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Abstract: Medicinal plant renders herbal remedies for human ailments and hence prevail over traditional healthcare 
practice. Baobab tree is an African tree with a long history in traditional and pharmaceutical properties and 
nutritional value. This study investigates the presence of heavy metals in baobab leaf samples in Katsina state using 
neutron activation analysis technique. Health risk associated with the consumption of baobab leaf was evaluated by 
estimating the daily heavy metals intake and target hazard quotient (THQ) for cancer and non-cancer risks. The 
study revealed that the mean concentration of some of the detected heavy metals ranged between 16.0 ± 0.1 – 37.5 
± 0.2 mg/kg for Br, 0.021 – 0.068 ± 0.011 mg/kg for U, 0.51 – 2.45 ± 0.41 mg/kg for Cr, 506 ± 66 – 1670 ± 95 
mg/kg for Fe, 0.28 ± 0.04 – 3.49 ± 0.12 mg/kg for Co, 53.9 ± 0.3 – 442 ± 1 mg/kg for Mn, and 1.58 ± 0.18 – 10.8 
± 2.6 mg/kg for V, which are higher than the USEPA and WHO/FAO established tolerable limits, while those 
heavy metals that were found to be lower than the tolerable limits are found to range between 0.086 – 0.30 ± 0.05 
mg/kg for As, 4.99 – 24.5 ± 4.1 mg/kg for Zn, and 1.41 – 2.42 mg/kg for Cu. Also, the risk level (THQ < 1) was 
observed for all the detected heavy metals for adults except for Mn in Daura, Fe in Funtua and Malumfashi, so also 
in children except for Mn in Daura, Funtua, Malumfashi, while the risk level (THQ > 1) was found in children in all 
the studied locations. Accordingly, except for adults in Kankia. Thus, it is deducted that, consumption of baobab 
leaves from Katsina state may pose a serious health risk and increase the level of cancer risk to the inhabitants 
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1. INTRODUCTION 
 
The world is enriched with high abundance of medicinal plants which have long been utilized in traditional 
medicine and worldwide ethnomedicine, the herbs provide the starting material for the isolation or synthesis of 
conventional drugs (Michael et al., 2015). Medicinal plants have curative properties due to the presence of various 
complex chemical substances of different composition, There is a growing interest in natural antioxidants, present 
in medicinal and dietary plants that might help attenuate oxidative damage (Silva et al., 2005, Shakeri et al., 2012). 
Many studies have reported that medicinal plants have great potential to treat different ailments including chronic 
diseases (Greenberger, 2003). These plant metabolites, according to their composition, are grouped as alkaloids, 
glycosides, corticosteroids, essential oils, among others (Michael et al., 2015). The investigation of medicinal 
properties of various plants attracted an increasing interest since last couple of decades because of their potent 
pharmacological activities. Medicinal plants play an important role and main resource for new drug discovery and 
commonly the local practitioners are used to treat various diseases (Raju et al., 2003). 
 
Epidemiological studies have indicated that frequent consumption of natural antioxidant is associated with a lower 
risk of cardiovascular disease and cancer (Abdullah, 2009). Though many plants have been screened for 
antimicrobial properties, cytotoxicity, and antioxidant capacity with some leading to the discovery of the derived 
drugs known today, a vast majority of them have not yet been adequately evaluated. According to Mojeremane et al. 
(2004) and Petrea et al. (1999), the nutritional value of indigenous fruit bearing tree species indicate that many are 
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rich in sugar, essential vitamins and minerals while others are high in vegetable oil and proteins. It has also been 
documented that diet is the main source of trace element and the nutritional importance of many trace elements has 
been established (Joseph et al., 2011) 
 
Baobab Also known by their scientific name Adansonia, is a deciduous tree that are native to Africa, Australia, and 
the Middle East. The bark, seeds, fruits, and leaves of the baobab tree has been used as food and medicine. Baobab 
trees can grow up to 98 feet (30 meters) tall and produce a large fruit that is commonly consumed and appreciated 
for its delicious citrus-like flavor. In many parts of Africa, boabab leaves provide a reliable source of food for the 
rural population (Rabiu et al., 2021). In the northern region of Nigeria and neighboring countries, the leaves are 
traditionally used to prepare soup (Gwana et al., 2016). According to Bustwat et al. (1997), boabab leaves are a 
significant source of protein that can complement the amino acid profile and provide the dietary quality of protein. 
They are also a rich source of vitamins and minerals, such as calcium and vitamin C. The baobab tree is a versatile 
plant with several culinary and medical uses for its products, as well as a fibrous bark with a multitude of 
applications (Wickens, 1982; Codjia et al., 2001; Sidibe and Williams, 2002). Baobab leaves are a great source of 
mineral components, whose significance in the human diet is undeniable, in addition to their high concentration of 
vitamin C and beta-carotene (Agbemafle et al., 2012; Joseph et al., 2019).  
 
Baobab is a fruit that has been associated with a number of impressive health benefits. In addition to supplying 
many important nutrients, adding baobab to your diet may aid weight loss, help balance blood sugar levels, reduce 
inflammation and optimize digestive health. Best of all, baobab at least in powdered form is easy to find and 
incredibly versatile, making it easy to add to your diet and enjoy. However, the potential health benefits of baobab 
leaves can never be overemphasized, Baobab leaves are highly nutritious and have been used traditionally in treating 
almost all kinds of diseases, such as Malaria, tuberculosis, anemia, dysentery, toothache, microbial infections, and 
fever. In Nigeria, baobab leaves are used to prepare a delicacy known as miyan kuka, it is a popular meal in 
Northern Nigeria. In 2009, the Baobab fruits were recognized as safe by the U.S. Food and Drug Administration 
(FDA). So, the leaves are equally safe to consume. Baobab leaves contain essential vitamins that work together to 
improve your overall physical health. According to a study, baobab leaves is rich in vitamin C which is an 
antioxidant that helps to fight infections by boosting your immune system. Vitamin C also prevents free radical 
damage caused by stress or pollution. The leaf contains vitamin K, which helps in blood clotting, and is necessary 
for the formation of bones. Vitamin K also regulates bone mineralization and bone metabolism and helps to 
prevent osteoporosis. The Vitamin B1 (thiamine) component of the baobab leaves helps in the formation of new 
cells, especially muscle cells. Also, it provides energy for brain function and heartbeat. The vitamin B2 (riboflavin) 
content in the leave is essential for growth and reproduction as well as the normal functioning of the nervous 
system. Also, baobab leaves contain vitamin B3 (niacin) which contributes to the maintenance of healthy skin and 
mucous membranes as well as the normal functioning of the digestive system. Baobab leaves contain relevant 
minerals such as potassium and magnesium, both of which are important for bone health. Baobab leaves contain 
fiber that helps to promote digestion by regulating bowel movements and preventing constipation. The fiber 
content also lowers bad cholesterol levels in the blood while increasing good cholesterol levels, which ensures 
proper blood circulation throughout your body. In addition, baobab leaves are rich in antioxidants which help 
protect cells from free radical damage that can lead to cancer, heart disease, and premature aging. It also prevents 
certain types of cancers because it boosts the production of white blood cells that help fight infections before they 
become cancerous tumors in our bodies or spread to other organs or tissues. It is advised not to consume the 
leaves at their raw stage, as it might cause some allergies. Though most people can safely consume baobab, some 
potential side effects should be considered. First, the seeds and pulp contain anti-nutrients, such as phytates, 
tannins and oxalic acid that can reduce nutrient absorption and availability. However, the number of anti-nutrients 
found in baobab is too low to be of concern for most people, especially if you follow a well-balanced diet rich in 
other healthy whole foods. 
 
The goal of this work is to estimate the presence of toxic and trace elements in baobab leaves from Katsina state, 
Nigeria using Instrumental Neutron Activation Analysis Technique., because baobab leaves have been proven to be 
a primary food source for the rural people in Katsina state. Certain heavy metals are present in leaves as 
contaminants and can only be identified chemically using the appropriate analytical techniques rather than by taste, 
smell, or sight (Rabiu et al., 2021). And in INAA technique, the elements to be measured in any given sample were 
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made radioactive by irradiating the sample with neutrons. The number of detected gamma-rays of any particular 
energy is directly proportional to the disintegration rate of the radionuclide, which in turn also is directly 
proportional to the amount of parent isotopepresent in the sample (Joseph et al., 2015)  
 
2. MATERIALS AND METHOD 
 
2.1 Study Area 
 

Katsina state is situated between latitude 11º07ˈ49 and 13º22ˈ57ˈˈN and longitude 6º52ˈ03ˈˈE and 9º9ˈ02ˈˈE. 
According to the National Population Census of 2006, Katsina has land area of about 23,938 km2 (9,243 Sq mi) and 
a population of 9,054,106. The average annual rainfall, temperature and relative humidity of the state are 1,312 mm, 
27.3ºC and 50.2% respectively (KSIH, 2016). 
 

 
 
Figure 1: Katsina state map showing the study area (Source: Abaje et al., 2016) 
 
2.2 Sample collection and preparation 
 
Samples were collected from each of the selected areas, labelled and stored in glass bottles with tight covers to 
prevent them from moisture and contamination after which they were stored in the refrigerator at 5ºC until ready 
for use. The leaf samples were thoroughly washed with distilled water to dissociate sediment particles from it. The 
fresh leaves were cut into smaller pieces using dissecting kit, they were air dried for some minutes and later put in an 
oven at 55ºC. The samples were then blended to powder using an electric blender. The resulting powder was put on 
a thermoplastic polypropylene sample holder and covered with cotton wool to prevent it from spraying. The 
samples were further encapsulated into irradiation capsules and heat sealed for neutron activation irradiation.  
 
2.3 Quality control  
 
For this investigation, the standard reference materials NIST 1515 (apple leaves) and NIST 1547 (peach leaves) 
were used concurrently as comparator reference standards and control. The obtained elemental concentration and 
their respective uncertainties for the SRMs and the internal quality control compared to their respective reference 
values was shown in tables 1 and 2. We calculated the U-score, Z-score, and relative bias (RB) in order to assess the 
lab performance. The following formulae were used to calculate these measurements: 
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𝑈 − 𝑠𝑐𝑜𝑟𝑒 =  
│𝑋𝐿𝑎𝑏 − 𝑋𝑅𝑒𝑓│

√𝜇𝐿𝑎𝑏
2 + 𝜎𝑅𝑒𝑓

2

                                       (1) 

𝑍 − 𝑠𝑐𝑜𝑟𝑒 =  
│𝑋𝐿𝑎𝑏 − 𝑋𝑅𝑒𝑓│

𝜇𝐿𝑎𝑏
                                        (2) 

𝑅 − 𝑏𝑖𝑎𝑠 =  
𝑋𝐿𝑎𝑏 − 𝑋𝑅𝑒𝑓

𝑋𝑅𝑒𝑓
 × 100                                    (3) 

 
Where; XLAB represents the laboratory results, µLAB is the standard deviation, XRef represents recommended 
uncertainty, and σRef is the normal uncertainty. 
 
The laboratory assessment is set as follows; satisfactory if U - score ≤ 1, and satisfactory if Z - score is ≤ 2, 
questionable for 2 < Z - score < 3, and unsatisfactory if Z - score is ≥ 3. 
 
Table 1: Comparison of obtained values with values in the certified reference materials (CRMs) of NIST 
1515 (apple leaves). 
 

Values represent mean ± standard deviation. 
 
Table 2: Comparison of obtained values with the certified values in the certified reference materials 
(CRMs) of NIST 1547 (peach leaves). 
 

Values represent mean ± standard deviation. 
 
The illustrated values in tables (1 and 2) revealed that, the concentrations of the compared elements are in good 
agreement with the certified values of the two CRMs; NIST 1515 and NIST 1547. This calculation exposed a great 

Elements (mg/kg) 
NIST 1515 
certified values 

NIST 1515 
recorded values 

U-score Z-score R-bias 

K 1.61 ± 0.02 1.43 ± 1.19 0.15 8.85 10.99 

Al 286.00 ± 9.00 300.30 ± 17.30 0.73 1.59 5.00 

Ba 49.00 ± 2.00 53.90 ± 7.30 0.65 2.45 9.60 

Cl 579.00 ± 23.00 573.21 ± 23.90 0.18 0.25 -1.00 

Mn 54.00 ± 3.00 57.24 ± 7.70 0.39 1.08 6.00 
Br 1.80 1.49 ± 1.20 0.26 - -17.20 
La 20.00 27.60 ± 5.30 1.43 - 38.00 

Sm 3.00 4.38 ± 2.09 0.66 - 46.00 

Elements 
mg/kg 

NIST 1547 
Certified Values 

NIST 1547 
This work measured values 

U-score Z-score R-bias 

K 2.43 ± 0.03 2.65 ± 1.60 0.14 7.30 9.00 
Al 249.00 ± 8.00 257.00 ± 16.03 0.45 1.00 3.21 
Ba 124.00 ± 4.00 136.40 ± 11.80 1.00 3.10 10.00 
Cl 360.00 ± 19.00 284.40 ± 16.90 2.97 3.90 -21.00 
Mn 98.00 ± 3.00 104.86 ± 10.24 0.64 2.30 7.00 
Br 11.00 10.45 ± 3.20 0.17 - -5.00 
La 9.00 9.36 ± 3.10 0.12 - 4.00 
Sm 1.00 1.09 ± 1.04 0.09 - 9.00 
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quality result found in this practice which could be achieved through the statistical assessment and evaluation. The 
statistical parameters U-score and Relative bias calculated for all elements are acceptable only Z-score shows no 
satisfaction in concentrations of some elements.  
 
2.4 Irradiation and Measurements 
 
Neutron activation analysis (NAA), and in particular instrumental neutron activation analysis (INAA), is a method 
with a very high degree of precision that is primarily used to determine the trace concentrations of elements in 
samples. This method is based on the measurement of the results of nuclear processes that transform stable nuclei 
into other, primarily radioactive nuclei. 
 
For calculating the concentration of every element in the sample irradiated with reactor thermal neutron, we used 
the (IAEA, 1990) equation as follows: 
 
𝑤

𝑤𝑠𝑡
=

𝑁𝑠𝐷𝑠𝑡

𝑁𝑠𝑡𝐷
=

𝑁𝑠𝑒−𝜆𝑡𝑑(𝑠𝑡)

𝑁𝑠𝑡𝑒−𝜆𝑡𝑑                                         (4) 

 
The concentration of the unknown element in the sample denoted by CS is given by the following equation (IAEA, 
1990). 

𝐶𝑠 =  
𝑊

𝑀
                                                                      (5) 

 
The samples together with the standard reference materials (SRMs) NIST 1515 (Apple leaves) and NIST 1547 
(Peach leaves) were irradiated using the Nigeria Research Reactor 1 (NIRR-1) under an average flux density of 5.0 x 
1011 ncm-2S-2. An irradiation time of 5 min was used for the determination of short-lived radionuclide elements and 
6 hours for the determination of medium and long-lived radionuclides. A PC-based gamma-ray spectrometer set up 
was applied for the radioactivity measurement of induced radionuclides.  It consists of High Purity Germanium 
detector (HPGe-coaxial type) coupled with a computer based multi-channel analyzer (MCA) through electronic 
modules.  
 
2.5 Statistical Analysis 
 
The statistical analysis procedure known as analysis of variance (ANOVA) divides the observed aggregate variability 
within a data set into systematic factors and random factors. The presented data set is statistically affected by the 
systematic factors but not by the random ones. In a regression analysis, analysts employ the ANOVA to ascertain 
the impact that independent variables have on the dependent variables. The analysis of variance gives simple 
correlation coefficient table showing the degree of dependence between two variables. In the simple correlation 
coefficient table, values outside the range of -1 to 1 indicate that something is wrong with the data and should be 
further analyzed or corrected. 
 
2.6 Assessment of Daily Intake of Metals 
 
The daily intake of the identified metals was evaluated using the equation below: 
 

𝐷𝐼𝑀 =  
𝐶𝑚𝑒𝑡𝑎𝑙  × 𝐶𝑓𝑎𝑐𝑡𝑜𝑟  ×  𝐷𝑖𝑛𝑡𝑎𝑘𝑒

𝐵𝑤𝑒𝑖𝑔ℎ𝑡
                     (6) 

 
Where Cmetals, Cfactor, Dintake, and Bweight stand for heavy metal concentrations in the baobab leaf samples, conversion 
factor, daily intake of the samples, and the average body weight respectively. To convert the samples to dry weights, 
Jan et al. (2010) employed a conversion factor (CF) of 0.085. The average body weight for the adult and pediatric 
populations was 60 kg (Orisakwe et al., 2015) and 24 kg (Ekhator et al., 2017) respectively; these values were also 
used for the calculation of HRI. The average daily intake of the samples was 0.527 kg person-1 d-1 (Balkhaira et al., 
2015). 
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2.7 Health Risk Assessment (THQ)  
 
Non-carcinogenic risks for individual heavy metal for vegetable were evaluated by computing the target hazard 
quotient (THQ) using the following equation (Micheal et al., 2015).  
 

𝑇𝐻𝑄 = 𝐶𝐷𝐼 𝑅𝑓𝐷⁄                                                      (7) 

 
CDI is the chronic daily heavy metal intake (mg/kg/day) presented in tables 5 and 6, and RfD is the oral reference 
dose (mg/kg/day) which is an estimation of the maximum permissible risk on human population through daily 
exposure. The following reference doses were used (Cu = 30, As = 1, Fe = 0.7, Mn = 0.18, Cr = 0.3, Zn = 40, Br = 
1, U = Co = 0.13, V = 0.5). To evaluate the potential risk to human health through more than one heavy metal, 
chronic hazard index (HI) is obtained as the sum of all hazard quotients (THQ) calculated for individual heavy 
metals for a particular exposure pathway [NFPCSP, 2011]. It is calculated as follows: 
 

𝐻𝐼 = 𝑇𝐻𝑄1 + 𝑇𝐻𝑄2 + ⋯ + 𝑇𝐻𝑄𝑛                           (8) 
 
Where 1, 2…., n are the individual heavy metals or vegetables and fruit species. It is assumed that the magnitude of 
the effect is proportional to the sum of the multiple metal exposures. The calculated HI is compared to standard 
levels in which the population is assumed to be safe when HI < 1 and in a level of concern when 1 < HI < 5 
(Guerra et al., 2012). 
 
3. RESULTS AND DISCUSSION 
 
3.1 Concentrations of the Identified Elements in the Analyzed Baobab Samples 
 
Six (6) samples from six (6) different locations in Katsina State were obtained and analyzed using Instrumental 
Neutron Activation Analysis (INAA). The outcome of the analysis displayed twenty-two (22) chemical elements 
from the analyzed samples which includes; Mg, Al, Cl, Ca, V, Cu, Mn, Fe, Co, Zn, Cr, Na, K, As, Br, Sr, La, Sm, U, 
Sc, Rb, and Th, as shown in table 3 below. 
 
Table 3: Concentrations (mg/kg) of the identified elements in the baobab leaf samples from different 
locations of Katsina State. 
 

Element
s 

DAURA 
DUTSINM
A 

FUNTUA KANKIA KATSINA MALUMFASHI 

Mg 2688 ± 89 3233 ± 87 3147 ± 85 3851 ± 116 3067 ± 83 4321 ± 173 

Al 752 ± 14 888 ± 13 418 ± 9 325 ± 20 772 ± 12 1852 ± 239 

Cl 2096 ± 36 3220 ± 42 52161 ± 52 2972 ± 42 3019 ± 42 3944 ± 55 

Ca 12550 ± 502 19120 ± 612 20680 ± 641 27910 ± 893 24870 ± 672 34610 ± 1454 

V 1.81 ± 0.300 1.58 ± 0.180 2.84 ± 0.280 BDL 2.75 ± 0.26 10.8 ± 2.6 

Cu BDL 1.410 BDL 2.42 BDL BDL 

Mn 442 ± 100 53.9 ± 0.300 116 ± 1 54.5 ± 0.3 65.7 ± 0.3 108 ± 0.4 

Sr 17.70 ± 4.80 50.300 67.10 ± 4.60 89.2 ± 3.7 67.1 ± 3.8 103 ± 5 

Na 128 ± 1 202 ± 1 1970 ± 4 290 ± 1 345 ± 1 121 ± 1 

K 12110 ± 97 12070 ± 97 14970 ± 104 7484 ± 67 15310 ± 107 10280 ± 93 

As 0.086 0.30 ± 0.050 BDL BDL BDL 0.11 ± 0.03 

Br 31.7 ± 0.200 37.5 ± 0.200 18.90 ± 0.1 27.8 ± 0.1 16.0 ± 0.1 19.1 ± 0.1 

La 15.5 ± 0.900 4.72 ± 0.060 6.97 ± 0.08 4.29 ± 0.05 1.63 ± 0.04 3.64 ± 0.05 

Sm 1.46 ± 0.010 0.40 ± 0.010 0.45 ± 0.01 0.293 ± 0.004 0.188 ± 0.004 0.325 ± 0.04 

http://www.ijasr.org/


 

 

 

International Journal of Applied Science and Research 

 

 

104 www.ijasr.org                                                              Copyright © 2024 IJASR All rights reserved   

 

 

U 0.068 ± 0.011 0.021 BDL BDL BDL BDL 

Sc 0.18 ± 0.010 0.17 ± 0.010 0.11 ± 0.01 0.08 ± 0.01 0.19 ± 0.01 0.19 ± 0.01 

Cr 2.45 ± 0.410 1.90 ± 0.400 1.47 ± 0.39 1.24 ± 0.32 0.94 0.51 

Fe 900 ± 88 877 ± 72 1670 ± 95 506 ± 66 1070 ± 75 1190 ± 0.75 

Co 3.49 ± 0.120 0.60 ± 0.070 0.32 ± 0.09 0.41 ± 0.05 0.28 ± 0.04 0.31 ± 0.06 

Zn 24.5 ± 4.100 13.3 ± 3.200 18.3 ± 0.5 9.05 4.93 12.0 ± 0.3 

Rb 3.860 6.01 ± 1.680 9.21 ± 1.28 5.31 ± 0.95 5.37 ± 0.15 6.75 ± 1.19 

Th 0.54 ± 0.070 0.43 ± 0.060 0.33 ± 0.05 0.25 ± 0.04 0.33 ± 0.05 0.66 ± 0.07 

 
These elements are of significant concentrations in the various samples obtained from different locations of Katsina 
state. From the result obtained, the following can be deduced; Magnesium (Mg) contents in the analyzed samples 
ranged between (2688 ± 89 – 4321 ± 173 mg/kg). The highest concentration of Mg was observed in Malumfashi 
baobab leaves while the lowest was in Daura baobab leaves. Magnesium is required for energy production, oxidative 
phosphorylation, and glycolysis (Rude et al., 2012). Magnesium is an essential element in biological systems of 
humans. It is a cofactor in more than 300 enzyme systems that regulate diverse biochemical reactions in the body 
including protein synthesis, muscle and nerve function, blood glucose control, and blood pressure regulation. An 
adult body contains approximately 25 g of magnesium, with 50% to 60% present in the bone and most of the rest in 
soft tissues (Volpe et al., 2012). The maximum guideline of Mg intake established by FNB is 350 mg (FNB, 1997). 
 
Aluminum (Al) concentrations were between the range of (325 ± 20 – 1852 ± 239 mg/kg) in the analyzed samples. 
The highest value of Al was recorded in Malumfashi baobab leaves while the lowest was found in Kankia baobab 
leaves. High level of Al in baobab may be attributed to regular mining and processing of aluminium ores or 
production of aluminium metal, alloys, and compounds in the area (ATSDR, 2008). Aluminium forms about 8% of 
the earth’s crust and is the third most abundant element after oxygen and silicon (Gupta et al., 2013; Herndon, 
2015). Exposure to aluminium at high level through food and to a lesser extent, the environment along with 
occupational exposure may have deleterious effects on human health. The main route for transfer of aluminium 
into the human body is by inhalation (Riihimaki and Aitio, 2012; Whillhite et al., 2014). According to WHO, the 
acceptable daily intake of aluminium is 1 mg/kg of body mass (Alasfar and Isaifan, 2021).  
 
Chlorine (Cl) is one of the identified elements in the studied biological samples. It concentrations ranged (2096 ± 36 
– 52161 ± 52 mg/kg), with the highest concentration detected in Funtua baobab leaves and the lowest in Daura 
baobab leaves. Chlorine is essential to life, it is mostly present in cell fluid as a negative ion to balance the positive 
ions (Emsley, 2011). The upper tolerable intake of chlorine set by IOM is 51.1 mg/kg. This indicates that, Cl 
concentrations in all the analyzed samples exceeded the maximum guideline. 
 
The concentration of Calcium (Ca) in all the studied samples range from (12550 ± 502 – 34610 ± 1454 mg/kg). 
The sample with highest level was noticed in Malumfashi baobab leaves while the lowest in Daura baobab leaves. 
Previous studies also reported high level of calcium in A. digitata leaves (Smith et al., 1996; Glew et al., 1997). Baobab 
leaves are very rich in calcium according to literature (Chadare et al., 2009). Calcium makes up much of the structure 
of bones and teeth and allows normal bodily movement by keeping tissue rigid, strong, and flexible (IOM, 2011). 
Almost all 98% calcium in the body is stored in the bones, and the body uses the bones as a reservoir for and 
source of calcium to maintain calcium homeostasis (IOM, 2011). The upper tolerable intake of calcium is 35.7 
mg/kg (IOM, 2011). Other authors (Yazzie et al., 1994; Sena et al., 1998; Boukari et al., 2001) reported calcium 
concentrations lower than the detected concentrations in the present study.   
 
Vanadium (V) is one of the identified elements in the present study. Its concentrations ranged between (1.58 ± 0.18 
– 10.8 ± 2.6 mg/kg) in all the analyzed samples. The highest concentration was observed in Malumfashi baobab 
leaves while the lowest in Dutsin-ma baobab leaves. Vanadium is a trace element essential to roots and stems of 
plants. Foods that contain relatively high amount of vanadium are mushrooms, parsley, spinach, and oysters 
(Encyclopedia, 2019). Vanadium enters the food chain through the plants in the soil. Dietary intake of vanadium in 
general population was reported at 6-18 µg/day (Pennington and Jones, 1987). High concentration of vanadium in 
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Malumfashi baobab leaves may be attributed to anthropogenic activities in the area such as mining, fossil fuel and 
coal combustion, use of fertilizers and pesticides.   
 
Copper (Cu) contents were only detected in Dutsin-Ma and Kankia baobab leaves with 1.41 and 2.42 mg/kg 
concentrations respectively. Other samples from the remaining locations were at BDL. Copper is an essential trace 
mineral necessary for survival. It is found in all body tissues and plays a vital role in making red blood cells and 
maintaining nerve cells and the immune system (Debra, 2017). Deficiency of copper can lead to cardiovascular 
diseases and other problems. The maximum intake limit for adults aged 19 years and above is 10 mg/day (DHHS, 
2015). An intake above this level could be toxic. Similar studies reported Cu concentrations in baobab leaves of 0.29 
mg/100 gdw (Smith et al., 1996) and 1.6 mg/100 gdw (Glew et al., 1997). 
 
Manganese (Mn) concentrations in the studied samples ranged between (53.9 ± 0.3 – 442 ± 1 mg/kg). The highest 
level was recorded in Daura baobab leaves while the lowest in Dutsin-ma baobab leaves. Previous study also 
reported manganese concentrations in baobab leaves (Yazzie et al., 1994). Mn is an essential element in virtually all 
living organisms (Andresen et al., 2018). In excess amount, manganese can cause toxicity. Manganese toxicity mainly 
affects the central nervous system and can cause tremors, muscle spasms, tinnitus, and hearing loss (Nielsen, 2012; 
Butchman, 2014). The upper tolerable intake limit of Mn is 0.16 mg/kg (NIH, 2021). This shows that, Mn 
concentrations in all the analyzed samples exceeded the established guideline. 
 
Sodium (Na) content in the analyzed samples ranged between (121 ± 1 – 1970 ± 4 mg/kg). The highest 
concentration was detected in Funtua baobab leaves and the lowest in Malumfashi baobab leaves. Sodium is an 
essential nutrient required for maintenance of plasma volume, acid base balance, transmission of nerve impulses and 
normal cell function (Widmaier, 2008). According to Ibrahim and Emmanuel (2023), the maximum guideline of 
sodium intake is 32.9 mg/kg. Therefore, sodium concentrations in all the studied samples exceeded the maximum 
guideline. 
 
Potassium (K) shows significant concentrations in all the analyzed samples. Its concentration levels ranged between 
(7484 ± 67 – 15310 ± 107 mg/kg), with Katsina Baobab leaves recording the highest concentration and Kankia 
baobab leaves recorded the lowest. Other study also reported potassium content in baobab (Yazzie et al., 1994). 
Potassium is an essential nutrient that is naturally present in many foods and available as a dietary supplement 
(IOM, 2005). The upper allowable intake of potassium is 50.1 mg/kg (WHO, 2012). Thus, potassium contents in all 
the studied samples exceeded the WHO established guideline. 
 
Chromium (Cr) plays a role in carbohydrate, lipid, and protein metabolism by potentiating insulin action (Coates et 
al., 2010; EFSA, 2014). Chromium is considered to be an essential nutrient based on its insulin action (FNB, 2001). 
In the present study, chromium concentrations are of the range (0.51 – 2.45 ± 0.41 mg/kg). The highest level was 
detected in Daura baobab leaves while the lowest in Malumfashi baobab leaves. Previous researches also recorded 
chromium concentrations in baobab leaves (Mohammed et al., 2016; Yaradua et al., 2019; Rabiu et al., 2021). 
According to EFSA (2014), the maximum guideline for Cr intake is 0.3 mg/kg. Thus, Cr concentrations in all the 
studied samples are above the EFSA’s permissible limit. 
 
Iron (Fe) shows concentration within the range of (506 ± 66 – 1670 ± 95 mg/kg). The highest concentration was 
measured in Funtua baobab leaves while the lowest in Kankia baobab leaves. Other studies (Yazzie et al., 1994; 
Smith et al., 1996; Yaradua et al., 2019; Rabiu et al., 2021) also measured Fe concentrations in baobab leaves lower 
than the concentrations measured in the present study. Iron is an essential component of hemoglobin, an 
erythrocyte (red blood cell) protein that transfers oxygen from the lungs to the tissue (Wessling et al., 2014). The 
maximum permissible limit for adult is 0.64 mg/kg (FNB, 2001). This shows that, Fe concentrations in all the 
analyzed samples exceeded the maximum permissible limit. 
 
Zinc (Zn) concentration in the analyzed samples ranged between (4.93 – 24.5 ± 4.1 mg/kg). The highest content 
was recorded in Daura baobab leaves while the lowest in Katsina baobab leaves. Some Studies also reported Zinc 
contents in baobab leaves (Yazzie et al., 1994; Smith et al., 1996; Yaradua et al., 2019; Rabiu et al., 2021). According 
to WHO/FAO (1989), the maximum guideline for Zn intake is 40 mg/kg. This clearly shows that, Zn 
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concentrations in all the analyzed samples are lower than the established guidelines. Zinc is an essential nutrient 
found in a variety of plant and animal foods, along with supplements (Jillian, 2022). It plays a key role in skin health, 
immune function, and cell growth and may protect against acne, inflammation, and other conditions (Jillian, 2022). 
Cobalt (Co) shows concentrations of the range (0.28 ± 0.04 – 3.49 ± 0.12 mg/kg). The highest concentration was 
noticed in Daura baobab leaves while the lowest in Katsina baobab leaves. Cobalt is an important component in 
human nutrition as it is an essential part of vitamin B12 (NCBI, 2023). A safe recommended dietary allowance for 
cobalt has not been set yet (NCBI, 2023). Adverse effects related to cobalt toxicity can occur at levels of 7 to 10 
µg/L or more (Venkatraman, 2020). 
 
Arsenic (As) was only detected in Daura, Dutsin-ma, and Malumfashi baobab leave samples. Other samples from 
the remaining study areas were at BDL. The range of As concentration in Daura, Dutsin-ma, and Malumfashi are 
between the range (0.086 – 0.30 ± 0.5 mg/kg), where Dutsin-ma baobab leaves recorded the highest content while 
Daura baobab leaves shows the lowest. Arsenic is highly toxic in its inorganic form (WHO, 2022). Long term 
exposure to arsenic from drinking water and food can cause cancer and skin lesions and it has also been associated 
with cardiovascular disease and diabetes (WHO, 2022). The maximum As intake guideline established by the 
Malaysian Food and Regulation is 1 mg/kg (MFR, 1985). This indicates that, the detected As concentrations in the 
three study areas are well below the MFR guidelines. 
 
Bromine (Br) concentrations ranged between (16.0 ± 0.1 – 37.5 ± 0.2 mg/kg). The highest level was observed in 
Dutsin-ma baobab leaves while the lowest was in Katsina baobab leaves. Bromine is corrosive to human tissue in a 
liquid state and its vapors irritate eyes and throat (Lenntech, 2023). Human can absorb organic bromines through 
the skin with food and during breathing (Lenntech, 2023). In its organic form, it can cause damage to organs such 
as liver, kidneys, lungs, and they can cause stomach and gastrointestinal malfunctioning (Lenntech, 2023). In 1989, 
JMPR established the maximum daily intake limit of 1.0 mg/kg for bromine. Hence, Br concentrations in all the 
analyzed samples exceeded the JMPR maximum guideline.  
 
Uranium (U) was only detected in Daura and Dutsin-ma baobab leaves, with Daura recording the highest level. 
Uranium concentration in baobab leaves of the remaining location are at BDL. The detected U concentrations in 
Daura and Dutsin-ma baobab leaves are 0.068 ± 0.011 and 0.021 mg/kg respectively. Uranium is a heavy metal that 
can enter the body through the mouth, nose and skin, threatening human health (Wang et al., 2020). Its exposure to 
human is mainly derived from the soil-crop system as it is easily integrated into the food chain (Li et al., 2019a). It is 
highly hazardous to human health via affecting metabolic activity (Malaviya and Singh, 2012; Liang et al., 2020). 
Human daily intake of uranium has been estimated to range from 0.9 to 1.5 mg/day (ATSDR, 2015). This range is 
equivalent to 0.01 to 0.02 mg/kg body weight. Thus, Uranium concentrations in Daura baobab leaves is above the 
ATSDR limit while its concentration in Dutsin-ma baobab leaves is within the estimated limit. 
 
In the present study, some of the identified elements are known to be non-essential to human. Elements such as 
Sm, La, Sc, Rb, Sr, and Th, are considered to be non-essential and does not have any biological role in the human 
body. According to researches, Rubidium, Samarium, Scandium, and Lanthanum have no known biological role 
(Thomas, 2014; Emsley, 2015; Crans and Kostenkova, 2020). Their concentrations in the analyzed samples are Rb 
(3.86 – 9.21 ± 1.28 mg/kg), Sm (0.188 ± 0.004 – 1.46 ± 0.01 mg/kg), Sc (0.08 ± 0.01 – 0.19 ± 0.01 mg/kg), La 
(1.63 ± 0.04 – 15.5 ± 0.9 mg/kg), Sr (17.7 ± 4.8 – 103 ± 5 mg/kg), and Th (0.25 ± 0.04 – 0.66 ± 0.07 mg/kg). 
These elements do not play any significant role in meeting nutritional demands. They do not have any known 
function in the human body (Rawn et al., 2011; AESAN, 2015). 
 
3.2 Statistical Analysis 
 
The detected concentrations from the analyzed biological samples were further subjected to statistical analysis using 
the Analysis of Variance (ANOVA). The ANOVA test was employed to evaluate the impact that the independent 
variables have on the dependent variables in a regression study. The result of this analysis presents statistically 
significant differences in mean concentrations of (Mg, Ca), (Al, V), (Al, Th), (Cl, Rb), (Ca, Sr), (Ca, Cr), (Sr, U), (Sr, 
Cr), (Sr, Co), (Na, Rb). The P - value was set at P < 0.01 and P < 0.05. The inter-elemental correlations between the 
mean concentrations of the identified elements were presented in Table 4 below. 
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Table 4: Inter elemental correlations between mean concentrations of the studied baobab samples 
 

 
 
Inter-elemental correlations of……… 
 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
Significant positive correlations were observed between Ca – Sr (r = 0.970, P < 0.05). Also, a significant negative 
correlation was noticed between Ca – Cr (r = -0.951, P < 0.05). Moreover, high positive correlations were detected 
between some elements, e.g. Mg – Ca, Mg – Sr, Al – V, Al – Th, Cl – Rb, Na – Rb, with the values 0.927, 0.910, 
0.921, 0.875, 0.864, and 0.840 respectively. More so, strong negative correlations were detected between some 
element pairs, e.g. Sr – Cr, Sr – U, and Sr –Co with the values -0.924, -0.876, and -0.812 respectively. In this data, no 
positive or inverse perfect correlation was detected between any of the element pairs. This indicates that, there is no 
positive or negative perfect relationship between the concentrations of the elements in these studied samples. 
 
3.3 Estimated Daily Intake of Heavy Metals 
 
Tables 5 and 6 show the estimated daily intake (EDI) of the heavy metals detected from the analyzed samples. In 
the present study, the estimated daily intake of the heavy metals (As, Br, U, Cr, Co, Mn, Fe, Zn, Cu, and V) in both 
adults and children are less than the suggested daily intake limit established by USEPA.  
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Table 5: Daily intake of essential and toxic heavy elements in adults through baobab leaves consumed in 
Katsina state. 
 

 
Locatio
ns 

Essential Elements Toxic Elements 

Cu Zn Fe Mn Co Cr V As Br U 

Daura BDL 0.0183 0.6719 0.3299 0.0026 0.0018 0.0014 0.0001 0.0237 0.0001 

Dutsin-
Ma 

0.001
1 

0.0099 0.6548 0.0402 0.0005 0.0014 0.0012 0.0002 0.0279 0.0002 

Funtua BDL 0.0137 1.2468 0.0866 0.0002 0.0011 0.0021 BDL 0.0141 BDL 

Kankia 0.001
8 

0.0068 0.3778 0.0407 0.0003 0.0009 BDL BDL 0.0208 BDL 

Katsina BDL 0.0037 0.7988 0.0491 0.0125 0.0007 0.0021 BDL 0.0119 BDL 

Malumfa
shi 

BDL 0.0089 0.8884 0.0806 0.0002 0.0004 0.0081 0.0001 0.0143 BDL 

 
Table 6: Daily intake of essential and toxic heavy elements in children through baobab leaves consumed 
in Katsina state. 
 

Locations Essential Elements Toxic Elements 

Cu Zn Fe Mn Co Cr V As Br U 

Daura BDL 0.0457 1.6798 0.8249 0.0065 0.0046 0.0034 0.0002 0.0592 0.0001 

Dutsin-Ma 0.0026 0.0248 1.6369 0.1006 0.0011 0.0035 0.0029 0.0006 0.0699 0.00004 

Funtua BDL 0.0342 3.1169 0.2165 0.0006 0.0027 0.0053 BDL 0.0353 BDL 

Kankia 0.0045 0.0169 0.9444 0.1017 0.0007 0.0023 BDL BDL 0.0519 BDL 

Katsina BDL 0.0092 1.9971 0.1226 0.0314 0.0018 0.0051 BDL 0.0299 BDL 

Malumfashi BDL 0.0224 2.2211 0.2016 0.0006 0.0009 0.0202 0.0002 0.0356 BDL 

 
3.4 Health Risk Target Hazard Quotient  
 
The (THQ) for non-cancer risk of the detected heavy metals through the consumption of the baobab leaves for 
both adults and children living in the study areas are determined and displayed in tables 7 and 8. 
 
Table 7: Heavy metal target hazard quotient and health risk index in adults from consuming harvested 
baobab leaves from Katsina state. 
 

 
Locations 

Essential Elements Toxic Elements HRIs 

Cu Zn Fe Mn Co Cr V As Br U  

Daura BDL 0.000
5 

0.8399 2.0619 0.0200 0.0060 0.0028 0.0001 0.0237 0.0040 2.9589 

Dutsin-Ma 0.000
1 

0.000
2 

0.8185 0.2513 0.0038 0.0047 0.0024 0.0002 0.0279 0.0080 1.1171 

Funtua BDL 0.000
3 

1.5585 0.5413 0.0015 0.0037 0.0042 BDL 0.0141 BDL 2.1236 
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Kankia 0.000
1 

0.000
2 

0.4723 0.2544 0.0023 0.0030 BDL BDL 0.0208 BDL 0.7531 

Katsina BDL 0.000
1 

0.9985 0.3069 0.0961 0.0023 0.0042 BDL 0.0119 BDL 1.4200 

Malumfash
i 

BDL 0.000
2 

1.1105 0.5038 0.0015 0.0013 0.0162 0.0001 0.0143 BDL 1.6479 

 
Table 8: Heavy metal target hazard quotient and health risk index in children from consuming harvested 
baobab leaves from Katsina state. 
 

 
Locations 

Essential Elements Toxic Elements HRIs 

Cu Zn Fe Mn Co Cr V As Br U  

Daura BDL 0.0011 2.0998 5.1556 0.0500 0.0153 0.0068 0.0012 0.0592 0.0040 7.3920 

Dutsin-Ma 0.0008 0.0006 2.0461 0.6288 0.0085 0.0117 0.0058 0.0006 0.0699 0.0016 2.7444 

Funtua BDL 0.0009 3.8961 1.3531 0.0046 0.0090 0.0106 BDL 0.0353 BDL 5.3096 

Kankia 0.0002 0.0004 1.1805 0.6356 0.0054 0.0077 BDL BDL 0.0519 BDL 1.8817 

Katsina BDL 0.0002 2.4963 0.7663 0.2415 0.0060 0.0102 BDL 0.0299 BDL 3.5504 

Malumfashi BDL 0.0006 2.7764 1.2600 0.0046 0.0030 0.0404 0.0006 0.0356 BDL 4.1206 

 
The THQ has been recognized as a useful parameter for evaluating the risk associated with the consumption of 
metals contaminated foods. THQ is interpreted as either greater than 1 (> 1) or less than 1 (< 1), where THQ > 1 
shows human health risk concern (Bassey et al., 2014). The risk level (THQ < 1) was observed for all the identified 
heavy metals for both adult and children except for Fe and Mn which showed risk levels (THQ > 1) in some 
locations. This indicates that, the accumulation of these metals through baobab leaves consumption does not have 
any considerable health risk except for Fe and Mn which may pose a non-cancer risk to inhabitants through the 
consumption of baobab leaves in some of the locations. For all the samples, THQ is in the order Mn > Br > Co > 
Cr > V > Zn > U > As > Cu. This order was the same for both adults and children despite that the children have 
higher THQ values in all cases. This corroborates the findings of (Mahfuza et al., 2017; Yaradua et al., 2019). 
Accordingly, the non-cancer risks for each sample were expressed as the cumulative HI, which is the sum of 
individual THQ. The risk level (HI > 1) was observed for all the studied samples except for Kankia which shows 
adult risk level (HI < 1).  Moreover, the highest risk level (HI) was observed in the samples from Daura and lowest 
in the samples from Kankia. Hence, it is deducted that the inhabitants of Katsina state may be exposed to non-
carcinogenic health risk through the consumption of heavy metals via baobab leaves and therefore it is 
recommended that crucial measures should be employed to reduce the level of heavy metals contamination in 
baobab leaves of Katsina state to protect its inhabitants from the non-carcinogenic health risk resulting from the 
consumption of baobab leaves. 
 
CONCLUSION 
 
The present study determined and assessed the heavy metals concentrations in baobab leaves from Katsina state, 
Nigeria using NAA method. Also, a statistical analysis was performed using Analysis of variance (ANOVA). From 
the findings, it is deducted that the mean concentrations of all the identified heavy metals are higher than the 
USEPA, WHO/FAO and maximum tolerable limits except for As, Zn and Cu which showed concentrations lower 
than the established guidelines. Accordingly, the result for the statistical analysis revealed a significant positive and 
negative correlation between some element pairs, a high negative and positive correlation between some elements, 
while no perfect positive or negative correlation was detected between any of the element pairs. The results also 
depicted that, with the exception of Mn, and Fe in Daura, Funtua/Malumfashi, and Fe for children in all the 
studied locations, the estimated daily intake of the detected heavy metals was lower than the recommended daily 
intake limit stated by USEPA (2002). Moreover, the Target Harzard Quotient (THQ > 1) was observed for all the 
identified heavy metals in all the studied locations except for Kankia which showed (THQ < 1) for adult 
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population. Therefore, it is deducted that the consumption of baobab leaves from Katsina is of public health 
concern as it may increase the population cancer risks.  
 
Acknowledgement  
 
We express our profound appreciation to TET Fund and Federal University Dutsin-Ma for the funding and support 
received to successfully conduct this research. The authors are equally thankful to the Center for Energy Research 
and Training, Nigeria for the enabling environment and used of their facility for this research work.  
 
REFERENCES 
 

1. Abaje, I. B., Abdullahi, N., & Jeje, O. G. (2016). Climate change and infectious diseases in funtua local 
government area of Katsina State, Nigeria. AFRREV STECH: An International Journal of Science and 
Technology, 5(1), 47-58. 

2. Abdullah, L. (2009). Antioxidant activity of the peels of guava, papaya and pineapple (Doctoral dissertation, 
Universiti Teknologi MARA). 

3. About Katsina. Katsina State Government. Retrieved 2022-02-02. 
4. AESAN, Spanish Agency for Food Safety and Nutrition. (2015). Heavy metals. Available at: http:// www. 

aesan. gob. es/ AECOS AN/ web/ segur idad_ alime ntaria/subd etalle /meta les _pesa dos .ht m. 
Accessed 18 Mar 2021 

5. Agbemafle, R., Obodai, E. A., Adukpo, G. E., & Amprako, D. N. (2012). Effects of boiling time on the 
concentrations of vitamin c and beta-carotene in five selected green vegetables consumed in Ghana. 

6. Agency for Toxic Substances and Disease Registry. Public Health Statement Aluminium; (2008). 
ATSDR Publication, 5: 7429-90 

7. Agency for Toxic Substances and Disease Registry. (2015). Uranium and the Environment. 
https://www.atsdr.cdc.gov/sites/toxzine/uranium 

8. Alasfar, R. H., & Isaifan, R. J. (2021). Aluminum environmental pollution: the silent killer. Environmental 
Science and Pollution Research, 28(33), 44587-44597. 

9. Andresen, E., Peiter, E., & Küpper, H. (2018). Trace metal metabolism in plants. Journal of Experimental 
Botany, 69(5), 909-954. 

10. Anke, M., Angelow, L., Müller, R., & Anke, S. (2005). Recent progress in exploring the essentiality of the 
ultratrace element rubidium to the nutrition of animals and man. Biomedical Research on Trace Elements, 16(3), 
203-207. 

11. Appel, L. J., Frohlich, E. D., Hall, J. E., Pearson, T. A., Sacco, R. L., Seals, D. R. & Van Horn, L. V. (2011). 
The importance of population-wide sodium reduction as a means to prevent cardiovascular disease and 
stroke: a call to action from the American Heart Association. Circulation, 123(10), 1138-1143. 

12. Balkhaira, K. S., & Ashraf, M. A. (2015). Field accumulation risks of heavy metals in soil and vegetable crop 
irrigated with sewage water in western region of Saudi Arabia. Saudi Journal of Biological Sciences, 23(1): S32-
S44. 

13. Bassey, S. C., Ofem, O. E., Essien, N. M., & Eteng, M. U. (2014). Comparative microbial evaluation of two 
edible seafood P. palludosa (Apple Snail) and E. radiata (Clam) to ascertain their consumption safety. J Nutr 
Food Sci, 4(328), 2. 

14. Boukari, I., Shier, N. W., Frisch, J., Watkins, B. A., Pawloski, L., & Fly, A. D. (2001). Calcium analysis of 
selected western African foods. Journal of food Composition and Analysis, 14(1), 37-42. 

15. Bustwat, I.S., Nelson, F.N., Onyawoye, L.O. & Okande, F.O. (1997). Utilization of baobab (Adonsonia 
digitata) leaf meal for egg yolk pigmentation in Layers. Indian Journal of Animal Science, 67: 82–83. 

16. Butchman, A. R. (2014). Manganese. In: A Catharine Ross BC, Robert J. Cousins, Katherine L. Tucker, 
Thomas R. Ziegler ed. Modern Nutrition in Health and Diseases. 11th e.d Baltimor, MD: Lippincott 
Williams & Wilkins;: 238- 44. 

17. Chadare, F. J., Linnemann, A. R., Hounhouigan, J. D., Nout, M. J. R., & Van Boekel, M. A. J. S. (2008). 
Baobab food products: a review on their composition and nutritional value. Critical  reviews in food science and 
nutrition, 49(3), 254-274. 

http://www.ijasr.org/
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm
http://www.aesan.gob.es/AECOSAN/web/seguridad_alimentaria/subdetalle/metales_pesados.htm


 

 

 

International Journal of Applied Science and Research 

 

 

111 www.ijasr.org                                                              Copyright © 2024 IJASR All rights reserved   

 

 

18. Coates, P. M., Betz, J. M., Blackman, M. R., Cragg, G. M., Levine, M., Moss, J., & White, J. D. (Eds.). 
(2010). Encyclopedia of dietary supplements. CRC Press. 

19. Codjia, J. T. C., Fonton, B. K., Assogbadjo, A. E., & Ekue, M. R. M. (2001). Le baobab (Adansonia digitata): 
une espèce à usage multiple au Bénin. CECODI. 

20. Crans, D. C., & Kostenkova, K. (2020). Open questions on the biological roles of first-row transition 
metals. Communications Chemistry, 3(1), 104. 

21. Debra, R. W. (2017). Health benefits and risks of copper- by Megan Ware, RDN, LD. Medical news today. 
22. EFSA. (2014). Scientific opinion on the risk to public health related to the presence of Chromium in food 

and drinking water. EFSA Journal. 12(3): 3595. 
23. Ekhator, O. C., Udowelle, N. A., Igbiri, S., Asomugha, R. N., Igweze, Z. N., & Orisakwe, O. E. (2017). 

Safety evaluation of potential toxic metals exposure from street foods consumed in mid-west Nigeria. 
Journal of Environmental and Public Health. 

24. Emsley, J. (2011). “An A-Z Guide to the Elements”. Oxford University Press, New York, 2nd Edition. 
25. Emsley,J. (2015). Elements Samarium. Royal Society of Chemistry 

https://edu.rsc.org/elements/samarium/2000031.article 
26. Encyclopedia of Food, Security and Sustainability. (2019). Diet and Diet Therapy: Trace Elements. Elsevier, 

2: 143-160. 
27. FNB/IOM. (1997). Dietary Reference Intakes for calcium, phosphorus, magnesium, vitamin D and 

fluoride. Washington, DC: National Academy Press. 
28. Glew, R. H., Van der Jagt, D. J., Lockett, C., Grivetti, L. E., Smith, G. C., Pastuszyn, A., & Millson, M. 

(1997). Amino acid, fatty acid, and mineral composition of 24 indigenous plants of Burkina Faso. Journal of 
Food Composition and Analysis. 10:205–217. 

29. Guerra, F., Trevizam, A. R., Muraoka, T., Marcante, N. C., & Canniatti, S. G. (2012). Heavy  metals in 
vegetables and potential risk for human health. Scientia Agricola, 69:54-60. 

30. Gwana, A.M., Effiong, E.B., Muhammed, A.B., Buhari, B.Y., Shettima, U.K., Abubakar, M. & Bukar, M.B. 
(2016). Determinations of Some Selected Heavy Metals and Elements in Baobab Tree Leaves (Adonsonia 
digitata) Grown in College of Agriculture, Maiduguri, North-Eastern Nigeria. Academic Journal of Life Science, 
2(12): 89-95. 

31. Greenberger, P. A. (2003, November). Therapy in the management of the rhinitis/asthma complex. 
In Allergy & Asthma Proceedings (Vol. 24, No. 6). 

32. Gupta, N., Gaurav, S. S., & Kumar A. (2013). Molecular Basis of Aluminium Toxicity in Plants: A 
Review. Am J of Plant Sci. 4: 21–37. 

33. Haiyan, W., & Stuanes, A. (2002). Heavy metal pollution in air-water-soil-plant system of Zhuzhou city, 
Hunan province, China. Water, Air Soil Poll. 147: 79–107. https://doi.org/10.1023/A:1024522111341. 

34. Herndon, J. M. (2015). Aluminium poisoning of humanity and Earth’s biota by clandestine 
geoengineering activity: implications for India. Current Science. 12(108): 2173-2177. 

35. IAEA. (1990). Practical Aspects of Operating a Neutron Activation Analysis Laboratory, IAEA TECDOC-
564 IAEA, Vienna. Journal of Scientific Research. pp. 197-237. 

36. Ibrahim, A., & Joseph, E. (2023). Instrumental Neutron Activation Technique in Characterization of 
Elements in Organs of Some Fish Species Harvested from Zobe Dam, Katsina State. European Journal of 
Science, Innovation and Technology. 3 (3):381–397. 

37. IOM/FNB. (2001). Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, 
Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc: A Report of the 
Panel on Micronutrients. Natinal Academy Press. Washington DC. 

38. IOM. (2005). Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate. National 
Academic Press. Washington. 

39. IOM. (2011). Dietary Reference Intakes for Calcium and Vitamin D. The National Academic Press. 
Washington, DC. 

40. Jan, F. A., Ishaq, M., Khan, S., Ihsanullah, I., Ahmad, I., & Shakirullah, M. A. (2010). comparative study of 
human health risks via consumption of food crops grown on wastewater irrigated soil (Peshawar) and 
relatively clean water irrigated soil (lower Dir). J. Hazard. Mater, 179: 612–621. 

41. Jillian, K. M. S. (2022). Zinc: Everything you need to know. Nutrition. Medically reviewed by Amy Richter 
RD. 

http://www.ijasr.org/
https://doi.org/10.1023/A:1024522111341
https://doi.org/10.1023/A:1024522111341


 

 

 

International Journal of Applied Science and Research 

 

 

112 www.ijasr.org                                                              Copyright © 2024 IJASR All rights reserved   

 

 

 
42. Joseph, E., Nasiru, R., Sadiq, U. & Ahmed, Y. A. (2015). The use of k0 – NAA Standardization Technique 

in evaluating elements of significance for plant growth in the cultivated areas of Dutsin-Ma Local 
Government, Katsina State-Nigeria. Journal of Applied Physics. 7 (5): 49-59. 

43. Joseph, E., Ahmed, Y. A. & Bello, O. M. (2019). Instrumental neutron Activation Analysis of element of 
interest in farmlands at the central area of katsina state, Nigeria. Nigeria Journal of Physics. 28 (1): 168-176. 

44. Joseph, E., Nasiru, R. & Ahmed, Y. A. (2011). Trace Elements Pattern in Some Nigerian Commercial 
Infant Milk and Infant Cereal Formulas. Annals of Biological Research. 2 (2): 351-360. 

45. Katsina State investor’s handbook, Yaliam Press Ltd. (2016): 12-15. 
46. Lenntech. (2023). Chemical properties of bromine-Health effects of bromine-Environmental effects of 

bromine. 
47. Liang, L., Lin, X., Liu, Y., Sun, S., Chu, H., Chen, Y., Dong, Liu, Luo, X., Zhang, J., & Shang, R. (2020). 

Carboxymethyl konjac glucomannan mechanically reinforcing gellan gum microspheres for uranium 
removal. Int. J. Biol. Macromol. 145: 535–546. 

48. Li, C., Wang, M., Luo, X., Liang, L., Han, X., & Lin, X. (2019a). Accumulation and effects of uranium on 
aquatic macrophyte Nymphaea tetragona Georgi: potential application to phytoremediation and 
environmental monitoring. J. Environ. Radioact. 198: 43–49. 

49. Lozak, A., Soltyk, K., Ostapczuk, P., & Fijalek, Z. (2002). Determination of selected trace elements in herbs 
and their infusions. Sci Total Environ. 289: 33–40. 

50. Mahfuza, S. S., Rana, S., Yamazaki, S., Aono, T., & Yoshida, S. (2017). Health risk assessment for 
carcinogenic and noncarcinogenic heavy metal exposures from vegetables and fruits of Bangladesh. Cogent 
Environmental Science. 3:1291107. 

51. Malaviya, P., & Singh, A. (2012). Phytoremediation strategies for remediation of uranium- contaminated 
environments: a review. Crit. Rev. Environ. Sci. Technol. 42, 2575–2647. 

52. Malaysian Food Regulation, 1985. 
53. Michael, K. G., Onyia, L. U., & Jidauna, S. B. (2015). Evaluation of phytochemicals in Azanza garckeana 

(Gorontula) seed. Journal of Agriculture and Veterinary Science, 8(5), 71-74. 
54. Micheal, B., Patrick, O., & Vivian, T. (2015). Cancer and non-cancer risks associated with heavy metal 

exposures from street foods: Evaluation of roasted meats in an urban setting. Journal of Environment Pollution 
and Human Health. 3: 24–30. 

55. Mojeremane, W. and Tshwenyane, S. (2004). Azanza garckeana: a valuable edible indigenous  fruit tree of 
Botswana. Pakistan journal of nutrition,3, 264-267. 

56. Mohammed, G. A., Effiong, E. B., Muhammad, A. B., Buhari, B. Y., Shetima, U. K., Abubakar,  M., & 
Bukar M. B. (2016). Determination of some selected heavy metals and elements in  Baobab Tree leaves 
(Adonsonia digitate) grown in college of Agriculture, Maiduguri,  North Eastern Nigeria. Academic J. of 
Life Sciences. 2(12): 89-95. 

57. National Institute of Health office of Dietary Supplements. (2021). Manganese fact sheet for Health 
Professionals. https://ods.od.nih.gov/factsheets/Manganese Health professional/Accessed 12/17/2021 

58. NCBI. (2023). Cobalt II acetylacetonate. Pubchem compound summary for CID. Bethesda (MD), USA: 
National Center for Biotechnology Information, United State Library of Medicine.  Available from 
https://pubchem.ncbi.nlm.nih.gov/compound/cobalt-II-acetylacetonate 

59. Nielsen, F. H. (2012). Manganese, Molybdenum, Boron, Chromium, and Other Trace elements. In: John 
W. Erdman Jr. IAM, Steven H. Zeisel, ed. Present Knowledge in Nutrition. 10th ed: Wiley-Blackwell; 12: 586-
607. 

60. NFPCSP Nutrition Fact Sheet; Joint report of Food Planning and Nutrition Unit (FMPU) of the ministry 
of Food of Government of Bangladesh and Food and Agricultural Organization  of the United Nation 
(FAO) National Food Policy Plan of Action and Country Investment Plan, Government of the People’s 
Republic of Bangladesh. 2011: 1-2. 

61. Orisakwe, O. E., Mbagwu, H. O. C., Ajaezi, G. C., Edet, U. W., Patrick, U., & Uwana, P. U. (2015). Heavy 
metals in sea food and farm produce from Uyo, Nigeria Levels and health implications. Sultan Qaboos Univ 
Med J. 15(2): e275–e282. 

62. Pennington, J. A., & Jones, J. W. (1987). Molybdenum, nickel, cobalt, vanadium, and strontium in total 
diets. Journal of the American Dietetic Association, 87(12): 1644-1650. 

http://www.ijasr.org/
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref121
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref111
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
http://refhub.elsevier.com/S0304-3894(21)00282-X/sbref134
https://ods.od.nih.gov/factsheets/Manganese%20Health%20professional/Accessed%2012/17/2021


 

 

 

International Journal of Applied Science and Research 

 

 

113 www.ijasr.org                                                              Copyright © 2024 IJASR All rights reserved   

 

 

63. Petrea Facey, C. Keith Pascoe, O. Roy Porter, B. and Alcia Jones, D. (1999). Investigation of  Plants used in 
Jamaican Folk Medicine for Anti-bacterial Activity. 

64. PHC Priority Tables. (2006). National Population Commission. Population.gov.ng. Archived from the 
original on 2017-10-10. Retrieved 2017-10-10. 

65. Rabiu, J. A., Abe, A. O., Ahmed, A. O., Adelaja, A. D., Olayiwola, G. O., Adeniji, Q.A. & Jonathan, N.P. 
(2021). Determination of heavy metals in baobab leaves (Adansonnia digitata) consumed in some parts of 
Gombe state and its health effect. Nigerian journal of scientific research, 20(2). 

66. Raju, G. J. N., Saritha, P., Murthy, G. A. V. R., Ravikumar, M., Reddy, B. S., Charles, M. J., 
Lakshminarayana, S., Reddy, T. S., Reddy, S. B., Vijayan, V., (2003). Estimation of trace elementsin some 
anti-diabetic medicinal plants using PIXE technique. Appl. Radiat. Isot.  64, 893-900. 

67. Rawn, D. F. K., Sadler, A. R., Casey, V. A., Breton, F., Sun, W. F., Arbuckle, T. E., & Fraser,  WD. 
(2017). Dioxins/furans and PCBs in Canadian human milk: 2008–2011. Sci Total  Environ 595:269–278. 

68. Riihimäki, V., & Aitio, A. (2012). Occupational exposure to aluminum and its biomonitoring in 
perspective. Critical reviews in toxicology, 42(10), 827-853. 

69. Rude, R. K. (2012). Magnesium. In: Ross AC, Caballero B, Cousins RJ, Tucker KL, Ziegler TR (eds) 
Modern Nutrition in Health and Disease, 11th edn. Lippincott Williams & Wilkins,  Baltimore, pp 159–
175. 

70. Sena, L. P., Van der Jagt, D. J., Rivera, C., Tsin, A. T. C., Muhamadu, I., Mahamadou, O., Millson, M., 
Pastuszyn, A., & Glew, R. H. (1998). Analysis of nutritional components  of eight famine foods of the 
Republic of Niger. Plant Foods for Human Nutrition. 52:17– 30. 

71. Shakeri, A., Hazeri, N., Vlizadeh, J., Ghasemi, A., & Tavallaei, F. Z. (2012). Phytochemical  screening, 
antimicrobial and antioxidant activities of Anabasis aphylla L.extracts. Kragujevac Journal of Science, 34(34), 
71-78. 

72. Sidibe, M., Williams, J. T., Hughes, A., Haq, N., & Smith, R. W. (2002). Baobab. Adansonia  digitata, 100. 
73. Silva, D. A., Costa, D. A., Silva, D. F., Souza, M. F. V., Agra, M. F., Medeiros, I. A., ... & Braz-Filho, R. 

(2005). Flavonóides glicosilados de Herissantia tiubae (K. Schum) Brizicky  (Malvaceae) e testes 
farmacológicos preliminares do canferol 3, 7-di-O-a-L ramnopiranosídeo. Revista Brasileira de 
Farmacognosia, 15, 23-29. 

74. Smith, G. C.,Clegg, M. S., Keen, C. L., & Grivetti, L. E. (1996). Mineralvalues of selected plant foods 
common to southern Burkina Faso and to Niamey, Niger, West Africa. International Journal of Food Sciences 
and Nutrition. 47:41–53. 

75. Thomas Jefferson. (2014). National Accelerator Facility Office of Science Education. 
76. U.S. Department of Health and Human Service and U.S. Department of Agriculture. 2015-2020 Dietary 

Guidelines for Americans. 8th Edition. Available at https://health.gov/our-work/food-nutrition/previous-
dietary-guidelines/2015. 

77. United States Environmental Protection Agency. EPA Human Health Related Guidance, OSWER, 
Washington, DC: United States Environmental Protection Agency. (2002); 9355:4–24. 

78. Usman, A., Isiyaku, A., Abdullahi, A., Lawal, H. G., Wahuma, G. C., Dikko, U. N., Lawal, A. U.  & 
Yaradua, A. I. (2022). Health risk indices associated with heavy metals from vegetables  cultivated in 
Tsagero District, Rimi Local Government Area, Katsina State, Nigeria. Bayero Journal of Pure and Applied 
Sciences, 15(1) 125-130. 

79. Venkatraman, V., Wong, M. K., Shalita, C., Parents, B., & Lad, S. P. (2020). Cobalt Induced  Toxicity and 
Spasticity Secondary to Hip Arthroplasty. Cureus, 12(22). 

80. Volpe, S. L. (2012). Magnesium. In: Erdman, J. W., Macdonald, I. A., Zeisel, S. H, eds. Present Knowledge 
in Nutrition. 10th ef. Ames, lowa; John Willy & Sons, 459-74. 

81. Wang, J. M., Jeong, C., Hilker, N., Healy, R. M., Sofowote, U., Debosz, J., Su, Y., Munoz, A., & Evans, G.J. 
(2020). Environ. Poll, 268, https://doi.org/10.1016/j.envpol. 2020.115805 

82. Wessling, R. M. (2014). In:  Ross A. C., Caballero, B., Cousins, R. J., Tucker, K. L & Ziegler,  R. Modern 
nutrition in health and disease. 11th ed. Williams and Willkins. 176-88 

83. WHO/FAO. (1989). National Research Council Recommended Dietary 626 Allowances (10 th ed). National 
Academy Press. Washington, DC. USA. 

84. WHO. (2012). Potassium intake for adults and children. WHO Press. Geneva. 
85. WHO. (2022). Arsenic-Fact sheets. https://www.who.int/news-room/fact-sheets/detail/arsenic 

http://www.ijasr.org/
https://health.gov/our-work/food-nutrition/previous-dietary-guidelines/2015
https://health.gov/our-work/food-nutrition/previous-dietary-guidelines/2015
https://doi.org/10.1016/j.envpol.2020.115805
https://doi.org/10.1016/j.envpol.2020.115805


 

 

 

International Journal of Applied Science and Research 

 

 

114 www.ijasr.org                                                              Copyright © 2024 IJASR All rights reserved   

 

 

86. Wickens, G. E. (1982). The baobab – Africa’s upside-down tree. Kew Bulletin. 37:173–209. 
87. Widmaier, E. P., Raff, H., Strang, K. T., & Vander, A. J. (2008). The mechanisms of Body Function (11 th 

Edition). McGrow – Hill Higher Education; Boston, MA, USA. 
88. Willhite, C. C., Karyakina, N. A., Yokel, R. A., Yenugadhati, N., Wisniewski, T. M., Arnold, I. M., ... & 

Krewski, D. (2014). Systematic review of potential health risks posed by  pharmaceutical, occupational 
and consumer exposures to metallic and nanoscale aluminum, aluminum oxides, aluminum hydroxide and 
its soluble salts. Critical reviews in toxicology, 44(sup4), 1-80. 

89. Yaradua, A. I., Alhassan, A. J., Nasir, A., Matazu, K. I., Usman, A., Idi, A., Muhammad, I. U., Saulawa L. 
A., & Dangambo, M. A. (2019). Heavy Metals Health Risk Assessment through Consumption of Baobab 
Leaf Cultivated in Katsina State,  North West Nigeria. Asian Food Science Journal, 13(1): 1-11. 

90. Yazzie, D., Van der Jagt, D. J., Pastuszyn, A., Okolo, A., & Glew, R. H. (1994). The amino acid and mineral 
content of baobab (Adansonia digitata L.) leaves. Journal of Food Composition and Analysis. 7:189–193. 

 
  

http://www.ijasr.org/

	2.7 Health Risk Assessment (THQ)

