
 

 

HEAVY METAL LEVELS IN BEANS (Vignaunguiculata) IN SELECTED 1 

MARKETS IN IBADAN, NIGERIA. 2 

 3 

 4 

ABSTRACT 5 

Aim: Beans play a significant role in human diet especially in developing nations like Nigeria 6 

which happens to be the largest producer and consumer of beans in the world. To ensure food 7 

safety, heavy metal levels need to be monitored on regular basis to control human exposure 8 

through dietary intake.  9 

Methodology: 72 Samples of brown beans (Oloyin and Drum) were obtained from three different 10 

markets in Ibadan, Nigeria. The markets were Ayeye Market, Bodija Market and Oja-Oba 11 

Market. Powdered samples were digested with nitric acid. Extract from the digest were analyzed 12 

for Lead (Pb) and Cadmium (Cd) using Buck Scientific Atomic Absorption Spectrometer.  13 

Result: Concentration of Cd and Pb ranged from 0.00 to 0.01 mg/kg and 0.00 to 1.52 mk/kg 14 

respectively. The results of this research indicated levels of Cadmium and Lead within safe limit, 15 

hence human health is not at danger. 16 

Conclusion: Efforts need to be made in total elimination of heavy metal in the beans because 17 

human health is at risk due to the effects of their bioaccumulation in the body. 18 

 19 
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Introduction 23 

Cowpea [Vignaunguiculata(L.) Walp.] is an important crop in many tropical continents like 24 

Africa, Asia and South America [1] Cowpea belongs to the class Dicotyledonea, order 25 

Leguminosae (Fabales), family Papilionaceae (Fabaceae), subfamily Faboideae, tribe 26 

Phaseoleae, sub tribe Phaseolinae, and genus Vigna [2]. This crop provides food, animal feed 27 

and cash for the rural populace in addition to benefits to farmlands via in situ decay of roots 28 

residues and ground cover from cowpea’s spreading habits. 29 

In Africa, Cowpea is a popular leguminous crop which is known as ‘beans’ in Nigeria and 30 

‘niebe’ in the francophone countries. The largest production is in the moist and dry savannas of 31 



 

 

sub-saharan Africa, where it is intensively grown as an intercrop with other cereal crops like 32 

millet, sorghum and maize as well as rice fallow [3]. 33 

 34 

Beans are one of the most economically and nutritionally important indigenous African grain 35 

legumes produced throughout the tropical and subtropical areas of the world. Grains legumes or 36 

pulses are rich and low-cost sources of dietary proteins and other nutrients for a large part of 37 

world’s population [4]. They supplement to the lower quality cereal or root and tuber protein 38 

commonly consumed in tropical Africa [5]. On average, cowpea grains contain 23-25% protein 39 

and 50-67% starch in dry bases [1]. 40 

Beans play a key role in the agriculture  and  food  supply  of  Nigeria  which  happens  to  be  41 

the  largest  producer  and consumer  of  beans  in  the  world.Cowpea grain is consumed directly 42 

after cooking, or as a component of meals made from cereals or root crops [6]. Cowpea cakes 43 

(made from mashed and fried seed) are also sold as a fast food along roadsides in humid forest of 44 

South-western Nigeria.  45 

 46 

It has been estimated that about 3.3 million tonnes of cowpea dry grains were produced 47 

worldwide in year 2000. Nigeria produced 2.1 million tonnes of this, making it the world’s 48 

largest producer, followed by Niger (650,000 tonnes) and Mali (110,000 tonnes) [7]. 49 

 50 

Food safety simply means absence or presence of safe levels of contaminants, adulterants, 51 

naturally occurring toxins or any other substance that may make food injurious to health on an 52 

acute or chronic basis. The increasing demand for food safety stimulated researches regarding 53 

the risk associated with consumption of foodstuff contaminated by heavy metals [8]. Heavy 54 

metals are placed conspicuously on the list of contaminants contributing injuries to the heath of 55 

human being. These greatly influence the safety of beans consumption because they have been 56 

excessively released into the environment due to rapid industrialization and have created major 57 

global concern with attendant negative roles in human life [9][10],[11].  58 

Heavy metals are environmental contaminants capable of causing human health problems if 59 

excess amount is ingested through food [12], heavy metals are non-biodegradable and persistent, 60 

have a long half-lives and can be bio-accumulated through biological chains [12]. Heavy metal 61 

toxicity can result from contamination of irrigation water, the application of fertilizer and metal 62 



 

 

based pesticides, industrial and vehicular emission, harvesting process, transportation, storage or 63 

sale [13]. Crops and vegetables grown in soils contaminated with heavy metals have greater 64 

accumulation than those grown in uncontaminated soils. Deposition of heavy metals from 65 

industrial and vehicular emissions on crops foliar surfaces may occur during production, 66 

transportation and marketing [14]. When heavy metals are absorbed by plants which may be 67 

usedas food and medicine to man and as forage to animals, they find their ways into the body 68 

system causing cancer and even heart disease [15]. 69 

Food is an important source of lead and cadmium and determination of lead and cadmium in 70 

food can be used for the estimation of their exposure [16]. Lead and cadmium can be very 71 

harmful even at low concentrations when ingested over a long time [17]. After ingestion, the 72 

absorption rate of lead ranges from 3% to 80%, whereas the typical absorption rates of dietary 73 

lead in adults and infants are 10% and 50%, respectively. After absorption, lead is initially 74 

distributed to soft tissues throughout the body via blood, and then deposited in bone [18],[17]. 75 

 76 

Lead and Cadmium are classical chronic toxic chemicals. Mercury, Lead and Cadmium had been 77 

categorized as highly toxic among heavy metals [19]. They may cause damages to kidneys, the 78 

cardiovascular, immune, hematopoietic, central nervous and reproductive systems. It was 79 

reported by [20] that the main sources of exposure for an adult are food (ranging from 0.4 μg/kg 80 

bw/week to 10.1 μg/kg bw/week) and water (ranging from 0.23 μg/kg bw/week to 0.35 μg/kg 81 

bw/week). Heavy metals are found in a diversity of food materials, including beans [21].  82 

 83 

Metals such as lead, mercury, cadmium and copper are cumulative poisons, cause environmental 84 

hazards and are reported to be exceptionally toxic [22]. These metals are major sources of 85 

oxidative stress in the cell and play an important role in the etiology of diverse human 86 

pathologies such as carcinogenesis [23],[24],[25], [26]. Exposure to heavy metal toxicity leads to 87 

brain damage, mental retardation, cerebral palsy, lung cancer, gastrointestinal abnormalities, and 88 

dermatitis, and death of the unborn foetus (USEPA, 2002). Many metals have been shown to 89 

directly modify and/or damage DNA by forming DNA adducts that induce chromosomal breaks 90 

[28] 91 

 92 



 

 

Excessive content of Pb and Cd in food is associated with etiology of a number of diseases 93 

especially with cardiovascular, kidney, nervous as well as bone diseases [29],[30],[31]. Since the 94 

dietary intake of food may constitute a major source of long-term low-level body accumulation 95 

of heavy metals, the detrimental impact becomes apparent only after several years of exposure. 96 

Regular monitoring of these heavy metals in food materials is essential for preventing excessive 97 

buildup of the metals in the food chain. 98 

 99 

The two common varieties of bean popularly eaten in South-western Nigeria included drum, and 100 

Oloyin[32]. Ibadan is the most populous city in this region with about 4 million people according 101 

to Census, 2006. The city is characterized with heavy anthropogenic, industrial and vehicular 102 

activities which are major contributor to the release of heavy metals to the environment as 103 

reported by [13]. Apart from concentration of heavy metal in the environment, [33] had also 104 

reported that the species of crop determines amount of heavy metals that any crop will bio-105 

accumulate. 106 

 107 

Despite these array of negative impacts of the consumption of heavy metal contaminated beans 108 

by large populace, and based on persistent nature and cumulative behavior as well as the 109 

probability of potential toxicity effects of heavy metals as a result of consumption of beans, there 110 

is need to assess this food items to ensure that the levels of these heavy metals meet the agreed 111 

international requirements to ensure that maximum levels allowed are not exceeded. This study 112 

therefore, presents data on the levels of Pb and Cd in cowpea (Bean) in Ibadan, Nigeria. 113 

 114 

MATERIALS AND METHODS 115 

Study Area 116 

Ibadan is located in the south-west part of Nigeria. It is located approximately on longitude 3o5’ 117 

to 4o36’East of the Greenwich Meridian, and latitude 7o23’ to 7o55’ North of the Equator. Ibadan 118 

is located at a distance of 145 km north of Lagos [34]. The 2006 census put the total population 119 

of Ibadan to 2,550,593 while the average population density was 828 persons per km2[35]. The 120 

three markets where samples were collected are the major raw food markets. They are located 121 

within the Ibadan city and are along main roads. 122 

 123 



 

 

 124 

 125 

Collection of samples 126 

Three samples of each of two varieties of brown beans (cowpea) were randomly collected from 127 

four vendors each from three major food stuff markets in Ibadan, Nigeria during 2016. The total 128 

samples obtained were 72 samples. 129 

The three markets considered for this study were Oja-Oba Market, Ayeye market and Bodija 130 

international market, all located at Ibadan. The two varieties of brown bean samples collected 131 

were ‘Oloyin’ and ‘Drum’ 132 

 133 

Pretreatment of samples 134 

After collection of the samples, they were brought into the laboratory and processed further for 135 

analysis. Healthy seeds of the samples were used for analysis while bruised and insect infested 136 

samples were removed. Foreign matters such as grains, pebbles and pod remnants were manually 137 

removed from the cowpeas. 138 

Preparation of laboratory samples for analysis 139 

Dried samples (dried in an oven at 40oC) of the cowpea were ground into fine powder using a 140 

laboratory grounder, sieved using 0.500 mm mesh size sieve and stored in polyethylene bags, 141 

until used for acid digestion. 142 

Reagents 143 

All the reagents used were of analytical grade. Double distilled water was used for dilution and 144 

preparation of reagents and standards. All glassware and plastic containers used were washed 145 

with liquid soap and rinse with water before soaking in 10% nitric acid for 24hours, cleaned 146 

thoroughly with double distilled water and dried to ensure that there is no contamination. 147 

 148 

Acid Digestion 149 



 

 

Heavy metals in cowpea (beans) samples were extracted following acid digestion procedure. It 150 

followed method described by [36] with little amendment. 0.5g each of the powdered samples 151 

were weighed into a digestion tube and 10ml of 98% nitric acid was added. This was then placed 152 

in a water bath and allowed to boil for about 72 hours. This was covered with a lid and 153 

transferredto digestion block in a fume cupboardfor digestion. The temperature was steadily 154 

increase (to prevent fuming) until it reached 105oC. This was left and allow to undergo digestion 155 

for 30minutes,after which digestion was completed, the resulting pale yellow solution was 156 

allowed to cool and transferred into a 25ml volumetric flask and made up to 25ml mark with de-157 

ionized water and  was filtered into clean sample bottles.  158 

Reagent blank was prepared in similar manner. Spiking of the sample was done using standards 159 

of concentration of each studied metals (Cadmium and Lead), and blank samples were extracted 160 

as above. 161 

Heavy Metals Analysis 162 

The acid digest of beans sample solutions were analyzed for Lead (Pb), and Cadmium (Cd) using 163 

a Buck scientific atomic absorption spectrophotometer (model 210/211 VGP)with Air-acetylene 164 

flame. A certified standard reference materials was used to ensure accuracy and the analytical 165 

values were within the range of certified value. Blank and standards were run after five 166 

determinations to calibrate the instrument. 167 

Statistical Analysis: Means and standard deviation were calculated using analysis of variance 168 

(ANOVA).  169 

RESULTS AND DISCUSSION 170 

Table 1 and 2 show the concentration of heavy metals investigated in beans commonly 171 

consumed in Ibadan, Nigeria. The values are given as mean±Standard Deviation. The heavy 172 

metal levels determined were based on grain dry weight. 173 

Table 1: Mean levels (mg/kg) of Cadmium and Lead in Drum beans in the three markets 174 

from Ibadan, Nigeria. 175 

Markets Mean concentration 

of Cadmium 

Range of 

Cadmium 

Mean concentration 

of Lead 

Range of Lead 

Ayeye market 0.00123±0.0034 0.000 - 0.010 0.0039±0.052 0.005 – 0.122 



 

 

Bodija Market 0.00000±0.00000 0.000 - 0.000 0.057±0.034 0.015 – 0.100 

Oja-Oba Market 0.00125±0.0034 0.000 - 0.010 0.0125±0.035 0.000 – 0.010 

 176 

Table 1 reveals the mean concentrations of Cadmium and Lead in Drum beans in the three 177 

markets under study and their standard deviations. The average concentration of Cadmium in 178 

Drum beans in Ayeye market was 0.00125mg/kg. No Cadmium concentration was present in 179 

drum beans sampled in Bodija market, while on the average 0.00125mg/kg Cadmium was 180 

present in sampled Drum beans in Oja-Oba market. In Ayeye market, the mean Lead 181 

concentration in Drum beans was 0.0039mg/kg. The mean Lead concentration in Drum beans in 182 

Bodija market was 0.057mg/kg and the mean Lead concentration in Drum beans in Oja-oba 183 

market was 0.0125mg/kg. In Drum Beans samples analyzed, concentration of Cd ranged from 184 

0.000 to 0.010 mg/kg in the Ayeye and Oja-oba markets but no sample indicated Cd 185 

contamination in Bodija market while it was 0.000 to 0.108 mg/kg, 0.000 to 0.850 mg/kg and 186 

0.000 to 1.520 mg/kg in Ayeye, Bodija and Oja-oba markets respectively.  187 

Table 2: Mean levels (mg/kg) of Cadmium and Lead in Oloyin beans in the three markets 188 

from Ibadan, Nigeria. 189 

Markets Mean concentration of 

Cadmium 

Range of 

Cadmium 

Mean concentration of 

Lead 

Range of Lead 

Ayeye market 0.00125±0.0034 0.000 – 0.010 0.028±0.038 0.000 – 0.108 

Bodija Market 0.00125±0.0034 0.000 – 0.010 0.159±0.288 0.000 – 0.850 

Oja-Oba Market 0.0025±0.0046 0.000 – 0.010 0.234±0.521 0.000 – 1.52 

 190 

Table 2 reveals the mean concentrations of Cadmium and Lead in Oloyin beans in the three 191 

markets under study and their standard deviations. The average concentration of Cadmium in 192 

Oloyin beans in Ayeye market was 0.00125mg/kg. It was 0.00125mg/kg in Bodija market and 193 

0.0025mg/kg in Oja-Oba market. In Ayeye market, the mean Lead concentration in Oloyin beans 194 

was 0.028mg/kg. The mean Lead concentration in Oloyin beans from Bodija market was 195 

0.159mg/kg and the mean Lead concentration in Oloyin beans from Oja-Oba market was 196 

0.234mg/kg. In the Oloyin beans samples analyzed, concentration of Cd ranged from 0.000 to 197 



 

 

0.010 mg/kg in the three markets while that of Pb was 0.000 to 0.108 mg/kg, 0.000 to 0.850 198 

mg/kg and 0.000 to 1.520 mg/kg in Ayeye, Bodija and Oja-oba markets respectively. 199 

Table 1 shows the average Cadmium concentrations in drum beans in the three markets studied. 200 

The highest Cadmium concentrations were found in Market 1 and Market 3, with average 201 

concentrations of 0.00125mg/kg and 0.00125mg/kg respectively. This shows that on the average, 202 

Cadmium concentrations across the three markets are still within safe limit, as it is below 203 

FAO/WHO’s 0.2mg/kg recommended safe limit for cowpea. This result agreed with the report 204 

ofSulyman et al. (2015) but disagreed with Iweala et al. (2014) which reported higher 205 

concentration of Cd in beans, though at safe levels[37] [38]. 206 

Also in table 1 the average Lead concentrations in drum beans in the three markets under study 207 

was indicated. The highest average Lead concentration was found in Market 2 with average 208 

concentrations of 0.057mg/kg. This shows that on the average, Lead concentrations across the 209 

three markets are still within safe limit, as it is below FAO/WHO of  0.2mg/kg recommended 210 

safe limit for Lead FAO/WHO (2002)[39]. This result though at safe level, was againstIweala et 211 

al. (2014) report, who recorded no result of Pb concentration in Beans [38].  212 

Table 2 shows the average Cadmium concentrations in Oloyin beans in the three markets under 213 

study. The highest average Cadmium concentration was found in Market 3 with average 214 

concentrations of 0.0025mg/kg. This shows that on the average, Cadmium concentrations across 215 

the three markets are still within safe limit, as it is below FAO/WHO’s 0.2mg/kg recommended 216 

safe limit. 217 

Table 2 shows the average Lead concentrations in Oloyin beans in the three markets under study. 218 

The highest average Lead concentration was found in Market 3 with average concentrations of 219 

0.234mg/kg. This shows that on the average, Cadmium concentrations across the three markets 220 

are still within safe limit, as it is below FAO/WHO recommended safe limit [39]. Iweala et al. 221 

(2014) report a zero concentration level of Pb in beans which contradict results in this study [38]. 222 

The values of Cd in cereals reported by [40] were within range of values obtained in this 223 

research work, but far below what were reported byOkoyeet al. (2009) and Dahiru et al. 224 

(2013)[41][42]. These differences could be due to differences in the concentration of the metal in 225 

the soil where the crops were grown. Also Okoyeet al. (2009) reported Pb values in cereals that 226 

fell within range obtained in this research work [41]. 227 



 

 

 In this study the result indicated that safe levels of CD and Pb were recorded in all samples 228 

analysed (except in one sample of Oloyin beans Obtained from Oja-Oba market which indicated 229 

Pb concentration of 1.52 mg/kg) when compared to the FAO/WHO permissible limits for grain 230 

crops. This was in agreement with the result of Sulyman et al. (2015) with Cd levels in cereal 231 

studied found below safe limit. Nonetheless, one should not overlook the fact that both metals 232 

(Cd and Pb) accumulate in the body with time due to the frequency of consumption of beans 233 

containing them in small quantities. If these metals are not eliminated at the rate at which they 234 

bioaccumulate they pose serious health risk to their consumers. 235 

Due to the low levels of Cd and Pb in the bean samples analyzed there is an indication that 236 

vehicular emission of the adjourning roads to the markets might contribute to the heavy metals. 237 

The levels of heavy metal measured must have been contributed by plant uptake at the place 238 

where the beans were grown and/or emission from vehicle when transporting them since most of 239 

beans sold in Ibadan are from the Northern part of Nigeria. 240 

 241 

CONCLUSION 242 

The results of this study did not indicate absence of the toxic heavy metals (Lead and Cadmium) 243 

on the average but they were at safe levels compare with the FAO/WHO standard. Nonetheless, 244 

one should not overlook the fact that these toxic elements accumulate in the body with time due 245 

to frequency of their exposure. If these metals are not eliminated at the rate which they 246 

bioaccumulate, they pose serious health risk to their consumers. So it is essential for agricultural 247 

activities and other human activities that increase heavy metal contamination of food stuffs be 248 

controlled.Therefore, the opinion ofOtitojuet al. (2011) that monitoring and systematic gathering 249 

of information on heavy metal levels in the environment are essential components of any 250 

pollution control system is well supported [42].  251 

As reported by Zoranet al. (2015) seed coat accumulate significant amounts of Pb and due to 252 

large surface area to volume ratio in beans grain, large amount of Pb and other toxic metals are 253 

accumulated. Also, Zoranet al. (2015) reported that two-to-four-times higher Pb are in the seed 254 

coat than in the seed embryo because the seed coat constitute the effective barrier against 255 

penetrating of toxic ions [45]. Hence less exposure to Pb and Cd would be achieved if seed coats 256 

are removed before consumption by human being. 257 



 

 

It is necessary to undergo studies that will cover larger consuming public and also conduct 258 

extensive population exposure risk assessment of the heavy metals in beans being sold in these 259 

three markets studied. Routine assessment of Cd and Pb concentration in this beans sold in these 260 

three market is inevitable to ensure the metals do not exceed the global standard for safety. Also 261 

due to the sensitivity of food safety in human health appropriate regulation of industrial wastes 262 

disposal activities should be ensured to reduce environmental contamination because industrial 263 

waste are major sources pollution by heavy metals. Routine monitoring of soils on which crop 264 

especially cowpea are planted is essential to safeguard uptake by plant, and untreated sewage 265 

water should be avoided when irrigating cowpea farms. 266 

 267 
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