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ABSTRACT 

Fruits have become a fundamental part of human’s diet due to their nutritional 
values, thus any form of contamination especially by heavy metals is of great 
concern. In a bid to investigate the levels of some heavy metals ( Pb, Cd, Zn, Cu, 
Fe and Hg)  in banana (Musa sapientium L), purchased from oil mill market of 
Port Harcourt, Rivers State, the edible fruits pulp and peel were used.  The 
collected samples were prepared and digested with trioxonitrate (V) acid and 
tetraoxochlorate (VII) acid in the ratio 4:1. The digests were analyzed for heavy 
metals using Solaar Thermo Atomic Absorption Spectrophotometer (AAS). The 
mean and standard deviation in mg/kg of the various metals analyzed were as 
follows: for banana peel, Pb(0.21±0.20), Cd(0.12±0.29), Zn (0.54±0.39), 
Cu(0.28±0.10), Fe(16.61±1.97) while Hg was below detectable limit. For banana 
pulp; Pb(0.78±0.50),  Cd, (0.05±0.59), Zn(0.98±0.85), Fe(0.46±0.12) and 
Hg,(BDL). Mercury was not detected in any of the samples. In addition, the mean 
concentrations of metals in the banana peel decreased in the following order: Fe 
> Zn >Cu  > Pb > Cd >Hg while pulp decreases in the following order: Fe > Zn 
> Pb > Cu> Cd>Hg. Results showed that the concentrations of the metals (Cd, 
Fe, Cu, Zn and Hg) were within acceptable limits for banana by FAO/WHO 
except for Pb which was slightly higher. 
Keywords: Assessment, heavy metal, banana, pulp, fruit, oil mill, Port 
Harcourt, market etc. 

 
INTRODUCTION  
 Fruits like banana (Musa sapientium L) are a tropical tree-like herb belonging to the Musaceae 
family with its high starchy fruits, banana fruit serves as a staple crop in most parts of the tropics 
including Nigeria and other West African countries. Banana proffers great nutritional and medical 
benefits. They aid in the body's retention of calcium, nitrogen, and phosphorus, all of which work 
harmoniously to build healthy and regenerated tissues. Bananas can be used to fight intestinal 
disorders like ulcers. It is one of the few fruits that ulcer patients can safely consume; they 
neutralize the acidity of gastric juices, thereby reducing ulcer irritation by coating the lining of the 
stomach and relieving pains (Thompson and Kelly, 1990). These fruits are also used for treatment 
of burns and wounds, aiding in constipation and diarrhea relief, treatment of arthritis, treatment of 
anemia. Fruits are widely used for gastronomic purpose. These are important sources of nutrients in 
human diet because of presence of vitamins and minerals salts. They contain water, sulphur, iron, 
calcium and potash (Sobukola et al., 2010). Therefore, bananas being fruits are very useful for the 
maintenance of health as a preventive treatment of various diseases (D mello, 2003). The presence 
of heavy metals in these fruits may have a negative influence on the quality and causing changes in 
their nutritional, medicinal, taste and smell. Although there is no clear definition of what a heavy 
metal is, density, in most cases is taken to be the defining factor. Heavy metals are therefore 
defined as chemical elements having a specific density greater than 4-5g/cm3 (Järup, 2003). 
Toxicity of these metals depends on the type of heavy metals, Small amounts of heavy metals are 
common in our environment and diet and are actually necessary for good health, but large amounts 
of any of them may cause acute or chronic toxicity (poisoning). 
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Due to the fact that heavy metals are harmful to humans and animal, accumulation of these metals 
in bananas and plantains may depends on the plant species as well as climatic, temperature, 
moisture, organic matter, pH, nutrient availability and concentration of heavy metals. The total 
concentration of heavy metals in soil and water however varies from local to regional and further to 
continental level.  The uptake and accumulation of Cd, Cr, Fe are known to be  higher during the 
summer due to high transpiration rate as compared to winters whereas Cu, Ni, Pb accumulated 
more in winter. Heavy metals exert toxic effect on soil. Metals are industrial natural contaminants, 
have long biological half-lives and potential for accumulation in different body organs leading to 
unwanted side effect. Metal toxicity in plants is aggravated at higher temperature and low pH as it 
facilitates the mobility from roots to shoots hence results in the change of the diversity population 
size and over all activity of soil microbial communities. Heavy metals concentration may inhibit 
some vital plant processes i.e. photosynthesis, mitosis and water absorption. The consumption of 
heavy metal contaminated fruits can seriously deplete some essential nutrients in the body that are 
further responsible for decreasing immunological defenses, growth retardation disabilities 
associated with malnutrition and high prevalence of upper gastrointestinal cancer rates. 
Accumulation of these heavy metals in humans who eat them result in diseases like diarrhea, 
dizziness, stomach cramps, nausea, anemia, kidney damage and brain damage (Järup, 2003). The 
risk involved in consuming bananas purchased from Oil-Mill market calls for serious investigation 
into the concentration of some of the selected heavy metals in such fruits items. This research was 
therefore carried out to investigate the heavy metals (Pb, Cd, Zn, Cu, Fe and Hg) concentrations of 
banana fruits. Findings from this work are expected to give consumers of banana insight as to the 
concentrations of the metals in the fruits and the consequent health hazards implications. 
 
MATERIAL AND METHODS 
 AREA OF STUDY 
The Oil Mill is popular area in Port-Harcourt because of its market, a mid-week market located at 
Rumokwurushi, Obio/Akpor local government area of Rivers State (Fig. 1). It is geographically 
located within longitude E7° 03’ 47.388’’ and latitude N40 51’ 17.976’’. The weekly market holds 
every Wednesdays and attracts merchants and traders from diverse parts of Rivers State and beyond 
(Daily Trust 2016). The market has different varieties of fruits and vegetables where different 
people come to buy and sell. 
 
 Sample Collection 
The same species of fruits (Musa sapientium L) were used for analysis of the heavy metals.  In July 
2019, the popular oil- mill market was visited for cognizance. In the market, two vendors were 
identified and samples were purchased four times from the vendors at weekly interval period of one 
month. The species of fruits were purchased from two vendors in the popular oil- mill market four 
market days (4th, 11th, 18th and 25th) weekly for the analysis of the heavy metals in September, 
2019. About 4 to 7 fruits of the fruits were randomly purchased each time from each vendor 
making a total of 20 samples. Only partly ripe and unripe fruits were purchased.  
 
Chemicals and Reagents 
Chemicals and reagents that were used were of analytical grade. They included; trioxonitrate (v) 
acid, tetraoxochlorate (VII) acid, distilled water and Standard solutions of the heavy metals, namely 
Pb, Cd, Cu, Fe, Hg, and Zn, were purchased from chemSTEM. 
 
 Preparation and Laboratory Analysis of Samples 
 Preparation and Digestion  
Sample of the fruits collected were processed differently according to the period of purchase. The 
stalk and pedicel were removed from all fruit samples. 
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The collected samples were separately washed first with tap water then with distilled water to 
eliminate suspended particles. The banana samples after been rinsed with distilled water were 
peeled, cut into smaller pieces with a plastic knife and sliced to obtain the edible portion. These 
were separated into pulp and peel respectively. Samples for analysis were dried using the oven dry 
method at 105oC, micro-waved, ground to fine flour and thereafter stored in clean white covered 
transparent containers. 2g of each of the ground banana pulp and peels were separately weighed out 
into separate beakers for digestion according to method described by Awofolu (2005). A mixture of 
trioxonitrate (V) acid and tetraoxochlorate (VII) acid in the ratio 4:1 was added to each sample and 
heated on a hot plate in a fume chamber until all the fumes were given off. The beaker was then 
allowed to cool. 10ml deionized water was added and the contents of the beaker stirred and filtered 
using Whatman filter paper. The filtrate was transferred into a 50ml volumetric flask and made up 
to mark with more deionized water. The digested samples were analyzed using AAS. 
Blank samples made from only reagents without sample were analyzed to get rid of any 
background concentration metals in the system. 
  

Standard  
Standard solutions of the heavy metals, namely, lead (Pb), cadmium (Cd), copper (Cu), mercury 
(Hg), Iron (Fe), and zinc (Zn), were purchased from laboratory. The standards were prepared from 
the individual 1000 mg/L standards supplied in 0.1 N HNO3. A series of working standards were 
prepared from these standard stock solutions. 
 

Quantitative Analytical Methods  
Analysis of the heavy metals of interest was carried out using Atomic Absorption 
Spectrophotometer, Measurements were made using standard hollow cathode lamps for Pb, Cd, Zn, 
Hg, Cu, and Fe. The limit of detection (LOD) of the analytical method for each metal was 
calculated as being triple the standard deviation of a series of measurements for each solution, the 
concentration of which is distinctly detectable above the background level. These values were 
0.001, 0.001, 0.001, 0.003, 0.001, and 0.002 mg/kg respectively for Pb, Cd, Zn, Cu, Hg and Fe, 
respectively. Also, the limit of quantification (LOQ) of the element was determined; these were 
calculated as 0.003, 0.003, 0.003, 0.01, 0.003, and 0.007 mg/kg for Pb, Cd, Zn, Cu, Fe and Hg, 
respectively. 
 

Data Analysis 
Means and standard deviations of the concentrations of the heavy metals for the various samples 
were calculated with Microsoft Office Excel (2007) Spread Sheet. Concentrations of heavy metals 
were expressed as mean ± Standard Deviation ( X±SD). Data obtained were subjected to 
correlation analysis using SPSS version 16 with values for p < 0.05 considered significantly 
different. Least Significant Difference (LSD) was used to identify significant differences between 
the means. Results were presented in tables and graphs. 
 
RESULT AND DISSCUSSION 
Heavy metal concentrations in the Banana fruits 
The results of the concentrations of  heavy metals (Pb, Cu, Cd, Hg, Fe and Zn) in the banana fruits 
(pulp and peel) sampled in four samples of banana collected from four different market days in Oil-
Markets are represented in tables 1 and 2. The Fe concentrations in all the four samples were 
highest with mean concentration ranging from 18.5186 to 25.5910 mg/kg for banana pulp. It was 
followed by Zn with mean concentration 0.1432 to 2.063 mg/kg.  Lead (Pb) was next to Zn ranging 
from 0.2643 to 1.3420mg/kg. Copper (Cu) was next to Pb,   ranging from 0.36531 to 0.6341mg/kg. 
Cadmium (Cd) followed ranging from 0.0010 to 0.1036.  Mercury (Hg) recorded the lowest mean 
concentration, ranging from 0.001 to 0.001 mg/kg for banana pulp fruits. The ranking of heavy 
metals concentrations in banana pulp fruits in decreasing order were as follows:- 
Fe>Zn>Pb>Cu>Cd>Hg (Tables 1 and 2). An elucidated comparative analysis of these heavy metals 
in banana pulp was given in bar graph as shown in figure 1 below.  
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Table 1 Heavy metal concentrations in Musa sapientum in mg/kg pulp compared with certified 
standards.  

 
General Ranking of the Four Market Days in Terms of Heavy Metals Concentrations in 
Banana Peels 

Taking all the heavy metals into consideration for each peel within each market days, the 
decreasing order of levels of heavy metals in banana peels was as follows:- 
Fe>Zn>Cu>Pb>Cd>Hg.  
 

 Table 2 Heavy metal concentrations in Musa sapientum in mg/kg peel  
Sample Pb Cu Cd Hg Zn Fe 

Market day 1 

 

Market day 2 

 

Market Day 3 

 

Market Day 4 

 

Standard 

WHO/FAO   

mg/day 

0.0650 

 

0.0495 

 

0.2341 

 

0.4761 

 

 

0.3 

0.3631 

 

0.2869 

 

0.3294 

 

0.1274 

 

 

40 

0.4015 

 

0.0162 

 

0.0514 

 

0.0072 

 

 

0.2 

0.0010 

 

0.0010 

 

0.0010 

 

0.0010 

 

 

0.003 

0.3014 

 

1.1130 

 

0.4721 

 

0.2914 

 

 

55 

18.9140 

 

15.1314 

 

17.6718 

 

14.8615 

 

 

45 

 
 
 

 
  

Sample Pb Cu Cd Hg Zn Fe 

Market day 1 

 

Market day 2 

 

Market day 3 

 

Market day 4 

Standard 

WHO/FAO   

mg/day 

1.0451 

 

0.2634 

 

0.4721 

 

1.3420 

 

 

0.3 

0.4532 

 

0.3653 

 

0.6341 

 

0.3894 

 

 

40 

0.1034 

 

0.0010 

 

0.1036 

 

0.0010 

 

 

0.2 

0.0010 

 

0.0010 

 

0.0011 

 

0.0010 

 

 

0.003 

0.1432 

 

0.5160 

 

1.2169 

 

2.0631 

 

 

55 

25.5910 

 

21.1769 

 

23.8764 

 

18.5186 

 

 

45 
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Fig. 1 : Heavy Metal concentrations in banana pulps Within Four Market days 

  

 
Fig. 2:  Heavy Metals concentrations in  banana pulps Within Four Market days 
 

 
 
Table 3 Mean and Standard Deviation of Heavy Metals in the Fruits of musa isapientium i of 
the four market days. 
  Banana peel  Banana pulp  WHO/FAO 
Pb  
Cd  
Zn 
Cu 
Fe 
Hg  

0.21±0.20 
0.12±0.29 
0.54±0.39 
0.28±0.10 
16.61±1.97 
ND 

0.78±0.50 
0.05±0.59 
0.98±0.85 
0.46±0.12 
22.29±3.10 
ND 

0.3 
0.2 
55 
40 
45 
0.003 

 
Heavy metal concentrations in the fruits Musa isapientium iL pulp and peel 
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Concentration of heavy metals in banana pulp and peels can be related to other findings. Similar 
findings of higher levels of heavy metals in banana and plantain fruits have been recorded by 
Sobukola et al (2009) on studies of heavy metals in banana. It was found that, Cu recorded range 
was 0.007 to 0.35 mg/kg in banana pulp.  Elbagermi and Edwards (2012), worked on heavy metal 
Contents in Fruits and Vegetables Collected from Production and Market Sites and observed that 
copper concentration in banana was 3.21mg/kg which was higher as compared to 0.4532mg/kg 
obtained from the findings. However, Cu concentrations in the banana fruit from most of the 
market days were generally below the standard limit of 73.3 mg/kg set by FAO/WHO (2001). This 
difference in concentration can be attributed to the difference in geological location and the sources 
of environmental pollutants. Lead concentrations in the present study of both banana pulp and peel 
were higher than that of Sobukola et al (2009). Studies in watermelon, orange and banana record 
range 0.008-0.021mg/kg in watermelon, 0.107-0.113mg/kg in orange and 0.108 -0.167mg/kg in 
banana apart from the results of market days 1 and 2 which were lower. The concentrations of Pb in 
the fruit in this study were above the standard limit of 0.3mg/kg set by FAO/WHO (2001). The 
high levels of lead in the fruits could be attributed to the pollutants in the air and soils. This was 
because in the past lead was used in gasoline and hence, a major contributor to lead in soil and 
automotive exhaust emitted when gasoline contained lead. Lead is released into the air during the 
burning of car batteries, tyre materials, coals, plastics, insecticides and oil or waste. Lead can be 
removed from the air by rain and by particles falling to land or into surface water, once lead falls 
onto soil, it sticks strongly to soil particles and remains in the upper layer of soil (ATSDR, 2007).  
Similarly, Cadmium concentration in the fruit ranged from 0.001mg/kg to 0.4015 mg/kg. Cd 
concentrations in the fruit were within limits set by WHO, except the peel from market day 1 (MD 
1) which was above the standard permissible limit of 0.20 mg/kg set by FAO/WHO (2001). The 
high concentration obtained in MD1 may be due to atmospheric deposition of the metal from non – 
ferrous metal activities, combustion, etc. which can be absorbed into foliage and translocated 
through the plant. Studies have shown that Cd is easily translocated to plants (Alloway, 1996). 
The levels of cadmium recorded in this present study was however much higher than the value of 
0.05mg/kg on studies  of Heavy Metal Content in Fruits and Vegetables Collected from Production 
and Market Sites reported by Elbagermi and Edwards (2012) and was also higher than the highest 
mean value of 0.005 mg/kg reported by (Sobukola et al., 2007). However, Radwan and Salama 
(2006) and Karavoltos et al. (2002) also reported Cd values of 0.02 and  0.0004 mg/kg for 
watermelon, 0.04 and 0.0009 mg/kg for orange as well as 0.02 and 0.001 mg/kg for banana. Toxic 
effects of cadmium on plants include reduced shoot growth and inhibition of root growth (Wang et 
al., 2004). 
Furthermore, Mercury is more toxic than Cd and Pb and causes serious health problems such as 
loss of vision, hearing and finally death occurs. Mercury was virtually not detected in the study, 
that is , was below detectable limits in  banana peel and pulp except in market day 3 (MD 3) with 
0.0011mg/kg. The levels of mercury recorded in this study was however much lower than 0.003 
and 0.011mg/kg obtained by Abbas et al.(2010) who studied  the concentration of mercury in food 
and food stuff in Sindh.  Mercury content of the fruits was generally below the standard limit of 
0.003mg/kg set by FAO/WHO (2001). 
Consequently, the levels of Iron recorded in this study was lower than the values of 30.50 – 
59.8mg/kg reported by Kalagbor et al (2015) and generally below the standard limit of 45mg/kg set 
by FAO/WHO (2001). 
One of the most important metals for normal growth and development in human beings is Zinc 
(Divrikli et al., 2006). Its deficiency may be due to inadequate dietary intake, impaired absorption, 
excessive excretion or inherited defects in zinc metabolism (Colak et al., 2005). Zinc deficiency 
due to consumption of plant foods that have inhibitory components for Zn absorption is of growing 
concern in developing countries. 
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The deficiencies in these countries have been attributed to high consumption of bread made without 
yeast (Divrikli et al., 2006). Concentration of Zn in the samples reported in this study varied 
between 0.1432 and 2.0631 mg/kg with the lowest in banana pulp from market day 1 and the 
highest in banana pulp from MD3. Available literatures have shown that the level of Zn in banana 
are 0.035 -0.062mg/kg, in watermelon and 0.039 -0.043 mg/kg in orange ( Sobukola et al 2009 ) 
which were lower compared to those from the study. Radwan and Salama (2006) and Onianwe et 
al. (2001) have also reported Zn levels of 5.35 and 7.40 mg/kg; 2.38 and 2.20 mg/kg; as well as 
5.59 and 1.50 mg/kg for watermelon, orange and banana, respectively. The results obtained in this 
study however, were lower when compared with those of Radman and salama (2006) and the 
standard limit of 55 mg/kg set by FAO/WHO (2001). 
 
CONCLUSION 
Several national and international health associations all over the world are harmoniously working 
to create new healthy standards. But, most people in developing countries like Nigeria still have 
little information regarding maintaining the standard composition. From the study, the investigated 
metals were found in varying concentrations in the banana fruit. Based on the WHO and FAO 
acceptable standards of heavy metals in fruits, and upon comparison with  the findings of this 
research, it can be concluded that the banana fruits sold in oil mill market of Port-Harcourt have 
high concentrations of Pb while those  of Cd, Cu, Fe, Hg and Zn were within the recommended 
limits. The presence of high concentration of Pb in the banana fruit purchased from the market is a 
cautionary note as to the health risk involved in it continual consumption.   
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