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ABSTRACT

Background: Bread is regarded as one of the most predominant foods consumed among the poor. It is seen as the largest contributor to radiation doses received by the human body. Therefore, this study was carried out to evaluate the potential health implications due to natural radioactivity and heavy metals in bread samples commonly consumed in Apata, Ibadan South-West Local Government Area of Oyo State, Nigeria.



Materials and Methods: Gamma spectrometry (HpGe) was used to evaluate the potential health implications due to natural radioactivity while the heavy metals were determined using atomic absorption spectrophotometry. Relevant radiological hazard parameters and health risks assessments due to heavy metal consumption were also evaluated. 

Results: Results of this study showed that the mean activity concentrations of 226Ra, 232Th and 40K as 31.57 3.61, 11.46  0.68 and 349.45  18.25 Bqkg-1 respectively. Estimation of the radiological risk parameters showed: average annual committed dose 0.04 – 0.12, absorbed dose 19.32 – 49.32, annual gonadal dose equivalent 144.59 - 255.16, radium equivalent 40.35 - 74.86 and internal hazard index 0.10 – 0.44. These values were lower than the world average values of 1.0 , , 300 , 370  and unity respectively for ingestion of natural radionuclides provided by the United Nations Committee on the effects of Atomic Radiation for any individual. Results of the heavy metal contents (mg/kg) showed: Lead BDL, Iron 25.01 – 103.89, Zinc 2.26 – 7.39, Copper 3.56 – 3.78 and Cadmium BDL. Results of health risks due to heavy metals in adult populace showed: average daily intake 0.004 – 0.647 mg/person/day, health risk index 0.040 – 7.189 and target hazard quotient 0.0006 – 0.3767. All the evaluated potential health risk parameters of the adult populace due to the heavy metal intake from consumption of the bread sample were lower than the permissible limits (apart from occurrences in THQ-target hazard quotient - values). 

Conclusion: The results suggested that consumption of bread samples in the study arears may not pose significant health risk to adult populace. However, continuous consumption may pose toxicological risk due to the accumulation in the body. Hence, monitoring of the natural radionuclides and heavy metals in bread samples and other foodstuffs should be carried out for long term ingestion. This investigation may serve as a baseline study for further researches on the subject.

Keywords: Natural radioactivity, gamma spectrometry, atomic absorption spectrometry, heavy metals, radiological hazard parameters, health risk assessments

1
Int. J. Forensic Med. Invest. Vol 9. No 2



INTRODUCTION
Bread, a staple food popular around the world is regarded as one of the most consumed foodstuffs with predominant consumption among the poor1. According to Ozbek and Akman (2016)2, it is considered a fundamental component of the food pyramid. The production of bread typically employs plant materials as the active ingredient. For instance, the cereals used, which are plant-based in the soil in which they are cultivated could be contaminated by pesticides and fertilizers which may contain traces of contaminants from heavy metals3 and radioactive materials. They could also be contaminated during processing and packaging 4.
Natural radioactivity is widespread throughout the earth’s environment and it exists in air, water, soil, food, rocks, plants and in humans5, 6, 7, 8. Radionuclides transfer through the environment by various pathways, for example, through the atmosphere, aquatic systems and soil sub-compartments; each of these pathways contribute to human exposure 9. A large fraction of radiation exposure occurs as a result of ingestion of foodstuffs produced in the natural environment due to the emission of gamma rays and the inhalation of radon and its daughters which can pose serious health hazards10,11,12. According to International Food Safety Authorities Network 13, foodstuffs commonly have 226Ra, 232Th and 40K and their progenies.
Heavy metals are naturally-occurring elements that have high atomic numbers and densities greater than the density of water by at least five times 14,15. They are found in diversity of food materials and the environment. The occurrence of heavy metals in food often results from environmental and industrial contamination 16. They are classified as essential and non-essential heavy metals. Essential heavy metals are beneficial to human health; however, can be toxic when present at concentrations exceeding human permissible limit. Non-essential toxic heavy metals could be toxic to man even at minute concentration. Due to toxicity of heavy metals, their availability in food is of immense concern to public health due to their biotoxic effects16.
Since bread is the most popular consumed food in most countries of the world, it could be considered as one of the largest contributors of radiation doses and some metals into the human body. It is therefore important to monitor the concentrations of radionuclides and heavy metals in bread to ensure that they are within the specified safety limits. This work is aimed at evaluating the potential health implications due to natural radionuclides and heavy metal concentration via consumption of bread samples in Apata metropolis of Ibadan South-West Local Government Area of Oyo State, Nigeria.
MATERIALS AND METHODS
Sampling and preparation
Samples of the bread consumed in Apata metropolis of Ibadan South West LGA (Area 40.0km2, Density: 9,943/km2 population: 283,098 were collected from five bakeries (four corporate and one local). The samples were dried in an electric oven at  for 24hours until constant weights were attained. They were grounded into fine powder and made to pass through a 2mm mesh sieve.
Natural radioactivity measurements
Measurements were carried out by adopting systems of gamma spectrometry, with a hyper pure germanium detector (HPGe), coaxial type, p-type with a relative efficiency of 20% and multichannel analyzer of about 8192 channels. The detector crystal has a diameter of about 78mm and the length of about 69.8mm with the resolution (FWHM) at 1332.5 keV and relative efficiency at 32%. The detector was shielded with a low-level background lead shield. The HPGe was calibrated for efficiency using the reference material RGU-1 from IAEA-385 for the quantitative determination of 226Ra, 232Th and 40K in the bread samples. The system was set at a working energy range of 0 - 3000 keV, which accommodated the energy range of interest in the study. The specific activity of 40K was directly identified from the peak areas at 1460 keV. The activity concentrations of 238U and 232Th were measured presuming secular equilibrium with their decay products. To measure the activity concentration of radioisotope in the 238U-series, gamma transition lines of 214Bi (1765 keV) were employed. Also, radioisotope activity concentrations in the 232Th-series were identified by applying gamma transition lines of 208Tl (2614 keV). The average counting time is 10,800 s for each sample in the set geometry, to ensure a good statistical significance. 
The activity concentration of the samples in BqKg-1 was evaluated by the expression given by Ebaid, (2010)17: 
Asp (E,i) =               	 			(1)                    
Where Nsam (E,i) is the net counts for the radionuclide i at energy E, εγ(E) is the photo peak efficiency at energy E, Tc is the counting live-time (secs), Pγ(E, i) is the gamma emission probability of the radionuclide i for a transition at energy E, Msam is the dry-weight of samples in kg. 
The annual effective dose rate, E () received by the population was calculated using the equation given by UNSCEAR (2008)18; 
E ()  = D (nGy/hr) x 8760 h x 0.4 x 0.7 Sv/Gy x 10-6 		(2)
Where E = annual effective dose rate, D = absorbed dose rate and h is hours, a dose conversion factor of 0.7Sv/Gy and outdoor occupancy factor of 0.4 (considering that he people in in this area spend 40% (about 10 hours) of their time outdoor on average.
The absorbed dose rate in air 1m above the ground surface for the radionuclides (226Ra, 232Th and 40K) was computed on the basis of guidelines provided by UNSCEAR (2000)18. It was evaluated using the expression given by UNSCEAR (2008)19:
D () =  +   +  	(3)
Where, ARa, ATh and AK are activity concentrations of 226Ra, 232Th and 40K respectively.
The annual gonadal dose equivalent (AGDE) is a measure of the genetic significance of the yearly dose received by the population’s reproductive organs20. The gonads, the bone marrow and the bone surface cells are considered as organs of interest by UNSCEAR (2000)18 because of their sensitivity to radiation. The annual gonadal equivalent dose equivalent due to specific activities of 226Ra, 232Th and 40K was estimated using the expression21,22:      
AGDE (μSvy-1) = 3.09 ARa + 4.18 ATh + 0.314 AK			(4) 
Where, ARa, ATh, and AK are the radioactivity concentration of 226Ra, 232Th and 40K in the samples. 
Radium equivalent activity represents a weighted sum of activities of 226Ra, 232Th and 40K and is based on the estimation that 1Bq kg-1 of 226Ra, 0.7Bq kg-1 of 232Th and 13Bq kg-1 of 40K produce the same radiation dose rates23. The index is given by an expression by UNSCEAR (2000)18:
Raeq (Bqkg-1) = ARa + 1.43 ATh + 0.077 AK    			(5)
Where, ARa, ATh and AK are activity concentrations of 226Ra, 232Th and 40K respectively.
Taking into consideration the hazardous effects of radon a progeny of radium and its short-lived products to the respiratory organs, the internal exposure is quantified by the internal hazard index (Hin) using the expression given by Tufail et al., (2000)24:
Hin =  +  +  							(6)
Where, ARa, ATh, and AK are the radioactivity concentration of 226Ra, 232Th and 40K in the samples. The internal hazard index has to be less than unity as well to provide safe radionuclide levels in medicinal plants25.

Heavy metal analysis
0.5g was weighed from each sample, digested in a mixture of nitric acid (, sulphuric acid ( and perchloric acid ((10:2:1, by volume) and made up to mark (25 ml) with distilled water for heavy metal analysis26. The heavy metals analyzed were Cu, Zn, Fe, Pb and Cd. These metals of interest were analyzed using PerkinElmer atomic absorption spectrometry (Analyst 300 AAS). All determinations were done in duplicates and values reported in mg/kg.
The potential health risks of the populace due to heavy metals intake from the consumption of bread samples from study areas were evaluated using some parameters such as estimated daily intake, health risk index, and target hazard quotients. Health risk assessment has been generally used in research associated with human healthiness27. 
Estimated daily intake (EDI) of heavy metals depends on the metal concentration in food, average daily intake, and the body weight. It was calculated based on the expression given by Orisakwe et al (2012)28:
EDI = 						(7)
Where, EDI = estimated daily intake, Cm = heavy metal concentration in foodstuff (mg/kg), Dfi = daily intake of vegetable (kg/person) and Bavg = average body weight.
The average body weights for adults were considered to be 55.9kg29, while average daily intakes for adults were considered to be 0.09kg/person/day30.
Health risk index refers to the ratio of the daily intake of metals in food materials to the oral reference dose30. This was evaluated using the expression given by Okereke et al (2016)31:
HRI = 						(8)
Where	HRI = health risk index, EDI = estimated daily intake of metal and  = oral reference dose (Pb, Cd, Cu, Zn and Fe values were 0.0035, 0.001, 0.040, 0.300 and 0.09 mg/kg/day respectively)32.
An HRI > 1 for any metal in food crops means that the consumer population faces a health risk31.
To estimate the level of concern originating from ingestion of metals through the consumption of these brands of biscuit, the target hazard quotient (THQ) values were calculated by using the determined concentrations of seven metals. It is essential to assess the non-carcinogenic risk in order to determine the potential health effects of contaminants via regular consumption of several metal ions33,34. Target hazard quotient is among the methods applied in examining lifetime exposure to metals through diets33. Target hazard quotient is a ratio between the measured heavy metal concentration and the oral reference dose weighted by the length and frequency of exposure; amount ingested and body weight35. The THQ values via the ingestion of bread by adults were determined based on the expression given by Adedokun et al, (2016)36:
THQ =   			(9)
Where 	THQ = target hazard quotient,  = the exposure frequency (350 days/year), ED = the exposure duration (54years, equivalent to the average lifetime of the Nigeria population), FIR = food ingestion rate (bread consumption values for adult Nigerian is 0.18kg/person/day) (36),  = metal concentration in the bread samples (mgkg-1),  is the oral reference dose, = the average body weight (55.9kg for adults food consumer in South-Western Nigeria)31; and  = average exposure time for non-carcinogens (ED x 365 days/year).
If THQ value is greater than 1, the exposure is likely to cause obvious adverse effects36.

RESULTS AND DISCUSSION
Activity concentration in the bread samples
The activity concentration due to 226Ra, 232Th and 40K in five bread samples commonly consumed in Apata area of Ibadan South-West LGA of Oyo State, Nigeria have been determined and the results are presented in Table 1. Activity concentrations of radionuclides less than the corresponding detectable levels of 0.0975 Bq/kg, 0.0255 Bq/kg and 0.00787 Bq/kg for 40K, 226Ra and 232Th respectively are termed as below detectable level (BDL) for each radionuclide. The specific activity concentration of 226Ra ranged from BDL (Sample B) to 55.17 ± 6.36  (Sample C) with a mean value of 31.57 3.61 . For the activity concentration of 232Th, it varied from 3.59 ± 0.21 (Sample A) to  (Sample C) with a mean value of 11.46  0.68.The activity concentration of 40K ranged between 298.58 ± 15.14 (Sample A) to 413.57 ± 21.74  (Sample D) with a mean value of 349.45  18.25 Bqkg-1. Comparison of the activity concentrations of radium, thorium and potassium in the bread samples are given in Figure 1. The figure compared values obtained from this study with acceptable limit of 35, 30  and 400  respectively set by UNSCEAR18. 40K recorded the highest activity concentrations in all the bread samples compared to that of 226Ra and 232Th. 40K, an isotope of potassium, is an important nutrient of plants in their metabolic activities and is available in abundance in the soil when compared with other radionuclide.

Radiological hazard risk assessment
The results of the radiological hazard risk parameters are presented in Table 2. The annual committed effective doses (E) due to the ingestion of 226Ra, 232Th and 40K in the bread samples varied from 0.04 (Sample B) to 0.12  (Sample C) with a mean value of 0.08 . These values are below the acceptable value of effective dose of 1.0  for the public18. 
The gamma absorbed dose rate (D) in air ranged between 19.32 in Sample B and 49.32  in Sample C with a mean value of 34.96. These results are below the estimated average global terrestrial radiation of  reported by UNSCEAR 18
The annual gonadal dose equivalent (AGDE) of the study varied between 144.59 in (Sample B) to 357.88 in (Sample C) with a mean value of 255.16. The mean value of the study is within the permissible limit of  18
The radium equivalent activity () ranged from to 40.35  to 107.17  with a mean value of 74.86these values are considered to be safe since they are well below the limit of  recommended by UNSCEAR19.
The estimated internal hazard indices of the study ranged from 0.10 to 0.44 with a mean value of 0.29. These values less than unity confirm its safety with respect to ingestion of the bread samples.
Comparing all the values of the evaluated hazard risk parameters in the bread samples, it was observed that Sample B had the least value while Sample C had the highest.
Comparison of Activity Concentrations with Previous Studies
Table 3 shows the comparison between the activity concentrations of 226Ra, 232Th and 40K for the present study with the similar previously published work. The obtained values for 232Th and 40K were lower than reported values from other studies whereas the activity concentration of 226Ra was higher than values of the reported data in the literature. These variations could be due to the differences in geographical location and radiochemical composition of the soils of the countries in which plant materials for making bread were cultivated. Also, food preservatives or additives may also contribute to increase the concentrations of natural radionuclides in bread.
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Figure 1: Comparison of the activity concentration of 226Ra, 232Th and 40K () in the bread samples with the acceptable values by UNSCEAR18

Heavy metal concentration in the bread samples
Results of the heavy metal concentration of the commonly consumed bread samples within Apata metropolis are presented in Figure 2. In the study, the concentration of Zn, Fe, Cu, Cd and Pb were determined by atomic absorption spectrometry.
Among all the essential heavy metals, Zinc is the least toxic and one of the important micronutrients required as a co-factor by more than 200 enzymes that play a vital role in the physiological and metabolic process of many organisms37. Zn content ranged between 2.26 ± 0.09 and 7.39 ± 0.13 ; the highest value observed in Sample C while Sample A gave the least. The Zn content in the bread samples were far below the  permissible level set by38.
Copper is an essential micronutrient necessary for the growth and formation of myelin sheaths in the nervous systems, helps in the incorporation of iron in haemoglobin, assists in the absorption of iron from the gastrointestinal tract (GIT) and in the transfer of iron from tissues to the plasma39.  It varied from 3.56 ± 0.08 and 6.17 ± 0.03  with the lowest value recorded in Sample A and the highest content in Sample C. The values obtained are lower than the permissible limit of 73.3 set by38.
Iron functions as haemoglobin in the transport of oxygen40. It facilitates the oxidation of carbohydrates, protein and fat to control body weight, which is very important in diabetes. The values ranged from 25.01 ± 1.51 (Sample E) to 103.89 ± 1.00 (Sample C). Values obtained are below the recommended limit of 4 in food by38. Low iron content causes gastrointestinal infection, nose bleeding and myocardial infection41.
The presence of non-essential heavy metals, such as Cd and Pb is an indication that the environment is not free from pollution. Lead is a physiologic and neurological toxin that can affect several organs and organ system in the human body42. The concentration of Pb was not detected in the bread samples of the study. The maximum permissible limit set by (38) is 0.3.
Cadmium is a highly toxic element in foods and natural waters and it accumulates principally in the kidneys and liver43.  It does not have a role in biological process in living organisms. Thus, even in low concentration, Cd could be harmful to living organisms44. Cadmium was not detected in in the bread samples of the study. The permissible limit is 0.2.

Health risk assessment due to exposure of heavy metals in the bread samples 
The potential health risks of the populace due to heavy metals intake from the bread samples were evaluated and the results are presented in Figures (3), (4) and (5). The estimated daily intake (mgperson-1day -1) (Figure 3) values showed that Fe ranged from 0.040 (Sample E) to 0.647 (Sample D); Zn ranged between 0.004 (Sample A) and 0.012 (Sample C) and Cu ranged between 0.006 and 0.010. Comparing the results with the permissible limits, all the metals were lower that required intake and this could suggest that consumption in the bread samples of the study may not pose any significant health risk to the adult populace.
Figure 4 shows the health risk index (HRI) of heavy metals for adults via consumption of the bread samples of the study. The HRI ranged as follows; Fe (0.444 – 7.189), Zn (0.040 -   0.133) and Cu (0.150 - 0.250). The HRI for the metals from this study were lower than unity except for Fe in Samples C and D. Generally, HRI < 1 means that the exposed population is safe of metals health risk45. 
The estimated target hazard quotients of selected heavy metals through the consumption of bread samples for adults’ population of the study area are presented in Figure 5. The THQ values of Zn, Cu, Fe, Cd and Pb ranged as follows: Fe (0.0232 – 0.3767), Zn (0.0006 – 0.0021) and Cu (0.0074 – 0.0129). No values were obtained for both Cd and Pb. The individual THQ values for metals for all samples follow the order: Fe > Cu > Zn > Cd = Pb. Generally, Cu and Zn, which are important nutrients for humans, are considered a much lower health risk to humans than Mn, and Fe46. In this study, the THQ in all the heavy metals is far less than 1 in all the bread samples; therefore, it may not pose health risk concern. 

[image: ]
Figure 2: Heavy metal profile of the bread samples (mg/kg) of the study compared with FAO/WHO38 safe limits.
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Figure 3: Estimated average daily intake due to heavy metals in adults compared with
Permitted maximum tolerable daily intakes (PMTDI) endorsed by WHO/FAO
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Figure 4: Health risk index due to heavy metals in adults’ populace via consumption of bread samples commonly consumed in Apata metropolis.
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Figure 5: Target hazard quotient due to heavy metals in adults’ populace via consumption of bread samples commonly consumed in Apata metropolis.

4.0	Conclusion
This study assessed the potential health implications due to natural radionuclides and heavy metals in commonly consumed bread in Apata metropolis, Ibadan South-West Local Government Area of Oyo State, Nigeria using gamma-ray spectrometry and atomic absorption spectrometry respectively. The average activity concentrations of 226Ra, 232Th and 40K were lower than the allowed limits for all samples. The radium equivalent activities and the internal hazard indices were calculated to assess the radiological hazards from the consumption of the bread samples. All of the calculated values were lower than the recommended level. Thus, the accumulation of radionuclides in wheat flour and bread samples under investigation did not pose any health risks. Heavy metals were found in the bread samples at varying concentrations. The concentration of heavy metals such as iron, copper, zinc, lead and cadmium were below the WHO permissible limits. Most of the evaluated potential health risk parameters of the adult populace due to the heavy metal intake from consumption of the bread sample lower the permissible limits could suggest that consumption of the bread samples of the study may not pose any significant health risk to adult populace. However, regular monitoring of the natural radionuclides and heavy metals in bread samples and other foodstuffs should be carried out for long term ingestion.
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image1.emf
Table 1: Activity concentration of  

226

Ra, 

232

Th and 

40

K in the bread samples 

 

Sample  

226

Ra (Bq/kg) 

232

Th (Bq/kg) 

40

K (Bq/kg) 

A 15.22 ± 1.49 3.59 ± 0.21 298.58 ± 15.14 

B BDL 12.09 ± 0.72 299.52 ± 15.78 

C 55.17 ± 6.36 14.93 ± 0.89 398.09 ± 20.09 

D 46.41 ± 5.34 12.99 ± 0.77 413.57 ± 21.74 

E 41.03 ± 4.85 13.69 ± 0.82 337.48 ± 17.69 

Mean 31.57  ± 3.61 11.46  0.68 349.45  18.25 
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Table 2: Radiological hazard parameters due to exposure to 

226

Ra, 

232

Th and 

40

K in the bread 

samples 

Sample E ) D ) AGDE (μSvy

-1

) Ra

eq 

(Bqkg

-1

) H

in

 

A 0.05 21.16 155.79 43.34 0.16 

B 0.04 19.32 144.59 40.35 0.11 

C 0.12 49.32 357.88 107.17 0.44 

D 0.11 45.03 327.57 96.83 0.39 

E 0.10 39.97 289.98 86.59 0.34 

Mean  0.08 ± 0.03  34.96 ± 12.39 255.16 ± 88.44 74.86 ± 27.74 0.29 ± 0.13 

UNSCEAR 

 1.0 

    59 nGyh

-1

   300 μSvy

-1

 370 Bqkg

-1

  1 

World Average reports

19

. 


image3.emf
Table 3: Comparison of the activity concentration of 

226

Ra, 

232

Th and 

40

K () in the bread 

samples of the present study with similar published studies  

226

Ra ()                   

     232

Th () 

              

    40

K ()         

Reference 

BDL – 55.17          3.59 – 14.93 298.58 – 413.57 Present study 

8.67 – 37.30               BDL – 26.0               203.0 – 432.0             (9) 

 


