
Corresponding authors, email: ogbuewuifeanyi@gmail.com (I. Ogbuewu ). 
Tel.: +2348163179677. 

Asian Journal of Green Chemistry 6 (2022) 320-326 
     

   
Asian Journal of Green Chemistry 

 
Journal homepage: www.ajgreenchem.com 

 

 

 
     

Original Research Article 

Trace metal concentrations in herbal medicine sole in abalaliki 
metropolis 

Ifeanyi Ogbuewu* , Blessing Ngozi Ijere 

Department of Industrial Chemistry, Faculty of Science, Ebonyi State University P.M.B 053, Abakaliki, Ebonyi State, Nigeria  

A R T I C L E  I N F O R M A T I O N   
 
 
 
 
 
 
 

A B S T R A C T  

Received: 27 August 2022 
Received in revised: 29 September 2022 
Accepted: 9 October 2022 
Available online: 25 October 2022 
 
DOI: 10.22034/ajgc.2022.4.3 

Herbal medicines have been in use before conventional drugs in Nigeria and 
Ebonyi state in particular. Their uses have been on the increase due to its 
efficacy. The knowledge on the concentrations of trace metals is important 
for determining the effectiveness of the plants in treating various diseases. In 
this study, the concentration of trace metals in herbal medicine sold in 
Abakaliki metropolis was determined using varian spectra AA55B atomic 
absorption Spectrophotometer. The results obtained from the sample gotten 
from the international market showed that sample A ranged from 0.3±0.06 
Cu to 7.15±0.145 Fe. Sample B ranged from 0.9±0.018 Cd to 5.8±0.116 Fe, 
while sample C, D, E, and F ranges from 0.75±0.015 Cd to 24.1±0.482 Fe, 
5.65±0.113 Cd to 15.4±0.308 Fe, 1.2±0.024 Cd to 18.2±0.364 Fe, and 
0.15±0.01 Cd to 5.2±0.112 Fe, respectively. Among all the studied samples, 
Fe has the highest concentrations. The Fe concentration in samples C, D, and 
E were above the permissible limit of W.H.O, while the Zn concentrations 
were within the acceptable limit of W.H.O. The Cd concentrations in the 
samples were above the standard limit except sample F. The Zn 
concentrations in all the studied samples fell within the acceptable limit of 
WHO. From kpirikpiri sample, the obtained results showed that the Cd 
concentrations of all the samples studied were within the acceptable limit of 
WHO except in samples A, B,C, and D which ranged from 0.1±0.01 sample F 
to 1.3±0.02 sample A. The World Health Organization acceptable limits for 
the concentration of Cd, Zn, and Fe in herbal medicine are 0.3, 100, and 15 
µg/g, respectively.  
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Graphical Abstract 

 

 

Introduction 

Herbal medicine is the use of plants for the 

diseases treatment and enhancement for the 

general health and wellbeing. The herbal use as 

medicine has been in existence as old as 

humanity and has been used in all cultures 

throughout history [1]. Herbal medicine is the 

use of herbs for disease control. They can be 

obtained from any parts of plant such as leaves, 

roots, bark, latex, seeds, and flowers. They are 

eaten, swallowed, drunk, inhaled, or applied to 

the skin. They are used to treat any kinds of 

diseases such as pile, ulcer, malaria, typhoid, 

infections, and rheumatism, etc. [2]. Herbs used 

in formulating these medicines can pose a 

health risk due to the presence of toxic 

ingredients like the heavy metals. The toxicity of 

heavy metals depends upon the chemical form 

of the elements. Heavy metals are dangerous in 

the form of their cations and are highly toxic 

when bonded to the short chains of the carbon 

atoms [3]. Plants may absorb heavy metals from 

soil, water, or air. The medicinal herbs may be 

easily contaminated during growth and 

processing. The ability of plants to selectively 

accumulate essential elements is different for 

different species and subjected to certain 

geochemical characteristics depending on the 

type of soil [4]. Plants readily assimilate trace 

metals through the roots. The metallic ions get 

dissolved in water and retained. Another source 

of these trace metals deposition to plants are 

through rainfall, atmospheric, and dusts. The 

heavy metal toxicity need to be paid special 

attention globally due to neurotoxin, 

carcinogenic, and several other impacts on 

human arising from the consumption even at 

the lower levels [5]. The heavy metals, such as 

cadmium, copper, lead, chromium, and mercury 

are the important environmental pollutants. 

Heavy metals, in general, are not biodegradable, 

have long biological half-lives and have the 

potential for accumulation in different body 

organs leading to the unwanted side effects [6]. 

Lead and cadmium are among the most 

abundant heavy metals and are particularly 

toxic. The excessive amount of these metals in 

food is associated with various numbers of 

diseases such as kidney problem, cancer, and or 
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cardiovascular diseases [7]. There are no 

guidelines to establish a permissible level of 

metals in herbs. By monitoring the metals level 

in medicinal plants one can be able to indicate 

the level of metallic toxicity associated with 

herbs. 

Experimental 

Materials and methods 

Study area and sampling locations 

The study was carried out in Abakaliki 

metropolis, Ebonyi State. Triplicate herbal 

medicine samples were collected from 

Abakaliki with sample IDs, as indicated in Table 

1. 

Sample collection  

As displayed in Five 5, different samples 

used to cure different diseases namely ulcer, 

malaria/typhoid, pile, infection, rheumatism 

with sample IDs A, B, C, D, and E, respectively, 

were collected randomLy within Abakaliki 

Metropolis, Ebonyi State. 

Sample digestion  

The method used by Nnaji and Ogbuewu was 

employed [8]. 10 mL of the sample was placed 

into 250 mL beaker. The 10 mL of the freshly 

prepared acid (HNO3/HClO4) in the ratio of 1:1 

v/v was add into the beaker and covered with 

watch glass for the initial reaction to subside. 

The beaker was then placed on a hot plate and 

heated at temperature not exceeding 160 °C for 

20 minutes as to obtain a clear solution. It was 

cooled and filtered into 50 mL volumetric flask. 

The volume was made with distilled water and 

transferred to 120 mL plastic bottle and sent for 

the metal analysis. The blank sample was 

prepared by digesting the same proportion of 

the reagents used in the sample digestion under 

the same experimental condition without the 

sample. 

Preparation of stock solution 

Aqueous stock solution of the metal of 

interest (Cd, Cu, Zn, and Fe) were prepared with 

appropriate salts of these metals in which 1 g of 

each of the metal was weighed into 1000 mL 

volumetric flask and dissolved in 2 mL nitric 

acid, the resulting solution was made up to the 

mark with distilled water. 

Table 1. Name of disease and Sample ID 

S/N Name of disease Sample ID 
1 Ulcer A 
2 Malaria/typhoid B 
3 Pile C 
4 Infection D 
5 Rheumatism E 
6 Blank F 

Serial dilution and calibration curve 

Five standard solutions for each metal were 

prepared in triplicate for each metal from 

respective stock solutions by serial dilution. In 

this case, the stock solutions with concentration 

of 100 ppm were diluted to obtain the standard 

solutions of low concentration. The absorbance 

obtained from the AAS instrument for each 

standard of a particular metal was used in 

drawing calibration curve. 

Conversion factor 

The obtained results were in mg/L but were 

converted into µg/g using the formula [9]: 
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𝑚𝑒𝑡𝑎𝑙(µg/g) =
C ×  V ×  d. f

W
 

Where, 

C = Concentration of the sample solution (mg/L) 

V = Volume of the sample solution (µL) 

W = Weight of the sample in grams 

d.f = Dilution factor 

Statistical analysis 

Statistical analysis was done using SPSS 

version 20 for windows software package. The 

mean concentrations and standard deviations 

were calculated for each metal. The results were 

analyzed using single factor analysis of variance 

(ANOVA). 

Results and Discussion 

Table 2 presents the AAS analytical 

conditions that were used during the analysis of 

the herbal medicine. The analytical conditions 

include the wavelength, slit width, and flame 

type for each metal analyzed with the AAS. 

Table 3 and Figure 1 demonstrate the 

obtained results in the five studied different 

samples. The obtained results showed that 

sample A ranged from 0.3±0.06 Cu to 

7.15±0.145 Fe. Sample B ranged from 0.9±0.018 

Cd to 5.8±0.116 Fe, while sample C, D, E, and F 

ranges from 0.75±0.015 Cd to 24.1±0.482 Fe, 

5.65±0.113 Cd to 15.4±0.308 Fe, 1.2±0.024 Cd 

to 18.2±0.364 Fe, and 0.15±0.01 Cd to 

5.2±0.112 Fe, respectively. Among all the 

studied samples Fe has the highest 

concentrations. The Fe concentration in 

samples C, D, and E were above the permissible 

limit of WHO. The Cd concentrations in the 

samples were above the standard limit except 

sample F which is the blank. The Zn 

concentrations in all the studied samples fell 

within the acceptable limit of WHO. The World 

Health Organization acceptable limits for the 

concentration of Cd, Zn, and Fe in herbal 

medicine are 0.3, 100, and 15 µg/g, respectively. 

Samali et al. in their study of heavy metals 

concentration in Kano herbal preparations for 

the major diseases conditions obtained 

216.49±0.30, 16.83±0.60, and 10.03±0.53 µg/g 

for Fe, Zn, and Cu, respectively, for anti-malaria 

drug [9] which is higher than the obtained 

results from the anti-malaria/typhoid in this 

study. 

In Table 4 and Figure 2, the obtained result 

revealed that in sample ID A, Fe had the highest 

metal concentration of 3.8±0.06 µg/g. Sample B 

ranged from1.1±0.02 Cd to 3.4±0.09 Cu, while 

the range of sample C, D, E, and F were 0.8±0.01 

Cd to 8.4±0.21 Fe, 0.5±0.01 Cd to 7.5±0.2 Fe, 

0.2±0.01 Cd to 9.2±0.27 Fe, and 0.12±0.01 Cd to 

2.2±0.02 Fe, respectively. Fe had the highest 

concentration in all the studied samples, but fell 

within the acceptable limit of the WHO 

guidelines. Furthermore, Zn fell within the 

permissible limit of WHO in all the samples. The 

Cd concentration in the studied samples were 

also within the acceptable limit except in the 

samples A, B, C, and D which were slightly above 

the recommended limit. The obtained result 

from samples gotten from Int’l market was 

quite higher than the obtained results from 

sample gotten from Kpirikpiri market. This 

discrepancy of the obtained result from 

different trace metals studied could be as a 

result of handling the herbal medicine during 

the preparation and the environment through 

which the plant grows. 
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Table 2. Analytical conditions for AAS analysis 

S/N type Metals Wavelength (nm) Slit width (nm) Flame 
1 Cd 228.8 0.7 A-A 
2 Cu 324.7 0.7 A-A 
3 Zn 213.9 0.7 A-A 
4 Fe 248.3 0.7 A-A 

A-A = Air-acetylene flame 

Table 3. Mean trace metal concentrations (±SD) in herbal medicine sampled at Int’l market  

Metal Concentrations (µg/g) 

S/N 
Sample 

IDs 
Diseases Cd Cu Zn Fe 

1 A Ulcer 1.6±0.032 0.3±0.006 2.45±0.049 7.15±0.145 
2 B Malaria/Typhoid 0.9±0.018 5.75±0.115 3.25±0.065 5.8±0.116 
3 C Pile 0.75±0.015 1.3±0.026 1.65±0.033 24.1±0.482 
4 D Infection 5.65±0.113 9.2±0.184 14.9±0.298 15.4±0.308 
5 E Rheumatism 1.2±0.024 1.65±0.033 15.25±0.305 18.2±0.364 
6 F Blank 0.15±0.01 1.2±0.038 2.4±0.045 5.2±0.112 
7 G [10] 0.3 - 100 15 

 

 

Figure 1. Bar chart of trace metal concentrations in herbal medicine sampled at Int’l market 

Table 4. Mean trace metal concentrations (±SD) in herbal medicine sampled at Kpirikpiri market 

Metal Concentrations (µg/g) 

S/N Sample IDs Diseases Cd Cu Zn Fe 
1 A Ulcer 1.3±0.021 1.5±0.03 2.0±0.04 3.8±0.06 
2 B Malaria/Typhoid 1.1±0.021  3.4±0.09 2.00±0.04 3.3±0.03 
3 C Pile 0.8±0.01 4.2±0.21 1.8±0.03 8.4±0.21 
4 D Infection 0.5±0.01 1.4±0.03 2.9±0.08 7.5±0.23 
5 E Rheumatism 0.2±0.01 0.4±0.01 3.0±0.10 9.2±0.27 
6 F Blank 0.1±0.01 1.3±0.03 1.8±0.05 2.2±0.02 
7 G [10] 0.3 - 100 15 
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Figure 2. Bar chart of trace metal concentrations in herbal medicine sampled at kpirikpiri market 

Conclusion  

Cd, Cu, Zn, and Fe were found in all the 

studied herbal medicines. The average 

concentrations of Cd was above the tolerable 

intake level in all the studied samples except the 

blank, while that of Zn fell within the 

permissible limit of WHO. The Fe 

concentrations in samples C, D, and E were 

above the standard limit. The high Cd and Fe 

contents observed in majority of the samples 

had the potential of posing health risks to the 

consumers of these medications. Therefore, due 

to the high patronage of these herbal products 

by the populace, there is need for their constant 

monitoring by the government authorities like 

National Agency for Food and Drugs 

Administration and Control (NAFDAC) in their 

routine programs to safeguard the human 

health since unsupervised use of herbal 

medicine could have the cumulative health 

effect which in turn may lead to toxicity.   

Disclosure Statement 

No potential conflict of interest was reported by 

the authors. 

 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Authors' contributions 

All authors contributed to data analysis, 

drafting, and revising of the paper and agreed 

to be responsible for all the aspects of this 

work. 

Orcid 

Ifeanyi Ogbuewu  0000-0003-1429-2342 

References  

[1]. Butler-Ellis M.C., van de Zande J.C., van den 

Berg F., Kennedy M.C., O’Sullivan C.M., Jacobs 

C.M., Fragkoulis G., Spanoghe P., Gerritsen-

Ebben R., Frewer L.J., Charistou A. Biosystems  

Engineering, 2017, 154:192 [Crossref], 

[Publisher] 

[2]. Hyde A.J., May B.H., Dong L., Feng M., Liu S., 

Guo X., Zhang A.L., Lu C., Xue C. Journal of  

Psychopharmacology, 2017, 31:169 [Google 

Scholar], [Publisher] 

0

1

2

3

4

5

6

7

8

9

10

Sample A Sample B Sample C Sample D Sample E Sample F

M
e

ta
l C

o
n

ce
n

tr
at

io
n

s 
(µ

g
/g

)

Sample IDs

Cd

Cu

Zn

Fe

https://orcid.org/0000-0003-1429-2342
https://doi.org/10.1016/j.biosystemseng.2016.08.017
https://www.sciencedirect.com/science/article/abs/pii/S1537511016305086?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hyde+A.J.%2C+May+B.H.%2C+Dong+L.%2C+Feng+M.%2C+Liu+S.%2C+Guo+X.%2C+Zhang+A.L.%2C+Lu+C.%2C+Xue+C.+Journal+of++Psychopharmacology%2C+2017%2C+31%3A169+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hyde+A.J.%2C+May+B.H.%2C+Dong+L.%2C+Feng+M.%2C+Liu+S.%2C+Guo+X.%2C+Zhang+A.L.%2C+Lu+C.%2C+Xue+C.+Journal+of++Psychopharmacology%2C+2017%2C+31%3A169+&btnG=
https://journals.sagepub.com/doi/abs/10.1177/0269881116675515


Trace metal concentrations in herbal medicine sole in …                                                                         326 

[3]. Kawakami Z., Ikarashi Y., Kase Y. European 

Journal of Pharmacology, 2017, 62:154 

[Crossref], [Google Scholar], [Publisher] 

[4]. Bousquet J., Schünemann H.J., Samolinski B., 

P. Demoly C.E., Baena-Cagnani C.B. Journal of 

Allergy Clinical Immunology, 2014, 130:1049 

[Crossref], [Publisher] 

[5]. Iwasaki K., Satoh-Nakagawa T., Maruyama 

M., Monma Y., Nemoto M., Tomita N., Tanji H., 

Fujiwara H., Seki T., Fujii M., H. Arai, Sasaki H. 

Journal Clinical Psychiatry, 2016, 66:248 

[Crossref], [Google Scholar], [Publisher]  

[6]. Takayama S., Kaneko S., Numata T., Kamiya 

T., Arita R., Saito N.,  Kikuchi A., Ohsawa M., 

Kohayagawa Y., Ishii T. The American Journal of 

Chinese Medicine, 2017, 45:1345 [Crossref], 

[Google Scholar], [Publisher]  

[7]. Canfield R.L., Henderson C.R. Jr, Cory-

Slechta D.A., Cox C., Jusko T.A., Lanphear B.P. 

New England Journal of Medicine., 2013, 

348:1517 [Crossref], [Google Scholar], 

[Publisher] 

[8]. Nnaji J.C., Ogbuewu I. J. Chem. Soc. Nigeria, 

2017, 42:88 [Google Scholar], [Publisher] 

[9]. Samali A., Mohammed M.I., Ibrahim M.B. 

ChemSearch Journal., 2017, 8:22 [Google 

Scholar], [Publisher] 

[10]. WHO (2007A). WHO Guidlinesbfor 

Assessing Quality of herbal Medicine with 

reference to Contaminants and Residues pp 1-

105 [Publisher]  

How to cite this manuscript: Ifeanyi 

Ogbuewu*, Blessing Ngozi Ijere. Trace metal 

concentrations in herbal medicine sole in 

abalaliki metropolis. Asian Journal of Green 

Chemistry, 6(4) 2022, 320-326. DOI: 

10.22034/ajgc.2022.4.3  

 

https://doi.org/10.1016/j.ejphar.2009.09.046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Glycyrrhizin+and+its+metabolite+18%CE%B2-glycyrrhetinic+acid+in+glycyrrhiza%2C+a+constituent+herb+of+yokukansan%2C+ameliorate+thiamine+deficiency-induced+dysfunction+of+glutamate+transport+in+cultured+rat+cortical+astrocytes&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0014299909008309?via%3Dihub
10.1016/j.jaci.2012.07.053
https://linkinghub.elsevier.com/retrieve/pii/S0091674912013061
10.12998/wjcc.v4.i10.310
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Efficacy+of+Japanese+traditional+%28Kampo%29+medicine+for+treating+chemotherapy-induced+peripheral+neuropathy%3A+A+retrospective+case+series+study+++Kimata+Y%2C+Ogawa+K%2C+Okamoto+H%2C+Chino+A%2C+Namiki+T.%C2%A0Efficacy+of+Japanese+traditional+%28Kampo%29+medicine+for+treating+chemotherapy-induced+peripheral+neuropathy%3A+A+retrospective+case+series+study.%C2%A0World+J+Clin+Cases%C2%A02016%3B%C2%A04%2810%29%3A+310-317+%5BPMID%3A+27803912+DOI%3A+10.12998%2Fwjcc.v4.i10.310%5D&btnG=
https://www.wjgnet.com/2307-8960/full/v4/i10/310.htm
https://doi.org/10.1142/S0192415X17500744
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Literature+Review%3A+Herbal+Medicine+Treatment+after+Large-Scale+Disasters&btnG=
https://www.worldscientific.com/doi/abs/10.1142/S0192415X17500744
10.1056/NEJMoa022848
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intellectual+Impairment+in+Children+with+Blood+Lead+Concentrations+below+10+μg+per+Deciliter&btnG=
https://www.nejm.org/doi/full/10.1056/NEJMoa022848
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MEAT+QUALITY+PARAMETERS+AND+TRACE+METAL+CONCENTRATIONS+IN+GRILLED+BEEF&btnG=
https://www.academia.edu/35099798
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Analysis+of+heavy+metals+concentration+in+Kano+herbal+preparations+for+major+disease+conditions+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Analysis+of+heavy+metals+concentration+in+Kano+herbal+preparations+for+major+disease+conditions+&btnG=
https://www.ajol.info/index.php/csj/article/view/166243
https://apps.who.int/iris/handle/10665/43510

