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Abstract
Bitter leaf (Vernonia amygdalina) is a vegetable widely consumed in most tropical African countries including Nigeria. This plant possesses phytochemical compounds known to be biologically active, hence termed a medicinal plant. Depending on the quality of soil where it is cultivated, it has the capacity to accumulate varying quantities of heavy metals. This study evaluated the heavy metal content of leaves of Bitter leaf harvested from four locations in Port Harcourt, Rivers State Nigeria, as well as their carcinogenic risk. Dry weights of samples were wet digested and heavy metal content determined by method of AAS. Using the required formulae, the estimated daily intake (EDI), target hazard quotient (THQ), hazard index (HI), and total cancer risk (TCR) values were derived. Data was analyzed using GraphPad Prism version 9.02 and P values of ≤0.05 were considered significantly different. Results show Lead content (in mg/kg) for Eagle Island as: 17.4±2.0; Choba as:11.1±0.05; Mgbuoshimini as:15.5±1.5 and Diobu as: 13.4±2. For Mercury (in mg/kg), Eagle Island as: 0.03±0.1; Choba as: 0.01±0.001; Mgbuoshimini as: 0.87±0.03 and Diobu as: 0.06±0.04. Arsenic contents (in mg/kg) are as follows: Eagle Island 9.99±1.2; Choba: 3.2±0.1; Mgbuoshimini: 7.5±1.2 and Diobu: 5.8±0.2. while Cadmium contents (in mg/kg) are as follows: Eagle Island: 6.5±1.5; Choba: 1.12±0.1; Mgbuoshimini: 4.7±0.5 and Diobu: 2.8±0.6. The risk associated with ingesting these heavy metals from Bitter leaf was evaluated by calculating the THQ (Target health quotient) and HI (hazard index) values (for non-carcinogenic risk and ECR (Estimated cancer risk) and TCR (total cancer risk) values (for carcinogenic risk). The results obtained for the non-carcinogenic and carcinogenic risks indicated that the locations investigated were relatively unsuitable for growing vegetables like Bitter leaf in view of the health risks associated with ingesting the contaminated Bitter leaf. It is therefore recommended that industrial activities and other common sources of environmental pollution in the four locations studied be thoroughly controlled/monitored in order to reduce pollution levels.
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Background of the Study
[bookmark: _Hlk213561490]Bitter leaf (Vernonia amygdalina) is a tropical plant belonging to the family Asteraceae. It is widely distributed across tropical Africa, such as Nigeria, Ghana and Cameroon etc. It is one of the most commonly consumed green leafy vegetables in Nigeria, and highly valued for its flavor in meals, nutritional and medicinal properties (Adu et al., 2023; Mohammad & Mamman 2023). The plant is therefore widely used in preparing soups and herbal remedies due to its rich composition of bioactive compounds (Edo et al 2023; Farombi & Owoeye, 2011; Uwah et al 2020). Nutritionally, V. amygdalina contains essential micronutrients and antioxidants that play important roles in promoting health and preventing diseases (Farombi & Owoeye, 2011; Iyama, et al, 2022 and Ali, M. (2020).
Despite its nutritional benefits, the safety of consuming Bitter leaf has become a growing concern due to the potential contamination and accumulation of heavy metals in its tissues, which can be biotransfered to humans consuming it. Heavy metals such as lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni), copper (Cu), zinc (Zn), and iron (Fe) are naturally present in trace amounts in the environment, but human activities often elevate their concentrations to toxic levels (Adu et al., 2023). These metals can enter agricultural systems through industrial emissions, vehicular exhaust, waste disposal, oil exploration, and the use of contaminated irrigation water or fertilizers (Iyama et al., 2022). Once absorbed by plants, heavy metals can accumulate in edible parts, posing potential risks to human health through the food chain (Uwah et al., 2020).
The city of Port Harcourt, located in Rivers State, Nigeria, is a highly industrialized urban center with extensive oil and gas activities, heavy traffic, and waste management challenges. These factors contribute significantly to environmental contamination, including soil and water pollution (Iyama et al., 2022). Previous studies have reported elevated levels of heavy metals in agricultural soils and crops (Iyama et al. 2022). Such findings indicate that Bitter leaf cultivated in different parts of Port Harcourt may contain varying levels of heavy metals depending on proximity to pollution sources.
Given the widespread consumption of Bitter leaf as both food and medicine, it is essential to assess its safety. Comparing the levels of heavy metals in V. amygdalina harvested from different locations within Port Harcourt will help determine whether environmental factors and land-use patterns influence metal accumulation. This study, therefore, aims to provide scientific data that can guide local agricultural practices, inform public health policies, and ensure the safety of consumers. Without such data, consumers and policymakers cannot effectively assess potential health risks or identify safer cultivation areas. There is, therefore, a pressing need to investigate and compare the concentrations of heavy metals in Bitter leaf grown in different environmental settings within Port Harcourt.
Materials and Methods
Samples of Bitter leaf (Verona amygdalina) were harvested from four different locations in Port Harcourt metropolis, Nigeria: Eagle Island, Choba, Mgbuoshimini and Diobu. The leaves of Bitter leaf were washed in three changes of distilled water and finally rinsed in two changes of deionized water. The leaves were chopped into tiny bits and air dried in a shade away from direct sunlight. When completely dried, 10g of the leaves were macerated to tiny pieces and finally blended to a fine powder with a domestic blender. About 5g of powdered leaves were wet-digested according to the method of Uwah et al 2020, in preparation for heavy metal analysis by AAS.
The concentrations of heavy metals (lead (Pb), mercury (Hg), arsenic (As) and cadmium (Cd)) in digested Bitter leaf samples were quantified using atomic absorption spectrophotometry (AAS) with a Varian Spectra 100 instrument, USA.  AAS operates by measuring the absorption of light by atoms of a particular element at a wavelength specific to that element. Quantification was performed in triplicate and the mean values in mg/kg were recorded.
The estimated daily intake (EDI) was calculated using the formula of Orisakwe et al., (2017)
EDI   =                 	                            
Where: EDI= Estimated daily intake of heavy metals ingested from bitter leaf in mg/kg/day;             C= Concentration of heavy metal (mg/kg) in bitter leaf.
Iring =Ingestion rate (0.059kg/person/day) (Snoek et al 2022).
EF= Exposure frequency (350 days/year)
ED= Exposure duration (56 years- the average life expectancy rate for adult Nigerians according to World Bank statistics 2014)
BW = Average body weight for exposed individuals (70kg for adults) 
AT = Average exposure days within lifetime (365 days x ED or 20440 days 
Target hazard quotient (THQ) was used to assess the potential for non-cancer health hazards expected from exposure to heavy metal contaminants using available non-cancer health guidelines such as reference dose (RFD). The values for reference dose and EDI are related to the target hazard quotient as shown below
THQ = EDI/RFD
Where EDI -Estimated daily intake (mg/kg/day)
RFD= Reference dose (mg/kg/day)
The following oral reference dose values were used
CD=0.001; PB=0.004; AS=0.003; Hg= 0.0001 (USEPA, 2006) 
A THQ value <1 indicates that there is a potential health risk associated with the heavy metal content of Bitter leaf.
The overall non-carcinogenic risk to humans that is expected from exposure to all the heavy metals was calculated using the following equation:
HI= ∑THQ(Cd)+THQ(Pb)+THQ(As)+THQ(Hg)
Where HI =Hazard index and = ∑THQ=sum of the THQs for Cd, Pb, As and Hg
If HI value >1 is obtained, it means that non-cancers risk is likely to occur. Cancer risk was estimated using the equation below: 
ECR= EDI x CSF
Where ECR= Estimated cancer risk. This represents the estimated lifetime carcinogenic risk associated with exposure to a particular metal.
EDI= Estimated daily intake of the metal; CSF=Cancer slope factor (in mg/kg/day).
The following CSF values were used: 
CSF (Cd) 0.38mg/kg/day; CSF (Pb) 0.0085mg/kg/day; CSF (As) 1.5 mg/kg/day
CSF (Hg) Not available.
Cancer ECR values lying between 1.0x10-4 and 1.0x10-6 were considered acceptable as the risk can be neglected. Values >1.0x10-4, however indicate a lifetime carcinogen risk. For multiple metals, the total cancer risk was obtained from the sum of the CR values of different metals according to the equation: ∑ECR.
		
Results
The results of determination of heavy metals content of Bitter leaf in the sampled locations as presented in table 1 show that Lead in vegetables harvested from different locations were in the order: Eagle Island >Mgbuoshimini >Diobu >Choba. The concentrations of Mercury are of the order: Mgbuoshimini >Diobu >Eagle Island >Choba. Arsenic is of the order: Eagle Island > Mgbuoshimini >Diobu >Choba and finally Cadmium is of the order: Eagle Island> Mgbuoshimini > Diobu > Choba. The mean concentrations of different metals in Bitter leaf from the four sampled locations (Eagle Island, Choba, Mgbuoshimini and Diobu) were observed to be in the order Pb > As > Cd > Hg.

Table 1. Heavy metal content in Bitter leaf from different locations	 
	Samples
	Location
	Lead (pb)
(mg/kg)
	Mercury (hg)
(mg/kg)

	Arsenic (as)
(mg/kg)
	Cadmium (cd)
(mg/kg)

	A
	Eagle Island
	17.4 ± 1.2 a
	0.03 ± 0.1 c
	9.00 ±1.2 a
	6.5 ± 1.5 a

	B
	Choba
	11.1 ± 0.05 b
	<0.01± 0.01 d
	3.2 ± 0.1 d
	1.12 ± 0.1 d

	C
	Mgbuoshimini
	15.3 ±1.5 a
	0.87 ± 0.03 a
	7.5 ± 1.2 b
	4.7 ± 0.5 b

	D
	Diobu
	13.4 ± 2.0 b
	0.06 ± 0.04 b
	5.8 ± 0.2 c
	2.8 ± 0.6 c

	
	P Value
	0.001
	0.0001
	0.001
	0.002



Key: Values with the same superscript in the column are not significantly different, while those with different superscript are significantly different.


According to the mean heavy metal content of the sampled Bitter leaf, the daily intake of the various metals for an adult individual was estimated and presented in Table 2. The estimated daily intake (EDI) values as presented in the table are in the order: Lead > Arsenic >Cadmium > mercury for all four locations (Eagle Island, Choba, Mgbuoshimini and Diobu. 

Table 2. Estimated Daily Intake (EDI) of Heavy Metal Ingestion through Consumption Bitter leaf from different locations.
	Heavy
Metals 
	Sample 
Location
	EDI values in mg/kg/day


	Lead
	EI
CH
AM
DI
	0.014
0.009
0.012
0.0108

	Mercury
	EI
CH
AM
DI
	0.000024
<0.0000081
0.000701
0.0000485

	Arsenic

	EI
CH
AM
DI
	0.0073
0.0026
0.0061
0.0047

	Cadmium
	EI
CH
AM
DI
	0.0053
0.000905
0.0038
0.00226


Key: EI – Eagle Island; CH – Choba; AM – Mgbuoshimini; DI - Diobu

The non-carcinogenic health risk of consuming the sampled Bitter leaf in terms of target hazard quotient (THQ) and hazard index (HI) are presented in table 3 and 4. The target hazard quotient of lead and Arsenic in bitter leaf from the four sampled locations were observed to be higher than 1, indicating that the consumption of lead and Arsenic in Bitter leaf from the sampled locations might pose a non-carcinogenic risk. On the other hand, the THQ values of mercury (in bitter leaf from Eagle Island Choba and Diobu) and cadmium in bitter leaf from Choba were observed to be less than 1, suggesting that consuming mercury or Cadmium in bitter leaf from Eagle Island, Diobu or Choba may pose an insignificant non-carcinogenic risk. Considering all the metals analyzed, the total THQ or Hazard index was observed to be above 1 for all four locations indicating that the sampled Bitter leaf from these locations may not be safe for human consumption.

Table 3. Target hazard quotient (THQ) values of heavy metal contents of Bitter leaf from different locations
	Heavy
Metals 
	Sample 
Location                   
	EDI
(mg.kg/day)
	RFD                            THQ
(mg.kg/day)	         (mg.kg/day)

	Lead
	EI
CH
AM
DI
	0.014
0.009
0.012
0.0108
	0.004                               3.5
0.004                               2.3
0.004                               3.0
0.004                               2.7

	Mercury
	EI
CH                             
AM
DI
	0.000024
<0.0000081
0.000701
0.0000485
	0.0001                             0.24
0.0001                            <0.08
0.0001                              7.1
0.0001                              0.49


	Arsenic

	EI
CH
AM
DI
	0.0073
0.0026
0.0061
0.0047
	0.0003                              24.4
0.0003                              8.7
0.0003                              20.3
0.0003                              15.7

	Cadmium
	EI
CH
AM
DI
	0.0053
0.000905
0.0038
0.00226
	0.001                                 5.1
0.001                                0.9
0.001                                3.8
0.001                                2.3


Key: THQ -Target hazard quotient; CR – Carcinogenic Risk; EI – Eagle Island; CH – Choba; AM – Mgbuoshimini; DI - Diobu

Table 4: Hazard index (HI) values of the heavy metal content of Bitter leaf from different locations.
	Sample Location
	               THQ values of the heavy metals

	HI values

(∑THQ)

	
	         Pb
	          Hg
	        As
	        Cd
	

	EI

CH

AM

DI
	        3.50

        2.30

        3.00

2.70
	         0.24

<0.08

7.01

0.49
	      24.30

       8.70

       20.30

       15.70
	       5.10

0.90

3.80

2.30
	    33.1

   <12.0

   34.1

    21.2


Key: EI – Eagle Island; CH – Choba; AM – Mgbuoshimini; DI – Diobu; THQ -Target hazard quotient

The estimated cancer risk (ECR) values of all the metals in the samples from the four locations (except from Choba and Diobu) as presented in table 5 were observed to be greater than 1.0E-04 (the USEPA acceptable limit). This suggests a potential cancer risk following long term ingestion of sampled Bitter leaf from the locations.

 Table 5: Carcinogenic Risk (CR) Values of the metals due to consumption of leaves from the different locations.
	Heavy
Metals 
	Sample 
Location
	EDI (mg/kg/day)
CR
	CSF (mg/kg/day)          ECR
CR

	Lead
	EI
CH
AM
DI
	0.014
0.009
0.012
0.0108
	0.0085                            1.2x10-4
0.0085                            7.7x10-5
0.0085                            1.0x10-4
0.0085                            9.2 x10-5                             

	Mercury
	-
	-
	-

	Arsenic

	EI
CH
AM
DI
	0.0073
0.0026
0.0061
0.0047
	1.50                                1.1x10-2
1.50                                3.9x10-3                        
1.50                                9.2x10-3
1.50                                7.1x10-3

	Cadmium
	EI
CH
AM
DI
	0.0053
0.000905
0.0038
0.00226
	0.38	2.0x10-3
0.38	                               3.4x10-4
0.38                                 1.4x10-3
0.38                                 8.6x10-4



Key: CSF Cancer slope factor; EDI Estimated daily intake; ECR-Estimated cancer risk


The total cancer risk values as presented on table 6 were all observed to be higher than 1.0E-04 (the USEPA acceptable limit), indicating that consumers of the sampled bitter leaf from the four locations might be exposed to the toxic heavy metals with a life -time cancer risk.


Table 6: Total cancer risk (TCR) values of heavy metal contents of bitter leaf from different locations
	Sample Location
	               ECR values of the heavy metals

	TCR values

(∑ECR)

	
	         Pb
	          Hg
	        As
	        Cd
	

	EI

CH

AM

DI
	    1.2 x 10-4

   7.7 x 10-5
       
   1.0 x 10-4

9.2 x 10-5
	         -

-

          -

-
	     1.1 x 10-2

   3.9 x 10-3

9.2 x 10-3

7.1 x 10-3
	   2.0 x 10-2

   3.4 x 10-4

1.4 x 10-3

8.6 x 10-4
	   1.3 x 10-2

   7.0 x 10-3

   1.1 x 10-2

   8.1 x 10-3



Key: TCR-Total cancer risk; ∑ECR-Total Estimated cancer risk

Discussion 
This study evaluated the heavy metal content (Lead, Mercury, Arsenic and Cadmium), the estimated daily intake and the non-carcinogenic and carcinogenic risk of Bitter leaf harvested from four locations in Port Harcourt, Rivers State, Nigeria. The locations include: Eagle Island, an industrial/residential area with moderate industrial activity that generates moderate chemical wash offs running into the river; Choba, a relatively agrarian community with farm lands and less industrial activity; Mgbuoshimini, another industrial/residential area hosting a popular oil company in Nigeria, in addition to mechanics and car battery chargers and lastly, Diobu, a densely populated residential area with heavy traffic and exhaust fumes harbouring some patchy free land spaces for minor agricultural activity. 
The results of heavy metal content in the Bitter leaf from these four locations as shown on table 1 indicates that the leaves of Bitter leaf grown in these areas contain some amounts of heavy metals. This result is in agreement with the report of Adu et al., (2023) and Uwah et al., (2020). The results also show that samples of bitter leaf obtained from different locations contain varying amounts of these heavy metals, with Eagle Island having the highest level and Choba with the lowest value. The different levels of heavy metals in different locations may be determined by the quality of soil on which these bitter leaf plants are grown. This position is in agreement with the work of Uwah et al., 2020 who reported that the physical and chemical quality of the soil can influence the assimilation of nutrients into the plants including heavy metal accumulation. The results also depicts that Bitter leaf samples harvested from locations harboring industrial activity contains higher levels of all the heavy metals tested. This indicates that there is the probability of these plants assimilating the heavy metals from the soil. On the contrary, bitter leaf samples harvested from locations with less industrial activity as shown in this work, contain less quantity of heavy metals. With reference to the permissible limit of Cd for leafy vegetables: 0.2 mg/kg dry matter; and Pb: 0.3 mg/kg dry matter, FAO/WHO (2001); European Commission (2006). Hg according to Norden, (2022) reported a permissible limit of 0.001mg/kg. This indicates that the heavy metal content in this vegetable is far above the permissible limit. This result is in consonance with the report of Wu et al., (2020) & Zhou et al., 2014).
Leaves of Bitter leaf has been consumed for centuries ago for its flavor and medicinal purposes as it has been reported to contain bioactive substances that could be used for treatment of certain ailments, hence termed a medicinal plant, Edo et al., (2023); Farombi & Owoeye (2011).  In addition, about 80 % of people in tropical African countries now use herbal products including Bitter leaf alone or in combination with other herbs either as nutritional supplements (Hassan et al 2021) or alternative medicines for treatment of Diabetes and other ailments (Thakkar et al 2020). This study therefore portrays the use of medicinal plants as a potential source of heavy metal toxicity, and calls for caution on sites from which these medicinal plants should be harvested to avoid exposure of humans to the adverse effects associated with ingesting toxic heavy metal contaminants. 
Research has shown that human exposure to toxic heavy metals like Lead, mercury, Arsenic and Cadmium through consumption of contaminated food is a potential cause of organ damage, including renal and liver failure. Bernard (2008), has earlier reported cadmium toxicity as a potential cause of kidney failure. Studies also show that human exposure to cadmium can result in osteomalacia, impaired lung function and cardiovascular disorders (Saturag et al (2010); Sabath & Robles (2012) & Qing et al., 2021). Lead known to be neurotoxic is reported to contribute to mortality of children and it can also contribute to kidney disorders and other complications (Ara & Usmani 2015; Assi et al., 216). Human risk analysis of mercury intake indicates that human exposure to high levels of mercury can be associated with neurological damage (Castoldi et al 2001).	In recent times, Al-Aaraji et al., (2025); Mason et al., (2023) have also corroborated previous finding concerning heavy metals and organ damage.
Arsenic is a highly toxic metalloid that has been extensively studied for its adverse health effects. Key detrimental health impacts of long-term exposure to this metalloid include disturbances of the digestive system, skin irritations and malignant skin growth (Ratnaike, 2003; Hong et al 2014). In this study, the risk associated with the consumption of Bitter leaf contaminated with heavy metals like lead, mercury, Arsenic and Cadmium was evaluated by calculating the THQ and HI values (for non-carcinogenic risk) and ECR and TCR values (for carcinogenic risk). The presence of lead, Arsenic and Cadmium in the sampled bitter leaf caused high THQ and HI values (THQ>1), indicating a potential non-carcinogenic risk. This observation is in agreement with the work of Orisakwe et al., (2012), in which it was reported that heavy metal contamination of vegetables resulted in a higher health risk index, as the calculated risk index was observed to be greater than 1. Also, the results of this study agree with the study in India in which potential health effects from cadmium and Nickle were observed to be linked to HQ values exceeding safe limit (Garg et al 2014)
As Lead Arsenic and Cadmium contents of the sampled Bitter leaf from the different locations contributed to both non-carcinogenic and carcinogenic health risks, the present study estimated the TCR values of the heavy metals due to exposure from the sampled Bitter leaf. The TCR values ranges from 8.1x10-3 to 1.1x10-2. These values are above 1x10-4 (the USEPA acceptable limit), indicating that consumers of the sampled Bitter leaf may be exposed to lead, Arsenic, and Cadmium with a life long cancer risk	.		


Conclusion
The bitter leaf obtained from Choba area of Port Harcourt seems to be the safest with the least heavy metal content, although levels obtained here are higher than the documented permissible levels in all the vegetable. Based on the results of this study, there may be both non-carcinogenic and carcinogenic risks to consumers following long-term consumption of Bitter leaf from all four locations studied. This is a public health concern, and calls for legislation on soil quality needed for agricultural purposes for human consumption. It is therefore strongly recommended that efforts should be made towards reducing pollution levels at the sampled locations.


References
1. Adu, A. A., Aderinola, O. J., Alaka, R. O. & Olakunle, O. E. (2023). Comparative analysis of heavy metals concentration in soil and vegetable (Vernonia amygdalina) collected from two sampling sites (farmland and dumpsite) and the effect on plant DNA. Asian Journal of Biology, 17(2), 47–56. https://doi.org/10.9734/ajob/2023/v17i2320
2. Al‐Aaraji Oudah, A. J., AL-Jebory, R. W., Al.Zurfi, A. H. R., & Jasim, J. H. (2025). “Mechanisms of Heavy Metal Toxicity at the Cellular, Molecular and General Health Levels.” Journal of Biomedicine and Biochemistry, 4(2), 98-123. https://doi.org/10.57238/jbb.
3. [bookmark: _Hlk213588361]Ali, M. (2020). Determination of proximate, phytochemicals and minerals composition of Vernonia amygdalina (bitter leaf). Journal of Nutraceuticals  jnutraceutical.com , https://doi.org/10.35702/nutri.10001
4. Ara, A & Usmani, J A (2015). Lead toxicity: a review. Interdisciplinary toxicology. https://doi.org/10.1515/intox-2015-0009
5. Assi, M A., Hezmee, M N., Haron, A W. Sabri, M Y., & Rajion, M A (2016). The detrimental effects of lead on human and animal health. Veterinary world, 9 (6), 660-671 https://doi.org/10.14202/vetworld.2016.660-671
6. Bernard, A. (2008). “Cadmium & its adverse effects on the kidney.” Toxicology and Applied Pharmacology, 238(3), 354-363. https://pubmed.ncbi.nlm.nih.gov/19106447/
7. Castoldi, A., Coccini, T., Ceccatelli, S., &Manzo, L (2001). Neurotoxicity and molecular effects of methylmercury. Brain research bulletin, 55, 197-203. https://doi.org/10.1016/s0361-9230(01)00458-0
8. De Miguel, E., Iribarren, I., Chacón, E., Ordóñez, A., & Charlesworth, S. (2007). Risk-Based Evaluation of the Exposure of Children to Trace Elements in Playgrounds in Madrid (Spain). Chemosphere, 66(3), 505–513. https://doi.org/10.1016/j.chemosphere.2006.05.065
9. Edo, G. I., Samuel, P O., Jikah, A N., Onihariogho, F O, Idu, L I et al (2023). Biological and bioactive components of bitter leaf (Vernonia amygdalina) Food Chemistry Advances, vol 3, 2023. https://doi.org/10.1016/j.focha.2023.100488
10. European Commission (2006). “Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs.” Official Journal of the European Union. https://eur-lex.europa.eu/eli/reg/2006/1881/oj
11. Farombi, E O. & Owoeye, O (2011). Antioxidative and chemopreventive properties of Vernonia amygdalina and garcinia biflavonoid. International Journal of Environmental Research and Public Health, 8 (6) (2011), pp. 2533-2555 https://doi.org/10.3390/ijerph8062533
12. FAO/WHO (2001). Food Additives & Contaminants, Joint FAO/WHO Food Standards Programme, ALINORM 01/12A:1-289. https://www.fao.org/docrep/005/x8723e/x8723e.pdf
13. Garg, V., Yadav., P., Mor. S., Singh, B., & Pulhani, V (2014). Heavy metals bioconcentration from soil to vegetables and assessment of health risk caused by their ingestion. Biological Trace Elements Research, 157, 256-265 https://doi.org/10.1007/s12011-014-9892-z
14. Hassan,F., Edo, G I., Nwosu, L C., Jalloh, A A., Onyibe, P N., Itoje-akpokiniovo, L O, et al. (2021).An inventory of medicinal plants used as sedative, analgesic and blood tonic in Abeokuta, Ogun State, Nigeria, Acta Ecologica Sinica (2021), https://doi.org/10.1016/j.chnaes.2021.11.003 
15. Hong, Y S., Song, H & Chung, J Y (2014). Health effects of chronic arsenic exposure. Journal of preventive medicine and public health. https://doi.org/10.3961/jpmph.14.035
16. Mason, H. J., Harari, F., & Weber, S. G. (2023). “Heavy metal intoxication: Clinical con sequences and novel therapies.” Journal of Medical Toxicology, 19(1), 23-45.
17. Mohammed, S. & Mamman, M. S. (2023). Some edible and medicinal properties of Vernonia amygdalina (Bitter Leaf). Azare Journal of Education, 11(1), 45–49.
18. Norden, T. (2022). A Nordic approach to food safety risk management of seaweed for use as food (TemaNord 2022:564). https://doi.org/10.6027/temanord2022-564
19. Orisakwe, O E., Nduka, J K., Amadi, C N., Dike, D O & Bede, O (2012). Heavy metals health risk assessment for populations via consumption of food crops and fruits in owerri, south,- Eastern Nigeria. Chemistry Central Journal, 6.77 https://doi.org/10.1186/1752-153X-6-77
20. Orisakwe, O E., Dagur, E A., Mbagwu, H O C., Udowelle, N A (2017). Lead levels in vegetables from artisanal mining sites of Dilimi River, Bukuru and Barkin Ladi North Central Nigeria. Cancer and Non-cancer Risk Assessment. Asian Pacific Journal of Cancer Prevention, 18 (3), 621-627. https://doi.org/10.22034/APJCP.2017.18.3.621
21. Quing, Y., Yang, J., Zhu, Y., Li, Y., Zheng, W., Wu, M &He, G (2021). Dose-response evaluation of urinary cadmium and kidney injury biomarkers in Chinese residents and dietary limit standards. Environmental health, 20, 75  https://doi.org/10.1186/s12940-021-00760-9
22. Ratnaike, R.N. (2003). Acute and chronic Arsenic toxicity. Post graduate medical journal, 79,391-396. https://doi.org/10.1136/pmj.79.933.391
23. Satarug, S., et al. (2010). Cadmium, environmental exposure, and health outcomes. Environmental Health Perspectives, 118(2), 182–190. https://doi.org/10.1289/ehp.0901234
24. Sabath, E., & Robles-Osorio, M. L. (2012). Renal health and the environment: Heavy metal nephrotoxicity. Nefrología, 32(3), 279–286. https://doi.org/10.3265/Nefrologia.pre2012.Jan.10928
25. Snoek, H M., Raaijmakers, I., Lawal, O M., Reinders, M J (2022). An explorative study with convenience vegetables in Urban Nigeria. The Veg on wheels intervention. PLOS ONE: https://doi.org/10.1371/journal.pone.0273309
26. Thakkar, S., Anklam,E., Xu, A., Ulberth, F., Li, J., Li, B., et al. (2020). Regulatory landscape of dietary supplements and herbal medicines from a global perspective. Regulatory Toxicology and Pharmacology, 114 (2020), Article 104647 https://doi.org/10.1016/j.yrtph.2020.104647
27. USEPA (2006). Guidelines for carcinogenic risk assessment. EPA/630/P-03/001F.Risk Assessment forum, Washington DC https://www.epa.gov/sites/default/files/2013-09/documents/cancer_guidelines_final_3-25-05.pdf
28. Uwah, E. I., Udoaka, N. C., & Essiett, U. A. (2020). Distribution of Some Trace Metals in Bitter Leaf (Vernonia amygdalina) Obtained in Oil Exploration Area of Ibeno, Nigeria. American Journal of Quantum Chemistry and Molecular Spectroscopy, 4(1), 7-16. https://doi.org/10.11648/j.ajqcms.20200401.12
29. Wu, S., Xia, X. H., Lin, C. Y., Chen, X., Zhou, C. H. (2010). Levels of arsenic and heavy metals in the rural soils of Beijing and their changes over the last two decades (1985-2008). Journal of Hazardous Materials. 179: 860–868. https://doi.org/10.1016/j.jhazmat.2010.03.084
30. Zhou, H., Zhou, X., Zeng, M., Liao, B. H., Liu, L., Yang, W. T., Wu, Y. M., Qiu, Q. Y. and Wang, Y. J. (2014). Effects of Combined Amendments on Heavy Metal Accumulation in Rice (Oryza sativa) Planted on Contaminated Paddy Soil. Ecotoxicology and Environmental Safety, 101: 226–232. https://doi.org/10.1016/j.ecoenv.2014.01.001
[bookmark: _GoBack]



