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Abstract: The generation, transmission, and distribution of power have both positive and negative effects. However, 
this has not been effectively assessed and documented in the study area. Hence, this research was conducted to assess 
the impact of power transmission and distribution activities on the levels of trace metals in soil, including Telfairia 
occidentalis (T. occidentalis). In this research, topsoil and T. occidentalis were obtained from the vicinity with high-
tension copper cables at Ikono, Ibiono Ibom, Itu, Uyo, and Uruan in Akwa Ibom State. Similar samples were obtained 
100 m away from areas with high-tension copper cables and used as controls. The mean values (mg kg-1) of cadmium 
(Cd), copper (Cu), iron (Fe), and lead (Pb) obtained in soil were 2.13 ± 1.24, 43.52 ± 9.28, 1,265.84 ± 287.33, and 27.39 
± 5.66, respectively. Whereas, the mean concentrations (mg kg-1) of these metals in T. occidentalis were 0.17 ± 0.10, 
12.98 ± 2.50, 217.81 ± 62.56, and 1.47 ± 1.40, respectively. The results obtained revealed that the mean concentrations 
of Cd, Cu, and Fe in soil were higher than their recommended safe limits, while the mean concentrations of Cu, Fe, 
and Pb in T. occidentalis exceeded the limits. The results indicated that the mean concentrations of all metals in the 
impacted soils were higher than in the control plot for both soil and T. occidentalis. Pollution models employed showed 
that soils and T. occidentalis from the studied locations were highly impacted by metals originating mainly from power 
transmission and distribution activities. The estimated daily intake rate of all the metals through soils and T. occidentalis 
was investigated for the children and adult groups within their recommended oral reference doses except for Cd. The 
non-cancerous risks for the children and adult groups for both soil and T. occidentalis were less than than 1 mg kg-1 
day-1. However, the children’s class was more susceptible. Cancer risks for both the children and adult groups via soil 
and T. occidentalis were within the acceptable limit, but the entire cancer risk for the children via T. occidentalis from 
the Uyo vicinity was higher than the safe limit. This study revealed the effects of power transmission and distribution 
activities on the metal loads in soil and T. occidentalis and the related human health problems. Consequently, consistent 
exposure to soil particles impacted by high-tension cables and the cultivation of edible plants under high-tension cables 
should be avoided. 
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1. Introduction
Waste products generated by human activities, especially in the industrial sector, if not properly managed, can 

seriously contaminate the environment [1, 2]. One of the most common contaminants introduced by anthropogenic 
activities into the environment is metal. Metals have the potential to bioaccumulate in living cells through ingestion [3-
5]. The accumulated metals can cause adverse health problems ranging from cancerous to non-cancerous [6-9]. The 
generation of electric power in Nigeria in 1896 has resulted in both positive and negative implications associated with 
the generation, transmission, and distribution [10, 11]. Power generation and transmission are two of the major causes 
of cancer in humans [12, 13]. Reports have shown that power transmission and distribution activities can elevate the 
concentrations of metals in the environment [14-18]. Metals such as aluminum (Al), copper (Cu), iron (Fe), cadmium 
(Cd), and lead (Pb) are closely associated with power transmission and distribution, hence, the environment could be 
contaminated by these metals over time. Research by Idowu et al. [19] revealed that power generation may also have a 
negative impact on the aquatic environment.

Studies have shown that high-tension lines can increase concentrations of Cd, Cu, and zinc (Zn) in the terrestrial 
environment and plants [20-23]. Elevated levels of Cu, Fe, Cd, manganese (Mn), nickel (Ni), Al, Zn, Pb, and calcium (Ca) 
have been reported in soils and vegetables within the vicinity of power transformers [24-27]. A study by Al-Hiyaly et al. 
[28] showed that power transmission and distribution activities can increase the level of metals, especially Zn, in soil. 

Cu wires are mostly used for high-tension power transmission and distribution due to their electrical conductivity, 
Cd is used for the installation of lighting columns, and Pb is widely used as a sheathing material in high-voltage power 
cables [29-31]. Fe is a major component of steel, mostly applied as a transmission and distribution tool in the power 
grid [32-34]. These metallic components, when corroded, affect the environment negatively and can affect human health 
through the food chain [8, 35-37]. Based on the reports mentioned above, power generation and transmission activities 
have the potential to negatively impact the soil, vegetables, environment, and food chain. Hence, consistent human 
exposure to these activities, either directly or indirectly, might result in adverse health problems. However, no research 
has been done to assess the impact of power transmission and distribution activities on the human environment. Thus, 
the necessary information on this sector concerning the impacts and related environmental and human health problems 
is not available. Consequently, the extent of damage done so far to the environment and human health has not been 
identified and documented in the area investigated. 

Consequently, the assessment of the impact of power transmission and distribution activities on the quality of soil 
and plants can forestall the related environmental and human health problems. Hence, this study was undertaken to 
assess the influence of power transmission and distribution activities on the metal loads in terrestrial environments and 
Telfairia occidentalis (T. occidentalis). The actual source and ecological risks associated with the levels of these metals 
in the studied soils have been investigated. The cancerous and non-cancerous health hazards of these trace metals via 
exposure to the impacted soil and T. occidentalis by the children and adult groups were evaluated. The results of this 
study will serve as baseline data for future studies in the related area and will create awareness of the effects of power 
transmission and distribution activities on the environment and human health.

2. Methodology
2.1 Area of study

The work was conducted at Ikono, Ibiono Ibom, Itu, Uyo, and Uruan local government areas in Akwa Ibom state. 
The state is within the Niger Delta Region of Nigeria, where intense oil activities are performed. Akwa Ibom State is 
situated within latitudes (4° 32′ N-5° 33′ N) and longitudes (7° 25′ E-8° 25′ E) with outstanding wet and dry seasons. 
The state is within a humid tropical region with abundant rainfall. The annual temperature and rainfall vary from 25-
29 ℃ and 2,000-3,000 mm, respectively. The climatic situation of the state favors subsistence as well as commercial 
farming activities. A larger proportion of the inhabitants within the locations studied depend on farm produce for their 
livelihood. Activities by the oil companies within the region have impacted negatively on the environment. Hence, 
regular assessment is necessary to forestall problems along the food chain. The studied local government areas, villages, 
control plots, and their coordinates are in Table 1.
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Table 1. Studied locations and their coordinates

Local government area Village Latitude Longitude

Ikono Aka Ekpeme 5° 10′ 14′′ N 7° 48′ 13′′ E

Ibiono Ibom Use Ndon 5° 10′ 50′′ N 7° 54′ 03′′ E

Itu Akon Itam 5° 06′ 20′′ N 7° 56′ 35″ E

Uyo Ewet Offot 5° 01′ 26′′ N 7° 56′ 47′′ E

Uruan Idu Uruan 5° 01′ 40′′ N 8° 01′ 02″ E

Control plot Ikot Ayan Ediene 5° 09′ 57′′ N 7° 48′ 49′′ E

2.2 Analytical procedures 

Topsoil and T. occidentalis samples were obtained within the vicinity of high-tension cables at Ikono, Ibiono 
Ibom, Itu, Uyo, and Uruan at the designated locations shown in Table 1. Soil and T. occidentalis were also obtained at a 
distance of 100 m from high-tension cables in Ikot Ayan Ikono, Ikono local government area, and used as controls. The 
collection of topsoils was achieved by using a soil auger, and the samples collected were transferred into polyethylene 
bags. Sample collection was done for three months between November 2023 and January 2024 during the dry season 
to avoid the leaching of metal toxicants into the subsoil. Reports have also indicated that metals in the topsoil are 
associated with anthropogenic sources [38, 39]. The widely consumed T. occidentalis was collected at the designated 
locations using a stainless-steel knife and preserved in a cooler. At each location, samples were obtained from under 
the high-tension cables and from both sides of the cable lines, then mixed together to form a composite sample for that 
location. A total of 30 soil and T. occidentalis composite samples were obtained and used for this study. The soil and 
vegetable samples collected were transferred to the laboratory. The soil samples obtained were sun-dried for three days, 
ground, and filtered. T. occidentalis samples collected were first washed with tap water and subsequently with distilled 
water. The vegetable samples were dried in the air, sliced into small portions, and later dried in an oven at a temperature 
of 60 °C for 24 hours. One gram of the prepared samples (both the soil and T. occidentalis) was digested with aqua regia (a 
mixture of hydrochloric acid (HCl) and trioxonitrate (V) acid HNO3 (3 : 1)) and placed on a hot plate. Levels of Cd, Cu, 
Fe, and Pb in the filtrates were determined using the absorption spectrophotometer (AAS) Unicam 969 model.

2.3 Estimation of pollution indices
2.3.1 Contamination factor (CF)

The CF signifies a tool applied for the estimation of metal toxicity in the studied location [40]. The CF of the 
metals determined within the studied soils was calculated with Equation 1.

CmCF
Bm

=

CF in Equation 1 is the contamination factor, Cm signifies the levels of metals in soils examined, and Bm 
represents the level of metal at the control plot correspondingly. Contamination factors are categorized into (i) CF < 
1 is low contamination, (ii) 1 ≤ CF < 2 denotes low to moderate contamination, (iii) 2 ≤ CF ≤ 3 indicates moderate 
contamination, (iv) 3 ≤ CF < 4 = moderate to high contamination, (v) 4 ≤ CF < 5 = high contamination, (vi) 5 ≤ CF < 6 
= high to very high contamination, and (vii) CF ≤ 6 = extreme contamination [40, 41].

(1)
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2.3.2 Ecological risk factor (ERF)

This research utilized ERF to evaluate the hazards associated with the accumulation of metals in the studied soils 
by Equation 2, according to Saha et al. [40] and Ebong et al. [42].

ERF Tr CF= ×

Tr indicates a toxic-response factor, and CF is the contamination factor of the metals. The toxic response factors of 
the metals, according to Ouchir et al. [43] and Mavakala et al. [44], are as follows: Cd (30.0); Cu (5.00); Fe (6.00); and 
Pb (5.00). Based on the Fadlillah et al. [45] classifications, ERF is grouped into the following classes: ERF < 40 belongs 
to the low ecological risk, 40 ≤ ERF < 80 signifies moderate potential risk, 80 ≤ ERF < 160 is a considerable potential 
risk, 160 ≤ ERF < 320 indicates high potential risk, and ERF ≥ 320 = significantly is a very high risk.

2.3.3 Potential ecological risk index (PERI)

The PERI employed for the assessment of negative effects associated with trace metals at the studied locations was 
estimated with Equation 3.

PERI (ERF)= ∑

According to Al-Anbari et al. [46], PERI is grouped as follows: PERI < 150 is a low ecological pollution level, 150 
< PERI < 300 belongs to the moderate ecological pollution level, 300 < PERI < 600 belongs to the severe ecological 
pollution level class and PERI > 600 is in the serious ecological pollution level class.

2.4 Estimation of related human health risks
2.4.1 Estimated daily intake (EDI) of trace metals

The EDI rate of trace metals via the studied soils and T. occidentalis was calculated using Equation 4.

C RIEDI
BW
×

=

In Equation 4, C denotes the concentration of metals in the samples examined, and RI indicates the daily intake 
proportion of trace metals through the samples investigated. RI values for children are 0.0002 and 0.118 kg/day for soil 
and vegetables, respectively. For adults, RI values are 0.0001 and 0.182 kg/day for soil and vegetables, respectively [47, 
48]. BW represents body weight, and for both the children and adult groups, BW is 15 and 70 kg, respectively [49, 50].

2.4.2 Hazard quotients (HQ)

The HQ related to exposure to trace metals through the studied soils and T. occidentalis was determined using 
Equation 5.

EDIHQ
Rfd

=

In the equation, EDI is the estimated daily intake proportions for the trace metals, and oral reference dose (RfD) for 
the metals is 0.001, 0.04, 0.07, and 0.004 mg/kg/day for Cd, Cu, Fe, and Pb, respectively [51, 52].

2.4.3 Hazard index (HI)

The HI due to exposure to trace metals through the studied soils and T. occidentalis was estimated using Equation 6.

(2)

(3)

(4)

(5)
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HQCu HQFe HQPbHI HQ HQCd + += ∑ = +

where ΣHQ signifies the summation of the entire HQ of the metals examined in the samples investigated.

2.4.4 Incremental lifetime cancer risk (ILCR)

ILCR for the cancer-causing metals for children and adult classes was computed with Equation 7.

ILCR CSF EDI= ×

where CSF indicates the cancer slope factor for Cd and Pb, which are 8.50E-03 and 5.00E-01, respectively there are 
no CSF values for Cu and Fe. EDI denotes estimated daily intake proportions of metals via the affected soils and T. 
occidentalis.

2.4.5 Total cancer risk (TCR)

TCR for the exposure of children and adult groups to Cd and Pb through the studied soils and T. occidentalis was 
calculated with Equation 8 below.

TCR ILCR ILCRCd ILCRPb= ∑ = +

where ΣILCR indicates the summary of the total ILCR of trace metals assessed in the samples.

Table 2. Levels of metals in soil and T. occidentalis from areas impacted by high-tension copper cables

Cd Cu Fe Pb Cd Cu Fe Pb

Top-soil T. occidentalis

Ikono 1.38 38.41 986.71 26.58 0.07 12.10 183.64 0.84

Ibiono Ibom 1.56 37.60 1,024.05 30.29 0.09 11.36 191.22 0.88

Itu 2.06 42.84 1,360.32 28.25 0.22 11.94 180.57 1.30

Uyo 4.28 59.73 1,695.84 33.47 0.32 17.42 328.41 3.56

Uruan 1.36 39.02 1,260.26 18.38 0.14 12.07 205.19 0.61

Min 1.36 37.6 986.71 18.38 0.07 11.36 180.57 0.61

Max 4.28 59.73 1,695.84 33.47 0.32 17.42 328.41 3.56

Mean 2.13 43.52 1,265.44 27.39 0.17 12.98 217.81 1.47

SD 1.24 9.28 287.33 5.66 0.10 2.50 62.56 1.40

Control 0.04 6.38 253.65 5.14 0.01 0.82 21.83 0.07

MPL 0.8* 36.0* 400.0*** 85.0* 0.2** 10.0** 48.0**** 0.3**

Min = Minimum; Max = Maximum; SD = Standard deviation; MPL = Maximum permissible limit; * World Health Organization (WHO) [53]; 
** Food Agriculture Organization (FAO)/WHO [54]; *** Federal Environment and Protection Agency (FEPA) [55]; **** FAO/WHO [56]

(6)

(7)

(8)
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2.5 Statistical treatment of data

The data obtained in this study were treated statistically using IBM SPSS Statistic 20 software. Duncan’s multiple 
range tests were employed for the principal component and cluster analysis. Factor analysis of the parameters was 
carried out with the Varimax rotation technique, and values below 0.608 were insignificant. Hierarchical cluster analysis 
was carried out on the data obtained using dendrograms.

3. Results and discussion
The levels of Cd, Cu, Fe, and Pb determined in soil and T. occidentalis from the studied locations are shown in 

Table 2.

3.1 Concentrations of metals in studied soils

The results of metals in soil impacted by power transmission and distribution activities are in Table 2. Cd in the 
soils investigated varied from 1.36 to 4.28 mg kg-1 with an average concentration of 2.13 ± 1.24 mg kg-1. The range 
is consistent with 4.21-4.54 mg kg-1 reported by Ashraf et al. [57] in soils impacted by industrial activities within the 
District Kasur, Pakistan. However, the range obtained is lower than 54.50-70.40 mg kg-1 reported in the industrial area of 
Ibeno, Nigeria, by Udoh and Amadi [58]. The mean concentration reported is higher than the 0.8 mg kg-1 recommended 
for soil by the WHO [53]. Consequently, levels of Cd obtained in soils investigated may result in environmental and 
human health problems, as recorded by Abd Elnabi et al. [59] and Okon et al. [2]. The mean Cd level is also higher than 
0.04 mg kg-1 obtained in the control plot. This is an indication of the anthropogenic addition of the metal by electric 
power transmission and distribution activities [1, 42, 60]. The reported high concentrations of Cd in the studied soils 
could be attributed to the extensive utilization of the metals in installations of lighting columns, hence, they could be 
leached over time into the environment [29, 30].

Concentrations of Cu in the soils examined varied between 37.60 and 59.73 mg kg-1 (Table 2). This range is in 
agreement with 19.48-61.47 mg kg-1 obtained by Ebong et al. [7] in waste-impacted soils in Uyo, Nigeria. Nevertheless, 
the limit obtained is below the range of 68.47-146.10 mg kg-1 reported for industrial soils in Ethiopia by Bahiru and 
Teju [61]. The mean concentration obtained (43.52 ± 9.28 mg kg-1) is higher than the permissible limit of 36.0 mg kg-1 
for soil by WHO [53]. Hence, Cu may be a pollutant in the impacted soils and may have adverse health implications for 
those exposed to it over time [50, 62]. The high concentrations of Cu in the impacted soils could be due to the leaching 
of Cu high-tension cables into the soil [29]. The average concentration of Cu obtained in the soils investigated is also 
higher than 6.38 mg kg-1 obtained at the control site. Hence, power transmission and distribution activities might have 
introduced substantial amounts of Cu into the adjoining soil environment [21]. 

Fe in the impacted soils had a range and mean concentration of 986.71-1,695.84 mg kg-1 and 1,265.44 ± 287.33 
mg kg-1 respectively (Table 2). The obtained range is below 85.0-470.0 mg kg-1 reported in soils affected by industrial 
activities in the Mandideep area of India by Ahirwar et al. [63]. Although the obtained range is lower than 15,500.0-
96,700.0 mg kg-1 reported in soils around power transformers in Akoko Ondo State, Nigeria, by Ogunlana et al. [64], Fe 
is naturally high in Nigerian soils however, according to FEPA reported in [55] established a permissible limit of 400.0 
mg kg-1 [65, 66]. Nevertheless, the mean value obtained is above the permissible limit hence, Fe can pollute the soils 
investigated. Consequently, prolonged exposure to the reported levels may cause human health problems associated 
with Fe toxicity [67-69]. Fe, the main component of steel used in high-tension power transmission and distribution 
tools, could be leached eventually into the soil, thereby elevating the concentrations of the metal [32, 33]. The average 
value obtained in the impacted soils is higher than 253.65 mg kg-1 obtained at the control plot. This shows that power 
transmission and distribution activities could have contributed some Fe, mainly through steel components, to the studied 
terrestrial environment [70]. This also confirms that Fe might have been leached into the studied soils from the iron-
containing components of the power installations.

Pb in the studied soils ranged from 18.38 to 33.47 mg kg-1 with an average concentration of 27.39 ± 5.66 mg kg-1 
(Table 2). This range is consistent with 23-35 mg kg-1 reported by Binh et al. [71] in contaminated soils in Ho Chi Minh 
City, Vietnam. However, the obtained range is higher than 0.005-0.051 ppm reported in contaminated soils from Bauchi 
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Metropolis, Nigeria. However, the mean is lower than 17.88 to 383.48 mg kg-1 obtained in contaminated agricultural 
soils within Anka, Zamfara State, Nigeria, by Darma et al. [72]. The mean is also lower than 193.14-211.75 mg kg-1 
obtained in contaminated soils in Calabar, Nigeria, by Ebong et al. [73]. The average value of Pb obtained is below the 
85.0 mg kg-1 stipulated for soil by the WHO [53]. Consequently, the metal may not be regarded as a pollutant in the 
impacted soils. The results revealed that Pb used as a sheathing material in high-voltage power cables may not have 
been leached enough beyond the recommended limit in soil [31]. However, the average value recorded is above 5.14 
mg kg-1 recorded in soil from the control plot. Hence, the power transmission and distribution activities in the locations 
examined might have contributed substantial amounts of Pb into the impacted soils, though within the limit. Although 
the levels of Pb reported are below the recommended limit, the studied environment should be closely monitored to 
forestall future problems since metal can be bioaccumulated and Pb is highly poisonous even at low concentrations [74]. 
Mostly, the highest mean concentrations of the metals were recorded in samples from Uyo, while the lowest mean Cd 
and Pb concentrations were in Uruan, Cu in Ibiono Ibom, and Pb and Fe in Ikono. This is an indication that, apart from 
the power transmission and distribution activities, the population growth in Uyo may have contributed additional Pb to 
the area [75, 76].

3.2 Concentrations of metals in T. occidentalis from the impacted locations

The results of metals in T. occidentalis from the locations impacted by the power transmission and distribution 
activities are in Table 2. Cd in T. occidentalis from the locations investigated varied between 0.07 and 0.32 mg kg-1, 
with a mean value of 0.17 ± 0.10 mg kg-1. This range is lower than 0.00-1.80 mg kg-1 reported by Sultana et al. [77] in 
leafy vegetables from the contaminated environment within Dhaka City, Bangladesh. The range is also lower than 0.15-
0.54 mg kg-1 as reported by Sulaiman et al. [78] in leafy vegetables from Jengka, Malaysia. Nevertheless, the reported 
range is higher than 0.025-0.080 mg kg-1 obtained in spinach from a contaminated environment in Marmara, Turkey, 
by Zor and Kocaoba [79]. The mean concentration of Cd recorded in T. occidentalis is within the permissible limit (0.2 
mg kg-1) by FAO/WHO [54]. Hence, Cd may not have adverse health implications for those exposed to the metal via T. 
occidentalis in the studied locations. However, the mean values of Cd in T. occidentalis from Itu and Uyo were higher 
than the acceptable limit. Consequently, the rate of transfer of Cd from soil to T. occidentalis at Itu and Uyo was higher 
than at other locations examined. It could also be inferred that power transmission and distribution activities at Itu and 
Uyo negatively impacted T. occidentalis. Thus, prolonged exposure to Cd through T. occidentalis from Itu and Uyo 
may result in serious problems for both the vegetable and the consumers [80, 81]. The mean Cd level obtained is above 
0.01 mg kg-1 reported in the unaffected area (control plot). This could be caused by the anthropogenic input of Cd in the 
studied environment from power transmission and distribution activities.

Concentrations of Cu in T. occidentalis obtained from the studied locations ranged between 11.36 and 17.42 mg 
kg-1 with a mean concentration of 12.98 ± 2.50 mg kg-1 (Table 2). The obtained range is consistent with 0.39-13.42 mg 
kg-1 obtained in vegetables from contaminated areas of Jhansi, India, by Gupta et al. [82]. The range is higher than 2.96-
4.03 mg kg-1 obtained at the contaminated area of Dhaka South City, Bangladesh, by Ahmed et al. [83], but lower than 
2.10-19.30 mg kg-1 reported in leafy vegetables also from Dhaka City, Bangladesh, by Sultana et al. [77]. The mean 
level of Cu in T. occidentalis is above the recommended value of 10.0 mg kg-1 by FAO/WHO [54]. Hence, Cu could 
be considered a pollutant in T. occidentalis from all the studied locations. The mean value obtained is also above 0.82 
mg kg-1, reported in T. occidentalis from the unaffected area (control plot). This is an indication of the anthropogenic 
addition of Cu, possibly from the corroded copper cables used for the transmission of power at the studied locations 
[20, 21]. Consequently, levels of Cu reported in T. occidentalis from all the studied locations can affect the plant and the 
consumers negatively [84-87].

The mean concentration and range of Fe in T. occidentalis are 217.81 ± 62.56 mg kg-1 and 180.57-328.81 
mg kg-1, respectively (Table 2). The range reported is lower than 171.10-406.66 mg kg-1 in vegetables from manure-
impacted soils within Uyo, Nigeria, by Ebong and Etuk [88]. The range is also lower than 37.40-446.40 mg kg-1 
obtained in contaminated vegetables by Sultana et al. [77]. However, the reported range of Fe is higher than 13.03-127.6 
mg kg-1 obtained in spinach by Zor and Kocaoba [79]. The average value of Fe obtained in T. occidentalis is above the 
recommended safe limit (48.0 mg kg-1) by FAO/WHO in [56]. Although Fe is an essential element, the elevated levels 
obtained in this study can affect the vegetable and the consumers [89-91]. The average value obtained is also higher 
than the 21.83 mg kg-1 reported in T. occidentalis from the control plot. This confirms that power transmission and 
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distribution activities may have increased the levels of Fe in the soil environment investigated. 
Pb in T. occidentalis from the impacted locations ranged between 0.61 and 3.56 mg kg-1 with a mean value of 

1.47 ± 1.40 mg kg-1 (Table 2). The range of Pb reported is lower than 0.03-4.64 µg g-1 obtained in vegetables from 
contaminated environments by Kumar et al. [92]. Nevertheless, the obtained range is above 0.03-2.30 mg kg-1 reported 
in contaminated vegetables by Gupta et al. [82]. The average level of Pb in T. occidentalis is above the 0.3 mg kg-1 
recommended by FAO/WHO [54]. Thus, levels of Pb reported in the studied vegetable can cause adverse effects to 
both the plant and the consumers [31, 93, 94]. The average value recorded is also greater than 0.07 mg kg-1 obtained 
in T. occidentalis from the control plot. This indicates that power transmission and distribution activities might have 
contributed some Pb to the studied environment [31]. The maximum concentrations of the entire metals determined in T. 
occidentalis were recorded in the samples from Uyo. 

The general results obtained have shown that metallic components associated with power transmission and 
distribution installations have impacted negatively on the quality of T. occidentalis. Hence, the consumption of T. 
occidentalis from the studied locations may result in health problems associated with these metals. The results of the 
contamination factor of the metals determined in the studied soils are shown in Figure 1.

Figure 1. Contamination factor of metals in the studied soils

3.3 CF of metals in soils investigated

The CF of trace metals in the impacted locations is illustrated in Figure 1. According to the results obtained, CF 
for the trace metals varied as follows: (34-51.5) Cd, (5.89-9.36) Cu, (3.89-6.69) Fe, and (3.58-6.5) Pb. The average 
CF values of the metals were in the order of Cd (53.2) > Cu (6.82) > Pb (5.33) > Fe (4.99). This indicates that Cd was 
the major contaminant in the impacted soils, and CF is within the extreme contamination class. Although the mean CF 
level of Cu was also within the extreme contamination category, the obtained average CF value of Cd was relatively 
very high. The mean CF values of Fe and Pb belong to the belongs to the very high category, respectively [40, 41]. The 
mean high CF value reported for Cd is consistent with findings by Jin et al. [95]. Consequently, power transmission and 
distribution activities may have contaminated the studied soils with these metals, mostly Cd.

3.4 ERF

The ERF of trace metals in the studied soils is in Table 3. ERF of metals determined ranged as follows: Cd (1,020-
3,210), Cu (29.45-46.80), Fe (23.34-40.14), and Pb (17.90-32.55). Correspondingly, Cd is in the significantly very high-
risk category, Cu and Fe belong to the moderate potential risk category, whereas Pb is in the low ecological risk group 
[45]. ERF of metals in the locations investigated followed the order of Cd > Cu > Fe > Pb. The class of Cd obtained is 
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consistent with the results reported by Aendo et al. [96] and Smart et al. [97]. Consequently, levels of Cd obtained at the 
impacted locations can pose adverse environmental and human health problems over time.

Table 3. ERF of trace metals in the studied soils

Cd Cu Fe Pb

Ikono 1,035 30.1 23.34 25.85

Ibiono Ibom 1,170 29.45 24.18 29.45

Itu 1,545 33.6 32.16 27.5

Uyo 3,210 46.8 40.14 32.55

Uruan 1,020 30.6 29.82 17.90

3.5 PERI of trace metals within the impacted soils

The PERI of trace metals in the studied locations is illustrated in Figure 2. Results of PERI showed a range 
of 1,098-3,329 between Uruan and Uyo, respectively. This shows that the PERI of the entire location was in the 
significantly very high-risk category, according to Al-Anbari et al. [46]. This is consistent with the results of PERI 
recorded by Essien et al. [98], Mugoša et al. [99], and Rahmonov et al. [100] in their studies. The obtained results of 
PERI also confirmed the toxic nature of metals determined in the studied locations, as reported by Okon et al. [2]. The 
high PERI values reported call for concern because they have a direct relationship with the health of those exposed 
to these metal toxicants over time [7, 101, 102]. The PERI results for the studied locations followed the order: Uyo 
> Itu > Ibiono Ibom > Ikono > Uruan. Hence, the highest PERI value was obtained at Uyo. Consequently, the high 
population density, which has a direct influence on the volume of waste generated, could have caused the high level of 
environmental contamination in Uyo [103, 104].

Figure 2. PERI of trace metals within the impacted soils
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3.6 Multivariate analysis of trace metals in the impacted soils and T. occidentalis
3.6.1 Principal component analysis of trace metals in the impacted soil and T. occidentalis samples

Principle component analysis (PCA) was employed to ascertain the source of trace metals analyzed in the soils 
from the studied locations [105, 106]. Results of PCA in Table 4 show one main source for the trace metals determined 
in the impacted soils. The source recorded a total variance of 81.6% and an eigenvalue of 3.26, with strong positive 
loadings on the entire trace metals analyzed. This could be the influence of anthropogenic factors (power transmission 
and distribution activities) on the quality of the studied soils [107, 108]. Results in Table 4 also indicate one factor as 
the basis for these metals determined in the impacted T. occidentalis. The factor has an eigenvalue of 3.61 and a total 
variance of 90.2%, with significant positive loadings on the entire metals. This may also signify the impact of power 
transmission and distribution activities on the buildup of metals in the impacted vegetable [109, 110].

Table 4. Results of PCA of trace metals in the impacted soils and T. occidentalis

Soil T. occidentalis

Trace metal Principle component 1 Principle component 2

Cd 0.997 0.862

Cu 0.986 0.994

Fe 0.901 0.991

Pb 0.697 0.947

% Total variance 81.6 90.2

Cumulative % 81.6 90.2

Eigenvalue 3.26 3.61

Figure 3. Hierarchical clusters of metals analysed for in the impacted soil and vegetable samples

Dendrogram using average linkage (Between groups)

Rescaled distance cluster combine

Fe

Cd

Pb

Cu

Y

3

1

4

2
0 5 10 15 20 25



Environmental Protection Research 114 | Godwin Asukwo Ebong, et al.

3.6.2 Hierarchical clusters of metals analyzed in the impacted soil and T. occidentalis samples

Hierarchical cluster analysis (HCA) is a tool used in environmental studies to group components with similar 
sources and properties together [111, 112]. HCA for both the soil and T. occidentalis produced similar clusters, as 
indicated in Figure 3. The figure demonstrates two major clusters: (i) the first cluster connects Cd, Pb, and Cu into 
one group (ii) the next cluster connects Fe only, similar to the findings by Ebong et al. [73]. The HCA results obtained 
corroborate the results obtained by PCA concerning the origin of these metals, which could be mainly anthropogenic.

3.7 Results of human health risks evaluation of trace metals through the impacted soils and T. 
occidentalis
3.7.1 Results of the EDI of metals by the children and adult populations through the impacted soils and T. occidentalis

The results of the EDI rate of metals by means of exposure to the impacted soils and T. occidentalis by the children 
and adult groups are in Table 5. The EDI rate of trace metals by the child population through the studied soils varied 
as follows: Cd (1.81E-5-5.71E-4), Cu (5.01E-4-7.96E-4), Fe (1.32E-2-2.26E-2), and Pb (2.45E-4-4.46E-4). However, 
lower ranges were obtained for the adult population as follows: Cd (1.94E-5-6.11E-6), Cu (5.37E-5-8.53E-5), Fe 
(1.41E-3-2.42E-3), and Pb (2.63E-5-4.78E-5). EDI values obtained for the children and adult populations for exposure 
to the metals via the impacted soils were in their RfD by the United States Environmental Protection Agency (US EPA) 
[51]. However, the children’s populations were more susceptible to human health problems related to the metals in the 
studied soils. This is in agreement with the reports by Ugbede et al. [113] and Yang et al. [114], but different from the 
results obtained by Wang et al. [115]. Based on the results obtained, prolonged exposure to the impacted soils might not 
pose adverse human health problems.

Table 5. Results of EDI rate of the metal in the impacted soils and T. occidentalis

Cd Cu Fe Pb Cd Cu Fe Pb

Soil

Children Adult

Ikono 1.84E-5 5.12E-4 1.32E-2 3.54E-4 1.97E-6 5.49E-5 1.41E-3 3.80E-5

Ibiono Ibom 2.08E-5 5.01E-4 1.37E-2 4.04E-4 2.23E-6 5.37E-5 1.46E-3 4.33E-5

Itu 2.75E-5 5.71E-4 1.81E-2 3.77E-4 2.94E-6 6.12E-5 1.94E-3 4.04E-5

Uyo 5.71E-5 7.96E-4 2.26E-2 4.46E-4 6.11E-6 8.53E-5 2.42E-3 4.78E-5

Uruan 1.81E-5 5.20E-4 1.68E-2 2.45E-4 1.94E-6 5.57E-5 1.80E-3 2.63E-5

T. occidentalis

Children Adult

Ikono 5.51E-4 9.52E-2 1.45 6.61E-3 1.82E-4 3.15E-2 4.78E-1 2.18E-3

Ibiono Ibom 7.08E-4 8.94E-2 1.50 6.92E-3 2.34E-4 2.95E-2 4.97E-1 2.29E-3

Itu 1.73E-3 9.39E-2 1.42 1.02E-2 5.72E-4 3.10E-2 4.70E-1 3.38E-3

Uyo 2.52E-3 1.37E-1 2.58 2.80E-2 8.32E-4 4.53E-2 8.54E-1 9.26E-3

Uruan 1.10E-3 9.50E-2 1.61 4.80E-3 3.64E-4 3.14E-2 5.34E-1 1.59E-3
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The EDI values for the exposure of children to trace metals determined via the consumption of T. occidentalis 
revealed the following ranges: Cd (5.51E-4-2.52E-3), Cu (8.94E-2-1.37E-1), Fe (1.42-2.58), and Pb (4.80E-3-2.80E-2) 
(Table 5). However, lower EDI values were recorded for the adult population as follows: Cd (1.82E-4-8.32E-4), Cu 
(2.95E-2-4.53E-2), Fe (4.70E-1-8.54E-1), and Pb (1.59E-3-9.26E-3) (Table 4). Accordingly, the EDI values of Cd for 
children via T. occidentalis obtained from Ikono and Ibiono Ibom were within the recommended limit for RfD by US 
EPA [51]. However, EDI values of Cd for children via the utilization of T. occidentalis from Itu, Uyo, and Uruan were 
higher than the RfD. Consequently, the ingestion of T. occidentalis harvested from these sites can be very harmful to 
the children population. The EDI values of Cu, Fe, and Pb for children via the studied T. occidentalis at all the locations 
were higher than their Rfd values recommended by US EPA [51]. Thus, the consumption of the impacted vegetable by 
children can cause non-carcinogenic human health problems related to Cu, Fe, and Pb toxicity. The EDI values of Cd 
recorded for the adult population via T. occidentalis from all the studied locations were within the Rfd limit suggested 
by US EPA [51]. The EDI values of Cu and Pb for the adult population via T. occidentalis were within the Rfd limit 
at all the locations except Uyo. The EDI values of Fe for the adult population via the impacted T. occidentalis were 
above the recommended Rfd limit. Consequently, the consumption of T. occidentalis from impacted locations by the 
adult population may cause Fe toxicity and its attendants’ problems over time. While the prolonged ingestion of T. 
occidentalis by the adult group from Uyo can result in additional health problems linked to high Cu and Pb, the EDI 
values obtained revealed that for both the children and adult populations, Fe exhibited the highest EDI value. This is 
similar to the results obtained by Markmanuel et al. [116] and Sani et al. [117].

3.7.2 Results of HQ of trace metals in the children and adult populations through the impacted soils and T. occidentalis

Table 6. Results of HQ and HI of trace metal in the impacted soils and T. occidentalis

Cd Cu Fe Pb HI Cd Cu Fe Pb HI

Soil

Children Adult

Ikono 1.84E-2 1.28E-2 1.89E-1 8.85E-2 3.09E-01 1.97E-3 1.37E-3 2.01E-2 9.50E-3 3.29E-2

Ibiono Ibom 2.08E-2 1.25E-2 1.96E-1 1.01E-1 3.30E-01 2.23E-3 1.34E-3 2.09E-2 1.08E-2 3.53E-2

Itu 2.75E-2 1.43E-2 2.59E-1 9.43E-2 3.95E-01 2.94E-3 1.53E-3 2.77E-2 1.01E-2 4.23E-2

Uyo 5.71E-2 1.99E-2 3.23E-1 1.12E-1 5.12E-01 6.11E-3 2.13E-3 3.46E-2 1.20E-2 5.48E-2

Uruan 1.81E-2 1.30E-2 2.40E-1 6.13E-2 3.32E-01 1.94E-3 1.39E-3 2.57E-2 5.75E-3 3.48E-2

T. occidentalis

Children Adult

Ikono 5.51E-1 2.38E + 0 20.71E + 0 1.65E + 0 25.30E + 0 1.82E-1 7.88E-1 6.83E + 0 5.45E-1 8.35E + 0

Ibiono Ibom 7.08E-1 2.24E + 0 21.43E + 0 1.73E + 0 26.10E + 0 2.34E-1 7.38E-1 7.10E + 0 5.73E-1 8.85E + 0

Itu 1.73E + 0 2.35E + 0 20.29E + 0 2.55E + 0 26.90E + 0 5.72E-1 7.75E-1 6.71E + 0 8.45E-1 8.33E + 0

Uyo 2.52E + 0 3.43E + 0 36.86E + 0 7.00E + 0 49.80E + 0 8.32E-1 1.13E + 0 12.20E + 0 2.32E + 0 16.5E + 0

Uruan 1.10E + 0 2.38E + 0 23.00E + 0 1.20E + 0 27.70E + 0 3.64E-1 7.85E-1 7.63E + 0 3.98E-1 9.18E + 0
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The HQ of Cd, Cu, Fe, and Pb within the studied soils in children varied as follows: 1.81E-2-5.71E-2, 1.25E-2-
1.99E-2, 1.89E-1-3.23E-1 and 6.13E-2-1.12E-1, respectively (Table 6). Whereas in the adult population, HQ ranged as 
follows: 1.94E-3-6.11E-3, 1.34E-3-2.13E-3, 2.01E-2-3.46E-2, and 5.75E-3-1.20E-2 for Cd, Cu, Fe, and Pb, respectively 
(Table 6). Results obtained indicated that HQ values for every metal determined in the impacted soils for the children 
and adult groups were less than one. Hence, prolonged exposure to the metal toxicants via the impacted soils may 
not cause serious health hazards to the children and adult groups as well [118]. The risk potentials of HQ were in a 
decreasing order for soil in the children and adult classes and the entire location as Fe > Pb > Cd > Cu.

The HQ of the metals in children via T. occidentalis ranged from 5.51E-1 to 2.52E + 0, 2.24E + 0 to 3.43E + 0, 
20.29E + 0 to 36.86E + 0, and 1.20E + 0 to 7.00E + 0 for Cd, Cu, Fe, and Pb, respectively (Table 6). However, lower 
HQ values obtained for the adult population by means of T. occidentalis ranged as follows: 1.82E-1-8.32E-1, 7.38E-1-
1.13E + 0, 6.71E + 0-12.20E + 0, and 3.98E-1-2.32E + 0 for Cd, Cu, Fe, and Pb, respectively (Table 6). The HQ 
values of metals for the children class by T. occidentalis were obtained from all the locations except Cd in Ikono and 
Ibiono Ibom, which were higher than one. Consequently, excluding Cd in Ikono and Ibiono Ibom, the utilization of T. 
occidentalis from the locations investigated might result in adverse human health problems linked with the high content 
of Cd, Cu, Fe, and Pb [119, 120]. The sequence for the HQ values in the studied soils and T. occidentalis from Ikono, 
Ibiono Ibom, and Uruan for both populations followed the sequence: Fe > Cu > Pb > Cd, whereas at Itu and Uyo it was 
Fe > Pb > Cu > Cd.

3.7.3 Results of HI of trace metals in children and adult populations through the studied soils and T. occidentalis

The results of the HI of trace metals through soil from the impacted locations for both the children and adult 
groups are in Table 5. For the child population, the HI values were 3.09E-01, 3.30E-01, 3.95E-01, 5.12E-01, and 3.32E-
01 at Ikono, Ibiono Ibom, Itu, Uyo, and Uruan, respectively. However, for the adult population, HI values were 3.29E-
2, 3.53E-2, 4.23E-2, 5.48E-2, and 3.48E-2 for Ikono, Ibiono Ibom, Itu, Uyo, and Uruan, respectively. The HI values at 
all the locations and both populations were less than one. Hence, the non-carcinogenic health risks in both populations 
might not be high [119, 121]. However, the non-carcinogenic health risks were higher in the child population than in 
the adult group [122, 123]. HQ for children and adults via soil revealed that the metals contributed the following to the 
entire HI: Cd (6.0%) in Ikono, Ibiono Ibom, and Uruan, 7.0% and 11.0% in Itu and Uyo, respectively (Figure 4: SC1-
SC4 and SA1-SA5). Cu contributed 4.0% at all the locations and populations, Fe contributed 61.0%, 59.0%, 65.0%, 
and 63.0% at Ikono, Ibiono Ibom, Itu, and Uyo (Figure 4: SC1-SC4 and SA1-SA5). However, Fe donated 72.0% and 
74.0% for child and adult populations in samples from Uruan (Figure 4: SC1-SC4 and SA1-SA5). Pb contributed 
29.0%, 31.0%, 24.0%, and 22.0% in samples from Ikono, Ibiono Ibom, Itu, and Uyo (Figure 4 SC1-SC4 and SA1-SA5). 
Nevertheless, Pb donated 18.0 and 16.0% to HI in children and adult at Uruan (Figure 4: SC1-SC4 and SA1-SA5). HI in 
the child and adult populations via soil followed the sequence of Uyo > Itu > Uruan > Ibiono Ibom > Ikono and Uyo > 
Itu > Ibiono Ibom > Uruan > Ikono, respectively.

The HI of metals in children via the consumption of T. occidentalis indicated the following mean values: 25.30E 
+ 0, 26.10E + 0, 26.90E + 0, 49.80E + 0, and 27.70E + 0 for samples from Ikono, Ibiono Ibom, Itu, Uyo, and Uruan 
respectively. For the adult group, the HI of trace metals via T. occidentalis were 8.35E + 0, 8.85E + 0, 8.33E + 0, 
16.5E + 0, and 9.18E + 0 for samples from Ikono, Ibiono Ibom, Itu, Uyo, and Uruan, respectively. HI for both the child 
and adult populations is higher than one, thus, the non-carcinogenic health risks in T. occidentalis from the studied 
locations may have adverse health implications for both populations [121]. A comparison of the HQ with HI values in 
T. occidentalis indicated that for both populations, Cd contributed 2.0%, 3.0%, 6.0%, 5.0%, and 4.0% in samples from 
Ikono, Ibiono Ibom, Itu, Uyo, and Uruan, respectively (Figure 5: VC1-VC4 and VA1-VA5). Cu donated 9.0% of the 
HI in samples from Ikono, Itu, and Uruan, but 8.0% and 7.0% at Ibiono Ibom and Uyo, respectively (Figure 5: VC1-
VC4 and VA1-VA5). Fe contributed 82.0% in T. occidentalis from Ikono and Ibiono Ibom, 75.0%, 74.0%, and 83.0% 
in the samples from Itu, Uyo, and Uruan, respectively (Figure 5: VC1-VC4 and VA1-VA5). Pb contributed 7.0% in T. 
occidentalis from Ikono and Ibiono Ibom, 10.0% at Itu, and 14% and 4.0% at Uyo and Uruan, respectively (Figure 5: 
VC1-VC4 and VA1-VA5). HI recorded via T. occidentalis followed the order Uyo > Uruan > Itu > Ibiono Ibom > Ikono 
and Uyo > Uruan > Ibiono Ibom > Ikono > Itu for the children and adult groups, respectively. In both the studied soils 
and T. occidentalis, Fe showed a very high contribution to the total HI values obtained, as reported by Rushdi et al. [124].
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Figure 4. Mean HQ of trace metals for children (SC1-SC5) and adults (SA1-SA5) through the studied soils

Figure 5. Mean HQ of trace metals for children (VC1-VC5) and adults (VA1-VA5) through T. occidentalis
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3.7.4 Results of incremental lifetime cancer risk of trace metals in children and adult populations through the 
studied soils and T. occidentalis

Human exposure to Cd and Pb can cause cancer and cancer-related health problems over time, and the potential 
of these metals resulting in cancer over a lifetime could be appraised by the ILCR [125, 126]. Table 7 shows the results 
of ILCR for Cd in children via soil between 6.88E-06 and 2.17E-05 in samples from Uruan and Uyo, respectively. 
Thus, Cd in the children via the impacted soils fluctuated between the low and medium cancer risk categories [127]. 
Nonetheless, the range obtained is within the acceptable limit of 10-6-10-4 set by the US EPA [49]. ILCR for Pb in 
children through exposure to soil ranged from 2.08E-06 to 3.79E-06 in samples from Uruan and Uyo, respectively. This 
range belongs to the acceptable range and is in the low cancer-risk class. ILCR ranges of 7.37E-07-2.32E-06, 2.24E-07, 
and 4.04E-07 were obtained for Cd and Pb, respectively in adults via the soil from the studied locations. Consequently, 
the range of Cd varied between negligible and low cancer hazard classes, while Pb belonged to the negligible cancer 
hazard class [127].

Table 7. Results of ILCR rate of trace metal in the studied soil and T. occidentalis

Cd Pb Cd Pb Cd Pb Cd Pb

Soil Telfairia occidentalis

Children Adult Children Adult

Ikono 6.99E-06 3.01E-06 7.49E-07 3.23E-07 2.09E-04 5.62E-05 9.62E-05 1.85E-05

Ibiono Ibom 7.90E-06 3.43E-06 8.47E-07 3.68E-07 2.68E-04 5.88E-05 8.89E-05 1.95E-05

Itu 1.05E-05 3.21E-06 1.12E-06 3.43E-07 6.57E-04 8.67E-05 2.17E-04 2.87E-05

Uyo 2.17E-05 3.79E-06 2.32E-06 4.04E-07 9.58E-04 2.38E-04 3.16E-04 7.87E-05

Uruan 6.88E-06 2.08E-06 7.37E-07 2.24E-07 4.16E-04 4.08E-05 1.38E-04 1.35E-05

The ILCR values of Cd in children via T. occidentalis ranged from 2.09E-04 to 9.58E-04 in samples from Ikono 
and Uyo, respectively (Table 7). The ILCR of Pb in children via T. occidentalis varied between 4.08E-05 at Uruan 
and 2.38E-04 in the Uyo sample. Hence, the range of ILCR for Cd in children belongs to the high cancer risk class, 
while that of Pb varied between the medium and high cancer risk classes [127]. However, both ranges are within the 
permissible cancer risk range (10-6-10-4) according to the US EPA [49]. The ILCR of Cd in adults via T. occidentalis 
varied from 8.89E-05 to 3.16E-04 obtained in samples from Ibiono Ibom and Uyo. The ILCR of Pb in adults through T. 
occidentalis ranged from 1.35E-05 to 7.87E-05 at Uruan and Uyo, respectively. Thus, the ILCR range of Cd in adults 
via T. occidentalis varied between medium and high cancer-risk classes. However, the ILCR range of Pb in adults via T. 
occidentalis belongs to the medium cancer risk class. Results of the cancer risk evaluation also revealed that the highest 
cancer risk in children and adult populations via soil and T. occidentalis was obtained in Uyo. Generally, the cancer-
causing potentials of the metals were higher for Cd, and the children group was more liable [128, 129].

3.7.5 Results of cancer risk of trace metals in children and adult populations through the studied soils and T. occidentalis

The TCR of trace metals for children and adult populations via the impacted soils is in Table 8. The TCR of 
metals in children via the studied soils ranged from 8.96E-06 to 2.55E-05. Thus, the TCR of trace metals in children 
varied between low and medium cancer risk classes, according to the US EPA [127]. The range obtained is within 
the acceptable range of 10-4 by the US EPA [49]. The TCR of the metals in the adult population through exposure to 
soil varied from 9.61E-07 to 2.72E-06. Thus, the range varied between the negligible and the low cancer risk classes, 
but was within the acceptable limit set by the US EPA [49]. However, the probability of cancer risk was higher in the 
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children than in the adult population via exposure to the studied soils. The TCR sequence for the children and adult 
groups via exposure to the impacted soils followed the order Uyo < Itu < Ibiono Ibom < Ikono < Uruan.

Table 8. Results of TCR of metal in the impacted soils and T. occidentalis

Soil T. occidentalis

Children Adult Children Adult

Ikono 1.00E-05 1.07E-06 2.65E-04 1.15E-04

Ibiono Ibom 1.13E-05 1.22E-06 3.27E-04 1.08E-04

Itu 1.37E-05 1.46E-06 7.44E-04 2.46E-04

Uyo 2.55E-05 2.72E-06 1.20E-03 3.95E-04

Uruan 8.96E-06 9.61E-07 4.57E-04 1.52E-04

The TCR of carcinogens in children via the consumption of T. occidentalis varied between 2.65E-04 and 1.20E-03. 
Accordingly, the TCR varied between high and very high cancer risk classes. Results obtained indicated that TCR values 
at the impacted locations were within the limit (10-4) except for Uyo. Hence, prolonged utilization of T. occidentalis 
from Uyo by the child population could result in cancer and cancer-related ailments. Table 7 indicates the TCR of 
cancer-causing metals in the adult population by the ingestion of T. occidentalis, ranging from 1.04E-04 to 3.95E-04. 
The range obtained is within the acceptable limit of 10-4 by the US EPA [49]. However, the TCR of metal carcinogens 
through the ingestion of T. occidentalis was higher in the younger generation than the adult class [130]. Variations of 
TCR among the impacted locations followed the order Uyo < Itu < Uruan < Ibiono Ibom < Ikono for children and Uyo 
< Itu < Uruan < Ikono < Ibiono Ibom for the adult population.

4. Discussion
The outcome of this study has shown that power generation, transmission, and distribution activities can increase 

the concentrations of trace metals within the environment. It has also been revealed that elevated metals in the 
environment can affect human health through prolonged exposure to soil and vegetables. Pollution parameters used 
have shown that these studied locations were highly contaminated with trace metals. The principal component analysis 
has confirmed the contribution of power transmission and distribution activities to the elevation of levels of metals in 
soil and T. occidentalis. The estimated daily rates of the metal toxicants in the child population through the ingestion of 
T. occidentalis were above their suitable limits. Hazard indices for the children and adult groups through exposure to the 
studied soils were less than one. However, these indices were higher than one in both populations via T. occidentalis, 
indicating the tendency for high non-carcinogenic risks mainly through the consumption of the studied vegetable. 
The cancer risks in adults were within the acceptable limit, however, the risks were higher than in children via T. 
occidentalis. Generally, the children’s class was more susceptible to the carcinogenic and non-carcinogenic hazards, 
mostly through the consumption of T. occidentalis. Consequently, farming activities within the high-tension power 
cables should be prohibited to forestall related environmental and human health problems.

4.1 Future plans

The results obtained and observations from others have shown that successive research on the impacts of power 
transmission and distribution activities should include aquatic ecosystems and other trace metals not considered in this 
study. Local governments and other edible crops cultivated within the neighborhood of high-tension power lines should 
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be examined for their metal contents and the associated health problems. Other toxic substances, such as polycyclic 
aromatic hydrocarbons (PAHs), should also be investigated in soils, water, and edible plants found within the vicinity 
of high-tension power cables. Cultivation of edible crops near high-tension power installations should be seriously 
discouraged, and the authorities concerned should prosecute the offenders.
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