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Abstract: This study is focused on the evaluation of the
geophagic characteristics of the sedimentary clay deposits
at Share and Tshonga areas, northern Bida Basin, Nigeria.
The methods used include particle size distribution, cation
exchange capacity (CEC), acidity and alkalinity (pH), X-ray
diffractometry, and bulk inorganic geochemical analysis
(X-ray fluorescence and inductively coupled plasma mass
spectrophotometer). The investigated clays are classified as
dominantly clayey–silt with minor clayey–sand type, which
conforms with the textural standard of geophagic clays
obtained from different parts of the world. The whitish col-
oration of the clays with an occasional red stain also com-
pares well with geophagic clays from Kenya and parts of
South Africa and is therefore considered suitable for con-
sumption. The observed low CEC (1.71–5.06 cmol(+)/kg) and
acidic pH (4.54–6.87) values of the clay samples would make
them effective against nausea and excessive salivation
during pregnancy. The mineralogical compositions of these
clay samples show the dominance of kaolinite with minor
non-clay minerals, which makes it suitable not only for food
detoxification but also as an alleviation of gastrointestinal

disorders such as diarrhea. Chemical analysis shows a low
percentage per weight of certain elements that are of nutri-
tional value, though not in the present state but better as
excipients in the pharmaceutical industry. It was observed,
however, that consumption of more of the studied clay may
lead to adverse health due to the presence of some heavy
metals (Co, Cu, Ni, Cd, Ag, and Pb) with concentrations in
excess of the permissible limit.

Keywords: physicochemical, nausea, kaolinite, Geophagia,
heavy minerals

1 Introduction

Deliberate human consumption of clay, which is also
known as Geophagia [1], is reported to be nearly every-
where but more prevalent among some cultures and preg-
nant women in sub-Saharan Africa. This is perhaps due to
the common belief that it reduces symptoms of severe
nausea and vomiting during pregnancy, as suggested by
Dreyer et al. [2]. Some studies have shown that many
Geophagists consume clayey soil because of its beneficial
qualities, which include gastrointestinal distress relief
[3], detoxification properties [4], and mineral supplemen-
tation [5]. The study of the properties of clays beneficial
to human health and pharmaceutical applications has
received great interest among researchers during the
last two decades [6–9], concluding that clay could absorb
dietary and bacterial toxins associated with gastrointest-
inal disturbance. Other important properties considered
by individual Geophagist for clayey soil preference
include softness, smoothness and powdery, and these
are influenced by the texture [10]. Therefore, the physi-
cochemical characteristics of geophagic soils are impor-
tant to make a valid assessment of their beneficial or
harmful nature.
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The study of geophagy is yet to be given wide attention
in Nigeria, and among the few ones available include the
study of Ibeanu et al. [11], which reported that consump-
tion of clay in Kenya and Nigeria could be used to control
excessive secretion of saliva during pregnancy among
women. Other related works include that of Ojo et al.
[12], who studied the sedimentological, geochemical, and
economic appraisal of Maastrichtian claystone facies in
Bida Basin and concluded that they are economically
viable. The investigated clays in this study are located in
Share (longitudes 5°30′−6o30′E; latitudes 8°45′−9°15′N) and
Tshonga (longitude 5°14′E; latitude 9°02′N), within the
northern Bida Basin. Share is an agrarian community and
a local Government headquarters in Kwara state, northern
Nigeria. Though the geophagic practice has been reported
within the Share community and its environments, there
has not been any published scientific report on the geophagic
characteristics of the clay and its prevalence. Meanwhile the
interaction with local people during field sampling, particu-
larly vendors in the market, confirmed clay consumption by
some pregnant women during pregnancy and after delivery.
The herb sellers also confirmed that the mixture of clay with
palmwine was used to cure some skin infections. Apart from
oral consumption, other local uses in the study area include
aphrodisiac applications, skin infection prevention and treat-
ment, painting of Fura and Nunu (cow milk) pots by Fulani
women and cult initiation portion. Therefore, the main aim
of this present study is to determine the textural, physical,
geochemical, and mineralogical composition of the clays for
geophagic potential.

2 Geological setting

The Bida Basin is a northwestern–southeastern trending
intracratonic sedimentary basin extending from Kontagora
in its northern part to areas slightly beyond Lokoja in the
southern part and delimited in the northeast and southwest
by the basement complex (Figure 1a). The Basin has been
divided geographically into northern and southern Bida
Basins. The northern Bida Basin comprises the basal Cam-
panian Bida Formation, which is mainly conglomerate and
sandstone lithologies and deposited in an alluvial to fluvial
depositional system [13]. It is overlain by the Maastrichtian
Sakpe Formation (ironstone) and Enagi Formation (siltstone,
claystone, and sandstone deposited in braided tidal chan-
nels and flood plains). The older successions are succeeded
by the youngest Batati Formation (Ironstone). Their strati-
graphic equivalents in the southern Bida Basin (Figure 2) are
the Lokoja Formation (mainly conglomerate and sandstone),

Maastrichtian Patti Formation (shale, ironstone, claystone,
lignite, and sandstone), and the youngest Agbaja Formation
(Ironstone) [14].

3 Materials and methods

The informal clay mining activities, as well as pits of about
0.6 m deep, dug at two different levels at Share, aided the
accessibility and sampling of the claystone, while part of
the road cut exposure provided the accessibility to the clay
samples at Tshonga. Representative clay samples collected
from the two localities were then subjected to various ana-
lyses, which include the color assessment, physicochemical
properties (particle size distribution [PSD], pH, and cation
exchange capacity [CEC]), geochemical analyses (X-ray fluor-
escence [XRF], and ICP-MS), and mineralogical analysis
(XRD). Prior to laboratory analysis, the selected samples
were air-dried, according to the methods of Van Reeuwijk
[15], and then disaggregated using an agate mortar and
pestle. For the PSD analysis, 100 g of sieved and dried sam-
ples were mixed with 200ml of de-ionized water and 20ml
of sodium hexametaphosphate (NaPO3)6 (4%) as a defloccu-
lating agent and then dispersed in an ultrasonic bath. This
suspension was allowed to stand for 1 h and then trans-
ferred to an electrical stirrer for dispersion for 5–10min.
Then, it was placed in a test tube with water until it reached
a final volume of 1,000ml. The sand fraction was separated
by wet sieving, passing through a 71-Am nylon sieve, and its
dry weight was recorded. The suspension of the fine fraction
(clay/silt) was poured into glass tubes and left for sedimen-
tation (settling time: 2 h, fall height: 240mm) in order to
separate the clay fraction (<6 Am) according to Stokes’
law, following Moore and Reynolds [16]. The clay fraction
weight was estimated by subtracting the weight of the sand
and silt fractions from the total rock weight. The three dif-
ferent fractions were retained for further analyses and
interpretations.

For the CEC and pH determinations, a leaching tube
(Bucher funnel with correct filter paper and Bucher flask
with suction pump) was prepared. About 10.0 g of air-dried
sieve sample was weighed into a 250ml beaker and then
poured in 1 N of NH4OAc buffer at pH 7.0 in the leaching
tube to leach the soil for 5–7. The solution was allowed to
stand overnight. The content was thereafter transferred
from the beaker to the Bucher flask and filtered with the
aid of a suction pump. The +

NH4 saturated soil in the
leaching tube was then washed with 150 ml of 50% ethyl
alcohol, followed by 30 ml of 90% ethyl alcohol to remove
the excess +

NH4. The leachate was discarded and the distil-
late was titrated with H2SO4 standard solutions until the
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solution color changed from orange to pink. From the fil-
trate, the exchangeable bases (i.e., Na+, Ca2+, Al3+, and
Mg2+) were determined by flame emission using distilled
water at pH 7 for calibration, and values were calculated in
cmolc/kg.

Five whole rock clay samples were also analyzed using
XRF and an inductively coupled plasma mass spectrometer
at the Acme Analytical Laboratories, Ltd., Canada, to deter-
mine the major and trace elements.

The quantitative and qualitative determinations of the
mineralogical composition of the selected clay samples

were performed using X-ray diffraction at the University
of Pretoria, South Africa. Prior to XRD processing, about
100 g of each dried clay sample (whole rock) was gently
crushed and sieved, while the method of Moore and
Reynolds [16] was adopted for the separation of the clay
fraction. The samples were later pulverized in a thor-
oughly cleaned agate ring mill. A glass disc mill-pressed
into a steel sample holder was prepared for each sample.
Glass discs were made from 0.4 g of the annealed sample
powder and 4.0 g of Li-tetra/metaborate while 1.0 g of the
binder was added to 6.0 g of the sample material to prepare

Figure 1: (a) Geological map of Nigeria showing the position of the Bida Basin. (b) Location of the investigated clay samples in Share and Tshonga
(after [13]).
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the pressed powder tablets. They were then analyzed using
a PANalytical X’Pert Pro powder diffractometer in θ–θ
configuration with an X’Celerator detector and variable
divergence and fixed receiving slits with Fe filtered Co-Kα
radiation (λ = 1.789 Å). The analyzed samples were scanned
from 0° to 70° at a scanning speed of 0.02° 2θ/s and the 2θ
values of the peaks were converted into d-spacing (in Å) for
Cu Kα radiation. The identified minerals in the analyzed
samples were determined using a PHILLIPS PW1840 model
diffractometer with nickel-filtered Cu Kα radiation, while
their peak values are shown in the charts presented in Table 6.
The phases were identified using X’Pert Highscore Plus software.
The relative phase amounts (wt%) were estimated using the
Rietveld method (Autoquan Program). Errors are on the 3σ level
in the column to the right of the amount.

4 Results

4.1 Color

Color is one of the diagnostic parameters and, indeed,
the first used by geophagic practitioners to determine

geophagic clayey soil suitability and palatability for con-
sumption [17]. It was suggested that the color could be
indicative of mineralogical compositions of the geophagic
material. The studied clay samples were all in white color
(Figure 3), suggesting the presence of minerals like kaoli-
nite and iron-rich minerals like hematite and goethite.

4.2 PSD

The PSD results presented in Table 1 reveal the percentages
of the three main components (sand–silt–clay) in the ana-
lyzed samples. The components of the clay samples from
Share and Tshonga are presented in Table 1 and Figure 4.
The results further indicate that all of the clay samples
from Share have higher fine to coarse fractions (SHR1A-
(86/14)%, SHR1B-(80/20)%, SHR1C-(85/15)%, SHR2A-(66/34)%,
and SHR2B-(97/3)%), whereas sample from Tshonga (53/47)%
has almost same values for the finer and coarser contents.

The fraction of each component (clay–sand–silt) was
also employed to make the ternary plot to determine the
textural classification of the studied clay (Figure 4). The
clay samples from Share are predominantly clayey and

Figure 2: Regional stratigraphic successions in the Bida Basin and their lateral equivalents in the Anambra Basin (after [14]).
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silty, while the sample from Tshonga is sandy in composi-
tion. Therefore, all the samples exhibit gritty feelings. On
the ternary diagram, after Shepard [18], the studied clay
samples are generally plotted in the clayey–silt and clay–
sand–silt fields (Figure 4).

4.3 CEC and pH values

The CEC results of the five analyzed geophagic clay samples,
as presented in Table 2, vary from 1.71 to 3.81 (cmolc/kg)
(Figure 5). The clay samples from Share and Tshonga have
relatively low exchange base values (Table 2). Also, the
exchange bases of the ion in all the analyzed samples are
in the following decreasing orders: Na+ > K+ > Mg2+ > Ca2+.
The pH values of the studied geophagic clay samples pre-
sented in Table 2 reveal that they fall within the acidic range.
The strongly acidic nature of all the clay samples (4.39–4.54)

Table 1: PSD of the studied clay samples and textural classification

Sample Color Sizes (%) Fractions (%) Classification

Gravel Sand Silt Clay Coarse Fine

SHRIA White 1 13 50 36 14 86 Clayey-silt
SHR1B White 0 20 43 37 20 80 Clayey-silt
SHR1C White 0 15 47 38 15 85 Clayey-silt
SHR2A White 0 34 41 25 34 66 Clayey-silt
SHR2B White 0 3 55 43 3 97 Clayey-silt
SG1A White 0 46 27 27 46 54 Clayey-sand

Figure 4: Ternary plot of clay–sand–silt for textural classification of the
studied clay samples (after [18]).

Figure 3: (a) Exposure of clays at Agbonna Ridge. (b) Exposure of clays at Tshonga Ridge.
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suggests the replacement of cations like Ca2+, Na+, K+ and
Mg2+ with others like H+ and Al3+. According to Eigbike
et al. [19], this may impact the sour taste, which is more
beneficial to pregnant women to prevent excessive salivation
and nausea. Meanwhile, low CEC (1.71–3.81 cmolc/kg) may
render the absorption of cations from the gastrointestinal
tract (GIT) impossible, thereby defeating the purpose of
consuming the soil.

4.4 Mineralogical compositions

The mineralogical compositions of the studied clay samples
are presented in Table 3, and their peaks are presented in
Figure 6. The results show that kaolinite {Al2Si2O5(OH)4} is
the dominant (ranging from 68.62 to 91.54) among the
minerals in all the samples. Other trace and non-clay
minerals present include quartz (SiO2), anatase (TiO2),
and muscovite (KAl2(Si3Al)O10(OH)2).

4.5 Chemical compositions

The chemical composition of the studied clay samples is
presented in Tables 4 and 5. Generally, the concentrations
of SiO2 are significantly higher in the Tshonga sample
(SG1A-63.74%) compared to those from Share (SHR1B, SHR1C,
and SHR2A – 54.85, 51.94, and 63.74%). The alumina (Al2O3)
concentrations are also significantly high in all the ana-
lyzed samples but with relatively low magnesia values.

Table 2: Physicochemical properties of the studied geophagic clay samples

Sample pH *CEC (cmol+/kg) Exchangeable cations (cmol+/kg) **Total exchangeable cations (cmol+/kg)

Na+ K+ Mg2+ Ca2+

SHR1B 4.39 3.81 17.39 5.13 4.80 1.40 28.72
SHR1C 4.42 3.03 8.7 2.56 3.00 0.60 14.86
SHR2A 4.41 2.88 13.04 2.56 2.40 2.10 20.10
SG1A 4.54 1.71 4.33 2.56 1.40 1.40 9.69

NB: *CEC is the total content of cations that can be adsorbed at a specific pH. **Total exchangeable cation is the total content of cations that can be
interchanged.

Figure 5: Bar chart showing the relationship of the CEC (cmol(+)/kg) and pH values of the investigated clay samples.

Table 3: Quantitative results (%) of the mineral present in the clay
samples

Mineral SHR1B SHR1C SHR2A SG1A

Kaolinite 90.93 68.62 91.54 91.37
Quartz 2.56 23.49 0.73 0.00
Muscovite 5.30 6.35 4.96 6.49
Anatase 1.21 1.54 2.77 2.14

6  Olusola Johnson Ojo et al.
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Figure 6: (a) XRD pattern showing the peak of minerals present in (a) sample SHR1B, (b) sample SHR1C, (c) sample SHR2A, and (d) sample SG1A.
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Therefore, the samples could be described as being silic-
eous. Other oxides of Fe, Na, Ca, and K have relatively low
values, and this could be indicative of depletion as a result
of intense chemical weathering in the area. A comparison
of the studied clay samples with other published data on
geophagic materials shows similar SiO2 concentrations,
particularly samples from Kenya [20] and Swaziland [21].
Sample SHR2A is well compared with the sample from
South Africa presented in previous studies [21–23] adduced
high SiO2 values in some clay samples due to the presence
of considerable amounts of quartz particles; therefore,
sample SG1A is more siliceous than others (Table 4). A
discrepancy is observed between the concentration values
of quartz obtained through X-ray and geochemical ana-
lyses of sample SHR1C. This is probably a result of the
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Figure 6: (Continued)

Table 4:Major oxide composition of the studied clay compared to some
published standards

Oxides This study Published data

SHR1B SHR1C SHR2A SGIA 1 2 3

SiO2 54.85 51.94 63.74 78.36 69.87 50.66 55.11
Al2O3 30.34 32.46 23.68 13.29 13.94 21.27 24.68
Fe2O3 0.78 0.63 0.61 1.06 6.14 7.12 8.41
CaO 0.02 0.02 0.03 0.02 0.59 0.53 0.40
MgO 0.07 0.06 0.06 0.04 0.72 0.18 0.31
MnO 0.01 0.01 0.01 0.01 0.05 0.14 0.05
Na2O 0.01 0.01 0.01 0.01 0.54 1.72 1.63
K2O 0.52 0.37 0.39 0.12 1.77 2.59 1.33
TiO2 1.74 1.84 1.58 1.06 0.91 1.40 0.61

NB: 1 – [21]; 2 – [20]; 3 – [23].

Table 5: Trace element composition of the studied clay samples

Element (ppm) This study Published data

SHR1B SHR1C SHR2A SG1A A B C

Mo 0.02 0.01 0.03 0.02 2.30 1.14 0.05–0.10
Cu 1.22 0.87 0.75 1.68 15.35 24.50 1.00–1.50
Pb 2.57 2.20 2.05 3.82 39.67 32.40 —

Zn 1.00 0.20 0.20 0.30 21.30 30.10 33.00
Ag 22.00 61.00 21.00 2.00 20.00 20.00 —

Ni 0.30 0.40 0.40 0.20 56.60 25.60 0.10
Co 0.10 0.10 0.20 0.10 31.80 10.00 —

Cr 5.30 6.60 5.00 5.10 ND ND 50.00–200.00
Ba 8.00 7.40 5.30 3.10 133.00 200.00 —

Zr 3.20 4.50 4.40 1.60 ND ND 0.30

NB: The current data compared with the reference data A and B (sourced from [24]); C (Human Dietary Index [HDI] values sourced from [25]).
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laboratory processing of the samples. First, whole-rock
geochemical analysis was performed on the samples, and
the fragments used for the two analyses were randomly
chipped from the different parts of a big lump of the clays-
tone sample. Since the investigated clay sample itself is a
bit sandy, it should be noted that the sands (quartz) float
randomly in the clay, and therefore, the little fragments
chipped randomly for the XRD, and geochemical analyses
may have different proportions of sand and clay fractions.
This is the most logical explanation for the difference.

Trace element concentrations in the studied clays are
presented in Table 5. Trace elements such as Cd, Pb, Co, Cu,
Se, and Zn are of nutritional significance to humans,
whereas Ni, Pb, and Cr are toxic. The Cu concentration in
the clay ranges between 0.75 and 3.53 ppm, while human
dietary index (HDI) is necessary for human body functions
and ranges from 1.00 to 1.50 mg/kg [25]. However, the clay
content for Zn ranges from 0.20 to 2.60 ppm and is very low
compared to the human body content of 33 mg/kg body
weight. The average Co content in these clays ranges
from 0.10 to 0.20 ppm, which is relatively high.

5 Discussion

5.1 Benefits on ingestion

The characteristics of geophagic clayey soil, including
color, texture, smell, and taste, as submitted by the pre-
vious researchers [10,22,26–28] play an important role in
the type of clay that geophagists choose to eat. Fontes et al.
[29] opined that the reddish coloration of soils could be
used to infer the presence of Fe but not its quantity or
bioavailability. Ngole et al. [22] also opined that the pre-
ference for reddish or brownish soils by geophagists is
based on the assumption of their richness in iron. The
white coloration of the studied clay samples, impacted
probably by the presence of iron (Fe), may attract the
geophagists.

The texture of the geophagic material, which is basi-
cally defined based on the weight of clay components pre-
sent, is very important in the assessment of geophagic
materials. Ngole and Ekosse [21] concluded that ingesting
soils with high clay content could protect the GIT. The PSD
data obtained in this study show that the clay samples from
Share are less gritty compared to samples from Tshonga
(Figure 4) and this could be a result of the higher quartz
content in the clay samples from Tshonga than the clay from
Share. Therefore, geophagists would prefer clay from Share

to those from Tshonga to avoid complications during inges-
tion. It is also worth noting that the texture of the investi-
gated clays in this study is similar and compared well
with the geophagic soils and clays presented by researchers
in parts of Africa and other parts of the world; for
example, Free State and Limpopo Provinces of South
Africa [30,31] concluded that clay fractions (wt%) in Thai-
land, Uganda, and Zaire geophagic soils are 28, 16, and 15,
respectively, while Aufreiter et al. [32] reported greater
clay component (>40 wt%) for geophagic material from
China. Mahaney et al. [33] reported that the values ranged
from 52 to 88 wt% for the geophagic material from Indo-
nesia. Ngole and Ekosse [34] also documented that geo-
phagic material has up to 39 and 43 wt% clay in Swaziland
and South Africa, respectively.

It was reported in previous studies [21,35,36] that soil
rich in kaolinite has CEC values below 50 Meq/100 g soil.
The relatively low values of CEC and ion exchange bases in
the Share and Tshonga clays might be due to the highly
weathered nature of the clay samples as transported or
secondary clays. The CEC values of the studied clay sam-
ples (1.71–3.81) are less than the suggested values and,
therefore, indicate the presence of the kaolinite. Hooda
and Henry [37] concluded that cations released in the sto-
mach as a result of low pH conditions may be re-absorbed
in the intestines through CEC, which is favored by high pH
values. Diamond et al. [38] opined that CEC could be con-
sidered a toxin-binding surrogate measure because the
negative charge in the clay tends to attract the positively
charged toxin present and then remove them from the
GITs. The pH values of the studied clay samples ranged
from 4.39 to 4.54, indicating its acidic nature. Okunlola
and Owoyemi [24] concluded that clay samples from
Nigeria are characterized by high to mild acidic (2.76–4.76).
Mahaney et al. [33] reported that the values ranged from 6.00
to 8.10 pH for geophagic soils from Indonesia, while they
ranged between 5.00 and 7.10, as documented in previous
studies [21,22] for geophagic soil from South Africa and Swa-
ziland, respectively. According to Abrahams and Parsons
[31], soil acidity is responsible for imparting the much
desired sour taste in geophagic materials. Omen et al. [39]
concluded that the pH of human saliva varies between 5.0
and 8.0; therefore, ingestion of the studied clay may contri-
bute to an increase in the mouth’s acidity by the clay’s sour
taste, which might be beneficial to pregnant women as a
means of managing saliva secretion during pregnancy.

The geophagic clays from the present study area are
rich in kaolinite (85.80–91.54%), while the non-clay minerals
are present in trace amounts. Previous studies [3,40] stated
that clay soil with higher kaolinite contents is efficient in the
preparation of medication to alleviate diarrhea and mild
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intestinal upsets. Slamova et al. [41] also highlighted the use
of kaolin as a GIT toxin binder against food detoxification
and alleviation of disorders. Based on the above, the studied
samples could be used to prepare anti-toxins and gastroin-
testinal distress relief medications. Due to their richness in
kaolinite, the analyzed clays can also be employed tradition-
ally as medicinal clays, e.g., application as a base for some
gastritis medicines, as a bio-activities enhancement and as a
digestive aid supplement. Following the recommendation by
Bergaya et al. [42], the studied clay samples can also be used
by the dermatologist for the production of creams and pow-
ders for skin protection.

The availability of nutrients supplied to Geophagists
upon ingestion of the clay depends on physicochemical
characteristics and several other factors [22,26]. The chemical
compositions of the analyzed geophagic clayey soils were
dominated by SiO2 (51.94–78.36%) and Al2O3 (13.29–30.34%),
which could be related to quartz and kaolinite abundances
contained in them. According to WHO (1996), one of the
reasons used to justify geophagia is the supplementation of
chemical nutrients, including Ca, Mg, Fe, and Mn, among
others. Mineralogical studies also revealed the presence of
higher kaolinite contents in the studied clays, whichmight be
preferable by dermatologists, especially after processing to
remove the impurities in the production of creams, powders,
and ointments.

The average HDI of Fe suggested by the World Health
Organization [25] is 18 mg/kg (ppm), which is higher than
the measured concentrations in the studied samples
(0.03–0.58 ppm). Mn contents in clays from Share and
Tshonga range from 1.00 to 2.00 ppm (mg/kg), and this
compares relatively well with the range of HDI values
(2.00–5.00 mg/kg) suggested by the World Health Organiza-
tion [25]. Therefore, clay samples from Share and Tshonga
fit into the geophagic material consumption class. The con-
centration of Mo in the analyzed clay ranges from 0.01 to
0.03 ppm (mg/kg) and compares favorably well with the
HDI values (0.05–0.10mg/kg) suggested by the World Health
Organization [25] but less than the average values obtained
from Asaba and Benin geophagic materials [24]. Also, the
measured concentrations of Zn in the analyzed samples
(0.20–2.60) are lower compared to the values from Asaba and
Benin clays [24] as well as average HDI (10.00–15.00mg/kg)
values suggested by the World Health Organization [25]. Also,
the required HDI of Cr concentration (50–200 ug or 0.05–0.20
ppm), as suggested by theWorld Health Organization [25], is low
compared to the concentrations measured in the studied clay
samples (5.00–7.70 ppm). The consumption of the studied clay
samples, therefore, has the potential to supply an adequate
amount of the trace nutrients required by the body for proper
functioning.

5.2 Health risk

Consumption of the geophagic clay or soil impacts negative
implications on the geophagist's health. The texture of the
clay sample SG1A, which indicates a relatively high amount
of sand, may affect the dental enamel during mastication
and cause teeth breaking and destruction. The coarse tex-
ture of these geophagic materials shows that they may also
cause abdominal complications, such as intestinal perfora-
tions, constipation, and ulcers. King et al. [43] reported that
ingesting coarse-textured soils might cause complications
that are detrimental to the teeth and gums during mastica-
tion. Also, Barker [44] concluded that the coarse nature of
clay could cause an adverse effect on the gastrointestinal
lining of the geophagist with the possibility of perforating
the sigmoid colon during ingestion.

The occurrence of heavy metals like Co, Cu, Ni, Cd, Ag,
and Pb in geophagic clays may cause adverse effects like an
increase in the gastrointestinal pH of geophagist and then
lead to complications in the system. According to George
and Ndip [45], high CEC content or high heavy metals in
clay may cause iron deficiency anemia due to decreasing
absorption and bioavailability of iron and hypokalemic
myopathy by gastrointestinal potassium depletion. A com-
parison of trace element concentrations in the studied clay
with an adequate daily intake in the human body reveals
that some elements have relatively high values, which are
above the permissible levels. For example, the concentra-
tion of Cu in the studied clay is higher (0.75–3.53 ppm) than
the daily intake necessary for human body functions
(1.0 ppm), as suggested by the World Health Organization
[25]. Also, Zr (1.60–4.50 ppm) and Ni (0.20–2.40 ppm) are
relatively higher than the required intake values neces-
sary for human body functions (Zr – 0.3 ppm and Ni –
0.1 ppm). This means that consumption of the investigated
clays with a concentration of heavy metals exceeding the
maximum permissible limit may lead to adverse health
effects, including the damaging of the central nervous
system, loss of vision, hearing and mental retardation,
kidney reproductive system, tubular growth, kidney damage,
cancer, diarrhea, and incurable vomiting, which may finally
lead to death.

6 Conclusions

We conclude from the comprehensive evaluation of the
textural, physicochemical, mineralogical and chemical
characteristics of the geophagic clays from Share and
Tshonga, north-central Nigeria, as follows:

10  Olusola Johnson Ojo et al.



(i) The geophagic clay varies in color from whitish to
light-grayish, with occasional brown stains. The tex-
tural characteristics are dominated by silty–clay with
minor sandy–clay. Low CEC and exchangeable bases
with acidic pH values for all the clay samples indicate
their suitability for consumption by pregnant women
to overcome nausea and excess salivation.

(ii) The geophagic clay samples are rich in kaolinite and,
therefore, have the potential to be used for skin protec-
tion in the form of body cream, powder, and ointments.
Clays have palliative, protective, and detoxifying
properties.

(iii) The major and trace element compositions are uni-
formly low, while some of the trace element contents
are relatively high compared to the adequate daily
intake of trace elements in the human body. The
few trace elements (Co, Cu, Ni, Cd, Ag, and Pb) that
show comparatively higher amounts of toxic consti-
tuents compared to standard values for human con-
sumption might pose a serious health threat to the
geophagist.

(iv) The Share and Tshonga clays have relatively high
SiO2 and Al2O3 content as well as low Ca, Mg, Na, and
K nutrients; therefore, they can be used as excipi-
ents in pharmaceutical preparations and manufacturing
industry.
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