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ABSTRACT 
 

Determination of heavy metal contents in edible clay (kaolin) from Enyigba in Abakaliki, Ebonyi 
State of Nigeria was carried out using Atomic absorption Spectrophotometer (AAS). The 
quantitative analysis of heavy metal analyzed in the edible clay sample were 0.012 mg/kg for Co, 
0.113 mg/kg for Cu and 0.712 mg/kg for Ni. This study shows that the levels of these heavy metals 
(Co, Cu and Ni) in kaolin are below the permissible limits as established by the regulatory 
organization (World Health Organization, WHO). Compared to the safety intake levels for these 
heavy metals recommended by US Environmental Protection Agency (US EPA) and Joint 
FAO/WHO Expert Committee on Food Additives (JECFA), Expert Group on Vitamins and Minerals 
(EVM), and Agency for toxic substance and disease Registry (ATSDR), the dietary intakes of the 
three heavy metals from daily consumption of 20 g of kaolin should pose no health risk to human. 
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1. INTRODUCTION 
 
Clay minerals are naturally occurring hydrous 
aluminum silicates complexes with other mono 
and divalent metals that contain large percentage 
of water trapped within the silicate sheets [1]. 
 
They are very common in soils, in fine-grained 
sedimentary rocks, metamorphic slate and 
phyllite as well as in ultrafine-grained form. Clay 
minerals are important constituents of soils, and 
have been useful to humans in agriculture and 
manufacturing [2].  
 
Clay consumption is a worldwide practice that 
has existed since human’s evolution from 
primates, and had continued till today among 
traditional ethnic groups as well as numerous 
mammal species. Historically, clay eating has 
been associated with treatments for cholera and 
bacterial infection. However, a new trend of clay 
consumption emerges as various academic 
disciplines investigate to understand the 
advantage and the effect of clay consumption [3]. 
Food intake had been identified as the main 
pathway of human’s exposure to toxic metals, 
when compared with other source of exposure 
such as dermal contact and inhalation [3,4].  
 
However, clay has been reported to decrease the 
absorption of drugs that chelate with aluminum 
salt (e.g. digoxin) and can cause 
pneumoconiosis as a result of excessive intake 
[5].  Furthermore, due to the levels of heavy 
metals concentration present in most clay 
samples, which is non-biodegradable, its intake 
could result to the growth of cancerous cells [6].  
 
Clay minerals have similar structural and 
chemical properties. There are four major group 
of clay minerals which are Chlorite group, 
Smectite group, Illite group and Kaolin group [1]. 
 
Kaolinite is the major mineral component of 
kaolin, which usually may contain minor minerals 
such as quartz and mica. It is widely used for a 
large number of applications as revealed by 
previous studies owing to their absorption 
capacities [7,8]. Kaolin (A12Si2O5(OH)4)  is 
formed by chemical weathering of aluminum 
Silicate mineral which may contain heavy metal 
(e.g. Cu, Zn, Mg, As, Cd, Cr, Fe, Ni, Mn, Co, Pb, 
Au, etc.). Heavy metals can be classified as toxic 
(arsenic, cadmium, lead, etc.), non-essential 
(vanadium, cobalt) and essential (copper, zinc, 
iron, manganese, etc.). Heavy metal occurs 

naturally at various concentrations in the 
ecosystem. It is necessary to assess their level in 
food items and report those that would pose 
health hazard. 
 
Cobalt is a bio-essential chelating element that is 
found in vitamin B12. It is important for healthy 
red blood cell formation and neurological health 
in humans. It can stimulate antioxidant and anti-
inflammatory biological process. Despite of these 
advantages, it can bio-accumulate in mammal 
up-to a toxic level in the body organs. Earlier 
researches have report that it accelerates tumor 
growth in humans and likely carcinogen.  
 
Copper is an essential metal found in human 
body at a varying concentrations [6]. Infants who 
tends to show copper deficiency as a result of 
the exclusive consumption of low milk, or non-
copper diets, are reported to have anemia [9]. In 
addition, several central nervous system 
disorders and reduced levels of sphingolipids are 
symptoms of copper deficiency

 
[10]. However, 

excess copper in the body can lead to the 
several health disorder: nausea, vomiting (food 
or blood), diarrhea, stomach pain, black (tarry) 
stools, difficulty in breathing and irregular heart 
beat etc.  
 
Nickel is an essential micronutrient mineral. It is 
a common trace element in multiple vitamins 
which increases iron absorption in blood and 
osteoporosis treatment [11]. Large uptake           
of nickel could result in respiratory failure,      
birth defects and the development of cancerous 
cells. 
 
Thus, this research seeks to investigate level of 
some heavy metals contained in clay sample 
(kaolin) from Enyigba lead mining site in Ebonyi 
State of Nigeria and their effects on humans due 
to consumption. 

 
2. MATERIALS AND METHODS 
 

2.1 Sampling and Sample Collection 
 
Fig. 1 shows a sample of an edible clay (kaolin) 
also locally known as Nzu in Igbo language 
which weighs about 16.3 g that was collected 
from a lead mining site at Enyigba in the city of 
Abikaliki, Ebonyi State of Nigeria. It is worth 
nothing that the geographical coordinates of 
Enyigba located within Ikwo and Abakaliki Local 
Government Area of Ebonyi stat are latitudes 
6º.07' N and 6º.12' N and longitude 8º.05' E and 



8o10' E (Fig. 2) and falls within the lower Benue 
Sedimentary Formation of South Eastern Nigeria. 
 

Fig. 1. A sample of kaolin from Enyigba, Abakaliki, Ebonyi State of Nigeria

                        A                                                                                       B
Fig. 2. A. Mapping geological structures controlling mineralization in Enyigba Area

South Eastern Nigeria, using Magnetic inversion Technique
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E (Fig. 2) and falls within the lower Benue 
Sedimentary Formation of South Eastern Nigeria. 

The region is noted for lead/zinc mineral (Pb/Zn) 
mining activities. 

 
 

A sample of kaolin from Enyigba, Abakaliki, Ebonyi State of Nigeria
 

 
 

A                                                                                       B 
A. Mapping geological structures controlling mineralization in Enyigba Area

South Eastern Nigeria, using Magnetic inversion Technique
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2.2 Reagent 
 
All chemicals used in the research were 
analytical grade purity. Deionized water was 
used in the preparation of solutions. 
 

2.3 Sample Preparation and 
Spectroscopic Analysis 

 

The kaolin sample was pulverized. The fine 
powder was dried in an oven at a temperature of 
108ºC and then cooled till a constant weight was 
obtained. It is then transferred into a Teflon 
Crucible. Digestion mixture (1:3 v/v) of HCl and 
HNO3 were added. 1ml of HF and 5ml of the 
freshly prepared aqua regia was added little at a 
time to dissolve the material. The mixture was 
allowed to stand overnight for complete digestion 
of the clay sample. Then the mixture was diluted 
with distilled water, and filtered. The filtrate was 
analyzed for the elements using Atomic 
Absorption Spectrophotometer (AAS) model 
VGP, 210. 
 

3. RESULTS AND DISCUSSION 
 

The concentrations of heavy metals (Cu, Ni and 
Co) in the clay sample taken from Enyigba lead 
mining site are shown in Table 1. 
 

The heavy metal content in the given kaolin from 
Enyigba lead mining site in Table 1 shows that 
the levels of analyzed heavy metals Co, Cu and 
Ni are 0.012, 0.113 and 0.712 mg/kg 
respectively. These values compared well to 
standard permissible intake of heavy metals 
found in food by WHO [12,13]. However, WHO 
did not include quality guideline for Co. 
Comparison of Tables 1 and 2 reveals that the 
levels of heavy metals in the kaolin are well 
below the maximum permissible limits. Moreover, 
these results correspond to earlier report on 
assessment of heavy metal contamination of 
water sources in different location at Enyigba Pb-
Zn district [14]. From his findings, the mean 
levels of these metals (Co, Cu and Zn) in the 
water were 2.22, 0.18 and 1.12 mg/L 
respectively. The variation in the heavy metal 
content of water and kaolin might be attributed to 
the high dissolution of metallic salts in water run-

off across the mining sites. Furthermore, the 
level of heavy metals in kaolin could be toxic, if 
they are taken in excess amount.  
 
Cobalt occurs in nature more in minerals 
associated with other metals, such as arsenic, 
manganese, nickel, and copper. However, its 
content in soil is usually in the range 1-40 mg/kg 
[15,16].  About 0.012 to 0.02 µg of cobalt are 
required by human per day and doses up to 1 
mg/kg bw of cobalt have been previously used as 
a treatment for anemia in pregnant women, 
because it enhances the production of red blood 
cells [16]. In humans, food intake is the main 
source of cobalt and its compounds [15]. 
Although, the estimated permissible daily intake 
from food varies substantially between countries 
which might be as a result of large variations in 
concentrations of cobalt in drinking water [15]. 

 
Copper is well absorbed after oral intake. Being 
an essential element, however, the rate of 
intestinal absorption of copper in humans 
depends on numerous physiological and dietary 
factors. Although, established tolerable dietary 
intake (TDI) for copper was 140 µg/kg bw/day 
[17]. According to the WHO standard, a daily 
copper requirement of 20-80 µg/kg             
bw/day [5]. Copper deficiency cause effects that 
are critical to human health and may lead to 
cancer.  

 
The background of natural occurring nickel in 
agricultural soil varies between 3 and 1000mg/kg 
[18]. After intake, nickel is bound to serum 
proteins that apparently facilitates transport. 
Nickel is concentrated in kidney, liver, lungs, and 
lymph nodes [19]. High intake of nickel 
compounds could cause nausea, vomiting, 
headache and death [18]. IARC classified nickel 
compounds as carcinogenic to humans (group 
1); metallic nickel and alloys were classified as 
possibly carcinogenic to humans (group 2B) [20]. 
WHO estimated the average daily intake of nickel 
between 100-300 µg/day [5]. 
 
Considering this, the current study also estimates 
daily dietary intake of these heavy metals by 
children, adolescents and adults with its potential  

 
Table 1. Heavy metals content of Kaolin 

 
Metal  Mean concentrations in Kaolin (mg/kg) FAO/ WHO Permissible limit (mg/kg) 
Co 
Cu 
Ni 

0.012 ± 0.005 
0.113 ± 0.071 
0.712 ± 0.162 

- 
10 
10 
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Table 2. Estimated intake values of metals based on consumption of edible clay (kaolin) 
 

Metals Dietary estimated intake values 
(µg/kg bw/day) 

aTolerable 
daily intake 
oral exposure 
(µg/kg 
bw/day) 

aBackground 
exposure 
(µg/kg 
bw/day) 

b Daily intake 
value estimated 
from JECFA 
and EVM (µg/kg 
bw/day) 

Children Adolescents Adults 

Co 0.012 0.005 0.003 1.4 0.3 0.6 
Cu 0.113 0.044 0.031 140 30 1500 
Ni 0.712 0.274 0.192 50 4 6.5 

a RIVM [19] b Anonymous [21,22,23] and EVM [24] 
 
health risks. The daily dietary intake of metals 
was estimated using the equation given by Devi 
et al. [21]. 
 

  Daily Intake of Metals =      Cmetal x Cfood  

Bw 

 

Where Cmetal (mg/kg) is the concentration of 
metals in the samples; Cfood represents the daily 
average amount of the kaolin consumed 
(assumed 0.02 kg/day); Bw is the body weight 
assuming that samples are consumed by 
children between the ages of 1-5 years with 
average body weight of 20 kg, adolescents 
between the ages of 12-17 years with average 
body weight 52 kg, and adults (especially 
pregnant women) between the age of 18-48 
years with average body weight of 74 kg. The 
estimated daily dietary intake of metal value for 
the clay studied based on consumption is shown 
in Table 2. 
 
The uptake of elements from food consumption 
is usually dependent on the food’s elemental 
concentration and the quantity consumed by 
individual. Renowned world agencies like US 
Environmental Protection Agency US-EPA, Joint 
FAO/WHO Expert Committee on Food Additives 
[25], ASDR [16], IARC [15] have evaluated and 
recommends total daily intake of heavy metals in 
food. The JECFA and EVM recommended 
permissible tolerable daily intake of heavy metals 
as shown in Table 2. However, these standards 
compared well with the estimated daily intake of 
heavy metals for children, adolescents and 
adults. This shows that the concentration of Co, 
Cu and Ni in the kaolin sample is within 
permissible dietary limits compared to the value 
obtained from international regulatory agencies 
with reports from Re-evolution of human 
toxicological maximum permissible risk levels 
[26,27]. Therefore, the kaolin sample is edible for 
consumption. Finally, the results of the study 
supplies valuable information about the heavy 
metal contents in Kaolin found in Enyigba mining 

Site in Ebonyi State of Nigeria. However, these 
results can be used by food regulatory agencies 
in Nigeria to check-mate the excessive 
consumption of kaolin and also monitor the level 
of heavy metal concentration especially Ni. 
 

4. CONCLUSION 
  
From the study, the levels of Cobalt, Copper and 
Nickel concentrations are within acceptable 
standards for human consumption since (WHO), 
and evaluations by other organization show that 
the TDI, background exposure and permissible 
standard of the analyzed metals are at safe limit 
and will pose no health effect to humans due to 
consumption. Although, the level of other heavy 
metals were not analyzed in this study. Proper 
regulation should be applied to control the rate of 
local consumption of this kaolin in Enyigba since 
it is obtained from a lead/zinc mining site to avoid 
a long term health hazard. 
 
5. RECOMMENDATION 
 
There are still risk of consumption of this clay 
since the concentrations of other heavy metals 
were not analyzed in the study. Thus. Urgent 
attention is needed to devise and implement 
appropriate means of monitoring and regulating 
industrial and even domestic effluence thereby 
providing appropriate sensitization of local 
populate and support safe use of edible clay. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Grim RE. Clay mineralogy. McGraw-Hill, 

London; 1953. 
2. Kerr PF. Formation and occurrence of clay 

minerals. Clays and Clay Minerals. 



 
 
 
 

Ekuma and Ogunyemi; AJOCS, 6(2): 1-7, 2019; Article no.AJOCS.50216 
 
 

 
6 
 

1952;1(1):19–32. 
DOI:10.1346/CCMN.1952.0010104. 

3. Enviromedica. Eating clay: Lessons and 
Medicine from Worldwide Cultures; 2018. 
Available:https://www.environmedica.com/
wellness/eating-clay-lessons-on-medicine-
from-worldwide-cultures    

4. Wiley AS, Solomon HK. Geophagy in 
pregnancy: A test of a hypothesis. Current 
Anthropology. 1998;39(4):532-545. 

5. WHO: Guidelines for drinking-water 
quality, 2

nd
 ed. Health criteria and other 

supporting information. WHO, Geneva, 
Switzerland. 1996;2. 

6. Bowman NC, Rand MJ. Textbook of 
pharmacology 2

nd 
edition. 1980;241-261. 

7. Ogah SPI, Ikelle II. The determination of 
the amount of some heavy metals in edible 
clay of Enyigba village in Abakaliki, Ebonyi 
State, Nigeria. Der Pharma Chemica. 
2015;7(11):264-267. 

8. Ema MA, Daniel AM, Ndidialmaka NE. 
Mapping geological structures controlling 
mineralization in Enyigba Area, South 
Eastern Nigeria, using magnetic     
Inversion Technique. International     
Journal of Mining Science (IJMS). 
2018;4(3):31-39. 

9. Graham GG, Cordano. A copper deficiency 
in human health and disease. 1984;35: 
245-254. 

10. Sturgeon P, Boubaker C. Copper 
deficiency in infants. Jouranal of 
Syndromes Characterized by 
Hypocuremia, Iron Deficiency and 
Hypoprotenemia. 1956;92(3):254—265. 

11. Zaigham Hassan, Zubair A, Khalid Usman 
K, Maxhar J, Rizwan Ullan K, Jabar Zaman 
KK (2012): Civic pollution and its effect on 
water quality of Rivers Toi at Districk 
Kohat, NWFP. Research Journal of 
Environmental and Earth Science. 2012; 
4:5. 

12. FAO/WHO. List of maximum levels 
recommended for contaminant by the Joint  
FAO/WHO, Codex Alimentarius 
Commission, 2nd Edn. FAO/WHO, Rome, 
Italy. 1984;1-8. 

13. Ruqia Nazir, Muslim K, Muhammad M, 
Hameed Ur R, Nareed Ur R, surrya 
Shahab, Nosheen A, Muhammad S, Mohib 
U, Muhammade R, Zeenat S.  
Accumulation of heavy metals (Ni, Cu, Cd, 
Cr, Pb, Zn, Fe) in the soil, water an plants 
and analysis of physio-chemical parameter 
of soil and water collected from Tanda 
Dam Kohat. 2015;7(3):89-97. 

14. Naobo Paulinus N. Assessment of heavy 
metal contamination of water sources from 
Enyigba Pb-Zn District, South Eastern 
Nigeria. International Journal of Science 
and Technology Research. 2015;4(4).  

15. International Agency for Research on 
Cancer. Monographs on the evaluation of 
carcinogenic risks to humans. Chlorinated 
drinking water; chlorinating by-products; 
some other halogenated compounds; 
cobalt and cobalt compounds.IARC, Lyon, 
France. 1991;52. 

16. Agency for Toxic Substances and Disease 
Registry. Toxicological profile for cobalt. 
ATSDR report no. TP-91/10, Agency for 
Toxic Substances and Disease Registry, 
US Public Health Service, Atlanta 
(Georgia), USA; 1992. 

17. Vermeire TG, Apeldoorn ME van, Fouw JC 
de, Janssen PJCM. Voorstel voor de 
humaan-toxicologische onderbouwing van 
C-toetsingswaarden. National Institute of 
Public Health and the Environment, RIVM-
report no. 725201005, Bilthoven, The 
Netherlands; 1991. 

18. IPCS. Environmental Health Criteria 200 - 
Copper. World Health Organization, 
Geneva, Switzerland; 1998. 

19. RIVM. National Institute of Public Health 
and the Environment, RIVM-report no. 
725201005; Bilthoven, The Netherlands; 
1991. 

20. International Agency for Research on 
Cancer. Chromium, nickel and welding. 
IARC monographs on the evaluation of 
carcinogenic risks to humans, International 
Agency for Research on Cancer, Lyon, 
France. 1990;49. 

21. Devi P, Bajala V, Garg VK, Mor S, 
Ravindra K. Heavymetal content in various 
types of candies and their daily dietary 
intake by children. Environ Monit Assess. 
2016;188:86.  
DOI 10.1007/s10661-015-5078-1 

22. Anonymous. List of contaminants and their 
maximum levels in foods, Part II., Food 
and Agricultural Organization of United 
Nation (Unpublished FAO document, 
CAC/Vol. X–VII. Ed. 1, Available from FAO 
or WHO); 1984. 

23. Anonymous. Report of the twenty-fifty 
session of codex committee on food 
additives and contaminants, the Hague, 
The Netherlands and Agricultural 
Organization of United Nation 
(Unpublished FAO document, Alinorm 
93/12 A; 1993. 



 
 
 
 

Ekuma and Ogunyemi; AJOCS, 6(2): 1-7, 2019; Article no.AJOCS.50216 
 
 

 
7 
 

Available from FAO or WHO 
24. Anonymous. Proposed draft codex general 

standard for contaminants and toxins in 
foods, Food and Agricultural Organization 
of United Nation (Unpublished FAO 
document, agenda item 13(b), CX/ FAC 
95/12; 1994. 
Available from FAO or WHO 

25. Expert group on vitamins and minerals. 
Safe upper levels for vitamins and 
minerals. Report of the Expert Group on 
Vitamins and Minerals. Food Standards 
Agency; 2003.  

ISBN 1-904026-11-7. 
26. Joint FAO/WHO Expert Committee on 

Food Additives. Summary and conclusions 
of the 61st meeting of the joint FAO/WHO 
Expert Committee on Food Additives. 
JECFA/61/SC, Rome, Italy; 2003. 

27. Baars AJ, Theelen RMC, Janseen PJCM, 
Hesse JM, van Apeldom ME, Meijerink 
MCM, verdam L, Zeilmaker MJ. Re-
evolution of human-toxicological maximum 
permissible risk levels. National Institute of 
Public Health and the Environment;     
2001.

_________________________________________________________________________________ 
© 2019 Ekuma and Ogunyemi; 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. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/50216 


