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Abstract 

This study was conducted to determine the concentration of heavy metal in tuber crops bought 

at two different markets in Benin metropolis. A total of 12 yam and potato tubers were bought 

at two markets in Benin City with 6 samples each from Ikpoba Hill market and Uselu market. 

Samples of tubers which include Hausa yam, native yam and yellow yam varieties, white 

potato, red potato and Irish potato varieties were obtained. The samples were washed, dried, 

digested and the concentration of iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), cadmium 

(Cd), chromium (Cr), lead (Pb), nickel (Ni) and Arsenic (As) were analysed using Atomic 

Absorption Spectroscopy (Bulk Scientific 210 VGP). It was observed that the peeled samples 

were having less concentration of metals than the unpeeled samples. Fe dominated all heavy 

metals analysed in both the yam and potato varieties. The concentrations of Zn, Cu, Cr and Pb 

showed significant difference in the unpeeled to peeled yam while Fe, Mn, Zn, Cr and Pb 

concentrations showed significant difference in the unpeeled to peeled potato. Processing 

(peeling) brought about reduction in the levels of the heavy metals. Cd and Pb concentrations 

in the unpeeled yam and potato varieties were above the international food standards 

(CODEX). The high concentrations of heavy metals in this study can be linked to atmospheric 

deposition of exhaust fumes and other farming practices where these tubers were grown, 

transported and are been sold. However, further study is needed to determine the soil 

characteristics where food crops are grown.  

Keywords: Heavy metals, Atomic Absorption Spectroscopy, Yam tuber, Potato tuber 

INTRODUCTION 

The nutritional health and well-being of humans are majorly dependent on foods of plant origin. 

Plants are critical components of the dietary food chain as they provide almost all essential 

mineral and organic nutrients to humans (Grusak and Penna, 1999). Tropical tuber crops 

including yam and potato are raw materials for small-scale industries, and consumed as staple 

foods especially in the less developed countries (Ravi et al., 1996). Tubers are critical 

components in the diet during the early evolution of humankind and were the most important 

food crops of very ancient origin in the tropics and sub-tropic (Asha and Nair, 2002). Apart 

from providing basic food security and a source of income and diversity in diet, tuber crops 

also serve as additional source of essential vitamins and minerals (Asha and Nair, 2002). Tuber 

crops are found in a wide variety of production systems and do well under various levels of 

management from low to high input systems (Aregahegn et al., 2013). This is a distinctive 

feature, which makes them important for improving the productivity and richness of agro-

systems. Even though their agronomic properties have been well documented, their food and 

industrial quality characteristics have not been studied extensively (Aregahegn et al., 2013). 

The full potential of these staples is being realized in developing countries and they would 

continue to contribute to energy and nutrient requirements for the increasing population 

(Aregahegn et al., 2013). 
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Uptake and accumulation of heavy metals by plants is either via the roots and foliar surfaces 

(Sawidis et al., 2001). Some factors which affect metal uptake include soil pH, metal solubility, 

conductivity, stages of plant growth, plant species, soil type and fertilizers (Ismail et al., 2005; 

Sharma et al., 2006). Previous work by Kaplan et al. (2005) showed that individual plants have 

different capacity to absorb and accumulate heavy metals which leads to contamination of the 

food chain. This situation causes varying degrees of illness based on acute and chronic 

exposures (Demirezen and Ahmet, 2006). Metals such as cadmium and copper are cumulative 

poisons, which cause environmental hazards and are reported to be exceptionally toxic (Ellen 

et al., 1990). Accurate and adequate food composition data are however invaluable for 

estimating the adequacy of intakes of essential nutrients and assessing exposure risks from 

intake of toxic non-essential elements. Heavy metals are significant in nutrition, either for their 

essential nature or their toxicity. Heavy metals analysis is an important part of environmental 

pollution studies and the level of their concentrations in foods such as tubers have been of 

considerable interest because of their toxic effect (Asaolu, 1995). This study aims to determine 

the concentration of heavy metal in tuber crops bought at two different markets in Benin 

metropolis, Southern Nigeria in a view to ascertain human risk exposure. 

 

MATERIALS AND METHODS 

 

Study Area 
 

This research was conducted in Benin City, Edo State situated at 6o20’00N, 5o37’20E (Figure 

1). The Yam and Potato samples were bought at two popular and most visited markets in Benin 

City and their geographic coordinates recorded with a global positioning system (GPS). The 

markets are Ikpoba Hill market (6o 21’ 1’’ N 5o 39’ 32’’ E) and Uselu market (6o 22’ 32’’ N 5o 

36’ 49’’ E).  

 

Sample Collection and Preparation 
 

A total of 12 yam and potato tubers were bought at two popular and most visited markets in 

Benin City with 6 samples each from the Ikpoba Hill market and Uselu market.  
 

The samples include 

1. Hausa Yam – Dioscorea spp 

2. Native Yam – Dioscorea rotundata 

3. Yellow Yam – Dioscorea cayenensis 

4. Irish Potato – Solanum tuberosum 

5. Red Potato – Ipomoea batatas 

6. White Potato - Ipomoea batatas 
 

The samples were washed with distilled water to remove dirt; each variety of tubers was 

divided into two portions. The skin of one portion was peeled and that of other was left 

unpeeled. All samples (both peeled and unpeeled) were sliced into smaller sizes using a 

stainless steel knife into different aluminum plates and labeled properly prior to digestion. 

 

Species Identification 
 

The various yam and potato species were identified by the Department of Crop Science and 

the Department of Plant Biology and Biotechnology, Faculty of Agriculture and faculty of Life 

Sciences, University of Benin, Benin City.  
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        Figure 1: Map showing the location of the study area (red triangles). 

 

Digestion of Samples 
 

Digestions of the samples were done adopting procedure from Radojevic and Bashkin (1999). 

5g of the yam samples (peeled and unpeeled) were placed in an oven at 105oC for 1 hour and 

then 1g of yam samples were weighed into a 50ml Pyrex beaker and put in a crucible with 

cover. The beaker was then placed in a muffle furnace set at 500oC and the material was left to 

ash for 3 hours. The ash was dissolved in 10ml 10% HNO3 and it was stirred to dissolve the 

ash completely using a glass stirring rod. The resulting solution was heated gently on a hot 

plate for 20 minutes. The solution was then cooled and filtered into a 250ml flask with the aid 

of filter paper (Whatman No.1) and further diluted to mark with distilled Water. The same 

procedure was carried out for the potato samples.  

 

Heavy Metals Analysis 
 

Heavy metals were determined in the Ecotoxicology laboratory, University of Benin, Benin 

City. After cooling the digested samples, the mixture was diluted with distilled water to 100 

ml and subsequently analysed by using Atomic Absorption Spectrophotometer (AAS Bulk 
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Scientific 210 VGP) to determine the concentrations of Copper (Cu), Manganese (Mn), Lead 

(Pb), cadmium (Cd), Zinc (Zn), Iron (Fe), Chromium (Cr) and Nickel (Ni) in the digest of yam 

and potato samples (AOAC). 

 

Data Analyses 
 

All statistical tests were carried out using Microsoft Excel software. If significant value 

(p<0.05) were obtained, Duncan multiple range (DMR) tests were performed to determine the 

point of significant differences using the computer SPSS 20.0 window application. 

 

RESULTS  
 

Yam (Dioscorea spp.) 
 

Table 1 shows the summary of heavy metal concentration in yam varieties which includes 

Hausa yam, native yam and yellow yam. The varieties of yam were analyzed in two forms – 

peeled and unpeeled. The mean concentrations and standard deviation of the replicated samples 

were presented in the table. The following yam varieties such as Hausa yam, native yam and 

yellow yam recorded significant difference (p < 0.05) from unpeeled to peeled in the 

concentration of Zn, Cu, Cd, Cr, and Pb while Fe, Mn, Ni and As showed no significant 

difference (p > 0.05) in the various yam varieties. This indicates that the concentration of heavy 

metals were higher in the unpeeled yam varieties than in the peeled yams. Iron (Fe) was 

recorded as the most dominant heavy metal. 

 

 
 

Potato (Solanum tuberosum) 
 

Table 2 shows the summary of heavy metal concentrations in potato varieties which include 

white potato, red potato and Irish potato. The varieties of potatoes were analyzed in two forms 

– peeled and unpeeled. The mean concentrations and standard deviation of the replicated 

samples were presented in the table 4.2. The following potato varieties such as white potato, 

red potato and Irish potato recorded significant difference (p < 0.05) from peeled to unpeeled 

in the concentration of Fe, Mn, Zn, Cr and Pb while Cu, Cd, Ni and As showed no significant 

difference (p > 0.05) in the various potato varieties. This indicates that the concentration of 

heavy metals were higher in the unpeeled potato varieties than in the peeled potatoes.  
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DISCUSSION  

 

Heavy Metal Status in Yam Varieties 
 

The soil, water and air are contaminated by heavy metals, which directly affect agricultural 

crops through cultivation. Heavy metals in contaminated cultivatable land will on a long-term 

accumulate in plant and therefore in animals which consume the crops (Mee-Young et al., 

2013). The concentration of Fe in the peeled Hausa yam, native yam and yellow yam were 

206.80, 146.50 and 112. 95 (mg/kg) respectively while the concentrations of Fe in the unpeeled 

yam varieties such as Hausa yam, native yam and yellow yam were 283.10, 261.80 and 152.40 

(mg/kg) respectively. Lower concentration was recorded for peeled yellow yam while the 

highest concentration was recorded for unpeeled Hausa yam. Mn is a micro nutrient required 

by plants and man and it is found in the organic matter in the soil (Orhue and Usi, 2015). 

Figure 2: Variation in concentration of heavy metals in the 

various Yam varieties and their processed forms. The 

metals are Fe, Cu, Mn, Cd, Zn, Cr and Pb (as identified 

from a-g). 
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The concentration of Mn in the peeled Hausa yam, native yam and yellow yam were 1.03, 0.54 

and 0.33 (mg/kg) respectively while the concentrations of Mn in the unpeeled yam varieties 

such as Hausa yam, native yam and yellow yam were 1.21, 0.75 and 0.98 (mg/kg) respectively. 

The highest concentration of Mn was recorded for unpeeled Hausa yam while the lowest 

concentration was recorded for peeled yellow yam.  

 

The concentration of Zn in the peeled Hausa yam, native yam and yellow yam were 40.00, 

50.65 and 29.20 (mg/kg) respectively while the concentrations of Zn in the unpeeled yam 

varieties such as Hausa yam, native yam and yellow yam were 71.90, 57.90 and 47.45 (mg/kg) 

respectively. Lower concentration was of Zn was recorded for peeled yellow yam while the 

highest concentration was recorded for unpeeled Hausa yam. The prevalence of Zn, though the 

least toxic among all heavy metals is indicative of the significance of zinc in our ecosystem 

(Ladipo and Doherty, 2011).  

 

The concentration of Cu in the peeled Hausa yam, native yam and yellow yam were 1.16, 0.25 

and 0.10 (mg/kg) respectively while the concentrations of Cu in the unpeeled yam varieties 

such as Hausa yam, native yam and yellow yam were 1.96, 0.65 and 0.31 (mg/kg) respectively. 

Lower concentration was of Cu was recorded for peeled yellow yam while the highest 

concentration was recorded for unpeeled Hausa yam.  

 

The concentration of Cd and Cr in the peeled Hausa yam, native yam and yellow yam were 

0.06, 0.05 and 0.10 (mg/kg) for Cd and 0.08, 0.07 and 0.07 (mg/kg) for Cr respectively while 

the concentrations of Cd and Cr in the unpeeled yam varieties such as Hausa yam, native yam 

and yellow yam were 0.25, 0.22 and 0.16 (mg/kg) for Cd and 0.38, 0.15 and 0.10 (mg/kg) for 

Cr respectively. The highest concentration of Cd and Cr was recorded for unpeeled Hausa yam 

while the lowest concentration of Cd and Cr was recorded for peeled native yam and yellow 

yam respectively. The concentration of Pb in the peeled Hausa yam, native yam and yellow 

yam were 0.06, 0.04 and 0.04 (mg/kg) respectively while the concentrations of Pb in the 

unpeeled yam varieties such as Hausa yam, native yam and yellow yam were 0.18, 0.10 and 

Figure 3: Variation in concentration of heavy metals in the 

various Potato varieties and their processed forms. The metals 

are Fe, Cu, Mn, Cd, Zn, Cr and Pb (as identified from a-g). 
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0.13 (mg/kg) respectively. Lower concentration was of Pb was recorded for peeled native yam 

and yellow yam while the highest concentration was recorded for unpeeled Hausa yam 

followed by unpeeled yellow yam. 

 

The result of this study showed that concentrations of the heavy metals differed in relation to 

the yam varieties and processed forms. Relating to yam varieties, Hausa yam contained the 

highest concentrations of all the heavy metals analyzed in the unpeeled yam varieties, while in 

the peeled variety, Hausa yam contained the highest levels of Fe, Mn, Cu, Cr, and Pb. It can 

also be attributed to the farming systems and the use of phosphate fertilizer which are applied 

in growing tubers for commercial purpose in Nigeria.  

 

Furthermore, among the peeled yam variety, the highest concentrations of Zn and Cd were 

recorded in native yam and yellow yam respectively. This can be attributed to the farming 

systems of the local farmers in Benin City where the native yam and yellow yam are grown. 

Generally higher concentrations of heavy metals were recorded in unpeeled yam varieties than 

the peeled varieties. This kind of variation had earlier been reported by Divya et al. (2015) in 

their study of heavy metal contamination of some common tubers sold in local markets of 

Ernakulam District, Kerala, India. The high values of heavy metal in the unpeeled varieties of 

these tubers products can be attributed to heavy metal adsorption to the skin of food crops 

analyzed because higher concentrations were recorded in unpeeled when compared to the 

peeled. The outer skin tissues had more metal contamination than the inner part of the tubers 

(Fiona et al., 2003).  

 

It was also observed in this study that by peeling the yam skin, the amount of heavy metal 

concentration can be reduced as this can also reduce the amount of metal entry into human 

body. Most of the tubers used for cooking are peeled and hence a great amount of 

contamination can be avoided using this peeling procedure. Divya et al. (2015) opined that the 

concentration of heavy metals in many plants can be reduced up to 20-50% by proper washing 

of the tubers. Washing practices should be done as it is recommended to reduce small amount 

of heavy metals that could be attached to the skin of the yam tuber.  

 

The concentrations of Pb and Cd in the unpeeled Hausa yam, yellow yam and native yam 

respectively exceeded the value of 0.1 mg/kg as recommended by joint FAO/WHO food 

standards programme CODEX committee on contaminants in foods by the joint FAO/WHO 

food standards (CODEX. 2011). 

The levels of Cd in peeled and unpeeled yellow yam variety were approximately 0.1 mg/kg 

and 0.16 mg/kg respectively. Furthermore, no suitable and applicable standard was found for 

other heavy metals analysed in this study. The occurrence of Pb, As, Hg, Cd, Cr and Ni in our 

ecosystem can endanger public health when they find their way into the food chain (Adepoju-

Bello et al., 2009). 

 

Heavy Metal Status of Potato Varieties 
 

Heavy metal concentrations in potato also varied in relation to varieties and processed form. 

The variation recorded in the unpeeled potato varieties generally recorded higher levels of the 

heavy metals than peeled potato. Unpeeled red potato had the highest value of Fe, Mn, Zn, Cu 

and Pb while unpeeled Irish potato had the highest concentration of Cd and Cr. The 

concentration of Fe in the peeled white potato, red potato and Irish potato were 114.00, 129.75 

and 113.70 (mg/kg) respectively while the concentrations of Fe in the unpeeled potato varieties 

such as white potato, red potato and Irish potato were 211.45, 337.08 and 195.70 (mg/kg) 

respectively.  
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Lower concentration was recorded for peeled Irish potato while the highest concentration was 

recorded for unpeeled red potato. Statistical analysis showed a significant difference (P<0.05) 

between the unpeeled and peeled potato varieties. The concentration of Mn in the peeled white 

potato, red potato and Irish potato were 0.17, 0.78 and 0.23 (mg/kg) respectively while the 

concentrations of Mn in the unpeeled potato varieties such as white potato, red potato and Irish 

potato were 0.50, 1.39 and 0.74 (mg/kg) respectively. The highest concentration of Mn was 

recorded for unpeeled red potato while the lowest concentration was recorded for peeled white 

potato. The concentration of Zn in the peeled white potato, red potato and Irish potato were 

25.05, 43.52 and 24.65 (mg/kg) respectively while the concentrations of Zn in the unpeeled 

potato varieties such as white potato, red potato and Irish potato were 47.45, 71.66 and 42.80 

(mg/kg) respectively. Lower concentration of Zn was recorded for peeled Irish potato while 

the highest concentration was recorded for unpeeled red potato. Statistical analysis showed a 

significant difference (P<0.05) between the unpeeled and peeled potato varieties.  

 

The concentration of Cu and Cd in the peeled white potato, red potato and Irish potato were 

0.11, 0.31 and 0.36 (mg/kg) for Cu and 0.09, 0.03 and 0.09 (mg/kg) for Cd respectively while 

the concentrations of Cu and Cd in the unpeeled potato varieties such as white potato, red 

potato and Irish potato were 0.19, 0.94 and 0.77 (mg/kg) for Cu and 0.20, 0.11 and 0.27 (mg/kg) 

for Cd respectively. The highest concentration of Cu and Cd was recorded for unpeeled red 

potato and unpeeled Irish potato while the lowest concentration of Cu and Cd was recorded 

peeled white potato and peeled red potato. Statistical analysis showed no significant difference 

(P>0.05) between the unpeeled and peeled potato varieties for Cu and Cd.  

 

The concentration of Cr and Pb in the peeled white potato, red potato and Irish potato were 

0.04, 0.07 and 0.05 (mg/kg) for Cr and 0.03, 0.04 and 0.03 (mg/kg) for Pb respectively while 

the concentrations of Cr and Pb in the unpeeled potato varieties such as white potato, red potato 

and Irish potato were 0.11, 0.12 and 0.18 (mg/kg) for Cr and 0.15, 0.34 and 0.10 (mg/kg) for 

Pb respectively. The highest concentration of Cr and Pb was recorded for unpeeled Irish potato 

and unpeeled red potato respectively while the lowest concentration of Cr and Pb was recorded 

in the peeled white potato and peeled red potato respectively.  

 

Statistical analysis showed a significant difference (P<0.05) between the unpeeled and peeled 

potato varieties for Cr and Pb potato varieties. The levels of Pb and Cd in all the unpeeled 

potato varieties exceeded joint FAO/WHO food standards recommended value of 0.1 mg/kg 

(CODEX, 2011). In relation to Cd, concentrations was greater than 0.1 mg/kg in unpeeled red 

and Irish potatoes while in the peeled forms of the same varieties, the observed concentrations 

were less than 0.1 mg/kg. Thus Cd was mostly adsorbed to the skin of the potatoes and by 

peeling off the skin of the potato; the concentration of heavy metal can actually be reduced to 

non-harmful level. Cadmium is a nonessential element in foods and natural waters, and it 

accumulates principally in the kidneys and liver. Cadmium in foods is mostly derived from 

various sources of environmental contamination (Öztürk et al., 2011). This result is similar to 

the study carried out by Öztürk et al. (2011) when they determined the concentrations of heavy 

metal in potato cultivars.  

 

CONCLUSION 
 

Tubers play a significant role in human diet. The findings from this study concluded that the 

concentration of heavy metals for unpeeled yam and potato varieties were more than the peeled 

samples. Fe was the most dominant heavy metals in this study. The process of peeling brought 

about reduction in the concentrations of the various heavy metals present in the tubers. Cd and 
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Pb concentrations in the unpeeled yam and potato were generally above the international food 

standards (CODEX). Heavy metals can enter into agricultural food products normally by using 

fertilizers and addition of pesticides and wastewater to grow crops. However, further study is 

needed to determine the soil characteristics where these tubers are grown. 
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