. Consequently, the consumption of the studied fruits might not result in
health problems associated with Cd toxicity. However, as a toxic element to both plants and animals its presence in our
environment should be controlled to forestall serious problems along the food chain as reported by Divrikli et al. [1].

Copper (Cu) is an essential element for plants and animals but at higher concentrations it could be harmful [39]. Levels
of Curanged from 0.017 mgkg-1in local Malus domestica to 0.040mgkg-1in local Citrus paradise, respectively. This range
is lower than 0.04 - 0.22 mgkg! and 2.4 - 25.0 mg kg obtained by Ezeonyejiaku and Obiakor [40] and Aydinalp and
Marinova [41], respectively. The concentrations of Cu were generally higher in the local than in the exotic fruits except
for Citrus sinensis and Malus domestica. This could be attributed to the variations in anthropogenic factors between the
local and foreign environments as opined by [42]. The mean value of Cu (0.029 + 0.009 mgkg) obtained is lower than
2.00 mgkg-1 recommended limit by FAO/WHO [35]. Hence, the consumers of the studied fruits may not experience Cu
toxicity and its attendants” health problems.

The levels of iron (Fe) in the studied fruits varied between 0.186 mgkg-! in exotic Malus domestica and 0.323 mgkg! in
exotic Citrus limon. This range is lower than 1.10 - 36.0 pg/g and 2.50 - 5.60 mgkg! reported by Mehari et al. [43] and
Yami et al. [44], respectively. Fe is essential for all living organisms and its deficiency is harmful to both plants and
animals [45, 46]. The levels of Fe were higher in all the local fruits than in the exotic ones except for Persea americana
and Citrus limon. This could be attributed to the variations in the soil properties and anthropogenic factor [47, 48]. The
mean value of Fe (0.243+0.047 mgkg1) is lower than 0.300 mgkg! recommended by FAO/WHO [35] for fruits.
Consequently, all the studied fruits were suitable for consumption except exotic Citrus limon which had Fe concentration
higher than the recommended limit.

Nickel (Ni) in the studied fruits ranged from 0.005 mgkg-! in exotic Citrus sinensis to 0.064 mgkg in the local Citrus
limon. This range is consistent with 0.001 - 0.061 mgkg! obtained by Sobukola et al. [36] but lower than 0.000 - 0.400
mgkg1and 0.000 - 0.475 mgkg! reported by Guerra et al. [49] and Omoyajowo et al. [50], respectively. The levels of Ni
were generally higher in the local than in the exotic fruits. This could be the consequence of disparity in both the natural
and anthropogenic factors [14, 48]. The average Ni level obtained (0.018+0.017 mgkg-1) is much lower than 0.20 mgkg-
1 recommended limit for fruits by FAO/WHO [35]. The high standard deviation reported is an indication that, more of
the values were far from the mean [51].

The level of lead (Pb) in the studied fruits varied between 0.001 mgkg! in exotic Persea americana and 0.005 mgkg in
local Citrus sinensis and exotic Citrus limon. The obtained levels of Pb is lower than 0.01 to 0.87 mgkg!and 1.69-5.80
mgkg! reported by Radwan and Salama [52] and Ihesinachi and Eresiya [53], respectively. Nevertheless, the range
reported in this study is higher than the below detectable limit (BDL) obtained in all the fruits analyzed by Yami et al.
[44]. The overall results revealed higher levels of Pb in the local than in the exotic fruits except for Citrus limon. This
could be attributed to the impact of inorganic fertilizers and aerial depositions [13, 54]. The mean value of Pb recorded
(0.003£0.001 mgkg1) is lower than 0.05 mgkg! recommended limit in fruits by FAO/WHO [35]. Thus, the consumption
of these fruits might not cause serious health problems associated with Pb toxicity however; as a toxic element its
availability should be drastically reduced to avoid bioaccumulation along the food chain.

The concentrations of zinc (Zn) in the studied fruits ranged from 0.893 mgkg! in exotic Citrus limon to 1.817 mgkg in
local Citrus paradise. The reported range is higher than 0.039 - 0.082 mgkg-! reported by Sobukola et al. [36] but, lower
than 6.31 - 49.3 mgkg! obtained by Alzahrani et al. [6]. Higher concentrations of Zn were reported in the local Persea
americana, Citrus paradise, and Citrus limon than in the exotic ones while the reverse was the case in Citrus sinensis and
Malus domestica. This variation could be attributed to both the natural and anthropogenic factors. Zn is an essential
element for all living organisms including human but, it could be toxic at a higher concentration [55, 56]. The mean
value of Zn obtained (1.346+0.350 mgkg1) is below 2.00 mgkg-! limit by FAO/WHO [35]. Hence, the levels of Zn in all
the studied fruits might not pose serious health challenge to the consumers. Among the metals determined in the studied
fruits, Zn had the highest concentration as also observed by Radwan and Salama [52].
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The results obtained also indicated that although there were variations in the level of these metals between the local
and exotic fruits. The concentrations of the metals determined followed a similar order Zn > Fe > Cd > Cu > Ni > Pb.

Table 2 DIM of trace metals in the local and exotic fruits

Local fruits

Citrus sinensis Persea americana Citrus paradise Malus domestica  Citrus limon
Cd 1.1E-04 3.0E-04 1.3E-04 4.4E-04 4.2E-04
Cu 1.0E-04 2.0E-04 1.9E-04 8.0E-05 1.9E-04
Fe 1.0E-03 1.0E-03 1.2E-03 9.0E-04 1.4E-03
Ni 7.0E-05 1.0E-04 9.7E-05 8.0E-05 3.1E-04
Pb 2.0E-05 9.0E-06 1.9E-05 2.0E-05 1.5E-04
Zn 5.0E-03 8.0E-03 8.8E-03 4.6E-03 8.4E-03

Exotic fruits

Cd 2.0E-04 1.9E-04 2.0E-04 4.0E-04 3.6E-04
Cu 2.0E-04 2.0E-04 9.0E-05 2.0E-04 9.0E-05
Fe 1.0E-03 1.2E-03 9.0E-04 9.0E-04 1.5E-03
Ni 2.0E-05 3.4E-05 4.8E-05 2.0E-05 3.8E-05
Pb 9.0E-06 4.8E-06 1.4E-05 9.0E-06 2.0E-05
Zn 6.0E-03 6.8E-03 8.0E-03 5.0E-03 4.0E-03

3.2. Daily intake of trace metals via the consumption of local and exotic fruits

The mean DIM values for Cd are 2.80E-04 and 2.7E-04 mg for the local and exotic fruits, respectively. These values
represent 28 and 27% of the RfD value of 0.001 mg per day for a 62 kg adult for local and exotic fruits, respectively [57].
The daily intake of Cd via the local and exotic fruits as shown in Table 2 are lower than the provisional tolerable daily
intake of 0.06 mg by FAO/WHO [58]. Thus, the consumption of these fruits might not pose any health risk related to Cd
toxicity. However, the consumers of the local fruits are more vulnerable to Cd toxicity. Malus domestica contributed the
greatest Cd intake via the consumption of both the local and exotic fruits accounting for 31 and 30%, respectively of the
DIM.

The average DIM values for Cu are 1.52E-04 and 1.56E-04 mg for the local and exotic fruits, respectively. The mean DIM
value in the local fruits represents 0.38% while that of exotic accounted for 0.39% of the RfD value of 0.04 mg for a 62
kg adult [57]. Thus, the consumers of the exotic fruits are more exposed to Cu than those consuming their local
counterparts. The values obtained for DIM in Table 2 through the consumption of both classes of fruits are lower than
the recommended PTDI of 3.0 mg by FAO/WHO [58]. Consequently, the consumers of these fruits are free of risk
associated with Cu toxicity however, could be deficient of this essential element. Persea americana is the greatest route
through which the consumers of these fruits are exposed to Cu with 26% each of the total DIM.

The daily intake rates of Fe varied as follows: 9.0E-04 - 1.4E-03 mg and 1.1E-03 and 9.0E-03 mg for the local and exotic
fruits, respectively (Table 2). The mean DIM values for Fe via the consumption of the local and exotic fruits is 1.10E-03
mg each. This represents 0.16% each of the RfD value of 0.7 mg per day for a 62 kg adult [58]. Consequently, the
consumers of both the studied local and exotic fruits will have the same level of exposure to Fe. The values obtained for
DIM via the consumption of both classes of fruits are lower than 0.70 mg per day for a 62 kg adult by WHO [58]. Hence,
the consumers may not be exposed to high level of Fe and its attendants” health problems. The DIM values for both
categories of the studied fruits are also lower than the stipulated PTDI limit of 48 mg by FAO/WHO [59]. This also
confirms the deficient nature of the much-needed Fe in these fruits thus, the consumers should complement from other
sources. Amongst the studied fruits, Citrus limon contributed highest level of Fe to the total DIM with 26 and 27% for
the local and exotic fruits, respectively.
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The mean DIM values for Ni in the studied local and exotic fruits are 1.31E-04 and 3.20E-05 mg, respectively. Based on
the results in Table 2, the consumers of the studied local fruits are more exposed to Ni than the consumer of the exotic
ones. These mean values represent 0.66 and 0.16% of the RfD value of 0.1 mg per day for a 62 kg adult [58]. The values
of DIM for Ni in Table 2 vary from 7.0E-05 to 3.1E-04 mg and 2.0E-05 to 4.8E-05 mg for the local and exotic fruits,
correspondingly. These values are less than 0.02 mg per day for a 62 kg adult recommended by WHO [58]. Hence, the
consumers of both classes of the studied fruits might not be exposed to Ni toxicity though there are other routes of
exposure to metal toxicity. The values obtained are also lower than the recommended PTDI range of 0.1 - 0.3 mg by
FAO/WHO [59]. Thus, the consumers might not be at risk as far as Ni is concerned. Citus limon was the highest
contributor of Ni in the local fruits with 47% while Citrus paradise contributed the highest in the exotic fruits with 30%
to the total DIM.

The average values of daily intake rates of Pb are 4.36E-05 and 1.14E-05 mg for the local and exotic fruits,
correspondingly. Consequently, the consumers of the studied local fruits are more exposed to Pb than the consumers of
their exotic counterparts. The mean DIM values of Pb in the local and exotic fruits represent 1.1 and 0.29% of the RfD
value of 0.004 mg per day for a 62 kg adult [58]. The values of DIM for Pb varied from 9.0E-06 to 1.5E-04 mg in the local
fruits and 4.8E-06 to 2.0E-05 mg in the exotic fruits. These values are lower than 0.004 mg per day for an adult by WHO
[58]. Hence, these fruits are safe for human consumption with respect to Pb but, as a highly toxic metal bioaccumulation
should avoided. The values of DIM reported for Pb are less than the recommended PTDI value of 0.214 mg as well [59].
This affirms the safe nature of the studied fruits for human consumption. The highest contributors of Pb was Citrus
limon for both the local and exotic fruits with 69 and 35%, respectively of the total DIM.

The mean values recorded for the daily intake of Zn via the consumption of local and exotic fruits are 6.96E-03 and
5.96E-03 mg, respectively. Accordingly, the consumers of the studied exotic fruits are less exposed to Zn than the
consumers of their local species. The average DIM values of Zn in the exotic and local fruits contributed 1.99 and 2.32%
of the RfD value of 0.3 mg per day for a 62 kg adult [58]. The range of DIM for Zn ranged from 4.60E-03 to 8.80E-03 mg
for local fruits and 4.0E-03 to 8.0E-03 mg for the exotic ones (Table 2). These values are less than 0.3 mg per day
recommended for a 62 kg adult by WHO [58]. Consequently, these fruits are deficient of this essential element and
should be complemented from other sources of food. These values are also lower than 60 mg the recommended PTDI
value by FAO/WHO [58]. Hence, these fruits might not serve as a good source of Zn for the consumers although, the
consumers of the local fruits are better off. The major source of Zn to the consumers in this study was Citrus paradise
for both the local and exotic fruits contributing 24 and 13%, respectively to the total DIM obtained.

The daily intake rates of trace metals followed the order Zn > Fe > Cd > Cu > Ni > Pb for the local fruits and Zn > Pb > Fe
> Cd > Cu > Ni for the exotic fruits, respectively. Thus, both the local and exotic fruits exposed the consumers more to

Zn than other metals.

Table 3 THQs and HI of trace metals in the local and exotic fruits

HQs for local fruits

Citrus sinensis Persea americana Citrus paradise Malus domestica  Citrus limon
Cd 1.1E-01 0.2.7E-01 1.3E-01 4.4E-01 4.2E-01
Cu 3.0E-03 4.0E-03 4.0E-03 2.0E-03 5.0E-03
Fe 2.0E-03 1.0E-03 1.0E-03 1.0E-03 2.0E-03
Ni 3.0E-03 6.0E-03 5.0E-03 4.0E-03 2.0E-03
Pb 6.0E-03 2.0E-03 5.0E-03 3.6E-03 3.6E-03
Zn 1.2E-02 2.7E-02 2.9E-02 1.5E-02 2.8E-02
HI 0.14 0.31 0.17 0.47 0.46
HQs for exotic fruits

Cd 1.5E-01 2.0E-01 1.8E-01 4.1E-01 3.6E-01
Cu 4.0E-04 3.5E-03 3.0E-03 5.0E-3 2.0E-03
Fe 1.5E-03 1.7E-03 1.3E-03 1.3E-03 2.0E-03
Ni 1.2E-03 1.6E-03 2.4E-03 1.6E-03 1.9E-03
Pb 2.0E-03 1.2E-03 4.0E-03 3.0E-03 6.0E-03
Zn 2.0E-02 2.2E-02 2.9E-02 1.8E-02 1.4E-02
HI 0.18 0.23 0.22 0.44 0.39
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3.3. Hazard quotient (HQ)

Hazard quotient is an index related to a long-term exposure to these metal contaminants through the consumption of
the studied fruits. According to Wang et al. [59] it is not used to quantify the risk involved but it specifies the degree of
concern. The HQ values for the trace metals determined in the studied fruits are shown in Table 3. The HQ values of Cd
ranged from 0.11 to 0.44 and 0.15 to 0.41 in the local and exotic fruits, respectively. The highest HQ values of the local
and exotic fruits were obtained in Malus domestica. Thus, the consumption of Malus domestica from both the local and
foreign sources might expose the consumers to Cd toxicity over time [60].

The HQ values for Cu in the local and exotic fruits ranged as follows: 2.0E-03 - 5.0E-03 and 4.0E-04 - 5.0E-03,
respectively. The fruits with highest HQ values of Cu in the local and exotic fruits were Citrus limon and Malus domestica,
respectively. Cu is an essential element hence, more of it might be required by the consumers as its deficiency in the
human system could also result in serious health problems [61]. However, the bioaccumulation of Cu in fruits should be
controlled to avoid damage to the liver and kidney of the consumers [62].

The HQ values of Fe in both the local and exotic fruits varied from 1.0E-03 to 2.0E-03 and 1.3E-03 to 2.0E-03,
respectively. The highest HQ value of Fe in the local fruits was obtained in Citrus sinensis and Citrus limon while Citrus
limon had the highest HQ value of Fe among the exotic fruits. As an essential element with HQ values less than 1, there
might be no tendency for Fe toxicity and the related problems in the consumers. Although, the low and excessive levels
of Fe in fruits have their related health problems [63, 64].

Ranges of 2.0E-03 - 6.0E-03 and 1.2E-03 - 2.4E-03 were obtained for the HQ values of Ni in the local and exotic fruits,
respectively. The highest HQ value of Ni in the local fruits was obtained in Persea americana whereas, Citrus paradise
had the highest HQ value of Ni in the exotic fruits. Accordingly, the consumers of the local Persea americana and exotic
Citrus paradise might be exposed to health problems associated with Ni toxicity over time [65].

The values of hazard quotient for Pb in the local and exotic fruits ranged from 2.0E-03 to 6.0E-03 and 1.2E-03 to 6.0E-
03, correspondingly. The highest HQ values of Pb in the local and exotic fruits were obtained in Citrus sinensis and Citrus
limon, respectively. Pb is not an essential element hence, a prolonged consumption of these fruits might pose serious
health risk to the consumers as reported by Guerra et al. [49].

The HQ values of Zn in the local and exotic fruits varied from 1.2E-02 to 2.9E-02 and 1.4E-02 to 2.9E-02, respectively.
The highest HQ values for Zn in both the local and exotic fruits were obtained in Citrus paradise. Thus, the consumption
of these fruits might expose the consumers to the required level of Zn in the human body but its toxicity should be
avoided to forestall health challenges reported by Roohani et al. [66].

Generally, the HQ values for the metals were lower than 1 consequently, these fruits may not pose any non-cancer risk
to the consumers. Although, the HQ value of the metals is directly proportional to the potential human health risk [67,
68].

3.4. Hazard index (HI) associated with the exposure to trace metals

In assessing the human health risk associated with all the trace metals determined in the studied fruits, the idea of total
hazard index (HI) was introduced. When an HI value is less than 1, it shows that consumption of the studied fruits might
not result in non-carcinogenic risk. However, when the HI value is equal to or higher than 1, there is likelihood that
serious health problems may occur [32, 49]. The HI values of the studied local and toxic fruits are indicated in Table 3.
The HI values of the trace metals in local fruits ranged from 0.14 in Citrus sinensis to 0.47 in Malus domestica. Whereas,
the HI values of the metals in the exotic fruits varied between 0.18 in Citrus sinensis and 0.44 in Malus domestica. The HI
values of the local and exotic fruits followed the order M. domestica > C. limon > P, americana > C. paradise > C. sinensis.
The general values of HI for all the fruits were below 1 hence, the consumption of these fruits may not pose any non-
carcinogenic risk. Though, the consumers of the local fruits could be more susceptible to non-carcinogen risks than
those consuming their exotic counterparts.
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Table 4 Cancer risk and total cancer risk of the trace metals in the local and exotic fruits

Local fruits

Citrus sinensis Persea americana Citrus paradise Malus domestica  Citrus limon
Cd 4.18E-05 1.14E-04 4.94E-05 1.67E-04 1.60E-04
Cu - - - - -
Fe - - - - -
Ni 1.19E-04 1.70E-04 1.65E-04 1.36E-04 5.27E-04
Pb 1.70E-06 7.65E-07 1.62E-07 1.70E-07 1.28E-07
Zn - - - - -
XCR 1.63E-04 2.85E-04 2.15E-04 3.03E-04 6.87E-04
Exotic fruits
Cd 7.60E-05 7.22E-05 7.60E-05 1.52E-04 1.37E-04
Cu - - - - -
Fe - - - - -
Ni 3.40E-05 5.78E-05 8.16E-05 3.40E-05 6.46E-05
Pb 7.65E-08 4.08E-08 1.19E-07 7.65E-08 1.70E-07
Zn - - - - -
XCR 1.10E-04 1.30E-04 1.58E-04 1.86E-04 2.02E-04

3.5. The Cancer Risk (CR)

In this study, Cd, Ni, and Pb were of special concern due to their high carcinogenic risk [69]. The acceptable range of
predicted lifetime risk for carcinogens by USEPA [34] is 10-¢ (1 in 1,000,000) to 10-4 (1 in 10,000). Substances with risk
factor below 10-¢ may be ignored for further consideration as a substance of concern. The results obtained for the cancer
risk (CR) of these metals via consumption of the studied fruits are shown in Table 4. The predictable lifetime risk to
cancer because of Cd intake via the consumption of the local and exotic fruits varied from 4.18E-05 to 1.67E-04 and
7.22E-05 to 1.52E-04, respectively. These values are within the safe range of lifetime risk to cancer [34]. However, the
cancer risk associated with the consumption of the local fruits are higher. The cancer risk values for Ni through the
consumption of local and exotic fruits ranged from 1.19E-04 to 5.27E-04 and 3.40E-05 to 8.16E-05, respectively. Based
on USEPA [34] recommendations, these values are within the permissible range by USEPA [34] though, higher cancer
risk values were recorded for Ni via the consumers of the local fruits. The cancer risk due to Pb intake through the
consumption of the local and exotic fruits varied from 1.28E-07 to 1.70E-06 and 4.08E-08 to 1.70E-07, correspondingly.
These values are below the acceptable range and should be ignored except for Citrus sinensis with a value of 1.70E-06.
Although, the CR values obtained may not pose any cancer risk to the consumers, the local fruits might have exposed
the consumers to a higher degree of risk than the exotic ones. In other words, the studied exotic fruits would have been
much safer than their local counterparts. There were insufficient data for the carcinogenic potentials of Cu, Fe, and Zn
for the computation of their cancer risk in this study [33].

3.6. Total Cancer Risk (TCR)

The results for the total cancer risk in Table 4 indicate a range of 1.63E-04 - 6.87E-04 for the local fruits and 1.10E-04 -
2.02E-04 for the exotic fruits, respectively. These values are within the threshold range by USEPA [34]. Thus, the
consumption of both the local and exotic fruits may not expose the consumers to cancer risk. Nevertheless, the
probability of exposure to cancer risk is higher in the consumers of local fruits than in the consumers of the exotic ones.

282



Ebong et al. / World Journal of Advanced Research and Reviews, 2020, 06(03), 275-288

Table 5 Total Variance Explained for trace metals in the studied local and exotic fruits

Local fruits

Initial Eigen values Extraction Sums of Squared Rotation Sums of Squared
Component Loadings Loadings
Total % of Cumulative Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %
1 2.69 4486 44.86 2.69 4486 44.86 236  39.34 39.34
2 2.16 3592 80.79 2.16 3592 80.79 191 3181 71.15
3 1.05 17.54 98.32 1.05 17.54 98.32 1.63 27.18 98.32
Exotic fruits
1 2.67 4445 44.45 2.67 4445 44.45 2.55 4255 42.55
2 235  39.10 83.55 235 39.10 83.55 246  41.00 83.55

Extraction Method: Principal Component Analysis

Table 6 Matrix of the major principal component

Local fruits Exotic fruits

Component Component

1 2 3 1 2
Cd 0.329 -0.801 0.485 0.390 -0.707
Cu 0.882 0.358 -0.302 -0.767 -0.625
Fe 0.144 0.864 0.462 0.777 -0.268
Ni 0.808 0.038 0.588 0.526 0.736
Pb -0.568 0.759 0.213 0.947 -0.030
Zn 0.899 0.248 -0.349 -0.386 0.917

3.7. Results of Multivariate Analysis

The Principal component analysis (PCA) was employed to identify the factors responsible for the accumulation of trace
metals in the studied local and exotic fruits and their relationships [70, 71]. The values extracted from the PCA are
presented in Table 5. The Table indicates three major factors with Eigen values > 1 with 98.32% of the total variance
for the local fruits. Factor 1 contributed 44.86% of the total variance with significant positive loadings on Cu, Zn, and a
strong negative loading on Pb (Table 6). This represents the negative impact of agrochemicals on the quality of the
studied local fruits [72, 73]. Factor 2 contributed 35.92% of the total variance with strong positive loadings on Fe, Pb
but strong negative loading on Cd. This is the negative impact of natural factor and inorganic fertilizers on the quality
ofthe local fruits as reported by Benson et al. [37] and Ebong et al. [74]. Factor 3 contributed 17.54% of the total variance
with a significant positive loading on Ni and a moderate positive loading on Cd. This represents the impact of industrial
wastes on the quality of the local fruits [75]. For the exotic fruits, PCA revealed two main factors with Eigen values
greater than one with strong 83.55% of the total variance (Table 5). Factor one contributed 44.45% of the total variance
with strong positive loadings on Fe, Ni, and Pb but a significant negative loading on Cu (Table 6). This denotes the
negative impact of both the natural and anthropogenic factors on the metal load of exotic fruits [74]. Factor 2
contributed 39.10% of the total variance with significant negative loadings on Cd and Cu but strong positive loadings
on Ni and Zn (Table 6). This represents the negative effects of organic wastes on the quality of the exotic fruits [16, 76].
This study has revealed the different sources of trace metals in the studied local and exotic fruits. The sources of trace
metals in the local fruits were more than in the exotic ones. This might have resulted in the higher values of most of the
metals reported in the local fruits.
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Figure 1 Hierarchical clusters formed among trace metals studied in the local fruits
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Figure 2 Hierarchical clusters formed among trace metals studied in the exotic fruits

The pair-wise affiliations between trace metals in the studied local and exotic fruits are demonstrated by Hierarchical
cluster analysis (HCA) in figures 1 and 2, respectively. Both figures show two main clusters: (i) one linking all the trace
metals together except Zn, and (ii) the one linking only Zn. This is an indication of a mutual source and similarities
among trace metals in the first cluster [77]. Cluster two might have indicated a separate major source of Zn in the studied
fruits from the other trace metals. The results of the HCA have also shown that irrespective of the source of the
contaminants, their properties remain the same.

4., Conclusion

The study revealed the variations in the levels of Cd, Cu, Fe, Ni, Pb, and Zn between the local and exotic fruits. It has also
indicated the consequences of agrochemicals including organic and inorganic manures on the quality of the fruits
cultivated. The cancer and non-cancer risks related to the consumption of these fruits have also been identified. The
difference in the degree of exposure to carcinogens through the consumption of the locally sourced fruits and the exotic
ones has also been indicated. The multivariate analysis employed in the study was able to identify the factors
responsible for the accumulation of these trace metals in the studied fruits and it was mainly anthropogenic. The study
reported higher levels of most of the metals in the locally sourced fruits than in the exotic ones. It also revealed that the
consumers of local fruits are more susceptible to metal toxicity and its attendants” health problems than those
consuming exotic fruits. Consequently, the extensive use of inorganic fertilizers and untreated organic wastes on
farmlands should be controlled to avoid metal accumulation and the allied problems.
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