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Abstract 
 

Heavy metals are pollutants that are of global significance due to their 

toxicological properties when their intake significantly exceeds recommended 

levels. They are persistent in the environment, and may be unintentionally 

present in raw materials used for production of bread; they may migrate from 

packaging into food, or find their way into finished food products due to 

anthropogenic activities. The present study investigated the presence of heavy 

metals in bread baked and sold in Makurdi, Metropolis, to ascertain their safety 

for consumption. Twenty different bread brands were sampled twice from 

bakeries and distribution outlets within Makurdi, metropolis respectively. The 

heavy metal analysis was carried out using Atomic Absorption 

Spectrophotometer (AAS). The varied concentrations of heavy metals in 

mg/kg of Fe, Pb, Cr, Zn, Ni, and Cd in Bread Loaves from Bakeries (BFB) 

and in Bread Loaves from Distribution Outlets (BFD) were determined. Cd 

https://ejournal.yasin-alsys.org/index.php/AJSTEA
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was not detected in BFB and flour, but it was present in one sample in BFD. 

Duncan Multiple Range Test (DMRT) was employed to separate the means. 

Though, most of the studied heavy metals were within permissible limits, 

caution should be taken when consuming bread, because of their ability to 

persist and bio-accumulate in bio-systems.  

Keywords: Bread, Heavy metals, Baking, Makurdi  

 

 

INTRODUCTION 

Heavy metals are elements that form positive ions in solution and have a density five times 

greater than that of water (Duffus, 2003). They are beneficial in minute quantities with the 

exception of Lead (Pb), Cadmium (Cd) and Mercury (Hg) are toxic even in very low 

concentrations (Sabry, 2014), but prolonged ingestion of, and exposure to excess quantities 

becomes toxic to human health (Jonathan et al., 2009). They are significant in nutrition, 

either for their essential nature or their toxicological properties (Khaniki, 2005). Their 

harmful effects on the body could be neurotoxic, nephrotoxic, fetotoxic, teratogenic, or 

even carcinogenic when their intake significantly exceed the recommended levels. Also, 

they are not only toxic to living tissues, but have degrading effects on the environments- 

they are able to remain persistent in the environment once discharged. Furthermore, trace 

metals have long half-life of about a year when they get absorbed in body tissues and 

organs (Gholam et al., 2005; Bando et al., 2023).  

Globally, substantial amounts of trace metals are annually added to the environment via 

pollution arising from natural and anthropogenic activities/processes. These have resulted 

in the contamination of soil, atmosphere, underground and surface water, and food. Thus, 

trace metals bio-accumulate and bio-magnify as they find their ways into human and animal 

tissues through the food chain, and food becomes the ultimate source of metal intake into 

the human body (Khalid and Rehman, 2013). 

Bread is a staple that provides about 50 – 90 % of calories and protein intake (Agu et al., 

2011). In addition to carbohydrates, proteins, and some vitamins, bread is also an 

important source of minerals and trace metals. It is prepared by baking dough which 

consists of several ingredients. The principal ingredients are flour, yeast, salt and water; 
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optional ingredients include fat, sugar, milk and some additives (oxidants, emulsifying 

agents and preservatives) (Wei and Yang, 2010; Bando et al., 2023). Also, bread dates back 

to the Neolithic era and it is one of the most consumed flour products in most societies 

around the world. Statistics from a survey conducted on bread consumption in Nigeria in 

2004, showed that bread is one of the most consumed foods in homes, restaurants and 

hotels, with predominant consumption among the poor and young ones who constitute 

more than 70% of the over 150 million people in the country (Wei and Yang, 2010). 

Keeping in sight the large scale production and consumption of bread, it is paramount to 

assess the presence and levels of trace metals in bread and compare with recognized 

standards (permissible limits), in other to ascertain its safety. Furthermore, the 

determination of the levels of trace metals in bread has made an important contribution to 

environmental sciences and toxicology (Khalid and Rehman, 2013; Bando et al., 2019).  

This is because it informs us about environmental contaminants which are naturally not 

part of the food chain. It further suggests the medium via which these contaminants find 

their way into the food chain; either via our anthropogenic processes such as processing, 

packaging, storing, distribution, and/or through heavy metal uptakes by crop plants. This 

study aimed at investigating heavy metal contamination in frequently consumed bread 

baked within Makurdi metropolis, Benue State. 

 

METHODS 

Study Area 

The study was carried out within Makurdi Metropolis (Figure 1), the administrative capital 

of Benue State, Nigeria. The city is located in central Nigeria along the Benue River. Its 

geographical coordinates are 7.44oN and 8.32oE, with a population of over 500,000 people 

(The World Gazetteer, 2007). 
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Figure 1: Map Showing Sampling Site – Makurdi, Benue State, Nigeria. 

Source: - www.maplandia.com/nigeria/benue 

Research Design 

The work adopted both survey and experimental design. A structured questionnaire was 

designed and distributed in a simple random fashion to people living in the study area. 500 

copies of the questionnaire were distributed to respondents residing in North-bank, 

Wurukum, High-level, Wadata, Modern market, Gboko road, New GRA, Old GRA, Abu 

King Shulluwa Road and Kanshio respectively. The questionnaire was divided into two 

sections, A and B (section A contained demographic information of the respondents, while 

section B generated information on the respondent’s choice of bread). The data generated 

were used to determine the frequently consumed bread by respondents in Makurdi. The 

experimental method was based on the laboratory analyses of bread samples obtained from 

bakeries and distribution outlets in the study area.  

Sample collection 

Twenty samples of frequently consumed bread brands baked in Makurdi were obtained 

twice each from bakeries and distribution outlets in North-bank, Wurukum, High-level, 

http://www.maplandia.com/nigeria/benue
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Wadata, Modern market, Gboko road, New GRA, GRA, Abu King Shulluwa Road and 

Kanshio respectively. 

Sample Preparation 

The bread samples were sliced and allowed to air dry at room temperature and then oven 

dried at 60oC (Khaniki et al., 2005; Khalid and Rehman, 2013). The dried samples were each 

ground to fine powder in an agate mortar and thoroughly mixed to homogeneity, the 

mortar was rinsed after each sample pounding to avoid cross contamination. The ground 

samples were sieved using sethi standard test sieve BBS 40 and stored in sterile, air tight 

sample bottles with screw caps, then labelled accordingly. 

Analysis of Heavy Metals 

Sample Digestion 

The samples digestion was done in Chemistry Department Laboratory at University of 

Benin, Edo State. The protocol went thus; 1.0g of the powdered bread sample was weighed 

using an electric weighing balance (model AR2130 Ohaus Corporation China) and then put 

into flat bottom flask. 10ml of HCl/HClO4 was measured using a measuring cylinder in 

ratio 2:1, and added to the weighed sample in the flat bottom flask, and shaken. The flask 

was then heated on a hot plate in a fume hood, until a transparent solution was obtained. 

The transparent solution was then filtered with a filter paper (Whatman No. 1) into a 

cylindrical flask to remove residual impurities. The filtrate was then diluted with deionised 

water to a mark of 100 ml. It was then transferred into a sample bottle for analysis of heavy 

metals. Similar procedure was used to prepare sample blanks, and transferred into a sample 

bottle for analysis.  

Detection of Heavy Metals 

An Atomic Absorption Spectrophotometer (Buck Scientific Model – 210 VGP and Buck 

Scientific, USA) was used to analyse all the digested samples. The spectrophotometer was 

calibrated by analysing three standard and blank solutions, before the commencement of 

analyses for the selected metals. The official method of analysis according to the 

Association of Official Analytical Chemists (AOAC, 1990) was followed. The heavy metals 

analysed were Lead, Cadmium, Chromium, Nickel, Iron, and Zinc. The samples were 

analysed in triplicates for quality assurance.  
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Statistical Analyses 

Descriptive statistics was used to analyse the data generated from the questionnaires. Data 

generated from analysed samples were subjected to ANOVA using Statistical Package for 

Social Scientists (SPSS, version 21.0) to test for statistical significance set at P < 0.05. 

 

RESULTS 

Tables (1 to 3) revealed the concentration of the heavy metals in bread samples collected 

from bakeries and distribution outlets, and flour samples. 

Table 1: Mean Concentration of Heavy Metals (mg/kg) in Samples from 

Distribution Outlets 

Samples                                                  Concentration of Heavy Metals (mg/kg)* 

Fe    Pb         Cr Zn Ni Cd 

A 1.335±0.021j 0.425±0.007f 0.835±0.191fgh 0.455±0.021cde 0.005±0.007a ND 

B 0.880±0.014g 0.440±0.014f 0.730±0.0424defgh 0.360±0.057abcd 0.095±0.007cde ND 

C 0.685±0.0212e 0.23±0.000bc 0.295±0.035abc 0.390±0.057abcde 0.100±0.000de 0.025±0.005b 

D 1.480±0.028l 0.41±0.000f 0.085±0.035a 0.510±0.099e 0.115±0.007e ND 

E 0.760±0.000f 0.66±0.014g 0.650±0.000cdefg 0.410±0.014abcde ND ND 

F 0.665±0.007e 0.415±0.021f 1.075±0.035hi 0.415±0.021bcde 0.110±0.014e ND 

G 0.775±0.021f 0.355±0.007e 0.365±0.035abcd 0.375±0.35abcd 0.105±0.007e ND 

H 1.225±0.021i 0.420±0.014f 0.360±0.014abcd 0.475±0.050cde 0.015±0.021a ND 

I 0.370±0.000b 0.34±0.042e 0.385±0.021abcd 0.385±0.021abcde 0.115±0.021e ND 

J 0.475±0.035d 0.340±0.028e 0.495±0.021bcdef 0.41±0.057abcde 0.100±0.000de ND 

K 0.315±0.021a 0.360±0.014e 0.360±0.000abcd 0.400±0.014abcde 0.100±0.000de ND 

L 1.390±0.000k 0.415±0.021f 1.200±0.000i 0.435±0.050cde 0.065±0.018abcde ND 

M 0.740±0.000f 0.450±0.000f 0.980±0.014ghi 0.470±0.042cde 
0.080 
±0.011bcde 

ND 

N 1.215±0.021i 0.345±0.021e 0.665±0.021cdefg 0.430±0.071bcde 0.005±0.07a ND 

O 0.880±0.014g 0.010±0.000a 0.750±0.014efgh 
0.400 
±0.028abcde 

0.035±0.015abcd ND 

P 0.870±0.000g 0.415±0.021f 0.130±0.014ab 0.470±0.042cde 0.095±0.007cde ND 

Q 0.500±0.014d 0.255±0.021c 0.125±0.007ab 0.280±0.042a 0.090±0.014cde ND 

R 0.650±0.000e 0.295±0.007d 0.175±0.035ab 0.300±0.071ab 0.030±0.028abc ND 

S 1.125±0.007h 0.200±0.014b 0.335±0.035abc 0.490±0.127de 0.080±0.014bcde ND 

T 0.435±0.021c 0.210±0.000b 0.205±0.021ab 0.355±0.007abc 0.025±0.007ab ND 
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*All values are means of triplicate determinations 

ND = Not Detected 

Mean with the same letter within a column are not significantly different at p<0.05 

Table 1 shows the mean concentration of heavy metals in mg/kg in bread brands from 

distribution outlets ranged from Fe (0.315±0.021 to 1.480±0.028), Pb (0.010±0.000 to 

0.66±0.014), Cr (0.085±0.035 to 1.200±0.000), Zn (0.280±0.042 to 0.510±0.099), and Ni 

(0.005±0.007 to 0.115±0.007). Cd was only detected in one sample and its concentration 

was 0.025±0.005 mg/kg. 

 

Table 2: Mean Concentration of Heavy metals (mg/kg) in Samples from Bakeries 

Samples Concentration of Heavy Metals (mg/kg)* 

Fe Pb Cr Zn Ni Cd 

A 
0.755±0.007
j 

0.190±0.014efg 0.455±0.007def 0.435±0.021h                ND ND 

B 
0.340±0.000
c 

0.090±0.014bc 0.670±0.000f 0.300±0.014b ND ND 

C 
0.640±0.014
h 

0.025±0.015a 
0.320±0.014abcd

e 
0.305±0.021b ND ND 

D 
0.910±0.000
m 

0.190±0.014efg 0.045±0.014a 0.405±0.007gh ND ND 

E 
0.540±0.000
g 

0.195±0.012efg 0.415±0.021bcde 0.355±0.007de ND ND 

F 
0.330±0.014
bc 

0.050±0.011ab 0.640±0.014ef 0.365±0.021def ND ND 

G 
0.750±0.000
j 

0.355±0.050i 0.285±0.021abcd 0.345±0.021cd ND ND 

H 
0.760±0.000
j 

0.125±0.021cd 0.255±0.007abcd 0.410±0.0283gh ND ND 

I 
0.340±0.000
c 

0.135±0.007cde 0.295±0.007abcd 0.360±0.014de ND ND 

J 
0.240±0.014
a 

0.200±0.014fg 0.465±0.007def 0.355±0.007de ND ND 

K 
0.760±0.000
j 

0.275±0.035h 0.255±0.007abcd 0.360±0.014de ND ND 

L 
0.765±0.007
jk 

0.350±0.000i 0.715±0.007f 0.360±0.000 ND ND 
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M 
0.505±0.007
f 

0.140±0.0283cde

f 
0.435±0.035cd
ef 

0.430±0.014h ND ND 

N 
0.800±0.000
l 

ND 0.535±0.115def 0.355±0.007de 0.005±0.001b ND 

O 
0.780±0.000
k 

ND 0.710±0.0283f 0.385±0.007efg ND ND 

P 
0.660±0.014
i 

0.310±0.014hi 0.105±0.007abc 0.435±0.007h ND ND 

Q 
0.470±0.000
e 

0.190±0.000efg 0.090±0.0283ab 0.210±0.014a ND ND 

R 
0.445±0.007
d 

0.215±0.007g 0.110±0.014abc 0.220±0.014a 0.010±0.000c ND 

S 
0.780±0.000
k 

0.095±0.007bc 0.295±0.021abcd 0.395±0.007fg ND ND 

T 
0.315±0.007
b 

0.160±0.014defg 0.100±0.000abc 0.320±0.014bc ND ND 

Mean with the same letter within a column are not significantly different at p<0.05 

*All values are means of triplicate determinations 

ND = Not Detected 

Table 2 shows the mean concentration of bread brands (A – T) collected from sampled 

bakeries. The mean concentrations of heavy metals (Fe, Pb, Cr, Zn, and Ni) in mg/kg 

ranged from Fe (0.240±0.014to 0.910±0.000), Pb (0.025±0.015 to 0.355±0.050), Cr 

(0.090±0.0283 to 0.715±0.007), Zn (0.210±0.014 to 0.435±0.021), and Ni (0.005±0.001 to 

0.010±0.000), while Cd was not detected in any of the samples. 

 

Table 3: Mean Concentration of Heavy Metals of Popular Flour Used in Production 

Samples                          Concentration of Heavy Metals (mg/kg)* 

 Fe Pb Cr Zn Ni Cd 

X 

Y 

 

Z 

0.0470±0.0014 

 

0.0320±0.0005 

 

0.0300±0.0014 

0.0140±0.0009 

 

0.0160±0.0000 

 

0.0170±0.0005 

0.0110±0.0005 

 

0.0040±0.0009 

 

0.0100±0.0005 

0.0210±0.0005 

 

0.0190±0.0005 

 

0.0190±0.0005 

0.0070±0.0010 

 0.0060±0.0005 

 

0.0050±0.0010 

ND 

 
ND 

 

ND 

    Mean with the same letter within a column are not significantly different at p<0.05. 
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    *All values are means of triplicate determinations 

     ND = Not Detected 

Table 3 shows the mean concentration of selected heavy metals in popular flour samples 

used by most bakers in the study area (Makurdi Metropolis). It shows the concentrations of 

heavy metals in mg/kg to be Fe (0.0470±0.0014), Pb (0.0140±0.0009), Cr (0.0110±0.0005), 

Zn (0.0210±0.0005) and Ni (0.0070±0.0010) for sample X, and sample Y has Fe 

(0.0320±0.0005), Pb (0.0160±0.0000), Cr (0.0040±0.0009), Zn (0.0190±0.0005) and Ni 

(0.0060±0.0005). In sample Z, the concentration of Fe was (0.0300±0.0014), Pb 

(0.0170±0.0005), Cr (0.0100±0.0005), Zn (0.0190±0.0005) and Ni (0.0050±0.0010). Cd 

was not detected in the respective samples. 

 

Table 4: Comparison between mean concentrations of selected heavy metals in this 

study with permissible limits from standard organizations 

Samples 
                                                    Concentration of Heavy Metals (mg/kg)* 

Fe Pb Cr Zn Ni Cd 

A 1.335±0.021j 
0.425±0.007
f 

0.835±0.191fgh 0.455±0.021cde 0.005±0.007a ND 

B 0.880±0.014g 
0.440±0.014
f 

0.730±0.0424def

gh 
0.360±0.057abcd 0.095±0.007cde ND 

C 
0.685±0.0212
e 

0.23±0.000bc 0.295±0.035abc 0.390±0.057abcde 0.100±0.000de 0.025±0.005b 

D 1.480±0.028l 0.41±0.000f 0.085±0.035a 0.510±0.099e 0.115±0.007e ND 

E 0.760±0.000f 0.66±0.014g 0.650±0.000cdefg 0.410±0.014abcde ND ND 

F 0.665±0.007e 
0.415±0.021
f 

1.075±0.035hi 0.415±0.021bcde 0.110±0.014e ND 

G 0.775±0.021f 
0.355±0.007
e 

0.365±0.035abcd 0.375±0.35abcd 0.105±0.007e ND 

H 1.225±0.021i 
0.420±0.014
f 

0.360±0.014abcd 0.475±0.050cde 0.015±0.021a ND 

I 0.370±0.000b 0.34±0.042e 0.385±0.021abcd 0.385±0.021abcde 0.115±0.021e ND 

J 0.475±0.035d 
0.340±0.028
e 

0.495±0.021bcdef 0.410±0.057abcde 0.100±0.000de ND 

K 0.315±0.021a 
0.360±0.014
e 

0.360±0.000abcd 0.400±0.014abcde 0.100±0.000de ND 

L 1.390±0.000k 
0.415±0.021
f 

1.200±0.000i 0.435±0.050cde 0.065±0.018abcde ND 
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M 0.740±0.000f 
0.450±0.000
f 

0.980±0.014ghi 0.470±0.042cde 0.08±0.011bcde ND 

N 1.215±0.021i 
0.345±0.021
e 

0.665±0.021cdefg 0.430±0.071bcde 0.005±0.07a ND 

O 0.880±0.014g 
0.010±0.000
a 

0.750±0.014efgh 0.400±0.028abcde 0.035±0.015abcd ND 

P 0.870±0.000g 
0.415±0.021
f 

0.130±0.014ab 0.470±0.042cde 0.095±0.007cde ND 

Q 0.500±0.014d 
0.255±0.021
c 

0.125±0.007ab 0.280±0.042a 0.090±0.014cde ND 

R 0.650±0.000e 
0.295±0.007
d 

0.175±0.035ab 0.300±0.071ab 0.030±0.028abc ND 

S 1.125±0.007h 
0.200±0.014
b 

0.335±0.035abc 0.490±0.127de 0.080±0.014bcde ND 

T 0.435±0.021c 
0.210±0.000
b 

0.205±0.021ab 0.355±0.007abc 0.025±0.007ab ND 

Permissible               
Limits        

      

WHO 
(2001) 

     18mg/day                                        0.2mg/kg 0.3mg/kg 0.2 mg/kg 5 ug/kg/day 0.2 mg/kg 

*All values are means of triplicate determinations 

 

DISCUSSION 

Heavy metals are the most common environmental pollutants in the world (Soetan et al., 

2008).The exhibition of toxic properties by heavy metals leads to metal poisoning, which 

has adverse effects on human and ecosystem’s health (Arora et al., 2008). Although acute 

poisoning from heavy metal poisoning is rare through ingestion or absorption via the skin, 

chronic exposure even in small concentrations can be disastrous (Rana, 2011). Chronic 

exposure to heavy metals leads to accumulation in the food chain which leads to an 

increased stock in biota, therefore magnifying the human dose (Bando et al., 2023). 

Although some of the studied heavy metals such as Fe, Zn, Ni and Cr are essential in 

human nutrition, their determination in food products is imperative, since they pose health 

risks at high concentrations. In the present study, bread loaves contained varying 

concentrations of heavy metals, with exception of Cd which was only present in sample C 

(from distribution outlet). The concentration of heavy metals in the studied samples from 

the bakeries and distribution outlets followed the sequence, Fe > Zn > Cr >Pb> Ni > Cd. 
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Zn and Fe happen to be among the metals/minerals that Nigerian government, and some 

other governments around the globe mandated that they be used to fortify wheat flour (a 

major component of bread). Zn had the lowest and highest mean concentrations in mg/kg 

in sample Q (0.210±0.014) and sample A (0.435±0.021)and in bread loaves from bakeries, 

while that from the distribution outlet were relatively higher, 0.280±0.042 (in sample Q) 

and 0.510±0.099(in sample D) respectively. When these highest and lowest values of Zn 

were compared with values reported in literature, the values were found to be lower than 

3.26±0.06 and 1.18±0.03 mg/kg reported by Doe et al., (2013) in bread. It was also lower 

than the reports in bread loaves from Khalid and Rehman, (2013), Khaniki et al., (2005), 

and Gholam and Khaniki, (2005), which were 2.96 - 4.60, 12.77 - 19.27, 10.42 - 14.25, 2.23 

-6.63mg/kg respectively. It was found to be lower than the concentration of Zn in wheat 

flour as reported by Doe et al., (2013) (6.314±0.211 and 6.154±0.313 mg/kg), by Agu et al., 

(2010) (24.13±2.19 mg/kg).This is an indication that bakers in Makurdi are not fortifying 

their bread as required by standard organizations such as NAFDAC. The concentration of 

Zn in this study is in concordance with report by Magomya et al., (2013). 

The lowest and highest mean concentration of Fe in bread loaves obtained from bakeries 

and distribution outlets ranged from (0.240±0.014 - 0.910±0.00mg/kg) and (0.315±0.021 - 

1.480±0.028mg/kg) respectively. These results are within the range of those reported by 

Magomya et al., (2013) (0.098 - 0.53 mg/kg) and with the value of one of the samples 

reported by Agu et al., (2010), while the values of other bread samples in their studies were 

higher. The report by Doe et al., (2013) (2.26 - 2.82 mg/kg), Khalid and Reman, (2013), 

(177.3 and 32.9 mg/kg), and 49.8 – 59.21 mg/kg by Jawad et al., (2012) were contrary to 

those from this study. 

Zn and Fe are the two most abundant heavy minerals in the human body, with Zn (1.5–2.5 

g) and Fe (3–4 g) present in the average adult. These metals are frequently assessed 

together, because they share common dietary sources (Kordas and Stoltzfus, 2004; 

Sandstead, 2000; Hunt, 2003). Their absorption from food is believed to be enhanced and 

inhibited by similar compounds (Sandstead, 2000; Nair et al., 2013), and consequently, 

deficiency of both nutrients is thought to occur simultaneously. 

The mean concentration of Cr from this study ranged from 0.090±0.0283 – 0.715±0.007 

mg/kg in bread loaves from bakeries, and 0.085±0.035 – 1.200±0.000 mg/kg in bread 

loaves obtained from distribution outlets. The highest value of heavy metals recorded in 
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this study is slightly below that reported by Naghipour et al., (2014) (1.3 mg/kg). The Cr 

found in the analysed samples could have originated from whole wheat and brown sugar 

(Rana et al., 2011), and other ingredients used in the making of bread. Also, the type of 

technology used in the baking process can increase the concentration of Cr in the finished 

product, as compared to the raw product (Magomya et al., 2013). 

Cr is an important heavy metal which is relevant in human nutrition for healthy living, and 

has a wide range of industrial applications. According to Rana et al., (2011), Cr has the 

ability to reduce blood glucose, and is used to control certain cases of diabetes. While 

industrially it can be used in electroplating, metal finishing, magnetic tapes, pigments, 

leather tanning, wood protection, chemical manufacturing, brass, electrical and electronic 

equipment and catalysis. 

Pb is one of the leading carcinogenic heavy metals that find their way into the human body 

via dietary intake and other means of exposure. The concentration of Pb in this study 

ranged from 0.025±0.015 –0.355±0.050 mg/kg (bread loaves from bakeries), and 

0.010±0.000 – 0.66±0.014 (bread loaves from distribution outlets). This values were in 

agreement with ranges recorded by Khaniki et al., (2013) (0.27 – 0.52 mg/kg) and Agu et al., 

(2010) (0.03 – 0.10 mg/kg). While Doe et al., (2013) had lower concentrations of 0.0051 – 

0.0050 mg/kg, contrastingly higher concentrations were recorded by Dada et al., (2017) 

(1.26±0.01 mg/kg), Magomya et al., (2010) (3.13 mg/kg), Alomary and Wedian, (2012) 

(264.2 mg/kg), and Odunwo and Konne, (2014) (7.28±2.14 mg/kg). 

Ni, an essential heavy metal, whose specific function in the human system is unknown, but 

it is known to be present in many enzymes in the body. Ni was detected only in two 

samples obtained from bakeries, with concentration of 0.005±0.001 and 0.010±0.000, but 

it concentration ranged from 0.005±0.007 – 0.115±0.007 mg/kg in bread loaves from 

distribution outlet (except for sample E); where it was not detected. Cd was not detected in 

the bread loaves from bakeries, but it was detected only in sample C from distribution 

outlet. The concentration of heavy metals in BFB and BFD varied significantly at p<0.05. 

The study also revealed that the heavy metals concentrations were lower in flour samples 

when compared with the baked bread from distribution outlets and factories. 
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CONCLUSION  

The study established the presence of the selected heavy metals in frequently consumed 

bread loaves baked and sold in Makurdi metropolis, Benue State. This is as a result of 

activities such as handling, packaging, transporting, and environmental conditions around 

the distribution out lets. The type of technology used in bread production influences the 

stock of heavy metal in the finished product. 

It further showed that flour which is the major ingredient in bread making contains heavy 

metals, but the concentration in the finished product showed that other ingredients, 

additives, kneading, baking, and distribution processes contribute significantly to the stock 

of heavy metal in the finished product. 

Recommendations 

The contamination of bread loaves by heavy metals can be mitigated by replacing old pans 

and equipment with Best Available Technology (BAT), and employing Standard Operating 

Procedures (SOP) in production processes. 

Regular monitoring by public health department and NAFDAC should be done to 

ascertain the safety of food from heavy metals. 

 

REFERENCES 

Adelekan, B. A., andAbegunde, K. D. (2011).Heavy metals contamination of soil and 
groundwater at automobile mechanic villages in Ibadan, Nigeria. International Journal of 
Physical Sciences, 6(5): 1045-1058. 

Agency for Toxic Substance and Disease Registry (ATSDR). (2007). Toxicological Profile 
for  Lead U.S. Department of Health and Humans Services, Public Health 
Humans Services, Centers for Diseases Control. Atlanta. 

Agency for Toxic Substances and Disease Registry.(2008). ToxFAQs. Retrieved March 
2009 from http://www.atsdr.cdc.gov/toxfaq.html 

Agu, H.O., Ukonze J.A., Paul K.A.(2010). Quality characteristics of bread made from 
wheat and fluted pumpkin seed flour. Nigerian Food Journal, 28: 188-198. 

Alam, M.G.M., Snow, E.T., Tanaka, A. (2003).Arsenic and heavy metal contamination of 
vegetables grown in Samta village, Bangladesh.Science of Total Environment, 308: 83-96. 

Ali, A. K. andAlkhafajy, A. K. (2013).Assessment of Heavy Metal (Ni, Cr) Contamination 
and Spatial Distribution in Surface Sediment and Soil in the Area of Lake Sawa. 

Alloway, B.J. (2013). Sources of heavy metals and metalloids in soils. In Heavy metals in 
soils.Springer Netherlands, (pp. 11-50). 

http://www.atsdr.cdc.gov/toxfaq.html


Ikwebe Joseph & Bando Christopher David 

 Asian Journal of Science, Technology, Engineering, and Art 122 

Alomary, A, andWedian F. (2012). The Influence of Baking Fuel Types on the Residues of 
Some Heavy Metals in Jordanian Bread.Jordan Journal of Chemistry,7(1):81–5. 

Amodio-Cocchieri R., Arnese, A., Prospero, E., Roncioni, A., Barulfo, L.,Ulluci, R., 
Romano V. (1996). Lead in human blood form children living in Campania, Italy. 
Journal of Toxicology andEnvironmentalHealth,47:311–320. 

Apostoli, P., Catalani, S. (2011). Metal ions affecting reproduction and development. 
MetalIons in Life Science, 8: 263-303. 

Arora M., Kiran B., Rani S., Rani A., Kaur B., Mittal N., (2008). Heavy metal accumulation 
in vegetables irrigated with water from different sources. Food Chemistry.111:811–815. 

Asio V.B. (2009).Heavy metals in the Environment and their Health effects. Soil and 
Environment, pp.1-5. 

Atafar, Z., Mesdaghinia, A., Nouri, J., Homaee, M., Yunesian, M., Ahmadimoghaddam, M., 
Mahvi, A. H. (2010).Effect of fertilizer application on soil heavy metal 
concentration. Environmental monitoring and assessment, 160(1), 83-89. 

Bando C.D, Ikwebe J, Imo C, Jummai A.T, Jesse S.P, Imbasire N, Rejoice H.T, Odiba 
E.O, Tsoken D.A. (2023). Evaluation of heavy metals deposition on selected 
agricultural products dried in local kitchens and roadsides, Wukari, Nigeria. Journal of 
Biological Pharmaceutical and Chemical Research. 10(2): 1-19. 

Bando C.D., Ikwebe J., Tutuwa A. J., Oche G. S,, Odiba E. O., David H. E. (2019). Heavy 
metal and polyaromatic hydrocarbon depositions on local kitchen and roadside sun-
dried agricultural products in Nigeria: A public health concern. International Journal of 
Advanced Biochemistry Research. 3(1): 59-65. 

Baselt, R. C. (2000). Disposition of Toxic Drugs and Chemicals in Man.5th Ed.. Foster 
City, CA: Chemical Toxicology Institute. 

Baselt, R. C., Cravey, R. H. (1995). Disposition of Toxic Drugs and Chemicals in Man. 4th 
 Edn. Chicago, IL: Year Book Medical Publishers. p. 105-107. 

Bhagure, G. R., Mirgane, S. R. (2011).Heavy metal concentrations in ground waters and 
soils of Thane Region of Maharashtra, India. Environmental monitoring and 
assessment, 173(1-4), 643-652. 

Boyd, R. S., Rajakaruna, N. (2013). Heavy metal tolerance.Oxford University Press Castro-
González, M.I. and Méndez-Armenta, M. (2008). Heavy metals: Implications 
associated to fish consumption. Environmental Toxicology and Pharmacology, 26, 263-271. 

Chaffai, R., Koyama, H. (2011).Heavy metal tolerance in Arabidopsis thaliana. Advances in 
Botanical Research. 

Chaffai, R., Koyama, H. (2011).Heavy metal tolerance in Arabidopsis thaliana. Advances in 
Botanical Research, 60, 1–49. 

Chandra Sekhar, K., Prasad, M. N. V. (2005). Risk assessment, pathways, and trace element 
toxicity of sewage sludge-amended agroforestry and soils. In Trace Elements in the 
Environment: Biogeochemistry, Biotechnology, and Bioremediation (pp. 633-657). CRC Press. 

Codex AlimentariusCommission(CAC). (2003). Evaluation of certain food additives and 
 contaminants. FAO/WHO, Codex stan. 230-2001,Rev, 1-2003, Rome  



Ikwebe Joseph & Bando Christopher David 

Volume 2, Issue 1, February 2024 123 

Cui, J., Zhu, Y. G., Zhai, R. H., Chen, D. Y., Huang, Y. Z., Qui, Y., Liang, J. Z. (2004). 
Transfer of metals from soil to vegetables in an area near a smelter in Nanning, 
China. Environment International, 30,785–791. 

Dehn, L. A., Follmann, E. H., Thomas, D. L., Sheffield, G. G., Rosa, C., Duffy, L. K., 
O'Hara, T. M. (2006). Trophic relationships in an Arctic food web and implications 
for trace metal transfer. Science of the Total Environment, 362(1), 103-123. 

Demirozu B., Saldamli I. (2002). Metallic contamination problem in a pasta production 
plant.Turkish Journal of Engineering Sciences.26(4):361–6. 

Doe, E. D, Awua A. K., Gyamfi O. K., Bentil N. O. (2013). Levels of Selected Heavy 
Metals in  Wheat Flour on the Ghanaian Market: A Determination by Atomic 
Absorption Spectrometry.American Journal of Applied Chemistry. 1(2):17–21. 

Duffus, J. H. (2002). " Heavy metals" a meaningless term?(IUPAC Technical Report). Pure 
and  applied chemistry, 74(5), 793-807. 

Dupler,  D.  (2001). Heavy  Metal  Poisoning.  Gale  Encyclopedia  of Alternative 
Medicine.Farmington Hills, Ml: Gale Group 

Duruibe, J. O., Ogwuegbu, M. O. C., Egwurugwu, J. N. (2007). Heavy metal pollutionand 
human biotoxic effects. International Journal of Physical Sciences, 2(5), 112-118. 

Edem, C. A., Grace I., Osabor V., Etiuma R., Ochelebe M., (2009). A Comparative 
evaluation of heavy metals in commercial wheat flours sold in Calabar-Nigeria. 
Journal of Nutrition. 8 (5):585-587  

Edem, C.A., Akpan S.B., Dosunmu M.I., (2008a). A Comparative  Assessment of heavy 
 metals and total hydrocarbon accumulation in splyrenaafraOreochromisNinloticus 
and elopelacerta from anantigha beach market in Calabar- Nigeria.African Journal of  
Environmental Pollution  and Health, 6: 61-64 

Ekop  AS,  Obot  IB,  Ikpatt  EN  (2008).  Anti-Nutritional  Factors  and Ekop, A.S., 
Obot, I.B., and Ikpatt, E.N. (2008).Anti-Nutritional Factors and Potassium Bromate 
Content in Bread and Flour Samples in Uyo.E-Journal of Chemistry 5, (4), pp. 736-741.  

El-Bouraie, M. M., El-Barbary, A. A., Yehia, M. M., Motawea, E. A. (2010). Heavy 
metalconcentrations in surface river water and bed sediments at Nile Delta 
inEgypt. Suo, 61(1), 1-12. 

Emeje, M. O., Ofoefule, S. I., Nnaji, A. C., Ofoefule, A. U., Brown, S. A. (2010). 
Assessment of Bread Safety In Nigeria: Quantitative Determination of Potassium 
Bromate and Lead.African Journal of FoodScience.4(6) pp. 394 – 397. 

Ene A., Boşneagă A., Georgescu  L.(2009). Determination of Heavy Metals in Soils using 
XRF Technique, University of Galati, Faculty of Sciences, Chemistry Department, 
111DomneascaSt,800201 Galati, Romania pp. 815-820. 

ENHIS, European Environment and Health Information System (2007), Exposure of 
children to chemical hazards in food: 
http://enhiscms.rivm.nl/object_document/o4736n27387.html. 

EPA, U.S. Environmental Protection Agency (2006), Elemental Mercury  

E-PRTR, European Pollutant Release and Transfer Register (2010): 
http://prtr.ec.europa.eu/Home.aspx 

http://enhiscms.rivm.nl/object_document/o4736n27387.html
http://prtr.ec.europa.eu/Home.aspx


Ikwebe Joseph & Bando Christopher David 

 Asian Journal of Science, Technology, Engineering, and Art 124 

European Commission (2006). Regulation (EC) No 1881/2006. JO L364, 20.12.06, pp. 5-
24. 

ExtoxNet. (2003) Cadmium contamination of food, Available from http://ace.orst.edu/
 info/extoxnet/faqs/foodcon/cadmium.htm2003 

Ferner D. J. (2001).Toxicity, heavy metals.eMedical Journal. 2(5): 1 

Figueroa, E. (2008). Are more restrictive food  cadmium standards justifiable health safety 
measures or opportunistic barriers to trade? An answer from economics and public 
health. Science of the Total Environment, 389, 1-9. 

Gall, J. E., Rajakaruna, N. (2013). The physiology, functional genomics, and applied 
ecology of heavy metal-tolerant Brassicaceae. In L. Minglin (Ed.), Brassicaceae: 
characterization, functional genomics and health benefits (pp. 121– 148). Hauppauge: 
Nova. 

Gholam R., J. Khaniki, M. Yunesian, A.H.Mahvi, S. Nazmara (2005). Trace Metal 
Contaminants in Iranian Flat Breads. Journal of Agriculture and Social Sciences/01(4)301-
303  

Giami, S., Mepha, Kin-Kabari Y. D.B., Achienewhu, S.C. (2003). Evaluation of the 
nutritional quality of breads prepared from wheat-fluted pumpkin (Telferiaoccidentlis
 Hook) seed flour blends. Plant Food and Human Nutrition.58: 1-8. 

Giray, H., Özkan, Z. (2012).European Union food safety policies and 
lessons/homeworkfor Turkey.Journal of Food, Agriculture and Environment, 10(3and4), 
51-54. 

Gulfrazi, M., Mussaddeq Y., Kahnum R., Ahmad T., (2003). Metal contamination in 
wheat’s crops irrigated with industrial efficient. Journal of Biological Sciences. 3: 335- 339 

Gwinn, M. R., Vallyathan, V. (2006). Nanoparticles: health effects-pros 
andcons. Environmental health perspectives, 114(12), 1818. 

Harrison, N. (2001). Inorganic contaminantsin food, In: Food Chemical Safety 
Contaminants, Watson, D.H. (Ed.), pp. 148-168, Ltd, first Edition, Woodhead 
Publishing ISBN 1-85573-462-1, Cambridge. 

He, Z. L., Yang, X. E., Stoffella, P. J. (2005). Trace elements in agro ecosystems and 
impacts on the environment. Journal of Trace elements in Medicine and Biology, 19(2), 125-
140. 

Hunt J.R. (2003). Bioavailability of iron, zinc, and other trace minerals from vegetarian 
diets.American Journal of Clinical Nutrition.78: 633–639. 

Hussein, L., Brauggeman J. (1997). Zinc analysis of Egyptian foods and estimated daily 
intakes among an Urban Population group. Food Chemistry.58: 391 -398. 

Identification of soil heavy metal sources from anthropogenic activities and pollution 
assessment of Fuyang County, China. Environmental Monitoring and Assessment, 154(1), 
439-449. 

Islam, M.M., Halim, M.A., Safiullah, S., Waliul-Hoque, S.A.M., Islam, M. S. (2009). Heavy 
metal content in textile sludge in Gazipur, Bangladesh.Research Journal of Environmental 
Sciences.3:(3), pp. 311-315 

Iyengar, G. V., Nair, P. P. (2000).Global outlook on nutrition and the environment:meeting 
the challenges of the next millennium. Science of the Total Environment, 249(1), 331-346. 

http://ace.orst.edu/
http://ace.orst.edu/


Ikwebe Joseph & Bando Christopher David 

Volume 2, Issue 1, February 2024 125 

Järup, L. (2003). Hazards of heavy metal contamination. British medical bulletin, 68(1), 167-
182. 

Jawad I., Allafaji S. H. (2012). The levels of Trace Metals Contaminants in Wheat Grains, 
Flours and Breads in Iraq.Australian Journal of Basic and Applied Sciences. 6(10):88–92. 

Joint FAO/WHO Expert Committee on Food Additives (JECFA).(2004). Safety 
evaluation of certain food additives and contaminants.WHO Food Additives Series 
No 52. 

Kabata-Pendias, A. (2004). Soil–plant transfer of trace elements—an 
environmentalissue. Geoderma, 122(2), 143-149. 

Kapata –Pendias, A.andPendias, H., (2001). Trace elements in soils and Plants.3rd edit., 
CRCPress LLC, USA, 388pp. 

Khalid, N., and Rehman, S. (2013).  Estimation of trace metal contents of locally-
bakedbreads. The Nucleus 50, No. 3 (2013) 279-284 

Khan,  S.,  Cao,  Q.,  Zheng,  Y.M.  Huang,  Y.Z., Zhu,  Y.G.  (2008). Health risk of heavy 
metals in contaminated soils and food crops irrigated with waste water in Beijing, 
China. Environmental Pollution., 152: 686-692. 

Khaniki G. R. J., Yunesian M., Mahvi A. H., Nazmara S. (2005). Trace metal contaminants 
in  Iranian flat breads. Journal of Agriculture and Social Sciences.1(4):301–3. 

Kordas K., Stoltzfus R. J. (2004). New evidence of iron and zinc interplay at theenterocyte 
and neural tissues. Journal of  Nutrition.4: (134). 1295–1298. 

lessons/homeworkfor Turkey. Journal of Food, Agriculture and Environment, 10(3and4), 51-54. 

Linnik, P. M., Zubenko, I. B. (2000). Role of bottom sediments in the secondary pollution 

of aquatic environments by heavy‐metal compounds. Lakes and Reservoirs: Research and 
Management, 5(1), 11-21. 

Litvak P, Slavkovich V, Liu X, Popovac D, Preteni E, Capuni-Paracka S, Hadzialjevic S, 
Lekic V, Lolacono N, Kline J, Graziano J. (1998). Hyperproduction of 
erythropoietin in nonanemic lead exposed children. Environmental Health Perspective. 
106(6):361–364. 

Magomya A.M., Yebpella G.G., Udiba U.U., Amos H.S., Latayo M.S. (2013). Potassium 
Bromate and Heavy Metal Content of Selected Bread Samples Produced in Zaria, 
Nigeria. International Journal of Science and Technology. 2(2) ISSN: 2049 – 7318 

Maigari, A. U., Ekanem, E. O., Garba, I. H., Maigari, F. U. (2014). Physico-Chemical and 
Trace Element Levels in Water from Dams, Rivers and Boreholes in Gombe State, 
Nigeria.Physics and Materials Chemistry, 2(1), 25-29. 

Mansour, S. A., Belal, M. H., Abou-Arab, A. A., Ashour, H. M., Gad, M. F. (2009).
 Evaluation of some pollutant levels in conventionally and organically farmed potato 
tubers and their risks to human health. Food and chemical toxicology, 47(3), 615-624. 

Marshall, T. (2004). Enhancing food chain integrity: Quality assurance mechanism for air 
pollution impacts  on  fruits  and  vegetables systems.  Crop  Post  Harvest Program, 
Final Technical Report (R7530) 

Martin, M. H. (2012). Biological monitoring of heavy metal pollution: land and air. Springer 
Science and Business Media. 



Ikwebe Joseph & Bando Christopher David 

 Asian Journal of Science, Technology, Engineering, and Art 126 

Martin, S., Griswold, W. (2009). Human health effects of heavy metals. Environmental Science 
and Technology. Brief Cit, 15, 1-6. 

Michael, D. (2006). “Nigeria Grain and Feed Annual Report” USDA Foreign Agricultural 
Service; Global Agriculture Information Network.pp 1-11. 

Muchuweti, M., Birkett, J. W., Chinyanga, E., Zvauya, R., Scrimshaw, M. D., Lester, J. N. 
(2006). Heavy metal content of vegetables irrigated with mixtures of wastewater and 
sewage sludge in Zimbabwe: implications for human health. Agriculture, Ecosystems and 
Environment, 112(1), 41-48. 

Naghipour D., Amouel A., Nazmara S. (2014) A comparative  evaluation of Heavy 
Metalsin the different bread in Iran: A case study of Raskt city. Health Scope.  3(4): 
e18175. 

Nair K.M., Brahmam G.N., Radhika M.S., Dripta R.C., Ravinder P., Balakrishna N., and 
Chen Z., Hawthorne K.M., Abrams S.A. (2013). Inclusion of guava enhances non-
heme iron bioavailability but not fractional zinc absorption from a rice-based meal in 
adolescents. Journal of Nutrition.143: 852–858. 

Nassef, M., Hannigan, R., El Sayed, K. A., Tahawy, E. M. S. (2006).Determination  of 
some heavy metals in the environment of Sadat industrial city. In Proceedings of the 2nd 
environmental physics conference(Vol. 14152). 

Nicoleta, M., Ramona L., Rita G., Muntean E., (1996). Heavy metals content in some Food 
 products. Institute of public health cluNopoca, Romania 

Nolan K (2003). Copper Toxicity Syndrome, Journal of Orthomologyand  Psychiatry.12(4): 270 – 
282 

Obodai E.A., Boamponsem L.K., Adokoh C.K., Essumang D.K., Villawoe B.O., Aheto 
D.W., Debrah J.S. (2011).Concentration of Trace metals in two Ghanaian Lagoons. 
Archive of Applied Science Research.3(3) : 177-187. 

Odiyo, J. O., Bapela, H. M., Mugwedi, R., Chimuka, L. (2005).Metals in environmental 
 media: A study of trace and platinum group metals in Thohoyandou, South 
Africa. Water  SA, 31(4), 581-588. 

Oehlenschläger, J. (2002). Identifying heavy metals in fish In:  Safety and Quality issues in 
fish processing, Bremner, H.A. (Ed), pp. 95-113, Woodhead Publishing Limited, 
978-1-84569-019-9, Cambridge. 

Onianwa, P. C., Adeyemo A. O., Idowu O.E., Ogabiela E. E. (2001). Copper and zinc 
contents of Nigerian foods and estimates of the adult dietary intakes.Food Chemistry. 
72(1):89– 95. 

Oskarsson, A., Hallen, I.P. and Sundberg, J. (1995).Exposure to toxic elements via breast 
milk. Analyst 120: 765-770. 

Pennington, J.A.T., Schen S.A., Salmon G.D., Young B., John R.D., Mart R.W., (1995). 
Composition of core foods of the USA food supply 1982-1991.II Calcium, 
magnesium, iron, and zinc. Journal of Food Composition Analysis, 8: 129-169. 

Qishlaqi, A., Moore, F., Forghani, G. (2008).Impact of untreated wastewater irrigation on 
 soils and crops in Shiraz suburban area, SW Iran. Environmental monitoring and 
 assessment, 141(1-3), 257-273. 

Radwan M.A., Salama A.K., (2006).Market basket survey for some heavy metals in 
Egyptian fruits and vegetables.Food and Chemical Toxicology. 44:1273–1278. 



Ikwebe Joseph & Bando Christopher David 

Volume 2, Issue 1, February 2024 127 

Rajaganapathy, V., Xavier, F., Sreekumar, D., andMandal, P. K. (2011). Heavy metal 
contamination in soil, water and fodder and their presence in livestock and products: 
a review. Journal of Environmental Science and Technology, 4(3), 234-249. 

Ramachandra, T. V., Saira, V. K. (2004). Environmentally sound options for e-wastes 
 management. Envis Journal of Human Settlements, 5. 

Rana, D. A. (2011). Determination of Trace Metals in Local Bread Samples Collected from 
Bakeries in Basra City. Basra Journal of Agricultural Sciences.24(1)  

Salama, A.K., Radwan M.A., (2005).Heavy metals (Cd, Pb) and trace elements (Cu, Zn) 
 contents in some foodstuff from the Egyptian market.Emirate Journal of Food and 
 Agriculture.,17: 34-42 

Sandstead H.H. (2000). Causes of iron and zinc deficiencies and their effects on 
brain.Journal of Nutrition.130: 347–349. 

Sharma, R.K., Agrawal, M., Marshall, F.M. (2007).Heavy metals contamination of soil and 
vegetables in suburban areas of Varanasi, India Ecotoxicology Environmental Safety, 66: 
258-266. 

Singh, R., Gautam, N., Mishra, A., Gupta, R. (2011). Heavy metals and living systems: an 
overview. Indian journal of pharmacology, 43(3), 246. 

Singhal R.L., Merali Z., Hrdina P. D. (1976). Aspects of the biochemical toxicology of 
cadmium.Fed Proc. 35(1):75–80. 

Soetan, K. O., Olaiya, C. O., Oyewole, O. E. (2010). The importance of mineral elements 
for humans, domestic animals and plants-A review. African Journal of Food Science, 4(5), 
200-222. 

Stavrianou W. (2007). The Western Australian Contaminated Sites Act 2003: The 
Applicability of Risk Assessment as a basis for the Assessment and Management of 
Site  Contamination, pp.1-92. www.awu.edu.au 

Suciu I., Cosma C., Todica M., Bolboaca S.D., Jantschi L.(2008). Analysis of Soil Heavy 
Metal Pollution and Pattern in Central Transylvania. International Journal of Molecular 
Sciences, 9(4) : 434-453. 

Suneeta C., Prachi D. (2013).Heavy metal content of food and health risk assessment in the 
study population of vadodara.Current world Environment. 8(2), 291 -297 

Thrush, J. (2000).Cadmium in the New Zealand ecosystem.Unpublished Ph.D. dissertation. 
Otago University, Dunedin, New Zealand. 

Türkdoğan, M. K., Kilicel, F., Kara, K., Tuncer, I., Uygan, I.(2003).Heavy metals in soil, 
 vegetables and fruits in the endemic upper gastrointestinal cancer region of 
Turkey. Environmental toxicology and pharmacology, 13(3), 175-179. 

Ubwa, S. T., Abah, J., Ada, C. A., Alechenu, E. (2013).Levels of some heavy metals
 contamination of street dust in the industrial and high traffic density areas of Jos 
Metropolis. Journal of Biodiversity and Environmental Sciences, 3(7), 13-21. 

UDOSEN, E.D., BENSON, N.U., ESSIEN, J.P. and EBONG, G.A. (2006).Relation 
between aqua-regia extractable heavy metals in soil and Manihotutilissimawithin a 
municipal dumpsite.International Journalof Soil Sciences, 1, 27-32. 

http://www.awu.edu.au/


Ikwebe Joseph & Bando Christopher David 

 Asian Journal of Science, Technology, Engineering, and Art 128 

UNEP, United Nations Environment Programme (2008), Heavy Metals: 
http://www.cep.unep.org/publications-and-resources/marine-and-coastal-issues 
 links/heavy-metals. 

Valko M, Morris H, Cronin MTD (2005) Metals, Toxicity and Oxidative Stress.Current 
Medical Chemistry. 12, 1161-1208. 

Vinodhini, R.,  Narayanan, M. (2008). Bioaccumulation of heavy metals in organs of fresh 
 water fish Cyprinuscarpio (Common carp). International Journal of Environmental 
 Science and Technology, 5(2), 179-182. 

Wang, X.L., Sato T., Xing B.S., Tao S. (2005). Health risks of heavy metals to the 
generalpublic in Tianjin, China via consumption of vegetables and fish. Science of Total 
Environment. 350: 28-37. 

Wei, B., Yang, L. (2010).A review of heavy metal contaminations in urban soils, urbanroad 
dusts and agricultural soils from China. Microchemical Journal, 94(2), 99-107. 

WHO. (2006).Evaluation of certain food contaminants. Sixty-fourth  report of the Joint  
 FAO/WHO Expert Committee on Food Additives. WHO Technical Report 
Series, No. 930. 

WHO.(2004b). Evaluation of certain food additives contaminants. Sixty-first report of the 
joint FAO/WHO Expert Committee on Food Additives. WHO Technical Report 
Series, No. 922.  

Wongsasuluk, P., Chotpantarat, S., Siriwong, W., Robson, M. (2014). Heavy 
metalcontamination and human health risk assessment in drinking water from 
shallow groundwater wells in an agricultural area in UbonRatchathani 
province,Thailand. Environmental geochemistry and health, 36(1), 169-182. 

Wuana, R. A., Okieimen, F. E. (2011). Heavy metals in contaminated soils: a review of 
sources, chemistry, risks and best available strategies for remediation. Isrn
 Ecology, 2011. 

Wufem, B. M., Ibrahim, A. Q., Gin, N. S., Mohammed, M. A., Ekanem, E. O., Shibdawa, 
M. A. (2009). Speciation of heavy metals in the sedments of Gubi dam, Bauchi 
state,Nigeria. Global Journal of Environmental Sciences, 8(2), 55. 

Yahaya A., Adegbe A. A., Emurotu J. E. (2012).Assessment of Heavy Metal content in the 
Surface Water of Oke-Afa Canal Isolo Lagos, Nigeria.Archives of Applied Science 
Research. 4(6), pp. 2322-2326. 

Yi, Y., Yang, Z.,  Zhang, S. (2011). Ecological risk assessment of  

Yusuf, A.A., Arowolo, T.A., Bamgbose, O. (2003).Cadmium, Copper and Nickel levels in 
vegetables from industrial and residential areas of Lagos City, Nigerian. Food Chemical 
Toxicology. 41, 285-291. 

Zahrah A., Hassan A., Rehman H. (2014). Trace Toxic Metal Levels in Canned and Fresh 
Food: A Comparative Study. International Journal of Innovative Research in Science, 
Engineering and Technology.3(2). ISSN: 2319-8753 

 

 

http://www.cep.unep.org/publications-and-resources/marine-and-coastal-issues%20%09links/heavy-metals
http://www.cep.unep.org/publications-and-resources/marine-and-coastal-issues%20%09links/heavy-metals

