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ABSTRACT 

This study aimed to assess the health risk associated with heavy metal content in commonly consumed vegetables, 
specifically Spinacia oleracea (spinach) and Hibiscus sabdariffa (roselle), within the study area. An Atomic Absorption 
Spectrophotometer (AAS), model VGP210Buck Scientific, was utilized to determine the concentrations of heavy 
metals (Cd, Cr, Cu, Pb, and Zn) in both the vegetables and soil samples. The assessment included calculating 
Transfer Factor (TF), Daily Dietary Intake (DDI), Daily Intake of Metal (DIM), Health Risk Index (HRI), and 
Target Hazard Quotient (THQ). The AAS analysis revealed the following concentrations in Spinacia oleracea: Pb 
(2.72 mg/Kg), Zn (2.19 mg/Kg), Cr (1.88 mg/Kg), and Cu (0.48 mg/Kg), with Cd not detected. For Hibiscus 
sabdariffa, the values were: Pb (2.01 mg/Kg), Zn (1.51 mg/Kg), and Cu (0.48 mg/Kg), while Cd and Cr were not 
detected. Soil samples from Spinacia oleracea showed Pb (1.6 mg/Kg), Cu (0.48 mg/Kg), and Zn (0.01 mg/Kg), 
with no detection of Cd and Cr. Soil samples from Hibiscus sabdariffa showed Pb (2.36 mg/Kg), Zn (0.73 mg/Kg), 
and Cu (0.48 mg/Kg), with no detection of Cd and Cr. The THQ values for Lead (Pb) were 6.00 for Spinacia 
oleracea and 4.43 for Hibiscus sabdariffa, indicating a high health risk. Other heavy metals had THQ values less than 
1, suggesting no immediate health risk. However, continuous consumption of these vegetables could lead to 
bioaccumulation, thereby posing a potential health risk over time. 
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INTRODUCTION 

Heavy metals are metals whose densities are above 
5g/cm3 [1]. They exist in nature at trace levels [2]. 
However, anthropogenic activities accelerate 
nature’s slowly occurring geochemical cycle of 
metals which cause most soil environments to have 
accumulated one or more of the heavy metals above 
defined background values [3]. High concentration 
of heavy metals in the environment can be 
detrimental to a variety of living systems. Heavy 
metals in contaminated soil from anthropogenic 
sources tend to be more mobile, than the heavy 
metal contamination from natural sources. [4].The 
fate of a heavy metal in soil depends significantly on 
the chemical form and speciation of the metal. Once 
heavy metals are adsorbed in the soil by initial fast 
reactions (minutes, hours), slow adsorption reactions 
occurs (days, years) resulting in the redistribution 

into different chemical forms with varying 
bioavailability, mobility, and toxicity [5]. This 
distribution is believed to be controlled by reactions 
of heavy metals in soils such as mineral 
precipitation, dissolution, ion exchange, adsorption, 
desorption; complex, formation, biological 
immobilization, mobilization and plant uptake [6]. 
According to [7], the most common heavy metals 
found at contaminated sites, in order of abundance 
are; Pb > Cr > As > Zn > Cd > Cu > Hg. Excessive 
ingestion of these metals by human beings can cause 
poisoning, cancer, nervous system damage and 
ultimately death [8]. The toxicity of heavy metals is 
due to their ability to bind to oxygen, nitrogen, and 
Sulphur groups in proteins, resulting in alterations 
of enzymatic activities. Organs/systems affected and 
the severity of the toxicity vary with the particular 
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heavy metal involved, the chronicity, extent of the 
exposure, and the age of the individual [9].  
Vegetables are common diet taken by populations 
throughout the world, being sources of essential 
nutrients, antioxidants and buffering agents [10]. In 
Africa, vegetables form the major component of 
most of the dishes, more especially in the Northeast 
Nigeria where among the commonest are Spinacia 
oleracea and Hibiscus sabdariffa. A comparative study 
of the nutritional and elemental composition of the 
two species have showed both species of vegetables 
contain reasonable percentage of nutrients [11]. 
Some vegetables are known to contain heavy metals 
at wide range of concentrations [12]. This is 
because vegetables are good absorbers of metals 
hence absorb both essential and toxic elements [13]. 

Studies have shown that, there is positive correlation 
between heavy metal contents of vegetables and that 
of the soil where they are grown [14], as well as 
deposit on the surface of vegetables [15]. This study 
was aimed at assessing the health risk status of 
heavy metal contents of commonly consumed 
vegetables (Spinacia oleracea and Hibiscus sabdariffa) 
in the study area. This was achieved through 
analysis of the vegetable samples and their 
respective soil samples for the heavy metals of 
interest (Cd, Cr, Cu, Pb and Zn). Mathematical tools 
were used to calculate; Transfer Factor (TF), Daily 
Dietary Intake (DDI), Daily Intake of Metal (DIM), 
Health Risk Index (HRI), Target Hazard Quotient 
(THQ)  

MATERIALS AND METHOD 
Materials and reagents 

Beakers (100cm3), Conical flasks, Funnel, Whatman 
No. 1 filter paper, Measuring cylinders Stirrer, 
Sterilized Sample bottles, Masking tape, Hot plate, 
Pestle & mortar, Oven, Hoe, Knife, Weighing 
balance and Atomic Absorption spectrophotometer 

(AAS)[VGP210Buck Scientific]. Concentrated 
Nitric acid (HNO3), Concentrated Perchloric acid 
(HClO4), Concentrated Hydrochloric acid (HCl) and 
Distilled water. 

Sample collection 
Samples of edible vegetables (Spinacia oleracea and 
Hibiscus sabdariffa) were randomly collected from a 
farm in Bargu. The soil samples were collected from 
the same farm land where the vegetables were 

collected at a depth of 15cm from the surface of the 
soil [16].The samples were packaged in cleaned 
containers and properly labeled. 

Sample Preparation 
The two vegetable samples collected were washed 
with clean tap water first to remove the soil particles 
adhered to the vegetables and then followed by 
double washing with distilled water. The roots were 
cut off, the leaves and the stems of the Spinacia 
oleracea were chopped into small pieces, and the 
leaves of the Hibiscus sabdariffa were plucked from 
the stem and were chopped separately [12]. The 

samples of the vegetables were dried at 150◦C in an 
oven until it was ready for grinding. Both vegetable 
samples and soil samples were ground using wooden 
pestle and mortar and sieved with 2mm sieve to 
obtain fine powder. Representative samples were 
obtained through cone and quartering [17], samples 
were then labeled into different containers for 
identification. 

Sample digestion 
Three gram (3.0g) of each of the samples were 
weighed and poured into separate beakers. 15ml of 
tri acids mixture (HNO3, HClO4 and HCl) in the 
ratio of 5:1:1 were added to each sample in the 
beaker and was stirred continuously for some 
minutes. The mixture was then heated at 80oC until 

a transparent solution was obtained [12]. The 
solution was then cooled and filtered using whatman 
No.1 filter paper and the filtrate was maintained to 
50ml with distilled water which was then poured in 
sample bottles and taken for analysis.  

Atomic absorption spectrophotometer (AAS) analysis 
Concentrations of the heavy metals of interest (Cd, 
Cr, Cu, Pb and Zn) in the filtrate of the digested 
plant samples and soil samples were determined by 
using an atomic absorption spectrophotometer 

vgp210 buck scientific model. Calibration of the AAS 
instrument was done with standard solutions of the 
respective heavy metals of interest and blanks as 
outlined by [18]. 

CALCULATION OF THE PARAMETERS 
Mathematical models outlined by [12], were used in 
calculating the test parameters (TF, DDI, DIM, 
HRI and THQ) viz:   

 
 

https://www.inosr.net/inosr-applied-sciences/


 

 
https://www.inosr.net/inosr-applied-sciences/                                                                                  Kadala et al 

3 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 
 

Transfer Factor (TF) 
The transfer factor is an index of the ability of the 
vegetable to accumulate a particular metal with 
respect to its concentration in the soil substrate 

which was calculated for each metal species as 
follows: 

                                              TF =
𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑝𝑙𝑎𝑛𝑡 𝑡𝑖𝑠𝑠𝑢𝑒

𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑜𝑖𝑙  

Daily Food Intake 
Daily food intake was calculated using the formula; 

                                                      Dfood intake (Kg/day/person) =   
{

𝐷𝐼

1
+

2𝑊𝐼

3.5
+

𝑊𝐼

7
}

25
 

 
         Where   DI  =  Once daily Intake 

 2WI   = Twice a week intake 
  WI   =  Weekly Intake 

 
Daily Intake of Metal (DIM) 

The daily intake of metal (DIM) was determined 
using the equation 

 

 DIM=
𝐶𝑚𝑒𝑡𝑎𝑙×𝐶𝑓𝑎𝑐𝑡𝑜𝑟×𝐷𝑓𝑜𝑜𝑑𝑖𝑛𝑡𝑎𝑘𝑒

𝐵𝑊𝑎𝑣𝑒𝑟𝑎𝑔𝑒  

Where;  
Cmetal  = the heavy metal concentration in 
vegetable (mg/kg), 
Cfactor  = conversion factor (A factor of 
0.085 used to convert the fresh to dry weight of 
vegetables. 

Dfood intake =  the average daily 
vegetable intake for 25 people (male and 
female) which    was 
calculated to be 0.54kg/person/day and an 
average body mass of 25 inhabitants of 
Bargu were measured to be 61.2kg  which 
represents the average mass per person. 

Daily Dietary Intake (DDI) 
The daily dietary intake of metals expresses the 
dietary availability of metals in a particular food. 

The daily dietary intake of metal was determined by 
using the formula 

DDI = 
𝑥 ×𝑦 ×𝑧

𝐵
 

 
Where;     X = metal in vegetable,  
  Y= dry weight of the vegetable 
  Z = approximate daily intake 
  B = average body weight 

Health Risk Index (HRI) 
The Health Risk Index of heavy metal due to 
consumption of contaminated vegetable is defined as 
a quotient between the estimated exposure to daily 

metal intake (DIM) from soil through food chain and 
reference dose (RfDo). Hence; 

HRI =
𝐷𝐼𝑀

𝑅𝑓𝐷𝑜 

Where, DIM represents the daily intake of metals 
RfDo represents reference oral dose.  RfDo values 

for Pb, Cr, Cd, Cu and Zn are; 0.004, 1.5, 0.001, 0.04 
and 0.30 (mg/kg/bw/day), respectively. 

Target Hazard Quotient (THQ) 
This is defined as the ratio of the body intake dose of 
a metal to the reference dose.  The THQ was 
calculated by using the formula: 

THQ=
𝐷𝑓𝑜𝑜𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 ×𝐶𝑚𝑒𝑡𝑎𝑙

𝑅𝑓𝐷𝑜 × 𝐵𝑊𝑎𝑣𝑒𝑟𝑎𝑔𝑒
 

Where; Dfood intake = daily intake of vegetables 
(kg/day) 
Cmetals = heavy metal concentration in vegetable. 
RfDo = represent reference oral dose for metal 
(mg/kg/person/day). 

BWaverage = average body weight. 

- If the THQ ≥ 1 there will be potential 
health risk. 

- If the THQ < 1 there will be no potential 
health risk. 
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RESULTS AND DISCUSSION 
The results showed Spinach have higher 
concentration of heavy metals than Roselle; Cd was 
not detected in both vegetables; however, Cr was 

detected in spinach only. Pb had higher 
concentration values while Cu had equal values in 
both the vegetable samples (fig.1)                                        

             
Fig.1: Concentration of heavy metals  
(mg/Kg) vegetable samples                           Fig.2: Concentration of heavy metals (mg/Kg) in soil samples                                          
      
The concentration of Cd, Zn, Cr, Pb and Cu for the 
soil samples is (fig. 2), indicates that Roselle soil had 
higher concentration than the Spinach soil.  Cd and 
Cr were not detected, while Cu had the same value of 
0.48mg/kg in both the soil samples. The order of 
heavy metals concentration in the soil sample for 
Spinach was Pb>Cu>Zn>Cd=Cr, while for Roselle 
was Pb>Zn>Cu>Cd=Cr.  For daily intake of metals 
DIM, Pb intake was the highest in both Spinach and 

Roselle with values of 0.00204 and 
0.00151mg/Kg/person/day, followed by Zn 
(0.00164 and 0.00113mg/Kg/person/day). Both 
plants recorded a DIM value of 
0.00036mg/Kg/person/day for Cu, 
0mg/Kg/person/day for Cd while only Spinach had 
a DIM value of 0.00141mg/Kg/person/day for Cr 
(Fig. 4 below). 

      

  
 

     Fig.3.S. oleracea (TF1) and  H. sabdariffa (TF2)              Fig. 4. S. oleracea DIM1 and H. sabdariffa DIM2 

Pb has the highest DDI value in both vegetables preceded by Zn. Cd shows no DDI value for both vegetable 
samples while Cu shows the same value for both samples. The DDI for Cr in Spinach was higher than that 

0

0.5

1

1.5

2

2.5

3

Cd Zn cr Pb Cu

spinach

Roselle

0

0.5

1

1.5

2

2.5

Cd Zn Cr Pb Cu

Spinach

Roselle

0

0.0005

0.001

0.0015

0.002

0.0025

Cd Zn Cr Pb Cu

DIM1

DIM2

0

0.5

1

1.5

2

2.5

Cd Zn Cr Pb Cu

TF1 TF2

https://www.inosr.net/inosr-applied-sciences/


 

 
https://www.inosr.net/inosr-applied-sciences/                                                                                  Kadala et al 

5 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 
 

observed in Roselle. The trend for DDI in Spinach was found to be in the order Pb>Zn>Cr>Cu>Cd while that of 
Roselle was Pb>Zn>Cu with Cd and Cr showing zero values 

 
Fig.5. DDI for S. oleracea (DDI 1) and H. sabdariffa (DDI 2) 

The order of HRI were; Pb>Cu>Zn>Cr>Cd and Pb>Cu>Zn>Cr=Cd for Spinarch and roselle respectively (fig.6). 
This means that the inhabitants of Bargu are exposed to Health Risk associated with these metals, especially Pb.  

            

Fig. 6 HRI for Sp.  Oleracea (THQ 1) and 
   H. sabdariffa (THQ 2)                                                   Fig. 7 THQ for S. oleracea (HRI 1) and H. sabdariffa (HRI 2) 

THQ which is the ratio of body intake dose of metal 
to the standard reference dose of a metal. Values 
greater than or equal to 1 translates to high 
potential health risk. Fig. 7 shows that only Pb has a 
high potential health risk among all the heavy 

metals tested. Hence the inhabitants of Bargu are at 
risk of suffering from diseases associated with Pb 
pollution which include: hyperactivity, mental 
retardation and other Neuro-Psychological disorders 
as reported by [19].

 
CONCLUSION 

All the tested parameters were observed to be below 
the maximum permissible limit as standardized by 
WHO and FAO. From the health risk assessment of 
the heavy metals, only Lead (Pb) had a high health 
risk potential with a Target Health Quotient (THQ) 
value of 6.000 for Spinach and 4.434 for Roselle 

respectively. All the other heavy metals tested had a 
THQ of less than 1 and hence pauses no health risk. 
However, continuous ingestion of these metals from 
these vegetable can lead to bioaccumulation of the 
heavy metals hence may pose long time health risk 
to the consumers. 

REFERENCES 
1. Pattabhi S, Whittle J, Mohamath R, El-Safi 

S, Moulton GG, Guderian JA, Colombara 
D, Abdoon AO, Mukhtar MM, Mondal D, 
Esfandiari J. Design, development and 

0

0.00001

0.00002

0.00003

0.00004

0.00005

0.00006

0.00007

0.00008

Cd Zn Cr Pb Cu

DDI1 DDI2

0

0.1

0.2

0.3

0.4

0.5

0.6

Cd Zn Cr Pb Cu

HRI1

HRI2

0

1

2

3

4

5

6

7

Cd Zn Cr Pb Cu

THQ1

THQ2

https://www.inosr.net/inosr-applied-sciences/


 

 
https://www.inosr.net/inosr-applied-sciences/                                                                                  Kadala et al 

6 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 
 

evaluation of rK28-based point-of-care tests 
for improving rapid diagnosis of visceral 
leishmaniasis. PLoS neglected tropical 
diseases. 2010 Sep 14;4(9):e822. 

2. Kabata-Pendias, A. and Pendias H. (2001). 
Trace metals in soils and plants. CRC 
Press. Boca  Raton Fla. USA. P.241 

3. D’Amore JJ, Al-Abed SR, Scheckel KG and 
Ryan AJ (2005). Methods for speciation of 
metals  in soils: a review J. of Env. Quality; 
34(5):1707-1745 GJ 

4. Kassaleimen M and Yli-Halia M. (2003). 
Use of sequencial extraction to assess metal 
partitioning in soil. Env. Pollution 
126(2):225-233. 

5. Buekers J. (2007). Fixation of cadmium, 
copper, nickel and zinc in soil: kinetics, 
mechanism and its effect on metal 
bioavailability, PhD Thesis Katholiekel 
Universities, Leuven. Disserttion De 
Agriculture, Doctorate Prooefschrif nr. 

6. Levy DB, Barbarick KA, Siemer EG and 
Sommers LE (1992). Distribution and 
partitioning of  trace metals in 
contaminated soils near Leadville, Colarado. 
J. Envi. Quality. 21(2):185- 195  

7. USEPA (1986) Quality Criteria for Water 
(“Gold Book”): Office of Water Regulations 
and Standards, EPA-440/5-86-001, 
USEPA, Washington DC. 

8. Issabayeva G, Aroua MK, Sulaiman NM 
(2007). Continuous adsorption of lead ions 
on a column  parked with palm shell 
activated carbon. J.Hazard material, 155(1-
2):109-113. 

9. Schwartz BS, Hu H. Adult lead exposure: 
time for change. Environmental Health 
Perspectives. 2007 Mar;115(3):451-4. 

10. Thompson L. Negotiation behavior and 
outcomes: Empirical evidence and 
theoretical issues. Psychological bulletin. 
1990 Nov;108(3):515. 

11. Aina VO, Zakari A, Haruna H, Haruna S 
and Akinboboye R (2011). Comparative 
Analysis of Nutritional Composition of 
Amarantus caudatus (spinach) and Hibiscus 
saabdariffa (roselle). J. Pharm. And Allied 
sci. 8(3): 21-26. 

12. Adamu HM, Ushie OA, Ogah E, Nkom PY 
and Usman U (2016). Uptake and Risk 
Assessment  of Heavy metal in 
Vegetables Grown in Bayara-Bauchi. 
Nigeria. FUT Trends in Science  and 
Technology J. 1(1):50-54  

13. Eslami A, Khaniki GJ, Nurani M, 
Meharasbi M, Payda M and Azimi R (2007) 

Heavy metal in  greeny edible vegetables 
grown along the sites of the Zanjan roads , 
Iran. J. Biological  Sci.7:943-
 948 

14. Kawattra BL and Bakhetia P (2008). 
Comsumption of heavy metals and minrals 
by adult woman  through food in sewage 
and in tube-well irrigated area around 
LUhiana city (Punjab  India). J. Human 
Ecology. 23:351-354. 

15. Nwajei GE (2009). Trace elements in soils 
and vegetables in the vicinity of shell 
petroleum Development Company 
Operating area in Ughelli, Delta stateof 
Nigeria. Amaerica  Euroasia J. 
Sustainable Agriculture 3:574-578 

16. Ndahi, J. A., Maitera, O.N., Kubmarawa, D. 
and Shagal, H.M. (2016). Assessmentt of 
Minerals  and Trace Elements in 
Termiteria and Ten Meter (10 M) Adjacent 
Soils in Maiha Local  Government 
Area of Adamawa State, Nigeria. American 
Chem. Sc. J. 12(3):1-7  

17. Kacholi DS, Sahu M. Levels and health risk 
assessment of heavy metals in soil, water, 
and vegetables of Dar es Salaam, Tanzania. 
Journal of Chemistry. 
2018;2018(1):1402674. 

18. Kubmarawa D, Magomya AM., Yapella 
GG, Ajoke PE and Ndahi JA (2012). 
Proximate  content, Amino acid 
profile and elemental composition of some 
lesser known vegetables.  Intl. J. Acad. Res. 
4 (5): 234-237 

19. Shilu R, Kapupara P. Advanced HPLC 
Method Development, Validation and Force 
Degradation Study For Simultaneous 
Analysis Of Allantoin, Hydroquinone and 
Tretenoin in Melasma Topical Cream 
Formulation. Indian Drugs. 2022 May 
1;59(5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.inosr.net/inosr-applied-sciences/


 

 
https://www.inosr.net/inosr-applied-sciences/                                                                                  Kadala et al 

7 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

CITE AS: Ndahi J. A., Joseph J. I. and Kadala K. (2024). Health Risk Assessment of some Heavy Metal 
contents of Hibiscus sabdariffa (Roselle) and Spinacia oleracea (Spinach) grown in Bargu, Shani 
L.G.A., Borno State, Nigeria. INOSR APPLIED SCIENCES 12(2):1-7. 
https://doi.org/10.59298/INOSRAS/2024/12.2.17100 

https://www.inosr.net/inosr-applied-sciences/
https://doi.org/10.59298/INOSRAS/2024/12.2.17100

