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et me begin this part with the words of one of my late senior 

Lbrothers Chief Onwe Ogah Nweke, who asked me and I 
quote “Did you ever know that you would see the walls of a 

University?” my answer was no, he went further to say, “forgive 
whoever that offended you in the family”  he continued, “ the best 
journey of life for a man is for his ụwa to be in front so that if the 
man is slow his ụwa will pull him forward and the worst journey is 
that of man walking in front of his ụwa such that his ụwa would 
pull him back for whatever reason during the journey”. The ụwa 
here can be translated to mean god that guides every action and 
inaction of a human being as everyone is believed to have his own 
personal god. It may also mean what some people call guardian 
angel. We had this discursion sometime in 1986 when I got 
admission for diploma in science education. My senior brother 
was actually making reference to the situation that arose in the 
family when I made a decision as a small boy to go to school 
(primary school) in 1972 in a polygamous family of thirteen wives 
and over fifty children for which I am the last in the absence of the 
father as the head who died about ten years back. I grew up not to 
know my father because he died when I was less than six months 
old. The beginning was not easy and should be a story for another 
day and for a different audience. I was lucky that as I was 
concluding my primary education in 1977, one of my senior 
brothers, prof. F. U. Ogah, who just returned from overseas, took 
over to sponsor my secondary education.

My University education started in 1986 with admission into 
diploma programme in University of Maiduguri after all efforts to 
go to school of nursing failed. In fact, it was in one of the   
interviews that one member asked what I was looking for in 
school of nursing with my type of O'level result. He asked why I 
couldn't go to University. I can only state here that my education 

PREAMBLE: 
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from primary school to PhD was self-sponsored except secondary 
school which I was partly sponsored by my senior brother Prof. 
F.U. Ogah. It may also surprise my audience to hear that I did not 
apply to read science in the University. My first choice was Arabic 
and Islamic studies, the second choice was Sharia Law and third 
choice was Language Education. I found my name under diploma 
in science education which I passed with distinction. One of my 
chemistry lecturers Mr. Adam called me and said; “Ogah, look I 
would advise you to go into Chemistry major after this your 
diploma. You have enough knowledge of education to teach, after 
all I did not pass through education but, I don't think I am doing 
badly in teaching” and in deed he was a mile stone in teaching. 
That was how I moved to Chemistry and now a professor in 
Chemistry, a professor of Analytical Chemistry.

My way to University as a lecturer started in 2001 with a call from 
the head of our family, Chief Nwazunku Ogah, that I should come 
home from the north (Maiduguri Borno State to Abakaliki Ebonyi 
State). I assumed duty as assistant lecturer in Ebonyi State 
University in 2002. The process of relocating from Maiduguri in 
Borno State to Abakaliki in Ebonyi State was not easy, but we 
leave the story for another day. However, it is worthy to note here 
that my appointment by Ebonyi State University was in December 
2001, but my assumption of duty was almost a year later, August 
2002. 

The road to professorship in Federal University of Lafia started in 
October 2015. On a Thursday my senior brother prof. F. U. Ogah 
called and told me to get ready to leave for Lafia on Sunday 
against Monday. He further said that I should go with my 
credentials. He said that on Monday, I should go to the V-C's office 
and that I should call him when I got there. I did not ask questions 
other than to obey instructions because of our type of traditional 
training (who am I to ask questions except for clarity when seniors 
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are talking?). That was how I met Prof. Ekanem Brade the rest is 
history. The nature of the road in FULafia is another chapter of a 
book for different audience.
 
Analytical Chemistry; Analytical Chemistry is a branch of 
chemistry that is concerned with separation and analyses of 
constituents of chemical substances. Chemical substances here 
may mean any material because we may ask; is there any 
substance that is not chemical? Analytical chemistry tries to find 
out two things about a substance: 

1. What is in there in the substance, Qualitative Analyses;
2. How much of what is there is there, Quantitative Analyses.

Analytical Chemist is charged with the responsibility of providing 
answers to the two questions above and sometimes takes further 
steps to determine the structural constituent of the substance. 
Analytical Chemist is a general Chemist whose work transverses 
all branches of Chemistry just like our lecture today cuts across 
Inorganic Chemistry, Clinical Chemistry, environmental and 
Physical Chemistry.
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“DIRT” EATING (GEOPHAGY) AND CHEMICAL 
KINETICS OF GEOPHAGIC CONSTITUENTS IN 

HEALTHY TISSUES AND ORGANS

INTRODUCTION:

t is generally agreed all over the world and from the beginning 

Iof time that man's basic needs on earth are food, shelter and 
clothing.  Every other thing man does is just supplementary to 

these. It is also undisputable that while man adapts to living 
without shelter and clothing, it is not possible to live without food. 
However, just availability or abundance of food does not 
guarantee existence of life for man. Food must satisfy certain 
requirement like free from microbes and lethal elements in 
addition to containing what are considered as essential for 
survival and development such as minerals and vitamins. In quest 
for these, man engages in various practices some of which might 
even endanger his life. Some other time the kind of thing man eats 
leaves one to begin to ask question as to what does man mean by 
food. The eating of “dirt” or earth called clay is one of such things. 
It is that part of the earth that man eats, processed or unprocessed, 
that this work calls edible clay.

Clay is a naturally occurring aluminum silicate (Guggenheim and 
Martin, 1995). It is principally composed of ultra fine grain 
mineral. Clays are distinguished from other fine grain soils by 
differences in size and mineralogy. Silt is a fine soil similar to clay. 
However, clay is finer (in fact ultra fine grain). It is so fine that it is 
almost impossible to identify crystal from it. The distinction 
between clay and silt grains varies by discipline. Geologist, soil 
scientist, sendimentologists and colloid chemist all draw their 
distinction based on particle size in μm which in all cases, clay has 
the finest particle. Geotechnical engineers distinguish between 
silts and clays based on soil plasticity (Velde, 1995).
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Clay is widely eaten by children and pregnant women in eastern 
part of Nigeria. Some just pick up some clay particles from 
excavation sites and eat without any preparation while some 
others buy from the local market to eat. Some pregnant women 
can hardly do without it, while believing that it enhances the 
development of their babies and impart fair complexion to the 
babies. 

Even when a baby is born the same clay is used as lotion on the 
new born baby. There are so many local applications of clay with 
so many believes attached to it. 

Clay has been noted to contain aluminum as principal metal. Since 
clay in most cases are formed as a result of sedimentation and 
weathering of rocks it is most likely that some other metals might 
be embedded in the clay that are consumed by same people that eat 
clay. It is of interest because while some metals at certain 
concentrations may be useful as part of diet others may be harmful 
and accumulative effect pose danger to health. 

No one has ever bordered to ask questions about the constituents 
of the clay eat by pregnant women in south eastern part of Nigeria, 
neither has the kinetics of any of such metal, been questioned. 

In this research we analyze edible clay obtained from Enyigba 
village in Abakaliki Ebonyi State, Nigeria for some elements:  Pb, 
Cd, Cu, Zn, Ba, Mn, Ca, Ni, Na, Mg, K, Fe, As, Co, and Cr.

Some tissues such as brain, heart, liver, kidney, lungs, skeletal 
muscle and blood from rabbits were analyzed for some of the 
elements following oral administration of clay to the animals.

The kinetics of some of the elements in the edible clay in the 
tissues and blood from the experimental rabbits were also 
determined.
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ORIGIN OF CLAY
Clay form from weathering and secondary sedimentation 
processes with only few forming from primary igneous or 
metamorphic environment (Amythst, 1995). Clay are also formed 
generally by gradual chemical weathering of silicate bearing rock 
over long period of time by low concentration of carbonic acid and 
other diluted solvent. Clays are formed from hydrothermal 
activities. Clay deposit may be formed as residual deposit in soil, 
but thick deposits are usually formed as a result of secondary 
sedimentary deposition process after having been eroded and 
transported from their original location of formation (Ehlers and 
Blatt, 1982). 

This implies that there are two primary sources of clay: residual 
clay and transported clay. Transported clays are more extensive 
than residuals having been removed from their original place by 
weathering and erosion and deposited at new location (Frolking, 
1982).
                                              
THE CLAY MINERALS 
Clay minerals have common set of structural and chemical 
properties (Costanzo, 2001). They are members of phylosilicates 
that contain large percentage of water trapped within the silicate 
sheets (Amethyst, 2011). There are four groups of clay minerals:

(i) The Kaolinite Group: 
This is also known as white cosmetic clay (Natural, 
2011). It has the formula of Al  Si O  (OH) . 2 2 5  4

(ii) The montimorillonite/smectite group.
This group is also known as Bentonite clay. It is edible 
clay from naturally occurring volcanic ash sediments 
(Natural, 2011). They have the general chemical 
formula (Ca, Na, H)(Al, Mg, Fe, Zn)  (Si, Al)  O   2  4 10

(OH) XH O where X is variable amount of water  2 - 2

(Amethyst,2011).    
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(iii)  The Illite or the clay mica group
This group is also known as French Green clay or sea 
clay (Natural, 2011).  It is rock forming mineral with 
the general formula (K, H) Al  (Si, Al) O  (OH)  - 2  4 10  2

XH O. X is variable amount of water (Amethyst, 2

2011). 

(iv)  The Chlorite Group:
This group is relatively large and common. The 
general formula is X -6Y  O  (OH, O) , the X is either 4 4 10  8

Al, Fe, Li, Mg, Mn, Ni, Zn, or Cr, Y is either Al, Si, B, 
or Fe (Amethyst, 2011).

GEOPHAGY
Eating of “dirt” clay earth, soil or related material is generally 
referred to as geophagy, and such material referred to as 
geophagic material (Ekosse and Ngole, 2012). Geophagy is a 
worldwide practice (Aufreiter et al, 1997; Woywodt and Kiss, 
2012). It is practiced by humans of all gender irrespective of age or 
race (Geissler et al, 1998). Geophagy   practices cuts across 
African continent from east Africa to West Africa including 
Nigeria, Cameroon and Ghana and North Africa to South Africa 
(Abrahams and Parsons, 1997, Ekosse et al, 2010). Diamond 
(1998) concluded that animals eat “dirt” clay to act as detoxins to 
protect them from poison arising from eating poisonous plants.

Geophagy is also known as soil paca or simply pica. It is a tradition 
in places like Philippians, New Guinea, Coasta Rica, the Amazon 
and Orinoco basins of South America to use clay as part of food 
(John, 1990). Gerald Callahan called Pica a disease different from 
pollio or smallpox (Callahan, 2003). Geophagy is more 
pronounced among pregnant women especially in sub-saharan 
Africa including United States of America and children 
worldwide. The US Agency for Toxic Substances Committee 
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(2000) identified 500mg of soil per day to be pathologic (ATSDR, 
2000). Children under the age of 2 eat different kinds of soil from 
different sources Callahan (2003). While adult may be selective 
and consume clay from deeper part of the earth, children are less 
selective and eat top part of the soil.

HEALTH USES OF CLAY 
Generally, all the groups of clay have health uses as in medicine 
and cosmetics.

Different people may have different reasons for eating clay or soil 
as sometimes called. However, for whatever reason one has there 
are definitely merits and demerits in the practice. Clay detoxifies 
by binding alkalloids in some poisonous plants and plant materials 
(Diamond, 1995). 

Geophagy is mostly common among pregnant women and 
nursing mothers who have high demand for minerals and mineral 
supplements. Other Americans such as the indigenous Pomo of 
Northern California used clay in their diet mixed with ground 
acorn to neutralize the acid of the acorn (Hunter, 1993). Clay or 
soil consumption is believed to have relieving effects from 
ailments which includes supplementation of minerals and 
nutrients (Ekosse and Ngole, 2012). 

Geophagic materials are used orally to heal common ailments of 
gastrointestinal tract because of the medicinal properties 
(Carretero, 2002). Clay or other earthy material is consumed to 
relieve hunger (Brand et al, 2010). Iron rich clay has been found to 
be a very effective antibiotic (online). Just as almost natural in life 
that everything has merits and demerits, geophagy has its own 
demerits. There are reports of lead poisoning and other toxicities 
in children eating contaminated soils (Callahan, 2003). Torvik et 
al (1990) found millions of species of microorganisms in soil. 
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Kent and Triplett (2002) found even more species of prokaryotic 
microorganism in the soil. American centers for Disease control 
and prevention (2002) reported infection of two children at 
separate sites with raccoon roundworm, Baylisacaris procyoris, 
due to eating of infected soil material. One of the victims died of 
severe neurologic damage (Callahan, 2003). 

Geophagy can have dire consequences. Most of the disease 
encountered through geophagy is childhood related because 
infected top soil is involved rather than deep clays (Torvik et al, 
1990). Infection from geophagic material was reported in the 
United States with toxocariasis as the most common due to 
ingestion of soil contaminated with dog or cat feces (Laufer, 
2002). Ozumba and Ozumba (2002) reported that the most 
common parasitic infection associated with geophagy or dirt 
eating among Nigerian children is ascariasis.

Clay is widely eaten across the world particularly by pregnant 
women, a habit known as Geophagy. The native pregnant women 
who eat clay claim that it helps to keep the baby in the womb 
healthy. Some say that it works as anti-vomiting in the early stage 
of pregnancy. Some also eat it because of its taste and others say 
they eat it because of its scent. All these are oral claims but most 
importantly some clays are rich in essential nutrient such as 
sulphour and phosphorous. The practice of clay eating is widely 
spread among animals and humans (Peter, 2003).  

Geophagy is common in rural or pre-industrial societies among 
children and pregnant women (Callahan, 2003). It has been 
recorded that sick or injured animals such as mammals, birds, 
butterflies and even reptiles use clay for medicinal purpose 
(Cooper, 2000). Geophagy is practiced by members of all races, 
social classes, ages and sexes. In many parts of the developing 
world clay for consumption are displayed for sale. In some parts of 
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Africa, rural areas of the United States and villages in India clay 
consumption is associated with pregnancy and some women eat 
clay to eliminate nausea, possibly because the clay coats the gastro 
intestinal tract and may absorb dangerous toxin. The clay rich in 
calcium may provide calcium for fetal development (Vermeer, 
1975). People seem to use geophagy to protect themselves from 
plant toxins. Indians that eat bitter and toxic wild potatoes capable 
of producing stomach pains and vomiting, usually eat them with 
clay to make them safe by binding the alkaloids (Diamond, 1998). 

In fact a lot of works are well documented on animal and human 
geophagy either for nutritious reasons or medicinal reason. It is 
recommended that a paraquat poisoned victim should swallow 
“dirt” clay even at the risk of salmonella, because paraquat will be 
deactivated upon contact with soil (Wong, 1993). Chimpanzees in 
Kibale National Park, Uganda have been observed to consume 
soil rich in kaolinite clay shortly before or after consuming plants 
including Trichilia rubescens, which has anti-malarial properties. 
Simulated mastication and digestion has shown that clay helps to 
release active anti-malarial component from the leaves (Ziegler, 
1997). There are health risks associated with clay consumptions. 
Contamination by animal or human feces, parasite eggs, such as 
round worm that can stay dormant for years can present a problem. 
Tetanus poses another risk (Abraham,2003). Some clay may 
possibly contain toxic metals.

PROPERTIES OF CLAY 
The atomic structure and physical properties of clay minerals 
cannot be easily understood experimentally because of poor 
crystallinity and ultra fine particles (Bock et al, 1995). Clay 
minerals all have great affinity for water, some swell easily and 
may double in thickness when wet (Velde, 1995). This property is 
utilized by the paint industry to disperse pigment evenly 
throughout the paint. 
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Clay mineral tends to form microscopic to sub-microscopic 
crystals. They can absorb or lose water from simple humidity 
changes. 

There are two main parts or properties that give clay wide 
applications.

(a) The large surface area arising from the tiny size of the 
particles. This property is utilized in ion exchange in 
detoxification process (USGS, 1999). 

(b) The electrically charged nature of the clay particles results 
in very strong electrostatic interactions. According to 
Johnson (1996) there are six different active sites in clay 
mineral as (i)“broken edge” site (ii) Isomorphic 
substitution site (iii) Exchangeable cation site. (iv) 
Hydrophobic surface (v) Hydration shell of exchangeable 
cation and  (vi) Hydrophobic sites on adsorbed organic 
molecules. 

Naturally clay is negatively charged and cat ions can easily bind to 
their natural surface while negative or non-polar hydrophobic 
chemicals will be rejected (Lahav, 1983). Adsorption of organic 
cat ions to the clay charged sites exchanging the original inorganic 
cat ions, might exhibit hydrophobic movement toward the outside 
surface of the organic clay composite. Such surface can bind non-
polar chemicals. In some cases it may give rise to interaction with 
negatively charged chemicals due to charge reversal on the clay 
surface as a result of over load in organic cat ions (Rytwo et al, 
1998).

SAMPLE AREA AND SAMPLE COLLECTION
Samples of clay were collected from Enyigba village mining site 
in Abakaliki Ebonyi State of Nigeria, Figures 1 and 2. The 
samples were bought from different sampling points at the mining 
gate as shown figures 3 and 4.
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Figure 1. Map of Nigeria showing Ebonyi state in deep yellow.

Figure 2. Map of Ebonyi state Nigeria showing sample collection Areas.
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Figure 3a. Lead mining Site in Enyigba Ebonyi State Nigeria where clay 
was collected as a ‘byproduct of mining’
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Figure 3b.  Clay Mining Site in Enyigba Ebonyi State Nigeria
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Figure 3c: Edible Industrial Site
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Figure 3d: Displayed Edible Clay
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PREPARATION OF CLAY SAMPLE FOR ANALYSIS 
The sample from the different sampling points were ground 
together and thoroughly mixed. The fine powder was dried in an 

o
oven at a temperature of 110 C and then cooled and heated to a 
constant weight. From this bulk sample 2000 mg of the dried 
sample was weighed. The two grams was a representative sample 

3
of the bulk. This sample was placed in a beaker and 10 cm  of 

3
distilled water added just to make paste of the clay. Sixty (60) cm  
of freshly mixed aqua regia (mixture of Nitric acid and 
Hydrochloric acid in the of 1:3 y volume) was added little at a time 
to dissolve the material. The mixture was allowed to stand 
overnight for complete digestion of the clay sample (Ogah eta al; 
2016). Then the mixture was diluted with distilled water, and 

0filtered. The filtrate was kept in refrigerator at 4 C and analyzed 
for the elements using Atomic Absorption Spectroscopy (AAS). 
The samples were run in triplicate. The elements whose 
concentration levels were determined include Pb, Cd, Cu, Zn, Ba, 
Mn, Ca, Ni, Na, Mg, K, Fe, As, Co and Cr at the appropriate 
wavelength and lamp current for each analyte.

EXPERIMENTAL ANIMALS
Fifty nine clinically healthy rabbits of adult age of both sexes were 
used. They were kept in laboratory for 14 days in Veterinary 
Teaching Hospital Federal University of Agriculture Makurdi to 
acclimatize, (Figure 4). The weight of each animal was also 
determined by use of scale balance. The animals were clearly 
labeled and each body weight recorded. The animals were fed 
with grass and vegetables.       
                                             
ACUTE TOXICITY STUDY:
The acute toxicity of the clay on the rabbits was studied using up 
and down method as revised by Dixon, (1991). The rabbits were 
fasted over night but allowed to drink water prior to the study. Five 
adult rabbits of known weight were randomly selected and used 
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for the study. The up and down method aims to estimate the LD  50

value by testing individual animal sequentially the dose for each 
animal being adjusted up or down, depending upon the outcome of 
the previous animal (USEPA,1998).

Principle of limit test: The limit test is a sequential test that uses a 
maximum of 5 animals. A test of 2000, or exceptionally 5000 
mg/kg body weight may be used. It is primarily used in situations 
where the experimenter has information indicating that the 
material is likely to be non-toxic (DE CD, 1987). 5000mg /kg 
body weight of freshly made paste of clay in distilled water was 
given orally to one of the rabbits using stomach tube. The dosed 
animal was observed for 48h for signs of toxicity or death. The 
animal survived. The same procedure was adopted until all the five 
animals were treated. There was no loss of animal but the 
surviving animals were observed for 14 days.

TISSUE KINETICS OF THE CLAY CONSTITUENT IN 
RABBITS:
Fifty four (54) rabbits were used for this study. They were 
separated in three equal groups, and placed in different cages. 
Group A was administered 2000mg/kg body weight of freshly 
made paste of clay while Group B was administered 4000mg/kg 
body weight. Group C, was control and was not dosed but fed with 
grasses and vegetables. The high and low doses were necessary to 
see if absorption and distribution into tissues would depend on the 
concentration of the constituent of the clay and hence whether the 
rate of disappearance in the tissue would depend on the 
concentration. 

All the groups were fasted prior to the dosing but water was 
provided ad-libitum in plastic bowels. The clay was in the form 
close enough to that which it is eaten by humans. The fine weighed 
powder was made into paste by adding 10 mls of distilled water 
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just enough to allow easy administration. After dosing all the 
animals were continuously fed with grass and vegetable and water 
ad libitum, but in different containers in different cages. Group C 
was administered with distilled water only from the source used 
for paste making of the clay sample. The animals were observed 
for any clinical behaviour. 
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COLLECTION OF TISSUE AND BLOOD SAMPLES
Three animals from each group were sacrificed each day of sample 
collection. Samples of brain, heart, liver, kidney, lungs, skeletal 
muscle and blood were collected from the sacrificed animals. 
Samples were collected on the following days post treatment with 

st nd th th th th
clay; 1  day, 2  day, 4  day, 6  day, 8  day, and 10  day. The work 
area and instruments were thoroughly cleaned between sacrifice 
to avoid contamination. The tissue samples were put in plastic 

0bags and stored in refrigerator below   -10 C until analysed.  
Heparin was used as anticoagulant for blood sample (Ogah et al; 
2016).

DIGESTION OF TISSUE SAMPLES
The tissues were dried to a constant weight in an oven at a 

0temperature of 60 C. One gramme of the dried tissue was weighed 
3into a conical flask. Fifteen (15) cm  of freshly prepared aqua-

3regia was added followed by gradual addition of 20 cm  of 20% 
H O . The aqua-regia was employed to solublize the metal while 2 2

the H O was to oxidize the tissue. The mixture was placed on hot 2 2   
0

plate at 80 C for 2h. The solution was allowed to cool, then filtered 
3

and made up to 100 cm  in a volumetric flask. The filtrate was 
refrigerated until further analysis.

DETERMINATIONS OF METALS IN TISSUE AND 
BLOOD SAMPLE USING AAS
The sample solutions were in turn aspirated for each suspected 
element in triplicate. The concentration of the analyte in the 
sample was recorded from read out devise of the bulk AAS.

BLANK PREPARATIONS:
The Blank were made by taking 15 mls of aqua-regia  with 20 mls 

3of 20% H O  in 100 cm  volumetric flasks and made up to the mark 2 2

with distilled water. This solution was aspirated into the flame of 
AAS and concentrations recorded at wave length of each 
suspected analyte.
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Solutions of control were in turn run for each suspected element 
just like the sample. The concentrations were recorded. The 
values, where applicable were subtracted from the value for the 
corresponding sample.

CALCULATION OF KINETICS CONSTANTS
Blood or tissue kinetics is the mathematical description of 
concentration changes in the body with time. For the clay the 
decline in concentrations in blood and tissues with time after oral 
administration was examined under a single compartment open 
model (fig 5). 

According to a single compartment model, the clay after being 
taken orally   gains entry into the blood stream and is instantly and 
homogenously mixed, distributed and eliminated by excretion 
and/or metabolism from the body. This compartment is a 
mathematical entity with no physiological meaning but is useful 
in describing the disposition kinetics of a material (Mercer et-al, 
1978). The kinetic analysis of experimental data obtained from 
blood and tissue was performed using a mean value by standard 
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procedures (Gibaldi and Perrier, 1982). A programme for linear 
regression analysis was used. The following kinetics parameters 
were determined.

Elimination rate: regression analysis was performed on 
concentration time data and the slope (i.e. change in 
concentration/change in time) is the elimination rate constant k.

Half life was obtained using the formular

Where, k is the elimination rate constant and

is the half life

STATISTICAL ANALYSIS

The data collected were presented as mean   standard error mean. 
One way analysis of variance (ANOVA) was used to analyze the 
differences between the means. P values less than 0.05 were 

(R)
considered significant (Armitage, 1980). Graphpard instant  
version 3.0 (2003) statistical computer softwares was used.

RESULTS OF ELEMENTAL ANALYSES OF EDIBLE 
CLAY FROM ENYIGBA EBONYI   STATE NIGERIA:

The results of the analyses of the elements present in the edible 
clay obtained from Enyigba Abakaliki, Ebonyi State Nigeria is 
presented in Tables   1a, b and c.

The essential metallic elements including Na, K, Ca, and Mg 
occurred in high concentrations in the edible clay. The 
concentrations of these elements in the edible clay were 71.960 + 
3.63, 84.330+2.73, 249.00+ 1.73 and 198.570 + 0.90 mg/g 
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respectively for Na, K, Ca, and Mg (Table 1a). The concentrations 
of trace metallic nutrient elements in the edible clay are shown in 
table 1b. Iron (Fe) (151.920+ 2.6 mg/g) occurred in a very high 
concentration, while Cr (0.170+ 0.04 mg/g) was obtained in a very 
low concentration. The concentrations of Ni, Cu and Mn were 
89.340+ 0.69, 40.690+ 0.67 and 65.200+ 0.81 mg/g respectively. 
Some toxic heavy metals were found in the edible clay (Table 1c). 
The concentrations of these toxic heavy metals in the edible clay 
were Pb, 0.570+ 0.08 mg/g; Cd, 1.930+ 1.23 mg/g; As, 3.920+ 
1.90 mg/g and Ba, 8.680+ 4.91 mg/g.

ACUTE TOXICITY STUDY
The administration of the edible clay to rabbits at the dose of 5000 
mg/kg for LD  determination did not produce any mortality in the 50

treated rabbits using the up and down method.

Metals Mean (+ SE) Concentrations mg/g 

Na 71.960 + 3.63 

K 84.330 + 2.73 

Ca 249.000 + 1.73 

Mg 198.570 + 0.90 

 SE = standard error mean.

Table 1a: Essential metallic nutrient elements in the edible 
clay obtained from Enyigba Abakaliki Ebonyi State Nigeria 

(Ogah et al; 2016).
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Table 1b: Trace metallic nutrient elements in edible clay 
obtained from Enyigba Abakaliki Ebonyi state Nigeria 

(Ogah and Ikelle, 2015).

Metals  Mean ( + SE) Concentrations mg/g  

Cu 40.690 + 0.67 

Zn 0.830 + 0.02 

Mn 65.200 + 0.81 

Ni 89.340 + 0.69 

Fe 151.920 + 2.6 

Co 1.190 + 0.51 

Cr 0.170 + 0.04 

 SE = standard error mean.

Table 1c: Toxic metals in edible clay obtained from 
Enyigba Abakaliki Ebonyi State Nigeria 

(Ogah and Ikelle, 2015).

Metals  Mean ( + SE) Concentrations mg/g  

Pb 0.570 + 0.08  

Cd 1.930 + 1.23  

As 3.920 + 1.90  

Ba 8.680 + 4.91  

Al 1.29 + 0.24  

 
SE = standard error mean.

21



D
IS

T
R

IB
U

T
IO

N
S

 O
F

 M
E

T
A

L
S

 I
N

 T
IS

S
U

E
S

 A
N

D
 B

L
O

O
D

T
ab

le
 2

: 
M

ea
n 

(+
SE

) 
C

a 
C

on
ce

nt
ra

ti
on

 (
µ

g/
g)

 i
n 

ti
ss

ue
s 

of
 r

ab
bi

ts
 o

ra
ll

y 
tr

ea
te

d 
w

it
h 

do
se

s 
of

 2
00

0 
m

g/
kg

 b
od

y 
w

ei
gh

t 
(l

ow
) 

an
d 

40
00

 m
g/

kg
 b

od
y 

w
ei

gh
t 

(h
ig

h)
 (

O
ga

h 
et

 a
l;

 2
01

6)
.

a,
 b

, v
al

ue
s 

fo
r 

lo
w

 d
os

e 
al

on
g 

th
e 

sa
m

e 
co

lu
m

n 
di

ff
er

en
tl

y 
su

pe
rs

cr
ip

t,
 d

iff
er

 s
ig

ni
fi

ca
nt

ly
 (

p<
0.

05
).

1,
 2

 v
al

ue
 f

or
 h

ig
h 

do
se

 a
lo

ng
 t

he
 s

am
e 

co
lu

m
n 

di
ff

er
en

tl
y 

su
pe

rs
cr

ip
t,

 d
iff

er
 s

ig
ni

fi
ca

nt
ly

 (
p<

0.
05

).

22



T
ab

le
 3

: 
M

ea
n 

(+
SE

) 
M

g 
C

on
ce

nt
ra

ti
on

 (
µ

g/
g)

 i
n 

ti
ss

ue
s 

of
 r

ab
bi

ts
 o

ra
ll

y 
tr

ea
te

d 
w

it
h 

do
se

s

of
 2

00
0 

m
g/

kg
 b

od
y 

w
ei

gh
t 

(l
ow

) 
an

d 
40

00
m

g/
kg

 b
od

y 
w

ei
gh

t 
(h

ig
h)

 (
O

ga
h 

et
 a

l;
 2

01
6)

.

a,
 b

, v
al

ue
s 

fo
r 

lo
w

 d
os

e 
al

on
g 

th
e 

sa
m

e 
co

lu
m

n 
di

ff
er

en
tl

y 
su

pe
rs

cr
ip

t,
 d

iff
er

 s
ig

ni
fi

ca
nt

ly
 (

p<
0.

05
).

1,
 2

 v
al

ue
 f

or
 h

ig
h 

do
se

 a
lo

ng
 t

he
 s

am
e 

co
lu

m
n 

di
ff

er
en

tl
y 

su
pe

rs
cr

ip
t,

 d
iff

er
 s

ig
ni

fi
ca

nt
ly

 (
p<

0.
05

).

23



T
ab

le
 4

: 
M

ea
n 

(+
SE

) 
F

e 
C

on
ce

nt
ra

ti
on

 (
µ

g/
g)

 i
n 

ti
ss

ue
s 

of
 r

ab
bi

ts
 o

ra
ll

y 
tr

ea
te

d 
w

it
h 

do
se

s
of

 2
00

0 
m

g/
kg

 b
od

y 
w

ei
gh

t 
(l

ow
) 

an
d 

40
00

 m
g/

kg
 b

od
y 

w
ei

gh
t 

(h
ig

h)
.

a,
 b

, v
al

ue
s 

fo
r 

lo
w

 d
os

e 
al

on
g 

th
e 

sa
m

e 
co

lu
m

n 
di

ff
er

en
tl

y 
su

pe
rs

cr
ip

t,
 d

iff
er

 s
ig

ni
fi

ca
nt

ly
 (

p<
0.

05
).

1,
 2

 v
al

ue
 f

or
 h

ig
h 

do
se

 a
lo

ng
 t

he
 s

am
e 

co
lu

m
n 

di
ff

er
en

tl
y 

su
pe

rs
cr

ip
t,

 d
iff

er
 s

ig
ni

fi
ca

nt
ly

 (
p<

0.
05

).

24



The oral administration of the edible clay to rabbits at two varying 
doses of 2000 mg/kg body weight and 4000 mg/kg body weight, 
resulted in detectable levels of most of the elements found in the 
clay in various tissues and blood of the treated animals. 

Right from day 1 to day 10 post treatments with the clay (Table 2), 
Calcium occurred in the brain of the treated rabbits. The 
concentrations of calcium obtained at day 1 post treatment were 
384.00+ 101.00 µg/g and 436.00+ 213.00 µg/g in animals treated 
with 2000 and 4000 mg/kg body weight respectively. There was a 
decline in Ca concentrations and, at 10 days post treatment the 
levels were 138.80+ 35.80 µg/g and 206.00 + 115.00 µg/g 
respectively in 2000 mg/kg body weight and 4000 mg/kg body 
weight of the treated animals. The concentrations of Ca observed 
to be present in the heart, kidney, liver, lungs, skeletal muscle and 
blood were highest at day 1 post treatment, and these were 
followed by constant decline in Ca levels in the various tissues and 
blood, with the levels in the various tissues and blood being the 
least on 10th day post treatment. The concentrations obtained with 
the 4000 mg/kg dose in various tissues and blood were 
significantly (P less than 0.05) higher than those obtained with the 
2000 mg/kg dose (Table 2).

The concentrations of Mg present in the various tissues of rabbits 
treated orally with 2000 mg/kg and 4000 mg/kg body weight of 
the edible clay are shown in Tables 3. The highest concentration of 
this element was obtained at day 1 post treatment, while the least 
level was obtained at day 10 post treatment. The Mg 
concentrations were higher in the tissues and blood of animals 
treated with 4000 mg/kg dose when compared to the level present 
in the tissues and blood of 2000 mg/kg treated rabbits.
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The concentrations of Cu present in the edible tissues and blood of rabbits 

treated with the edible clay were comparatively low compared to elements 

like Ca, Mg and Fe. At day 1 post treatment the Cu levels were 7.08+ 0.00 

µg/g, 9.43+ 2.36 µg/g, 8.25+ 1.18 µg/g, 15.33+ 1.18, 6.90+ 0.18 µg/g, 

3.54+ 0.00 µg/g and 0.00+ 100 µg/g in the brain, heart, kidney, liver, lungs, 

skeletal muscle and blood respectively in the animals treated with 2000 

mg/kg ody weight dose. The animals treated with 4000 mg/kg body weight 

dose had the following levels brain, 11.79+ 1.18 µg/g; heart, 9.59+ 3.24 

µg/g; kidney, 11.79+ 1.18 µg/g; liver, 16.31+ 1.09 µg/g; lungs, 10.16+ 0.00 

µg/g; skeletal muscle, 7.08+ 0.00 µg/g and blood, 3.54+ 0.00 µg/g (Table 

5). Ten days post treatment there was absence of Cu in the brain, liver, lungs, 

skeletal muscle and blood in the rabbits treated with 2000 mg/kg body 

weight dose. In the case of blood, Cu was only obtained at day 1 post 

treatment following the administration of the edible clay at 4000 mg/kg 

body weight. The concentration of Ni in various tissues and blood following 

treatment with edible clay in rabbits is shown in table 6. The blood had the 

highest concentrations of Ni in both the 2000 mg/kg body weight and 4000 

mg/kg body weight doses. 

The concentrations of Ni present in the blood at day 1 post treatment were 

221.59+ 17.05 µg/g and 231.20+ 14.10 µg/g for 2000 g/kg body weight and 

4000 mg/kg body weight doses respectively. The concentrations of Ni in the 

various tissues were highest at day 1 post treatment. These concentrations 

were observed to decrease with time and at 10 days post treatment the levels 

were still detectable in the various tissues. 

Detectable levels of Mn were observed in the various tissues and blood of 

treated rabbits except in the blood from day 6 post treatment for animals 

treated with 2000 mg/kg body weight and from day 8 in those treated with 

4000 mg/kg body weight (Table 7). The levels of Mn in the various tissues 

and blood were not as high as those obtained for Ni, Ca, Fe and Mg. The 

concentrations of Mn in the rabbits treated with 4000 mg/kg body weight 

were higher than those treated with 2000 mg/kg body weight at p less than 

0.05 level of significant. 
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The levels of K and Na in the various tissues and blood of rabbits 
treated orally with edible clay are presented in Tables 8 and 9 
respectively. The brain, heart, kidney, liver, lungs, skeletal muscle 
and blood contained 141.00+ 36.76 µg/g, 78.00+ 15.93 µg/g, 
94.67+ 7.26 µg/g, 114.00+ 10.50 µg/g, 109.00+ 18.33 µg/g, 
177.67+12.72 µg/g and 46.90+ 5.18 µg/g of K in rabbits treated 
with 2000 mg/kg body weight of the edible clay at day 1 post 
treatment. The rabbits treated with 4000 mg/kg body weight of the 
clay were observed to contain 152.70+19.10 µg/g, 124.70+16.20 
µg/g, 106.32+12.50 µg/g, 114.30 +10.20 µg/g, 113.30+10.30 
µg/g, 181.67+ 8.28 µg/g and 51.50+ 6.34 µg/g of K at day 1 in the 
brain, heart, kidney, liver, lungs, skeletal muscle and blood 
respectively. The concentrations obtained in these tissues in the 
animals treated with 4000 mg/kg body weight were significantly 
higher than those from the animals treated with 2000 mg/kg body 
weight of the clay. These initial high concentrations obtained on 
day 1 were observed to decrease with time and on day 10 post 
treatment substantial amounts were still present in the various 
tissues and blood (Table 8).

Sodium concentrations were observed to be high in the tissues of 
rabbits treated with 2000 mg/kg body weight and 4000 mg/kg 
body weight of the clay (Table 9). In general the Na levels in the 
tissues and blood of the animals treated with 4000 mg/kg body 
weight of clay were higher than in those treated with 2000 mg/kg 
body weight dose for p less than 0.05 level of significant.

 Lead and Cr were not detected in the tissues and blood of the 
rabbits given the clay orally at 2000 mg/kg and 4000 mg/kg body 
weight.
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ELIMINATION RATE OF METALS IN VARIOUS TISSUES  
(Ogah et al; 2016).

Fig. 1. Elimination rate constant of Ca in tissues o  f rabbits treated with doses 
of 2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).

Fig. 2. Elimination rate constant of Mg in tissues of rabbits treated with doses 

of 2000 mg/kg body weight (low) and 4000mg/kg body weight (high).
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Fig. 4. Elimination rate of Fe in tissues of rabbits treated with doses of 
2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).

Fig. 5. Elimination rate of Cu in tissues of rabbits treated with doses of 

2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).
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Fig. 6. Elimination rate of Ni in tissues of rabbits treated with doses of 
2000 mg/kg body weight (low) and 4000mg/kg body weight (high).

Fig. 7. Elimination rate of Mn in tissues of rabbits treated with doses of
2000 mg/kg body weight (low) and 4000mg/kg body weight (high).
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Fig. 8. Elimination rate of K in tissues of rabbits treated with doses of 

2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).

Fig. 9. Elimination rate of Na in tissues of rabbits treated with doses of 

2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).
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The elimination rate of the elements present in the edible clay in 
the sampled organs and tissues are presented in figures 1 to 8. The 
rate of elimination of Ca from the brain of rabbits treated with the 
2000 mg/kg body weight and 4000 mg/kg body weight of edible 
clay was higher than the rate of its elimination from other tissues 
and blood (Figure 1). The kidney had the lowest rate of Ca 
elimination with elimination rate constant of 9.15 and 16.80 
µg/day in animals treated with 2000 mg/kg body weight and 4000 
mg/kg body weight of edible clay respectively. Magnesium was 
slowly eliminated from the tissues and blood of the clay treated 
animals. The rates of elimination from the brain of rabbits treated 
with the clay at 2000 mg/kg body eight and 4000 mg/kg body 
weight were 5.53 µg/day and 6.85 µg/day respectively, (Figure 2). 
The elimination rate of eliminations for the blood were 17.6 
µg/day and 17.2 µg/day in rabbits given the clay orally at 2000 
mg/kg body weight and 4000 mg/kg body weight. 

The rate of elimination of Fe were higher at p<0.05 in the tissues 
of rabbits treated with 4000 mg/kg edible clay compared to those 
treated with 2000 mg/kg (Figure 3), except for the heart and the 
kidney. The elimination rate constant of Fe in the liver was 20.00 
µg per day in rabbits treated with 2000 mg/kg dose and 30.90 µg 
per day in those treated with 4000 mg/kg. 

The highest elimination rate of Cu in the liver was 1.52 µg per day 
in the rabbits given 2000 mg/kg edible clay, and 1.43 µg per day in 
those treated with 4000 mg/kg edible clay (Figure 4). The rate of 
elimination of Cu from the heart, liver, lungs, and skeletal muscle 
were higher at p<0.05 in the animals treated with 2000 mg/kg 
compared to those treated with 4000 mg/kg dose. Cu was absent 
from the blood of rabbits given 2000 mg/kg of clay, the 
elimination rate constant, therefore could not be calculated. 
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Ni (Figure 5) shows the rate constant of elimination of Ni from the 

various tissues and blood. The skeletal muscle had the highest at p<0.05 

elimination rate constants of 9.74 µg/day and 10.10 µg per day 

respectively in animals given 2000 mg/kg and 4000 mg/kg edible clay. 

The elimination rate constants of Mn in the various tissues of animals 

treated with the edible clay at 4000 mg/kg were higher at p<0.05 than in 

those treated with the clay at 2000 mg/kg except the skeletal muscle 

(Figure 6) with the rate constants of elimination of 0.893 µg/day and 

0.858 µg per day respectively. 

The rate constant of elimination of K and Na are presented in figures 7 

and 8. The rate constants of elimination of these two metals were higher 

at p<0.05 in 2000 mg/kg treated rabbits for the following tissues-

kidney, liver, lungs, skeletal muscle and blood, compared to those 

treated with 4000 mg/kg.

THE HALF LIFE (t ) OF ELIMINATION OF METALS 1/2

PRESENT IN THE EDIBLE CLAY IN THE VARIOUS 
ORGANS AND TISSUES OF TREATED RABBITS

Fig. 10. Elimination half-life of Ca in days in tissues of rabbits treated with doses of
2000 mg/kg body weight (low) and 4000mg/kg body weight (high) (Ogah et al; 2016).
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Fig. 11. Elimination half life of Mg in days in tissues of rabbits treated with doses of 
2000 mg/kg body weight (low) and 4000mg/kg body weight (high) (Ogah et al; 2016).

Fig. 12. Elimination half life of Fe in days in tissues of rabbits treated with 

doses of 2000 mg/kg body weight (low) and 4000mg/kg body weight (high).
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Fig. 13. Elimination half life of Cu in days in tissues of rabbits treated with 

doses of 2000 mg/kg body weight (low) and 4000mg/kg body weight (high).

Fig. 14. Elimination half life of Ni in days in tissues of rabbits treated with 
dose of 2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).
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Fig. 15. Elimination half life of Mn in days in tissues of rabbits treated with
doses of 2000 mg/kg body weight (low) and 4000 mg/kg body weight (high).

Fig. 16. Elimination half life of K in days in tissues of rabbits treated with doses of 

2000 mg/kg body weight (low) and 4000 mg/kg body weight (high) (Ogah et al; 2016).
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Fig. 17. Elimination half life of Na in days in tissues of rabbits treated with doses of 

2000 mg/kg body weight (low) and 4000mg/kg body weight (high) (Ogah et al; 2016).

The half life (t ) of elimination of metals present in the edible clay 1/2

in the various organs and tissues of treated rabbits are presented in 
Figures 9 to 16. The half life of elimination of Ca was higher at 
p<0.05 in the tissues of animals given the clay at 2000 mg/kg 
compared to those given the clay at 4000 mg/kg, except in the 
lungs (Figure 9). Figure 10 shows the half lives of Mg in the 
various tissues of treated rabbits. Skeletal muscle, lungs and heart 
have higher half lives in the animals treated with 4000 mg/kg 
dose, than those treated with 2000 mg/kg dose. 

The kidney of the clay treated animals has the highest life at 
p<0.05 for Fe compared to the other sampled tissues (Figure 11). 
The half lives of Fe in the kidney were 0.054days and 0.059days 

 
for 2000 mg/kg and 4000 mg/kg doses respectively. Copper (Cu) 
generally appears to have the highest half lives in the various 
tissues of the metals analyzed (Figure 12). 
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The half lives of Ni in the heart, liver, lungs and blood of rabbits 
treated with the edible clay at 4000 mg/kg were higher than the 
half lives of those treated with 2000 mg/kg dose (Figure 13). The 
highest half life of Ni was recorded in the liver of 4000 mg/kg 
treated rabbits. The highest half life for Mn was obtained from the 
blood of rabbits treated with edible clay at 2000 mg/kg (Figure 
14). This was followed by the half life in the lungs of rabbits given 
clay at 2000 mg/kg body weight. 

The half lives of K and Na in the various sampled tissues of rabbits 
treated with the edible clay are shown in figures 15 and 16. The 
half lives of these two metals were higher in the kidney, liver, 
lungs, skeletal muscle and blood of animals given the clay at 4000 
mg/kg compared to those given at 2000 mg/kg. The brain of 
rabbits treated with the clay at 2000 mg/kg had the least half life of 
Na.     

DISCUSSION
The edible clay from Enyigba in Abakaliki, Ebonyi State from the 
observations made in the study contains different types of metals 
elements. The analyses showed that the elements found in the clay 
occurred in varying concentrations. These elements may be 
separated into three groups based on human nutritional 
requirements or health implications. The groups are:

(i) essential metallic nutrients in animal and human nutrition. 
This group contains such elements as Na, K, Ca and Mg. 
The elements are required for growth and maintenance of 
health (Tietz et al, 1986).

(ii) The trace elements in human and animal nutrition. This 
second group is known to consist of the following 
elements: Cu, Zn, Mn, Ni, Fe, Co and Cr. 

(iii) Trace heavy metals. This particular group is known to 
induce toxicity to both man and animals even in minute 
quantities. The elements placed in this group include Pb, 
Cd, As, Ba and Al (Tietz et al, 1986).
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The essential trace elements were identified from human clinical 
experience and animal experiments. Those elements such as Ca, 
Mg, Na and K play essential roles in human and animal health and 
diseases have been previously highlighted (Khan, 1996; 
Ogugbuaja et al, 1997; Moses et al, 2002). Calcium apart from its 
importance in the maintenance of the skeletal structure of the body 
is also involved in blood coagulation, functioning of the heart, 
muscle and nerves and permeability of cell membranes (Odutola, 
1992). Sodium is the major cation of the extracellular fluid and is 
responsible for 50% of the osmolality of the plasma or serum. 

Potassium is the major cation of the intracellular fluid, and is very 
important in the maintenance of life (Radostits et al, 1997). 
Nutritionists have long recognized magnesium as an essential 
nutrient. Severe deficiencies of this element result in 
neuromuscular signs similar to those of eclampsia. Magnesium is 
also known to regulate calcium transport and so can play a 
significant role in bone metabolism (Sojka and Weaver, 1995). 
The concentrations of these essential trace elements found in the 
edible clay are within the safety limits reported by WHO (1996). 
The high levels of Ca and Mg in the clay may suggest that it may be 
compounds of calcite (CaCO ) or dolomite CaMg(CO )  or a 3 3 2

combination of the two compound to form lime stone.

The presence of Cu, Zn, Mn, Ni, Fe, Co and Cr which are trace 
elements in the clay are note worthy. Trace elements describe 
those elements present in the biological systems at very low 
concentrations. The functional role of trace elements is described 
in terms of their essential roles in nutrition and or toxicity (Kaplan 
and Pesche, 1989). Generally the concentrations of the trace 
elements obtained in this study are within the safety limit that has 
been reported by WHO (1996).
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Many trace elements are known to influence various body 
functions and are extensively used both in chemotherapy and 
radiotherapy. Manganese is involved in normal skeletal growth 
and development, lipid metabolism, prevention of sterility, 
protein and nucleic acid metabolism and activation of enzyme 
functions (Blaurock-Busch, 1997). Elemental iron occurred in 
high concentration in the edible clay, although the concentration 
was within (WHO, 1996) acceptable level. Iron is important in 
haemoglobin production and is used to treat iron deficiency 
anaemia (Laurence et al, 1997). The concentration of Ni found in 
the clay appears to be high and worthy of note, since the human 
dietary requirement of Ni is 0.05 mg/day (Tietz et al, 1986). 

Cobalt is essential component of vitamin B12, and is present in the 
adult mainly in the bone. Copper is important in some enzyme 
systems and also in the production of red blood cells. Copper 
deficiency may result in anaemia. It is also involved in the normal 
production of wool or fur (Tietz et al, 1986). Zinc is an essential 
element in nutrition of humans, animals and plants. It is required 
in the genetic make-up of every cell and is an absolute 
requirement for all biological reproduction (O'Dell, 2000). Its 
accumulation in the body is harmful. The concentrations of the 
above trace elements found in the clay are within the WHO (1996) 
acceptable levels for human and animal nutrition.

The heavy metals that occurred in the clay are within tolerable 
concentrations (Blanke and Walter, 1986; Pietroski and Coleman, 
1980). These heavy metals are capable of inducing toxic effects 
even in small concentrations or doses. The toxic inorganic 
element form a much larger group and over 80 inorganic 
compounds have established toxicity which has been observed in 
industrial and environmental studies. The commonly investigated 
elements are lead, cadmium, mercury and arsenic, which are toxic 
even in low concentrations and induce serious problems of 
environmental pollution.
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Furthermore, iron, nickel, manganese, zinc, cobalt, selenium and 
chromium may be toxic in high concentrations (Blaurock-Busch, 
1997). The toxic inorganic elements found in the clay such as lead, 
arsenic, cadmium, barium and aluminium were found in low 
concentrations. This may be an indication of low degree of 
pollution in the area. Ebonyi state is not an industrialized area, 
hence it is expected that the production and disposal of these toxic 
metals will be too minimal to contribute to environmental 
pollution. The low clay concentration of toxic elements may also 
be due to the low deposits of these elements in the soil. 

The results of the tissue kinetics study showed that most of the 
elements present in the edible clay obtained from Enyigba, were 
readily absorbed following oral administration – of the clay. The 
mean peak blood and tissues concentrations of these elements 
occurred twenty four hours (one day) after the clay administration 
to rabbit at 2000 mg/Kg and 4000 mg/Kg doses. The elements 
obtained in high concentrations in the sampled tissues include Ca, 
Mg, Ni, Fe, K, and Na. Copper and Mn, occurred in low 
concentrations in the tissues and blood while Pb and Cr were 
absent. The high amounts of Ca, Mg, Ni, K and Na present in these 
tissues and blood may be due to increased uptake of these 
elements by organs and tissues involved. The high concentrations 
of these elements in tissues may also be due to the levels of these 
elements in the edible clay sample. The elemental analyses of the 
clay showed that Ca, Mg, Ni, Fe, K and Na were present in the clay 
at the following concentrations 249.00+ 1.73, 198.57+ 0.90, 
89.34+ 0.69, 151.92+ 2.60, 84.33+ 2.73 and 71.96+ 3.63 mg/g 
respectively. It is therefore not surprising that those elements 
occurred in high concentrations in the sampled tissues. The low 
levels of Cu and Mn found in the various tissues following oral 
administration may be an indication of their low concentrations in 
the clay.
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Biological systems are known to possess mechanisms for 
absorption, transportation, storage and excretion of elements. The 
administration of the edible clay orally may have resulted in the 
following within the gastro-intestinal tract. (i) The dissolution of 
the clay, (ii) Absorption of elements into the systemic circulation 
and (iii) Transfer of particles via the lymphatic system to lymph 
nodes or blood (Srivastava and Misra,1984). Elements 
transported by the blood are deposited in the body organs and 
tissues. The liver, kidney, brain, heart, skeletal muscle, and lungs 
constitute likely recipients of such elements (Moses et al, 2008). 

This study has shown that the liver acted as the main accumulator 
of the elements. The observed high accumulations of these 
elements in the liver are probably related to their effective 
absorption from the gastro-intestinal tract and the ability of the 
liver to store them. Other studies have reported the capabilities of 
most organs, notably liver and kidney, to store large quantities of 
elements in the biological systems. The mechanisms entailed 
interactions between these elements with the intrinsic proteins in 
the organs and tissues, (King and Keen, 1999). The high 
concentrations obtained in the liver and kidney should be 
expected since the kidney is the primary organ of elimination and 
the liver the main organ of biotransformation (Baggot, 1977).

The presence of the sampled elements in the brain, heart, and 
skeletal muscle is interesting. Extensive amounts of elements 
such as Ca, Mg, Ni, K, Na and Fe were obtained in these tissues. 
The presence of these elements in the brain and skeletal muscle 
may be an indication of the ability of these elements to cross 
physiological barriers. The organs of the body, which are 
moderately supplied with blood such as heart and lungs, also 
contain high levels of Ca, Mg, Ni, Na, K, and Fe. This may be an 
indication of rapid distribution of these elements to the tissues 
which resulted in the increased uptake of these elements by these 
organs.
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The presence of Ca, Mg, Ni, Fe, Na and K in the blood on day one 
post administration of the edible clay may be due to absorption of 
the elements from the stomach and or small intestine (Aliu, 2007). 
However, absorption may not explain the continued presence of 
these elements in the blood at day ten post administration.

The elements after absorption into the blood were distributed to 
organs and tissues of the body. Re-distribution of these elements 
may account for the prolonged presence of the elements in the 
blood, since the blood is the medium of transport of these elements 
in the body either to the tissues or to the excretory organs. 

Plasma protein binding of the elements may also contribute to the 
prolonged presence of these metals in the blood. Although the 
study did not involve the plasma protein binding of these metals, 
the elements are known to bind to plasma albumin. High degree of 
plasma protein binding generally makes substances long acting 
because the bound fractions are not available for elimination, 
unless actively extracted in the liver or kidney. Entero_hepatic 
circulation of these elements could also prolong their presence in 
the blood. These elements distributed to the liver may be 
metabolized or eliminated through the bile into the intestine and 
thereafter reabsorbed into the blood thereby prolonging the 
duration of presence of the elements in the blood. (Aliu, 2007). 

The high concentration of calcium in the brain of clay treated 
rabbits is worthy of note since in an earlier study it has been shown 
that elevated level of calcium in the brain decreases learning 
ability and also decreases brain serotonin turn over (Trulson et 
al,1986). However, with the recommended dietary calcium level 
of 1000 mg/day for human adults, the concentration of Ca in the 
clay may be considered to be low when given at the doses 2000 
mg/kg and 4000 mg/kg this agrees with the result obtained by 
Michelle, (2011).
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Copper and manganese were observed in this study to occur in low 
concentrations in the various sampled organs and tissues of rabbits 
given the edible clay at 2000 mg/kg and 4000 mg/kg doses. 
Twenty four hours (one day) after treatment with 2000 mg/kg Cu 
was not detected in the blood, while in the animals treated with 
4000 mg/kg Cu was present at the concentration of 3.54+ 0.00 
µg/g. The highest concentration of Cu occurred in the liver of the 
rabbits given the clay at the doses of 2000 mg/kg and 4000 mg/kg. 
The high presence of Cu in the liver compared to other sampled 
tissues is in agreement with the observations of Braide and Anika 
(2007), who observed that very high concentrations of Cu may 
accumulate in the liver normally with no untoward effect on 
animals. Ochei and Kolhathar (2008) also reported increased Cu 
level in the liver in Cerrhosis and in Wilson's disease. Emmanuel 
(1989) was of the opinion that although high level of Cu occurred 
in the liver, substantial amount also occurred in the brain, heart 
and kidneys.  The low concentration of Cu in the organs and 
tissues of the treated rabbits compared to elements such as Ca, Mg, 
Ni, Fe, Na and K may be as a result of limited absorption of Cu 
from the gastro-intestinal tract, due to low concentration of Cu in 
the edible clay. The absence of Cu in the blood of rabbits treated 
with 2000 mg/kg edible clay on day 1 post treatment and its 
absence from the blood of animals treated with 4000 mg/kg on day 
2 post treatments may be an indication of rapid distribution of this 
element to the various organs and tissues of the body. 

All the sampled organs and tissues in the present study were 
observed to contain manganese. The presence of this element in 
these tissues may be due to increased uptake of the element by 
organs and tissues involved. The low level of manganese in the 
various organs and tissues of treated rabbits compared to the 
elements like Ca, Mg, Ni, Fe, Na and K may be due to the level of 
the element in the edible clay. Manganese absorption from the 
gastrointestinal tract is known to be low and depends on the level 
of intake (Weigand and Kirchgessner, 1985).
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Lead, chromium and aluminium from the result of this study were 
not detected in the sampled organs and tissues, which may be due 
to the low level of these elements in the edible clay, which affected 
their absorption from the gastrointestinal tract. 

The half-lives of the elements found in the clay sample were 
indications of the lengths of time each of these elements will be 
retained in a particular organ or tissue. The higher the half-life of 
an element, the longer the persistence of that element in a 
particular tissue (Renwick, 1996), for example Ca with a half-life 
of 0.076day in kidney of rabbits treated with 2000 mg/kg of the  
edible clay orally will persist in the kidney more than Ca found in 
the liver of same rabbits with a half-life of 0.03days.

The slow elimination of Cu from the sampled tissues is 
substantiated by the fact that the half-life of elimination of Cu 
ranged between 0.594 and 1.543days after 2000 mg/kg clay 
administration, and 0.485 to 2.864days in tissues of animals given 
4000 mg/kg edible clay. The enhanced half-life of elements may 
be a reflection of increased tissue sequestration, prolonged 
absorption and or presence of complexing compound in the clay. It 
also indicates how widely the elements were distributed or 
increased serum protein or tissue binding of the elements which 
limits their distribution to excretory organs.

CONCLUSIONS
Analyses of the clay obtained from Enyigba, Ebonyi State showed 
the presence of essential metallic elements, trace elements and 
toxic heavy metals in the clay. The edible clay was observed to 
have low toxicity when given orally, since the administration of 
5000 mg/kg to rabbits orally produced no ill-effect. The 
administration of the edible clay to rabbits orally resulted in the 
absorption and distribution of Ca, Mg, K, Na, Cu, Ni, Fe and Mn to 
the various organs and tissues of the body.The absorbed elements 
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were still present in the organs and tissues of the body 10 days post 
administration, showing that the elements were widely distributed 
in the body, with increased half-lives. Except for Ni the 
concentrations of all the other absorbed elements were within the 
WHO acceptable levels for human consumption per day. The 
levels of the trace heavy metals in the edible clay were low hence 
they were not absorbed into the body. 

RECOMMENDATIONS 

(i) Histopathological (clinical) parameters is worthy of 
investigation.

(ii) Multiple dose therapy to be applied with respect to 
possible accumulative effect of the identified metals.

(iii) Ebonyi State Government and indeed the Federal 
Government of Nigeria should exploit the Enyigba clay 
deposit for the economic benefit of the state and the 
country at large.

(iv) Screening of organic pollutants in the clay is of study 
interest.

(v) Bioavailability of the mineral elements in the clay should 
be determined.

(vi) The mineral constituent of other clay deposits across the 
country should be profiled
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rofessor Sule Philip Ivoms Ogah was born to Chief Ogah 

P thNweke Ongele and Madam Orogwu Ogah on 15  July 
1959 as the last male child of the family of 13 wives (his 

thmother being the 12  wife) and 60 children in Obuegu Ohatekwe 
Amagu, Ikwo Local Government Area of Ebonyi State Nigeria. 

He was less than 6 months old when his father died. He was 
entrusted into the care of his elder half-brother Alike Ogah. He 
started primary school rather late for his age in 1972. He was 
however, very brilliant in school and maintained first and second 
positions in his class throughout his primary education. He passed 
common entrance examination into Ezzikwo High School 
Amuzu, now Ezza High School where he passed General 
Certificate of Education in 1982. He worked briefly in Nigeria 
Defence Academy Kaduna as a very junior staff. He decided to 
relocate to Maiduguri to continue his education. He tried to go to 
school of nursing between 1984 and 1985 without success, even as 

st he had been taking 1 places in all the entrance examinations into 
the schools of nursing. The reasons advanced for not taking him 
into school of nursing was that he has a limping limb which 
according to them would not allow him smooth handling of 
patients. 

In 1986 he gained admission into the University of Maiduguri to 
read diploma in Science Education, a programme he completed 
with distinction in 1988. Immediately he finished his diploma, he 
got married to a beautiful girl, Hajia Mariam Ogah, a woman that 
gave him five wonderful children, two boys and three girls. He 
immediately went back through direct entry into the University of 
Maiduguri in 1989 for B.Sc. Chemistry which he completed in 
1992. In 1995, Prof. S.P.I Ogah, as he is fondly called, went back 
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to University of Maiduguri for M.Sc. Analytical Chemistry and 
completed the programme in 1998. His quest for Education and 
love for University Education took him back for his Ph.D. in 
Analytical Chemistry. He completed his Ph.D. programme in 
2013. He taught Chemistry and Physics in University of 
Maiduguri Teaching Hospital.

Prof. S.P.I Ogah served as a Chemistry teacher and Principal of 
Mairi Islamic Secondary School, Maiduguri from 1991 to 2002, a 
job that saw him through his University Education as he was 
working and schooling at the same time. He left Mairi Islamic 
Secondary School in 2002 and joined Ebonyi State University as 
an assistant Lecturer where he rose to the rank of a senior lecturer. 
He left Ebonyi State University in December 2015 and joined 
Federal University of Lafia on merger of service having spent 
thirteen years of meritorious service with Ebonyi State University 
Abakaliki.

Prof. S. P. I. Ogah is a widely travelled person having visited some 
major cities in the world including London, Manchester, 
Newcastle, Addis Ababa, Cairo, France, Dubai and Makka.
He held various positions in the University, His Local 
Community, Ebonyi State and also at the National level.
Among the positions held are:

,
1. Chairman Ebonyi State Muslim Pilgrims  Welfare Board    

Chairman Ebonyi State Council for Islamic Affairs  date;

2. Member Representing South East in National Hajj 
Commiss ion  of  Niger ia  Commit tee  for  Madina 
Accommodation;

3. Member representing South East in 2015 National Hajj 
Commission of Nigeria feeding and accommodation 
Committee Makka and Madinna, Saudi Arabia;
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4. Chairman South East forum of Chairmen and Secretaries of 
Muslim Pilgrims Welfare Boards;    

5. Member National Hajj Commission of Nigeria Zonal 
Committee on Hajj Development Levy;

6. Member Nigeria Supreme Council for Islamic Affairs 
Education Committee;

7. Member Halal Certification Committee of Nigeria;

8. National Treasurer Amagu General Assembly;

9. Served as Chairman and member of various University 
Committees both in EBSU and FULafia;

10. He served as Head of Departments and most notably the first 
tenure staff to head Department of Chemistry in Federal 
University of Lafia.  

Community Services:
Award: Prof. S. P. I. Ogah won many awards among which include: 

i. MTN Ebonyi State University 2014 best lecturer prize in 
“Surprise your Professor “campaign organized by MTN 

thNigeria Communications Limited (“MTN”), 11  
February 2015.

ii. Corporate and Media Africa Communications Limited; 
the Meritorious Diamond Award for National 
Development.

External examination: 
Postgraduate external Examiner A. B. U. Zaria.         
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Visiting appointment: 
Visiting Senior Lecturer University of Jos.

Accreditation/observation: 
Prof. S. P. I. Ogah has participated in accreditation of academic 
programs.

Membership of professional bodies: He is a member of:
1.  Chemical Society of Nigeria, 
2.  Fellow Institute of Chartered Chemists of Nigeria (FICCON) .

He has over sixty publications renown in journals and attended 
a number of seminars, conferences and workshops. Prof. S. P. I. 
Ogah is actively involved in community services which among 
others include: 
1. Scholarship at different levels of education to the needy in his 

community and beyond.

2. Completion of cement work and Electrification of the pavilion 
at the civic center at Obuegu Ohatekwe Amagu Playground.

3. Putting of street light along Ndechi, School, Azuokpuru roads 
in Obuegu Ohatekwe Amagu community.

4. Drilling of motorized borehole at Obuegu Ohatekwe.

5. Drilling of hand pump boreholes at:
i. Edukwu Agbakoro playground (ancestral home) of 

Amagu people;
ii. Anozie Nwandugo Ohatekwe playground; and
iii. Eguekpa Junction.

6. Attracted the construction of Akpina Bridge by Honourable 
Chinedu Ogah, OON.
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29th Sept., 2021 

3. Prof. Amin 
Zaigi Ngharen 

History, Culture and 
Resistance  
 

24th Nov., 2021 

4. Prof. Matthew 
O. Aremu  

Exploiting 
Underexploited Plant-
Based Foods 
 

23rd Nov., 2022 

5. Prof. Uji 
Wilfred 
Terlumun  

Migrations, Social and 
Economic 
Development in 
Historical Trajectory  
 

12th Dec., 2022 

6. Prof. Okpeh O. 
Okpeh, Jr 

The Historian as a 
Catalyst: History, 
Ideology and the 
Social Process 
 

14th Feb., 2023 

7. Prof. Idris O.O. 
Amali 

Oral Poetry as 
Repository of 
Knowledge: An 
Investigation of Idoma 
Alekwaafia 
Masquerade  
 

5th June, 2023 

 



S/No. Author Title Date 

8. Prof. Christian C. 
Echeta 

Daring the Jungle 
of Research in 
Ceramics: 
Contending with its 
Technical Realities 
and the Diplomacy 
of Colour 
 

14th June, 2023 

9. Prof. Aleruchi 
Chuku 

Indoor Fungi: 
Friends or Foes? 
 

22nd June, 2023 

10. Prof. Rebecca Ape Health Information 
Needs of Nigerians: 
An Integrative and 
Inclusive Approach 
to Library Services 
for National 
Development 
 

10th October, 
2023 

11. Prof. David B. 
Ugal  

Fertility: A Double 
Edged Sword 
 

22nd Nov. 2023 

12. Prof. Monday U. 
Ukwela 

Insects: Diversity, 
Natural and 
Strategic War 
 

12th March, 2024 

13. Prof. Ilemona 
Adofu 

Navigating 
Nigeria’s 
Economic Horizon: 
Can We Harness 
Monetary Policy 
Reforms to 
Achieve Financial 
Deepening for 
Sustainable 
Growth?   
 

16th April, 2024  
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S/No. Author Title Date 

14. Prof. Zara E. 
Kwaghe 

Herstory in the 
Making of Modern 
Nigeria: Patriarchy, 
Women and the 
Politics of Knowledge 
Production  
 

14th May, 2024 

15. Prof. Victor 
Samson Dugga 

Applied Theatre: The 
Science of Individual 
and Community 
Transformation  
 

28th May, 2024 

16. Prof. Blaise Gundu 
Gbaden 

From Long Trains in 
the Wet Soil to Social 
Ideation: 
Individuations on Art, 
Inspiration and 
Nigeria 
 

25th June, 2024 

17. Prof. Abdullahi 
Dan’Asabe Jibrin 

State, Power Struggle 
and Paradox of 
Development in 
Nigeria 
 

25th June, 2024 

18. Prof. Abu Egwa 
Ozegya 

Communication 
Strategies, Inclusive 
Practices and 
Education of Children 
with Hearing 
Impairment  
 

31st July, 2024 

19. Prof. Adam 
Adebayo 
Sirajudeen  

Beaming the ‘Dark 
Africa’: Construction, 
Deconstruction and 
Reconstruction of 
Afrabic 
Historiography  
 

14th August, 2024 
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S/No. Author Title Date 

20. Prof. Surajudeen 
A. Junaid  

Tales of Man’s 
Travails and Triumphs 
as the Battle with 
Viruses Rages on  
 

24th Sept., 2024 

21. Prof. Nasirudeen 
Mohammed Baba  
 

Dirty Stone and 
Biomass: Feedstocks 
for Sustainable Energy 
and Industrial 
Chemicals 
 

2nd October, 2024 

22. Prof. Halima Idris 
Amali 
 

Burning Down the 
House of Knowledge: 
The Fall of Idoma 
Folktale Performative 
Tradition 
 

6th Nov., 2024 

23. Prof. Ali Ishaq 
Shugaba 
 

Between Creation and 
Dying: of Structures, 
Functions and 
Diseases 
 

13th Nov., 2024 

24. Prof. Mohammed 
Isa Kida 

Unveiling the 
Dynamics of Financial 
Fraud in Nigeria's 
Public Sector: The 
Crucial Role of 
Accountants and 
Auditors in 
Perpetuating and 
Deterring the Menace . 
 

20th Nov., 2024 

25. Prof. Suleiman 
P.I Ogah  

“Dirt” Eating 
(Geophagy) and 
Chemical Kinetics 
of Geophagic 
Constituent in 
Healthy Tissues.  
 

3rd December, 
2024 

 

78



SIGNIFICANCE OF INAUGURAL LECTURE IN FULAFIA

he rite of passage to be come a Professor in a 

TUniversity has for hundreds of years included the test 
of having to profess one’s knowledge to a lay audience 

and fellow academics.  Indeed, the origin of the title 
‘Professor’ comes from the need to profess, or declare 
publicly, one’s knowledge.  The occasion of Inaugural Lecture 
Presentation is, therefore, an essential component of the 
University’s public events through which the institution 
engages with audiences with a broader interest in its research, 
including funders and decision-makers from Government, 
Academia and Industry.  Professionals and Academics gain a 
unique opportunity to engage across knowledge boundaries 
for the benefit of mankind.

VISION

To become a renowned institution of learning, research and
innovation for positive socio-economic transformation of the nation

MISSION

Training of graduates and equipping them with skills for socio-
economic development

CORE VALUES

Integrity, Innovation and Excellence 
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