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 Heavy metals are elements found in Earth’s crust but introduced into soil and 

water bodies by human activities. They are not biodegradable, so they persist 

for a long time in the environment. Heavy metals are incorporated into to 

human body through the food chain, resulting in various health problems. 

Akaki Rivers, which are major water sources in Addis Ababa, are 

contaminated with various wastes, including heavy metals. This research 

aimed to detect heavy metal concentration in cabbage, potato, tomato, and 

beetroot irrigated with the Akaki Rivers and evaluate associated health risks. 

Following the vegetable sample collection, a laboratory-based study was used 

in sample processing, digestion, and heavy metal detection. Mean 

concentration (mg/kg dry weight) of Cd (26.11-26.34), Pb (17-33.84) in all 

samples, and Hg (0.124) in beetroot exceeded the permissible limits set by 

WHO/FAO. The HRI of Cd (28.3-140.96), Pd (10.9-27.35), both in adults and 

children, and Hg (1.727 for children) exceeded the safe limit (<1). The health 

of adults and children is at risk due to Cd, Pb, and Hg, with children facing 

approximately 2.5 times higher. Minimization of the release of wastewater 

into the Akaki Rivers, and dietary diversification should be encouraged, and 

the health of permanent consumers should be checked. 
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1. INTRODUCTION 

Heavy metals are a group of metallic elements with relatively high density and are considered among 

the most serious pollutants. They are naturally found in Earth’s crust but incorporated into the environment 

due to various anthropogenic activities like industrialization [1]. Pollution of the environment with heavy 

metals is a significant global public health concern. They are not biodegradable, can persist for a long time in 

the environment, and are absorbed by plants [2]. Plants like vegetables are a main part of the human diet and 

are pathways in transferring toxic elements from the environment to humans [3]. Exposure to heavy metals 

such as lead (Pb), cadmium (Cd), chromium (Cr), arsenic (As), and mercury (Hg) leads to mental retardation, 

hypertension, blood pressure, neurological disorders, renal dysfunction, and cancers [4]. 

The Great and Little Akaki Rivers are major water sources for Addis Ababa City and are used for the 

irrigation of crops [5]. Rapid urbanization, industrialization, and inadequate waste management systems in the 

city lead to contamination of the rivers [6]. The city hosts more than 65% of the nation's total industrial sector, 

most of which are situated along the Akaki River banks and release their wastes directly into the river. About 

90-96% of industries in the city lack any form of treatment facilities, allowing them to discharge wastes into 

https://creativecommons.org/licenses/by-sa/4.0/
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the rivers [7]. Expansion of the city results in improper waste disposal and untreated sewage discharge to the 

rivers [8].  

The mean concentration (mg/kg dry weight) of Cr (109.51), Cd (3.14), Pb (129.7), and Zn (148.28) 

in Akaki River sediment [9]. The median heavy metal concentration in mg/L of Akaki Rivers water was Pb 

(3.9), Cd (0.4), and Ni (1.22), surpassing the respective permissible limits 0.1, 0.1, and 0.2 set by FAO to use 

for irrigation purposes [10]. According to [9], the average concentration of Lead (Pb): 0.775 mg/L, Chromium 

(Cr): 1 mg/L, Cadmium (Cd): 0.075 mg/L, Nickel (Ni): 0.425 mg/L and Zinc (Zn): 5.75 mg/L in Akaki Rivers 

all of which were above respective FAO permissible limit for irrigation (0.1 mg/L, 0.1 mg/L, 0.01 mg/L, 0.2 

mg/L, and 2 mg/L) [10]. 

However, there is limited research on the extent of heavy metal contamination of vegetables irrigated 

with the Akaki Rivers. This study aimed to (1) detect the concentration of Pb, Cd, Cr, As, and Hg in beetroot, 

cabbage, potato, and tomato samples irrigated by the Akaki Rivers and (2) evaluate the potential human health 

risks associated with consuming those vegetables. 

 

 

2. METHOD 

2.1. Study area 

Figure 1 presents the map of the study area, covering the Great Akaki and Little Akaki Rivers in Addis 

Ababa, Ethiopia, along with the locations of the sampling sites. These sites were selected to represent 

environmental variations between upstream and downstream areas that are potentially exposed to heavy metal 

contamination from industrial and domestic activities. The map provides a clear spatial overview of the study 

area and supports the analysis of the relationship between sampling locations and the level of heavy metal 

contamination in vegetables irrigated by the rivers. 
 

 

 
 

Figure 1. Map of the Akaki rivers with sampling sites 
 

 

2.2. Instrument and analytical reagent 

Atomic absorption spectrometer (AAS) novAA 800 was used to measure the concentration of Cd, Cr, 

Pb, As and Hg in vegetable samples. AAS is a quantitative analytical instrument used to identify approximately 

70 elements and used to measure the concentration of an element by passing light of a specific wavelength, 

emitted from a radiation source corresponding to that element, through a cloud of atoms derived from the 

sample. The atoms absorb light from a hollow cathode lamp (HCL) energy source, and the reduction in light 

intensity detected is proportional to the concentration of the element in the sample [11]. All chemicals used 

were analytical reagent grade. HNO3 (65%), H2O2 (30%), and HClO4 (70%) were used for digestion. Stock 

standard solutions of 1000 ppm for Cd, Cr, Pb, As, and Hg were used to prepare all calibration curves by 

diluting to known concentrations [12]. Distilled water was used for sample preparation and dilution purposes 

throughout the study. 
 

2.3. Sample collection and preparation 

Edible parts of cabbage (Brassica juncea), beetroot (Beta vulgaris), potato (Solanum tuberosum), and 

tomato (Lycopersicon esculentum Miller) samples were collected from farmlands irrigated by the Akaki Rivers 

in dry months (January and February). A total of twenty-four samples, twelve from each of the Great and Little 

Akkaki River sites, and six samples for each vegetable type were selected and collected by a stratified random 
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sampling method. Sub-samples as a representative fraction of the vegetables were used to prepare each of the 

samples in a composite sample form [5]. 

Samples were washed with tap water to remove soil and other dirt and rinsed with distilled water to 

remove adsorbed elements. The samples were cut into small pieces and dried using the dry oven (Memmert 

UF 260 plus 230 V Sunon) at a temperature of 105 °C for 24 hrs to remove moisture. The dried samples were 

powdered with a mortar and pest, and sieved with a 2.5 micrometer (µm) sieve size, and placed into polythene 

bags until digestion began [12]. One gram of powdered sample was digested in a borosilicate flask with a 

mixture of HNO3 (65%), HClO4 (70%), and H2O2 (30%) in a ratio of 5:2:2 at 240 °C for 15 minutes. A clear 

and colorless solution was diluted with distilled water to raise the volume up to 50 mL and filtered through 

Whatman filter paper no 42, [12]. 
 

2.4. Quality control and assurance 

To ensure the quality of data, the samples were collected in dry months (January and February) when 

vegetables were grown entirely with irrigation waters from the Akaki Rivers. They were picked with gloved 

hands and collected in polythene bags to prevent cross-contamination and stored at 4 °C until used. The blank 

solution was prepared by mixing HNO3 (65%), HClO4 (70%), and H2O2 (30%) in a volume ratio of 5:2:2 and 

then diluted the mixture to 50ml with distilled water. The method detection limit was calculated as three times 

the standard deviation of multiple blank measurements and divided by the slope of the calibration curve. In 

addition, the method was evaluated by a spike recovery test, and the mean recovery rate was 90.5% [13]. Stock 

standard solution of each metal was used to prepare calibration standards for AAS. All analytical reagents were 

within their expiration date. Each vegetable sample was analyzed in hexaplicate (n = 6), and the mean 

concentration was calculated to minimize bias. The analysis was performed using novAA 800 AAS. The 

concentrations of Cr, Cd, and Pb were determined using the flame technique, and those of As and Hg were 

analyzed using the hydride generation technique [14]. 
 

2.5. Human health risk assessment 

In this study, the human health risks associated with Cd, Cr, Pb, As and Hg consumed by beetroot, 

cabbage, potato, and tomato were evaluated by estimating health risk indicators such as Daily Intake of Heavy 

Metals and Health Risk Index [13]. 
 

2.5.1. Daily intake of heavy metals (DIHM) 

The DIHM, which is measured in (mg/kg/d) of heavy metals consumed with vegetables, was 

calculated as; 
 

𝐷𝐼𝐻𝑀 =  
𝐷𝐼𝑉𝑥 𝐶

𝐵𝑊
 (1) 

 

Where, C represents the concentration of heavy metal in the edible part of the vegetable in mg/kg, DIV is a 

daily intake of the vegetable, which is 0.1 and 0.05 kg for Ethiopian adults and children, respectively and BW 

is the body weight in kg, which has been 60 for adults and 12 kg for children in Ethiopia [15]. 

 

2.5.2. Health risk index (HRI) 

The HRI was used to determine human health risk because of the consumption of contaminated 

vegetables with heavy metals and it is the ratio of the daily intake of metals and the reference oral dose, 
 

𝐻𝑅𝐼 =  
𝐷𝐼𝐻𝑀

𝑅𝐹𝐷
 (2) 

 

Where, RFD is reference oral dose values which are 1×10-3, 4×10-3, 1.5, 5×10-4, and 3×10-4 (mg/kg/d) for Cd, 

Pb, Cr, Hg, and As, respectively [16]. 
 

2.6. Data analysis 

The data was analyzed using SPSS version 25, and descriptive analysis was used to calculate the mean 

and standard deviation of concentration of heavy metals in the samples at a 95% confidence interval, and One-

way-ANOVA was used to analyze the significant difference of heavy metals concentration within and across 

vegetables at p<0.05. 
 

 

3. RESULT AND DISCUSSION 

3.1. Heavy metal contents in vegetable samples 

The mean concentration with SD of Cd, Cr, Pb, As, and Hg in hexaplicate (n = 6) samples of beetroot, 

cabbage, potato, and tomato were analyzed and compared with the WHO/FAO permissible limit, as shown in  

Table 1. The mean concentration of Cd ranged from (17 to 33.84 mg/kg), which was higher than the 
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recommended limit (0.2 mg/kg) [17]. This is likely due to cadmium accumulation in plants through 

contaminated soil with phosphate fertilizers and industrial waste [18]. The level of Cd was higher in cabbage 

than in other vegetable samples, which might be due to leafy vegetables having a higher potential to accumulate 

Cd [19]. The concentration of Cd in all vegetable samples was greater than (6.03 and 6.43 mg/kg) in tomato 

and cabbage samples, respectively, collected from Koka Ejersa, and it might be because of Akaki Rivers are 

located upstream of Koka Ejersa [15]. 

All vegetable samples had around 26 mg/kg of lead concentration, which was by far above the 

WHO/FAO stipulated limit of 0.3 mg/kg [17]. The sources of lead for this contamination might be vehicle 

emissions, industrial pollution, and lead-based pesticides [17]. These results were greater than lead 

concentration (2.02, 3.63, and 7.56 mg/kg) in potato, tomato, and cabbage samples, respectively studied at 

Koka areas [15]. The reason for higher contamination might be that Akaki Rivers are located upstream of Koka 

areas. The mean concentration of Cd and Pb was also significantly higher than the concentration of Cd: (1.06 

mg/kg) and Pd: (5.6 mg/kg) in vegetables collected from the Mojo area, which is likely due to discharges from 

lead-acid manufacturing, recycling, and electroplating in Addis Ababa [20]. 

The concentration (mg/kg) of Hg in beetroot (0.124), potato (0.025) and tomato (0.047) samples were a 

little bit exceeded the stipulate limit, 0.02 mg/kg [21]. It was accumulated more in beetroot, which might be due 

to its high capacity for metal translocation and storage in its edible taproot [22]. The values were less than the 

concentration of Hg (3.430 and 4.230 mg/kg) in tomato and cabbage samples collected from Koka areas 

respectively investigated by [15]. Chromium (Cr) concentration was below the detection limit (<0,001 mg/kg) 

and within safe limit (2.3 mg/kg) set by WHO/FAO [23]. Chromium can be found in Cr (III) and Cr (VI) forms.  

Cr (III) is less toxic and exists in the soil, and is preferred by plants but less to be translocated into edible parts. 

Cr (VI) is highly toxic and mostly found in industrial wastes and not preferred by plants [24]. The concentration 

of Arsenic (As) in tomato (0.035), beetroot (0.012), potato (0.012) and cabbage (0.005) was within stipulate limit 

(0.1 mg/kg) [23], because the rivers might not be contaminated with arsenic which likely due to absence of mining 

around sampling sites [25]. The concentration of Cr, As, and Hg was very low compare to respective 

concentrations (3.06 mg/kg, 3.83 mg/kg and 3.83 mg/kg) in vegetables collected from Mojo area, which might 

be due to less tannery industries and metal-based pesticides and herbicides in agricultural activities in Addis 

Ababa [20]. 

The mean concentration of Cd was significantly different across vegetable samples in which cabbage 

with maximum concentration at p<0.05 (One-way-ANOVA). This is likely due to their distinct physiology and 

the function of their edible parts. Leafy vegetables like cabbage have higher transpiration rates that pull Cd 

into their leaves [21]. The mean concentration of Pd was not significantly different across vegetable samples. 

This might be due to all vegetables had equivalent absorption and accumulation rate for Pb [17]. The mean 

concentration of Cd and Pb were statically significantly different with in vegetable samples (One-way-

ANOVA). This might be due to Cd and Pb are not equally absorbed and translocated by all vegetables [19]. 

Figure 2 as presented Cd and Pb concentration variation with in and across vegetables. 
 
 

Table 1. Heavy metals concentration in vegetable samples 
Vegetables Concentration; Mean ± SD (mg/kg), n = 6 

 Cd Cr Pb As Hg 

Beetroot 21.92 ± 1.05 <0.001 26.13 ± .10 0.012 ± .57 0.124 ± .76 

Cabbage 33.84 ± 1.1 <0.001 26.11 ± .04 0.005 ± .56 0.018 ± 1.16 

Potato 17 ± 1.27 <0.001 26.26 ± .13 0.012 ± .74 0.025 ± 3.02 
Tomato 20.27 ± 2.05 <0.001 26.34 ± .21 0.035 ± .86 0.047 ± .48 

WHO/FAO stipulate limit 0.2 2.3 0.3 0.1 0.02 

 

 

 
 

Figure 2. Cd and Pb concentration variation with in and across vegetables 
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3.2.    Human health risk assessment 

3.2.1. Daily intake of heavy metals (DIHM) 

Health risks of heavy metal intake with investigated vegetables were assessed by estimating the 

average DIHM. The DIHM values obtained via (question 1) vary between adults and children. The highest 

intakes were Cd and Pb by children with all studied vegetables as showed in Table 2. This is due to their smaller 

body size and higher consumption rates [15]. 

 

3.3. Health risk index (HRI) 

The HRI is mainly dependent on a DIHM and studied heavy metals’ recommended reference oral 

doses (RFD) (question 2). If HRI<1, means that it is unlikely to going to pose a population health risk but HRI 

≥ 1 means that the consumers are going to in pose to health risk [26]. In this study, the estimated HRI for adults 

and children who consumed beetroot, cabbage, potato, and tomato which accumulated Cd and Pb, and children 

who consumed beetroot with Hg were above safe limit as shown in Table 2. 

Children faced higher health risk due to cadmium than adults Table 2. Consumption of cabbage by 

children posed the highest risk (140.96), likely because leafy vegetables accumulate more cadmium [27]. 

Chronic exposure to cadmium consumption can cause kidney damage, bone loss and cancer [28]. The health 

risk of children was again higher than that of adults due to lead consumption. Lead is a neurotoxin metal in 

nature and children are at risk of developmental delays, learning disabilities, and behavioral issues, whereas, 

adults may face cardiovascular and kidney problems [29]. Mercury showed elevated risk in beetroot especially 

in children than adults, which may potentially affect the nervous system and kidneys [30]. Consumption of 

arsenic (As) with studied vegetables can cause low risks but prolonged exposure may contribute to skin lesions 

or cancer. Overall, children faced approximately 2.5 times higher risk of cadmium, lead and mercury than 

adults due to lower body weight and higher intake relative to their body size [27]. These findings agreed with 

[31], who assessed the potential health risk of heavy metals via consumption of rice and vegetables grown in 

the industrial areas of Bangladesh. The findings also agreed with that of [15], who reported that the children 

were more exposed to health risks due to intake of toxic metals through consumption of vegetables irrigated 

with wastewater. 
 

 

Table 2. Daily intake of heavy metals through vegetables and Estimation of health risk index 
Vegetables Person  DIHM (1) with HRI (2) of heavy metals 

   Cd Pb As Hg 

Beetroot Adults 1 0.0365 0.000 0.0436 0.00001 

2 36.5 10.9 0.039 0.69 
Children 1 0.1826 0.000 0.2178 0.00001 

2 91.33 27.22 0.001 1.727 

Cabbage Adults 1 0.0563 0.000 0.0435 0.00001 
2 56.3 10.88 0.015 0.098 

Children 1 0.2819 0.000 0.2177 0.00001 

2 140.96 27.21 0.039 0.246 
Potato Adults 1 0.0283 0.000 0.0437 0.00001 

2 28.3 10.93 0.042 0.138 
Children 1 0.1416 0.000 0.2188 0.00001 

2 70.83 27.35 0.104 0.344 

Tomato Adults 1 0.0337 0.000 0.0437 0.0001 
2 33.7 10.93 0.115 0.26 

Children 1 0.1689 0.000 0.2188 0.00002 

2 84.46 27.35 0.289 0.651 

 
 

4. CONCLUSION 

The study obtained that beetroot, cabbage, potato and tomato irrigated with the Akaki Rivers water 

had cadmium (Cd), lead (Pb), and mercury (Hg) with concentration that exceeded the safe limits set by 

WHO/FAO. The significant surpass safe limit (HRI<1) of cadmium and lead in all vegetables for both adults 

and children and mercury in beetroot for children, shows a serious health risk in consuming these vegetables. 

Children were found to be approximately 2.5 times higher risk of cadmium, lead and mercury than adults due 

to lower body weight and higher intake. The study concludes that if the release of heavy metal is not prevented 

and controlled, the health of population who regularly consume the vegetables from the study area is at risk.  

Based on the research finding, it can be recommended that; Administrative measures should be taken 

to prevent the release of waste water in to Akaki Rivers system prior to treatment, dietary diversification should 

be encouraged for permanent consumers of vegetables from study sites to limit exposure, methods of 

prevention and control of heavy metal pollutions like phytoremediation and biochar on study areas should be 

implemented, organic farming should be encouraged and the health status of permanent consumers of the 

vegetables from the research sites should be analyzed. 
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The study of concentration of Cd, Cr, Pb, As, and Hg in beetroot, cabbage, potato, and tomato was 

subjected to various limitations which could be considered in result interpretation. First, even though tries were 

made to diversify the sample representativeness, the obtained concentrations might not cover sample variability 

caused due to geographical origin, vegetable types and seasonal differences. Second, although quality control 

procedures were followed, the complex organic nature of vegetable samples posed risks of spectral interference 

during analysis which can be partially eliminated through validation techniques. This limitation is particularly 

a problem in the reporting of concentration of chromium and arsenic in which their toxicity is dependent on 

their chemical speciation like Cr (III) verses Cr (VI) and organic verses inorganic As, thus the reported values 

might not accurately show the real risk. Lastly, the HRI was assessed based on estimated daily intake model, 

which depends on entire population consumption data but does not consider individual dietary habit, body 

weight or bioavailability of metals in individuals. So, the health risk assessment provides preliminary screening 

level evaluation but not definitive measure of individual health risk. To overcome such limitations, future 

studies should have to include large scale sampling, chemical speciation analysis for Cr and As, and more 

nuanced exposure assessment model. 

 

 

ACKNOWLEDGEMENT 

First of all, the authors would like to thank God almighty. Next, they would like to express their 

deepest gratitude to Ethiopian Defense University for providing with the required budget. Next, they would 

like to thank the AASTU staff member for their help in detecting heavy metal concentration from sample 

solution. Finally, they would like to give their special thanks for the farmers’ associations who work on the 

study site and provide them with the required vegetable samples. 

 

 

FUNDING INFORMATION 

This study was funded by Ethiopian Defense University for data collection, analysis and interpretation 

and to the final writing of the manuscript. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 
 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Solomon Legesse 

Gurmu 

✓ ✓  ✓  ✓   ✓    ✓  

Fekede Weldekidan 

Mengistu 

✓ ✓   ✓     ✓     

Atsedu Yeshwalul 

Beyene 

✓ ✓  ✓  ✓    ✓  ✓   

Bizunesh Ketema ✓ ✓    ✓    ✓     

Birhanu Million Tadesse   ✓    ✓    ✓     
 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

The authors declare that there is no conflict of interest with respect to the publication of this 

manuscript. 
 

 

DATA AVAILABILITY 

Derived data supporting the findings of this study are available from the corresponding author, [SG], 

on request. 

 



Int J Public Health Sci  ISSN: 2252-8806  

 

Detection of heavy metals concentration in vegetables and analyze … (Solomon Legesse Gurmu) 

1855 

REFERENCES 
[1] N. R. Jyothi, “Heavy metal sources and their effects on human health,” in Heavy Metals - Their Environmental Impacts and 

Mitigation, IntechOpen, 2021, doi: 10.5772/intechopen.95370. 

[2] U. Okereafor, M. Makhatha, L. Mekuto, N. Uche-Okereafor, T. Sebola, and V. Mavumengwana, “Toxic metal implications on 

agricultural soils, plants, animals, aquatic life and human health,” International Journal of Environmental Research and Public 
Health, vol. 17, no. 7, p. 2204, Mar. 2020, doi: 10.3390/ijerph17072204. 

[3] H. Ali, E. Khan, and I. Ilahi, “Environmental chemistry and ecotoxicology of hazardous heavy metals: Environmental persistence, 

toxicity, and bioaccumulation,” Journal of Chemistry, vol. 2019, pp. 1–14, Mar. 2019, doi: 10.1155/2019/6730305. 
[4] M. Balali-Mood, K. Naseri, Z. Tahergorabi, M. R. Khazdair, and M. Sadeghi, “Toxic mechanisms of five heavy metals: Mercury, 

lead, chromium, cadmium, and arsenic,” Frontiers in Pharmacology, vol. 12, Apr. 2021, doi: 10.3389/fphar.2021.643972. 

[5] D. M. Mekuria, A. B. Kassegne, and S. L. Asfaw, “Little Akaki River sediment enrichment with heavy metals, pollution load and 
potential ecological risks in downstream, Central Ethiopia,” Environmental Systems Research, vol. 9, no. 1, p. 23, Dec. 2020, doi: 

10.1186/s40068-020-00188-z. 

[6] T. T. Gule, B. Lemma, and B. T. Hailu, “Factors impacting water quality and quantity in rapidly expanding urban areas based on 
the DPSIR model: experiences and challenges from Addis Ababa City, Ethiopia,” Environmental Science and Pollution Research, 

vol. 31, no. 14, pp. 22131–22144, Feb. 2024, doi: 10.1007/s11356-024-32550-4. 

[7] B. K. Dessie, M. Aschale, E. Assegide, T. Alamirew, C. L. Walsh, and G. Zeleke, “Pollution challenges and consequences of the 
Akaki catchment, Upper Awash Basin, Ethiopia: Evidence for policy reform and action,” World Water Policy, vol. 10, no. 1,  

pp. 363–372, Feb. 2024, doi: 10.1002/wwp2.12169. 

[8] M. M. Tarekegn and G. L. Weldekidan, “Concentration levels of heavy metals and selected ions in the irrigation water: The case of 
little Akaki River, Addis Ababa, Ethiopia,” in Environmental Impact and Remediation of Heavy Metals, IntechOpen, 2022, doi: 

10.5772/intechopen.103677. 
[9] S. Sedigheh, B.-L. Sedigheh, A. Hakimeh, D. K. Javad, and G. Kamal, “Accumulation and bioavailability of heavy metals 

(cadmium, chromium, nickel, lead and zinc) in water and sediment samples in the musa creek, northwest coasts of the persian gulf,” 

Journal of Marine Science and Technology, vol. 29, no. 5, pp. 666–672, Nov. 2021, doi: 10.51400/2709-6998.1591. 
[10] D. Gola, A. Bhattacharya, P. Dey, A. Malik, and S. Z. Ahammad, “Assessment of drain water used for irrigation in the delhi region,” 

Journal of Health and Pollution, vol. 10, no. 26, pp. 1–12, 2020, doi: 10.5696/2156-9614-10.26.200610. 

[11] R. C. MacHado et al., “Solid sampling: Advantages and challenges for chemical element determination- A critical review,” Journal 
of Analytical Atomic Spectrometry, vol. 35, no. 1, pp. 54–77, 2020, doi: 10.1039/c9ja00306a. 

[12] F. Abrham and A. V Gholap, “Analysis of heavy metal concentration in some vegetables using atomic absorption spectroscopy,” 

Pollution, vol. 7, no. 1, pp. 205–216, 2021, doi: 10.22059/poll.2020.308766.877. 
[13] L. D. Bayissa and H. R. Gebeyehu, “Vegetables contamination by heavy metals and associated health risk to the population in Koka 

area of central Ethiopia,” Plos One, vol. 16, no. 7, p. e0254236, Jul. 2021, doi: 10.1371/journal.pone.0254236. 

[14] G. Habte, N. Mekonen, G. Desse, and G. Kassa, “Heavy metal contamination and health risk assessment of horticultural crops in 
two sub-cities of Addis Ababa, Ethiopia,” Toxicology Reports, vol. 11, pp. 420–432, Dec. 2023, doi: 10.1016/j.toxrep.2023.09.002. 

[15] A. Latif et al., “Heavy metal accumulation in vegetables and assessment of their potential health risk,” Journal of Environmental 

Analytical Chemistry, vol. 05, no. 01, 2018, doi: 10.4172/2380-2391.1000234. 
[16] F. S. Tariq, “Heavy metals concentration in vegetables irrigated with municipal wastewater and their human daily intake in Erbil city,” 

Environmental Nanotechnology, Monitoring & Management, vol. 16, p. 100475, Dec. 2021, doi: 10.1016/j.enmm.2021.100475. 

[17] M. K. Golly et al., “Assessing heavy metal contamination in selected farm vegetables and soils,” African Journal of Applied 
Research, vol. 10, no. 2, pp. 603–626, Jan. 2025, doi: 10.26437/ajar.v10i2.845. 

[18] K. Samrane and A. Bouhaouss, “Cadmium in phosphorous fertilizers: balance and trends,” Rasayan Journal of Chemistry,  

vol. 15, no. 03, pp. 2103–2117, 2022, doi: 10.31788/RJC.2022.1536865. 
[19] Z. Xu et al., “Screening of leafy vegetable varieties with low lead and cadmium accumulation based on foliar uptake,” Life, vol. 12, 

no. 3, p. 339, Feb. 2022, doi: 10.3390/life12030339. 

[20] H. R. Gebeyehu and L. D. Bayissa, “Levels of heavy metals in soil and vegetables and associated health risks in Mojo area, 
Ethiopia,” Plos One, vol. 15, no. 1, p. e0227883, Jan. 2020, doi: 10.1371/journal.pone.0227883. 

[21] Ezeonyejiaku C D, C. O. Okoye, and Offorbuike I I, “Risk of trace metals in market vegetables: implications for lead and mercury 

exceedances,” The Bioscientist Journal, vol. 11, no. 1, pp. 90–105, 2023. 
[22] P. Pelcová, A. Ridošková, J. Hrachovinová, and J. Grmela, “Evaluation of mercury bioavailability to vegetables in the vicinity of 

cinnabar mine,” Environmental Pollution, vol. 283, 2021, doi: 10.1016/j.envpol.2021.117092. 

[23] R. M. Altarawneh, “Levels of selected heavy metals (Pb, Ni, Cd, and Cr) in various widely consumed fruits and vegetables in 
Jordan,” International Journal of Environmental Analytical Chemistry, vol. 101, no. 7, pp. 1026–1033, May 2021, doi: 

10.1080/03067319.2019.1675653. 

[24] D. Srivastava et al., “Chromium stress in plants: toxicity, tolerance and phytoremediation,” Sustainability, vol. 13, no. 9, p. 4629, 
Apr. 2021, doi: 10.3390/su13094629. 

[25] Y. Li, Y. Bi, W. Mi, S. Xie, and L. Ji, “Land-use change caused by anthropogenic activities increase fluoride and arsenic pollution 

in groundwater and human health risk,” Journal of Hazardous Materials, vol. 406, p. 124337, Mar. 2021, doi: 
10.1016/j.jhazmat.2020.124337. 

[26] N. Munir et al., “Heavy metal contamination of natural foods is a serious health issue: A review,” Sustainability, vol. 14, no. 1,  

p. 161, Dec. 2021, doi: 10.3390/su14010161. 
[27] F. O. Ohiagu, K. C. Lele, P. C. Chikezie, A. W. Verla, and C. E. Enyoh, “Bioaccumulation and health risk assessment of heavy 

metals in Musa paradisiaca, Zea mays, Cucumeropsis manii and Manihot esculenta cultivated in Onne, Rivers State, Nigeria,” 

Environmental Analysis Health and Toxicology, vol. 35, no. 2, p. e2020011, Jun. 2020, doi: 10.5620/eaht.e2020011. 
[28] G. Genchi, M. S. Sinicropi, G. Lauria, A. Carocci, and A. Catalano, “The effects of cadmium toxicity,” International Journal of 

Environmental Research and Public Health, vol. 17, no. 11, p. 3782, May 2020, doi: 10.3390/ijerph17113782. 

[29] A. Kumar et al., “Lead toxicity: Health hazards, influence on food chain, and sustainable remediation approaches,” International 
Journal of Environmental Research and Public Health, vol. 17, no. 7, p. 2179, Mar. 2020, doi: 10.3390/ijerph17072179. 

[30] M. Balali-Mood, K. Naseri, Z. Tahergorabi, M. R. Khazdair, and M. Sadeghi, “Toxic mechanisms of five heavy metals: mercury, 

lead, chromium, cadmium, and arsenic,” Frontiers in Pharmacology, vol. 12, Apr. 2021, doi: 10.3389/fphar.2021.643972. 
[31] R. Proshad, T. Kormoker, M. S. Islam, and K. Chandra, “Potential health risk of heavy metals via consumption of rice and vegetables 

grown in the industrial areas of Bangladesh,” Human and Ecological Risk Assessment: An International Journal, vol. 26, no. 4,  

pp. 921–943, Apr. 2020, doi: 10.1080/10807039.2018.1546114. 

 



                ISSN: 2252-8806 

Int J Public Health Sci, Vol. 14, No. 4, December 2025: 1849-1856 

1856 

BIOGRAPHIES OF AUTHORS 
 

 

Solomon Legesse Gurmu     is Ph.D. candidate in Industrial Biotechnology at 

AAU. He is promoting biotechnology research and instruction for industrial and 

environmental uses. He combines teaching, research, and institutional service at the Ethiopian 

Defense University, where he has worked for more than nine years. His areas of expertise are 

bioprocess engineering, microbial biotechnology, and phytoremediation of heavy metals. In 

order to support the future generation of scientists, he actively teaches and mentors student 

with molecular biology and biochemistry. He works to support Ethiopia's academic and 

scientific advancement through research and teaching, and he is dedicated to innovation and 

capacity building. He can be contacted at email: sgurmu81@gmail.com. 

  

 

Fekede Weldekidan Mengistu     is a public health expert and lecturer at the 

Ethiopian Defense University College of Health Science. He holds a Master of Public Health 

(MPH) in Epidemiology and Biostatistics. His academic and research career has focused on 

pressing public health challenges in Ethiopia, especially in maternal and child health, 

infectious diseases, and non-communicable diseases. Fekede has authored 12 peer-reviewed 

publications that explore critical health issues, including the determinants of anemia in 

pregnant women, the prevalence of active trachoma among school-aged children, and the risk 

factors contributing to measles outbreaks in university settings. One of his notable 

contributions is a systematic review on the effectiveness of diabetes self-management 

education in improving glycemic control. In the current study, Fekede contributed to the 

study's analysis, methodological design, and data interpretation. His research continues to 

support evidence-based interventions and inform policy decisions in resource-limited 

settings. He can be contacted at email: woldiye42@gmail.com. 

  

 

Atsedu Yeshwalul Beyene     is a lecturer and researcher at Ethiopian Defense 

University, and she is currently a Ph.D. candidate in the environmental health stream. She 

earned her bachelor's degree from Jimma University, Ethiopia, in Environmental Health and 

another bachelor’s degree from KEYMED University College, Ethiopia, in Health Officer. 

She also holds a Master’s in Global Health from Trinity College Dublin. She is involved with 

several research activities with students in the field of public health and environmental health. 

Her research interests focus primarily on environmental Determinants of Health. She is a 

member of the Ethiopian Environmental Health Professionals Association. She can be 

contacted at email atseduyeshewaleul.chs@etdu.edu.et. 

  

 

Bizunesh Ketema     is holds a Master of Medical Anatomy (2017, Addis Ababa 

University), a B.Sc. in Public Health (2008, Ethiopian Defense University College of Health 

Sciences), a B.A. in Sociology and Social Anthropology (2008, Addis Ababa University), 

and a Diploma in Midwifery (1999, Gondar College of Medical Sciences). Her primary 

research interests lie in nutrition and health interventions. Driven by a commitment to expand 

her expertise and deliver better health services to her community, Bizunesh continuously 

seeks opportunities to enhance her skills and impact. She can be contacted at email: 

bizuneshha@gmail.com. 

  

 

Birhanu Million Tadesse     is an experienced in research and lecturer in animal 

production, biotechnology, and applied microbiology. He holds a Master’s degree in Applied 

Microbiology from AAU and a B.Sc. degree in Animal Production and Rangeland 

Management from Debub University. With over two decades of professional experience, he 

has worked such as Associate Researcher at the Ethiopian Institute of Agricultural Research, 

Animal Production Expert at Ethiopia Palace Administration, and Research Fellow and 

Lecturer at Ethiopian Defense University. His expertise spans biotechnological applications, 

and academic instruction. He can be contacted at email: btadesse55@gmail.com. 

 

 

https://orcid.org/0009-0005-8781-107X
https://orcid.org/0000-0002-6785-7928
https://orcid.org/0009-0008-3856-5601
https://orcid.org/0009-0005-3898-9250
https://orcid.org/0009-0004-7517-4555

